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NMpeaucnosue

YerBeproe n3jiaHue 9TOH KHUTH BO MHOTOM OTJIMYAeTCs OT TpeThero. IlockobKy pasBuTie
OTIepPAIMOHHBIX CUCTEM HE CTOUT Ha MECTE, TIPUBE/IEHIE MaTepralia K COBpEMEHHOMY COCTO-
SIHUIO 1TOTPe6GOBAIIO BHECEHMsI OOJIBIIIOTO KOJIMYECTBA MEJIKUX U3MeHeHMi. [UiaBa, 1ocBsIeH-
Hasd My.HbTI/IMeI[I/IIL/,IHbIM OIepariMuoOHHbIM CUCTEMAaM, 6bI]Ia repeMelieHa B I/IHTepHeT, TJIaBHbIM
06pa3oM J1J1st 0CBOOOSKICHUS MeCTa JIJIsi HOBOI'O MaTepyajia v IPe0TBPAIleHUs paspacTaHust
KHUTH 10 aOCOJIOTHO HeylpaBJisgeMoro pasmepa. [nasa, nocssiientnas Windows Vista,
yaIaneHa, mocKoabKy Vista He ompaBaia BO3JAraBITNXCs Ha Hee KoMmanneit Microsoft ma-
nex /. Takske Oblaa yaaneHa rjasa, nocssiierHas Symbian, HOCKOJIbKY 9Ta cucTeMa ceiiuac
pacipocTpateHa JajJeKko He Tak IUPOKO, Kak npexkae. Marepuain o Vista ObL1 3aMeHeH cBe-
nerusivu 0 Windows 8, a matepuan o Symbian — undopmarieii 06 Android. Kpome aroro,
MOSIBUJIACh COBEPIIEHHO HOBast TJIaBa O BUPTYAIU3alnN 1 0OJauHbIX BRIYNCIeHUSAX. [lanee
MIPUBOJUTCS KPATKOE ONCAaHNe BHECEHHBIX N3MEHEHUH.

['maBa 1 6bL1a CylIeCTBEHHO Hepepa60TaHa u O6HOB]I€H8., HO 3a UCKJIIOYEHEM HOBOT'O pa3aesa
0 MOOMIIBHBIX KOMIIbIOTEPAX HUKAKME€ OCHOBHDbIE Pa3/1€J/Iibl HE ObLIN [[O6aBJIBHbI WJIN Y/1aJIE€HBI.

[maBa 2 06HOBJIEHA 3a CYET yAAJEHUA YCTAPEBIIErO U 100aBICHIS HOBOTO MaTepUala.
K npumepy, 6b11 106aBIeH HOBBI MPUMUTHB CHHXPOHN3AINHI (BIOTEKC W Pa3ea O TOM,
KaK IIOJIHOCTBIO H30eKaTh OJIOKMPOBKY C MOMOIIBIO YTEHH — KOIIMPOBAHUS — OOGHOBJIEHMSL.

TnaBa 3 crasa 60Jiee CKOHIIEHTPUPOBAHHON HA COBPEMEHHOM 00ODPYAIOBAHNH U MEHee Ha-
rpassieHHoit Ha paccmorpenne cermentaiun 1 MULTICS.

U3 raiaBbi 4 yOpaHbl YIIOMUHAHUS O KOMIIAKT-AUCKAX, HOCKOJIbKY OHU YK€ TIOTEPSIIU CBOKO
3HAYNMOCTb, a UX MECTO 3aHsIn OoJiee coBpeMeHHble pettens (Gbiem-nocurenn). Takxke
K pazzeny, nmocssiernomy RAID-cucremam, nobasieno onucanue RATD-maccrBa ypoBHs 6.

B riaBy 5 BHeCeHO MHOKECTBO U3MeHeHuii. VI3 Hee yOpaHbl ONMCAHKUA YCTaPEBINNUX
yCTpoiicTs, Takux Kak DJIT-aucren v MpuBOABI KOMITAKT-INCKOB, M T06ABIEHBI YCTPOIi-
CTBa, pa3paroOOTaHHbIE 110 HOBBIM TEXHOJIOTUAM, TAKKME KaK CEHCOPHbIE DKPAHBbL.

['naBa 6 moutn He M3MeHMIach. TeMa B3aMMOOJOKUPOBOK, 3a UCKAIOUEHUEM HEKOTOPBIX
HOBBIX PE3YJIbTATOB, OCTAETCSI TPAKTUYECKN HEU3MEHHOM.

I'maBa 7 cosepiieHHo HoBast. OHa MOCBSIIIEHA Ba)KHBIM TeMaM BUPTYaJU3al[iil U 00J1auHbIX
BbIUKC/IeHNIT. B KauecTBe TeMaTHueckoro ncce0Banus K Hell 1obasien pasaen o VMware.

[maBa 8 mpejicTaBisier coO0N OGHOBIEHHYIO BEPCUIO TIPEABIAYIIETO MATEPUAA TI0 MHOTO-
[POIECCOPHBIM crucTeMaM. Temepnb B Hell 6OJIblile BHUMAHUS YI€JTEHO MYJIbTUSIIEPHBIM
U MHOTOSI/ICPHBIM CUCTEMaM, BaXKHOCTb KOTOPBIX B ITOCJIE/JHAE HECKOJIBKO JIET TOCTOSIHHO
Boapacraet. Terepb 3/1eCh MOHST CTABIINIT B TTOC/Ie/IHEE BPeMsi G0Jiee OCTPBIM BOIIPOC O CO-
IJIaCOBAHHOCTH JIAHHBIX KIIIIA.

[naBa 9 mojBepriIach CyIecTBeHHOMY EPECMOTPY U PEOPraHU3aIui ¢ 106aBIeHIEM 00JIb-
1moro 06beMa HOBOTO MaTeprasa 06 NCIOIb30BAHUE OMINOOK KOJIA, O BPEIOHOCHBIX TPOrPaM-
Max ¥ COOTBETCTBYIONINX MEPAX 3allUThL. BoJiee MOAPOOHO PACCMOTPEHBI TAKIE ATAKM, KaK
pasbIMEHOBAHKE HYJIEBOTO yKasaresisi U nepenosnenue Oydepos. Tereps gaHo mogpodHoe
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OINMCaHMWe 3AIIUTHBIX MeXaHu3MoB, NX-OUT U paHAOMU3AIMKI a[PECHOTO TPOCTPAHCTBA,
a TaKsKe CIIoco60B, € TIOMOIIBIO KOTOPBIX 3JI0YMbIIIEHHUKH MBITAIOTCS UX MPEOIOJIETD.

[naBa 10 mperepiiesia 3HAYUTE/bHbIE U3MEHEHUs. BT 00HOBJIEH MaTeprall, Kacaromuicst
Unix 1 LinuxX, HO IJIaBHBIM JOIOJHEHUEM MOKHO CUMTATh HOBBII JJOBOJIBHO OOBEMHBIN
paszen, MOCBAIEHHbIH onepanronHoil cucteme Android, koTopas yacTo BeTpeuaeTcs Ha
cMapT(OHaX ¥ MJIAHIIETHBIX KOMIIBIOTEPAX.

I'maBa 11 B Tperbem usganuu Obuia nocssamena Windows Vista. Teneps ona 3amenena roia-
Boii, nocssmentnoil Windows 8, a tounee Windows 8.1. To ecTb Ternephb B rjiaBe paccMarpu-
BAETCsI caMasi aKTyaJbHast BEPCUSI.

[naBa 12 npezcrasiisier co60il IepecMOTPEHHYIO BEPCHUIO TJIaBbl 13 U3 MpOoILIOro u3iaHusl.

Inasa 13 — 210 CynIECTBEHHO OOHOBIEHHBIN CIIUCOK MPE/IATaeMOT0 K N3YUeHUI0 MaTepuaIa.
Kpowme Toro, Criucok ¢ChLIOK MOMOMHUICS 223 HOBBIMU CChLIKAMU Ha PabOThI, OMyOJIHKO-
BaHHBIE TTOCJIE BBIXO/IA TPETHETO UBJIAHUS ITOM KHUTH.

Kpowme Bcero, 110 Beeii KHrre 00HOBJIEHBI paseibl, I/l paccKa3biBaeTcs: 00 UCCIeJ0BaAHUSX,
4yToObI OTPA3UTH BCe HOBeliIIe PAbOTHI, Kacalolrecs OlepalMoHHbIX cucteM. K Tomy ke
BO BCe TJIaBbl 100aBIE€HBI HOBbIE BOIIPOCHI.

JlomoTHUTEIbHBIE MAaTEPUAJIBI JIJIS TIperoiaBaTesiel (Ha aHTTUHCKOM SI3bIKe) MOKHO Hali-
TH 110 ajipecy www.pearsonhighered.com/tanenbaum. Tam ecTh cXeMbl, BHITIOJTHEHHbIE
B PowerPoint, mporpaMMHBIe CpeACTBa /IS M3YUIEHUST OTIEPAIIMOHHBIX CHCTEM, JTabopaTop-
Hble pa6OTbI JJIA CTYAE€HTOB, CUMYJIATOPBI U IOITOJIHUTE/IbHbIE MaTE€PHaJIbl I/ UCITOJIb30Ba-
HUS B XO/I€ MTPETIOIaBAHS KyPCa, TIOCBSIIIEHHOTO ONepalluoOHHbIM crcteMaM. [IperoraBare-
JISIM, IICTIOIB3YIONTNM JAHHYT0 KHUTY B CBOEM KypcCe, CTOUT Ty/la 3aTISTHY Th.

B pa6Gore Haj 4eTBEPTHIM M3JaHKEM IIPUHUMAJIN ydacTHe MHOKECTBO Jiojeil. B mepsyio
ouepenb 910 npodeccop Xepbept boc 3 CoGoaHoro ynusepcurera AMcTepaaMa, CTaBIIni
coasropom kauru. On cneruanuct 1o 6ezonacuoctu 1 UNIX u obsagaer o6mmpHbIMU 110-
3HAHUSME B 00JIACTH KOMIIBIOTEPHBIX CUCTEM, TIOITOMY OYEHb XOPOIIO, YTO OH COCTABUJI MHE
KoMIanuio. VM HalicaHo MHOIO HOBOIO MaTepHaJia, 32 UCKJIIOYEeHUEM TOro, O ueM Oy/ier
VIOMSIHYTO JIaJIee.

Hau pepaxrop Tpeiicu Tsxoncon (Tracy Johnson) Oblia, Kak 0ObIYHO, Ha BBICOTE, IPUBO/ISI
BCe K 0011eMy BULY, O0beIUHSST MaTepuaJl, CIJIaKUBas IIePOXOBATOCTH 1 3aCTaBJISAS BbIAED-
JKUBaTh TpaduK paboTHl HaJ IPOEKTOM. HaM Takske IIOBE3JIO B TOM, 4TO K HAM BEPHY.JIACh
nosiroe BpeMs paboTaBiias ¢ HaMu paHee JurepaTyphbliii pegakrop Kamuiab Tperrakocre
(Camille Trentacoste). Ee o6umpHble 1103HAHUST BO MHOTHX 00JIACTSX HE Pa3 CHACAJIH 0-
JioskeHne. Mbl pazibl CHOBa paboTaTth ¢ Hell mocjie HECKOJIbKUX JIET ee OTCYTCTBUS. TaksKe
3aMevaTesbHO CIIPAaBUIach CO CBOEH paboToil M0 KOOPANHAIIUN YCUIWH TPUBJIEIEHHBIX
K pabore Haj kuuroi moaeit Kapon Cuaiinep (Carole Snyder).

Martepuas riaBsl 7, Kacarommiicss VMware (paszen 7.12), nanmcan dayapaom brorboHOM
(Edouard Bugnion) u3z MexepanbHoii mosntexumdeckoil mkosbt Jlozanust (I1Beiinapust).
I — oMH U3 ocHOBaTesel koManuy VMware 1 3HAKOM € 9TUM MaTE€PUAJIOM KakK HUKTO
ApyToii. Mbl TOpsia0 6J1aro[apuM ero 3a IpeloCTaBJIeHIe HAM 9TOTO MaTepHAIa.

Ana TaBpunoscka (Ada Gavrilovska) us TexHosoruueckoro uactutyta JKopaxuu, cie-
[MAJIUCT 110 BHYTPEHHEMY ycTpoiicTBy Linux, o6HoBuIa rnaBy 10 U3 Tperhero uspaHus,
KOTOPYIO cama ke U Hamucasia. Marepual no oneparonsoii cucreme Android B rirase 10
Harmcan J[nanoit Xak6opH (Dianne Hackborn) us kommanun Google. OHa siBisieTcst ofHUM
U3 KJI04eBbIX padpaborunkos Android, BeyIieil oriepaiionHO# CHCTEMBI 1151 cMapT(hOHOB,
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[I09TOMY MBI O4€Hb OJIAroIapHbI eii 3a 1oMoliib. Terepb MaTepuasibl riaBbl 10 cranu BecbMa
o6mmpHbIMU U 110APoOHBIME, U JiobuTen UNIX, Linux 1 Android moryT noyepiityTs u3
Hee MHOTO TIOJIe3HBIX cBefieHnH. HaBepHoe, CTOUT yIIOMSAHYTD O TOM, 9TO caMas JJNHHAST
u HauboJlee TeXHUYECKU HACBIIIEHHAs IJlaBa KHUIKM Obljla HAllMcaHa JBYMS KEeHIUHAMMU.,
A MBI TUTITH YIPOCTUITN MaTepHUa.

U koneuHo ke, Mbl He ocTasuiu 6e3 BuuManuss Windows. Tmasa 11 us npeapiayiiero us-
nanus kaurn obHosaena Jaiiom IIpo6eprom (Dave Probert) us komnanun Microsoft.
Teneps B Hell gaercsa nogpobHOe onucanue onepaonHoil cucrembr Windows 8.1. J[piis
o4eHb Xopolo pasbupaercsa B Windows, 1 y HEro 0CTaTO4HO IMPOKKIA KPYTro30P JIs TOTO,
4yT00bI IOKA3aTh PA3HUILY MEXK/Y TeMU MeCTaMu, r/e crennannctel Microsoft Bee caesaim
[IPABUJIbHO, U TeMU MecTaMu, riae onu onbauce. Jlodureasm Windows ara riasa, Heco-
MHEHHO, TIOHPABUTCSI.

BK]IalI BCEX 9TUX CIEINATINCTOB IMMTO3BOJINJI KHUTE CTaTh 3HAYUTEJJbHO JIy4Ille. Mpur emnie pa3
XOTUM HO6JIaFOHapI/ITI) "X 3a HEOIIEHNMYIO TTOMOTIIb.

Hawm takske 1I0Be3J10 ¢ psI/IOM PeleH3eHTOB, TPOYNTABIIIX [TOJITOTOBJIEHHBII K TIe4aTH MaTe-
Py ¥ TIPeJIOKMBIIIX HOBBIE BOTIPOCHI JIJIs Pa3MellieHNs B KOHIIE KaK/I0# I1aBbl. B nx umncie
6w Tpyau Jlesun (Trudy Levine), [TuBakant Mumipa (Shivakant Mishra), Kpumita Cusa-
sunram (Krishna Sivalingam) u Ken Bonr. Ctus Apmcrponr cosnan PowerPoint-crpanuiibt
UIS1 [IperojiaBatesieil, MCHOMb3YIOHINX B CBOMX YUeOHBIX KypcaX MaTepUasIbl KHUIH.

OOGbIYHO TEXHUYECKUE PEJAKTOPBI M KOPPEKTOPBI He yI0CTauBalOTCss 0COOBbIX Oiarogap-
Hocreit, Ho Bo6 Jlenn (Texuuueckuii pegakrop) u [Ixo Pagauk (KOppeKkTop) OTHECTHUCh
K cBoeii pabote ¢ 0co6oii TiarebHOCTLIO. B yactHOCTH, J[5KO € AABajillaTh METPOB MOJKET
3aMETUThH paSHI/IL[y Me>1<11y TOYKaMH IIPAMOTIo 1 KprI/IBHOFO HayepTaHuA. n TEM HE MEHeEe
ABTOPBI HECYT MOJIHYIO OTBETCTBEHHOCTD 3a JIIOObIE YIYIIeH!st B JaHHO# KHure. Yurareu,
3aMeTHBIIKeE JObIe OMIMOKK, MOTYT 0OPaTUTLC K OJHOMY U3 aBTOPOB.

W HaKOHEI, TIOCJeHUMH 110 CIKCKY, HO He 110 3HaunMocTu uayT Bapbapa u MapsuH, Ko-
TOPbIE KAKJIBIN 1T0-CBOEMY 3aMevareibHbl. OTIMUHBIM JIOTIOJHEHUEM HAaIlleil CEMbU CTaIn
Januanp u Matunbaa, Apon u Haran, 3ameuaresbible mapHuinku, u QJIuBUSI, TTPOCTO
cokposuiie. U, pazymeercs, Mue xouercst mobsarogaputb Ciozanty 3a ee JoO0Bb 1 TepIie-
HUe, He TOBOPS y’Ke 0 BUHOTPA/le, BUIIHAX, alleJIbCUHAX U IPYTUX CETHCKOXO3IHCTBEHHDIX
TTPOTYKTaX.

mopio C. Tanenbaym (Andrew S. Tanenbaum,)

Xoten 6bl BoIpasuTh ocobyio Omarogaproctb Mapuke, Jyky u Jxuiy. Mapuke — 3a ee
JIE0GOBB U 32 TO, UTO OHA KOPOTaJla cO MHOII BCe Beuepa, IPOBE/ICHHbIE 32 pPAGOTO HAJl KHU-
roif, a Jlyky u JI)Kuity — 3a T, 4TO OHU OTPBIBAJIM MEHSI OT 9TOIH PAbOTHI U TIOKA3BIBAIH, YTO
B JKU3HM €CTh Jiesia U ToBaskHee. Bpoae urpst Minecraft.

Xep6epm Boc (Herbert Bos)
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OT usparenbcTBa

Baru 3ameuanust, mpe/jioKeHsi, BOIPOCHI OTIIPABJISIIITE 110 a/[Pecy 9JIEKTPOHHOM TOYTHI
comp@®@piter.com (uznaresbcTBO «[IUTEP», KOMITBIOTEPHAS PEAAKIINS ).

Mbi GyieM pajibl y3HaTh Ballie MHeHue!

Ha Be6-caiite usgaresbcrsa http://www.piter.com Bbl HaiizeTe MoAPOOHYIO MHPOPMAIUIO
O HalllUX KHUTaXx.

006 aBTOpax

Auapio C. TanenGayM 1oJydn crenenb OakamaBpa B MaccadyCceTcKoOM TEXHOJIOTMYECKOM
UHCTUTYTE U CTeeHb qokTopa dhunocodpuu B Kanudopuuiickom yausepcurere B bepkiiu.
B Hacrosiiiiee BpeMst OH 3aHUMAET JIOJKHOCTH Ipodeccopa nHMOPMATHKY B YHUBEPCUTETE
Bpuiie (Vrije) B Amcrepuname (Hupmepaansr). IIpeskie ot Obll 1€KaHOM MEKYHUBEPCU-
TETCKOU acIMpaHTyPbl 110 KOMIIBIOTEPHOU 06paboTKe AqaHHbIX 1 n3obpaskenuii (Advanced
School for Computing and Imaging), rze Best nccseoBanst B 06JaCTh MePEAOBBIX Mapasi-
JIETBHBIX CUCTEM, PACIIPEeIEHHBIX CUCTEM U cucteM 00paboTku uzobpaxenuit. On takxe
611 ipodeccopom Koposesckoit Humepianackoii akagemun uckyccrsa u Hayk (Royal
Netherlands Academy of Arts and Sciences), 4To, COOCTBEHHO, 1 CHIACIIO €0 OT IIPEBPALICHUS
B 610poKkpata. Kpome Toro, BbIMIpasl PeCTHKHbINA IpaHT EBPoreiickoro copera 1o Hay4HbIM
uccaeposanuaM (European Research Council Advanced Grant).

B npouwioM oH BeJl uccaegoBaHus B 06JaCTH KOMIUJISITOPOB, ONEPAIMOHHBIX CUCTEM,
CETEBBIX TEXHOJIOTUI 1 pactpesiesieHHbIX cucTeM. Cefiyac B OCHOBHOM COCPEIOTOUYNIICS Ha
uccsIeoBaHksX B 00J1acTH HaJeKHBIX 1 GE301aCHbIX OllePallMOHHBIX cucTeM. B pesyiibrare
9TUX MCCeN0BaHMIl OgBUI0CH GoJiee 175 pelleH3nPOBaHHBIX cTaTeil, OIyOJMKOBAHHBIX
B JKypHaJIlax U 0OHapoA0BaHHbIX Ha KoH(pepernusax. Kpome aroro, npodeccop Tanenbaym
SIBJISIETCSI aBTOPOM WJTH COABTOPOM TISITH KHUT, KOTOPBIE TiepeBe/ieHbl Ha 20 sSI3bIKOB, OT Hack-
CKOTO JIO TaiCKOT0, U UCTIOJIb3YIOTCS B YHUBEPCUTETAX TI0 BceMy Mupy. B 1iesiom cyiectByer
163 BapuaHTa U3JaHNUN €ro KHUT (KOMOWHAIIIT SI3BIK + U3/aHMeE).

ITpodeccop Takske paspaboTal 3HAYUTENbHBIA 00bEM TPOrPAMMHOIO 0GECIIeYeH s, B 4acT-
noctu MINIX, neGompmoro knouna UNIX. DTta nporpamma cTaja HENOCPEACTBEHHBIM
BIIOXHOBJISIONTNM (haKTOPOM /7S co3AaHms Linux u Toit maaTdhopMoii, Ha KOTOPOH TepBo-
HavyaJIbHO U pazpaborana onepannonnas cucrema Linux. Texymas Bepeust MINIX, kotopast
Hocut Hazanre MINIX 3, B HacTOSIIIIT MOMEHT TTO3UITMOHUPYETCS KaK UCKIIOUNTETbHO
Ha/leskHast 1 Ge3omacHast orepaimonHas cucrema. [Ipodeccop Tanenbaym OyzeT cunTaTh
CBOIO PaboTy 3aBEPIIEHHON, KaK TOJIBKO HE OCTAHETCS HU OJIHOTO MOJIB30BATEsl, CII0CO6-
HOTO 3aMBICJIUTD JEHCTBUS, TPUBOJSIINE K BBIXO/LY OTEPAIIMOHHON CUCTEMBI U3 CTPOSI.
MINIX 3 — 910 pa3sBUBAIONIUIICS TTPOEKT, HAXOASIIMIICS B CBOOOAHOM AOCTYIIE, U BAC TAKKE
HPUIJIALMIAIOT K COTPYAHUYECTBY 110 €ro pazBuTuio. UTo0bl 3arpy3uTh CBOOOLHYIO KOIIHIO
1 pasobparbest B ee pabote, iepeinTe 110 afpecy Www.minix3.org. 3arpysuth MOKHO BEPCUT
Kak 1 x86, Tak 1 71t ARM.

Acnupantst npodeccopa Tanenbayma, 3akoHUUB yuedy, 106UIuCch O0bIINX yciexos. 1 o
VMU OY€Hb FOPJUTCS. B 3TOM CMBbIC/Ie OH YeM-TO HAIIOMUHAET KyPUILy-HACE/KY.

TanenbayMm siBJsieTCsT YWieHOM ACCOMUAIMK BhIYUCAUTENbHON Texuuku (Association for
Computing Machinery — ACM), MucTuTyTa UH;KEHEPOB MO 9JIEKTPOTEXHUKE U JIEKTPOHUKE
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(Institute of Electrical and Electronics Engineers — IEEE), Kopostesckoit Hunepianackoii
aKazieMnu McKyccTBa 1 HayK. OH yZ0CTOeH MHOTOYMCICHHBIX HayIHbIX Harpag ot ACM,
IEEE u USENIX. YV Hero nmeIioTcs /iBe MOYeTHBIE IOKTOPCKHE cTeTleHu. Ecii BbI 3anHTe-
PecoBaJIMCh YUeHbIM, 3aii/IUTe Ha CTPAHUILY O HeM B « Bukumeanms.

Xep6epr Boc nosyuni crerenb MarucTpa B yuuBepcurere TBeHTe, a CTeleHb JOKTOpa
unocopun — B KOMIbIOTEPHOU NabopaTtopun Kembpumskckoro yausepeurera (Bemko-
O6putanus). C Tex 1mMop OH yIopHo paboTaj Hajl COo3JaHrueM HaJeKHbIX 1 9(DPEKTUBHBIX
APXUTEKTYP BBOJIA-BbIBOJIA JIJISI ONIEPAIIMOHHOI crcTeMbl Linux u npoBoinJI NCCIIeI0BAHUS
cucteMm, ocioBaHHbIX Ha MINIX 3. B nacrosmiee Bpems saBmasieTcs mpodeccopoM Kadeapbt
KOMTIBIOTEPHBIX HayK yHUBepcuTeTa Bpuiie (Vrije) B AMctepaame (Huzmepmananr) n 3auu-
MaeTcsi BOIpocaMu 6e301acHOCTH cucTeM U cereil. Co CBOMMM CTyAeHTaMK OH paboTaeT Hajl
HOBBIMH CITOCOOAMHU 0OHAPY KEHNST M TPEKPAIeHUsT aTak, aHaJi3a 1 paciim@poBKH yCTPOii-
CTBa BPEIOHOCHBIX MTPOTPAMM, a Takke (huKcar 60ToB (BPeIOHOCHBIX HH(MPACTPYKTYP,
KOTOPBIMHU MOTYT OBITh OXBaueHbI MUJLTMOHBI KOMITbioTepoB). B 2011 rozxy mox csou mccJie-
JIOBaHMS 1O pacindpoBKe YCTPOHCTBA BPEOHOCHBIX TIPOTPAMM OH TTOJTYYHJI HAYaJIbHBIH
rpaut EBporieiickoro coBera 1o HayuHbiM uccienoanusim (ERC Starting Grant). Tpoe u3
€ro CTYAEHTOB MoJay4nan npemuio numenn Pomxkepa Huaxama (Roger Needham Award) sa
JIy4Iiive KaHJnJaaTCKue IUCCepPTAIUU 10 CUCTEMAM.



lnaea 1
BBeneHue

CoBpeMeHHBIH KOMITBIOTEP COCTOUT M3 OJTHOTO MM HECKOJILKIX ITPOIECCOPOB, ONIEPATUBHOM
TAMSTH, AVCKOB, IPUHTEPA, KIABUATYPBHI, MBIIITH, TUCIITEs, CEeTeBLIX NHTEPGhENCOB 1 IPYTUX
PasHOOGPA3HbIX YCTPOICTB BBOAA-BbIBOAA. B MTOTE M0JIyYaeTcst JOBOJBHO CIOKHAST CUCTEMA.
Ecim KakmoMy HporpaMMUCTY, CO3AAI0NIEMY TIPUKIALHYIO IPOrpaMMy, HysKHO OyieT pasou-
PaThCs BO BCEX TOHKOCTAX PAOOThI BCEX 9TUX YCTPOICTB, TO OH HE HAIIMILIET HU CTPOYKM KOJIA.
Bonee Toro, ynmpasienue BceMu 9TUMI KOMIIOHEHTAMH 1 UX ONTUMATbHOE UCTIOIb30BAHIIC
MIPEICTABIISIET COOOIT OUEHD HEMTPOCTYIO 3a1auy. [10 9T0# IpUYnHE KOMITBIOTEPBI OCHAIIIEHBI
CIIEIATbHBIM YPOBHEM MTPOrPAMMHOTO 00€CTIeUeH s, KOTOPBII Ha3bhIBACTCS ONEPAIMOHHON
CHCTEMOI, B Ubl0 33/1a4y BXOJUT YIIPaBJeHUE T0JIb30BATETbCKUMU ITPOTrPAMMaMU, & TaKKe
BCeMU paHee YIIOMSIHYTbIMU pecypcaMiu. VIMEHHO TaKue CUCTEMBbI U SIBJSIOTCS IPEIMETOM
paccMOTpeHus TJaHHOW KHUTH.

BosbImmHCTBO unTaTesieil y:ke MMEtoT HEKOTOPBIH OTBIT PabOThI ¢ TAKUMH OTEPATMOHHBIMI
cucremamiu, kak Windows, Linux, FreeBSD uau Max OS X, HO UX BHEIIHUN 00K MOKET
6bITH pasHbIM. [TpOTpaMMBbI, ¢ KOTOPBIME B3aUMOJIEHCTBYIOT TI0JIb30BATEH, OOBIYHO HA3bI-
BaeMble 000JOUKOM, KOr/[a OHM OCHOBAHbBI Ha IPUMEHEHHUN TEKCTA, U TPa(UIECKUM MOJIb30-
BaresbckuM untepdeiicom (Graphical User Interface (GUI)), koria B HUX UCIIOJIB3YIOTCST
3HAYKHU, (DAKTUYECKH HE SIBJISIIOTCSI YaCThIO OTIEPAI[MOHHON CUCTEMbI, XOTSI 3aIeCTBYIOT 3TY
cucTeMy B cBoeli pabore.

CxXeMaTUYHO OCHOBHBIE PACCMATPUBAEMbIE 371€Ch KOMITOHEHTBI TIPe/ICTaBIeHbl Ha puc. 1.1.
B HwkHelt yacTu pucyHKa mokasaHo anmaparaoe obecrederie. OHO COCTOUT U3 MUKPOCXEM,
IJIAT, INCKOB, KJIABUATYPbI, MOHUTOPA U APYTruX usndeckux o6bekToB. Haj armapaTHbiM
obecriedeHneM HaxXOUTCs IIPOrpaMMHOe obectiedenne. BobIMHCTBO KOMIIBIOTEPOB UMEIOT
JIBa pexkuMa pabOThL: PESKIM siZ[pa U PEKUM TTosb3oBartess. OnepalmonHast cucreMa — Hau-
6osiee (hyHIAMEHTAIbHASL YaCTh [IPOrPAMMHOTO obeciiedeHust, paboTaiolias B peskuMe siipa
(3TOT PEXMM HA3BIBAIOT €Tlle PeKUMOM cyliepBu3opa). B aToM pesknmMe oHa nMeeT MOJTHBIN
JIOCTYII KO BCEMY allllapaTHOMY OOECIIeYeH IO U MOKET 3aIeHCTBOBATD JIIOOYIO MHCTPYKIIUIO,
KOTOPYIO MallIMHA B COCTOSIHUU BBIIOJHUTD. Best OCcTaibHast 4acThb IIPOrPAMMHOTO 00eCIIeYeHust
paboTaer B pe;KUMe MOJIb30BaTE s, B KOTOPOM JOCTYIIHO JIUIIb IIOAMHOKECTBO HHCTPYKILHI
MarrHbl. B wacTHOCTH, TporpaMMam, paboTaroliM B PEsKIME MOJIb30BaTE s, 3aIPEIIEHO
UCIOJIb30BaHIE UHCTPYKIIUN, YIPABJISTIONUX MAITUHONW UJIN OCYTIECTBIISIONIMX ONEpaliuu
BBO/Ia-BhIBOMIA (Input/Output — 1/0). K paznuuunsm Mexy peskuMaMi siipa v T0JIb30BaTelIst
MBI €I1le He Pa3 BEPHEMCS HA CTPAHUIAX ATOM KHUTU. ITH PA3JINUUs OKA3bIBAIOT PEIaioniee
BJIMSTHUE HA MOPSIIOK PAbOThI OTIEPAIIHOHHON CUCTEMBI.

ITporpamMMbl 10Jb30BaTEIbCKOTO MHTEpdeiica — o6onouka uarn GUI — HaxoaaTces Ha caMoM
HU3KOM YPOBHE POrPAMMHOTO 06ecTiedeH st, pabOTAIOIIETO B PEKUME TOJIb30BATEIsT, U [0-
3BOJISTIOT TOJIb30BATEJIO 3AITyCKaTh JPYTHUe IPOrPaMMbI, TaKie Kak Beb-Opayaep, IporpaMmma
YTEHUsI IEKTPOHHON MOYTHI NN MY3bIKATIBHBIN IJIeep. DTH IPOTPAMMBI TaKKe aKTUBHO
H0JIb3YIOTCA OIlEPALIIOHHOI CHCTEMOT.
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[porpamma 4yTteHus My3blKkarnbHbIV
Beb6-6paysep 3MNEeKTPOHHON MOYTbI nneep
Pexum Q
paboThbl
ronb3oBarerns Mporpamma nonb3oBaTenbCKOro MporpammHoe
nHTepdetrica obecneyeHmne
Pexum
paboTbl OnepauuoHHasi cuctema
saapa
AnnapaTtHoe
obecnevyeHne

Puc. 1.1. MecTo onepaumoHHO CUCTEMbI B CTPYKTYPE NPOrpaMMHOro obecneyeHms

MecTonaxox/IeHne OnepauoHHoli cucTeMbl mokasano Ha puc. 1.1. Ona paboraer neno-
CPEICTBEHHO € alllapaTHbIM 00eCTIeueHNeM U SIBJISIETCSI OCHOBOI OCTaIbHOTO IMTPOrPaMMHOTO
obecnieyenust.

Baskroe orsiidiie orepainoHHO CUHCTEMbE OT 0OBIYHOTO (PAbOTAIONIErO B PEKUME TI0JIB30-
BaTeJIsd) IPOrPaMMHOIO 0GeCIeYeH s COCTOUT B CJIEAYIONIEM: €CIIU T10Jb30BaTEb HEA0BO-
JIeH KOHKPETHOH [TPOrpaMMOii YTeHUs 3IEKTPOHHOIT IIOUYThI, TO OH MOKET BBIOPATH JAPYTYIO
[IPOTPaMMYy WJIH, ECJIH 3aX0UEeT, HAlnucaTh COOCTBEHHYIO TPOTPAMMY, HO HEe MOJKET HalnucaTh
coOCTBEHHbBII 06pabOTYMK IIPEPHIBAHUN CHCTEMHbBIX YaCOB, ABJSIONIMIICS YacThO olepa-
[MOHHOW CUCTEMbI U 3alIUIIEHHBIH Ha allllapaTHOM YPOBHE OT JIIOOBIX IIONBITOK BHECEHUS
M3MEHEHUI CO CTOPOHBI T0JIb30BaTe I, DTO PA3INUNe UHOT/IA HE CTOJIb YETKO BBIPASKEHO
BO BCTPOEHHBIX crcTeMaX (KOTOPbIe MOTYT He UMETh PEKUMA sijipa) WU UHTEePIPETUpye-
MBIX cUCTeMax (TaKuX, Kak CUCTEMbI, TOCTPOEHHbIE HA OCHOBE $I3bIKA Java, B KOTOPbIX JIJIsT
pasiiesieHusl KOMIIOHEHTOB HCIIOJIb3YETCs He allliapaTHOe 0OeCIeYeH e, a MHTEPIIPETATOP).

Bo MHOrMX cucreMax TaksKe eCTb [POrpaMMbl, paboTalolire B PeKUMe HOJIb30BaTelst, HO
HoMorarolie pabore OrnepaoHHON CHCTEMbI WU BBIOJHsIOIHE 0co0ble hyHKImu. K mpu-
MEPY, IOBOJIBHO YaCTO BCTPEYAIOTCS TIPOTPAMMBbI, TIO3BOJISTIONINE [T0JIb30BATEISIM U3MEHSITh
ux maposin. OHU He SBJISIIOTCS YacThIO OTEPAIIMOHHON CUCTEMBI U He paboTaloT B PEKUME
SIIPa, HO BCEM IOHSATHO, YTO OHY BBIOJIHSAIOT BAsKHYIO (DYHKIIUIO U JOJKHBI OBITH OCOOBIM
00paszoMm saluiienbl. B HeKoTOpbIX cucTeMax aTa ujes A0BeAeHa 10 KpaiiHeil (hopMbl, 1 Te
obmacT, KOTOpbIE TPAAUIIMOHHO OTHOCUINCH K OIIEPAIMOHHON cucteMe (Harmpumep, dhaiino-
Basi cucteMa), paboTaioT B IIPOCTPAHCTBE MOJIb30BaTEsT. B Takux cricTeMax TPYIHO IPOBECTH
4eTKyIo rpanuily. Bee mporpamMmbl, paboTaioniye B pekuMe spa, 6e3yCI0BHO, ABISIOTC Ya-
CTBIO OTIEPALIMOHHON CHCTEMBbI, HO HEKOTOPBIE [TPOIPaMMbI, pa0OTAIOIINE BHE 9TOTO PEKUMA,
BO3MOJKHO, TAKIKe SIBJISTIOTCS €€ YacThio WJIH, 110 KpaliHeil Mepe, UMEIOT ¢ Hell TECHYIO CBSI3b.

OrnepaliOHHbIE CUCTEMBI OTJIMYAIOTCS OT MOJIb30BATEJNbCKUX MTPOTPAMM (TO €CTh IIPU-
JIOXKEHUIT) HE TOJBKO MECTOHOJIOKeHUEM. X 0cOOEHHOCTH — JOBOJILHO GOJIBIIOI 00beM,
CJIOXKHAST CTPYKTYPA U JUINTEbHbIE CPOKU MCIIOIb30BaHUsL. VICXOHBINM KOJI OCHOBBI OIle-
pannonHoit cuctembl Tuna Linux wam Windows sanmmMaer nopsigka 5 MaH ¢cTpok. YToOs
[pecTaBuTh cebe ITOT 00beM, [aBaliTe MbICJIEHHO PACcIedyaTaeM 5 MJIH CTPOK B KHIIKHOM
dopmate 110 50 cTpok Ha crpanuiie u 1o 1000 cTpanuil B Kax oM ToMe (410 GoJibIie aToi
kHurK). YTOOBI paciieyaTaTh TAKOE KOJMYECTBO Ko/1a, notHanobutcest 100 ToMoB, a 310 npak-
TUYECKH 1leJlast KHUsKHAsE 110Jika. MoskeTe cebe MPeACTaBUTh, YTO Bbl MOJYYMUIIN 3a/aHIe
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10 TTO/IJIEPIKKE OMEPAIMOHHOM CUCTEMBI U B IIEPBBIN JKe JIeHb Balll HAYaJIbHUK TOJBEN BAC
K KHIDKHOM TIOJIKe U cKas3awl: «BoT aTo Bce HykHO BBIyunTh». 1 9TO KacaeTcs TOIbKO TOH
4acTH, KoTopas paboTaeT B peskuMe sapa. [Ipu BKIogeHnn HeoOXoANMbIX 00mmx 6ubImoTex
o6bem Windows tipesbiniaer 70 MJIH CTPOK Koja (HanedataHHbie Ha Gymare, OHU 3aiiMyT
10—20 KHIKHBIX TIOJIOK), ¥ 3TO HE CUNTAst OCHOBHBIX MPUKJIAIHBIX TTPOTPAMM (TaKuX, KaKk
Windows Explorer, Windows Media Player u . 1.).

Terrepb MOHATHO, TOYEMY OIIEPAIMOHHBIC CUCTEMBI JKUBYT TaK JIOJITO, — UX OYECHD TPY/HO
CO3/1aBaTh, U, HAMTHCAB OJ[HY TAKYIO CHCTEMY, BIaJIeJIEl] HE CTIBITHIBAET JKEJTAHUST e BHIOPO-
CUTb U MIPUCTYIINUTH K CO3[aHUI0 HOBOH. [ToaTOMY ormepaiimontble CHCTEMbI Pa3BUBAIOTCS
B TeueHme moaroro nepruoaa spemenn. Cemeticteo Windows 95/98 /Me 1o cBoeit cytn
TIPEICTABIISIIIO OJTHY OTIEPAITMOHHYIO crcTeMy, a cemericTBo Windows NT/2000/XP/Vista/
Windows 7 — apyryo. [ 1oabp30BaTesst OHM ObLIM MOXO0KU JAPYT HA APYTa, TIOCKOJIbKY
Microsoft mosaboruiach o Tom, 4To6bI MOTB30BaTebcKui HHTEpdeiic Windows 2000/XP/
Vista/Windows 7 6bL1 04eHb TOXOK HA TY CHCTEMY, KOTOPOIT OH IIIeJT Ha 3aMEHY, a Yallle BCEero
aro 6b1a Windows 98. Tem ne meree y Microsoft 6b1imut JOBOJIBHO BECKME IPUYUHDL, 4TOOBI
usbasutbest o1 Windows 98, v Mbl eliie BepHEMCsI K MX PACCMOTPEHUIO, Korja B riaase 11
HPUCTYIIUM K HOAPOOHOMY M3ydeHuIo crcteMbl Windows.

JIpyruM TIpUMepoM, KOTOPBIH UCTIONB3YETCsT BO Beell KHITE, Oy/IeT oTepaliioHHast CHCTEMa
UNIX, ee BapuanThl 1 KJI0HBL. OHA TaKKe Pa3BUBAJIACH B TEUCHUE MHOTUX JIET, CYIIECTBYS
B TaKuX GasMpPyIONIMXCs Ha UCXOAHON cucTeMe Bepeustx, kak System V, Solaris u FreeBSD.
A Bot Linux ¥MeeT HOBYIO IIPOrPAMMHYIO OCHOBY, XOTs1 ee MojieJib BecbMa Gimska K UNIX
1 oHa 06J1alaeT BHICOKOW CTENEHbI0 COBMECTUMOCTH C 9TOU cuctemoii. IIpumepsl, Kacaio-
muecst UNTX, OyayT ncmosib30BaThest BO BCell kuure, a Linux 1mogpobHo paccMarpuBaercst
B riase 10.

B nannoii riaBe Mbl KOPOTKO KOCHEMCS psJia KJIIOYEBBIX aCHEKTOB ONEPAIlMOHHBIX CUCTEM,
y3HAeM, 4TO OHM cO0OIl TIPEICTABIISIOT, U3YYHM MX UCTOPUIO, BCE, YTO TIPOUCXOIUIO BOKPYT
HIX, PACCMOTPUM HEKOTOPbIe OCHOBHBIE TIOHATHS OIEPAIMOHHBIX CUCTEM U UX CTPYKTYPY.
MHorue BajkHbIe TeMbl OyryT GoJiee TTOAPOOHO PACCMOTPEHBI B IIOCIIEAYIONINX IJIaBaXx.

1.1. Y710 Takoe onepaunoHHas cuctema?

[laTb TouHOE OTpeiesienre ONepaMoOHHON CHCTEMBI JIOBOJILHO TPY/AHO. MOKHO CKa3aTh, YTO
9TO IPOrpaMMHOe obecIiedeHne, KOTopoe paboTaeT B PesKUME si[pa, HO U 9TO YTBEPKICHIE
He Beerzia OyieT COOTBETCTBOBATh UCTUHHOMY HOJI0KeHUIO Berel. OrdacTu npobiema 371ech
B TOM, YTO OTIEPAITMOHHBIE CUCTEMBI OCYIIIECTBIIAIOT IBE 3HAYUTETHHO OTAMYAIONTNECS APYT OT
JpyTra QYHKIIAN: TPEAOCTABIISIOT IPUKJIATHBIM IPOTPAMMUCTAM (1 TPUKJIAHBIM ITPOTPAMMaM,
€CTECTBEHHO) BIIOJIHE TIOHSATHBINA aGCTPAKTHBIN HAOOP PecypCcoB B3aMeH HEYIIOPSAA0YEHHOTO
Habopa annapaTHoro odecredeHust 1 yIpasJsioT 9TUMK pecypcaMu. B 3aBucumocT ot T0ro,
KTO MMEHHO BEJIET PAa3TOBOP, MOKHO YCJBIIIATH GOJIBIIE O TTEPBOM UM O BTOPOH U3 HUX.
Ham ske npeicTouT paceMOTpeTh 06e 9T (PyHKIIUH.

1.1.1. OnepaunoHHaa cucTtemMma Kak pacLumpeHHasa MallumHa

ApaneKTypa GOJILIIMHCTBA KOMITbIOTEPOB (CI/ICTeMa KOMaHZ, OpraHu3anysa maMATH, BBO/-
BBIBO/] IaHHBIX U CTPYKTYypa ]_HI/IH) Ha YPOBHE MAIIMHHOTO s3bIKa CJAUIIKOM IIPUMUTUBHA
n Heyl[O6Ha JIJI UCITOJIb3OBaHM A B IIPOrpaMMax, 0COOEHHO ITO KACAETCS CUCTEM BBO/la-BbI-
BO/ia. Yr106BI TIepeBeCTU Pa3roBOP B KOHKPETHOE PYCJIO, PACCMOTPUM COBPEMEHHDbIE JKECT-
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kue aucku SATA (Serial ATA), ucnosbdyembie Ha OOJIBUIMHCTBE KOMITbIOTEPOB. KHura,
BoinyieHHas usgaareabcrsoM Anderson B 2007 roay u cojepskalias olucanue AnCKOBOTo
unrepdeiica, KOTOPBIH IPOrPaMMUCTBI OJAKHbI ObLIN U3YYHUTh JJIs HCIIOJIb30BAHUS MCKA,
comepskaia cpbiire 450 crpanuil. ITocie aroro nnrepdeiic MHOrOKpaTHO IepecMaTpUBaJI-
cs U crad eme caoxuee, ueM 0ot B 2007 ropy. ITOHATHO, YTO HU OAMH 3PABOMbBICASIIMIA
MIPOTPAMMMUCT He 3aX04YeT UMETh Jiela ¢ TAKUM IUCKOM Ha almapaTHOM ypoBHe. Bmecto
Hero 060pyA0BaHUEM 3aHUMAETCS Ta YaCTh IPOTPAMMHOIO OGeciedeHns, KOTopas Hasbl-
BaeTcs IpaifBePOM IUCKa U TIPEIOCTABIISIET, HE BAABASICh B IETAJTH, MHTEPQEUC 71T YTEHUS
M 3aIIUCH IUCKOBBIX 6J10K0B. OTiepalliOHHbIE CUCTEMBI COJIEPKAT MHOMKECTBO JAPAaiBEPOB
JUUISI YIIPABJIEHUST YCTPOUCTBAMU BBO/Ia-BBIBOJIA.

Ho nist GOIBIIMHCTBA MIPUITOKEHUIN CITUIITKOM HU3KUM SIBJISIETCS JIa’Ke 3TOT YPOBeHb. [1o-
HTOMY BC€ OIePAIMOHHbIE CHCTEMBI ITPEJOCTABIISIIOT E1I[e OIUH YPOBEHb aOCTPAKIUI 115 UC-
MOJTb30BAHUST IUCKOB — (haiiiibl. VIcmonb3yst aTy abCTPaKIuio, TpOrPaMMbl MOTYT CO3[aBaTh,
3aIChIBATD U YUTATH (hailibl, He BHUKAS B TOAPOOHOCTH PeaibHON PpaboThl 000PYIOBAHISL.

Ira abCTpaKIUs SBJISETCA KJIIOUOM K YIIPABJEHUIO CJI0KHOCTBIO. Xopolias adcTpaKins
[IpeBpallaeT MPaKTHYECKH HEIIOAbeMHYIO 3a/1a4y B IBE, PELUIUTh KOTOPbIE BIIOJIHE [0 CUJIAM.
I[TepBast U3 HTUX 3a/1a4 COCTOUT B OIPEAETCHUN U Peau3aliy abCTpaKIiii, a BTopas — B UC-
[0JIb30BAHUM 9TUX aOCTPaKLUi 1 pernenns Tekyieil mpodaembl. Onta us aGCTpakiuii,
MOHATHAS NPAKTUYECKH JTI0O0MY T10JIb30BATENI0 KOMIIBIOTEPA, — 3TO YKe YIIOMAHYTbIN
panee daitr. On npeacrasisger coboii mosesHblil 00beM nHMHOPMAIIUK, CKakKeM, TH(PPOBYIO
(ororpaduio, coOXpaHeHHOEe COOOIIEHIE dJIEKTPOHHON MOUTHI Win BeO-cTpanuily. PaGorarsh
¢ (pororpadusamu, cOOOIEHUAMN DJEKTPOHHON MOUTHI U BeO-CTPaHUI[AME HAMHOTO JieTde,
yem ¢ ocobernoctsiMu SATA-quckoB (MIn APYIUX JUCKOBBIX YCTPOMCTB). 3aaada orepa-
[MOHHOU CUCTEMbI 3aKJII0YAETCS B CO3MaHUK XOPOIIel abCTPaKIINK, a 3aTeM B peajlnsaluu
abCTPAKTHBIX 00BEKTOB, CO3/[aBAEMbIX B PaMKaX 9TOI abCTPaKIMK, U YIPABJICHUN UMM,
B ar1oii kHure abcrpakiuusiM Oyer yaeiaeHo BecbMa 00JIblIoe BHUMaHUE, IIOCKOJIbKY OHK
ABJISIIOTCS OJHUM U3 KJIIOUeil K HOHMMAHUIO OlIePAllHOHHBIX CUCTEM.

YuuThIBas BAXKHOCTD TOTO MOJIOKEHUSI, CTOUT M3JIOXKUTh €ro HECKOJIbKO JIDYTHMHU CJIOBA-
mu. I[Tpu Bcem yBaxkenuu K paspaborunkam Macintosh, caemnyer samerurs, 4to armaparioe
obeciieueHne He OTJIMYAETCsT OCOOBIM UBSIECTBOM. PeasibHO CyIlecTBYOIIUE IIPOLIECCOPDI,
GJIOKM TTaMATH, AUCKU U JAPYrHe KOMIOHEHTBI MPEACTABASIOT COOOU CIUMIKOM CJOKHbIE
YCTPOIACTBA, IIPEAOCTABJIAIONINE TPYIHbIE, HEeYJOOHbIE, He TIOX0KKE APYT Ha Apyra 1 He 00J1a-
JIATOTIE TIOCTOSTHCTBOM UHTEP(MENCH JIJIs1 TeX JII0/IEN, KOTOPBIM IIPUXOIUTCS CO3/IaBATH JIJIST
HUX IporpaMMHuoe obecniedenue. MHorga takas cutyanus o0bACHIETCS HeOOXOAUMOCTBIO
MOJIIEPSKKI 06PATHON COBMECTHMOCTH, a THOT/Ia OHA CBSI3aHa CO CTPEMJICHUEM K 9KOHOMUN
CPEJICTB, HO MOPOM Pa3pabOTYMKH armapaTHOro obecrnedeH s POCTO He TIOHUMAIOT (HJIn
HE XOTSIT MOHUMATD ), KAaK MHOTO TIPOOJIEM OHU CO3/IAIOT JIJIst Pa3pabOTYMKOB IIPOrPAMMHOTO
obecrieyenust. OjiHa 13 TIaBHBIX 3a/[a4 OIIEPAIIMOHHOI CHCTEMBI — CKPBITH allliapaTHoe 06e-
CIIeYEHIe U CYIIEeCTBYOIINE TIPOrpaMMbl (M UX pazpabOTUMKOB) MO/] CO3/laBaeMbIMU B3aMeH
HUX 1 HpI/ICHOCO6JIeHHbIMI/I JJIA HOpMa]IbHOfI pa6OTbI KpaCuBbIMH, 3JIETaHTHBIMU, HEM3MEH-
HbiMu abcTpakipsiMu. OrepalmoHHble CUCTEMBI IIPEBPAIIAIOT YPOACTBO B Kpacoty (puc. 1.2).

CiielyeT OTMETUTD, YTO PEaJbHBIMKU «3aKa34NKAMU» OIEPALIMOHHDBIX CUCTEM SIBJISAIOTCS
HPUKJIaJHbBIE IPOTPaMMbl (pasyMmeercs, He 6e3 TOMOIIM IPUK/IAHBIX TPOTPAMMKICTOB).
VIMeHHO OHU HEMOCPEICTBEHHO PabOTAIOT € OIIEPAIIMOHHOM CUCTEMOM 1 ee abCTPaKIIUSAML.
A KOHEeYHbIE 0JIb30BaTE/ U PAbOTAIOT ¢ AOCTPAKIUSMHE, IIPEAOCTABICHHBIME T10JIb30BATEIb-
CKUM uHTEPdENCcOoM, — HTO MK KOMaHHAST CTPOKA 000JI0UKH, Win rpadudeckuii uarepdeiic.
AGCTpaKIy 0JIb30BaTeIbCKOro MHTEpdeiica MOryT ObITh MOXOKMUMU Ha aGCTPaKIIUH,
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MpuknagHble nporpammbil

<«— KpacuBbin nHTepdhenc

<«—— Ypoanvebiii uHTepdeic

AnnapaTHoe obecneyeHve

Puc. 1.2. OnepaumoHHas cuctemMa npespallaeT ypoaaMBoe annapaTHoe obecrnevyeHme
B KpacuBble abcTpakumm

[PEeIOCTABJISIEMbIE OTIEPAIIMOHHON CUCTEMOIL, HO Tak GbiBaeT He Beerga. UToObl MOSCHUTD
9TO MOJIOKEHNE, PACCMOTPUM OOBIYHBIN pabouunit cton Windows 1 KOMaHIHYIO CTPOKY.
W 10 1 Apyroe — nporpaMMel, paboTaiomire moj| yipasieHueM onepauoHHON CUCTeMbI
Windows 1 ucronbsyiomime mpeocTaBIeHHbIe 9TOW CUCTEMOI aGCTPaKIMK, HO OHU MPe/I-
JIATAIOT CYIIECTBEHHO OTIMYAIONIUECS JAPYT OT JIPyTa MoJib3oBaTebckue nurepdeiicsr. Touno
Tak e nmoJab3oBaresnn Linux, paboraomue 8 Gnome nan KDE, Bugar copepuienno nnoi
unrepdeiic, yem nospzosareau Linux, paboraionie B X Window System, HO 110/107KeHHbIE
B OCHOBY aOCTPaKITNHU OMEPAITHOHHON CHCTEMBI B 000UX CYJastX OJTHU 1 T€ JKE.

B nanHoii KHUTE MbI TIOAPOOHENIINM 06Pa3oM U3yYrM Te aOCTPaKIUU, KOTOPbIE IIPEJ0CTaB-
JIFIOTCS MPUKJIAHBIM IPOrPaMMaM, HO He CTaHeM CIIMIIKOM yIyOJsAThCsE B OJIb30BATE b=
ckue unTepdeicol. ITo BechbMa 00bEMHAs U BaKHAS TEMA, HO C OIIEPAIIMOHHBIMU CUCTEMAMU
oHa cBsi3aHa cJ1a0o.

1.1.2. OnepaunoHHasa cuctema B Ka4ecTBe
MeHea)Xepa pecypcoB

[TpeacraBienne 0 TOM, YTO ONEPALMOHHAS CHCTEMA TJIaBHBIM 00pa3oM IpesocTaBser abd-
CTPAKIUY JIJIsl TIPUKJIATHBIX [TPOTPAMM, — 9TO B3TJIsi/l cBepXy BHU3. CTOPOHHUKY ajibTepHa-
THUBHOTO B3IJISI/Ia, CHU3Y BBEPX, IIPUIEPAKUBAIOTCS TOTO MHEHUSI, YTO OTIEPAIMOHHAS CUCTEMA
CYIIECTBYET JIJIsI YIIPABJICHIS BCEMU YaCTSIMU CJIOKHOU cucteMbl. COBPEMEHHBIE KOMITBIOTEPHI
COCTOSIT U3 MPOIIECCOPOB, TTAMSTH, TAIIMEPOB, INCKOB, MBIIIIEl, CETEBBIX MHTEP(ENCOB, TPUHTE-
POB U IIUPOKOTO CHEKTPa APYTUX YCTpoitcTB. CTOPOHHUKH B3TJIsIIa CHU3Y BBEPX CYUTAIOT, UTO
3aj1ava OMeparnoHHON CUCTEMBI 3aKTI0UAETCST B 00ECTIEUeHUN YITOPSIIOUEHHOTO 1 YITPaBJIsie-
MOTO pacIipe/ieJIeHusI IPOIECCOPOB, MAMSITH U YCTPOUCTB BBO/Ia-BbIBO/IA MEK/TY PA3JINTHBIMEI
MIpOrpaMMaMu, TPETEHIYIONTIMI Ha UX UCTIOTh30BAHIIE.

CoBpeMeHHbIE OIEPAMOHHBIE CHCTEMBI J0IYCKAIOT OAHOBPEMEHHYIO PabOTy HECKOJIBKUX
nporpamm. [Ipencrasbre cebe, uTo Gy/eT, €CJIU BCe TPH IIPOrpaMMbl, paboTaloliye Ha 0OHOM
U TOM K€ KOMITBIOTEPE, TIOTIBITAIOTCS pacliedaTaTh CBOM BBIXOAHbIE TaHHBIE OAHOBPEMEHHO
Ha OJHOM U TOM e IpuHTepe. [lepBble HECKOIBKO CTPOYEK PACIIEYATKH MOTYT OBITH OT
mporpaMMbI Ne 1, cireyrolnie HeCKOIbKO CTPOYEK — OT IIPOTrpaMMBI Ne 2, 3aTeM HECKOIBKO
crpouek ot mporpammbl Ne 3 u 1. 1. B pesyJibraTe nosydurcs nosnbiii xaoc. Onepanuontas
crcTeMa IpU3BaHa HaBECTU MOPSIO0K B IOTEHIHAILHO BO3MOKHOM Xaoce 3a c4eT Gydepn-
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3aIlM1 HA IMCKe BCEX BBIXOIHBIX JAHHBIX, TIPe/IHAa3HAUYeHHbIX /1 npuHTepa. [Tocse Toro kax
O/IHA MPOrPaMMa 3aKOHYUT CBOIO PAabOTY, OllepallMOHHAs CUCTEMa CMOKET CKOIIMPOBATh ee
BBIXO/IHbIE IAHHBIE ¢ (haiiia Ha JUCKeE, TIe OHK OBLIN COXPAHEHbI, Ha IPUHTEP, B TO JKE CAMOe
BpeMs IpyTras porpaMMa MOKeT IIPOJIOJIKUTh FeHepalnio JaHHbIX, He 3aMedas TOro, 4To
BBIXOHBIE TaHHBIE (DAKTUIECKH (70 TIOPBI 10 BpEMEHN ) He TTOMaaioT Ha TPUHTED.

Korga ¢ koMmbrorepom (WJn ¢ ceThio) paboTaloT HECKOJIBKO 1T0JIb30BaTe e, ITOTPeOHOCTH
B YIIPaBJIEHUU U 3aI1Te TAMSTH, yCTPOUCTB BBOJIA-BbIBO/IA U JIPYTUX PECYPCOB 3HAYMTETIHHO
BO3PACTAIOT, IIOCKOJIbKY MHAUe M0JIb30BaTe/u OyAyT MelaTh Apyr Apyry paborars. Kpome
9TOTO, MOJIb30BATEJSIM YaCTO TPEOYETCSA COBMECTHO MCIIOJIb30BATh HE TOJILKO alllapaTHOe
obecnieyenue, HO 1 uHbopMmalmio ((aiinbl, 6as3bl JaHHBIX U T. 11.). Kopoue roBops, cTopoHHu-
KU 9TOTO B3TJIsI/Ia HA ONIEPAIIMOHHYIO CUCTEMY CUUTAIOT, YTO €€ TIEPBUYHON 3a/1a4eil sIBJISIETCST
OTCJICKMBAHIE TOTO, KAKOI MPOrPaMMOil KaKOH PeCype UCTIOIb3YETCsI, UTOOBI YIOBIETBOPSITH
3arpoChl HA UCTIOJIb30BAHIE PECYPCOB, HECTU OTBETCTBEHHOCTD 32 UX UCIOJIb30BAHUE U TIPH-
HUMATbh PEIICHIS M0 KOHMIIUKTYIONNM 3aITPOCaM OT Pa3IMYHBIX IIPOTPAMM U TI0JTh30BaTeJICH.

VipasiieHue pecypcamMu BKJIIOYaeT B cebsi MyJbTHILIEKCUpOBaHHe (paciipe/iesienne) pe-
CYPCOB JBYMsI Pa3JIUUIHBIMHU CTIOcOOaMU: BO BpeMeHN U B pocTpancTBe. Korma pecypce
pasmessieTcss BO BpeMEHH, PAa3IMYHbIC IPOTPAMMBI MU TTOIH30BATEIN UCTIOAB3YIOT €TO TI0
ouepeq: CHauasIa pecypc MOaydaioT B TI0JIb30BaHKE OHMI, IOTOM JIpyTHe U T. 1. K mpumepy,
pacriosiarasi JIMIb OTHUM IIEHTPATBHBIM TIPOIIECCOPOM M HECKOJBKUMHU MTPOrPaMMaMM, CTpe-
MSIIIIUMKCST HA HEM BbITIOJIHSATHCS, ONIePAIlIOHHAs CHCTEMA CHAYaJIa BbI/IEJIsIeT IIeHTPAJIbHbII
[IPOIIECCOP OJHOI MpoOrpaMme, 3aTeM, MOCJe TOr0 KaK OHa YiKe J0CTATOYHO mopaboTaia,
LEHTPAJIBHBIN TIPOIECCOP MOJIyYaeT B CBOE PACIIOPsIKEHNUE pyTas IIporpaMMa, 3aTeM elle
OJIHA ITPOrPAMMa, U, HAKOHEIL, ero OIISITh ITOJIyYaeT B CBOE PACIIOPSIKEHUE TIePBast IPorpam-
Mma. OrnpesiesieHre TOro, Kak UMEHHO pecypc OyeT pasjiesisiTbesl BO BpeMeHr — KTo Oyer
CHIEALYIONIMM TIOTpebuTe/IeM U KaK J0JIr0, — 9TO 3ajladya OIlePalliOHHON cucTeMbl. JIpyrium
TIPUMEPOM MYJTBTUILIIEKCIPOBAHIS BO BpDEMEHN MOKET TIOCTYKITh COBMECTHOE MCITOIb30Ba-
Hue mpuHTepa. Koria B ouepenn 71 pactiedyaTKU Ha OTHOM MIPUHTEPE HAXOIATCS HECKOIBKO
3ajlaHMiT Ha TIeYaTh, HY;KHO TIPUHSITH PEIieHre, KaKOe U3 HUX OY/IET BBITTOJTHEHO CIIEYTOTIHM.

Jlpyrum BUIOM pasjiesieHnsl PecypcoB SIBJISIETCS TPOCTPAHCTBEHHOE pasjiesienne. Bmecto
[00YEPeHON PabOThl KasK/AbIH KJAMEHT MOJIydaeT KaKylo-TO YacTh Pa3le/isieMOro pecypea.
Hanpumep, oneparuBHast naMsTh 00bIYHO JEJUTCSA CPEIr HECKOJBKUX PaboTaioInX IPo-
TpaMM, TaK 9TO BCE OHU OZTHOBPEMEHHO MOTYT TIOCTOSHHO HAaXOANUTLCS B TaMATH (HATIPUMED,
HCTIOTB3YS MEHTPATBHBIHN TIpoIieccop 1o odepenn). [lpu ycmoBun, 9T0 maMsATH OCTATOTHO
JUIs XpaHeHus GoJiee yeM OJHOI porpaMMbl, 9(hGeKTUBHEe PasMECTUTDh B AMSATH Cpasy
HECKOJIBKO TIPOTPaMM, Ye€M BBIJIE/ISITh BCIO MAMSITh OJHOM TIporpaMme, 0COOEHHO eciin el
HY’KHa JIMIIb HeOOJIbIIAast YacTh OT 0OIIETO MPOCTPaHCTBA. PasymeeTcst, IPH 9TOM BOSHUKAIOT
pobJIeMbl PaBHOM JOCTYIMTHOCTH, OOecIiedeH st Ge30MacHOCTH U T. [I., ¥ UX JOJIKHA PEIIaTh
oriepalmoHHas cucrema. /[pyrum pecypcom ¢ pasjiesisieMbIM MPOCTPAHCTBOM SIBJISIETCS JKECT-
KU inck. Ha MHOTMX cucTeMax Ha OJIHOM M TOM K€ JIICKEe MOTYT O/THOBPEMEHHO XPAaHUThCSI
(haiisrel, TpuHATIEKATIIIE MHOTUM TI0JIb30BATEIISIM. Pactipesiesienue IMCKOBOTO TIPOCTPAHCTBA
U OTCJIEKUBAHUE TOTO, KTO KaKue JAUCKOBbIe GJOKU UCIIOJb3YeT, — 9TO TUIIMYHAS 3a/a4a
OTICPAIIOHHOM CUCTEMBI TI0 YIIPaBICHUIO PECYPCAMU.

1.2. Uctopusa onepaunNoOHHbIX CUCTEM

I/ICTOpI/IH Pa3BUTHA ONIEPAITMOHHDBIX CUCTEM HACUYUTBIBAET YK€ MHOTO JIET. B CJIeIYIOTINX
paszesnax KHUTU MbI KPAaTKO PAaCCMOTPUM HEKOTOPbI€ OCHOBHBIE MOMEHTDBI 3TOI'O PA3BUTHA.
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Tak Kak orneparMoHHble CUCTEMbI ITOSIBUINCH ¥ Pa3BUBAJIUCD B IIPOIECCe KOHCTPYUPOBAHUS
KOMITBIOTEPOB, 3TH COOBITUST HCTOPUYECKH TECHO CBSI3aHbI. [109TOMY 4TOObI MIPECTABUTD,
KaK BBITJISIJIE/IN OTIEPAIMOHHBIE CHCTEMBI, MBI PACCMOTPUM HECKOJIBKO CJIEIYIONNX JIPYT 32
ZIPYTOM TTOKOJIEHWIT KOMIIBIOTEPOB. Takas cxema B3anMOCBSI3U MOKOJIEHN OTIeparimOHHbBIX
CHCTEM U KOMITBIOTEPOB HOCHT JIOBOJIBHO MPUOJIMBUTENBHBIIT XapaKTep, HO OHA 00eCTIeurBaeT
HEKOTOPYIO CTPYKTYPY, 6€3 KOTOPOil HEBOBMOKHO OBITIO ObI YTO-TO TIOHSITH.

[TepBbiii HacTosgmuil UGPOBON KOMIIbIOTEDP OBLI M300peTEH aHIINHCKIM MaTEMAaTUKOM
Yapabzom baboumxem (Charles Babbage, 1792—1871). Xots Goublityto yacTb sku3Hu Bab-
OUIK TIOCBSTHII CO3AHMIO CBOEH aHAJMTHYECKO! MaIlMHbI, OH TAK U HE CMOT 3aCTaBUTh €€
paboTaTh JOJKHBIM 00pazoM. DTo Obljla YMCTO MeXaHWYecKast MallluHa, a TEXHOJOIMHU TOTO
BpeMEHH He ObLIK JOCTATOYHO PA3BUTBI /I M3TOTOBJIEHUS] MHOTHUX JleTajleil 1 MeXaHU3MOB
BBICOKOI TouHOCTH. He cTOUT U roBOPUTE, UTO €ro aHAJIUTHYECKAst MAIIHA He UMeJIa Olle-
PAIMOHHOW CHCTEMBI.

WNurepecnsiii ucropuueckunii paxt: Boa0OUIK TOHMMAI, YTO /I aHATUTUYECKON MAITIHBL
eMy HeoOXOIMMO PorpaMMHOe obectieueHne, II0ITOMY OH HAHAJ MOJIOAYIO KEHIIUHY 10
umenn Ana Jlasieiic (Ada Lovelace), 104b 3HaMeHrTOr0 GpUTAHCKOrO 1109Ta J[5KOpIKa
Baitpona. OHa 1 cTaja TIepBBIM B MUPE TIPOTPAMMHUCTOM, & SI3BIK TTporpaMMupoBannst Ada ©
ObLJI Ha3BAH UMEHHO B €€ YeCTb.

1.2.1. NepBoe nokoneHue (1945-1955): anekKTpoHHbIE slaMnMbl

[Mocne Gesycuemnbix ycunnii Baboumka nporpecc B KOHCTPYUPOBaHUK 1IU(BPOBBIX KOM-
MbIOTEPOB TIPAKTHYECKH He HabGII0Aa/ICs BILIOTH 10 BTopoit MUpOBOii BOMHBI, KOTOpast CTH-
MyJIMPOBaJa B3PBIBHYIO aKTHBU3aIMIO paboT Haa HuMu. [Ipodeccop [xon Aranacos (John
Atanasoff) u ero acnupant Knuddopa beppu (Clifford Berry) cospanu B yHusepcurere
mrata AOBBI KOHCTPYKIIMIO, KOTOPasi ceiliyac CYMTAETCs MEePBBIM JIeUCTBYIONUM Tuhpo-
BBIM KOMITbioTepoM. B Heil ucnonb3oBaioch 300 aekTpoHHbIX jamil. [IpuMepHo B TO ke
Bpemst Konpan Ilyse (Konrad Zuse) B Bepiute moctpows Z3 — KOMIBIOTEP, OCHOBAHHBIIT
Ha WCIIOJIb30BAHNH AJIeKTpoMexaHnvyecknx pese. B 1944 ropy rpynmoit yuenbix (BKI0Yast
Autana Teiopunra) B Baeriiu [Tapk (BesukoOpuranuist) GblI MOCTPOEH U 3aIIPOrPAMMU-
posan «Kosoceye», B Tapsapze Tosapaom Aiikernom (Howard Aiken) moctpoen «Mapx I»,
a B ynusepcurere mrara [lenucunbsanus Busibsam Mouwnu (William Mauchley) u ero acru-
pant [Ixon ITpecniep Ikkepr (J. Presper Eckert) nocrponiu «unax». Hekotopble ns aTux
MariuH OblIU UGPOBBIMU, B IPYTHX UCIIOJIb30BAIKCH 9JIEKTPOHHBIE JIaMIIbl, a Pa0OTy 4acTh
U3 HUX MOKHO OBLIO IPOIPaMMUPOBATh, HO BCe OHM ObLIKM BECbMa IIPUMUTHBHO YCTPOEHbBI
U TPATUJIN MHOTHE CEKYH/IbI Ha TPOU3BOICTBO JIayKe MPOCTENIINX BbIUUCIEHUIA.

Ha 3ape KOMITbIOTEPHOIT PBI KaXK/LYI0 MAITUHY TIPOEKTHPOBAJIA, CO3/IaBAJIa, TPOTPAMMHUPO-
BaJla, DKCILIyaTHPOBaJIa 1 0OCIYKIBaJIa OJ[HA U Ta JKe IPYIIa Jiojeil (KaK MpaBuiio, HHKe-
HepoB). Bece mporpamMmmupoBanme BeJI0Ch UCKITIOUNTETHHO HA MATTUHHOM S3bIKE WJIH, U TOTO
XysKe, 32 cueT COOPKHU dJIEKTPUYECKUX CXeM, a JIJIst YIIPABJIECHUsT OCHOBHBIME (DYHKIIUSIME Ma-
IITTHBI TPUXOANIOCH TTOKII0YATh K KOMMYTAITIOHHBIM TTAHEISIM ThICSIN TTPOBOIOB. O I35I-
Kax IporpaMMmupoBanus (naxe o6 accembiiepe) Toria emie Hudero He 6o110 ussecTHo. O6
OTepPaIMOHHbBIX CHCTEMAX BOOGIE HUKTO HUYETO He CIIBIIIAI. PeskiuM paboThl TIporpaMMucTa
3aKJTIOYAICST B TOM, UTOOBI 3aIIFCATHCST Ha OTIPE/IeIEHHOE MAIIMHHOE BPEMsT Ha CIIEI[HATbHOM
CTEHJIe, 3aTeM CIIYCTUTLCS B MAIIMHHBIN 3271, BCTABUTh CBOI0O KOMMYTAIIMOHHYIO TTAHETh
B KOMIIBIOTEP U [TPOBECTH CJIEAYIOIINE HECKOJIBKO YaCOB B HAJIEXK]IE, YTO B IIpoliecce paboThl
He BBIA/IET U3 CTPOsI HU Of[HA U3 TpUMePHO 20 ThICSY 9JIEKTPOHHBIX JiaMIl. B cymrHocTH, Bce
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pelraemMbie 331a4¥ CBOJIMJINCH K TPOCTBIM MaTeMaTHYEeCKUM W YHUCJIOBBIM pacueTaM, TAaKUM
KaK yTOUHeHNe TabJInIl CHHYCOB, KOCHYCOB 1 JIOTapU(hMOB WJIN BBIYUCICHUE TPACKTOPUI
roJIeTa apTUJIJIEPUICKUX CHAPSTIOB.

Korza B navase 1950-X T010B MOSIBUITHCH TIEPMHOKAPTHI, TIOJOKEHIE HECKOTIBKO YTy UTITHIOCh.
[TosiBMTACH BO3MOKHOCTH BMECTO MCIIOTB30BAHUS KOMMYTAIIMOHHBIX TTaHe el 3aITChIBATh
[IPOTPaMMBbI Ha KapTax U CYNTHIBATH C HUX, HO B OCTAJIbHOM IIPOIEypa PabOThI He TIpeTep-
rejia U3MeHeHU .

1.2.2. Bropoe nokoneHume (1955-1965):
TPaH3UCTOPbI U CUCTEMbI MAaKETHOW 00paboTKMN

B cepenune 1950-x rooB u306peTeHrie 1 MPUMEHEHUE TPAH3UCTOPOB PAAUKATIEHO H3MEHIIIO
BCIO KapTHHY. KOMIIBIOTEPBI CTAJN JI0CTATOYHO HA/IE)KHBIMM, TIOSIBUJIACH BBICOKAST BEPOSIT-
HOCTD TOTO, YTO MAIIUHBI Oy AyT PAbOTATD JOBOJIBHO J0JITO, BBIIOJIHSIS IPU 3TOM TI0JIE3HbIE
(dynkumu. Briepsble CJI0KUIOCH YETKOE PasjiesieHue MKy POEKTHPOBIIUKAMU, COOPIIH-
KaMI, OIIePaTOPAMIL, IIPOTPAMMUCTAME 1 OOCTYKIBAIOIINM [EPCOHATIOM.

Mammbl, Ha3bIBaeMble Teleph MIHH@peiMaMu, pacIoIaraaruch B CIIEINAIbHBIX OOJIBIINX
3aJ1aX ¢ KOHAUTIMOHNPOBAHNEM BO3/yXa, T/Ie UMU YIPABJIAI IIEJbIH MTaT ITPOPeCcCUOHATb-
HBIX OIIepaToOpPOB. TOMBKO GOJIbIINE KOPIIOPALUH, IIPABUTEIbCTBEHHbIE YIPEsKICHIS I
YHUBEPCUTETBI MOTJIM O3BOJIUTD cebe TEXHUKY, IleHa KOTOPOI MCUNC/ISIACH MULIMOHAMI
n011apoB. YToOb! BEIIOIHUTE 3afaHue (TO eCTh IPOrpaMMy MJIN KOMILIEKT IIPOrPaMM),
[IPOTPaMMMUCT CHavasIa A0 KeH ObL 3arucarh ero Ha 6ymare (Ha Moprpane win accembiie-
pe), a 3aTeM IepeHecTH Ha nepgoKapThL. Iloce aToro o HoMKeH GBIT IPUHECTH KOJIOLY
repdokapT B KOMHATY BBO/IA JIaHHBIX, TI€Pe/IaTh OJHOMY U3 OIEPATOPOB U U/ITH MUTh Kohe
B OKMJIaHNH, KOTa OyZeT TOTOB PE3YJILTaT.

Korma komibioTep 3akaHUMBaJ BBITOJHEHNE KAKOrO-IM00 U3 TeKYIINX 3aJaHuii, olepaTtop
TOAXOAWUI K TIPUHTEPY, OTPBIBAJ JIUCT C TOJYUEHHBIMU JJAHHBIMU U OTHOCUJI €70 B KOMHATY
IS Pacrieyarok, rje IMPOrpaMMUCT 103K MOT ero 3abpaTh. 3aTeM onepaTop Opas OHy U3
KoJ10/1 TIep(OoKapT, IPUHECEHHBIX U3 KOMHATBI BBOJIA JIAHHBIX, ¥ 3aI1yCKAJI €€ HAa CYNThIBAHUE,
Ecsm B npotiecce pacuetos Obll He0OXOAUM KOMIUIATOP A3bika DoprpaH, TO onepaTopy
PUXOAUIIOCH GPATh €r0 M3 KapTOTEYHOTO IKada U 3arpy:KaTh B MaliuHy oraeabuo. Ha oaHo
TOJIbKO XOK/I€HHE OMIEePATOPOB TI0 MAIMHHOMY 3aJTy TePSIach BITyCTYIO Macca AParoleHHOTO
KOMIIBIOTEPHOTO BPEMEHMU.

Ecitn yuecTb BBICOKYIO CTOUMOCTD 000PYI0BAHUS, HEYAUBUTEIBHO, YTO JIOAH JOBOJIBHO CKO-
PO 3aHSUIUCH OMCKOM ctoco0a MoBbIteHus 3 GhEKTHBHOCTH UCTIOIb30BAHUST MATITMHHOTO
Bpemeru. OOUIENPUHSITHIM PELIEHUEM CTajla CHCTEMa NaKeTHO! 00padorku. [TepBonayasib-
HO 3aMBbICEJI COCTOSII B TOM, 4TOOBI cOOPATh IOJIHbII MOAHOC 3afanuii (Koo ephoKapT)
B KOMHaTe BXO/JHbIX JaHHbIX N 3aTEM IeperncaTb X Ha MAarouTHYIO JIEHTY, UCITIOJIb3YA He-
601111071 1 (OTHOCUTENBHO) HEAOPOroi KomibioTep, Hanpumep IBM 1401, kotopbiit GbL1
OYeHDb XOPOII JIJIsl CYUTBIBAHUS KapT, KOIMPOBAHUS JICHT U [IeYaTH BBIXOIHBIX JIaHHBIX, HO
He TOAXO/INJ LI YUCJIOBBIX BEIYMCJICHUN.

Ipyrue, 6oJiee JOPOrocTosiiue Malhbl, Takue kak IBM 7094, ucrosib3oBanuch jijist Ha-
CTOSIIIMX BBIYMCIEHUN. ITOT porece nzodpaken Ha puc. 1.3.

[TpumepHO ToCTE Yaca cOopa TaKeTa KapThl CUNTHIBAINCH HA MATHUTHYIO JIEHTY, KOTOPYIO
OTHOCUJIM B MAITMHHBIN 3271, TZIe YCTAHABIUBAJIU Ha JIEHTONPOTS;KHOM YCTPOWCTBE. 3aTeM
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Puc. 1.3. PaHHsa cucTema nakeTHo 06paboTku: a — NporpamMMuCT NPUHOCUT KapTbl ans IBM 1401;

6 — IBM 1401 3anucbiBaeT NakeT 3afaHnin Ha MarHUTHYIO JIEHTY; B — OMnepaTop NepeHoCUT BXOOHbIe

LaHHble Ha neHTe K IBM 7094; r — IBM 7094 BbINONHSAET BbIYUCAEHUS; 4 — ONepaTop NepeHoCUT NEHTY
C BbIXOAHbIMU AaHHbIMK Ha IBM 1401; e — IBM 1401 neyataeT BbIXOAHbIE JAHHbIE

orepaTop 3arpysKail CleluagbHyIo porpaMmy (npoobpas cerogHsIIHeil onepainoHHON
CHUCTEMBbI), KOTOpasi CYNTHIBAJIA TIePBOE 3a/laH1e C JIEHThI U 3allycKajia ero. Boixombie
JIaHHbIe, BMECTO TOTO 4TOObI MATH Ha [1eYaTh, 3alMCHIBAIICH HA BTOPYIO JIEHTY. 3aBepUIUB
ouepejiHOe 33/[aHe, ONEPAIIMOHHAS CUCTEMA ABTOMATHYECKN CYUTHIBATIA C JIEHTBI CJIE/LYT0-
1mee ¥ HauyrHaja ero 06paboTky. ITociae 06pabOTKK BCero nakera omneparop CHUMAJI JEHTb
€ BXO/IHOU ¥ BBIXO/{HOI WH(OPMaIlUed, CTABUJ HOBYIO JIEHTY CO CJIEYIONIUM 33/[aHUEM,
a TOTOBBIE aHHbIe TToMernat Ha IBM 1401 fyis1 meyatyt B aBTOHOMHOM peskume (TO ecTh 6e3
CBSI3M C TJIAaBHBIM KOMIIbIOTEpoM ). CTPYKTypa TUITMYHOTO BXOIHOTO 3a[aHUsI MOKa3aHa Ha
puc. 1.4. OHo HaunHamock ¢ kapThl $JOB, Ha KOTOPOI yKa3bIBAIMCh MAKCUMAIBHOE BPEMST
BBITIOJIHEH VS 33/IaHNS] B MUHYTAX, 3arPy>KaeMblil y4eTHBII HOMEp 1 UMsI TIPOTPAMMUCTA. 3a-
tem nioctytmana kapra $FORTRAN, maroriiast onepaioHHO cucTeMe YKa3aHue 3arpy3uTh

/ $KOHEL|

,D,aHHI:Ie Ona nporpamMmmbl

|
/$3ATYCTUTb

/ $3ArPY3UTb

[Mporpamma Ha ®opTpaHe ————

|
/ SFORTRAN

$3AJAHME, 10, 610 802, MapeuH TaHeHGaym

Puc. 1.4. CTpykTypa TUNUYHOro 3a4aHns Ans onepauyoHHon cucteMbl FMS
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KOMTTHJISTOP st3bika DopTpaH ¢ CUCTEMHON MAaTHUTHO# JIEHTHI. 3a 9TOH KapToi ceoBaa
[porpaMma, KOTOpy1o HysKHO ObLJIO KOMITUJIMPOBaTh, a nocJe Hee — kapra SLOAD, ykasbi-
BalolIast ONePaIMOHHON CHCTEeME 3aTPYy3UTh TOJBKO YTO CKOMITUJIMPOBAHHYIO OOBEKTHYIO
nporpaMmy. (CKOMIIMJIMPOBAHHDIE TIPOIPAMMBI YaCTO 3alUCHIBAIMCH Ha PabOYMX JIeHTaX,
JMAHHDIE ¢ KOTOPBIX MOTJIN CTUPATHCS CPa3y MOCTe UCTIOTh30BAHNS, U UX 3aTPy3Ka OJIKHA
Oblia BHIIOJIHATHCA B gaBHOM Buzie.) Cruenom nua kapra $RUN, gaomas onepannoHHon
crucTeMe KOMaHIy Ha BHITIOJTHEHUE TPOTPAMMBI C MCIIOIH30BAHNEM JAHHBIX, CJIETYIOTIIX
3a Heil. Hakowerr, kapra saBepiiennss SEND orMeuasa KoHelr 3aialust. ITH TPUMUTHBHbIE
yIpasJsioriye nephokapThl ObLIN MPEANIECTBEHHUKAMU COBPEMEHHBIX 000JI0YeK U HHTEP-
MPETaTOPOB KOMAHAHOU CTPOKH.

BoJibline KOMIIbIOTEPbI BTOPOTO MOKOJEHHs HCIOJIb30BANUCH IJIABHBIM 00pa3oM s Ha-
YUHBIX U TEXHUYECKUX BBIYUCJIEHWH, TAKUX KaK peterue auddepeHiinaabHbiX ypaBHeHU I
B YaCTHBIX ITPOU3BOIHBIX, YACTO BCTPEUAIOIINXCS B (hU3MKe U MHIKEHEPHDIX 3a/1a4ax. B oc-
HOBHOM ITPOTPaMMBbI JIJIsl HIX COCTABJISLINCH Ha sisbike Doprpan 1 acceMbiepe, a THITHUHBIMU
oneparoHHbiMU crcteMamu 061 FMS (Fortran Monitor System) u IBSYS (oneparmon-
Hasi cucreMa, co3annas kopropanueid IBM st komnsiorepa IBM 7094).

1.2.3. TpeTbe nokonexHue (1965-1980):
MHTEerpasibHble CXeMbl U MHOro3aga4HoCTb

K naganxy 1960-x rogoB 6OJBIIMHCTBO IPOU3BOAUTENE KOMIIBIOTEPOB UMEJIU JIBA Pa3-
JINYHBIX, HE COBMECTUMBIX JIPYT ¢ APyroM ceMelicTa. C 0fHOI CTOPOHDI, 3TO OBLIN OTPOM-
HbIE HAYYHbIE KOMITBIOTEPHI € TOCJAOBHON 06paboTKoil nanubix Trna IBM 7094, kotopbie
HCIIOJIBL30BAINCD JIJIS TPOMBIIIJIEHHOTO YPOBHS YNCJIOBBIX PACYETOB B HayKe M TEXHUKeE,
C Ipyroii — KOMMepUYeCKHe KOMIBIOTEPBI ¢ MOCHMBOJBHOI 00pabOTKON JIaHHBIX, TAKUE
kak IBM 1401, mupoko ucrosibdyembie GaHKaMU ¥ CTPAXOBbIME KOMIIAHMSIMU JIJIS 337144
COPTUPOBKH M PacrievyaTKy JaHHBIX.

PasButue U nopiepsKKa AByX COBEPIIEHHO PasHbIX ceMeNCTB Oblia st IIPOM3BOAKUTE el
BechbMa OOPEMEHNUTENHHBIM ZeTTOM. Kpome TOro, MHOTTIM HOBBIM TIOKYTIATEISIM KOMITBIOTEPOB
CHaYaJa HysKHa Oblia HeGoJIbIast MalllnHa, OJHAKO II037Ke €€ BO3MOKHOCTEH CTaHOBUJIOCH
HEJ0CTAaTOYHO U TpeboBaics 6ojiee MOIHDINA KOMIIBIOTED, KOTOPbIH paboTa Obl ¢ TeMU ke
caMbIMU TIPOTPaMMaMi, HO 3HAYUTETBHO OBICTPEE.

@upma IBM nonpitasach pemuTb 3TU IPOGJEeMbl Pa30M, BBIIIYCTUB CEPUIO MAIIMH
IBM System/360. 1o Gblia cepusi IPOrPaMMHO-COBMECTUMBIX MAIINH, B KOTOPOI KOMIIbIO-
Tepbl BADBUPOBAJINCH OT MAIlIH, COTOCTaBUMBIX 110 padMepam ¢ IBM 1401, no 3mauntesbHO
GoJiee KPYIIHBIX M MOIHBIX MaiH, 4eM IBM 7094. DTu KOMIIBIOTEPDI Pa3JInyaliCh TOJAbKO
LIEHOH ¥ TPOUBBOANTENHLHOCTDIO (MAKCUMAIBHBIM OOHEMOM TIaMSTH, GBICTPOAEHCTBUEM TIPO-
11eccopa, KoJIM4eCTBOM BO3MOKHBIX YCTPOMCTB BBOAA-BBIBO/IA U T. /1.). Tak Kak BCe MAIIMHBI
UMeJIU OJIMHAKOBBIE CTPYKTYPY U HAGOp KOMaH/I, IPOrPaMMbI, HATUCAHHBIE [IJISI OJTHOTO
KOMIIbIOTEPA, MOIJIN PAabOTaTh Ha BCEX IPYTUX, 110 Kpaiineil mepe, B Teopun. (Ho, kak o6
nosTopaTh Vorn Beppa (Yogi Berra): «B Teopun HeT pasHUIIbI ME/Iy TeOPUEil 1 MPAKTHKOIA,
HO Ha TIPaKTUKe OHa ecTh».) [Tockosbky 360-s cepus Oblia pazpaboTaHa A/ HOALEPHKKI KAK
Hay4HBIX (TO €CTh YUCJIEHHBIX ), TAK 1 KOMMEPYECKUX BBIYUCTIEHUH, OJTHO CEMENCTBO MAITUH
MOIJIO Y0BJIETBOPUTD HY /bl BceX moTpebureseil. B nmocienyionme rogbl Kopropamus
IBM, ucrnionbsyst GoJiee coBpeMeHHble TEXHOJIOTHHU, BbIIYCTHIa TIpeeMHuKoB 360-ii cepuu,
UMEIOLIMX ¢ Hell 00paTHyI0 COBMECTUMOCTD, 9TU CEPUU U3BeCTHDI 110, HoMepamu 370, 4300,
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3080 1 3090. CambIMu TOCJIEHUMHA IIOTOMKAaMHU 9TOTO CEMENCTBA CTAJIM MAIINHBI zSeries,
XOTsI OHU YK€ 3HAUUTETbHO OTJINYAIOTCS OT OPUTHHAJIA.

CemeiicTBo KomirbioTepoB IBM /360 cTasio riepBoii OCHOBHOI cepueit, KCII0JIb3YIOIIEi MaJible
HHTETrPaJbHbIE CXEMBI, [aBaBIIME TIPEUMYIIECTBO B IIeHE U KaueCTBE 110 CPABHEHUIO ¢ MallTi-
HaMU BTOPOTO [OKOJIEHUS, COOPaHHBIMU Ha OTAEJbHBIX TpaHsucTopax. Kopropauus IBM
J00UIACh MOMEHTAJIBHOTO yCIIexa, a U/el0 ceMelcTBa COBMECTHMBIX KOMIIBIOTEPOB CKOPO
MPUHSII Ha BOOPYsKEHUE U BCE OCTAJIbHbIE OCHOBHBIE TTPOU3BOAUTENH. B KOMITBIOTEPHBIX
MEHTPax /[0 CUX MOP MOKHO BCTPETUTH TIOTOMKOB 3TUX MalTiH. B HacTosiiiee BpeMst OHI
YaCTO UCIOJIb3YIOTCA JJIST YIIPABJIEHNST OTPOMHBIMK Oa3aMu JaHHbBIX (HAIIPUMED, IJIsI CUCTEM
GPOHUPOBAHUS U TIPOJIAsKU OUJIETOB HA ABUAJMHUSX ) WU B KAYECTBE CePBEPOB y3JI0B MH-
TepHeTa, KOTOPbIE TOJKHBI 00padaThiBaTh THICSIH 3aIIPOCOB B CEKYHLY.

OCHOBHOE TIPEUMYIIIECTBO «EIMHOTO CEMENCTBay 0KA3aI0Ch OTHOBPEMEHHO U BeTMYalTIIeit
ero ciabocrpio. ITo 3aMbicity ero cosaaresieil, Bce mporpaMMHoe obeciiedeHue, BKIYas
omnepanronuyio cucremy OS/360, 105KHO GBLIO OAMHAKOBO XOPOIIO paboTaTh Ha BCEX
MOJIEJISIX KOMITBIOTEPOB: M B HEOOJIBIINX CHCTEMAX, KOTOPBIE YaCTO 3aMEHSIIN MallliTHbI
IBM 1401 n mpuMmensanuch s KOMUpoBaHus nepdoKapT Ha MAarHUTHBIE JIEHTHI, U Ha
OTPOMHBIX cHcTeMaX, 3aMeHsaBIX Maniuibl IBM 7094 u ucnospzoBaBimxcs /s pacyera
[POTHO3a MOTOJIbI U IPYTUX CIOKHBIX BhraucaeHuit. OrepaiionHast CucTeMa J10JDKHA ObLTa
XOpoII0 paboTaTh KaKk Ha MaIMHAX ¢ HEOOJIBIIMM KOJMYECTBOM BHEHUIHUX YCTPOICTB, TaK
U Ha CHCTEeMax, IIPUMEHSIIOIINX 9TH YCTPOoiicTBa B 60JbIoM KosindecTse. OHa J10JKHA ObLa
paboTaTh Kak B KOMMEPYECKUX, TAK U B HAYYHBIX 06J1acTsiX. Bosee Toro, oHa go/pkHa Oblia
pabotaTh 9(h(PEKTUBHO BO BCEX ATUX PA3JUUHbBIX chepax IPUMEHEHMS].

Ho uu IBM, uu komy-1u60 elite Tak U He yIaJ0Ch CO3[AaTh IPOrpaMMHOe 0OecIiedeHue,
VIOBJIETBOPSIIOIIEE BCEM 9TUM ITPOTUBOPEYNBLIM TpeboBanusiM. B pesysbrare mosiBuiach
TPOMO3/IKasl ¥ YPE3BbIUATHO CJI0KHAS OTIepalliOHHAs CHCTeMa, TPIMEPHO Ha /[BA WJIN TPHU
nopsiaKa mpesbimaoiias 1o 0obemy FMS. OHa coctosiia 3 MUJUIMOHOB CTPOK, HAIIMCAH-
HBIX Ha acceMOJIePe THICSTYaMK TPOTPAMMECTOB, COEPKAIIA THICSTYU U THICSIYH OMMUOOK, YTO
HOBJIEKJIO 32 COOON HENpepbIBHbII IIOTOK HOBBIX BEPCUH, B KOTOPBIX IIPEAIIPUHIMAIIICH
HOMBITKY UCIIPABJIEHUS 3TUX OMMUOOK. B KaxK [0l HOBOII BepCUU YCTPAHSIACH TOJBKO YaCTh
omubOK, BMECTO HUX TOSIBJISLINCH HOBBIE, TAK 4TO 00Iee UX KOJUYECTBO, CKOPEE BCETO,
0CTaBaJIOCh MOCTOSTHHBIM.

Opun us paspaborunkos OS /360, @pen Bpyke (Fred Brooks), Brocieacrsun Hanucal
OCTPOYMHYIO U sizBuTenbHyio kuury (Brooks, 1995) ¢ onucanmeM cBoero ombita paboThl
¢ OS/360. Mbi He MOKeM 371€Ch JaTh MOJHYIO OLEHKY 9TOW KHUTHU, HO 0CTaTOYHO Oyner
CKa3aTh, 4TO Ha ee 00JI0KKe N300PaKEHO CTA/0 TOUCTOPUYECKUX KUBOTHBIX, YBASIIUX B AME
¢ 6GutymMom.

Hecmotpst Ha cBoii orpomublii o6beM n nMeromuecs negocratku, OS /360 u mogobHbIe eit
oTlepaIlMOHHbIE CHCTEMBI TPETHEro MOKOJIEHN, CO3/JaHHbIe PYTUMU TPOU3BOAUTEIAMMI
KOMIIBIOTEPOB, HEILIOXO OTBEYAJIH 3aripocaM GOJIBITMHCTBA KaneHToB. OHU JakKe Clenann
MOy JISTPHBIMEI HECKOJIBKO KJIOUEBBIX TEXHMYECKUX MTPHUEMOB, OTCYTCTBOBABIINX B ONlEpa-
IIMOHHBIX CUCTEMaX BTOPOTO NMOKosieHusT. CaMbIM BayKHBIM JIOCTUKEHUEM SIBUJIACH MHOTO3a-
naunocts. Ha komibiorepe IBM 7094, xorza Tekyiias pabota IpUOCTaHABIMBATIACD B OJKH-
JTAaHWM OTlepaIiii BBO/Ia-BbIBO/IA C MATHUTHOM JIEHTBI WJIH IPYTUX YCTPOICTB, EHTPATbHBIH
poleccop mpocTo Ge3eiicTBOBAI 10 OKOHYaHs Ollepalluy BBOA-BbIBoOAA. [1pu CJI0KHBIX
HAy4YHBIX BBIYUCJICHUAX YCTPOICTBA BBOJA-BLIBO/IA 3a/1€ICTBOBAJIUCH MeHee UHTEHCUBHO,
[O3TOMY BPEMsI, BIYCTYIO MOTPAYEHHOE Ha OKUJIaHKe, ObLIO HE CTOJb CyIecTBeHHbIM. Ho
[PH KOMMEPYECKO 06paboTKe JAHHBIX BPEMsT OKHUIAHUST YCTPOUCTBA BBOIA-BBIBOJIA MOTJIO
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sannMarh 80 win 90 % Bcero pabovero BpeMeHH, TOITOMY JIJISl YCTPAHEHHSI JTHTETbHBIX
MPOCTOEB BECHMA IOPOTOCTOSIIIETO TIPOIECCOPA HYKHO OBLIO YTO-TO MPEATPHHIMATD.

Perervie aT0il Ipo6IeMbl 3aK/II09aI0Ch B Pa30MEHUN TTAMSITH HAa HECKOJIbKO YacTeil, Ha-
3BIBAEMBIX PA3/IeJIAMU, B KAKIIOM U3 KOTOPBIX BBITTOJIHSIJIOCH OT/Ie/IbHOe 3aj1anue (puc. 1.5).
[Toka oxHO 3a7aHUE OXKMIAIO 3aBEPIICHUsT PabOTHI YCTPOHCTBA BBOA-BBIBO/IA, APYrOE
MOTJIO UCIIOJI30BaTh IEHTPAJIBHBIN 1poiieccop. Eciu B onepaTUBHOM MaMsATH COepsKa-
JIOCh JIOCTATOYHOE KOJIMYECTBO 3a/aHuii, IEeHTPAJbHBIH POIECCOP MOT ObITh 3arpysKeH
moutn Ha Bce 100 % BpemeHU. MHOKECTBO OTHOBPEMEHHO XPAHSIIUXCS B MAMSITH 3a-
JaHui TpebGoBAIO HAJMYKS CIIEIUAIbHOI0 000PYI0BAHUS IS 3alUTHI KayKI0TO 3a/aHnst
OT BO3MO’KHOTO HE3aKOHHOI'O IIPUCBauBaHus 00JacTell NaMATH U HaHEeCEeHUs Bpeaa Co
CTOPOHBI IPYTUX 3aganuii. [ls atoii esan kommbiotepsl 360-it cepuu U JApyrue CUCTeMbI
TPEThEro MOKOJeHUs ObLIM 060PYAOBAHbI CHEIMAJbHBIMU AllAPATHBIMU CPEICTBAMI.

3agaHve 3
3apgaHue 2
Pasznensbl
3apaHue 1 namsTu
OnepaunoHHas
cucrtema

Puc. 1.5. MHorosagayHas cucrema ¢ Tpems 3aJaHnaMm B NnaMaTin

JIpyTruM BasKHBIM ILIIOCOM OIIEPALIMOHHBIX CHCTEM TPETHETO MOKOJEHUS CTajia CIIOCOOHOCTD
CYUTBHIBATD 33/laHUe C TepdoKapT Ha ANCK TI0 Mepe TOTO, KaK WX TTPIMHOCUIN B MAITHHHBIT
3a7. [Ipu okOHUAHWW BBITTOTHEHUS KaKAOTO TEKYIIEro 3ajaHus OTiepaIllioOHHas CUCTEMa
MOTJIa 3arpysKaTh HOBOE 3a/laHE C INCKa B OCBOOOAMBIIHUIICS pa3ies MaMsITH 1 3aMyCKaTh
9TO 3aJlaHue. DTOT TEXHUYECKUI MPUeM Ha3bIBAETCS MOJKAYKOMH JaHHBIX, WU CITYJTHH-
rom (spooling — anriuiickoe cioBo, KoTopoe mpousonuro or Simultaneous Peripheral
Operation On Line, To ecTb coBMecTHas nepudepuiinas ornepanusi B UHTEPAKTUBHOM
peXuMe), U ero TakKe MCIOJb3YIOT [IJIsl BbIIaUM OJTYYEeHHBIX NaHHbIX. C MOsBIeHHEM
MOJIKaYKM OTTasa HagoOHoCTh Kak B 1401-x MammHax, Tak ¥ B MHOTOYKCJIEHHBIX Mepe-
HOCaX MAarHUTHBIX JIEHT.

XoTs1 OllepaluOHHBIE CUCTEMbI TPETHETO TIOKOJIEHHSI HEILJIOXO CIPABJISLIUCE ¢ GOJIBIITHHCTBOM
HAYYHBIX BBIYUCJICHUN U KPYITHBIX KOMMEPYECKUX 3a/1a4 110 06paboTKe JaHHBIX, HO 110 CBO-
eil cyTu oHu GBI BCE €llle Pa3HOBUAHOCTBIO CUCTEM TTaKEeTHOU 06paboTku. MHorue mpo-
PAaMMUCThI TOCKOBAJIH 110 TIEPBOMY MOKOJIEHUIO MAIITMH, KOT/[a OHU MOTJIN PACIIOPSIKAThCS
BCell MalIMHON B TeYEHUE HECKOJIbKIX YaCOB 1 UMEJIN BO3MOKHOCTD ObICTPO MTPOU3BOAUTD
OTJJIKy CBOUX ITPOTPaMM. B crcTeMax TpeThero MoKOJIeHUS TPOMEKYTOK BPEMEHHT MEXKIY
repeaveii 3a[aHNs M BO3BPAIEHNEM Pe3yJIbTaTOB YaCTO COCTABJIST HECKOTBKO YaCOB, TaK
YTO eIMHCTBEHHAS IOCTABJIEHHAS HEe B TOM MECTe 3allsiTas MOIJIa CTaTh IPUYUHOIL OO0 IIpK
KOMTTAJISTINH, ¥ TTOJTY9IaI0Ch, YTO TIPOTPAMMICT TIOJIAHS TPATUI BIycTyio. [IporpamMmvuctam
3TO OYEHBb HE HPABUJIOCH.

JKestanue cokpaTuTh BpeMsi OKUAAHUS OTBETa [IPUBEJIO K pa3paboTKe PeKuMa pasieeHust
BpeMeHH — BAPUAHTY MHOI033/[AYHOCTH, TIPH KOTOPOM Y KaK/IOTO [10JIb30BATEJISI €CTh CBOM
JIMasIOTOBbIH TepMunaz. Eciim BajiaTh moib3oBaTesieil 3aperucTpupoBatbl B CUCTEME, Pa-
Goraroleii B peKuMe pasjiesleHnst BpeMeH , 1 CeMHaALATh 13 HUX JAyMaioT, GecepyioT uin
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IBIOT KOhe, TO IEHTPAJIBHBII TIPOIECCOP 110 OUepPe/IN TIPEIOCTABIISIETCST TPEM MOJIb30BATEISIM,
sKeJTalouM paboTaTh Ha MatHe. Tak Kak JI0H, OTIasKUBask IIPOrPaMMbl, 00OBIYHO BbIAAIOT
KOPOTKME KOMaH/Ibl (HaIpuMep, KOMITUJINPOBATH TIPOIE/LYPY Ha MU cTpanuiiax') yaiie, yem
JUIMHHBIE (HAIIPUMED, YIIOPSAA0YUTH (hailsl ¢ MUIIJIMOHAME 3aITiceid ), TO KOMITBIOTEP MOKET 00e-
crieynBaTh GbICTPOE MHTEPAKTUBHOE 00CIYKUBAHKUE HECKOJIBKUX T10JIb30BaTesel. [Ipu aToM oH
MOsKeT paboTarhb Ha/l GOJIBITMME MaKeTaMu B (GOHOBOM PEKUME, KOT/a LeHTPaIbHbII MpoLiec-
COp He 3aHsT APYruMu 3a/ianusiMu. [lepBast yHuBepcaibHAs CUCTEMA C PEKUMOM Pa3JieIeHus
spemenu CTSS (Compatible Time Sharing System) 6biia pazpaborana 8 MaccadyceTckoMm
texHosiornueckoM wHcTUTyTe (M.1.T.) Ha crenmapbHO TepeeTaHHOM KoMIbioTepe IBM
7094 (Corbato et al., 1962). OgHako pesKuM pasjesieHnst BpeMeH! He CTajl JeHCTBUTENTbHO
TOITYJISIPHBIM /IO T€X TOP, TIOKA HA MAITMHAX TPEThEro MOKOJIEHUsT He TIOJY4YUJIN ITHPOKOTO
pacrpocTpaHeH st HeOOXOAUMbIE TEXHUYECKUE CPE/ICTBA 3allUThI.

[Tocne cozpanns ycrnenrHoit cucteMbl CTSS MaccauyceTckuil TeXHOTOTUYeCKWIT MHCTUTYT,
nceaenopatenabekue gabopatopun Bell Labs u kopropanust General Electric (riasmbrii Ha
TO BPEMsI M3TOTOBUTEIb KOMITBIOTEPOB) PEIIIIIN HA4aTh Pa3paboTKy yHUBEPCAIBHON 00Iei
KOMITBIOTEPHOU CHCTEMBI — MAIllUHbI, KOTOPast I0JIKHA ObLIA TIOIEP/KUBATE OJHOBPEMEH-
HyI0 pabOTy COTEH I0JIb30BaTeIell B PeKUMe pasjiesieHust BpeMeHU. 3a OCHOBY Obliia B3sITa
cucTeMa pacipejiesienus ajekTposHeprun. Korza BamM Hy>KHA 9JIEKTPOIHEPTHSI, BbI IIPOCTO
BCTaBJISIETE LITEIICENb B PO3ETKY U MOJIy4aeTe CTOIBKO 9HEPIHH, CKOJIBKO BaM HYKHO. IIpo-
eKTUPOBIIMKY 3TON cructembl, nsBectHoi kak MULTICS (MU LTiplexed Information and
Computing Service — MyJibTUILIEKCHAS WHGOPMAIIMOHHAS U BBIYUCIUTENbHAs CIIyKOa),
HPEICTABIISLIN cehe OIHY OTPOMHYIO BEIYUCIUTENBHYIO MAIINHY, BOCIIOJIB30BATHCS YCIyTaMu
KOTOPO#T MOT JTI0601 ITPOKUBAIOIIIIA B OKPECTHOCTSIX BocToHa yenoBek. MbICTb O TOM, 4TO
MAIIHBL B JIECATH THICAY Pa3 MoliHee, ueM ux Maitnppeiim GEE645, GyayT npopasarbest
muroramu 110 1000 1oJ1apoB 3a MITYKY BCETo JIHIIb Yepe3 Kakux-HuOyab 40 Jet, mo-
Kazajrach Obl UM YHCTeIel HaydHOH (haHTACTHKON. DTO OBLIO OBI CPOAHI MBICIIU O CBEPX-
3BYKOBBIX TPAHCATIAHTHUYECKUX TTO/IBO/IHBIX 1T0€3/1aX /IJISI COBPEMEHHOT0 YeJIOBeKa.

Venex cucrembl MULTICS 6biin BecbMa HeogHosHadeH. Ona pazpabaTbiBajiach ¢ 1ENbIO
obecTieyeHusT COTEH MOJIb30BaTeIeil MANTITHOM, HeMHOTM G0Jiece MOTITHOT, YeM MepCoHab-
HBIIA KoMIIbIOTEp ¢ mpoiteccopoM Intel 386, HO mMmeroreit 6osree MUPOKIE BOZMOKHOCTH
BBO/Ia-BBIBOJIa IaHHKIX. [To TeM BpeMeHaM 310 GblIa He Takast YK Oe3yMHast Ujiest, MOCKOJIbKY
TOr/a JIIOIM YMEJIN co3aBaTh HeGobIre a(hMEeKTUBHBIE TIPOrPAMMBbI, TO €CTh 0bJIaKann
MacTepcTBOM, KOTOPOE BIIOCJAEACTBUM ObLIO yTpadeHo. CyIiecTBOBaJIO0 MHOTO MPUUYKH, TI0
kotopbiM cucreMa MULTICS we niosyunia riobaibHoro pacipocrpanenust. He mocieaHion
POJIb 371ECH CHITPAJ TOT (PaKT, 4TO aTa crcTeMa Oblla HanrcaHa Ha si3bike PL/I, a komrmis-
Top sa3bika PL/1 mosaBuics smib 9epe3 HECKOJIBKO JIET, K TOMY JKe TIepBYIO BEPCHIO 3TOTO
KOMITUJIATOPA MOZKHO OBLIO Ha3BaTh PaboTOCIIOCOOHOM TUIIh ¢ 60BN HaTsKKON. Kpome
toro, cuctema MULTICS 6bl1a CIMIIKOM NPETEHIIMO3HA /I CBOETO BPEMEHU, YTO AEIAI0
ee BO MHOI'OM NOXOsKell Ha aHa/MThudecKyio Mammiy Yapibsa Ba6oumxka B XIX crosaerum.

Urak, MULTICS BHecsia MHOKECTBO OPUTUHAJIBHBIX UIEi B KOMITBIOTEPHYIO JIUTEPATYPY,
HO [IPEBPATUTH €€ B CEPbE3HBI MPOAYKT U A0OUTHCS BECOMOTO KOMMEPUYECKOTO ycliexa
0Ka3aJ10Ch HAMHOTO Tpy/Hee, 4eM oxkuaanoch. Mceaenosarenbekue saboparopun Bell Labs
BBIILIK U3 NIpoekTa, a Komianus General Electric BooGiue yiiia ¢ pbiHKa KOMIIBIOTEPHBIX
texHosoruit. Onrnako MaccauyceTcKUil TeXHOMOTUUECKUN WHCTUTYT MPOSIBUI YIOPCTBO

! B aT0il KHUTE MBI OyIEM UCIIOJIb30BATh TEPMUHbI IIPOIELYPa», <IIOAIIPOrPaMMas U «(DyHKIIUST>
B OJIHOM 3HavyeHuu. — Ilpumeu. asm.
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U CO BPEMEHEM JIOBEJI CHCTEMY 10 PAb0TOCIIOCOOHOTO cOCTOsIHMS. B KOHIIEe KOHIIOB OHa ObljIa
npogana komnanuu Honeywell, Boikynusuieii kommbiorepubiii 6usuec General Electric,
U ycTaHoBjIeHa puMepHo B 80 GOJIbIINX KOMIIAHUSAX M YHUBEPCUTETax 110 BeceMy Mupy. He-
CMOTPS Ha CBOTO MAJIOUNCIIEHHOCTD, moJib3oBaTen MULTICS npogemonctpupoBamu mpu-
Bep;KEHHOCTH 910l cucreme. Kommanum General Motors, Ford u ArenrcTBo HanmonaasHoi
6ezonacnoct CIIIA orkazamucs oT cuctembl MULTICS Tosbko B konie 1990-x rogos,
ciycrs 30 JieT Tocjie ee BhIIIyCKa U TIOCJIe MHOTOJIETHUX TOMBITOK 3aCTABUTH KOMITAHWIO
Honeywell obroBuTh 060pyHoBatie.

K konmy XX Beka uzest co3ganus Takoro o0Iiero KoMIboTepa yxKe BbIJOXJIaCh, HO OHa
MO’KET BO3POJUTHLCS B BU/IE 00JAYHBIX BHIYMCIEHMH, KOT/Ia OTHOCUTENbHO HeOOIbIINe
KOMIIBIOTEPbI (BKIIOUasA cMapT(OHbI, IIAHIIET U UM [0400HbIE YCTPOHRCTBA) TTOJKIIIO-
YeHBI K cepBepaM, TIPUHA/TIEKAIIIM OTPOMHBIM yIAJTE€HHBIM 1IeHTpaM 06paboTKN JaHHbIX,
/e U TPOU3BOJISITCS BCE BHIUMCIIEHNSI, & JIOKATbHDIN KOMITBIOTED UCIIOJIB3YETCSI TTPOCTO JIJIST
00CIyKIUBaHUS TT0JIb30BaTEIbCKOr0 HHTEpdeiica. CKopee BCero, CyIecTBOBaHNE TaKO CH-
cTeMbl GyJIeT MOTUBUPOBAHO TEM, UTO GOJIBITMHCTBO TI0JIb30BaTE el He 3aX0TAT 3aHUMaThCS
aJIMUHUCTPUPOBaHEM Bce Gosiee u HoJiee CIOKHBIX U PUBEPEIINBBIX KOMITBIOTEPHBIX
CUCTEM W TIPEAIIOYTYT JOBEPUTD Ty paboTy KoMaHe npodeccroHanoB, paboTaomnx Ha
KOMITaHUIO, 0OCIYKUBAOIILYO cepBep. DIEKTPOHHAsT KOMMEPIIUST YKe PA3BUBAETCS B 9TOM
HaIpaBJIeHUU, KOMIIAHUU, 3aHUMAIONUECS €10, UCIIOJIb3YIOT MYJIBTUIIPOIIECCOPHBIE CepBe-
PBI, C KOTOPBIMU COEIMHSIIOTCS TPOCThIE MAIIMHBI KJIUEHTOB. Bce 3TO 0YeHb HAIOMUHAET
sambicest cucrembl MULTICS.

Hecmotpst Ha Kommepueckyio Heyaawy, cuctema MULTICS oxazana cymectBenHoe B-
SHUE Ha [oCJeAyIoNKe oreparontbie cucteMbl (ocobento Ha UNIX u ee IpousBojHbIe,
na FreeBSD, Linux, IOS u Android). 9ToT dakt onucan BO MHOTUX CTaThAX ¥ KHUTAX
(Corbato et al., 1972; Corbato and Vyssotsky, 1965; Daley end Dennis, 1968; Organick, 1972;
Saltzer, 1974). Cucreme MULTICS Takske TOCBSIIEH [I0 CUX TOP aKTUBHBINA BeO-CalT Www.
multicians.org, cogepskaniii 60bIIoNH 06beM HHMOPMAIIH O CUCTEME, €€ TTPOEKTHPOBIITIKAX
U [10JIb30BATEJISIX.

Ewe o101 BaskHOIT pa3spaboTKOil BpeMeH TPEThEro MOKOJeHUs ObLIN MUHK-KOMIIbIOTEPBI,
HEBEPOSITHBIHN B3JIET MOMYJISPHOCTH KOTOPBIX Havasics ¢ BeITycka Kopropanueit DEC ma-
bl PDP-1. Komnbioreps PDP-1 o61azaiu onepaTuBHON NaMSATBIO, COCTOSIIEN BCEro
stk u3 4 K 18-6uToBbix ¢J10B, HO cTowau Beero 120 Thic. 10JUIAPOB 32 OHY MAIIUHY (3TO
MeHblIie 5 % ot 1ielbl IBM 7094) 1 109TOMY pacxBaTbhiBaIKUCh KaK ropsiure mipokku. Heko-
TOPbIE BU/BI HEYHCJIOBON PaBOTHI OHY BBITIOIHSIN TaK sKe OBICTPO, Kak 1 ManiHbl IBM 7094,
B pe3yJIbTaTe Y€ero POAMIACh HOBasi OTPACJb MPOU3BOCTBA. 3a 9TOH MAIIMHON BCKOPE TI0-
cJieioBaa 1esas cepust KommbiotrepoB PDP apyrux mozeneit (B otsinune ot cemetictsa IBM,
MTOJTHOCTBIO HECOBMECTUMBIX ), U KaK KyJIbMUHAIIHS TOsiBUIach Moziesib PDP-11.

Ken Tommicon (Ken Thompson), ogun u3 Bexyiux crermanuctoB Bell Labs, paborasumit
Ha mpoektoM MULTICS, uyTth nosske Hames MuH#u-koMItbiotep PDP-7, koTopbiM HUKTO He
10JIB30BAJICS, U PEIINJI HAITNCATh YIIPOIIEHHYIO O/HOI0JIb30BATEIbCKYIO BEPCUIO CUCTEMBI
MULTICS. 9ta pa6ora nossxe mnepepocia B onepaiuonnyio cucremy UNIX®, crasiyio
TOTIYJISIPHOM B aKaJIeMUYECKUX KPyTaX, ITPABUTENbCTBEHHBIX YUPEKAEHNUSIX U BO MHOTUX
komranusx. Vicropus pazsutust UNIX yske MHOTOKPATHO OMUCHIBATIACH B CAMBIX PA3JIMYHBIX
kHurax (Hanpumep, Salus, 1994). Yactb 910l nctopuu Oyzer pacckaszana B riase 10. A noka
IOCTATOYHO CKa3aTh, YTO M3-3a MTMPOKON JOCTYITHOCTH UCXOAHOTO KOJA PA3JINIHBIE Opra-
HU3AI[IHU CO3/IATA CBOU COOCTBEHHBIE (HECOBMECTUMBIE) BEPCHUM, UTO TIPUBEJIO K TTOJTHOMY
xaocy. Bou paspaboranbl aBe ocHoBHbIe Bepeun: System V kopropannu AT&T u BSD
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(Berkeley Software Distribution) Kamudophuiickoro yuusepceurera Bepkiu. Y Hux taxske
OBLIN TOCIEMYTONINE BAPHAHTHIL.

YT006bI TTOSBIIACH BOBMOKHOCTD CATh IPOrpamMmMbl, pabotatomiue B moboit UNIX-cucreme,
WHCTUTYT UHAKEHEPOB 110 anekTporexHuke u anekrpounke (IEEE) paspaboran cranmapt
cuctembl UNIX, nazsanubiiit POSIX, KoTOPbBIil B HACTOsIIIEe BPEMsI TOI/IEP/KUBAETCS
6osbuacTBoM Bepenii UNIX. Crangapr POSIX onpezensier MUHUMaIbHbINA nHTEPbETic
CUCTEMHBIX BBI30BOB, KOTOPBIH JIOJKHBI MTOIEPKUBATH COBMECTUMBIE ¢ HUM crucTeMbl UNTX.
Daxrrveckn na janubiii MomenT POSIX-unTepdeiic mojiepskuBaeTcst Takxke psizioM IPYyTUX
OTIEPAIIMOHHBIX CHCTEM.

MesK Ly povnuM CTOUT YIIOMSAHYTh, 4TO B 1987 romy aBTop BbIyCTUII B 00pa30BaTeIbHbIX 11e-
Jisx HeGoubioi kioH cucteMbl UNTX, Tak HasbiBaemyio cuctemy MINIX. DyHKIIMOHAIBHO
cuctema MINIX ouenn moxoxxa Ha UNIX, Brioyas nmoagepxky crangapra POSIX. C tex
nop ucxoaHas Bepcus npesparuiach B MINIX 3, cucremy, 06/1a1a10111y10 BbICOKOH MOJLYJIb-
HOCTBIO M OPUEHTUPOBAHHYIO Ha IOCTUKEHNE OUeHb BHICOKOW HaexkHocTH. OHa crioco6Ha
Ha JIeTy ONPEeJsITh U 3aMeHATH /le(heKTHbBIE U Jlake TOBPEXK/ICHHBIE MOYIN (HAIIpIMep,
IpailBepbl yCTPOICTB BBOJIa-BbIBO/IA) (€3 TIepe3arpy3Ku M HAPYIIEHsI X0/ BBIITOJTHEHSI
3aITyIIEHHBIX TporpamMM. Takske T0CTYTTHA KHNTA, B KOTOPOH ONMMCHIBAETCS €€ BHYTPEHHSIS
pabota, a B puiioxkeHnn npuBoautes uexoauoiii ko (Tanenbaum and Woodhull, 2006).
Cucrema MINIX 3 umeercs B cBOO0AHOM JocTyIiie (BKIIOYask BeCh UCXOAHBIN Kox) B WH-
TepHeTe 110 aZipecy Www.minix3.org.

JKenanue nosmyunts cBoOoIHO paciipoctpansemyio sepcuio MINIX (8 ormmune ot o6pasosa-
TeJIbHOIT) IIPUBEJIO K TOMY, uTo (hurckuii cryaent Junyce Topsaabic (Linus Torvalds) cosmain
cucremy Linux. Cucrema MINIX crajia HenocpeacTBeHHBIM BOXHOBJISIONUM (haKTOPOM
U OCHOBOI1 117151 9TOH pazpaboTKH, KOTOPAst IIEPBOHAYAIBHO MOJIEP/KIBAJIA PA3IUYHbBIE OCO-
6entoctu MINIX (manpumep, ee daitiosyio cucremy). C tex mop cucrema Linux Bo MHOTOM
U MHOTUMHE ObLjIa CYIIECTBEHHO PACIINPEHa, HO BCE €llle COXPAHSIET UCXOAHYIO CTPYKTYPY,
o6uryto st MINIX u UNIX. Yuraresisim, HHTEPECYIOUMMCS OAPOOHOI UCTOpHE pa3Bu-
Tust Linux 1 ¢cB06GOAHOTO POrpaMMHOT0 00eciiedeH st, MOKHO TOPEKOMEHI0OBATH [IPOYNTATH
kuury Tnmura Myan (Moody, 2001).

1.2.4. YeTBepToe nokoneHue (¢ 1980 ropa no Hawm gHKM):
nepcoHasibHble KOMIMbIOTEPbI

Cureyronuii mepuo/i aBOJIIOIUN ONMEPAITMOHHBIX CHCTEM CBsI3aH ¢ nosiiaennem bUC —
Goubix naTerpanbibix cxeM (LSI, Large Scale Integration) — KpeMHHEBBIX MUKPOCXEM,
COZIepPKAIIUX THICSYU TPAH3UCTOPOB HA O/IHOM KBaJIpaTHOM cantumerpe. C TOUKU 3peHMsT
APXUTEKTYPBI IePCOHATBHBIE KOMITBIOTEPHI (TIepBOHAYAIBHO Ha3biBaeMble MUKPOKOMITBIO-
TepaMu ) ObLIN BO MHOTOM ITOXOKM Ha MUHU-KOMIIBIOTEpPHI K1acca PDP-11, Ho, koneuno xe,
OTJIMYAJINCE 110 TieHe. Ecin nosiBjienrie MUHI-KOMIIBIOTEPOB MO3BOJIIIIO OT/IeIaM KOMITAHN]
u (haKyJIBTeTaM YHIBEPCUTETOB IMETH COOCTBEHHBII KOMITBIOTED, TO C TTOSIBIEHUEM MIKPO-
ITPOIIECCOPOB BO3MOKHOCTD KYIIMTD ITEPCOHATBHBIN KOMITBIOTEP MTOJTYYHNIT KaK/[bII YETOBEK.

B 1974 rony, korga kopuopaius Intel soimyctira Intel 8080 — mepsbiii yHUBEpCaTbHbII
8-paspsaaHbIil eHTPaJIbHbII IPOIIECCOP, — AJIS HEro MoTpeboBaiach onepaluoHHas Cu-
cTeMa, ¢ IOMOIIBIO KOTOPOH MOKHO ObLI0 Obl IIPOTECTUPOBATh HOBUHKY. Kopropaius
Intel npusiekaa k pazpaboTkaM ¥ HAIIMCAHUIO HYKHON OIIePallMOHHON CHCTEMBI OAHOTO
u3 cBoux koucysbrantoB [opu Kusgasna (Gary Kildall). Cravana Kuamair ¢ apyrom
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CKOHCTPYUPOBAJIM KOHTPOJLIED JIJIs 8-AI0HMOBOT0 riOKOro IUCKa, HeJIaBHO BbIMYIEHHOTO
kommanueir Shugart Associates, ¥ TOAKIIOUMIIN 9TOT AUCK K mipoiieccopy Intel 8080. Taxum
00pa3oM IMOABUIICS TIEPBbII MUKPOKOMIIBIOTED ¢ AMCKOM. 3ateM Kwuigsmn cosman qucko-
BYIO oliepalinonnyio cucremy, HasBatnuyo CP/M (Control Program for Microcomputers —
yIpaBJsoniast IporpaMMa JIJist MUKpoKoMIibioTepoB). Korma Kummain 3asBui o cBonx
npasax Ha CP/M, xopuopauus Intel ynosiersopuia ero npocs0y, OCKOJAbKY He IyMaia,
YTO Y MUKPOKOMITBIOTEPOB € IUCKOM ecTh Oyayiiee. [Tosxke Kumaasn cosman KOMITaHIO
Digital Research mus nanbueiinnero passurtust u mpogasxku CP/M.

B 1977 rony komnanus Digital Research nepepaborana CP/M, 4to6bl ciesiaTh ee IpUrogHoii
11t paboThl Ha MEUKPOKOMIIbIOTepax ¢ mpoieccopamu Intel 8080 niau Zilog 780, a Takske
¢ IPYTUMU TIpoTieccopamMi. 3aTeM OBIIO HAMMCAHO MHOKECTBO MPUKJIAIHBIX TPOTPAMM,
paboratormux B CP/M, 4T0O MO3BOJIIIO 3TOH CHCTEME 3aHUMATh BBICIIYIO TIO3UIIIIO0 B MUPE
MUKPOKOMITLIOTEPOB IEJIBIX 3 JIET.

B mavane 1980-x koprnopaumsa IBM paspaborana IBM PC (Personal Computer — nepco-
HaJIbHBII KOMIIBIOTEP)! ¥ HauaIa MCKaTh JJist Hero IporpaMmmuoe obecriedenne. CoTpyaHUKN
IBM cBssanuch ¢ Bumiom TeiiTcoM, 4To0bI IIOIyYUTh JIMUIEH3UIO HA [IPABO UCIIOIb30BAHUS
ero mHTepIpeTaTopa A3bika beticmk. OHN Takke MOMHTEPECOBANNCH, HE 3HAET JIN OH OTle-
PaIMOHHYIO crucTeMy, KoTopas paborana 6b1 Ha IBM PC. Teiitc mocoBeToBas 06paTuThCs
k Digital Research, Torja riaseHcTByIOIIEH KOMITaHUE B 00J1aCTH OMEPAIIMOHHBIX CHCTEM.
Ho Kuimamn orkasaicst Berpedarsest ¢ IBM, mocsiaB BMecto cebsi CBOETO MOAYMHEHHOTO.
Yo errie XysKe, €ro aiBOKAT Jlake OTKA3aJICsI OITMChIBATh COTJIAllEHNe O HepasTJlalleHnH,
Kacatotieecs etre He BbintytieHHoro IBM PC, yem rostHocTbio uctioptut jesio. Koprioparust
IBM cuoBa ob6paruiach K Teiircy ¢ mpocb60oii obecrednTs ee oneparnuoHHON CHCTEMOI.
[Tocsie moBropHOTO OOpaiieHus [efiTc BbISICHUII, YTO Y MECTHOIO U3TOTOBUTEISI KOMIIIO-
tepos, Seattle Computer Products, ectp noaxoasamas onepanuonnas cucrema DOS (Disk
Operating System — arckoBas otneparonnas cuctema). OH HaIpaBUJICA B 3Ty KOMITAHUTO
¢ mpemyoxkennem BuIKymuTh DOS (mpeamnonoxkutenpro 3a $50 000), koTopoe KOMITAHIS
Seattle Computer Products ¢ roroBHocTbI0 TpuHsia. 3ateM [eliTc co3man makeT mporpaMm
DOS/BASIC, u maket 6611 kymeH IBM. Korma koprioparust IBM 3axoresia BHECTH B OTIe-
PAIMOHHYIO CHCTEMY PSIZl ycoBepIiieHcTBOBaHu, brin TefiTe mpuriacu st aToil paboTh
Tuma ITarepcona (Tim Paterson), gesoBeka, Hanucasiero DOS u craBiiiero mepBbiM cJry-
skanM Microsoft — ene He onepusineiics komnanuu leiitca. BugonsmenenHas cucremMa
6bi1a epenmeroBata 8 MS-DOS (MicroSoft Disk Operating System) u 6bIcTpo 3aHsiIa 10-
MuHupyiotee rososkenue Ha peiike IBM PC. CambiM BaskHBIM OKa3asoch pertenue leiitca
(KaK 0Ka3aJIoCh, Ype3Bbryaiino Myapoe) rnpogasatb MS-DOS KOMIIbIOTEPHBIM KOMIIAHUSIM
11 YCTAaHOBKHU BMECTe ¢ MX 000pYZI0BaHUEM B OTJIMYKE OT HOIbITOK Kusiaiia npogasarh
CP/M xonedHbIM 1TOJIb30BaTENAM (110 KpaliHell Mepe, Ha HauaJbHOW CTaIuN ).

Korna B 1983 rony nosiBusicst komnbiorep IBM PC/AT (sBaistiomuiicst JaibHeHuM pas-
sutuem cemeiicrea IBM PC) ¢ nenrtpanbibiM nporieccopom Intel 80286, cuicrema MS-DOS
y’Ke IMPOYHO cTosiia Ha Horax, a CP/M noskusasa nocaennue auu. [Tosxe cucrema MS-DOS
MUPOKO MCITOTH30BAIACHh HAa KOMITbIOTEPax ¢ mpoiteccopamu 80386 n 80486. Xots nepBoHa-

! Heo6X0AMMO OTMETUTD, YTO B JaHHOM ciydae «IBM PC» — a10 HasBaHue KOHKPETHOI MO/eIH
KOMIIBIOTEPA, B TO BpeMst Kak 1IpocTo «PC» MOKHO paccmaTpuBath Kak abOpesuaTypy ot «Personal
Computer» (nepconanbubiii Kommbiotep, [1K) — o6o3Hadenns knacca KOMIbioTepa. YKpenuB-
1ieecst ske 0003HaUYEHUE TAHHOU MOJIEJIH TPOCTO Kak «PC» HEKOPPEKTHO — OJHOBPEMEHHO CYIIle-
CTBOBAJIU U JIPYTHE [IEPCOHAIBHBIE KOMITBIOTEPBL. — IIpumey. peo.
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yasbHag Bepcust MS-DOS 6blia J0BOJbHO NPUMUTUBHA, MOCJAEAYIONINE BEPCUU CUCTEMbI
BKJIIOYA/IU B ceOst pacuipentbie (yHKIIMU, MHOTHE M3 KOTOPBIX ObLIN [I03aUMCTBOBAHbBI
y UNIX. (Kopnoparus Microsoft 6bia xoporo suakoMa ¢ cucremoil UNIX u B niepBble
TOZIBI CBOETO CYTIECTBOBAHNA [aske TIPojIaBaja ee MUKPOKOMITbioTepHYIo Bepcrio X ENIX.)

CP/M, MS-DOS u npyrue onepaioHHble CUCTEMBI JIJISI TIEPBBIX MUKPOKOMITBIOTEPOB
MTOJTHOCTHIO OCHOBBIBAJIMCH HAa KOMAaH/[aX, BBOAMMBIX IT0JIb30BaTesieM ¢ KiaBuarypel. Co
BpeMeHeM GJ1arofaps UCCaeI0BaHuAM, TpoBeaeHHbIM B 1960-e roab Jlarom Dureanbaprom
(Doug Engelbart) B nHayuno-uccaenobarensckom uncrutyre Crangdopua (Stanford Research
Institute), curyauns nsmenniach. IureabdaptT nzobpes rpapuueckuil uHTepeEnc mob-
sosarens (GUI, Graphical User Interface) Bkyne ¢ okHamu, 3HAYKaMK, CUCTEMAMU MEHIO
U MBITITBIO. JTY Ueio epensan nceaenoatenn u3 Xerox PARC u Bocmosb3oBatmnch eio
B CO3/[ABAEMbIX MU MaITHAX.

Opnaxabt Crus JIxo6c¢ (Steve Jobs), ogun u3 aBTopos komibioTepa Apple, co3ganHoro
B ero rapaxe, mocetus1 PARC, rae ysuznen GUI u cpasy moHsm ypoBeHD 3aI0:KEHHOTO B HETO
HOTEHIIMAJIA, HeJJOOIEHEHHOTO PYKOBOACTBOM KoMIaHuu Xerox. 3atem J[sKo6¢ pucTyIl
K CO3JaHUIO KoMIIbIoTepa Apple, ocHameHHOro rpadpuyecKuM 10Jb30BaTEAbCKIM HHTEP-
(beiicom. ITOT TIPOEKT TPUBEJI K CO3AHUIO KOMITbIoTEPa Lisa, KOTOPBIN OKA3aJICsT CAUTTKOM
JOPOTUM 1 He MMeJI KOMMEPUYeCKoro ycrexa. Bropast mombitka /[xko6ca, kommbiotep Apple
Macintosh, nmesr orpoMHBIiT yCIIex He TOJTBKO TOTOMY, YTO GBI 3HAYUTEIBHO JICIIEBJIE, YEM
Lisa, Ho u moTomy, 4To 06Jazas 6oJee ApysKeCTBEHHBIM TI0JIb30BATEIbCKUM HHTEPGhEcoM,
[pelHa3HAYeHHBIM JJIsI T0JIb30BaTe e, He PasOMpaBIIMXCsl B KOMITBIOTEPAX U K TOMY JK€
COBEPIIEHHO He CTPEMUBIIMXCI YeMy-To o6ydarbes. Komnbiorepst Macintosh Haumm mm-
POKOE IpUMEeHEHUEe Y MPe/ICTaBUTeIeil TBOPUECKNX Mpodeccuii — XyT0KHUKOB-/IM3aiHe-
POB, IpoeccroHATBHBIX ITU(POBHIX (hoTOrpadoB 1 MPOdeCcCHOHATHHBIX TPOU3BOAUTEIEN
1 POBOI BUACOTPOAYKIINH, KOTOPBIe TPUHSAIN UX ¢ BocToproM. B 1999 rony xommanns
Apple nozanmcrBoBasa gApo, Ipoucxosdiiee u3 Mukposapa Mach, nepsoHadasbHO pas-
paboTaHHOro crenuajiucTaMu yausepeurera Kapaern — Mesiona it 3amensl siapa BSD
UNIX. [Tostomy Mac OS X siBjisieTcst oniepaiiioHHOM CUCTEMOI, TTOCTPOEHHON Ha OCHOBE
UNIX, xoTs 1 ¢ BechMa CBO€0OpasHbIM HHTEP(HEHCOM.

Korza kopnopanust Microsoft pemmna cosaars npeemuanka MS-DOS, ona 6bia nmos 60Jib-
MM BIIeYaTJIeHeM oT ycrexa Macintosh. B pesysbrare mosiBumack ocHoBaHHasT Ha TIpUMe-
HeHnun rpadudeckoro naTepdeiica moap3oBaress cucteMa nof HazpanneMm Windows, nepso-
HAYaJbHO ABJISIBIIAsICs HazicTpoiikoil Hag MS-DOS (1o ectb ona GoJibliie Obliia MOX0kKA Ha
000JI0YKY, YeM Ha HACTOSIIILYIO ollepalnoHHyto cucremy). Ha nporszkenn mpumepro 10 Jer,
¢ 1985 o 1995 rox, Windows 6pL1a npocto rpadudeckoil 0601049K0, paboTaBieii moBepx
MS-DOS. Oanako B 1995 romy 6bua BblilylieHa caMocTosaTesbHas sepcust Windows —
Windows 95. Ona HEIocpeACTBEHHO BBITIOJHIIA GOJIBIIMHCTBO (DYHKIUN OMepPaInOHHON
CUCTEMBI, NCTI0Th3Ys BXOIAAMIYIO B ee cocTaB cucteMy MS-DOS ToabKo 1719 3arpy3KH,
a TaKyKe /ISl BBIIOJIHEHUS CTapbIX porpamMyM, pazpaborantbix ajist MS-DOS. B 1998 roay
Oblya BBIYIIEHA CJIerka MOAU(UIIMPOBAHHAS BEPCHS 9TOM CHCTEMBbI, TIOJYYMBIIast Ha3Ba-
nre Windows 98. Tem e menee o6e atu cuctembl, 1 Windows 95 u Windows 98, Bce eme
CojlepsKaJIi U3PSIAHOE KOJIMYECTBO KOJa, HAIMCAHHOTO Ha acceMbJiepe st 16-paspsiiHbix
nportieccopos Intel.

Ilpyroii onepanuonnoii cucremoit Microsoft 6s1a Windows NT (NT osnauaer New
Technology — HOBast TeXHOJOTHS), KOTOPasi HAa OTPEIEJEHHOM YPOBHE COBMECTHMA
¢ Windows 95. Oanako oHa Obljia HalllCaHa 3aHOBO U IIPEACTaBIIstIa COOOU TOJHOIEHHYIO
32-paspsunyto cucremy. Benyumm paszpaborunkom Windows NT 6bwt Tasun Karsep (David
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Cutler), KoTopblii Taks ke ObLI OHUM 13 Pa3pabOTYNKOB orepaiionHoi cuctembl VAX VMS,
moaToMy HekoTopbie naen n3 VMS npucyTeryior n B NT (mmprdeM cTOBKO, 9TO BIIaesielt
VMS, kommanust DEC, npexbsiBiuia uck Koprioparuu Microsoft. Kondimkr 6601 ynasken Bo
BHeCy1Ie6HOM TIOPSIJIKE 3a TPUIINYHYIO0 cymmy ). Microsoft ojkuzasta, 4to mepBas sxe Bepcust
soiteciuT MS-DOS u Bce apyrue Bepcuu Windows, HOCKOJIbBKY OHA HAMHOTO TIPEBOCX0-
JIWJIa X, HO HAJIesKbI He OIpaBAainch. Toabko onepanmonnoii cucreme Windows NT 4.0
HAKOHEII-TO Y/IAJIOCh 32aBOEBATH BBICOKYIO MOTYJISIPHOCTH, 0COOEHHO B KOPIIOPATHBHBIX CETSIX.
I[Laras Bepcust Windows NT 6buia B navase 1999 roga nepenmenosana 8 Windows 2000. Ona
peHa3Havanach st 3aMerbl obenx sepeuit — Windows 98 u Windows NT 4.0.

Ho 10JIHOCTBIO 3TUM TIAHAM TaKKe He CYKAEHO OBbLIO COBIThCS, moaTomy Microsoft Bbi-
nycrtuia emne ogny Bepcuio Windows 98 nox nassannem Windows Me (Millennium
edition — Beimyck Teicsuesiernst). B 2001 roxy Gblja BbiylieHa cjerka OGHOBJIEHHAs Bep-
cust Windows 2000, nassannasg Windows XP. 9Ta Bepcusi BbIIIycKaJaach HAMHOTO J0JIbIIIE,
10 CYIIECTBY 3aMeHsIst BCe npeabiayipe Bepcru Windows.

Tewm He MeHee BBITTYCK HOBBIX Bepcuit mpomosmkaics. [Tocoe Windows 2000 Microsoft pas-
6ua cemeiictBo Windows Ha KJIMEHTCKYIO U cepBepHYto JuHelku. KineHTckas jiHelika
Gasuposanach Ha Bepcun XP 1 ee nocsiejoBaTelisx, a ceppepHast Bkodanta Windows Server
2003 u Windows 2008. YyTb 1no3:ke MOsSIBUIACH U TPEThs JIMHEIKa, IPeJiHAZHAYCHHAS ISk
MUPa BCTPOEHHBIX olepainoHubix cucteM. OT Beex atux Bepcuit Windows otaenniuch
BapuaIlii B BUJI€ CEPBUCHBIX TTAKETOB. JTOTO XBATUJIO, YTOOBI YCIIOKOUTH HEKOTOPBIX ajl-
MUHUCTPATOPOB (U IKcaTesieil y4eOHIKOB [0 ONePAllUOHHBIM CHCTEMAM ).

3arem B stuBape 2007 roga Microsoft BeITycTHIa OKOHYATETBHYIO BEPCUIO TTPEEMHUKA
Windows XP nox Hassanuem Vista. Y Hee 6b11 HOBBIH Tpadudeckuii nHTepdeiic, ycoBepiieH-
CTBOBAHHAs CUCTEMa OE30I1aCHOCTU U MHOKECTBO HOBBIX MM OOHOBJICHHBIX I10JIb30BATEb-
ckux rporpamm. Microsoft Haziestiach, uto oHa mostHocThio 3aMenuT Windows XP, Ho aToro Tak
1 He ITPoUs0IILI0. BMecTo aT0T0 GBIJIO TT0/Iy4eHO0 HOJIBIIOE KOJTUYECTBO KPUTHUECKUX OT3HIBOB
U cTaTeil B mpecce, rIaBHbIM 06Pa30M 13-3a BBICOKMX CUCTEMHBIX TPeOOBAHUH, OrPaHITYUTE b=
HbBIX YCIIOBI/IIL/)I IH/IL[QHSI/IPOB&HI/IH nu noanepmm/l TEXHUYECKHUX Cpe,/]CTB 3alll1ThI aBTOpCKI/IX npaB
(TEXHOJIOTUH, 3ATPYAHSIONIEH T0JIb30BATESIM KOIMPOBAHNE 3AIMINEHHBIX MaTEPUAJIOB).

C nmogsienrem Windows 7, HOBOI U MeHee TpeboBaTeIbHO K pecypcaM OmeparnoHHOM
cHCTeMbI, MHOTHE pertin Boobiie mporyctuts Vista. B Windows 7 He 6b110 1ipejicrasiie-
HO CJIUIIKOM MHOTO HOBBIX CBOWCTB, HO OHA ObLla OTHOCUTEJIHHO HEGOJIBIION 110 06beMy
U JIOBOJIbHO cTabuabHON. MeHee yeMm 3a Tpu Hegean Windows 7 nosryunsia 6GabIIYio T0JT0
poiHKa, yeM Vista 3a cemb mecsies. B 2012 rogy Microsoft BbimycTuia ee npeeMHuKa —
Windows 8, onepanuoHHyo CUCTEMY ¢ COBEPIIEHHO HOBBIM BHELIHUM BUOM, IIPEHA3HA-
YEHHBIM JIJISI CEHCOPHBIX AKpaHoB. KomIanus Hajiessiach, 4TO HOBBIH IU3aMH C/IeJIaeT 3Ty
OTIePAIMOHHYIO CUCTEMY JIOMUHUPYIOIIEN /ISl ITUPOKOTO KPyTa YCTPOUCTB: HACTOIHHBIX
KOMIIBIOTEPOB, HOYTOYKOB, IIJIAHIIETHBIX KOMIIBIOTEPOB, T€JIe()OHOB 1 IIEPCOHATBHBIX KOM-
MBIOTEPOB, UCTIOJIL3YIONUXCS B KAYECTRE IOMAINTHIX KuHOTeaTpoB. Ho roka nmpoHukHoBeHMe
ee Ha PBIHOK MIET HAMHOTO MeJJIeHHee Mo cpaBHeHmo ¢ Windows 7.

JpyruM OCHOBHBIM KOHKYPEHTOM B MUPE IIEPCOHAIBHBIX KOMIIBIOTEPOB SABJIACTCS OIlepa-
mmonnas cuctema UNIX (u pazanunble TpousBonbie oT 9Tol cucteMbl). UNIX nmeer
6oJiee CUITbHBIE TIO3UIIUY HA CETEBBIX 1 TIPOMBITILIEHHBIX CEPBEPAX, TAK/KE OHA HAXOJUT BCE
GoJiee MIMPOKOE PACITPOCTPAHEHNE U HA HACTOJIBHBIX KOMIIbIOTEPAX, HOYTOYKAX, MIAHIIET-
HBIX KOMITbIoTepax n cMaprdonax. Ha kommbioTepax ¢ nporeccopoM Pentium mormyasipHoit
asibrepHaTBoit Windows JiJist CTYZIEHTOB U TIOCTOSIHHO PACTYIIEro YUcia KOPHOPATUBHBIX
I0JIb30BATENICH CTAHOBUTCS OTIEpaIlMOHHas cuctema Linux.
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B pantoii kaure tepmMuH X86 OyzeT MIPUMEHSATHCS B OTHOIIEHUH BCEX COBPEMEHHBIX PO-
[[eCCOPOB, OCHOBAHHBIX HA CEMEICTBE apXUTEKTYP ¢ HAOOPOM KOMaH I, HepyIIUM HAYaI0
¢ poreccopa 8086, cospantoro B 1970-x rogax. Komnanusavu AMD u Intel 6b1710 BBIIY-
IIEHO MHOKECTBO TAKKX TIPOIECCOPOB, KOTOPbIE 3a4ACTYI0 UMEJIH CYIIeCTBEHHbIE PA3JINISE:
IIPOIIECCOPHI MOTJIN ObITh 32- Win 64-paspsiAHbIMU, ¢ HEGOABIINM WK OOJIBITIM YHCIOM
sizep, ¢ KOHBellepaMul pasmdHoil riyOuHbL U T. /1. TeM He MeHee JJIs IIPOrPaMMIICTa OHU
BechbMa MOXOKH JIPYT Ha JIPYTa, ¥ Ha BCEX HUX MOJKET 3aITyCcKaThcs KoJL Juist 1ipoiieccopa 8086,
HanucaHHbIi 35 Jret Haza. Tam, rje pasandust Gy/IyT UTPATh BAKHYIO POJIb, OYAYT A€NaThCsT
CCBIJIKU Ha KOHKPETHbBIE MOJIEJIH, a Uit MHAUKAIK 32- u 64-pa3psiHbIX BAPUAHTOB OY/ILyT
HCITOTH30BATHCS TePMUHBI X86-32 1 x86-64.

Omneparmonnas cuctema FreeBSD taxke sBasetcs nomyaspHoil mponsBogHoil or UNIX,
nopoxaeHnoii npoekrom BSD B Beprin. Bee copementibie kommnbrotepbl Macintosh pa6o-
tafoT Ha MopuduimposanHoii Bepcun FreeBSD (OS X). UNIX takske aBsieTcs CTAaHAAPTOM
Ha paboYnX CTaHIMSIX, OCHAIIEHHBIX BHICOKOIPpou3BoanuTebHbIMU RISC-1porieccopamu.
Ee npousBojible HAIN MUPOKOE MTPUMeHEHNEe Ha MOOUIBHBIX YCTPOICTBAX, KOTOPHIE
paboraior oz ynpasiaennem iOS 7 niau Android.

Xors muorue noabzosaresn UNIX, 0co6eHHO ONBITHBIE IPOrPAMMKCTDI, OTAAIOT MIPEJ-
mouTeHne nHTepdelicy Ha 0OCHOBE KOMaHIHOH CTPOKH, mpakTndeckn Bce UNIX-cucteMbr
Ho/IEPKUBAIOT cucteMy yipasietus okHamu X Window System (win X11), cozpannyio
B MaccauyceTcKkoM TeXHOJIOTHIeCKOM MHCTUTYTe. JTa CUCTEMA BLITIOTHIET OCHOBHBIE OTIe-
paruu 1o ynpasJeHnIo OKHAMU, TO3BOJISIS TI0JIb30BATEJISIM CO3/1aBaTh, Y/IAJSATh, IepeMelaTh
OKHAa M I3MEHSITD UX Pa3Mepbl, NCITOIb3YsT MBIIIb. 3a4acTyIo B KauecTBe HaJcTpoiiky Haj X 11
MOJKHO MCIIOJIb30BATh TIOJTHOTIEHHBII TpadruecKkuii mob3oBaTebcKuii nHTepdeiic, Harpu-
Mmep Gnome ut KDE, npuiasast UNIX BHelHUI BU/T U TOBEJIEHIE, YEM-TO HATTOMUHAIOIINE
Macintosh win Microsoft Windows.

B cepenune 1980-x ro/10B Haua/i0 pa3BUBATHCSI MHTEPECHOE SIBJIEHNE — POCT CeTel Tepco-
HAJIBHBIX KOMITBIOTEPOB, PAOOTAIOINIHX TI0]] YIIPABIEHUEM CETEBBIX OMEPAIMOHHBIX CHCTEM
U pacnpezieJeHHbIX onepaiuonHbix cucreM (Tanenbaum and Van Steen, 2007). B cerebix
OTEPAIIIOHHBIX CUCTEMAX TT0JIb30BATEH 3HAIOT O CYIECTBOBAHIHI MHOKECTBA KOMITBIOTEPOB
M MOTYT BOITH B CUCTEMY Y/IaJIEHHON MAIIMHBL ¥ CKOTIMPOBATH (hailyibl ¢ OJ{HOI MAIIUHbI HA
npyryio. Ha kaxmoil Marise paboTaeT CBOSI JIOKTbHAsST OTIEPAIIMOHHAST CHCTEMA 1 IMEETCsT
COOCTBEHHBIN JIOKAIBLHBIN MOIB30BaTENb (MU MOJb30BATENN ).

CeteBble oneparimoHHbIe CUCTEMbI HE UMEIOT CYIECTBEHHBIX OTJINYUN OT OJIHOTIPOIIEC-
COPHBIX ONEPAIMOHHBIX CUCTEM. SICHO, UTO UM HY’KEH KOHTPOJLJIEP ceTeBoro nurepdeiica
U ollpe/leJIeHHOEe HU3KOYPOBHEBOE MPOrpaMMHoe obecriedeHue, YTo0bl YIIPaBJISATh 9TUM
KOHTPOJIJIEPOM, a TaKsKe TIPOTPAMMBI 711 OCYIIIECTBACHUS BX0/a B CUCTEMY y/IaJIeHHOH Ma-
IITTHBI ¥ [I71S yIAJIEHHOTO oCcTyMa K daiiiaM, HO 3T TOTIOTHEHUS He U3MEHSIOT OCHOBHYIO
CTPYKTYPY OTI€PAITHOHHON CHCTEMBI.

B orsimume ot aTOTO pacipeziesieHHast ONepaluoHHasl CUCTeMa MPeJICTaBIsSIeTCs] CBOUM
M0JIb30BATEJISIM KaK TPAJANIIMOHHAS OJTHOIIPOIECCOPHAsST CUCTEMA, XOTSI HA CAMOM JIeJIe B ee
cocraBe paboTaeT MHOKECTBO IpoieccopoB. [Tosib30BaTesIM COBEPLIEHHO He 00s13aTeIbHO
3HATh, I/le UMEHHO BBITIOJIHSIIOTCST MX MTPOrPAMMbI WJIN T/le Pa3MellieHbl UX (aiiyibl, — Bce
3TO TOJKHO aBTOMATU4YECKN 1 9(D(EKTIUBHO YIIPABIATHC CAMO OTIEPAITMOHHON CHCTEMOT.

Hacrosimum pacrpe/ie/ieHHbIM OIIEPAIIMOHHBIM CHCTeMaM TPeGyeTcst HaMHOTO OOJIbIe U3-
MEHEHUH, He OrpaHMYMBAIOLNIUXCS TIPOCTHIM J00OABICHIEM HE3HAYUTEIBHOIO 00beMa Kojla
K OJIHOTIPOTIECCOPHON OTIEPAIIMOHHON CUCTEME, ITOCKOJIBKY PacIpesiesieHHbIe U TIeHTPaJIt-



1.2. icTopus onepaumoHHbIX CUCTEM 41

30BaHHbIE CUCTEMBI CYIECTBEHHO OTJINYAIOTCS APYT OT Apyra. Hampumep, pacrpenenen-
HBIE CHCTEMBI 9aCTO MO3BOJIAIOT TPIIOKEHNAM paboTaTh OAHOBPEMEHHO Ha HECKOJBKHX
poiieccopax, st 4ero TpebyioTcest 6oJjiee CI0KHbIE aJTOPUTMbBI paciipe/iesieHust paboTbl
IIPOIECCOPOB, YTOOBI ONTUMU3NPOBATH CTENEHD TTapaJIeabHol 00paboTky manubrx. Ha-
JImdme 3ajepKeK IIPU repefade JaHHBIX [0 CETH YacTO TOAPa3yMeBaeT, 4To 3TH (1 APyTHeE)
aJITOPUTMBI JOJKHBI paboTaTh B YCIOBUAX HEMOJIHOM, yCTapeBIlell K fake HeBepHOIl
undopmanmn. Takagd cuTyaius B KOPHE OTJIMYAETCA OT pabOThI OHOIPOLECCOPHON CUCTEMBDI,
rje nocaeaHss obnazaer NoJaHON nHbopManeil 0 CBOeM COCTOSTHUU.

1.2.5. Nartoe nokoneHme (¢ 1990 roga no HaWwu gHN):
MOOMJIbHbIEe KOMMNbIOTEPbI

C rex nop kak B komukcax 1940-x ronos nerextus /luk Tpeiicu cTas rmeperoBapuBarbcsi € 10-
MOII[BIO PAJIUOCTAHIIU, BMOHTUPOBAHHON B HAPYUHBIE YACHI, Y JIFO/EH OSBUIOCH JKeJIaHue
HUMETD B CBOEM PACIOPSIKEHUH YCTPOUCTBO CBSI3H, KOTOPOE MOXKHO ObLIO GbI GPaTh ¢ cO0O0iT
B s1060e Mecto. ITepsbiii HacTosAmUi MOOUIBHBIE Teiedon nosiBuiics B 1946 romy, u Torma
oH Becu1 0k0J10 40 kr. Ero Mox#O 661710 6path ¢ cOO0H TOJIBKO IPU HAJIUYUE aBTOMOOUIIS,
B KOTOPOM €T0 MOKHO OBLIO MIEPEBO3UTb.

[Tepsorit mo-HacTosmeMy TiepeHOCHO Tesedon mosBuiica B 1970-x rogax u mpu Bece Ipu-
Gsm3uTesbHO 1 KT ObLI BOCIIPUHSAT BeChbMa MO3UTUBHO. Ero JIACKOBO HA3BIBAIU <KUPITHY».
JKenanue nmersb Takoe yeTpoiicTBO BCKOpe cTaso BeceoOummM. B HacTosiiee BpemMst coToBOI
CBsI3b10 T10JTb3yeTcst noutu 90 % nacesenust 3eMHoro mapa. CKoOpo cTaHeT MOKHO 3BOHUTD
HE TOJIBKO ¢ MOOMJIbHBIX TeJe(POHOB U HAPYUHBIX YACOB, HO ¥ ¢ OUKOB U JAPYIMX HOCHMBIX
nipeziMeToB. Kpome Toro, Ta yacTh ycTpoiicTBa, KOTOPast IMEET OTHOIIEHUE HEITOCPEICTBEHHO
K Tesiehomy, yKe He IPeICTaBIIsieT Kakoro-inbo unrepeca. Ocobo He 3ayMbIBasICh HAJl ITHM,
MbI II0JIy4aeM 9JIeKTPOHHYIO HOUTY, IIPOCMATPUBAEM BeG-CTPAHUIIL, OTIIPABJISIEM TEKCTOBbIE
COOOIIIEHUsT IPY3bsIM, UTPAEM B UIPBI U y3HAEM O HAJIMYKMK IIPOOOK Ha yJIUIaX.

Xotst uzest 00beMHEH s B OHOM YCTPOHCTBE U TesieoHa 1 KOMIIbIOTEPa BhIHAIINBAIACH
ere ¢ 1970-x roz1oB, nepBbIil HACTOSIUI cMaPTHOH MOSIBUJICS TOJBKO B cepeaue 1990-x ro-
noB, koraa Nokia Bermycruia csoit N9000, mpencraBiasgBiimii coboil KOMOWMHAINIO U3 JIBYX
oTnenbHbix yerporicTs: Tenedona u KIIK. B 1997 roxy B kommanuu Ericsson 1715t ee namemins
GS88 «Penelopes» GbL1 ipuayMan TepMuH «CMapTOH».

Terneps, kora cMapTGOHBI TOMTYIHIIN TIOBCEMECTHOE PACIPOCTPAHEHNE, MEFK/Y PABJIIIHbI-
MU OTIEPAIMOHHBIMU CUCTEMAMU BOTIAPUJIACE JKECTKAsT KOHKYPEHIIUSI, ICXO/l KOTOPOH eriie
MeHee sICEeH, YeM B MUPe IIEPCOHATBHBIX KOMITbIOTePOB. Ha MOMEHT HAIIMCAHUST 9TUX CTPOK
JNOMUHUPYIOTIe Oblia oneparrontas cucreMa Google Android, a Ha BropoM Mecrte Haxo-
mtack Apple i0OS, HO B cireyIonre HeCKOJIBKO JIET CUTYaIHs MOJKET U3MEHUThCsL. B Mupe
cMapTOHOB SICHO TOJIBKO OJHO: J0JITO€ BPEMsI OCTaBAThCs HA BEPIIMHE KaKOH-1160 13
OIEPAIIMOHHBIX CHCTEM OYIET 0Y€Hb HEJIETKO.

B nepBoe necaruierre noce CBOero nosBaeHus GOAbUIMHCTBO cMapT(OHOB paboTalo MO/
yupassienueMm Symbian OS. 9ty onepannonHyio cucreMy BbiOpajid Takue HOIyJIsipHble
6penzibl, kak Samsung, Sony Ericsson, Motorola i Nokia. Ho gosro peiika Symbian nauann
0oTOUpaTh APyTrHe olepalronHbie cucteMbl, HanpuMep RIM Blackberry OS (Bbinyiiennas
st emaptdonos B 2002 roy) u Apple iOS (Bbinyiennas ajist nepsoro iPhone B 2007 ropy).
Mtuorue oxuganu, uro RIM Gyaer 10MMHUPOBATh Ha PhIHKE GU3Hec-yCTpoiicTs, a i0S 3a-
BOIOET PBIHOK MOTPEOUTENBCKUX YCTPOUCTB. [l phIHKa MOMyaspHoCcTh Symbian ynasa.
B 2011 roxy Nokia orkasamacs ot Symbian u 06bsiBUIa O CBOEM HAMEPEHUH B KAYECTBE
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0CHOBHOH 11aTdopmbl cocpeporountbes Ha Windows Phone. Hexoropoe Bpemst otepa-
nuonuble cucteMbl 0T Apple u RIM Bcex ycrpauBanu (XOTs U He NPUOGPESH TaKKX JKe
JNOMUHUPYIONIMX MO3KUIUH, Kakue OblIM B cBoe BpeMs y Symbian), HO BCKOpe BceX CBOUX
COIIEPHUKOB 06OrHAIa OCHOBaHHasA Ha sipe Linux onepanuonnas cucremMa Android, Bbi-
nyienHas komnanueid Google B 2008 ropny.

Ilnst npoussouresneii Tesedonos Android obiagana TeM peMMyIiecTBOM, YTO UMEJIa OT-
KPBITHII MCXO/HBIN KO/ U Oblja JOCTYIHA 110 Pa3pelinuTebHON JileH3nuu. B pesybrare
KOMIIAaHUK TIOJIYYUJIH BO3MOKHOCTD 6e3 0co60TO Tpy/la MOACTPAuBaTh ee 110/ CBoe cob-
crBerHOe 0bopynoBanue. Kpome Toro, y 9T10ii oniepalldOHHON CUCTEMbI KMEETCsl OIPOMHOE
co0011ecTBO PazpaboTYMKOB, CO3AAIONIMX TIPUIOKEHMI B OCHOBHOM Ha OOIIEM3BECTHOM
sI3bIKe TIporpaMMupoBanus Java. Ho 1pu BceM 9TOM TIOCTI/IHIE TO/IbI TIOKA3aJIH, YTO TAKOE
JTOMIHUPOBAHIE MOKET U He TIPOTUTHCS TOJITO U KOHKYpeHThl Android mocTtaparorest o1-
BOEBaTh UaCTh ee J0JIU Ha peiHKe. Botee moapobHo onepanuonHas cucteMa Android 6yzer
paccmorpena B pazzeste 10.8.

1.3. 0630p annapaTHOro o6ecne4YyeHns KoMnbloTepa

OmepaloHHast CHCTEMa TECHO CBSI3aHa € alapaTHBIM 0OeCTIeYeHnEM KOMITBIOTEDA, Ha KOTO-
pom ona paboraet. OHa paciupsier Habop KOMaH [ KOMITbIOTEPA 1 YITPABJISIET €T0 PECYPCAMH.
Yro6bl OllepalluoHHast crcTeMa 3apaboTasa, HyKHbI IIIyOOKHe MO3HAHVSI B KOMITBIOTEPHOM
060pymoBaHu, 110 KpailHell Mepe HYKHO MPECTABAATh, B KAKOM BH/E OHO TIPEICTAET
nepej mporpaMmMucToM. [109TOMy saBaiite KpaTKO PaCCMOTPUM allllapaTHOe 00ecIIeYeHue,
BXO/Idl1lee B COCTAB COBPEMEHHOTI0 IIePCOHANBLHOTO KoMIbloTepa. [Tocse aToro Mbl cMoxkem
HPUCTYIUTD K ITOAPOOGHOMY U3YYEHUIO TOTO, YeM 3aHUMAIOTCS OllEPAIOHHbBIE CUCTEMBI
U KaKk OHU paboTaloT.

KontenTyasbHO IPOCTON TIEPCOHABHBIN KOMITBIOTEP MOSKHO IIPEICTABUTD B BU/IE MOJIEJIH,
AHAJIOTHYHOIT M300pakeHHON Ha puc. 1.6. IleHTpaIbHBIN POIECCOP, TTAMSITh U YCTPOUCTBA
BBOJIa-BBIBOJIA COEIMHEHbI CHCTEMHOIT IIHOIA, 10 KOTOPO OHU 06MeHuBaoTCst mH(OpMa-
edt apyr ¢ apyrom. CoBpeMeHHbIe TIEPCOHANBHbBIE KOMITBIOTEPBI NMEIOT HoJIee CI0KHYIO
CTPYKTYPY U UCIOJb3YIOT HECKOJIbKO LINH, KOTOPbIE Mbl PACCMOTPUM UyTb I103:ke. [

MoHnutop
Knasunatypa USB-npuHTep  XKecTkun guck
: F= 00000
LlenTpanbHeii n Bugeo- KoHTponnep KoHTponnep KowTponnep
npoweccop amsTb KOHTpONTep KnaBmarypbl USB XKECTKOro
MMU Aucka
MMU — 6nok ynpaBneHuns namsTbio WnHa

Puc. 1.6. HekoTopble KOMMOHEHTbI MPOCTOr0 NEPCOHANILHOro KOMMbIOTEPA
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Hayasia Hac BIIOJIHE YCTPOUT M 9Ta MOJIENb. B core/ryiommx paszesiax Gyer [an KpaTkuii 0630p
OT/IEJTBHBIX KOMITOHEHTOB U PACCMOTPEHBI HEKOTOPBIE ACTIEKTHI AIAPATHOTO 00ECTIEYeHNIST,
IPEICTABIISTIONTIE MHTEPEC /TSI Pa3pabOTIMKOB OIIEPAIIHOHHBIX cructeM. HaBepHoe, nzsmiiie
YIOMUHATH O TOM, YTO 3TO GyJIeT 0YeHb KpaTKoe nsioxkerune. KommbiorepHoMmy 060pyno-
BaHUIO W €r0 OPTaHU3AINN OCBAIIECHO MHOKECTBO KHHUT. MOKHO TTOPEKOMEH/IOBATH /IBE
noBosibHO n3BecTHbIe KHUTH (Tanenbaum, 2012; Patterson and Hennessy, 2013).

1.3.1. Mpoueccopsbl

[LeHTpabHbII IPOIIECCOP — ITO «MO3T» KoMIIbioTepa. OH BbIOMPAET KOMaH/bI U3 MaMITH
u BbinojHser ux. OObIUHbLII UK PaBGOTHI IEHTPATBHOTO ITPOLECCOPA BHITJISAANT TaK: BHIOOP-
Ka U3 MaMsITH ePBOI KOMAH/IbI, €€ JIEKOJAMPOBAHUE JIJISI OIPEJIeIEH s ee THUIIA U OTIEPAH/IOB,
BBITIOJIHEHKE HTOM KOMaH/Ibl, a 3aTeM BbIOOPKA, IEKOMPOBAHNE U BBIIIOJHEHKE MOCAELYIO-
MIUX KOMAaH/[. DTOT IUKJI TOBTOPSIETCSI /10 TEX MOP, TI0KA He 3aKOHYUTCS porpamma. Takum
00pa3oM IPOrpaMMbl BBITTOJHAIOTCS.

JLJist KasK10ro THIIa IIEHTPAJIBHOTO IPOIIECCOopa CYIIECTBYET OlpeeJIeHHbII Hahop KOMaH/I,
KOTOPbIE OH MOKET BBITOJMHATE. [loaToMy X86 He MOKET BBITTOHATD TPOTPAMMBI, HAITHCAH-
ubie 17151 ARM-11potieccopos, a Te, B CBOIO OU€epe/ib, He B COCTOSTHUH BBITIOJTHATD IIPOTPAMMBI,
Hanucannbie 1g X86. [lockoabKy 10CTyM K TaMATH IS TTOTYYeHIS KOMaH/IbI NN TAHHDBIX
3aHKMAeT HAMHOTO GOJIbIIIE BPEMEHH, YeM BbIIOJIHEHUE KOMAH/IbI, Y BCEX IIEHTPAJIbHbIX T1PO-
1[ECCOPOB €CTh HECKOJILKO COOCTBEHHBIX PETMCTPOB 11t XPaHEHUSA OCHOBHBIX IEPEMEHHbIX
U TIPOMEKYTOTHBIX Pe3yabTaToB. COOTBETCTBEHHO HAOOP KOMaH/I COMEPKUT, KaK TIPABUIIO,
KOMAH/IbI Ha 3aTPY3Ky CJIOBA M3 MaMITH B PETUCTP U HA 3alIOMUHAHUE CJIOBA U3 PETUCTpa
B maMsTh. [[pyrue KoMaH bl 00beIUHSIOT JBa OIIEPAH/Ia U3 PETUCTPOB, TAMSATH WM 060UX
ATUX MECT /i1 TI0JIy4eHUs pe3yJibTaTa — HalpPUMep, CKJIAJIbIBAIOT JIBA CJI0BA U COXPAHSAIOT
pe3yJIbTaT B PEruCTpe UK B TTAMSITH.

B JIOTIOJIHEHUE K DETUCTPaM O6HIBI'O Ha3HA4Y€HUA, KOTOPbIE 06BIYHO TIPUMEHAIOTCA AJIA
XpaHEHUA IIEPEMEHHDBIX U ITPOMEKYTOYHDBIX PE3YJIbTATOB, Y MHOTUX IIPOIECCOPOB €CTb PA/L
ClIeNaJIbHBIX PETUCTPOB, JOCTYITHBIX IPOTPAMMMUCTY. OZII/IH N3 9TUX PETUCTPOB, Ha3bIBa-
€MbIil CYETYUKOM KOMaH/, COAEPIKUT aJpec SYEUKH MMaMsTH CO CJIeZ[yIOH.IefI BbI6I/IpaeMOI‘/JI
komanoi. ITocie BbI60pKI/I ATOM KOMAaH/Ibl CUETYMK KOMaH/I O6HOBJIH€TC$I, TrepecraBJsaa
YKa3aTeJib Ha CJAeYIONYyI0 KOMaHy.

Jlpyroii cieranbHbIi PerucTp, Ha3bIBAEMbIH YKa3aTeJIeM CTeKa, CChIJIAeTCs Ha BEPINHY Te-
Ky1iero creka B mamsati. CTek coiepsKuT 1o ogaoMy dhpeiimy (06acTh TaHHbIX ) 15T KaKITON
MIpOIe/LyPhl, B KOTOPYIO ysKe BOIILIA, HO M3 KOTOPOIA ellle He BBIIIJIa TporpaMMa. B cTekoBoM
(peiime mporieypbl XpaHATCS ee BXO/HbIE TapaMeTPhl, a TaKKe JIOKAJTbHbIE I BpEMEHHbIE
repeMeHHble, He coJiepsKalliiecsl B perucrpax.

Emte onqun peructp comepkut cioBo coctosiHus nporpamMmmsl — PSW (Program Status
Word). B atom perucrpe cozepskaTcst OUThI KOjla YCIOBUsI, yCTAaHABINBAEMbIE MHCTPYKIIUSIME
CpPaBHEHUST, 2 TAKKe OMTBI YITPABIEHNUS TPUOPUTETOM HEHTPAIHLHOTO TIPOIIECCOPA, PEKUMOM
(1OJTb30BATEIBCKUM HJIN 5171pa) 1 JIpyrue cayskeOHbie 6uThl. OOBIYHO MOIB30BATETbCKIE
MIPOTPaMMBbl MOTYT CUMTHIBATh BeCh peructp PSW 1iesimkom, HO 3anuchiBaTh — TOJBKO
B HEKOTOpbIe 13 ero noJieil. Pernctp PSW urpaer BakHYI0 poJsib B CHCTEMHBIX BbI30BaX
1 OmepaIusixX BBOJIa-BbIBOJIA.

OHepaL[I/IOHHaH CUCTEMaA NOJI’KHa BC€ 3HATHh O COCTOAHUU BCEX PETUCTPOB. HpI/I BpEMEHHOM
MYJIBTUIVIEKCUPOBAHUN HNEHTPAJIbHOTO IIPOIECCOPa OllepalluOHHaA CUCTEMA MOKET 4YaCTO
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OCTaHABJIMBATH PAOOTAIONLYIO IPOrPAMMY, YTOOBI 3aIlyCTUTh UK BO30OHOBUTH paboTy Apy-
roii mporpammsr. [Tpy ka0 ocTaHoBKe paboTaloniel MporpaMMbl OIIEPAIIMOHHAS CUCTEMA
JIOJIKHA COXPAHSITh COCTOSTHUE BCEX PETUCTPOB, YTOOBI BOCCTAHOBHUTH €0 MIPH TIOCIEAYIOIEM
BO30OHOBJIEHUN PabOThI 9TOI IIPOrPAMMBI.

JLJ1s1 IOBBINIEHNST TIPOU3BONTEIBHOCTH MIPOIECCOPOB MX PA3PabOTUNKH JABHO OTKA3AJIICH
OT IPOCTOI MOJIE/IM M3BJICUEHUS, ICKOANPOBAHI U BBIIOJIHEHNS OHOI KOMAH/IbI 32 OJUH
UK. MHOTHEe COBpEMEHHBIE TIPOIECCOPHI CIIOCOOHBI OAHOBPEMEHHO BHINOJIHATH Oosee
onHOM KoMau bl Hanipumep, y 1iporieccopa MoryT ObiTh OT/ebHbIE OJIOKHU s BBIOOPKH,
JIEKOANPOBAHMUS U BBIOJTHEHHSI KOMAH I, TOTAa BO BPEMs BBIIIOTHEHUS KOMAH/IBI 72 OH CMO-
JKeT IeKOAMPOBaTh KOMAHIYy 7 + 1 M OCyMIEeCcTBIATh BHIOOPKY KoMaHab! 7 + 2. [logo6Hast
opranmsanys paboThl HasbIBaeTca KouBeidepom. Ha puc. 1.7, a mokasan KoHBeiiep ¢ TpeMst
cragusaMu 06paboTkr. OGBIYHO UCIOAB3YIOTCs GoJiee AIMHHbIE KOHBelepbl. B GoJbnHCTBe
KOHCTPYKIIMI KOHBeliepoB, KaKk TOJIbKO KOMaHa BhIOpaHa 1 [oMelleHa B KOHBeliep, oHa
NOJKHA OBITH BBITIOJHEHA, [IaKe €CJIH MPeIbIyias BhiOpaHHas KoMaHAa Obla YCJIOBHBIM
BerBaenueM. [ pazpaboTYMKOB KOMIIMISTOPOB U ONEPAMOHHBIX CUCTEM KOHBEHEpbl —
HTO CILIOIIHAS TOJIOBHAs (OJIb, OOHAKAIOIIAS TIEPE]T HUMU BCE CJIOKHOCTU UCXOAHOM MaIu-
HbI 1 3aCTABJISIIONIAsT CIIPABJAATHCS ¢ BOSHUKAIOIIUMU MPOOTIEMaMU.

Brok Brok =>VIcnonHm-
TenbHbIN
BbIOOPKM eKoanpoBaHns
p Aekoavp 6ok

McnonHu-
TenbHbIN
6nok

Brok Bnok
Bu6opKME:>neKqupOBaHMﬂ

Bydep McnonHu-

XpaHeHus TEMbHbIN
onok

Brnok ) Bnok
BbIGOPKY [eKoanpoBaHust

McnonHu-
TenbHbIN
6nok

6

Puc. 1.7. Npoueccop: a — ¢ KOHBEepoM C TpeMs CTaamusamMn; 6 — CynepckansipHbli

Bouiee coBepieHHO# KOHCTPYKIIMEN 10 CpaBHEHMIO ¢ KOHBelepHoil 00J1aaeT cynepeKaisp-
HBIii Ipolieccop, okazaHHblil Ha puc. 1.7, 6. OH nMeeT HeCKOIbKO UCIOJIHUTENbHBIX OJIOKOB,
HaIMPUMeEP: OJIUH — JIJI TeJIOYUCICHHON apupMETUKH, APYTOH — M7 apU(PMETUKI YUCET
C IJIABAIOIIEN TOYKOIL, TPETUI — JJIsT TOTUIecKuX onepaiuit. OHOBPEMEHHO BBIOUPAIOTCSI
IBe u 6oJiee KOMaH/Ibl, KOTOPbIE JEKOAUPYIOTCS U TOMEIIA0TCst B Oydep XpaHeHust, B KO-
TOPOM OKHIAIOT BO3MOKHOCTU CBOETO BBITIOJNHEHUs. Kak TOJbKO UCIIOTHUTENBHDINA GJIOK
CTAHOBUTCS JOCTYIIEH, OH oOpaiiaercs K Oyepy XpaHeH st 32 KOMAHI0U, KOTOPYIO MOKET
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BBITIOJIHUTD, U €CJIM TaKasd KOMaH/Ia MMeeTCsl, U3BJIeKaeT ee 13 Oydepa, a 3aTeM BbIIIOJIHSIET.,
B pesynbraTe KOMaHILI TPOTPAMMBI YaCTO BBITIOMHAIOTCS He B MOPSIKE NX caenoBannd. [lpn
9TOM obecIiedeHre COBIaJeHnst KOHEYHOTO Pe3yJibrata ¢ TeM, KOTOPbIii IT0JyYnIcst Obl Ipu
TToCJIeIOBATEIbHOM BBITTOJTHEHUT KOMAH/ I, BO3JIaraeTcss B OCHOBHOM Ha ammapatypy. OgHako,
KaK MBI YBUANM B JaTbHEHIIEM, TPU 3TOM TTOXOJIC HETIPUSITHBIE YCIOKHEHNS KOCHYINCD
U OTIEPAITHOHHON CHCTEMBI.

Kax yzke ynoMuHaI0Ch, G0JIbIUIMHCTBO [IEHTPAIbHBIX IIPOIIECCOPOB, 32 UCKJIIOUEHUEM CaMbIX
[IPOCTBIX, UCTIOJAb3YEMbIX BO BCTPaUBAEMbBIX CUCTEMAX, UMEIOT [1Ba PesKIMa PaBOThI: PEsKIM
SITpa M MOJTb30BATENBCKUN PEeKUM (PEKIM TOTh30BaTe st ). OOBITHO PEKUMOM YTIPABIISIET
cnenuanbHbIil OUT B ca0Be cocTostHus mporpammbl — PSW. Tlpu pabote B pexuMe saapa
[IPOILECCOP MOJKET BBINOJHSATD JI0Oble KOMAaH/Ibl U3 CBOEr0 Habopa U UCIOAb30BATh JIIO-
Oble BO3MOKHOCTH amiaparypbl. Ha HACTOJNBHBIX ¥ CePBEPHBIX MAIIMHAX OllepallMOHHas
cucremMa 0OBIYHO PaboTAET B PEKUME SI/IPa, UTO JAET €l JOCTYTI KO BCeMy 0B0PYIOBAHMUIO.
Ha GosibIiHCTBE BCTPOEHHBIX CUCTEM B PEKUME siipa paboTaeT TOJIBKO HEOOJIbIIASA YacTh
OTIEpPAIIOHHON CUCTEMBI, & BCSI OCTAJIbHAS €€ YaCTh — B PEsKUME T0JIb30BATEI.

[Tonb3oBarenbekne IIpOorpaMMBbl BCETa pa6OTaIOT B peXXHME I10JIb30BaTe 1A, KOTOprﬁ AO0ITy-
CKa€T BbITOJTHEHUE TOJIBKO MTOJIMHOKECTBA KOMaH/l U IA€T JOCTYII K OIIPEAC/IEHHOMY ITOJAMHO-
JKECTBY BO3MOKHOCTEI allllapaTypbl. Kak IIpaBUJIO, B IIOJIb30BATEJbCKOM PEKUME 3alIPEIICHbI
BC€ KOMaH/Ibl, Kacaloniuecsa onepauI/Iﬁ BBO/Ia-BbIBO/la 1 3allTUTbI ITaMATH. TaK}Ke, pasyMeeTcAd,
3alpemnieHa YCTaHOBKA PERKMMa A/Ipa 3a CHET NU3MEHEHN 3HAYCHN A 6ura peEXHNMa PSW.

JLuist TIoJIy9eH sl YCIIYT OT OIEePAlMOHHON CUCTEMBI T10JIb30BaTEIbCKas IPOrpaMMa JI0JKHA
OCYIIECTBUTH CHCTEMHBIN BBI3OB, KOTOPBII IIepeXBaTbIBACTC BHYTPHU s/[pa U BbI3bIBAET
onepanuoHuyio cucremy. ucrpykius nepexsata TRAP ocyliecTBIIsIeT epeKJIioYeHre u3
10JIb30BATEIBCKOTO PEKUMA B PEKUM sI/[pa U 3allyCKaeT OllepalMoHHyio cucremy. Korma
0bpaboTka BbI30Ba Oy/IeT 3aBepllieHa, yIIpaBIeHe BO3BPAIAETCs [10JIb30BATENbCKOM 1TPOo-
rpaMMe U BBITIOJIHSIETCS KOMaH/Ia, KOTOpas CJeLyeT 3a CUCTeMHBIM BhI30BOM. IToapo6HOCTH
MeXaHU3Ma CUCTEMHOTO Bbl30Ba OYIyT PaCCMOTPEHBI B ATOI IJlaBe 4yTh [03Ke, a ceifuac
€ro cJeJyeT CYUTaTh CHelnaabHON PAa3HOBUAHOCTHIO MHCTPYKI[MU BbI30Ba MIPOIIELYPbI,
Y KOTOPOH €CTh JIOMOJIHUTEIbHOE CBOMCTBO MEPEKIIOYEHIS U3 [10JIb30BATEIBCKOTO PEKUMA
B peKUM sipa. B masbHeilnem s BbIAENEHH B TEKCTE CUCTEMHBIX BBI30OBOB OyJIET UC-
0JIb30BAThCS TAKOI ke IPUQT, KaK B 9TOM CJI0Be: read.

KoHeuHo, KOMITBIOTEPBI NMEIOT U JIPYTHe CHUCTEMHbBIE ITPEPhIBAHMS, He ITpe/[Ha3HaueHHbBIE
JUIST TIepexBaTa WHCTPYKITMH BBITTOJTHEH IS CUCTEMHOTO BbI30Ba. HO OOIBIIMHCTBO APYyTHX
CHCTEMHBIX IIPEPBIBAHNH BBI3BIBAIOTCS allllapaTHO JJIS IPEAYIPEKACHISA O BO3HUKHOBEHUN
HCKJTIOUNTEbHBIX CUTYAIMi, HAIIPpUMep MOTIBITOK JIeJIeHUsT Ha HYJIb NJIN UCYE3HOBEHNUN
TIops/iKa TIPU OTepaIiuy ¢ IaBafoniell TOUKoi. Bo Bcex ciaydasx ympaBieHne mepexoanT
K OTIEPAIIMOHHOI CHCTEME, KOTOPAst U I0JKHA PEIaTh, 4To [AesaTh faajbiie. MHoraa pabora
POrpaMMBbI JI0JIKHA OBITH MpepBaHa coodieHreM 06 ommbKke. B apyrux ciydasx omunbdka
MOJKeT ObITh IPOUTHOPUPOBaHA (HAIIPUMED, IPU UCYE3HOBEHUHU MOPSIIKA YUCJIA OHO MOKET
OBITH TIPUHSITO PABHBIM HYJTI0). HakoHell, Kora mporpamma sapaHee 00bsIBUIIA, UTO ¢ HEKOTO-
PBIMU 13 BO3MOKHBIX CUTYAI[Mii OHA COOUPAETCS CIIPABIISATHCS CAMOCTOSITE/IBHO, YITPABJICHUE
JIOJZKHO OBITH BO3BPAIIEHO TIPOTPaMMe, 4TOOBI OHA CaMa Paspeliuiia BO3HUKINYIO MPoGJIeMy.

1.3.2. MHOronoTo4Hble U MHOIro4epHbIe MUKPOMNPOLLECCOPbI

3aKoH Mypa rJIaCuT, 4YTO KOJUYECTBO TPAH3UCTOPOB Ha OJJHOM KPUCTAJJIE Y/IBAUBAECTCA
KasK/ble 18 MeECAILEB. ITOT «3aKOH», B OTJIMYME OT 3aKOHa COXPaHCHWA UMITYJIbCa, HE UMEET
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HUKAKOrO OTHOIICHUS K (DU3KKe, OH MOSIBUJICS B Pe3yJibrare HaOJIIOMeHUI OJHOTO U3 CO-
yupeaureseii koprnopaiuu Intel Topaona Mypa (Gordon Moore) 3a remnamu, ¢ KOTOPbIMU
110 yMeHbIIeHne PasMepoB TPAH3UCTOPOB. 3aKoH Mypa cobJIoalicst B TeUeHne Tpex Jie-
CATHJIETHIT 1, KaK OsKrIaeTcst, OyeT coOIoAaThCsa KaKk MUHIUMYM €Ile OHO JeCATUIETHE.
[TocJie aTOrO YMCIO ATOMOB B TPAH3UCTOPE CTAHET HACTOJIBKO MAJIO, YTO JAJbHEHIIIEMY
YMEHBIEHUIO PAa3MEPOB TPAH3UCTOPA BOCIPEISITCTBYET YCUIUBAIOMIASICS POJIb 3aKOHOB
KBaHTOBOW MEXaHUKH.

BoIcoKkast MI0THOCTH Pa3MelieHnsT TPAH3UCTOPOB BEET K MPoOJIeMe: KaK PacIiopsiinTbCst
UX BO3POCIINM KOJIMYeCTBOM? PaHee MBI y)ke 03HAKOMUJIMCH C OJJHUM M3 TOJIXOJIOB K ee
pEIIeHNI0 — MCIIOJIb30BAHNEM CYTIEPCKATSAPHON apXUTEKTYPbI, IMeTonieil MHOKEeCTBO
byHKIIHOHATBHBIX 6J0K0B. HO ¢ POCTOM YHCIIa TPAH3UCTOPOB OTKPBIBAIOTCS GOJIEE IMMPOKUE
BO3MOKHOCTH. OJTHO U3 OUEBU/IHBIX PENIEHUI — pagMelleHe Ha KPUCTAJLIe IIEHTPATbHOTO
nporteccopa 6osiee 00bEMHOIT KIII-TTAMATH — yIKe BOILIOIIEHO B JKu3Hb. OHAKO yIKe TOCTHT-
HYT [IOPOT, 32 KOTOPbIM [aJibHelilee yBenndenrue 00beMa KaIl-MaMsITH TOJbKO YMEHbIIAET
OTZIauy OT ATOTO pelleHMusl.

CuleyIommM OYEBUAHBIM IHATOM ABJIAETCS AyOaMpOBaHIe He TOAbKO (DYHKIMOHAIBHBIX
6JTOKOB, HO M YaCTH YIPaBJSIONeN JOTHKI. JTO CBOMCTBO, BIEPBhIE MCIIOAb30BAHHOE
B Pentium 4 n Ha3BaHHOE MHOTOIIOTOYHOCTHIO, M THIEepnoToyHocTbio (hyperthreading
o Bepcun Intel), crano HeoTheMIEMOIT TIPUHAIEKHOCTHIO TTpotieccopa X86 1 psija Apyrux
nporeccopos, Brouas SPARC, Power5, Intel Xeon, a Takske mporteccopsl cemeiicta Intel
Core. B niepoM npubIvzKeHUN 9Ta TEXHOJIOTHST TO3BOJISET MIPOLECCOPY COXPAHSITH COCTO-
SIHUE JIBYX PA3JIUYHBIX [IOTOKOB U TIEPEKITIOUATHCST MEXKAY HUMU 3a HaHoceKyH bl (IToTok
SIBJISIETCSI PA3HOBU/IHOCTBIO JIETKOBECHOTO TIPOIECCA, KOTOPBI, B CBOIO OUEPE/lb, SIBJISIETCST
BBITIOJIHSIONIECS TPOrpaMMOoii; MoApoOHOCTH MBI paccMoTpuM B Tiase 2.) Hanpumep,
€cJIi OJIHOMY U3 ITPOIECCOB HYKHO IIPOYUTATD CJIOBO U3 MAMATH (UTO 3aHUMAET HECKOJIBKO
TaKTOB), MHOTOTIOTOYHBIH TTPOIIECCOP MOKET MTEePEKII0UNTHCS Ha APYTOii ToToK. MHOTOTIO-
TOYHOCTD He IpejjiaraeT HacTosIIel napaieabioii 00paboTku ganHbiX. OxHOBPEMEHHO
paboTaet TOJBKO OJMH IIPOIIECC, HO BPEMs MEPEKIIOYEHUA MEKLY TIPOLIECCAMU CBEAEHO 10
HAHOCEKYH]I.

MHOronoTouHOCTh OKa3bIBAET BJMSIHIE HA ONEPAIMOHHYIO CHCTEMY, TTOCKOJIBKY KaK/IbIi
HOTOK BBICTYIIAET Mepe/l Heil Kak OTAe/bHbII HeHTpaibHblii poiieccop. IIpeacrasum cebe
CUCTEMY C JIBYMSI PeaJbHBIMU MPOIECCOPAMU, Y KAXKOTO U3 KOTOPBIX OPraHM30BaHO 110
aBa 1motoka. OnepannoHHoii cuctemMe GyayT BUAHBI YeTbipe mporeccopa. Ecim B kakoi-To
MOMEHT BPEMEHU Y OMEPAIMOHHON CUCTEMBI HAMYTCS 3a/1a4U JIJisl 3arPY3KU TOJIBKO JIBYX
IPOIIECCOPOB, OHA MOYKET HellpeJHaMEePEHHO HalPaBUTh 00a II0TOKA Ha OJUH U TOT K€
peasbHBII MPOoTIeccop, a APYToi OYIeT B 3TO BPEMS TIPOCTanBaTh. IDPEKTUBHOCTh TAKOTO
pexkrMa paboThl HAMHOTO HUKE, Y€M IIPU UCIIOJIb30BAHUU TI0 O[HOMY ITOTOKY Ha KaKIOM
pealbHOM TIEHTPAJIbHOM TIPOIIECCOPE.

Kpome 1mmporieccopoB ¢ MHOTOTIOTOYHOCTBIO B HACTOSIIEE BPEMST TPUMEHSFOTCS TPOIIECCOPB,
HMEIOIIIE HA O[HOM KPHCTAJLIE YeThIPe, BOCEeMb U HoJiee TIONHOIEHHBIX TIPOIECCOPOB, UK
sipep. Hanpumep, yetsipexbsiieprbie mporeccopsl (puc. 1.8) daxrnueckn nmeror B cBoeM
coCTaBe YeThIPe MUHU-YUIIA, KAJKIbIH U3 KOTOPBIX IPEICTABISAET COO0U HE3ABUCHMBIN ITPO-
neccop. (Kaumu Mt pacemorpum uyTh 1ozsxke.) Hexoropsie mpoteccopsl, Hanpumep Intel
Xeon Phi u Tilera TilePro, moryT noxsacrarbcs 6osiee uem 60 siapamMut Ha OJHOM KPUCTaJLIIE.
HecomueHHo, /1151 HCIIOJIb30BAHUST TAKOTO MHOTOSIIEPHOTO MIPOIIECCOpa OTPeGyeTcst MHOTO-
IIPOIECCOPHAsT ONEPAIMOHHAST CHCTEMA.
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Kaw L1—]
Anpo 1 Anpo 2
M M
6

Puc. 1.8. YeTbipexbsaaepHblii npoueccop: a — ¢ 0bLLel KaL-namMaTbio BTOPOro ypoBHs (L2);
6 — C oTAeNbHbIMY BIoKaMu KaLl-namaT L2

a

Kcratu, ¢ Touku 3peHust abCOMOTHBIX YUCesI HET HITYEro JIydIiile, 4eM COBPeMEeHHbIe rpadu-
gyeckue mporeccopsl (Graphics Processing Unit, GPU). Ha ux xpucraiiax comepsarcs
TBICSIYU KPOXOTHBIX siiep. OHU 0YeHb XOPOIIIO MOAXOIAT Ik MHOKECTBA HEOOIBIINX MTPO-
MU3BO/IUMBIX ITapasyIeJIbHO BEIYNCICHUH, TAKUX KaK BU3yaJIn3allis MHOIOYTOJBHUKOB B I'Pa-
(pnueckux npustoskenusix. Ho /1151 BBIMOJIHEHUST TIOCIIEI0BATEIBHBIX 3a/1a4 OHU HE TOSTCS.
K tomy ke ux Tpy/HO nporpaMMupoBath. XoTs rpadudeckue mporeccopbl MOIyT HAluTH
[IpUMEHEHHE ¥ JIJIS OTIEPAIIMOHHBIX cUCTeM (HAIPUMED, IIPU KOAUPOBAHUN 1 06paboTKe
cereBoro TpauKa), He MOXO0sKe, YTO Ha HUX MOTIJIa Obl 3a1yCKaThCsl OCHOBHAS 4acTh CaMOM
OTIEPAITMOHHON CUCTEMBI.

1.3.3. NamaTtb

Bropoit ocHOBHOIT cocTaBIIsIoNIeN JTI060r0 KOMIIBIOTEpA SIBISETCS MaMsTh. B nieane mamsarh
JIOJIKHA OBITh MAKCHMAJIbHO OBICTPOIi (paboTaTh ObICTPEE, YeM IIPOU3BOANTCS BHIITIOIHEHUE
OIHO¥ MHCTPYKIUH, 4T0OBI paboTa IEHTPAIBLHOIO Mpolleccopa He 3aMelisiiach oOpaiie-
HUSIMU K NTAMATH ), JOBOJLHO GOJBINON M 4pe3BhlYaiino aenresoil. Hukakas cospemennas
TEXHOJIOTUS HE B COCTOSTHUM YAOBJIETBOPUTH BCE TU TPeOGOBaHMs, II09TOMY UCIIOJAb3YeTCs
npyroit moaxoza. Cructema maMsATH CO3TaeTcs B BUe nepapxuu yposHett (puc. 1.9). Bepxamne
ypoBHU 00J1a1a10T GoJIee BBICOKUM ObICTPOJEHCTBIEM, MEHBIIUMM 00beMOM 1 G0J1ee BHICOKOM
YIEJIbHON CTOMMOCTBIO XPaHEHUs OHOro 61uTa nHGOPMALUK, YeM HUKHIE YPOBHU, MHOT/IA
B MUJLIHAP/BI U OoJiee pas.

O6bI4HOEe BpeMsi focTyna O6bIYHbIN 06bEM
Peructpebl o
1 HC <1 Kbant
2 He | Kot | 4 M6aitt
10 He | OcrosHas namste | 512-2048 MGaiit

| MarnwTHbin Anck | 200-1000 I'Gaiir

10 mc
MarHutHas neHta | 400-800 [Gaiit

100 ¢ |

Puc. 1.9. TunnyHas nepapxvs namsatu. MprBeaeHHblE 3HAYEHUSI BECbMa NMPUOAN3UTENbHBI
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Bepxumuit ypoBeHb COCTONT 13 BHYTPEHHUX PETUCTPOB Iporieccopa. OHU BBITTOIHEHBI 1O
TOH JK€ TEXHOJIOTUH, YTO U CaM TIPOIIECCOP, U TOITOMY He YCTYIIAIOT eMY B OBICTPOIECTBUN.
CiieoBaresibHO, K HUM HET U 33/IePKEK I0CTyIa. BHyTpenHe pernctpbl 0ObI9HO MPero-
CTABJSAIOT BO3MOKHOCTD JJIs1 XpaHeHust 32 x 32 6ut st 32-pa3psiHOro IMPOIeccopa Uin
64 x 64 bur — st 64-paspsiptoro. B ob6oux ciydasx aTor o6beM He mpesbiinaer 1 Koaiir.
[TporpaMMbI MOTYT CaMU YIIPABJISITh PETUCTPAMU (TO €CTh PEIATh, YTO B HUX XPAHUTS ), Oe3
BMEIIIATEIbCTBA AllapaTypPbL.

3aTeM cieyer KauI-IaMsTh, KOTOpas yIIPaBJIsAeTcs IJIaBHbIM 00pa3oM ammaparypoii. Orne-
paTuBHAsI TaMsATh Pa3AeIAeTCs Ha K3II-CTPOKH, 0ObuHO 110 64 Gaiit, ¢ agpecamu ot 0 10
63 B Kkamr-ctpoke 0, agpecamut ot 64 1o 127 B kami-ctpoke 1 u T. 1. Hanbosree MHTEHCUBHO
HCTIOJIb3YEMbIe KATI-CTPOKHU ONEPATUBHON MAMSITH COXPAHSIIOTCS B BBICOKOCKOPOCTHOM KIIII-
HaMSATH, HaXO/IAIIEHCss BHYTPY TIPOLECCOpa Wik o4eHb 6Ju3Ko k Hemy. Koria nporpamme
HY;KHO CUMTATh CJIOBO M3 MaMSTH, allllapaTypa Kallla MPOBEPsIeT, HET JTU HYKHOI CTPOKHU
B KalI-aMaTh. Eciin ¢cTpoka B Hell MMeeTcs, TO IIPOMCXOIHUT Pe3yIbTaTUBHOE 0OpallieH1e
K kat-namsaTu (cache hit — kami-nonaganue), 3a1poc ya0BJAETBOPSAETCS 38 CUET KILI-TIAMSITH
6€e3 OTIIPaBKM 3aIpoca 1o MIMHE K orepaTuBHO mamsat. OObIUHO pes3yibraTuBHOE obpaiiie-
HUE K KTy 3aHUMAET 110 BpeMeH! J/iBa TakTa. OTCYTCTBUE CI0BA B KIII-TTAMSTH BBIHYK/IAET
obpamarbcst K ONepaTUBHOM TaMITH, YTO MPUBOIUT K CYIIECTBEHHOI TOTEPE BPEMEHHN.
Kam-mamMsath u3-3a cBoeil BBICOKOI CTOMMOCTH OrpaHudeHa B oObeme. Hexkoropsie Mariu-
HBbI UMEIOT /[BA UJIU JIA’Ke TP YPOBHSI KAIIIA, IIPUYEM KK/l 13 TOCJIe/IYIONNX Me/lJIeHHee
1 0ObeMHEE TTPEIBIYIIETO.

KsumpoBanue urpaer cyuecTBeHHYIO PoJib BO MHOIMX 00J1acTsIX HH(GOPMATUKK, 9TO OT-
HOCHUTCS HE TOJTBKO K K3ITUPOBAHUIO CTPOK OTEPATUBHON MaMATH. /[[0BOIBbHO 9acTo M1
HOBBIIIEH VS TIPOM3BOIUTEILHOCTH K KIIIUPOBAHUIO TIPUOETAIOT BE3JIE, TJI€ €CTh KAKOU-JIH00
06BEMHBIN Pecype, KOTOPBIE MOKHO MOAEIUTD Ha (PPArMeHTbI, 4aCTh U3 KOTOPBIX UCIIOJIb3Y-
€TCsl HAMHOTO WHTEHCHBHEE BCEX OCTATBHBIX. OTIepalinoHHble CHCTEMBI NCTIOTB3YIOT KIIITH-
poBasme moBceMecTHO. Harmprmvep, G0TBITHHCTBO OTIEPAITHOHHBIX CHCTEM JEPKAT MHTEHCHB-
HO MCroJib3yeMbie (aitnbl (Man pparMeHThl (hailJioB) B ONepaTUBHOM maMsTH, uaberast ux
MHOTOKPATHOTO CYMTBIBAHUS C JUCKA. TOUHO TaK jKe pe3yJIbraThl 1peobpa3soBaHUsT IVIMHHBIX
nmMmeH aitsioB Bpojsie /home/ast/projects/minix3/src/kernel/clock.c B IUCKOBBIN ajpec, 1O
KOTOPOMY PacioJiosker (aiij, MOryT KalupoBaThes, YTOObI HCKIIOUNTh HEOOXOAUMOCTh
B TIOBTOPHBIX TOMCKaX. V1 HAKOHET, MOJKET K3IIMPOBATHCS [IJIST TATBHEHTIIETO UCTIOTh30BAHUS
pesyabrar npeobpasosanus aapecos BeO-crpanuil (URL) B ceresbie agpeca (IP-agpeca).
MoskHo puBecTH Maccy ApYTuX IPUMepPOB UCTIOIb30BAHNS TEXHOJOTUN KIITHPOBAHUS.

B 106011 cucreme KaMpoBaHust JOBOJBHO CKOPO BOSHUKAET Psijl BOIIPOCOB.
Korza nmomMerarh B K911 HOBBII 9JIEMEHT?
2. B kakyio 0b61acTb Ka11a TTOMEIATh HOBDIH 2JIeMEHT?

Kaky1o 3ammvich yaaisaTh U3 Kaliia, Koraa HeoOX0AMMO MOJIyYUTh B HeM CBOOOAHOE T1PO-
CTPaHCTBO?

4. Kypa uMeHHO B aMsTH O0JIbIleil eMKOCTH IIOMENaTh TOJbKO UTO <«BbICEJECHHBIN»
2JIEMEHT?

He xaxmprit 13 aTX BOIIPOCOB UMEET OTHOTIIEHHE K KatmrpoBanuio. Harmpumep, B mportiecce
KOIIMPOBAHUSI CTPOK ONEPATUBHOM TTAMSITU B KIIIIE IIEHTPATIBHOTO TIPOIECCOPA MTPU KaKIOM
HeyIayHOM OOpalleHuH K KAII-aMSTH B Hee, KaK [IPABUIIO, OyIeT BBOAUTHCS HOBBIN dJie-
MeHT. ITpy BBIYMCTIEHUI HYKHON KAII-CTPOKH JIJISI PasMeIeHHsI HOBOTO dJIeMeHTa 0ObIYHO
HCITOJIB3YIOTCSI HEKOTOPBIE CTapIiiie GUTHI TOTO aipeca MaMsITH, Ha KOTOPBIN OCYIIECTBIISIETCS
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cepwika. Harpumep, ipu Hasmmunu 4096 kaui-ctpok 1o 64 Gailita 1 32-paspsiiHbIX ajipecoB
6uThI ¢ 6-r0 110 17-1i MOTJI GBI KCIIOIB30BATHCA /IS ONIPEJIEJIEHUS KIII-CTPOKH, a GUTHI ¢ 0-10
Mo 5-it — JiIst onpeiesieHust 6aiita B KalI-cTpoKe. B aToM cirydae ajileMeHT, TOIesKaIInii
yIQJIEHUIO, COBIIAJIAET C TEM 3JIEMEHTOM, B KOTOPBIN ITOMAIaI0T HOBBIE AHHBIE, HO B IPYTHX
cUCTeMax TaKoM MOPSAZI0K MOKET 1 He coboarbes. Hakomer, Korjaa Kaln-cTpoka meperm-
CBIBAETCS B ONEPATUBHYIO NaMATh (ec/in OHa Oblja U3MEeHeHa B IIPOLECCe KIIMPOBAHMS ),
MECTO B TAMSITH, B KOTOPOE ee HY;KHO MePeIcaTb, 0J[HO3HAYHO OTPEIEJISIETCST a/IPECOM,
(urypupyromunm B 3arpoce.

[IpuMeHeHMEe KINMPOBAHUS OKA3AJI0Ch HACTOJIBKO YIAUHBIM PEllleHHEM, YTO MHOTHE CO-
BPEMEHHbBIE MTPOIIECCOPHI UMEIOT cpasy /[Ba YPOBHS Katl-niamsiTh. [1epBbiil ypoBeHb, nim
kamr L1, Bceria siBJIsSIETCSI 4aCTIO CAMOTO TIPOIeccopa U 0OBIYHO MOJIAET JAEKOANPOBAHHbIE
KOMAHJIBI B TIPOIIECCOPHBIM MEXaHU3M MCIIOJHEHNS KOMaH/. Y MHOTHX IIPOIIECCOPOB €CTh
u BTOPOit Ko L1 /71t TeX CJI0B JIAaHHBIX, KOTOPBIE UCTIOJIB3YIOTCS 0COOEHHO UHTEHCUBHO.
O6b1unHO0 KaxabIi 13 kamrei L1 nmeer o6bem 16 Kbaiit. B1o6aBok K aTOMY KaIIIy TIPOIECCO-
PBI YaCTO OCHAIIAIOTCS BTOPBIM YPOBHEM K3III-TIAMSTH, KOTOPBII HasbiBaeTcs kam L2 u co-
JEPAKUT HECKOJIBKO MerabailT HeJIaBHO MCIIOJB30BAHHBIX CJIOB MaMsITH. Pasimdust Mex Iy
kami-ramaAThio L1 m L2 3akiouatorcst BO BpeMeHHO# quarpaMMe. J[ocTym K K21y nepBoro
YPOBHSI OCYIIECTBIISIETCST G€3 3a/IEPIKEK, a IOCTYI K KAIILY BTOPOTO YPOBHS TPEOYET 3a/1ePIKKI
B O/IMH WJIV /IBA TAKTa.

I[Ipu paspaboTKe MHOTOSAAEPHBIX IIPOIECCOPOB KOHCTPYKTOPAM IIPUXOAMTCS PeliaTh, Kyla
MOMeCTUTH Kal-ramMsiTh. Ha puc. 1.8, a mokasan ogus ka1 L2, COBMECTHO MCITOJIb3YIOIHIICS
BceMU si/ipaMu. Takoil oX0/1 TPUMEHSIETCSI B MHOTOSIZIEPHBIX TIPOIIeccopax KOPIOpamuu
Intel. [lns cpaBuenus Ha puc. 1.8, 6 kaskpoe PO UMeeT COOCTBEHHYIO KalI-aMATh L2.
Nmenno takoit noaxon npuMmensier kommnanusg AMD. Kaxapil n3 monxooB nMeeT cBou
apryMeHTBI «3a» U «1potuBy. Harpumep, obirast kari-mamsth L2 koproparuu Intel tpebyer
UCIIOJBb30BaHKs GoJiee CI0KHOTO KIII-KOHTPOJLIepa, a usbpanibiii AMD 1nyTb ycaoxHsaeT
To/iZiep>KaHne COTJIACOBAHHOTO COCTOIHUSA Kanl-tamsATu L2 pasHbIx szaep.

Cuienyionieit B uepapxuu, u306paskeHHOM Ha puc. 1.9, uger oneparuBHas MaMsAThb. ITO IJ1aB-
Hast paboyast 06J1aCTb CUCTEMbI MaMsITH MaIluHbL, OTEepaTUBHYIO MaMSITh YaCTO HA3bIBAIOT
OTIepaTUBHBIM 3alIOMUHAIONUM ycTpoiicTBoM (O3Y), MM namsThio ¢ IPONU3BOJIbHBIM J10-
crynom (Random Access Memory (RAM)). Berepanbl 10poii Ha3bIBAIOT €€ Core Memory —
MAMSIThIO HA MArHUTHBIX CEPIEYHIKAX, TOCKOJIbKY B 1950—1960-€ ro/pl B o1iepaTuBHOII 1a-
MSITU HCIIOJIb30BAJIMCH KPOIlleuHble HaMarHn4nBaembie (hepputoBbie cepednuku. [Ipomim
JeCSITUIIETHS, HO Ha3BaHue coxpaHsiercs. B Hacrosiiee BpeMst GJOKU MAMSATH UMEIOT 00beM
0T coTeH MerabaiiT 10 HeCKOJIbKKUX rurabaiit, 1 aToT 06beM CTPEeMUTEIbHO pacTeT. Bee 3a-
[IPOCHI TIPOIIECCOPA, KOTOPBIE HE MOTYT OBITh YIOBJIETBOPEHBI KAII-TAMSITHIO, HAITPABJISIIOTCS
K OTIEPATUBHOM MAMSITH.

JlOTIOJTHUTETHHO K OTIEPATUBHON TTAMSITH MHOTHE KOMITHIOTEPHI OCHAIIEHBI HEOGOMBITIOH 0
00beMY HEM3MEHSIEMON MaMSIThIO C TIPOU3BOJIBHBIM JIOCTYIIOM — TIOCTOSIHHBIM 3aIIOMUHATO-
mum yerpoiictsom (II3Y), oHO ke naMsTh, IpeAHasHadeHHas ToJAbKO a1 yrenus (Read
Only Memory (ROM)). B orsinurie ot O3Y oHa He yTpaurBaeT CBOETO COAEPKUMOTO MTPH
OTKJIIOYEHWH TUTAHWS, TO €CTh ABJsIeTCA sHeprone3aBucuMoii. [13Y mporpammupyercs Ha
MPEANPUATUU-U3TOTOBUTEJIE U BIIOCJIEACTBUN HE TIO/JICKUT U3MEHEHUI0. DTa PA3HOBU/I-
HOCTb IIaMATHU XapaKTePU3yeTcs BLICOKMM OblcTpoeiicTBrueM 1 geneBustoii. Ha nekoro-
poix KommbioTepax B [13Y pasmemniaeTcss HaYaTbHBIN 3aTPY3UUK, UCITOIb3YEMBIH JIJIST UX
3amycka. Takoii ke maMsIThio, MpeHa3HAUYEHHOM 1T OCYIIECTBIEHUST HU3KOYPOBHEBOTO
YIIPaBJIEHUsT YCTPOHUCTBOM, OCHAIIAIOTCSI HEKOTOPbIE KOHTPOJLIEPDI BBOIA-BHIBOJIA.
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CyIiecTBYIOT TakKe [pyrre pa3HOBUIHOCTH HHEPrOHE3aBUCUMON MaMSITH, KOTOPbIE B OT-
guyue ot [I3Y MoryT cTupaThCs U MepesanuchbiBaThCsA, — 2JIEKTPUYECKN CTHPAeMbIe TTPO-
rpaMMUpyeMble TTocTOAHHBIe 3anoMuHaotnre yerpoticta (JCIII3Y), onu :ke EEPROM
(Electrically Erasable PROM), u duem-namsars. OaHako 3alkch B HUX 3aHUMAeT Ha He-
CKOJIBKO HOPSAKOB O0JIble BpeMerH, yeM 3anuch B O3Y, 1109ToMy OHU UCHOJIb3YIOTCS ISk
Tex ke nesneit, uro u [13Y. IIpu 9ToM 0HEM 006JIaJAIOT €llle OAHUM JONOJHUTENbHBIM CBOIi-
CTBOM — BO3MOKHOCTDBIO UCIIPABJIATH OIIMOKU B COAEPKAIIMXCA B HUX IIPOrPaMMax IIyTeM
repe3arncu 3aHMMAaeMbIX MU YYaCTKOB MTaMSITH.

DJrem-namMsaTh TakxKe 0OBIYHO UCHOTB3YETCS] KaK HOCUTENb MHGMOPMAIMY B MOPTATHBHBIX
3JIEKTPOHHBIX yCTpolicTBaxX. Ecan yHOMSHYTB SN /[BA €€ TIPUMEHEeHHs, TO OHA CJIY>KUAT
«TIJIEHKOH» B U(POBBIX (hoTOANIAPaTaX 1 «/INCKOM» B TIEPEHOCHBIX MY3bIKQJIbHBIX TLIIE-
epax. 1o GbicTpoAEHCTBIIO (BIICII-TAMSATD 3aHUMAET [TPOMEKYTOUHOE MOJIOKEHIE MEKILY
O3V u auckom. Takke, B OTIINYNE OT ANCKOBOH MTAMSITH, €CJIN (DJIETI-TIaMSTh CTUPAETCST NN
[IePe3annChIBACTCs CAUIIKOM YacTO, OHA IPUXOAUT B HETOJJHOCTD.

Eme oxna pasnoBuganocTh mamsatn — CMOS-tamMsaTh, KOTopast SBSETCST 9HEPTO3aBUCHMOT.
Bo muoTmx KOMIIBIOTepax CM OS-TIaMATh HCTIOMB3yeTCs 7T XpaHeHNS TEKYIINX TaThl U Bpe-
menn. CMOS-namMsTh 1 cXeMa 3JIEKTPOHHBIX YACOB, OTBEYAIOIAsl 32 OTCYET BPEMEHH, TIOJTyda-
I0T IINTaHKE OT MUHUATIOPHOH OaTapeiiku (MM aKKYMYJISATOPA ), HO9TOMY 3HAUCHKE TEKYIEro
BPEMEHHU UCTIPABHO OGHOBIISIETCS, JIAsKE €CITH KOMITBIOTED OTCOEIANHEH OT BHEITHETO HCTOUHNKA
nutaryst. CMOS-1maMsTh Takske MOXKET XPaHUTh MTapaMeTPbl KOH(DUTYPAIIHH, YKa3bIBAIOIIHE,
HaIprMep, ¢ KaKOro JKCKa CUCTeMe ciepyeT 3arpysxkarbes. [lorpebienne aneprun CMOS-
MaMSIThIO HACTOJILKO HU3KOE, 4TO GaTapeiiky, yCTaHOBJIEHHOI Ha 3aBO/Ie-U3TOTOBUTEIE, 4aCTO
XBaTaeT Ha HECKOJIBKO JieT pabothl. OnHako Korja 6atapeiika HaulMHAeT BHIXOAUTH U3 CTPOSI, Ha
KOMIIBIOTEPE MOTYT [IPOSIBUTLCS TPU3HAKH «00JIe3HN AJiblireiiMepas 1 OH CTaHeT «3a0biBaTh»
TO, YTO TIOMHUJI TOJIAMU, HATIPUMEP C KAKOTO JKECTKOTO JINCKA CJIe/LyeT TIPOU3BOIUTD 3arPy3Ky.

1.3.4. Oucku

Cuiey1o1mm 1ocJie orepaTuBHOM MaMsITH YPOBHEM HAIIEl HepapXuu MaMsITH SIBJISIETCST Mar-
HUTHBIH (;KECTKMIT) AUCK. J[MCKOBBII HAKOIMTED B IIepecyeTe Ha OUT nHGOPMAIIUU Ha 1Ba
nopsijika jieniensie, yem O3Y, a ero eMKOCTb 3a4acTyIO Ha JIBA TTOPsI/IKA Bbiliie. ExuncTBennas
npobjaeMa COCTOMT B TOM, YTO BPEMs IIPOU3BOJILHOTO A0CTYIIA K AaHHBIM IPUMEPHO HA TPU
nopsijika MejieHHee. [IpudnHa B TOM, YTO JIUCK SIBJISIETCSI MEXAHUYECKUM YCTPONUCTBOM,
KOHCTPYKITHS KOTOPOTO YCJIOBHO MoKa3aHa Ha puc. 1.10.

JKecTkuii AMCK COCTONT M3 OTHOM MJIN HECKOJBKUX METAJIJTNIECKUX TIIACTUH, BPAIIAIONTIXCS
co ckopoctbio 5400, 7200, 10 800 u 6os1ee 060pOTOB B MUHYTY. MexaHnUeCKUil IPUBOZL 110-
BOPaYMBAETCA Ha OIIPe/eJIeHHBIN YIoJ1 Hal IJIACTHHAMM, II000HO 3BYKOCHUMATEJIO CTAPOTo
HPOUTPbIBATEJISI BUHUJIOBBIX IJIACTUHOK Ha 33 o6opoTa B MuHyTY. H(pOpMalus sanucbiBa-
eTCsl Ha JIUCK B BUJIE [TOCJIEI0OBATEILHOCTH KOHI[EHTPUUECKUX OKPY/KHOCTEN. B Kax 101t 3a-
JTAHHOM TTO3UIINT TIPUBO/IA KAyK/Iast M3 TOJIOBOK MOJKET CUUTHIBATE KOJIBIIEOOPA3HBIN yUACTOK,
Ha3bIBAEMBIN TOPOKKOIL. 113 COBOKYITHOCTU BCEX OPOKEK B 33JaHHOM TIO3UIIUN TTPUBO/IA
COCTaBJISIETCS TTUTHHIP.

Kaskast 1oposkKa mojiesieHa Ha onpe/ieJIeHHOE KOJTMIECTBO CEKTOPOB, 00bIYHO 1o 512 Gaiit
Ha cexTop. Ha coBpeMeHHBIX IMCKAX BHEITHYE IIUJIMHAPDI COIEPKAT OOJIbIIIE CEKTOPOB, 4eM
BHyTpeHHMe. [lepemelnienne mprBo/ia ¢ OTHOTO UJIMH/IPA HA IPYTOH 3aHNMaeT 0KoJio 1 Mc.
[Tepemernienne K IIPOU3BOJILHO BRIOPAHHOMY IIMJIMHIAPY 00bIYHO 3aHuMaeT ot 5 10 10 mc
B 3aBUCUMOCTH OT KOHKPETHOTO HakomnuTesst. Korma mpuBo/ pactosioxkeH Hajl HY>KHON
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Puc. 1.10. Cxema KOHCTPYKLMM XECTKOro Amncka

JIOPO’KKOI, HAKOTTMTEJIb JIOJIKEH BbIXK/ATbh, KOT/A HYKHBII CEKTOP TOMAJIET MOJ[ TOJIOBKY.
ITO MPUBOAUT K BO3HUKHOBEHHIO €Il OJHON 3a/eP:KKH OT 5 10 10 MC B 3aBUCHMOCTH OT
CKOpOCTH BpalieHus aucka. [Tociie nonaganus TpebyeMoro ceKTopa 1oji ToJI0BKY POU3BO-
JIUTCST OTI€PAIUA YTEHMSI UJIN 3aIIUCH CO CKOPOCTHIO 0T 50 MbaiiT/¢ (1151 HU3KOCKOPOCTHBIX
CKOB) 10 160 M6aiiT/c (1151 BBICOKOCKOPOCTHBIX).

ITopoii peyb 3aX0UT O TAKUX JUCKAX, KOTOPbIE Ha CAaMOM JieJle JUCKaMU He SIBJIAIOTCS, Ha-
puMep o TBepaoTenbHbX Hakoruressx — SSD (Solid State Disks). Y HUX HeT ABMSKYIXCS
YacTeii, IMCKOBBIX IJIACTHH, a JIAHHbIE XpaHsTcs BO duieni-namsati. OHM HATOMUHAIOT JUCKU
TOJIBKO TEM, 4TO COZIEPKAT OOJBINOI 06BEM TAHHBIX, KOTOPBIIT IPH OTKIIOUEHUN TTHTAHST
HE TepsieTCs.

MHorre KOMIBIOTEPHI ITOJJIEP;KUBAIOT CXEMY, KOTOPasi HA3bIBAETCSI BUPTYAJIbHOI MaMsThio. Ee
MBI JIOBOJIBHO OCHOBATEJIbHO PacCMOTPUM B Ti1aBe 3. OHa /1aeT BO3MOKHOCTD 3aITyCKaTh MTPO-
IPaMMbl, IPEBbILIAIONINE 110 00beMy (PU3UYECKYIO AMATh KOMIIbIOTEPA, 3a CYET TIOMEIIEHUS
WX HA JIMCK ¥ MCIIOJIb30BAHUST ONIEPATUBHON TTAMSITH KaK HEKOI Pa3HOBU/IHOCTH KIIIIA JIJIsT HA-
6oJiee MHTEHCUBHO MCIIOJIHIEMbIX YacTeil. ITa cxeMa TpeGyeT MPO3PaYHOro Jisi IPOrpaMMbl
1peoGpasoBaHUsA aIPECOB MaMATH, YTOObI KOHBEPTUPOBATD aZiPeC, CreHePUPOBAHHbBII IPOrpam-
MO, B (pU3UIECKUIT apec, o KOTopoMy ctoBo pasmeniieHo B O3Y. Takoe oTobpakeHre aape-
COB OCYINECTBJISIETCST YACTBIO TIEHTPATBHOTO MPOTIECCOPA, HA3BIBAETCST GJIOKOM YITPABICHUS
mamaTeio (Memory Management Unit (MMU)), unn aucneryepom namsrtu (cM. puc. 1.6).

NcnonpzoBanne xkammposanust 1 MM U MokeT okasaTh cyIiecTBeHHOE BJAUSHUE Ha MTPO-
U3BOAUTENBHOCTD. [Ipu paboTe B MyJBTHIIPOrPAMMHOM PEKKMME, KOT/A OCYIECTBIISAETCS
repekJioYeHne ¢ OJIHON MPOrpaMMBbl Ha JIPYTYIO, MHOT/IA HA3bIBAEMOE MePEKII0YEeHuEeM
KoHTeKcTa (context switch), moxer norpeGoBarbest cOpoC Becex U3MEHEHHBIX OJOKOB U3
KOIL-IIAMSTH M U3MeHeHue peructpos otobpazkenns B MMU. O6e atu onepaiun 00X0aaTcs
CJIMIIKOM JIOPOr0, M IIPOrPAMMUCTBI BCEMU CUJIaMK CTapaioTcs ux usbexars. Hexkoropbie
MTOCJIEZICTBUS IPUMEHSIEMBIX UMU TAKTUIECKUX TPUEMOB MBI PACCMOTPHUM UYTh TTO33KE.

1.3.5. YcTpoicTea BBOAa-BbIBOAA

[lerTpasibHbIH TIPOTIECCOP U TTAMSITH He €IHCTBEHHBIE PECYPChI, KOTOPBIMU JIOJIKHA YTIPAB-
JISTH oneparontas cuctema. C Hell TAK)Ke aKTUBHO B3AaMMOJIEHCTBYIOT U yCTPOHCTBA BBOJIA-
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BbiBOJIa MHDopMaru. Ha puc. 1.6 BUgHO, 4TO yCTpOIicTBA BBOA-BBIBOLA OOBIYHO COCTOST
13 IBYX KOMIIOHEHTOB: CAMOTO YCTPONCTBA M €T0 KOHTpoJIepa. KoHTpoJiiep mpeacTaBisieT
€060l MUKPOCXeMY I HAbOP MUKPOCXEM, KOTOPbIE YIIPABJILIOT YCTPOHCTBOM Ha (husu-
yeckoM ypoBHe. OH TPUHUMAET OT OTIePAIMOHHON CHCTEeMBI KOMAH/IbI, HATTPUMEP CUNTATDh
JTAHHBIE C TTOMOIIBIO YCTPOMCTBA, a 3aT€M UX BLITIOJTHSET.

JIOBOJIBHO YaCTO HEIOCPEACTBEHHOE YIIPABJIE€HUE YCTPORCTBOM OY€Hb CJIOKHO U Tpedyer
BBICOKOTO YPOBHSI JIETATM3AIINH, TIOATOMY 3a/[aueil KOHTPOJIIePa SIBJISIETCS MTPeJIOCTaBJIEH e
OTIepAIIOHHON cCHCTeMe TTPOCTOTo (HO He YIpoIeHHoro) nHTepdeiica. Hampumep, kouTpos-
Jiep incKa MOKeT TOyYUTh KOMaHay mpounTath cekTop 11 206 ¢ mmcka 2. [lomyyns xoman-
Iy, KOHTPOJLIEP [AOJIKEH TPeobpa3oBaTh 9TOT IIPOCTOM TOPAAKOBbINA HOMED CEKTOPa B HOMED
LHUJIMHPa, ceKTopa U rosioBku. Onepains npeobpazoBatus MOKeET ObITh 3aTPyIHEHA TEM,
YTO BHENIHUE [UJIUHIAPBI UMEIOT OOJIbIe CEKTOPOB, YeM BHYTPEHHHE, & HOMePa «ILJIOXUX»>
CEKTOPOB 0TOGPAXKAIOTCS HA IPYTHE CEKTOPbL. 3aTeM KOHTPOJLIED JOJIKEH OIPEAeTNTh, Hall
KaKVUM ITUJIMHAPOM Cefiuac HaXOMTCST TPUBO/] TOJIOBOK, 1 BBIIATh KOMAH/LY, UTOOBI OH TIepe-
MeCTHJICS BIIepe/l WK Hasajl Ha TpedyeMoe KOJMYecTBO HUInHAPOB. laee He0OX0ANMO
JIOKIIATHCS, TOKA HYKHBIH CEKTOP He TOMAJIeT IO/l TOJIOBKY, a 3aTeM IPUCTYIUTD K UTEHUIO
M COXpaHEHUI0 OGUTOB TIO MEPE WX MOCTYIUIEHIS 13 MTPUBO/IA, YAAJSs 3aT0JTOBKH 1 TOACUN-
TBIBast KOHTPOJIbHYIO CyMMY. B 3aBepiiierue ot s10JkeH coOpath MOCTYUBLINE OUTHI B CJIOBA
M COXpaHUTh UX B namaT. [ ocyecTBieHus Beeil aToii paboThl KOHTPOJLIEPHI 4aCcTO
coJlepsKaT MajieHbKIe BCTPOEHHbIE KOMITBIOTEPDI, 3aIIPOTPAMMUPOBAHHBIE HA BBIIOJHEHME
10100HBIX 3a/1a4.

JIpyrumM KOMIIOHEHTOM SIBJISIETCSI CAMO YCTPOUCTBO. YCTPOUCTBA UMEIOT JIOBOJIHHO TIPO-
crbie uaTepdenchl, MOCKOJIbKY OHHU, BO-IIEPBBIX, 00JIaal0T BeCbMa CKPOMHBIMU BO3MOJK-
HOCTSIMU, a BO-BTOPBIX, JI0JIKHBI 0TBeyaTh o61uM crangapram. CobJrroeHne mocaeHero
YCJI0BHS HEOOXOAMMO /LISt TOrO, YTOObI, K IIPUMeEPY, 1060 korTposiep SATA-aucka cMor
paborars ¢ mo6biM SATA-auckom. SATA osnauaer Serial ATA (nocinenosarenpubiii ATA),
a ATA, B cBoio ouepenb, o3nauaet AT-nojakouerue. Eciiv BbI He B Kypce TOTO, YTO UMEHHO
ostaudaer AT, To ata abOpeBraTypa Oblia BBeIEHA /I BTOPOIO MOKOJEHUSI KOMIILIOTEPOB
IBM — Personal Computer Advanced Technology (nepconasbHblii KOMIIBIOTED, U3rOTOB-
]IeHHbeI 110 T1epe/lI0BbIM TeXHO]IOFI/I}IM), ITOCTPOEHHDBIX Ha OCHOBE OY€Hb MOIITHOTO 110 TEM
BpeMeHaM Tiporieccopa 80286, nmestiero TakToByo yactoTy 6 MITI 11 BBIITyTIIeHHOTO KOMTIa-
uueti B 1984 roxy. N3 aToro daxTa MOKHO c/iesIaTh BBIBO, UYTO KOMITBIOTEPHAS WHTYCTPUS
UMeeT IIPUBbIYKY ITOCTOAHHO JOIIOJTHATDH CYIIECTBYIONME aKPOHUMbI HOBbIMUA Hpe(bI/IKcaMI/I
u cybdukcamu. Kpome T0ro, MOKHO TIPUIITH K BBIBOJLY, YTO TaKUe IPUIaraTeibHbIe, KaK
«advanced» (nepenosasi, nepeoBoi ), JOJKHBI UCIOIb30BATHCSA BECbMa OCMOTPUTEJIBHO,
yro0bI cirycTst 30 J1eT 9TO He BBITJISIIEIIO TIYIIO.

B narmre Bpemsa SATA gBiisieTcst cTaHAApPTHBIM THIIOM JUCKOB Ha MHOTUX KOoMITbIoTepax. [To-
CKOJIBKY MHTep(ENC yCTPONCTBA CKPBIT €r0 KOHTPOJIJIEPOM, BCE OMEPAIMOHHBIE CHCTEMbBI
BUJISAT TOJIBKO UHTEP(hEC KOHTPOJLIEPA, KOTOPBIN MOXKET CYIECTBEHHO OTJUYATHCS OT
nnTepdeiica caMoro yCTpOnCTBa.

Taxk Kak Bce TUIIBI KOHTPOJIJIEPOB OTINYAIOTCS IPYT OT APYTa, [JIst YIIPaBACHUS UMH TpeOy-
eTcsl passinyHoe porpaMMHoe obecriedenre. IIporpamma, rpegHasHaueHHas /s 00IeHust
C KOHTPOJLJIEPOM, BbIJIaYU €My KOMaH/Ibl M MOJYUYEHUS MOCTYIAIONIUX OT HEr0 OTBETOB,
HA3bIBAETCSI IPaiiBEPOM ycTpoicTBa. Kask/piit 1ponus3BoauTe /b KOHTPOJJIEPOB JIOJIKEH 10~
CTaBJIATH BMECTE C HUMH JPANBEPHI [T KaXKAO0N TIOJIEP;KUBAEMO OTIEPAITMOHHOMN CUCTEMBI.
Hamnpumep, ckanep MOKeT MOCTYIUTH B TIPOQKY C [paiiBepaMu JIJIst OTIePAllMOHHBIX CUCTEM
OS X, Windows 7, Windows 8 u Linux.
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Jluig vicnosib30BaHuMst IpaiiBep Hy>KHO TOMECTUTD B ONEPAIIMOHHYIO CUCTEMY, TIPE/IOCTABUB MY
TEM CaMbIM BO3MOKHOCTH paboTaTh B pesKuMe siipa. Boobiie-To gpaiiBepbl MOryT paboTaTh
1 He B PeKUME SIPa, U TIO/IEP;KKA TAKOTO PEKMMA MIPe/ilaracTcs B HACTOSIIee BpeMs B orrepa-
IOHHBIX cucTeMax Linux u Windows. TTogassisttoriiee G0JIBIIMHCTBO APABEPOB HO-TIPEKHEMY
3arrycKaeTcs HUKe TpaHUIIbI siipa. B 1osh30BaTe/IbcKOM TIPOCTPAHCTBE JIPAliBEPhI 3aITyCKa-
TOTCS TOJTBKO JIMIITh B BeCbMa HEMHOTHUX CYTIECTBYONNX cucTemax, Hapumep B MINIX 3.
JlpaiiBepam B MOJIb30BATEHCKOM MTPOCTPAHCTBE JOKHO OBITH PA3PEIIEHO TTOTYATh AOCTYIT
K YCTPOICTBY HEKUM KOHTPOJIUPYEMBIM CIIOCOOOM, YTO SIBJISIETCSI BECbMa HEIIPOCTOIT 3aj1a4ei.

CyrectByeT Tpu criocoda yCTaHOBKY JpaiiBepa B sapo. IIepBblii COCTOUT B TOM, YTOOBI
3aHOBO CKOMIIOHOBATb SI/IPO BMECTE C HOBBIM /[PABEPOM U 3aTEM I1€Pe3arpy3nTh CHCTEMY.
Muorue ycrapesinue UNIX-cucrembl nmMento tak u paboraior. Bropoii ciiocob: co3naTh
B CrienuaibHOM (haiisie ornepanuoHHO CHCTEMBI 3aITUCh, COOOIIAIONTYIO €l O TOM, YTO Tpe-
Gyercsi, U 3aTeM Iiepe3arpys3uTh cucremy. Bo BpeMsi 3arpy3Ku oliepaliiioHHast CUCTeMa cama
HAXOWT Hy’KHbIE eil [paiiBepsl 1 3arpyskaet ux. Vimenuo tak u paboraer cucrema Windows.
[Tpu TperbeM criocobe — IMHAMIYECKOI 3arpysKe ApaiiBepoB — oOllepaliuoOHHas CUCTeMa
MOJKET ITPUHUMATb HOBbIE HpaﬁBepr B IIporiecce pa6OTbI 1 OIIEPATUBHO YCTaHABJINBATDH UX,
He Tpelyst IS 3TOTO Tlepe3arpy3Ku. ITOT crocod paHee HCHOIB30BAIICS IOBOJIBHO PEIIKO, HO
ceifuac OH HoJiydaeT Bce Oosibliiee pacrpocTpatenue. BHenitue ycrpoiictsa, paboTaioniue
T10 TIPUHIIUAITY <TOPSYEro MOAKTIOYEHUS»!, K KOTOPBIM OTHOCATCS PacCMaTpUBaeMble Jajiee
yerpotictBa ¢ naTepdeiicamu USB u IEEE 1394, Bcernma my:kmaoTcs B IMHAMUYCCKA 3a-
Tpy’KaeMbIX J[paiiBepax.

B kax10M KOHTPOJLIEPE ISt CBSA3U ¢ HUM UMEETCsl HeOOJIbIIoe KOJUYECTBO PETUCTPOB.
Hampumep, mpocTeiinmmii KOHTPOJIEP ANCKA MOXKET NMETh PETUCTPHI I YKa3aHUs ajfipeca
Ha MCKe, afpeca B MaMATH, CIeTYNKA CEKTOPOB M HATTPABJIEHUS Tepeadnl NHGOPMAITIu
(4renue nim 3amuch). IToObI AKTUBU3UPOBATH KOHTPOJLIEP, ApaiiBep M0JIydaeT KOMaHLy OT
OTICPAIIMOHHOM CUCTEMBI, 3aTeM TIEPEBOANUT €e B COOTBETCTBYIONINE 3HAUCHUS IS 3aTTHCH
B PETUCTPHI YCTPOlicTBa. 113 COBOKYITHOCTH BCEX PETUCTPOB YCTPOUCTB (hopMUpyeTCs Mpo-
CTPAHCTBO TIOPTOB BBOJIA-BBIBO/IA, K KOTOPOMY MbI €1lle BEPHEMCSI B IJIaBE .

Ha HeKOTOPBIX KOMITHIOTEPAX PETHCTPBI YCTPONCTB OTOOPAKAIOTCS B a/[PECHOE POCTPAHCTBO
OTICPAIIMOHHOM CUCTEMBI (Ha Te ajipeca, KOTOpble OHA MOKET MCIOJIb30BaTh), TIOATOMY CO-
CTOSTHUSI PETHUCTPOB MOKHO CUUTHIBATD U 3alIMCHIBATH TOYHO TAK JKe, KaK 1 OOBIYHbIE CIOBA
B olepaTuBHOI maMsTi. Ha Takux KOMIbIOTEpaX He TPEOYIOTCS KaKie-TO CIeIalbHbIe
KOMAaH/Ibl BBOJIA-BBIBOJIA, & MOJb30BATEIbCKUE TTPOTPAMMBI MOJKHO JIEP:KATh TTOJATbBIIE OT
000pyI0BAHNST, TOMEIAsT ITU AJIPeca 3a MPeeiaMi JOCATaeMOCTH IIPOrpaMM (HapuMep, 3a
CYEeT UCIOIB30BaHUsT Ga30BBIX PETUCTPOB U PETHCTPOB Tpanutl obmacTu mamsiti ). Ha gpyrux
KOMITBIOTEPAX PErMCTPBI YCTPOHCTB OMEMIAIOTCS B CIIEIIMAJIbHOE MPOCTPAHCTBO MOPTOB
BBOza-BbIBOzIa (I/O port space), B KOTOPOM Kaxk/iblil perncTp nmeer aapec nopra. Ha ra-
KX MalllMHAX B PEKMME si/[Pa JAOCTYIIHBI ClIelUaIbHble KOMAH/bl BBOZA-BbIBOAA (OOBIYHO
o6osznauaembie IN u OUT), n03BoJISAIONINE ApaiiBepaM YUTATD 1 3AMIUCHIBATH IaHHbIC B PETH-
crpbl. [lepBast cxema uckioyaeT He0OXOMMOCTD B CIIEIMAIbHBIX KOMaH/IaX BBO/A-BbIBO/IA,
HO 3a/IefICTBYET 4acTh a/[PeCHOr0 IIPOCTpaHCcTBa. BTopas cxema He MCIIOJb3yeT ajipecHoe
IPOCTPAHCTBO, HO TPeOYeT HAIMYNST CIIENUATbHBIX KoMaHI. Obe CXeMbl HCIIOJIB3YIOTCST J10-
BOJIBHO IITIPOKO.

! To ecTb ycTpOICTBA, KOTOPBIE MOTYT OBITH MOJKIOYEHBI K KOMIIBIOTEDPY UJIU OTKJIIOUEHBI OT HEro
6e3 HeoOXOIMMOCTH OCTAHABJIMBATH PAOOTY ONEPAIMOHHOIN CUCTEMBI M OTKJIIOYATH KOMIILIOTED
OT UCTOYHMKA nuTauust. — [Ipumeu. peo.
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BBojt 1 BBIBOJ ITAaHHBIX MOKHO JIeJIaTh TPEMsI Pas/indyHbIMK criocobamu. B nipocreiiniem us
HHX [0JIb30BATE/IbCKAS [TPOrPAMMa POM3BOAUT CUCTEMHDBIN BBI30B, KOTOPbIN TPAHCIUPYETCS
SIPOM B IIPOIEAYPY BBI30Ba COOTBETCTBYIOIIErO ApaiiBepa. Ilocme sToro gpaiiBep mpucry-
IaeT K MpoIeccy BBOAA-BBIBOZA. B 5TO BpeMst OH BBITIOJHSIET OYeHb KOPOTKHHN UKL, TOCTO-
SIHHO OTIPAIUBast yCTPOUCTBO M OTCJIEKUBAs 3aBeplIeHne onepanun (00bIYHO 3aHATOCTh
YCTPOICTBa ONpeesIIeTcsl COCTOSIHIEM CIelHaIbHoro 6ura). [lo 3aBepmennn omepanumn
BBOJIA-BBIBO/IA IPaliBep MOMeNIaeT JaHHbIe (€CIM TAKOBBIE NMEIOTCS ) Ty, Kyaa TpedyeTcs,
U BO3BpAI[aeT yrpaBjieHne. 3ateM olepaliMoHHast CUCTeMa BO3BPAIAeT YIIPABJICHHE Bbl-
3BIBAIOIIEN IIporpaMMe. DTOT CoCcoO Ha3bIBAETCs AKTHBHBIM OKHAAHUEM I OXKHAAHHEM
FOTOBHOCTH, 2 €T0 HEJJOCTATOK 3aKII0YAeTCsT B TOM, YTO OH 3aTPysKaeT MPOIECCOpP OIPOCOM
yerpoiictBa 06 OKOHYAHUH PaOOTHI.

Bropoii c1iocob 3ak/iodaercs B TOM, 4TO ApaiiBep 3allycKaeT yCTPOHCTBO U IIPOCUT €ro Bbi-
JIaTh TIPEPbIBAHUE 10 OKOHYAHUU BBITIOJHEHUSI KOMAH/IbI (3aBEPIIEHUN BBO/IA UJIU BBIBO/IA
nanubix). Cpasy 1mocje 9Toro JapaiiBep BO3BpalllaeT yipaBJjeHne. 3aTeM oreparuoHHast
cucreMa GJIOKUPYET BbI3BIBAIOILYIO IIPOIPAMMY, €CJIU HTO HEOOXOANMO, U IIEPEXOAUT K Bbi-
HOJIHEHUIO APYTuX 3aj1a4. Korga KoHTpoJiep 00HAPYKUBAET OKOHYAHKE TIePeladl JaHHbIX,
OH reHepupyer npepbiBaHue, 4TOObI IPOCUTHAIU3UPOBATD O 3aBEPLUICHIN OIIePAIIUU.

[TpepbIBaHUsT UTPAIOT OUYEHB BasKHYIO POJIb B pabOTe ONMEPAIIMOHHON CHCTEMBI, [I0ATOMY pac-
cMoTpuM ux 6osree noppobno. Ha puc. 1.11, a mokasan npouecc BBoga-BeiBoga. Ha nepsom
aTarle ApanBep 1epeaeT KOMaH/y KOHTPOJIJIEDY, 3aITUChIBast MH(OPMAITUIO B €70 PETUCTPBI.
3areM KOHTPOJIJIEP 3allyCKaeT caMo ycTpoiicTBo. Ha BTOpoM arare, Korjia KOHTpOJLIep 3a-
BEPIITAeT YTEHWE WV 3aTVCh 33JaHHOTO €My KOJNYecTBa 6aiiTOB, OH BBHICTABJISIET CUTHAT
JUTS MUKPOCXEMbI KOHTPOJLJIEPA TIPEPBIBAHUI, UCIIOJIb3Ys IJIsl ATOTO OTIPe/Ie/IeHHbIe JITHIH
nurmabl. Ha TpeTheM atarie, ecyii KOHTPOJIIED MTPEPhIBAHII TOTOB IPUHSITD PepbIiBaHue (2 OH
MOZKET OBITh U He TOTOB K 9TOMY, ec/ii 0OpabarbiBaeT pepbiBatue ¢ 60Jiee BLICOKUM YPOBHEM
IIPUOPUTETA), OH BBICTABJISIET CUTHAJ HA KOHTAKTE MUKPOCXEMBbI I[EHTPAJIbHOTO TIPOIECCOPa,
nH(GOpPMUPYsI €ro 0 3aBepiieHnn orepaiuu. Ha yeTBepToM aTare KOHTPOJLIED TTPEPbIBAHII
BBICTABJISIET HOMEP YCTPOICTBA Ha IIHHY, YTOObI TIPOIIECCOP MOT €70 CUNTATh U Y3HATh, KAKOE
YCTPOHCTBO TOJIBKO YTO 3aBEPHINIO PabOTy (IIOCKOJIbKY OJHOBPEMEHHO MOTYT paboTaTh
Cpa3y HeCKOJIbKO YCTPOICTB).

YKecTkun guck

/ Tekywasa komaHga

[ Cnenywuiasi komarzay,
LientpanbHbii |3| Kontponnep | |KoHTponnep
npoueccop npepbiBaHUA aucka 3. Bosspar
? 2 | ¢ 2| y 1. MNMpepbiBaHne
1
- b

2. OTnpaBka

Ha 06paboTKy f
O6paboTunk 2
npepbiBaHUA 6

a
Puc. 1.11. 3tanbl: a — 3anycka ycTpoiicTBa BBOAA-BbIBOAA U MNOJyYEHMS MPEePbIBAHNS;
6 —00paboTku NpepbiBaHUSs (BKTIO4aET B cebsi NoslyYeHre NpepbiBaHus], BbINOSHEHME
nporpamMmmbl 06paboTkM NPepbIBaHNS 1 BO3BPALLEHME YNPaB/IEHUs MPOrpaMMe nosb30BaTens)
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Kak ToIbKO IEHTPaIbHBII MPOIIECCOP PEIIUT IPUHATD MPEPHIBAHIE, COAEPKUMOE CUETUN-
Ka KOMaH/[ U CJIOBA COCTOSIHUS ITPOTPAMMBI ITOMEIIAIOTCS, KaK TIPABIJIO, B TEKYIIIUN CTEK
U IIPOLECCOP ePEKJIIoYaeTes B pesknM aupa. Homep yerpoiicTBa MOKeT ObITh HCIIOJIb30BAH
KaK MHJIEKC YaCTU TaMsITH, MCIOJIb3yeMO st MoMcKa ajpeca 00paboTyrKa MpepblBaHUN
JIAHHOTO YCTPOMCTBA. JTa YacTh [AMSTH HA3bIBAETCS BEKTOPOM mpepbiBanuil. Korma 06-
paboTUYMK NpepblBaHUN (SIBJAAIONIMIACA YacThio ApaliBepa yCTPOICTBa, BHIAAIOIIErO 3a1POC
Ha NpepbiBaHKe) HAYMHAET CBOIO PAbOTY, OH U3BJIEKAET IIOMEIeHHbIE B CTEK COAEPIKUMOE
CUEeTYMKA KOMAH/| M CJI0BA COCTOSIHUSI TPOrPAMMBbI U COXPAHSET UX, a 3aTeM OIPAIIUBAET
YCTPORCTBO 1151 Olpe/iesieHus ero coctosinust. [loce sapepiienus 06paboTKN NpepblBaHUs
006paboTyrK BO3BpalllaeT ylipasjieHue paHee paboTaBiieil oJ1b30BaTeIbCKON IPOrpaMmMe —
Ha MEPBYIO JKe ellle He BBIIIOJHEHHYIO KoMaHy. Bee aTu aTaribl okasanbl Ha puc. 1.11, 6.

I[Tpu TperbeM criocobe BBOIA-BbIBO/IA UCIIONb3YETCs CIIEUANbHbIA KOHTPOJLIEP NPSAMOro
nocryna k namsatu (Direct Memory Access (DMA)), KOTOpBIif MOKET yIIPaBJISTh TOTOKOM
OUTOB MEXK/y OllEePATHBHOM MAMATHIO U HEKOTOPHIMU KOHTPOJLIEpaMi 0e3 IIOCTOSHHOTO
BMeIIaTeJbCTBA IIEHTPAIBHOTO TIpoiteccopa. LlenTpanbHblii Ipoileccop OCyIecTBIIsIeT
HacTPOMKy KoHTposuiepa DMA, coobiast emy, CKOJIbKo 6GaliTOB CJIeyeT TepeaaTh, Kakoe
YCTPOMCTBO U ajipeca MmaMsITH 3ajIelCTBOBATh M B KAKOM HAIlPaBJIEHUN TIepeaTh JIAHHbIE,
a 3aTeM JlaeT eMy BO3MOXKHOCTD /IeHiCTBOBATh caMocTosaTeabHo. Korma kouTpoazep DMA
3aBepuiaer paboTy, OH BBIZAET 3alIPOC Ha IIPepbIBaHNe, KOTOPBIN oOpabaThiBaeTcs B paHee
paccMoTpeHHOM Topsizike. Bosee mogapo6Ho koHTpoiep DMA 1 anmapaTypa BBoIa-BbIBO/IA
OyIyT PacCMOTPEHBI B TJIaBe 3.

[IpephIBaHs YaCTO MPOUCXOAAT B OYEHD HEIIOAXOAAIINE MOMEHTBI, HAIIPUMEpP BO BPEM:
paboTbl 06paboTUMKa APYTOro TpepbiBaus. [109TOMY HeHTpaIbHbIi polieccop obanaer
BO3MOKHOCTBIO 3IPEIATh IPEPhIBAHU C MOCTEAYIOIMM UX paspeliennemM. [Toka pepbia-
HIIS 3alIpeleHbl, TI00be YCTPOICTBA, 3aKOHYHBIIIE CBOIO PabOTY, IIPOIOJIKAIOT BHICTABJIATH
CBOM 3aIIPOCHI Ha IIpephIBaHue, HO paboTa IpoIieccopa He TIPEKPANIaeTcst, TOKa ITPEPhIBAHHST
CHOBA He CTaHyT paspelienbl. Ec/im 3a BpeMs 3anpenieHns npepbiBaHuii 3apepiuntcs paborta
Cpa3y HECKOJILKHUX yCTPONCTB, KOHTPOJIIEP PEIIaeT, KaKoe M3 HUX J0JIKHO OBITh 00paboTaHo
MEePBBIM, TI0/Iarasich 0OBIMHO Ha CTATUYECKIE PHOPHUTETHI, Ha3HAYEHHbIE KaKIOMY YCTPOI-
crBy. [Tobexmaer yCcTpoicTBO, NMEIOIIee HAUBBICIINI TPUOPHUTET, KOTOPOE U 0OCITYKUBAETCST
B IIEPBYIO o4epe/b. Bee ocranbibie yeTpoicTBa HOIKHDI 0KUAATH CBOEI OuepeIi.

1.3.6. LLuHbI

CrpykTypa, mokazanHas Ha puc. 1.6, Ha TPOTSKEeHNN MHOTUX JIeT UCII0JIb30Baach B MU-
HU-KOMITbIOTEpaX, a Takske B iepBoii Mojen IBM PC. Ho o mepe yBesmmdenmst cCKopocTu
PabOoThI TIPOIECCOPOB ¥ TTAMSITH BO3MOKHOCTH €IMHON MnHBI (1, KoHeuHo, mmHbl IBM PC)
110 00ECIIEYEHUIO BCEX POLIECCOB 0OMEHA TaHHbIMU JIOCTUTJIM CBOEro npejea. Hy:kHo 6bL10
YTO-TO JIeJiaTh. B pesyJibrare MOsBUINCD JONOJIHUTEIbHbIE MIMHBI Kak JJist 6osiee ObICTPO-
JIeACTBYIONIMX YCTPONUCTB BBOAA-BBIBO/IA, TAK U /LIl OOMEHA JJAHHBIMU MEJK/LY TIPOIECCOPOM
1 TaMsAThIo. BesencTBre aToit aBoTIONIY MaccoBas X86-crcTeMa Ha JTaHHBII MOMEHT MEET
BUJI, TTOKa3aHHbIi Ha puc. 1.12.

Y 3T0il crcTeMbI UMeeTCs MHOKECTBO ITUH (HAIPUMED, TITITHA KATI-AMSITH, NIMHA TaMSITH,
a takske muHbl PCle, PCI, USB, SATA u DMI), kaxxas 13 KOTOPBIX UMEET CBOIO CKOPOCTh
repejiayy JIaHHBIX ¥ CBOe TipeiHazHadenne. OnepanuonHast CUCTeMa JIJIsT OCYTIeCTBIEHUS
(byHKIMI HACTPOWKY U YIIPABJIEHUS [0JUKHA 3HATH 060 Beex 9TuX mmHax. OCHOBHOM 1ITH-
uoit sisisiercst PCI (Peripheral Component Interconnect — unrepdetic nepudepuitHbx
YCTPOWCTB).



56 Maga 1. BeeoeHve

Muna PCle 6buta npuaymana Intel B kauecrse npeemuuiibl 6osee crapoii muubl PCI,
KOTOpast B CBOIO o4epe/lb Ipuliia Ha 3aMmeny ucxoanoi mune ISA (Industry Standard
Architecture — cTaHgapTHas IPOMBINIIIEHHAST apXUTEKTypa). brarogapst BO3MOKHOCTH
nepenaBaTh JaHHbIE CO CKOPOCTBIO B JecsaTku rurabut B cexyuny muna PCle paboraer
HaMHOTO ObicTpee cBoUX mpeaniectBeHuuil. OHa CUIIbHO OTJIMYAETCS OT HUX ¥ 110 CBOEH
npupoze. Bruors 10 ee cosganus B 2004 ropy GOJNBITMHCTBO MIMH ObLIN TTAPaJIeJbHBIMU
U COBMECTHO UCTIOJIb3yEMBIMU. APXUTEKTYPA IITUH COBMECTHOTO UCHOJIb30BAHUST O3HAYAET,
YTO JIUIST TI€PEIavt JJAHHBIX PA3HBIMM YCTPOHCTBAMI UCIIOJIB3YIOTCS OJIHU U T€ JKe TIPOBO/THU-
k. Takum 06pa3oM, KOr/ia JaHHbIE IJIsk [Iepeladll KMEIOTCS Cpasy y HECKOJIbKUX YCTPOICTB,
JUIS1 OTIPEJIeJIeHUs YCTPOICTBA, KOTOPOMY OYIET MO3BOJIEHO UCTIOJIb30BATH IUHY, TPeOyeTcst
ap6uTp. B otsmune ot aroro mmna PCle ucnosb3yer BblgeeHHbIe HEIOCPEACTBEHHbIE CO-
eIMHEHUS] THITA «TOYKA — TOYKa». APXUTEKTypa MapaiebHOM MUHbL, T000HAs TOM, 4TO
ucnosnb3yercs B PCI, mpenosnaraer oTrpaBKy Kask/[0ro cJI0Ba JJaHHBIX 110 HECKOJIBKUM TTPO-
Boguukam. Harpumep, B 06branbix muaax PCI ogno 32-pasps/iHoe 41cio OTHpaBIsieTcs 1Mo
32 mapayseTbHBIM TTpoBogHUKAM. B otamane ot atoro B PCle ncnonb3yercs apxutekTypa
MOCJIETIOBATEIBHO TITIMHBL, U BCe OUTHI COOBIIEHUST OTTIPABJISIIOTCS TI0 OJTHOMY COEANHEHUTO,
U3BECTHOMY Kak J0pokka (lane), 4to oyeHb MOX0KE HA OTIIPABKY CETEBOTO MaKeTa. ITO
CYIIECTBEHHO YIIPOIIaeT 3a1a4y, MOCKOJIbKY o0eciednBaTh abCONIOTHO OJHOBPEMEHHOE
npubbiTHe Beex 32 GUTOB B IIYHKT HasdHaueHMs yxKe He Hys:kHo. Ho mapasiennsm Bee ke
UCTIOJIB3YETCST, TOCKOJIBKY TTapAJIIIEIbHO MOTYT JIEUCTBOBATH CPa3y HECKOJIBKO loposkek. Ha-
HPUMEP, IS TTApaJLIeJIbHOI nepenadn 32 cooBIIEeHU MOTYT UCIIOIb30BATHCS 32 TOPOKKHL.
N3-3a 6BICTPOrO pocTa CKOPOCTEN Tiepeaun JAaHHBIX TAKUX MePUMEPURHBIX YCTPOICTB, Kak
cereBble KapThl U Tpadudeckne apanrepsr, crangapt PCle 00HOBIsgETCS KasKabie 3—5 JIeT.
Hanpumep, 16 noposxex PCle 2.0 npeziaranu ckopoctsb 64 Tout/c. O6Hosnenue 10 PCle 3.0
VIBOUT 3Ty CKOPOCTH, a obHosenne 10 PCle 4.0 — yasour erie pas.

B 10 ke BpeMs ellle CyIecTByeT MHOKECTBO YCTapEeBIIMX YCTPOUCTB fiJist Hojiee CTaporo
cranzapra PCI. Kak nokasano na puc. 1.12, atu ycTpoiicTBa HOAKIIOYAIOTCS K OTIE€TbHOMY
KoHIeHTparopy. B 6yaymiem, korga PCI yike Gyer cuntatbes He IIPOCTO cmapoii, a opeshetl
IIMHOI, BIIOJTHE BO3MOKHO, uTo Bee PCI-ycTpoiictBa 6yyT MOAKIIOUEHBI K €IIe OTHOMY
KOHI[EHTPATOPY, KOTOPBII B CBOIO OYepe/lb MOJAKIIOYUT UX K OCHOBHOMY KOHI[EHTPATOPY,
co3/aBast TAKUM 0OPa30M JIePEBO TIHH.

B nanuoii Konpurypauum neHTpaibHbli Ipoleccop 00IaeTcs ¢ HaMsATbIo Yyepes ObICTPYIO
mmay DDR3, co BaemanM rpaduyeckum ycrpoiictBom — depes muny PCle, a co Bce-
MU OCTaJIbHBIMU yCTpoiicTBaMu — 4epes3 konieHTpaTop 1o mune DMI (Direct Media
Interface — unTEepdeiic HemocpeACTBEHHOM Mepeaaun AaHHbIX). KoHIleHTpaTop B CBOIO
oyepeb COeJIMHSIET BCe APyrue yCTPOoiicTBa, UCIoab3ys i oOMeHa gaHHbiMu ¢ USB-
YCTPOHCTBAME YHUBEPCATILHYIO [TOCJEI0BATEIbHYIO IIMHY, /U1 0OMEHA JJAaHHBIMU C JKECTKH-
mu arckamu 1 DV D-nipuBogamu — mmay SATA u st iepenaun Ethernet-kaapos — sy
PCle. O6 ycrapesix PCI-ycrpoiictBax, ucioab3yomux Tpaauiponnyio muny PCI, 3aech
yiKe YIIOMUHAJIOCh.

[MTuna USB (Universal Serial Bus — yrusepcasibhast nocsieoBaresibHas rHa) Gblia pazpabo-
TaHa VIS O/IKJII0YEHUS K KOMITBIOTEPY BCEX HU3KOCKOPOCTHBIX YCTPOWCTB BBO/IA-BbIBO/IA BPO-
Jie KIaBraTypbl v Mbi. Ho Kak-To HeecTecTBeHHO G170 GBI HazbiBaTh yerpoiictBa USB 3.0
CO CKOPOCTBIO HiepeJayn JaHHbIX 5 TOUT/C «MeIJIeHHbIMI» TOMY HOKOJIEHUIO, CTAHOBJIEHIE
KOTOPOTO TIPUIIJIOCH Ha Te BpeMEHa, Kor/ia OCHOBHOI /171t riepBbix Mara IBM PC cunranach
mHa [SA co ckopocTbio nepeaun ganubix 8 8 Mout/c. B USB ucnosbsyercst HeGOIIbIIoi
pasbeM, UMETOTINH (B 3aBUCUMOCTH OT Bepcur) OT 4 /10 11 KOHTaKTOB, 4aCTh N3 KOTOPBIX MO/~
BosiT kK USB-ycTpoiicTBaM IUTaHue WU MOJIKII0YEHbI K 3a3eMJIEHUIO.
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Anpoi Anpo?2
Kaww Kaww
| O6LWwniA KaLL |
PCle
T pouseesga [ L—fpaoma |
| Mamate DDR3 I——I KoHTposnneps! namstu |——| Mamsats DDR3 |
DMI
[ crorpcle  b—— — SATA |
| Cnot PCle l— Egs;&cj’ﬂ‘gz —| Moptsl USB 2.0 |
| Cnot PCle l— Xa6 —| MopTsl USB 3.0 |
[ CrorPcle  |—— W Gigabit Ethernet |

JlononHuTenbHble
PCle-ycTtpolictBa

Puc. 1.12. CtpykTypa 60/bLION CUCTEMbI CEMelicTBa X86

USB sBrsieTcs 1eHTpaan30BaHHON MMUHOMN, B KOTOPOII ITaBHOE (KOPHEBOE) YCTPOUCTBO
OIPAIITMBAET YCTPOICTBA BBOA-BBIBO/IA KAK/YIO MUJLIMCEKYH/IY, YTOOBI Y3HATD, €CTH JIH
y Hux gannbie 1ys nepegadr. Crangapt USB 1.0 mor obectieduTb COBOKYIIHYIO CKOPOCTh
nepenaun ganubix 12 Mout/c, B USB 2.0 ckopocts Oblia ogusTa 10 480 Mo6ut/c, a nuko-
Bast ckopocTb B USB 3.0 cocraBuiia HuKak He Metbiie 5 Tout/c. Jlio6oe USB-ycrpoiictBo
MOJKET OBITh MOAKIIOYEHO K KOMITBIOTEPY U MPUCTYIIUTH K paboTe HEMEJIEHHO, He TPeOyst
€ro TIepe3arpysKu, KoTopast HyskHa Oblia HEKOTOPBIM yeTpoiicTBam 10 nosiierust USB, uto
IIPUBOJIUJTIO B YKAaC 1eJI0€ MTOKOJIEHNE Pa304apOBAHHBIX TTOJIb30BaTECH.

SCSI (Small Computer System Interface — unrepdeiic MagbIX BHIYMCIUTENbHBIX CHCTEM)
SABJISIECTCS BBICOKOCKOPOCTHO IUHOM, MpeiHa3HaueHHOI /7T BBICOKOIIPON3BOAUTEILHBIX
JIUCKOB, CKAHEPOB U JIPYTUX YCTPOUCTB, HYK/IAIOIINXCS B 3HAYMTENbHON TIPOITYCKHOM CII0-
cobHOCTH. B HaIlM AHU 9T ITHMHBI BCTPEYAIOTCSI B OCHOBHOM B CEPBEPAx M paOOYNX CTAHIIH-
ax. CKopocTb nepegaun JanHbix MoxeT gocturars 640 Mbaiit/c.

[l paboThl B OKPY/KEHUH, IOKazaHHOM Ha puc. 1.12, onepanmontas cucreMa J0JxKHa
3HATh O TOM, Kakue repucepuiiibie yCTPOUCTBA MOAKIIOUEHBI K KOMITBIOTEPY, U CKOHMU-
TypUpOBaTh 9TU yCTpoicTBa. D10 TpeboBanue 3actaBuio kopropanuu Intel u Microsoft
paspaborarhb st PC-coOBMECTUMBIX KOMIIBIOTEPOB cucTeMy, HasbiBaemyio plug and play
(noaxsmoun u paborait). OHa ocHOBaHA Ha aHAJOTUYHON KOHIENI[UY, IIEPBOHAYAIBHO pea-
smsoBanHol B Apple Macintosh. /lo nosisnerns plug and play kaskzas nara BBoja-BeIBO/IA
umesa GUKCUPOBaHHBII YPOBEHD 3aIIpOCca Ha IIPepPhIBaHIE U IIOCTOSHHbIE apeca AJIs CBOUX
perucTpoB BBoJA-BbIBojIa. Halpumep, KJaaBuaTypa UCIIOJIb30Baja pepbiBatue 1 u agpeca
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BBOJa-BhIBOA OT 0x60 10 0x64; KOHTPOMIEP THOKOTO AMCKA MCIOJIb30BAJ TIpephiBanue 6
u angpeca BBoma-BeiBoza ot 0x3F0 mo 0x3F7; mpunTep MCoab30Bal pepbIBaHue 7 U ajpeca
BBOZIa-BBIBOMA OT 0x378 mo Ox37A u T. 1.

Jlo mopkI 10 BpeMeHU Bee HTO HEeIIoxo paboTano. [IpobaemMbl HAUMHAIUCH, KOT/A T10JIb-
30BaTesib MOKYIIaJ] 3BYKOBYIO KapTy ¥ BHYTPEHHUIT MoJeM 1 00HApysKUBaIOCh, 4TO 00a
YCTPOIICTBA UCHOIB30BATH, CKaXKeM, TTpepbiBanye 4. Bo3uukar KoHGINKT, He TO3BOISIONNH
UM pabortaTh BMecTe. PelerueM crajio mosBieHre Ha Kaxo0il miaTe BBojga-BbiBoga DIP-
nmepekiouaTesnel, uan mepembruek (jumpers). OgHAKO TPUXOANIOCH WHCTPYKTUPOBATH
H0JIb30BaTE/IsA O HEOOXOAUMOCTH BbIOPATh YPOBEHD 3alIpOca Ha IIPepbIBaHIe U a[peca BBO-
Jla-BBIBOJIA JIJIST IAHHOTO YCTPOMCTBA, KOTOPBIE He KOH(MIMKTOBAIN OBl CO BCEMU APYTHMU
MIPEPBIBAHUSMU U a/[pEcaMy, 33IcHICTBOBAHHBIMU Ha €To cucteMe. VIHOTIa BBITIOIHUTD 3TH
TpeboBaHus 6€3 OMMNOOK OKA3bIBAINCH CITOCOOHBI TIOAPOCTKU, KOTOPBIE TIOCBATUIIN CBOO
SKU3HB PEIIeHUI0 TOJ0BOJOMOK KOMIThbIOTEPHOTO 060pyaoBanus. Ho, k coxkaneHuto, Kpome
HUX 3TO MPAKTUYECKU HUKOMY HE Y/aBaJIOCh, YTO IIPUBOJIMIIO K IIOJTHOMY XaoCy.

Texuosorust plug and play sacrasisier cucremy aBromaruuecku coOuparh HHGOPMAIIUIO
006 ycTpolicTBaX BBOZIA-BBIBO/IA, IIEHTPAIM30OBAHHO [IPUCBANBAs YPOBHU 3AIIPOCOB HA TIpe-
PBIBaHUS U ajipeca BBOAA-BBIBOJIA, a 3aTeM COOOMIATh KayKIOil KapTe, KaKue 3HAYEHs eil
HPUCBOEHBI. JTa paboTa TECHO CBSA3aHA C 3arPy3KOil KOMIIBIOTEPa, U HAM CTOUT B3TJISTHYTh
Ha ATOT MPOIECC, MOCKOJIBbKY B HEM HE BCE TaK MTPOCTO, KAaK KAXKETCsI Ha MEPBBIN BITJISL.

1.3.7. 3arpy3ka koMnbloTepa

B KpaTKOM M3JI0KEHNN 3aTPy3Ka KOMITBIOTEPA MTPOUCXOIUT CIEAYIONIIM 006pa3oM. Y Kask-
JIOTO TIEPCOHAJIBHOTO KOMITbIOTEpPA €CTh MaTepuHCcKas miata (koropyio rerneps B CIITA
B pe3yJisTaTe paclpoCcTpaHeH!s MOJUTKOPPEKTHOCTH HA KOMITBIOTEPHYIO MH/YCTPHIO Ha-
3BIBAIOT POJUTENLCKOI T1aToii)!. Ha MaTepuHCKOIT TTaTe HaXOAUTCS TIPOTpaMMa, KOTopast
HasbIBaeTcst 6azoBoil cucreMoit BBoja-Bbisoga — BIOS (Basic Input Output System). BIOS
COIEPKUT HU3KOYPOBHEBOE IIPOrPaMMHOE 0OecIieueH e BBOA-BbIBO/IA, BKJIIOYAS TIPOLIELYPbI
CUMTBIBAHUST COCTOSTHVSI KJIABUATYPbI, BbIBOJIA MH(MOPMAIIUN HA DKPAH U OCYIIECTBJIEHMSI, KO
BCEMY ITPOUYEMY, IMCKOBOTO BBOJIA-BbIBOIA. B HaIM /11K 9Ta IporpaMMa XpaHUTCsI B 9HEPTo-
He3aBUCUMOI (hJIelI-TIAMSTH € TIPOM3BOJIbHBIM JOCTYIIOM, KOTOPast MOKeT ObITh OOHOB/IEHA
OllepalMoOHHOl cucTeMoi B cirydae obHapyskerus 8 BIOS pasanutbix ommGok.

I[Tpu HavambHOU 3arpyske Komibiorepa BIOS naynnaer paGorars repsoii. Crayasa oHa npo-
BepsieT 00beM YCTAHOBJIEHHOW Ha KOMITBIOTEPE OTEPATUBHOI AMSITH U HAJIMYHE KJIABHATYPBI,
a TaKkKe YCTAHOBKY M HOPMAJIBHYIO PEAKIINIO JIPYTHUX OCHOBHBIX yCTPOiicTB. Bee naumnaercs
co ckaaupoBanusg muH PCle u PCI ¢ nenbio onpenenenns Bcex MOAKIOUYEHHBIX K HAM
ycrpoiicts. HeKoTopbie U3 9THX yCTPOICTB yHACIEIOBAHbI U3 TIPOILIOTO (TO €CTh Pa3paboTaHbl
ertie 710 cosanust rexuosioruu plug and play). OHu nMeroT puKCHpOBaHHBIE YPOBHH [IPEPHIBA-
HUIT 1 aJipeca BBOJIA-BbIBO/IA (BO3MOKHO, YCTAHOBJIEHHBIE C TOMOIIBIO MepeKIoyaTesieil wim
nepeMbIueK Ha KapTe BBO/IA-BbIBOJIA, HO He MOJIJIEKAIIIE UBMEHEHHUIO CO CTOPOHBI OIIEPAIOH-
HOI1 CHCTEMBI ). DTU YCTPOUCTBA PETUCTPUPYIOTCSL. YCTPOICTBA, OTBEYAIOIIIE CTaHAapTY plug
and play, Takke perucrpupyiorcsi. Eciin pucyTcTByIonme ycTpoiicTBa OTIMYAIOTCs OT TeX,
KOTOPBbIE OBLIN 3aPErCTPUPOBAHDI B CUCTEME ITPU €€ MOCJIeAHEN 3arpy3Ke, TO IPOU3BOIUTCS
KOH(MUTYPUPOBAHNE HOBBIX YCTPOICTB.

! Takske ee BIOJIHE KOPPEKTHO HA3bIBATh CUCTEMHOI maToii (system board muiu main board). —
Ipumeu. peo.
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3arem BIOS omnpenensier ycTpoiicTBO, ¢ KOTOPOro GyAeT BeCTUCh 3arpy3Ka, 10 0Yepe/i
TTPOBEPUB YCTPOICTBA U3 cIKcKa, coxpanennoro B CMOS-namaru. [loab3oBarens mosxker
BHECTHU B 3TOT CIMCOK M3MEHEHHU, BOWIA cpa3y MOCIe HAYaJIbHON 3arpy3KH B IPOTPaMMy
koudurypamnun BIOS. O6bIuHO seaeTes MONbITKA 3arpy3KK ¢ KOMIAKT-AUcKa (MHOTIA
¢ paemr-nakorutenss USB), ecan, KOHEUHO, TAKOBOH MPUCYTCTBYET B cucTeMe. B ciaydae
HeyIaul CUCTEMA 3aTPyKaeTcs ¢ KeCTKOro aucka. C 3arpy304HOr0 YCTPOUCTBA B TTAMSITD
CUUTBIBAETCS IEPBLIN CEKTOP, & 32TEM BBITIOJIHSIETCS 3alICaHHast B HeM porpamMma. OObIaHO
9Ta IIPOrpamMMa IpoBepsieT TabJIHIly Pas/iesioB, KOTOPas HAXOAUTCS B KOHIIE 3arPy304HOTO
CEKTOPa, 4TOOBI OIPEIEUTD, KAKOI U3 Pa3lesioB MMEET CTATyC aKTUBHOTO. 3aT€M U3 9TOT0
pasiesia CYMTHIBAETCS BTOPUYHBIN 3arPy34MK, KOTOPBIN B CBOIO OY€PE/lb CYMTHIBAET U3 aK-
THUBHOTO Paz/iesia ¥ 3a1yCKaeT OMePAIMOHHYIO0 CHCTEMY.

[Tocuie aToro onepanuonHas cucrema sanpainusaet BIOS, uro6sl moryuuTs uHbOpMAIIO
0 KoHbuTyparmm kommbiotepa. OHa TIpoBepsIeT HaJIMYNe IpaiiBepa /IJIst KasK/10T0 YCTPOHCTBA.
Ecam npaiiBep oTcyTCTBYET, OllepalimoHHasl CHCTeMa POCUT YCTAHOBUTH KOMITAKT-/IUCK
¢ IpaiiBepoM (IIoCTaBIIseMbIN TPOU3BOUTEIEM YCTPOICTBA) WM 3arpyskaeT jgpaiiBep 13
WNurepnera. Kak ToIbKO B ee paciopsKeHUN OKaKyTCsl BCE [IPaiiBephbl YCTPONCTB, Ollepaliy-
OHHasl CHCTEMa 3arpysKaeT UX B sAPo. 3aTeM OHa MHUIMAIU3UPYET CBOU TaOJIUIIbL, CO3/IaeT
Bce HeoOXoMMbIe el (POHOBBIE TIPOIECCHI U 3aIlyCKAET IIPOrPaMMy BXO/a B CUCTEMY WJIN
rpadudecknii nHTEPGEIC MOTH30BATE.

1.4. 3oonapk onepauuoHHbIX CUCTEM

VicTopust oriepallMOHHbIX CUCTEM HACUUTHIBAET ysKe OoJiee MoJyBeKa. 3a 9To BpeMst ObLIO
pazpaboTaHo OrPOMHOE KOJMYECTBO Pa3HOOOPa3HbIX ONEPAIMOHHBIX CUCTEM, HO HE BCe
OHM TIOJTYYMJIN NIMPOKYIO M3BECTHOCTD. B laHHOM pasjiesie Mbl BKpaTIle KOCHEMCSI JIEBSTH
OTIEPAITMOHHBIX CUCTeM. K HeKOTOPBIM U3 9TUX PAa3IMYAIONINXCS 1T0 CBOEMY THITY CUCTEM MBI
elie BepHEMCs Ha CTPAHUIIAX KHUTH.

1.4.1. OnepaunoHHbIe CUCTeMbl MeHPpenmoB

K BbIcieil kKaTeropuu OTHOCATCS Oll€PAllMOHHbBIE CHCTEMbI MeH(BPeNMOB (60IbIINX YHU-
BePCAJIbHBIX MAIINH) — KOMIIbIOTEPOB, 3aHUMAIOTIUX T[eJIble 3AJIbI U JI0 CUX TIOP ellle BCTpe-
YAIOIMXCS B KPYIIHBIX LEeHTPax 00paboTKK KOPHOPATUBHBIX AaHHbIX. Takue KOMIIbIOTEPbI
OTJIMYAIOTCS OT IIEPCOHAIBHBIX KOMIIBIOTEPOB 00beMaMK BBOAA-BbIBO/A AaHHBIX. MeiiH-
(bpeiiMbl, UMEIOIINE THICSAYH UCKOB U 11eTadailThl JAHHbBIX, — BeCbMa OObIYHOE SIBJICHUE,
a TIePCOHAJIBHBIN KOMITBIOTED C TAKUM apCeHATOM CTasl ObI TPeIMETOM 3aBUCTH. MeitHdpeii-
MBI TaKKe HaXOIAT IPUMEHEHNE B KaueCTBE MOIIHBIX BeG-CEpBEPOB, CEPBEPOB KPYITHBIX
WHTEPHET-Mara3nHoB ¥ CEPBEPOB, 3aHUMAIOIINXCS MEKKOPITOPATUBHBIMY TPAH3AKITUSIMI.

Omepannonnble CHCTEMBI MEHH(MPERMOB OpUEHTHPOBAHEI TPENMYIIECTBEHHO Ha OIHOBPE-
MeHHYI0 06paboTKy MHOKECTBa 3aJaHuii, G0JBUINHCTBO U3 KOTOPHIX TPeOyeT KOI0Ccalb-
HBIX 00bEMOB BBOJIA-BbIBOA HaHHBIX. OOBIYHO OHU MPEAJIAraiOT TPU BUIA OOCIYKIBAHMSL:
MakeTHYI0 06paboTKy, 06paboTKy TpaH3aKINH U paboTy B PEKIME Pas3/IeJIeHUsT BDEMEHH.
[TaketHast 06pabOTKA — HTO OJIHA U3 CUCTEM 0OPAOOTKH CTAHAAPTHBIX 3alaHuii 6e3 yyacTus
noJb3oBatesieii. B makeTHOM peskume 0CyLIeCTBIsIeTCs 00paboTKa UCKOB B CTPaXOBbIX
KOMITaHUSIX UJIM OTYETOB O MPOJAKax ceTh MarasuHoB. CucteMbl 00pabOTKI TpaH3aKInii
CIIPABJISAIOTCS ¢ OOJIBIIUM KOJIMYECTBOM MEJIKUX 3allPOCOB, K IPUMEPY 00pabOTKON YeKOB
B Oankax nau 6poHupoBanreM aprabuneros. Kaxaas snemMeHnTapHas onepains HeBeJnKa



60 Maga 1. BeeneHve

10 06BEMY, HO CHCTEMA MOSKET CIIPABJISITBCST C COTHSIMU 1 THICSTYAMH OTIEPAIINI B CEKYHLY.
PaGora B pexnmMe pas/ieieHnst BpDEMEHH JIAeT BO3MOKHOCTh MHOKECTBY Y/IJIEHHBIX TOJIb-
30Baresiell OJJHOBPEMEHHO 3aITyCKaTh Ha KOMIIbIOTEPe CBOM 33/[aHUsI, HAIIPUMEP 3a1TPOCHI
K 6oJibIroil 6aze maHHBIX. Bee aTh GYHKIMU TECHO CBSI3aHBI IPYT C APYTOM, U 3a4aCTYIO
OTIepaIlOHHbIE CUCTEMBl YHUBEPCAJIBHBIX MAIITIH BBITIOTHAIOT MX B KoMILIekce. [Ipumepom
OTICPAIMOHHON CUCTEMBI YHUBEPCATBHBIX MAITH MOsKeT mocay:kuth OS /390, Hacreqaura
0S/360. Onrako 3TN onepaMOHHbBIE CUCTEMBI TOCTETIEHHO BBITECHSIOTCS] BapUaHTaMH1
oneparuonnoii cuctembl UNIX, nanpumep Linux.

1.4.2. CepBepHble onepauuoHHble CUCTEMbI

YyTh HIZKE [0 YPOBHIO CTOSIT CEPBEPHBIE OlepallnoHHbIe cucteMbl. OHE paboTAIOT Ha cepBe-
pax, KOTOPBIE [IPE/ICTABIEHBI OUEHb MOIHBIMU [IEPCOHATILHBIME KOMITBIOTEPAMU, PAbOUNMU
CTAHIUAMU WJIU JlasKe YHUBEPCAIbHbIMU MattuHaMu. OHU OJJHOBPEMEHHO 00CIIYKUBAIOT
[0 CETU MHOKECTBO 0JIb30BaTesIel, obecrieunBast UM OOIIUI JOCTYII K arlliapaTHBIM U TIPO-
rpaMMHbIM pecypcam. CepBepbl MOTYT MPEIOCTABJIATh YCJAYTH MeYaTh, XpaHeHust haiios
uim BeO-caysk6. VHTepHeT-1poBaiiiepbl st 06CIyKUBaHUS CBOUX KJIMEHTOB 00BIYHO 3a-
NEACTBYIOT Cpasy HECKOJIBKO CepBEPHBIX MaltiH. [Tpu o6cayKuBanun BeO-caiiToB cepBephl
XpaHsAT BeO-CTpaHUIbl 1 00PabaTHIBAIOT IOCTYHAIOI[ME 3aIPOCHL. TUIIMYHBIMU [IPEICTABY-
TEJISIMU CEPBEPHBIX OIEPAIMOHHBIX cucTeM aBiaioTcs Solaris, FreeBSD, Linux u Windows
Server 201x.

1.4.3. MHOoronpoueccopHbie ornepaumoHHble CUCTEMbI

Ceiiuac Bce mMpe UCHoJb3yeTcst 00beJMHeHne MHOKECTBA IIeHTPAIbHbIX IIPOLECCOPOB
B €IIMHYIO CUCTEMY, YTO MO3BOJSIET A0OUTHCS BBIYMCAUTENbHON MOIIHOCTH, JOCTORHOMN
BBICIIIEH TUTH. B 3aBUCHMOCTH OT TOTO, Kak MMEHHO TIPOUCXOINT 3TO OOHEMHEHE, & TAKKe
KaKOBbI PeCYPChbl 00LIEro MOJIb30BAHUS, HTH CHCTEMbI Ha3bIBAIOTCS NAPAJLIETbHBIMU KOM-
MBIOTEPAMHU, MYJIBTHKOMITBIOTEPAMHU W MHOTOITPOIIECCOPHBIME crcTeMaMi. VM TpebyroTest
CIIelMajIbHbIE OlePAlMOHHbIE CUCTEMbBI, B KAYECTBE KOTOPBIX YACTO IIPUMEHSIOTCS 0COObIe
BEPCUU CEPBEPHBIX OTIEPAIIMOHHBIX CUCTEM, OCHAIIIEHHBIE CIIEIIUATBHBIMUI (DYHKITUSIMU CBSI3H,
CONPSIKEHUS M CUHXPOHU3AIUH.

C HeaBHUM MOSIBJICHUEM MHOTOSIJICPHBIX TIPOIECCOPOB [ TEPCOHAIBHBIX KOMITBIOTEPOB
OIePAIOHHBIE CHCTEMBI JIa’ke OOBIYHBIX HACTOJBHBIX KOMITBIOTEPOB 1 HOYTOYKOB CTAJIH
paboTath 10 MEHbIIEH Mepe ¢ HeOOJIBIIOM MHOTOIPOIECCOPHOIT crcTeMoil. Co BpeMeHeM,
HOXO3Ke, YUCIIO sifiep OyIeT TOIbKO pacTu. K cyacTbio, 3a rO/IbI IPEABIIYIIIX UCCIeI0BAHUI
ObLIN HAKOIJIEHBI OOIIMPHbBIE 3HAHUST O MHOTOIIPOIIECCOPHBIX OMEPAIUMOHHBIX CHCTEMAX,
U UCIIOJIb30BAHUE HTOTO APCEHAA B MHOTOSIIEPHBIX CHCTEMAX HE JIOJIKHO BBI3BATH 0COOBIX
ocaoskaennii. Tpy/nee Bcero OyaeT HAlTH HPUJIOKEH ST, KOTOPbIE CMOTJIH ObI HCIIOJIB30BATH
BCIO 3TY BBIYMCIUTENBHYIO MOIIb. Ha MHOrOMpOLeccopHbIX cucTeMax MOryT paboTarh MHO-
rue 10Ty JISIPHbIE OllepallnoOHHbIe cucTeMbl, BKodas Windows u Linux.

1.4.4. OnepauuoHHbIe CUCTEMbI NEPCOHAJIbHbIX KOMIMNbIOTEPOB

K crezyromnieit KaTeropuy OTHOCATCS OLEPAIIMOHHDIE CUCTEMBI IIEPCOHATBHBIX KOMIIBIOTEPOB.
Bce nx coBpeMeHHBIE NTPEACTAaBUTENN TOAIECPKUBAIOT MHOTO3aIauHbIH pesknM. [Ipu aTom
JIOBOJIBHO YacTO yzKe B IIPoIlecce 3arpy3Ku Ha OJJHOBPEMEHHOE BBIIIOJTHEHNE 3aITyCKalOTCs
JIECSITKU ITPOTPAMM. 3aj1adeil ollepaliiOHHbIX CUCTEM MePCOHATBHBIX KOMITBIOTEPOB SIBJISIETCS
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KaueCcTBEHHAs! MOIEPIKKa PabOThl OTAEILHOTO 10J1b30BaTest. OHU MIMPOKO UCTIOJIB3YIOTCS
17151 06pabOTKY TEKCTOB, CO3/IAHUST BJIEKTPOHHBIX TabJIuIl, Urp U goctyna Kk Murepuery. Tu-
MTUYHBIMH TIPEMEPAMI MOTYT CJIY;KUTD OTlepaIiioHHbIe crcTeMbl Linux, FreeBSD, Windows 7,
Windows 8 u OS X kommanun Apple. OniepaiioHHblie CHCTEMBI IEPCOHATBHBIX KOMITBIOTEPOB
U3BECTHBI HACTOJILKO IIMPOKO, YTO B 0COOOM TIPECTABICHUN He HyKIaioTcst. [1o cyTu, MHOTUM
JIOJISIM JIasKe HEBJIOMEK, UTO CYIIECTBYIOT IPYTHE PA3HOBUIHOCTU OTIEPAIIMOHHBIX CHCTEM.

1.4.5. OnepauuoHHbIe CUCTEMbI KAPMaHHbIX
nepcoHanbHbIX KOMMbIOTEPOB

[IpojosKast IBUTATHCS 110 HUCXOASAIIEH KO Bee GoJiee TTPOCTHIM CUCTEMaM, MbI JIOTILIH [0
MJIAHIIETOB, CMapPT(GOHOB U JIPYTUX KAPMAaHHBIX KOMIIBIOTEPOB. DTU KOMIIbIOTEDHI, N3HA-
vyanbio ussectubie Kak KIIK, nin PDA (Personal Digital Assistant — mepcoHanbHbiil
1 poBOiT ceKpeTapb), MPeACTaBISIOT cOO0U HeGOJIbIITIE KOMITBIOTEPHI, KOTOPHIE BO BPEMSI
paboTer epkat B pyke. CaMbIMU U3BECTHBIMI UX TTPEICTABUTEISIMU SIBJISTIOTCST CMapT(hOHDI
u aHnreTsl. Kax yske roBOpuiioch, Ha TOM PbIHKE JIOMUHUPYIOT OTIEPAIIMOHHBIE CUCTEMBI
Android or Google 1 i0S ot Apple, HO y HUX UMEETCS MHOKECTBO KOHKYPEHTOB. BoJbIinm-
CTBO TaKMX YCTPOWCTB MOTYT MOXBACTAThCA MHOTOS/IepHBIMU Tipotieccopamu, GPS, kamepa-
MU ¥ IPYTHMU JATYMKAMH, TOCTATOYHBIM OOBEMOM TTAMSITH 1 CJIOKHBIMU OTI€PAIIMOHHBIMU
cucremamu. Bosiee TOro, y Bcex HUX nMeeTcsi G0JIbIlie CTOPOHHUX IIPUIOKeHUET (apps) st
USB-nocureneit, uem Bbl cebe MOKETe IIPECTABUT.

1.4.6. BcTpoeHHble onepaunoHHble CUCTEMbI

Berpoennbie cuctemMbl paboTaloT Ha KOMIBIOTEPAX, KOTOPhIE YIIPABJSIOT Pa3JIiyHbIMU
ycrpoiictBamu. [T0CKOJIbKY Ha 3TUX cHCTEMaX yCTaHOBKA [TOJIb30BATEIbCKUX IPOTPAMM He
[IpelyCMaTPUBAETCsl, UX OOBIYHO KOMIIBIOTEPAMU He CUMTAIOT. [IpuMepamMu ycTpoiicTs, rie
YCTaHABIMBAIOTCSI BCTPOEHHbBIE KOMITBIOTEPHI, MOTYT MOCJIYKUTh MUKPOBOJIHOBBIE T1€YH,
TeJIeBU30PbI, aBTOMOOUIH, Ttuinyiine DVD, o6brunbie Testedonbl 1 MP3-nueepbl. B ocHoB-
HOM BCTPOEHHbIE CUCTEMbI OTJIMYAIOTCS TEM, YTO HA HUX HU IPU KaKUX YCJIOBUSX He Oyaer
paboTtaTh CTOPOHHEE TIPOTPaMMHOE obectieueHre. B MUKPOBOTHOBYTO MeUYb HEBO3MOKHO
3arpy3uTh HOBOE IIPUJIOJKEHHE, TOCKOJIBbKY BCe ee Tiporpammbl 3anucanbl B [13Y. CietoBa-
TEJIbHO, OTTAIaeT HEOOXOAMMOCTD B 3alllUTE TPUIOKEHIH APYT OT APYra U ONePariuoOHHY 0
cUCTEMY MOKHO yIIPocTUTh. Hanbosree momyasipHbIMEU B 9TOH 00JIACTH CUUTAIOTCS OTiepa-
mmonnble crcreMbl Embedded Linux, QNX u VxWorks.

1.4.7. OnepaunoHHble CUCTEMbI CEHCOPHbIX Y3J10B

Cern, cOCTaBJIEHHBIE 13 MUHUATIOPHBIX CEHCOPHBIX Y3JI0B, CBSI3aHHbIX JPYT C IPYTOM U ¢ Oa-
30BOU CTaHIKel 110 6ECIIPOBOHBIM KaHAIAM, Pa3BEPTHIBAIOTCS VISl PA3JIMYHBIX 1iesieil. Takue
CEHCOPHBIE CETH UCTIOB3YIOTCS [T 3alUTHI TEPUMETPOB 3/IaHIH, OXPaHbI TOCY/IapCTBEHHOMN
rpaHuIlbl, 0OHAPYKEHUST BO3TOPAHUN B JIeCy, MI3MEPEHUsI TeMIIePaTyPbl U YPOBHS OCAIKOB
B I[eJISIX COCTaBJIEHsI IIPOTHO30B HOTO/bI, c60pa MH(OPMALIUK O IePEMEIEHHSIX TPOTHBHIKA
Ha 11071 6OSI 1 MHOTOTO JIPYTOTO.

V3J1bI TAKOH CETH MPEACTABISIOT COO0N MUHUATIOPHBIE KOMITBIOTEPDI, TUTAIONINECS OT Ha-
Tapen 1 UMeolre BCTPOeHHYI0 paguocucteMmy. OHM OrpaHUY€EHbBI 10 MOITHOCTH 1 JIOJIKHBI
paboTarh JAJIUTEJIbHBIN [IEPUOL BDEMEHU B HEOOCTYKMBAEMOM PEKUME Ha OTKPHITOM BO3LY-
X€, YaCTO B CJIOKHBIX KIUMATHYECKUX yCI0BHsIX. CeTh T0JIKHA OBITh I0CTATOYHO HAJIEKHOI



62 Mmasa 1. BeegeHue

U JIONYCKaTh OTKA3bl OT/AEJIbHBIX Y3JI0B, YTO 110 MEPE MOTEPH eMKOCTH OaTapeil IuTaHus
OyIIeT CIy9IaThCst BCe Yallle.

Kasknpiii ceHCOPHBIN y3eJT SBJIIeTCS HACTOSIINM KOMITBIOTEPOM, OCHAIIIEHHBIM TTPOIIECCO-
POM, OIEePATUBHOM MAMSITHIO U TOCTOSIHHBIM 3a[IOMUHAIOIIUM YCTPONUCTBOM, & TAKIKE OTHUM
WJIA HECKOJIBKUMU faTarkaMi. Ha Hem paboTaet HeboJIbIIast, HO HACTOSIIIAs OTIepaIlMOHHAs
cucTeMa, 0ObIYHO YIIpaBJisieMas COOBITUSAME U OTKJIMKAIOIIASICS HA BHEIIHUE COOBITUS UIIH
MepUOMYEeCKU TIPOU3BO/ISIIA NU3MEPEHUS 10 CUTHAJIAM BCTPOEHHBIX yacoB. OniepaiinonHas
cucTeMa JI0JIKHA OBbITh HEGOJBIION 110 00beMy U HECJIOKHOI, TOCKOJIbKY OCHOBHBIME ITPO-
6JIeMaMU ATHX Y3JI0B SIBJISTIOTCST MaJiast EMKOCTh OTIEPATHBHOI MaMSITH ¥ OTPaHUYEHHOE BPEMST
paborbl Garapeil. Tak e Kak 1 y BCTPOEHHBIX CUCTEM, BCE TIPOTPAMMBI SIBJISIOTCSI TIPEIBAPH-
TEJIbHO 3arpy KeHHBbIMU, U TI0JIb30BATEN HE MOTYT 3aIlyCTUTh IIPOIPAMMY, 3arpy*KeHHYIO 13
WuTeprera, 4TO 3HAUNTETHHO YIPOTIAET BCIO KOHCTPYKITHIO. [IprMepom MIpoKo n3BecTHOM
OTIEPAIMOHHON CHCTEMBI JIJISI CEHCOPHBIX Y3JI0B MOKET TIoc1yskuTh TinyOS.

1.4.8. OnepaunoHHbIe CUCTEMbI peaJjibHOro BpeMeHun

Eine o/tHa pa3HOBUIHOCTb OTIEPAIIIOHHBIX CUCTEM — 9TO CHCTEMbI PEATTbHOTO BpEMEHU. JTH
CUCTEMBI XapaKTePU3yIOTCs TeM, UTO BPeMsI JIJIsl HUX SIBJISIeTCS KToueBbIM Tapamerpom. Ha-
[PUMED, B CUCTEMAX YITPABJICHUS TIPOU3BOACTBEHHBIMU TIPOIECCAME KOMITBIOTEPBI, paboTato-
II1e B PEKIME PEATBHOTO BPEMEHH, TI0JLKHBI COOUPATH CBEAEHUS O TIPOIIECCE U UCTIOJIb30BATh
VX /I yIIPaBJIeHUs CTaHKaMU Ha MpeAnpuaTui. JJoBoJIbHO YacTO OHU JIOJIKHBI OTBEYaTh
OYeHb KECTKUM BPeMeHHBIM TpeGoBaHusiM. Harprmep, Korjia aBToMOOUIT TIEPEMETIIAETCSI TT0
cO0POYHOMY KOHBEWEpY, TO B ONPe/IeTeHHbIe MOMEHTBI BDEMEHH JIOJKHBI OCYIIECTBISTHCST
BIIOJIHE KOHKPETHbIe oreparu. Eciiu, K mpuMepy, CBapOUHBIil poOOT IPUCTYITUT K CBAPKE
C OIEPEKEHIEM MJIH OT03/[AaHUEM, MAITHHA [IPUJIET B HETOIHOCTD. Ecau onepanust doixcHa
OBITH [IPOBE/IEHa TOYHO B CPOK (MJIM B ONPEeJEHHbIN epuo/ BpeMeHH ), TO Mbl UMEeM
JIEJI0 ¢ CHCTEMOM JKECTKOTO PeaJbHOT0 BpeMeHH. MHOKeCTBO MOI0OHBIX CUCTEM BCTpe-
YaeTcs MPH YIIPaBIEHNN TPONU3BOJICTBEHHBIMU MPOIlecCaMy, B aBUAIIMOHHO-KOCMHUYECKOM
BJIEKTPOHHOM 000PYIOBAHUY, B BOCHHOIT U JIPYTUX MOAO0OHBIX 00JIACTSIX IIPUMEHEH s, DTH
CHCTEMBbI JIOJIKHBI IaBaTh a0COJIOTHBIE FaPAHTUHI TOTO, YTO ONPe/le/IeHHbIE IeHCTBUS OYLYyT
OCYTIECTBJISATHCS B KOHKPETHBII MOMEHT BPEMEHH.

JIpyToii pasHOBUIHOCTBIO TIOJIOOHBIX CHCTEM SIBJISIETCSI CHCTEMA MSITKOTO PEaJIbHOTO Bpe-
MEHH, B KOTOPOIT XOTS U HEKEJIATETbHO, HO BITOJIHE JIOTTYCTUMO HECOOTIOIEHIE CPOKA KAKO-
ro-HUOYb IEUCTBYSL, YTO HE HAHOCHUT HETOMPABUMOTO Bpesia. K aT0il KaTeropuu 0THOCSATCST
1udpoBbIe ayAN0- N MyJIbTUMeniiHbIe cucTeMbl. CMapT(OHBI TaKKe SIBJISIOTCS CUCTe-
MaM¥ MSITKOTO PeAJTbHOTO BPEMEHMU.

ITOCKOJIbKY K CHCTEMAM PEATbHOTO BPEMEHU MPEbABIISIIOTCSA 0Y€Hb KeCTKIE TPeOOBaHUS,
MHOT/IA OIIEPAI[MOHHBIE CUCTEMBI TIPEACTABJIAIOT COOOM MPOCTYIO0 OUOINOTEKY, CONMPSIKEHHYIO
C TIPMKJIaAHBIMU ITPOTPaMMaMHU, TJIe BCe TECHO B3aMMOCBA3aHO U MEXKIY YACTSIMU CHCTEMBI
He CyIIeCTBYeT HUKAKOIi 3arIuThL [IprMepoM Takoii cCTeMBbI MOKeT OCIyKuTh eCos.

Kareropuu oneparmmonnsix cucteM i KITK, BCTpoeHHBIX cuCTEM U CUCTEM PeabHOTO
BpPEMEHU B 3HAUUTEHHON CTENEHU TIEPEKPBIBAIOTCS APYT C JIPYTOM TI0 CBOMCTBEHHBIM UM
npusHakaM. [IpakTiueckn Bce OHM UMEIOT 110 KpaliHell Mepe HEKOTOPbIE aCIeKThl CUCTEM
MSITKOTO PeasbHOroO BpeMeHU. BeTpoeHHbIe CUCTEMbI U CUCTEMbI PEAIbHOrO BpeMeHn pabo-
TAIOT TOJILKO C TEM [IPOrPAMMHBIM ObecIiedeHreM, KOTOPOe BIIOKUIIN B HUX Pa3paboTYnKu
9TUX CHCTEM; [0JIb30BATEIH He MOTYT J0OABUTD B 9TOT apceHal COOCTBEHHOE TPOrPAMMHOE
obecriedenue, 4ToO CylecTBeHHO oberdaer pemrerre 3axad samutol. KIIK u Bctpoennbre
CUCTEMDI IIpeAHa3HavY€eHbl 1Jisd UHANBUAYaJTbHbIX HOTpe6HTe]IeI7I, a CUCTEMDbI peajIbHOTO
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BpeMEHU Yallle UCIIOJIb3YIOTCA B IIPOMbBIIIJIEHHOM ITPOMU3BO/ICTBE. Tem He MeHee, HeCMOTpA
Ha BCe 9TO, Y HUX €CTh OIIpeZIEJIEHHOE KOJIMYECTBO O6H_[I/IX qgepT.

1.4.9. OnepaunoHHbIe CUCTEMbI CMapT-KapT

Camble MaJieHbKHE OllepallMOHHbIe CUCTeMbl paboTaioT Ha cMapT-Kaprax. CMapT-Kapra
Ipe/ICTaBIsIeT COO0M YCTPOICTBO PA3MEPOM € KPEAUTHYIO KapTy, MMeEIoIiee COOCTBEHHDIN
nporieccop. Ha orieparimontbie cCTEMBI JIJISi HUX HAKJIAJbIBAIOTCSI OYEHb JKECTKHUE OTpa-
HUYeHUs 110 TpeOyeMOil BBIUMCIMTENbHOM MOIIHOCTH TIpolieccopa u o6bemy ramsati. He-
KOTOPbIE U3 CMAPT-KAPT MOJIYyYaioT TUTAHIE Yepe3 KOHTAKTbI CYUTHIBAIOIIETO YCTPOUCTBA,
B KOTOPOE BCTABJISIIOTCS, IPyTHe — GECKOHTAKTHBIE CMapT-KapThl — MOJYYaloT MTUTAaHUE 32
cuetr apperTa MHAYKIIUU, YTO CYIIECTBEHHO OTPAHMYMUBAET X BO3MOKHOCTU. HekoTopbie
U3 HUX CHOCOOHBI CIIPABUTHCS € OAHO-eIMHCTBEHHOM (DYHKIIME, HAIIPUMED € DJIEKTPOH-
HBIMU TIJIATEKAMU, HO CYIIECTBYIOT M MHOTO(DYHKIIMOHAIBHbBIE CMAPT-KAPThL. 3a4aCTYI0 OHU
SIBJISTIOTCS] TATEHTOBAHHBIMU CUCTEMaMU.

HexoTopsie cMapT-KapThl paccunTaHbl HA TPUMEHEHME I3bIKa Java. JTo 3HaunT, 9To [13Y
CMapT-KapThl coiepskuT unreprperarop Java Virtual Machine (JVM — BupryanbHast mMa-
muHa Java). Ha kapry sarpy:aiorcs Java-amiuiersl (HeGObIINE TIPOrPaMMbl ), KOTOPbIe
BoinosHstiorest JVM-unreprperaropom. HekoTopble U3 9THX KapT ClIOCOOHbI CIIPABJISATHCS
cpasy ¢ HECKOJIbKUMU Java-aliuieTaM i, 4To BIeUeT 3a co60i paboTy B MyJIBTHIIPOrPAMMHOM
pexuMe 1 He0OXOIUMOCTh YCTAHOBKY OYePeHOCTH BBIOIHEHUsT Tporpamm. [Ipu ommo-
BPEMEHHOM BBITIOJHEHUY JIBYX 1 O0Jiee alllieTOB IPUOOPETAIOT aKTYaIbHOCTh BOIIPOCHI
yIIpaBJIeHKsI PECypPCaMU ¥ AU ThI, KOTOPbIE J0JIKHbI ObITh PEIIEHbI ¢ TIOMOIIBIO MMEIOLIEiCs
Ha KapTe OTeparimoHHON crcTeMbI (KaK TTPaBUJIO, BeChbMa IPUMUTHBHOM ).

1.5. NMNoHaATNSA onepauMOHHON CUCTEMDI

BosbinHCTBO ONEPANMOHHBIX CUCTEM MCIIOJb3YIOT OIpe/leJieHHbIe OCHOBHbIE TIOHSITUS
u abCTpaKINK, TaKMe Kak TPOIECCHI, aipeCHbIe TIPOCTPAHCTBA U (haiiyibl, KOTOPBIE UTPAFOT
IJIABHYIO POJIb B OCMBICJIEHUH CAMUX CHCTeM. B cireytonux pasjienax Mbl KpaTko, Kak aTo
U JI0JIKHO ObITh BO BBEIICHWUH, PACCMOTPUM HEKOTOPBIE M3 9TUX OCHOBHBIX 1TOHsATHIL. K 1noj-
POGHOCTSIM KasKIOTO M3 HUX MbI €llle BEPHEMCS B CJeAYIOMMX raBax. s uimocTpanyun
ATHX TIOHSATHIT MBI BPEMsI OT BpeMEHU OY/IeT MCIOIb30BaTh IPUMEPHI, B3SIThIE TIPEMMYTIIE-
ctBenno n3 UNIX. Kak npaBusio, aHaJIOTHIHbIE TPUMEPHI MOKHO HANTH U B IPYTHUX Ollepa-
[MOHHBIX CUCTEMaX, U HEKOTOPbIE U3 HUX OY/YT PACCMOTPEHBI JaJiee.

1.5.1. NMNpouecchl

KirtoueBbIM IOHSITHEM BO BCEX OIEPAIlMOHHBIX CUCTEMAX sIBJIsIeTCs mpomecc. [Iporeccom, 1o
CYIIECTRBY, SIBJISIETCS TIPOTPAMMa BO BPeMsI ee BbirosiHeH . C KasK/IbIM ITPOIIECCOM CBSI3aHO €10
aJipecHoe NPOCTPAHCTBO — CITHCOK a/IPECOB STYEEK NMaMITH OT HyJIs 10 HEKOTOPOTO MaKCHMY-
Ma, OTKY/Ia TIPOIECC MOJKET CYMTHIBATH IAHHbIE 1 Ky/la MOKET 3aIlMChIBATD NX. AJPECHOE ITPO-
CTPAHCTBO COJIEP’KUT BBITIOJIHSIEMYIO TPOTPAMMY, JIAHHBIE 3TOM IIPOrpaMMBbl 1 ee cTek. Kpome
ATOTO, ¢ KAXKIIBIM MIPOIECCOM CBSI3aH HabOp PecypcoB, KOTOPBII OOBIYHO BKITIOYAET PETUCTPBI
(B TOM YmcIie CYETYNK KOMAH/[ U YKa3aTelb CTeKa), CIIICOK OTKPHITBHIX (ailnos, HeoOpabo-
TaHHbIE MTPEAYIPEKICHNUS, CIIMCOK CBSI3aHHBIX TIPOIECCOB 1 BCIO OCTAIbHYI0 NH(MOPMAIINIO,
HEOoOXOMMYIO B TIporiecce paboThl porpaMMbl. TakuM 06pasoM, IPOIECC — 9TO KOHTEHHED,
B KOTOPOM COJEPIKUTCSE BCst HHMOPMAIust, HeoOX0anMast /st paboThl IPOTPAMMBbL.
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Bouiee noapo6HO moHsiTHE TIporiecca OyAeT PacCMOTPEHO B TIaBe 2, a ceifuac, iJist TOro 4ToObl
BbIPabOTATh MHTYUTUBHOE MPEICTABIEHUE O TIPOIECCE, PACCMOTPUM CUCTEMY, PAOOTAIOILY 10
B MYJIBTUIIPOIPAMMHOM peskuMe. [ob30BaTes b MOXKET 3alyCTUTD IPOTPAMMY PeIaKTH-
POBaHUs BUEO U YKa3aTh KOHBEPTUPOBAHKE OJHOYACOBOTO BHAeodaiiia B Kakoi-HUOY /b
oripesiesieHHbII hopMat (TIporiecc 3aiiMeT HECKOJIbKO 4acoB), a 3aTeM TIePEKJIIOUNThCS Ha
Gayxaanus o VarepHery. ITpu aToM MoskeT 3apabotaTh (hOHOBBII IIpoIece, KOTOPbIH 1e-
PUOINYECKU «ITPOCHITIAETCS> /IS TPOBEPKU BXOAAIIEH 2JIeKTPOHHON 1mouThl. M y Hac yxke
Oyzer (Kak MUHUMYM ) TPU aKTUBHBIX TIPOIIECCA: BUIEOPEAAKTOP, BeO-Opaysep u mporpaMma
noJrydeHust (KJIUEHT) 3IeKTPOHHO mouThl. [leproandeck omepannoHHas ciucTeMa OyaeT
NPUHKUMATD PEIEeHUs OCTAaHOBUTH PabOTY OHOTO MIPOLIECCa U 3allyCTUTH BBIIIOJHEHUE JPY-
roro, BO3MOKHO, M3-32 TOTO, YTO MEPBBIN MCYepPHas CBOIO JIOJII0 TPOIECCOPHOTO BPEMEH!
B TIPEJIBILYIIYIO CEKYH/LY UJIU JIBE.

Ecuu miporiecc mpruocTaHaBInBaeTCsi TAKUM 0OPa30M, MO3Ke OH JI0JKEH BO30OHOBUTHCSI
HUMEHHO € TOTO COCTOSHMSA, B KOTOPOM ObLJI OCTAHOBJIEH. DTO 0O3HAYAET, YTO HaA MEPUO]]
[PUOCTAHOBKU BCst MHMOPMAILIUS O TIpolecce M0JKHA ObITh IBHBIM 06Pa3oM Ie-TO COXpa-
Hera. Hanpumep, y mipoitecca MOTYT OBbITh OJIHOBPEMEHHO OTKPBITHI JIJIST UTEHISI HECKOJIb-
ko daitnioB. C Kak/IbIM U3 3TUX (HailoB CBsI3aH yKa3aTesb TEKyIeil mo3unuu (To ecTb
HoMep OaiiTa WM 3alucu, KOTopast JoJsKHa ObITh cunTaHa caepyionleii). Koraa mpoiecce
MPUOCTAHABINBAETCSI, BCE OTU yKazaTe I JOJKHbBI ObITh COXpaHEeHbI, YTOObI BBI3OB redd,
BBITIOJTHSIEMBI TIOCJIe BO30OHOBJIEHUST TTPOIecca, MPUBOAMI K UTEHIIO HY/KHBIX JTaHHBIX.
Bo mMHorux onepanuoHHbIX cCUCTEMaX BCsl HHGOPMAIUS 0 KaXK/I0M MPOIECCe, 32 UCKIIIO-
YEHUEM COAEPKUMOTO ero COOCTBEHHOTO a[PECHOTO MPOCTPAHCTBA, XPAHUTCS B TabJIuUIle
OllepaIMOHHON CUCTEMbI, KOTOPas Ha3bIBAeTCs TA0MILEH IPOLECCOB 1 IIPEJCTABJILET CO-
6oit MaccuB (MJIHM CBS3aHHBIN CIIMCOK) CTPYKTYP, 110 OAHON HA KasKAbIH U3 CYHIECTBYIOIIUX
Ha JJaHHBIM MOMEHT TIPOIECCOB.

Takum o6pasom, npoitecc (B TOM YMCJIe MPUOCTAHOBIEHHbIN) COCTOUT U3 COOCTBEHHOTO
AJ[PECHOTO MPOCTPAHCTBA, KOTOPOE OOBIYHO HA3BIBAIOT 0OPA3OM MAMSITH, 1 3AITICH B TaOJIUIIE
MIPOTIECCOB C COMEPIKUMBIM €TO PETHCTPOB, a TaksKe APpyroi nHbopMmaruei, Heo6X0auMOoi
JUISL TIOCTIE/LY IOIEr0 BO30OHOBIIEHUS TIPOIIECCa.

[naBHBIMU CUCTEMHBIMU BBI30BAMHU, UCIIOJIb3YEMbBIMU IIPU YITPABJIEHUU [TPOIECCAMH, STBJIS-
I0TCSI BbI30BbI, CBSI3AHHbIE C CO3/IAHUEM U 3aBEPIIEHNEM IIPOIECCOB. PaccMOTPUM 1POCTON
npumep. IIpoiiecc, Ha3bIBAEMBIN HHTEPIPETATOPOM KOMAHI, 11 000JOYKOM, CUMTHIBAET
KOMaH/Ibl ¢ TepMuHasa. [Tob30BaTesb TOJAbKO YTO Habpaa KOMaH/Ly, TPeOYIONUyIo KOM-
MUK TporpaMMbl. Terepb 060J10UKa JOJIKHA CO3/1aTh HOBBIN IPOIECC, 3aIyCKAIONIUI
koMmiuigTop. Korza aToT mpoiiecc 3aBepuiuT KOMIUIISINIO, OH TPOU3BEET CUCTEMHBIN
BbI3OB /LIS 3aBEPIIEHNsT COOCTBEHHOIO CyIIECTBOBAHMSL.

Ecsmm niporiecc criocoben co3aBaTh HECKOJIBKO JAPYTHUX IPOIECCOB (HA3bIBAIOIIUXCS A0Yep-
HUMH TIPOIIECCAMH ), 2 ATH TIPOIIECCHI B CBOIO OUEPEIb MOTYT CO3/IaBaTh COOCTBEHHBIE T0UEP-
HIE [IPOIECCHI, TO TIePe]] HaMK TIPEACTAET AE€PEBO MPOLIECCOB, TTO00H0E H300PasKEHHOMY Ha
puc. 1.13. Csizatmbie IPOLECCHI, COBMECTHO pabOTaIOIINe Ha/l BHINOJIHEHUEM KaKoii-HuOY b
3a/1a4M, 3a4aCTYIO HYKAAIOTCS B 0OMeHe JIaHHBIMU APYT € APYTOM U CHHXPOHU3AIL[UH CBOUX
neiictBuil. Takast CBA3b Ha3bIBAETCS MEKIPOLECCHBIM B3aUMOeiicTBUEM 11 Oy1eT 101pOOHO
paccMoTpena B riiase 2.

Jlpyrue cuctemmbie BbI30BbI, IIPeHA3HAYEHHBIE /IS YIIPABJIEHUSI TIPOIECCOM, TIO3BOJISIOT
3aIPOCUTD BbIJIeJIEHNUE JOTIOJHUTENbHON TaMaTy (N 0CBOOOKIEHNE He3a/eHCTBOBAHHOM ),
OPraHU30BaTh OKMIAaHKE 3aBePIICHUs JOYEePHEro IIPOIecca Wik 3arpy3Ky Kakou-HUOYb
ZIPYTOH TTPOTPaAMMBI TIOBEPX CBOEH.



1.5. ToHATMA ONepaLnOHHON CUCTEMBI 65

Puc. 1.13. lepeBo npoueccos. [Npouecc A co3aan asa no4epHux npouecca, Bu C.
Mpouecc B co3pan Tpu govepHux npouecca, D, En F

Bpemenamu Bo3HUMKaeT IIOTPEOHOCTD B Iiepeaade HHGOPMAIUMK 3allyIEHHOMY [IPOLecCy,
KOTOPBIN He HAXOAUTCS B COCTOSTHUU OXUIAHUSA 3ToH nHbopManni. MokHO TPUBECTH
B TIPUMED TIPOTIECC, KOTOPBIH 0OMeHWBaeTCsT MHMOPMAIHEN ¢ IPYTUM MPOIIECCOM, 3a-
IYIIEHHBIM Ha APYIOM KOMIIBIOTEPE, U IIOCHLIAET YAAJIEHHOMY IIPOLECCy COOOIIEHKE 110
cetu. YTo6bI 3aCTPAaX0BaThCsI OT BO3MOKHOM yTpaThl COOOIIEHUS UIN OTBETA Ha HETO,
OTIIPABUTEH MOYKET 3alIPOCUTH COOCTBEHHYIO ONEPAIUNOHHYIO CUCTEMY YBEIOMUTD €TO
1[I0 UCTEYEHUH OIPEIEEHHOrO UHTEPBaia BPEMEHH, 4TOObI OH MOT [TOBTOPHO OTIIPABUTh
coo01IIeHe, eCIIU He MOJIyYUT ITOATBEPIKACHUS ero MoJydeHust paubiie. ITocie ycraHoBKu
TAKOro TaiiMepa MporpaMma MOKET IIPOOJIKUTD BBIIOJHEHUE APYTOH paboThI.

Korza victeuer 3a/[aHHbIl HHTEPBAJI BDEMEHHU, OTIEPAI[OHHAST CUCTEMA [OCHLIAET IIPOIIECCY
CHTHAJI TPEBOTH. DTOT CUIHAJ 3aCTaBJISIET TTPOIECC TIPUOCTAHOBUTD BBITIOIHIAEMYIO PabOTY,
COXPaHUTh B CTEKE COCTOSHIE CBOMX PETHCTPOB U 3allyCTUTH CHEIUANBHYIO POIEAYPY
06paboTKN CUTHATA TPEBOTH, I TOTO YTOOBI, K TIPUMEPY, 3aHOBO MEPENaTh MPEINOI0-
JKUTEJIBHO yTpadeHHoe coobuienue. Korga 06paboTyrK curnaja 3aBepiiuT cBO paboTy,
3aIyIEHHBIH MPOIECC BO30OHOBUTCSA B TOM CAMOM COCTOSTHUH, KOTOPOE OBLIO /10 TIOCTYTLIE-
Hust curHana. CUTHAMIBL ABJISIOTCS TIPOTPAMMHBIME AHATIOTAMU aMIaPATHBIX TTPEPBIBAHUIA.
OHM MOTYT reHepUPOBATHCS B PA3JMYHBIX CUTYAIUAX, 4 HE TOJIBKO 110 HCTEYEHUN BPEMEHH,
YCTAHOBJIEHHOTO B TaiiMepe. MHOTHMe anmapaTHbie TpephiBanus (HanpuMep, BHITTOJHEHNE
HEIOMYCTUMON KOMaH/Ibl MK OOpaleHne 10 HEBEPHOMY aJIPECy ) TAKKe TPAHCAUPYIOTCS
NPOIECCY, TPU BBITOJHEHUH KOTOPOTO TPOU30IILIA OMINOKA.

Kaskiomy 110J1b30BaTes10, KOTOPOMY pa3perieHo paboTarh ¢ CUCTEMOI, CUCTEMHbIM a/IMUHU-
CTpaTOpOM npucBanBaetTcsa uaeHtudurkaTop noibaosarens (User [Dentification (UID)).
Kaskmprit 3amymennnrii mporecc nmeet UID Toro mosib3oBaTess, KOTOPBIN €To 3amyCTHI.
[louepuue mporeccs nmeroT Takoit ke UID, xak u y poautennckoro mpoiecca. [Toab3o-
BaTeJIM MOTYT BXOAMTD B KaKyI0-HUOY/Ib TPYIIILY, KaKAasd 13 KOTOPBIX MMeeT COOCTBEHHbIN
unenrudukarop rpymmsi (Group IDentification (GID)).

[TosbzoBaresib ¢ ocoObiM 3HauerreM UID, HaspiBaembiii B UNIX cynepriosibzoBaTtesem
(superuser), a 8 Windows agmunucrpatopom (administrator), umeer ocoObie MOJTHOMOYUS,
[03BOJISIONME [TPeHeOperaTh MHOTUMHK [IPABUJIAME 3alIUThL. B KPYIIHBIX KOMIIBIOTEPHBIX
CHCTEMaX TOJIbKO CHCTEMHBIN aIMUHUCTPATOP 3HAET NapOJib, HEOOXOAUMBIH IS TT0JIyYeH s
[IpaB CyIePIOAb30BaTeIs, HO MHOTUE OObIYHbIE T0JIb30BaTe M (0COOEHHO CTYAEHTbI) IIPH-
KJIaJIbIBAIOT HEMAJIbIE YCUJINS, TIBITAsICh OTBICKATh OPEIIN B CUCTEME, KOTOPbIE IIO3BOJININ Obl
UM CTaTh CyIepIIoab3oBaTeeM 6e3 napoJis'.

! Yro, cormacuo YK PO, saBJsieTcst yTOTOBHBIM MPECTYILIEHIEM. 32 UCKIIOYEHIEM JIeHICTBHI ¢ CO-
[JIACHST BJIAJIEJIbIA JIAHHOW BBIYMCIUTENLHOM ccTeMbI (HAIIPUMED, TP ITPOBEPKE CUCTEM 3aIUTh
WJTH BBITIOJTHEHUH COOTBETCTBYIONIHMX JJaO0PaTOPHBIX paboT 110 9T0ii Teme). — ITpumeu. ped.
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Mbi GyjieM 10APOOHO paccMaTPUBATD MIPOLIECCHI, CBSI3U MEXK/IY HUMU U COILYTCTBYIOIINE
BOITPOCHI B TJIaBe 2.

1.5.2. AppecHble NpOCTPaHCTBA

Kaskpiii koMibrorep 06J1a/1aeT olpeieeHHbIM 00beMOM OlIePaTUBHON MaMsITH, UCIIOJIb3Y -
eMOH JIJisI XpPaHeHUsT UCTIOJIHSIEMbIX ITPOTPaMM. B caMbIX MPOCTHIX OTIePAIIMOHHBIX CUCTEMAX
B [IAMSITU IPUCYTCTBYET TOJILKO OJiHA TTporpamma. J{Jist 3arycka BTOPOii IIporpaMMbl CHAYAA
HY’KHO YJIAIUTD TIEPBYIO,  3aT€M HA €€ MECTO 3aTrPY3UTD B MAMSITh BTOPYIO.

Boutee nsoripentbie orepainoHHbie CUCTEMbI TTO3BOJISIOT OHOBPEMEHHO HAXOIUTHCS B TIAMSI-
TH HECKOJIBKMM IIporpamMMaM. Uto6bl HCKJIIOYNUTH B3aUMHBIE TToMeXH (U oMex# pabore orie-
PAITMOHHO CHCTEMBI ), Hy>KE€H KaKOW-TO 3aMUTHLIN Mexauan3M. HecMoTpst Ha TO 94TO 3TOT Me-
XaHM3M JIOJIZKEH BXOAUTD B COCTaB 000PYA0BaHsl, YIIPABJISETCs OH ONEPAIIMOHHON CHCTEMOM.

BeriiieynoMsiHyTast Touka 3peHust CBsI3aHa € BOITPOCAMHE YIIPABJIEHUST 1 3AIUThI OTIEPATUBHOI
maMATH KoMIibioTepa. /[pyroii, Ho He MeHee BasKHBIH BOIIPOC, CBS3AHHBIH € MaMATBIO, — 9TO
YIIpaBJIeHNE aIPECHBIM TIPOCTPAHCTBOM T1PO1teccoB. OOBIYHO KaKIOMY IIPOIECCY OTBOAUTCS
JUISL UCTIOJIb30BAHUS HEKOTOPbII HEllPepbIBHBII HAOOD apecoB, Kak MPaBKJIO, C HYJIS U JI0
HEKOTOPOTO MakcuMyMa. B npocreiiniem ciydae MakcMMaJbHbI 00beM apecHOro Ipo-
CTPAHCTBA, BbIEISEMOrO IIPOLIECCY, MeHbIIe 00beMa ollepaTuBHOI naMsaT. Takum o6pasom,
MIPOIIECC MOXKET 3aMOJTHUTH CBOE a[PECHOE TIPOCTPAHCTBO M I €T0 Pa3MeIeHns B oTepa-
TUBHOI TaMATH OyeT JOCTAaTOYHO MeCTa.

[Ipu aTOM Ha MHOTHX KOMTIBIOTEpaX UCTIOIb3yeTcs 32- Wi 64-paspsiaHas aapecaius, mo-
3BOJIAIONIAST MMETh aJPECHOE MPOCTPAHCTBO pasMepoM 2°2 mam 2 GaiiT cCOOTBETCTBEHHO.
Yro npousoi/eT, eciiu ajgpecHoe POCTPAHCTBO IIPOIIECca IPEBbIIIaeT 00beM OlepaTUBHON
HaMSATH, YCTAHOBJIEHHON Ha KOMIIbIOTEPE, a Ipoleccy TpebyeTcs UCIOIb30BaTh BCE CBOE
IIPOCTPAHCTBO TeJMKOM? Ha 1epBbhiX KOMITBIOTEPAX TAKOI IPOIECC HEU3MEHHO TepIiesT KPax.
B natire Bpemsi, Kak ysKe YIOMUHAJIOCh, CYIIECTBYET TEXHOJIOTUST BUPTYAJIbHON MAMSTH, TIPU
KOTOPOU OTlepallioHHast CUCTEMa XPAHUT YacTh aJ[PeCHOrO MPOCTPAHCTBA B OTIEPATUBHON
MaMsITH, a YaCTh — Ha JIMCKe, TI0 HeOOXOUMOCTH MeHsIsT NX (pparMeHTsl Mectami. [1o cyTw,
olepalMoHHasl CUcTeMa Co3/aeT abCTPaKIMIO aJPEeCHOr0 MPOCTPAHCTBA B Bue Habopa
aJIPecoB, Ha KOTOPbIE MOKET CChLIATHCS TIpoIlecc. AJ[pecHoe TTPOCTPAHCTBO OTAENIEHO OT
(busruecKoll MaMATH MaIIMHBI K MOKET OBITh Kak GOJIbIIe, TAaK 1 MEHbIIE Hee. YIIpaBIeHne
a[PECHBIMU TIPOCTPAHCTBAMU 1 (DPUBUUYECKOI TTAMSITIO ABJISETCS BAKHOW 4acThio PabOThI
OTICPAIMOHHON CUCTEMBI, TOATOMY TAHHOH TeMe TTOCBATIeHa BCs T1aBa 3.

1.5.3. dannsbli

ﬂpyFI/IM KJIIOYEBbIM IIOHATUEM, HOI[I[ep)KI/IBaeMbIM HpaKTI/I‘-IeCKI/I BCeEMU OHepa]_[I/IOHHbIMI/I
cucremMamu, siBjisieTcs (paitioBast cucrema. Kak ormeuasnoch paree, ocHOBHasT (DyHKITUS
OTIEPAIIMOHHON CHCTEMBI — CKPBITh CIIENN(UKY ANCKOB U IPYTUX YCTPOUCTB BBOJIA-BbIBOJIA
U TIPEAOCTaBUTH IPOIPAMMUCTY YAOOHYIO U TIOHATHYIO aGCTPAKTHYIO MOJIEJIb, COCTOSIILY IO
13 HE3aBUCUMBIX OT YCTPOHCTB (haiiyioB. Briosie oueBUIHO, UTO 71 CO3MAHNS, YIATCH,
yreHus U 3anucu (HailioB moHag00ATCs cucTeMHble BbI30BbL. Ilepen Tem Kak aili Oyaer
rOTOB K YTEHUIO, OH JI0JIKeH ObITh HalileH Ha AUCKe U OTKPBIT, a [OCJIe CUNThIBAHUS — 3a-
KpoIT. J[Jist TpOBejieHusT 9TUX OTIEPAIIUil TIPEYCMOTPEHDI CUCTEMHbIE BHI30BBI.

Yro6bl PEIOCTABUTH MECTO [IJIst XpaHeHust (paiiyioB, MHOTHE OllepPallMOHHbIE CUCTEMbI T1€PCO-
HAJIbHBIX KOMIIBIOTEPOB UCIIOJIb3YIOT KATAJIOT KaK criocod obbeanteHus (HailioB B IPYIIIIbL.
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Hamnpumep, y cryaenTa MOKeT ObITh 110 OJHOMY KaTaJIOTy [JIsi KaKI0TO U3y4aeMOro Kypca
(z71st TPOrpaMM, HEOOXOIMMBIX B PAMKAX JIAHHOTO KYPCa), KATAJIOT JIJIsI SJIEKTPOHHOM MOUYTHI
U ellle OAMH — JIJIst CBOEl sioManitHell BeO-cTpanuiibl. [Jist co3Manust 1 yaaJleHus KaTaJoroB
HY’KHBI CHCTeMHbIE BBI30BBL. OHHU Tak:ke HYKHBI /[T IOMEIIEHHS B KATAJIOT CYIIECTBYIOTIE-
ro (ailia u yganeHus ero orryaa. JjaeMeHTaMK KaTajora MoryT ObiTh J1n60 (ailibl, 1160
NPYTUe KaTaJoTH. JTa MOJIENb cTajla MPOoodPA3OM HEPAPXUUECKOi CTPYKTYPBI (hailoBoii
CUCTEMBI, O/INH U3 BAPUAHTOB KOTOPOII oka3aH Ha puc. 1.14.

KopHeBow kaTtanor

~

CTyneHThl dakynsret
n Mpodecco
Pobepr, Martny  Jleo pgﬁ):;:op Mpochbeccopy p;t;m P
puH
/
/ j vV
/l R /N K
vy v v
Kypcebl Bymaru paHTbI Komucenmn
/ // /l \\
\ [ 1. N
\ /1T\ /AN

¢V& ¢Vx /

OOOOOOJ
SOSP

CS101 CS105 COST-11

Puc. 1.14. ®ainnosas cuctema dakynbTeta yHMBepcuteTa

Wepapxum (afisioB, Kak 1 HepapXuu MPoIeccOB, OPTAaHN30BAHbI B BU/IE IEPEBLEB, HO Ha HTOM
CXOJICTBO 3aKaHuMBaeTcst. VlepapXuu IpoIeccoB He OTInYaioTes riayoutoi (06bIaHO He
Gouiee Tpex ypoBHeil), a nepapxuu GailioB 06bIYHO UMEIOT IJTyOMHY B YETbIPE, HATh 1 OoJiee
ypoBHeit. MlepapXuu porieccoB UMET KOPOTKUH TEPUOJT CYTIECTBOBaHMUSI, B OOTBIITMHCTBE
cBoeM He 6oJiee HECKOJIbKUX MUHYT, a HepapXis KaTaJoroB MOKET CYIeCTBOBATH FOJAMMU.
Ormpesiesiennie TPUHAIJIC;KHOCTU U MEPBHI 3AIMUTHI JIJIST TIPOTIECCOB U (PAIIIOB TAKKE MMEIOT
pazsuust. OGBIYHO TOJNBKO POAUTENLCKUN MPOIECC MOXKET YIIPABJISATH JOYEPHUM TIPO-
L[ECCOM WJIM JIazKe 0OpalaThes K HeMy, HO IPAKTHYECKU BCerja CyHIeCTBYIOT MEXaHN3Mbl,
[O3BOJISAIONIIE YNTAaTh (PalljIbl U KaTaJOTH He TOJBKO UX BJAJEJbILly, HO U GoJiee IMPOKON
rpyIIe 0JIb30BaTesei.

Kasxzprit daiin, npuHagmexamnuil nepapXxun KaTajaoros, MoKeT ObITh 0003HAUYEH CBOMM
MOJTHBIM HMEHEM C YKa3aHUEM ITyTHU K (haiiry, HAUMHAsS C BEPIIUHBI HePAPXUU — KOPHEBOTO
KaTtajora. 9ToT aGCOIOTHBIN MIyTh COCTOUT U3 CIIMCKA KATAJIOI0B, KOTOPbIE HYKHO IIPONTH
0T KOPHEBOI'O KaTaJiora, 4TobObl 100paThes 10 (daiina, rjie B KauecTBe pasieuresieil KOMIIo-
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HEHTOB CJIysKaT CUMBOJIbI KOCOH yepthl (cuerna). Ha puc. 1.14 myTs k daitny CS101 Gyner
umetb BuJ /Faculty/Prof.Brown/Courses/CS101. IlepBas Kocasi uepTa aBJgeTCs] TPU3HAKOM
UCIIOJIb30BaHUs a0COJIOTHOTO MY TH, KOTOPBII HauMHAeTCcs B KOpHeBOM KaTaJjore. Ciemnyer
3ameTuTh: B Windows B KayecTBe pasjieJiiTesisi BMECTO MIPSIMOil KOCOH YepThl (/) UCII0JIb3yeT-
cs1 obpatHast (\), OATOMY IMOKa3aHHBIN BBIIIIE MyTh K (pailiTy H0JKEH ObITh 3aIIMCaH B CJIE/LY-
forieM Buze: \Faculty\Prof.Brown\Courses\CS101. Ha cTpanuiiax aToif KHUTH TIPU YKa3aHIH
nyTeil K (aifsam Gyner B OCHOBHOM KCIIOJIb30BaThCsI coriaiienue, aeiictayiomiee B UNIX.

B 11060 MOMEHT BpeMeHH y KasKI0ro IPOIEecca eCTh TeKyIuii paboyuii KaTajaor, OTHO-
CUTEJIBHO KOTOPOTO PacCMaTpUBAIOTCS TyTH (GailioB, He HAYMHAIOIINECS C KOCOI YePTHI.
Hanpuwmep, ua puc. 1.14, ecau /Faculty/Prof.Brown Oyzer paGourM KaTtajioroM, TO MpU UC-
nosb3oBaHuy 1yt Courses/CS101 Oyer noJrydeH ToT ske camblii (aiis, uTo 1 Npu yKasaHuu
PaccMOTPEHHOTO paHee abcoIOTHOTO 11y TH. [Ipoliece MOKeT U3MEHUTh CBO# paboumii Kata-
JIOT, BOCITOJIb30BABIIIICH CUCTEMHBIM BBI30BOM, OTIPEIEISIONINM HOBbII Pab0oumil KaTasior.

[Tepen TeM Kak ¢ (hailioMm MOKHO GyieT paboTaTh B PEsKUME 3alUCH WU YTEHUSsT, OH J0JIKEH
6bITH OTKPHIT. Ha aTOM aTare mporucXoanT TaksKe MpoBepKa TpaBs AocTyTa. Ecium goctym pas-
peleH, cucTemMa BO3BpAllaeT 1eJI0e YHCI0, Ha3bIBAEMOE JeCKpunTopoM daiiia, KoTopbIi
UCIIOJIb3YETCS B MOCIEAYIONNX onepaiuax. Eciiv goctyn sampernieH, To BO3BpaiaeTcst Koj
OIIMOKH.

Jlpyroe Baxkroe nousitrie B UNIX — cmontupoBannas paiiioBas cucrema. boJibinHCTBO
HACTOJIbHBIX KOMIIBIOTEPOB OCHAIIEHO OAHUM 1 GoJiee MPUBOJAME ONTHYECKUX JUCKOB,
B KOTOPbIE MOI'YT BCTaBJIATHCSA KOMIIAKT-AUCKH, ucku DVD u Blu-ray. ¥ koMibioTepos, Kak
npasuio, ectb USB-110pThI, K KOTOPBIM MOsKeT ObITh TToAKI0ueHa USB-namsars (dakrnye-
CKU 9TO TBEPAOTEIbHBIE YCTPONCTBA, 3aMEHSIONIIE INCKOBbIE HAKOTINTEJN ), 3 HEKOTOPBIE
KOMIIBIOTEPbI UMEIOT TIPUBOJIBI THOKUX IMCKOB MJIK MOAKJIIOUEHHbIE K HUM BHELITHUE JKECTKIE
ek, UToObI IpeIoCcTaBUTh YAOOHBIN CII0CO6 paboTh ¢ STUMU ChEMHBIMU HOCUTEISIMU
nndopmariun, UNIX mo3BossieT ¢aiiyioBoii cuctemMe Ha ONTUIECKOM AMCKE TTOAKII0YATHCS
K OCHOBHOMY JlepeBy. PaccMOTpuM cuTyaruio, mokaszanHyio Ha puc. 1.15, a. [lepen BoisoBom
KOMaH/[bl mount kopueBas ¢aiiyioBasi cucTeMa Ha ’KeCTKOM JIMCKe U BTopas aitioBas cu-
cTeMa Ha KOMIIaKT-MCKe CYIIEeCTBYIOT OTIEIbHO U He CBI3aHbI IPYT C IPYTOM.

Oprako Gaifsibl Ha KOMITAKT-IMCKE HEJIb3s HCIOJIb30BATh, OCKOJIBKY OTCYTCTBYET CII0CO0
otipesiesieHns it HUX noyHeXx nMeH. UNIX He mo3BosisieT yka3piBaTh B Hadase MOJHOTO
MMEHHU HOMED WU MMSI YCTPOICTBA, TIOCKOJIBKY 3TO TIPUBEJIO OBl K JKECTKON 3aBUCUMOCTH OT
YCTPORCTB, KOTOPOIH OIIePaIlIOHHBIM CHCTEMaM Jiydiiie n3beratb. BMeCTo 9TOro cCucTeMHbIN
BBI30B MOUNt TIO3BOJISIET MOIKJIIOUYNTD (DAIOBYIO CHCTEMY Ha KOMIIAKT-INCKe K KOPHEBON
(ailyioBoli cucrteMe B TOM MeCTe, T7ie 9Toro motpebyer mporpamma. Ha puc. 1.15, 6 daiinosast
CHCTEMA Ha KOMIIAKT-ICKe ObLIa MOAKII0YeHa K KaTaJIory b, OTKPBIB OCTYII K (haitiam /b/x
u /b/y. Ecin B karajore b coepRanuch kakue-HUOY b (haiiibl, TO MOKA K HEMY TOJKJII0YEHA
(haiisoBast cucTeMa KOMITAKT-IMCKa, 3TH (aliibl Oy T HEJOCTYITHBL, TOCKOJIBKY Iy Th /b cTat
CCBIJIKON Ha KOPHEBO# Kartajor kommnakT-ancka. (ITorepst nocryna k atum daitiam — Bo
MHOTOM HajtyMaHHast 1pobJieMa: (hailsioBbie CHCTEMBI TIPAKTHYECKH BCET/IA TTOKJIIOUAIOTCST
K IIyCTBbIM KaTasioraM.) Ecsu cucrema ocHallleHa HeCKOJIBKMMU KeCTKUMU JIUCKAaMU, TO BCe
OHU MOTYT ObITh ITOJKJIIOYEHBI K €JIMHOMY JI€PEBY aHATOTUUHBIM 00PA3OM.

Emte ognum Baxkubim nonsitueM B UNIX sBiisiercst cnenuanbupiii ¢aiin. Criennanibibie
(baiisIbI CITyKAT 1T TOTO, YTOOBI YCTPOICTBA BBOA-BbIBOA OBLIN TIOXOKH Ha (haitirbl. [Ipu
3TOM C HUMU MOKHO ITPOBO/IUTD OTIePAIlMU UTEHU U 3AIIUCH, UCIIOJIb3Y S Te JKe CUCTEMHbIE
BBI30BBI, KOTOPbIE TPUMEHSIIOTCS JIJIsT UTeHUs U 3anucu ¢daiinos. CyIiecTBYIOT 1Ba BUIa
crielra bHbIX (HaiiioB: 6J10UHbIE cienuaabHbie (Paiiabl 1 CUMBOJIbHbIE CIEIaIbHbIE
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aitnbl. biiounbie criernaabible (Haitbl UCIIOIB3YIOTCS JIJIsI MOJIEJUPOBAHUST YCTPOICTB,
cogepxanmx Habop OJIOKOB ¢ IIPOU3BOJBHON aapecanuei, Taknux Kak Aucku. OTKpbIBas
GJIOYHBIN ClIenraIbHbIN (aiiil 1 cCYnTBIBAs, CKaKeM, OJIOK 4, IPOrpaMMa MOKET HAIIPSMYTO
[OJIYYHTh JOCTYII K 4eTBEPTOMY OJIOKY YCTPOHCTBA HE3ABUCKMO OT CTPYKTYPbI UMeroIIeiics
y Hero (aitoBoil cucTeMbl. AHATOTHIHBIM 00pPa30M CHMBOJIbHBIE CTIETIHATbHBIE (hallIbl
UCTIOMb3YIOTCS AJIST MOJIETUPOBAHUS TIPUHTEPOB, MOJIEMOB 1 IPYTUX YCTPOUCTB, KOTOPHIE
MPUHUMAIOT UM BBIIAIOT TTOTOK CUMBOJIOB. B COOTBETCTBUY € MPUHSTHIM COTJIANIICHUEM
crieruasbHble aiibl XpaHsaTcs B katasore /dev. Hanpumep, myThb /dev/Ip MOXeT OTHO-
CHUTBCS K TIPUHTEPY (KOTOPBIIT KOT/Ia-TO Ha3bIBAJICS CTPOYHBIM IIPHHTEPOM — line printer).

KopeHb [Mbkui anck
a b X y a b
L] O O
[ d c d X y
L] [ [] HE
a 6

Puc. 1.15. ®ainbl Ha KOMMakT-AnUcKe: @ — nepes NoAKI0YEHNEeM HeAOCTYMHbI;
6 — nocne NoakNoYeHNs CTaHOBATCS YacTbio KOPHEBOW (ainoBoii CUCTEMbI

[Tociennum noHsTueM B 9ToM 0630pe OyAyT KaHAJbI, KOTOPbIE UMEIOT OTHOIIEHUE KaK
K TIpotieccaM, Tak 1 K ¢aiiyiam. Kanaa — aTo pasHoBUAHOCTD TIceBOdaiina, KOTOPbIM MOKHO
BOCIIOJIb30BATBCS IS COeAMHEHU ABYX Tpotieccos (puc. 1.16). Ecau nporieccam A u B HeoO-
XOIMMO OOMEHSATHCS JAHHBIMU C IOMOLIBIO KaHAJIA, TO OHU J0JKHbBI YCTAHOBUTD €10 3apaHee.
Korpa niporieccy A HyKHO OTIIPABUTD JTAHHBIE ITPOTIECCY B, OH OCYIIECTBIISIET 3AITUCh B KAHA,
Kak OyTO MMEET J1eJI0 ¢ BRIXOAHBIM (haiiiom. DakTryecky peanusaius KaHaaa O4eHb I10X0-
’Ka Ha peanuzanuio daitna. [Iporecc B MoKeT MPOYNTATh JaHHbBIE, OCYIIECTBIISIS OTIEPAIIUIO
YTEHUST U3 KaHaa, Kak OyJTo OH UMEET JIeJI0 ¢ BXOAHbIM (haiinom. Takum o6pasom, o6MeH
JAaHHbIMU Mesky Tipotteccamu B UNIX oueHb OX0sK Ha OOBIYHBIE ONEPAIUI 3aIIUCH 1 UTe-
Hug daiina. Bosee Toro, TOJIBKO cjies1aB CleUATbHBIN CUCTEMHBIH BBI30B, TPOIECC MOXKET
Y3HAThb, 4YTO 3aIIMCh BbIXO/IHBIX JaHHbIX Ha CaMOM JieJie IIPON3BOJIUTCA HE B Cbaf/)UI, a B KaHaJl.

Mpouecc Mpouecc

° - °

Puc. 1.16. [1a npouecca, CoOeAHEHHbIE KaHaIoM

MDaiisioBast crcTeMa UrpaeT OueHb BayKHYIO poJib. Eil Gyer yiaeaeHo 3SHaunTebHO 60JIbIIe
BHUMaHUS B TJ1aBe 4, a Takske B riasax 10 m 11.

1.5.4. BBopg-BbIBOA, AaHHbIX

Y Bcex KOMITbIOTEPOB UMEIOTCS (DU3MUECKHUE YCTPOICTBA JJIsI TOJTYYEHUST BXOTHOU W BhI-
BOJIa BBIXOAHOW nHDOpMarmn. JleficTBUTeIbHO, KaKoil 6y/IeT IPOK OT KOMITbIOTEPA, €CJIN
110JIb30BATEIN HE CMOTYT TIOCTaBUTh €My 3a/lauy U TOJIYYUTh Pe3yJIbTaThl 110 3aBEPIIeHUN
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3aj:aHHoil paboTel? CylecTByeT Macca Pa3HOOOPa3HbIX YCTPOUCTB BBOA-BbIBO/IA: KJIaBUA-
TYPbl, MOHUTODBI, IIPUHTEPHI U T. I. YIIpaBJIeHUe BCEMU ATUMU YCTPONCTBAMU BO3JIATAETCSI
Ha OTIEPAIIMOHHYIO CUCTEMY.

[ToatoMy y Kaxx/10i1 onlepallMOHHON CHUCTEMBI /IS YIIPaBJIeHUS TaKUMU yCTpoiicTBaMu
CYIIECTBYET CBOSI MOJICUCTEMA BBO/Ia-BbIBO/Ia. HEeKOTOpBIE ITPOrpaMMbl BBO/Ia-BbIBOJIA HE
3aBUCAT OT KOHKPETHOTO YCTPOMCTBA, TO €CTh B PAaBHOI Mepe HOAXOAT I IPIMEHEHUS
€O MHOTHIMH WJIM CO BCEMH yCTPOICTBAaMM BBOJIa-BbIBOA. [l pyTras 4acTb IIporpaMm, Halpu-
Mep JIpaliBepsl yCTPONCTB, IpeIHa3HAueHA /Ui OlIPe/IeJIEHHBIX YCTPOWCTB BBO/IA-BbIBO/IA.
[TporpammHoe obecriederue TOCUCTEMBI BBO/IA-BbIBO/IA OYET PACCMOTPEHO B TIaBe 3.

1.5.5. Be3sonacHocCTb

KomMmiibroreps cozepskar 60J1b1110i# 06beM HHPOPMALMH, 1 YaCTO [OJIb30BATENAM HYKHO
3AIUTUTH €€ U COXPAHUTH ee KOH(MUIEHIINATBHOCTh. BO3MOXKHO, 3TO 2JIeKTPOHHAS T10YTA,
OGu3Hec-IIJIaHbl, HAJIOTOBbIE JAEKJIapallii U MHOTOE Apyroe. YipasieHne 6e3011acHoCTbIO CH-
CTeMbI TaK/Ke BO3JIaraeTcs Ha ONePallMOHHYI0 CUCTEMY: HalIPUMEP, OHA J0JIKHA 00eCIIeUnTh
JIOCTYTI K (haiiiaM TOJIbKO TT0JIh30BATESIM, UMEIOIINM Ha 9TO MPABO.

Yro6bl OHATH CaM 3aMbICEJI BO3MOKHOU OpraHusainuu paboThl CUCTEMbI GE3011aCHOCTH,
obpaTtumcs B KadecTBe npocroro npumepa K cucreme UNIX. Daiinam B UNIX npucsan-
BaeTca 9-paspAAHbIA JBOMYHBIN KO 3alIUThL. DTOT KOJ COCTOUT U3 TPEXOUTHBIX HOJIEI.
O/1HO 110J1e — JIJIsT B/IA/IENBIIA, BTOPOE — JIJIsl IPEJICTaBUTEEN TPYIIIIBI, B KOTOPYIO OH BXO/IUT
(pasjesisieT OJIb30BATENEN HA IPYIIIbI CUCTEMHBIN aJIMUHUCTPATOP), TPEThe — JIJIsT BCEX
OCTaJIbHBIX. B KakI0M 110JIe ecTh OUT, ONPEAeIAIONUN AOCTYII I YTeHrs, OUT, orpee-
JISTIOTIAN IOCTYTI JIJIST 3alTACH, W OWT, OTIPEEISTIONINIT JOCTYII JIsT BBITIOJTHEHUST. TH TPU
Oura HasbiBalOTCA rwx-Outamu (read, write, execute). Hanpumep, KO 3alUTbl 7W0Xr-X--X
O3HAYaeT, YTO BJIAJIEJIbILY JOCTYITHBI YT€HUE, 3aMUCh UJIN BBITIOJHEHNE (aiijia, OCTATbHBIM
MIPEJCTaBUTEJISIM €T0 TPYIIIIBI PAa3PEIaeTCs YTEHUE WK BbITToTHeHUE (aiiia (HO He 3aIich),
a BCEM OCTaJIbHBIM paspellieHo BoiroHenue (aiiia (HO He YTeHue Win 3anuch). Jlist kata-
JioTa X O3HavyaeT paspelierue Ha nouck. /leduc (MUHYC) 03HAYAET, UTO COOTBETCTBYIOIIEE
paspeliieHrie OTCyTCTBYET.

Kpome zamuthbl GailioB CyIeCTBYET MHOXKECTBO JAPYTUX acleKToB GesomacHoctu. Ot
U3 HUX — 9TO 3AIIUTA CUCTEMbI OT HEXKEJIATEIbHbIX BTOP/KEHUI KAK C yJacThHeM, Tak u 6e3
yuacTus Jofei (HalpuMep, IyTeM BUPYCHBIX aTak). Pa3inunble BOIPOCHI, CBA3AHHbIE
¢ obecrieyenneM 6e30MacHOCTH, OYAyT pacCMaTPUBAThCA B TJIaBe 9.

1.5.6. O6onouka

OrepannonHast CUCTeMa TIPEICTaBIIsIeT COOOM IPOTPAMMY, BBITIOTHSIIOILYIO CHCTEMHBIE BbI30-
BbL. PelakTophl, KOMITUJISITOPBI, acceMOIephbl, KOMIIOHOBIUKH, YTUIUTBI U MHTEPIIPETATOPHI
KOMaH/I TI0 OTIPe/IeJIEHUIO He SIBJISTIOTCST YaCThIO OTIEPAIlMOHHON CUCTEMBI TIPU BCEl CBOEH
Ba)KHOCTHU U MPUHOCUMON 10Jib3e. PUCKYsT BHECTH HEKOTOPYIO ITyTaHUILY, B 9TOM pasjielie
MbI KOPOTKO PacCMOTPUM 1 KoMaH b1 nurepriperatop UNIX, HasbiBaeMblil 060J0YKOH —
shell. He siBaisisich 9acThio onepanoHHol cucTeMbl, 060/104Ka HAIILIA IMUPOKOE TPUMEHEHNE
KaK CPe/ICTBO JOCTYTa KO MHOTUM ee (DYHKITUAM U CIY>KUT XOPOTITUM IIPUMEPOM HMCTIOIb-
30BaHNS CUCTEMHBIX BBI30BOB. Korya He mpuMensieTcs rpa@udecKuil MoIb30BaTEIbCKUT
nHTepdetic, 0Ha TakKe SBIAETCS OCHOBHBIM MHTEPGhEHCOM MEKIY MOTb30BaTEIEM, CUISTITIM
3a CBOMM TEPMUHAJIOM, M OIl€PallMOHHOI cucTeMoil. CylecTByeT MHOKECTBO 000I0UEK,
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BKJIIo4as sh, csh, ksh u bash. Bce onn nojzep:xuBaoT paccMaTpuBaeMble anee QyHKIINAN,
MIPOMCXOAAIINE U3 UCXOAHOM 060m04uKn (sh).

O6oJ10uKa 3aIyCcKaeTcst Mocie BXo/a B CUCTeMY JIIOOTO To/ib30oBaTeist. B kauectBe cran-
JIAPTHOTO yCTPOMCTBA BBOA 1 BbIBOA 060JI04Ka UCOJb3yeT TepMuHa’. CBoio paboTy oHa
HAYMHAET C BbIBOJA MPHUIJAMIEHHS] — 3HAKA J0JIIapa, COOOIIAIONIET0 M0Jb30BATENI0, YTO
060s104Ka OKUAAET TIpreMa KoMaH bl Harpumep, eciiu terepb 110J1b30BaTe b Habeper Ha
KJIaBHUAType

date

000J109Ka CO3ACT JOYEPHUIl IPOIECC U 3AYCTUT JOYEpPHIOI0 Tiporpammy date. TToka Bbi-
[OJIHSIETCSI I0YEPHUE TIporiece, 060JI04Ka OKUAAeT ero 3asepinenust. [locie 3aBepiieHus
JIOYEPHETO Mpoliecca 000J0YKa CHOBA BbIBEET HPUTJIAICHUAE U TIOIBITACTCS IIPOYUTATD
CJIeJIYIONIYIO BBEJIEHHYIO CTPOKY.

[Tosb30oBaTENb MOKET YKa3aTh, YTO CTAHAAPTHBIN BBIBOJ HEOOXOAUMO TIePEHAIPABUTD
B (haiis1, Harpumep,

date >file

TouHO Tak ke MOXKeT ObITh repeHaripaBJjeH U CTaHaPTHBII BBOJL
sort <filel >file2

ITa KOMaH/a BbI3bIBAET IIPOrPAMMY COPTUPOBKH SOIt, BXOIHbBIE JaHHbIE /ISt KOTOPOI GepyT-
cg u3 datina file1, a BBIXoHBIE TaHHBIC OTTIPABISIIOTCS B (aiis file2.

Boixo/Hble aHHble OJHON IPOrPaMMBbl MOTYT OBITh UCIIOJIb30BAHbI B KAYECTBE BXOIHBIX
JIJISL IPYTO TIPOTPAMMBI ITyTeM UX COeIMHEeHMS ¢ TTOMOIIbIo Kanaia. Hampumep, komanna

cat filel file2 file3 | sort >/dev/lp

BBI3BIBAET IIPOrpaMmy cat /st 00beuHeHust Tpex (hailyioB ¥ OTIIPABKY BBIXOJAHBIX JAHHBIX
mporpamme sort, 9ToObl OHa PACCTABUIIA BCE CTPOKN B ayaBUTHOM TOPSsijiKe. BoIxojibie
JIaHHbIE TIPOrPAMMBI SOrt IepeHarpassAoTces B daiin /dev/Ip, KOTOpbIM 00bIYHO 0603HAYA-
€TCs IIPUHTED.

Ecsm mosb3oBaresns mocie KOMaH/bl BBEJIET 3HAK &, 0060JI04Ka He CTaHeT OXHJaTb ee 3a-
BepHIeHusd, a Cpa3y K€ BbIBE/IET ITPpUTJIallleHUE. CJIeJIOBaTe]IbHO, KOMaH/ia

cat filel file2 file3 | sort >/dev/lp &

MPUCTYIIUT K COPTUPOBKE KaK K (POHOBOMY 3ajIaHUIO, TO3BOJISISA MOJIB30BATEIO BO BPEMS
COPTHPOBKH MPOAOJIKUTE 0OBIUHY0 paboTy. O60I0UKa MEET U PSIJI APYTHX UHTEPECHBIX
CBOIICTB, PACCMOTPETH KOTOPbIE HAM HE TI03BOJIsteT 00beM KHUTH. Ho B GOJIBIIHHCTBE KHIUT
o UNIX obosrouka paccMaTpuBaeTcst 10BoJbHO noapo6Ho (Hanpumep, Kernighan and Pike,
1984; Kochan Quigley, 2004; Robbins, 2005).

B wamm qHu Ha GOJIBIIMHCTBE TIEPCOHATBHBIX KOMITBIOTEPOB MCITOMB3YeTCs TpadruecKiii
nosb3oBaresbcknit uarepdeiic. [1o cytu, rpadmueckuii nosb3oBaTebcKuii uHTEPQEIc — aTO
IPOCTO TIporpamma (UM COBOKYIHOCTD IPOrpaMm), paboTaiolias [oBepX olepallioHHON
cucTeMbl Hanozobue 0bostouku. B cucremax Linux 910t (hakT MposiBIseTcs ABHBIM 00Pa3oM,
MIOCKOJIbKY Y TI0JIb30BATEJISI €CTh BLIOOP 110 KpallHeil Mepe U3 JBYX CPeJl, Pean3yIoIux rpacu-
yeckuii mosp3oBaTenbeknii narepdeiic: Gnome u KDE. Vi on MOsKeT BOOOIIe He BRIGPATh HI
OJIHY M3 HUX, BOCIIOJIb30BaBIIUCH OKHOM TepMutaia 13 X11. B Windows Takske ecTb BO3MOK-

! B HacTostiiee BpeMst, Kak [PaBUJIO, MOHUTOP € KJIaBUaTypoit. — [Ipumeu. peo.
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HOCTb 3aMEHUTH CTaHIAPTHBII MeHekep pabouero croua (Windows Explorer) kakoii-auGyib
APYTOii MPOrPAMMOIi Iy TeM BHECEHUST U3MEHEHUH B HEKOTOPBIE 3HAYCHUST PEECTPA, XOTS ATOH
BOBMOKHOCTBIO IPAKTUYECKU HUKTO HE TIOJIb3YETCS.

1.5.7. OHTOreHes nosropsaeT GunoreHes

[Tocsie Toro kax 6buta omybnukoBana Kuura Yapabza Japsuta «IIponcxoskienne BUgoB»,
HeMmenkuii 3oom0r Ipuet Xokkenb (Ernst Haeckel) copmynuposan npasuio: «OHrorenes
moBTOpsieT ¢usoreHes». Ckasas TO, OH NMeJI B BULY, YTO Pa3BUTHE 3aPO/IbITIA (OHTOTEHES)
MTOBTOPSET 3BOTONNI0 BUIOB (urorenes). [[pyrumu cioBamu, desoBedeckast SHIeKIeTKa
€ MOMEHTA OILIOJOTBOPEHUS J[0 TOTO, KaK CTaTh PeOEHKOM, IIPOXOAUT Y€PE3 COCTOSHIIS
pbiObI, cBUHBY U T. 2. COBpEMEHHbIE OUOJIOTU CYUTAIOT TAKYIO MOJIEb OYeHb CUIILHO 1 rPy6o
YIIPOIIEHHOM, HO BCE K€ /IOJIST ICTUHBI B HEH €CTh.

OtryacTyt HeYTO MOZOOHOE IPOUBOIILIO ¥ B KOMITbIOTEPHON nHAyCcTpri. [Toxoske, 4TO KaKaast
HOBasT pa3HOBUAHOCTH (MeHH(MPENMbI, MUHU-KOMITBIOTEPHI, TEPCOHAJTBHBIE KOMITBIOTEPHI,
KIIK, BcTpoentble KOMITBIOTEPHI, CMAPT-KAPThI U T. JI.) TIPOXO/UT IIYTh PA3BUTHUSI CBOUX
MPEANIECTBEHHITKOB KaK B almapaTHOM, Tak U B TPOTpaMMHOM obecrieueHnn. MBI 9acTo 3a-
GbIBaEM O TOM, YTO MHOTOE ITPOUCXOJISIIEE B KOMITBIOTEPHOI MHIYCTPUH ¥ BO MHOIHX JIPYTUX
006JIACTSX ABJISIETCS TEXHOJIOTMYECKU 0OYCIOBJIEHHBIM IIpolieccoM. [IpeBHue puMJIsiHE UC-
IBITBIBAIN HEAOCTATOK B aBTOMOOKJISIX HE OTOMY, YTO CJIUIIKOM JIIOOUIIH TIEIIIe POTYJIKH,
a TIOTOMY, UTO He 3HaJM, KaK 9TH aBTOMOGUJIN co3aatoTcs. [lepcoHanbHbie KOMITBIOTEPHI
CYIIIECTBYIOT HE TIOTOMY, YTO MUJLTHOHBI JIIOJICHl BEKAMU UCIBITHIBAIN CKPBITOE JKeJTaHue
MMeTb CBOI KOMIIBIOTED, & TIOTOMY, YTO B HACTOSIIIIEE BPEMSI MTOSIBUJIACH BO3MOKHOCTD UX
CPaBHUTEJILHO JIEIIEBOTO IIPOM3BOACTBA. Mbl 4acTo 3a0bIBaeM, KAKOE CUIIbHOE BJIMsSHUE OKa-
3bIBAET TEXHOJIOTH Ha HAIll B3IJIsI/] HA Pa3HbIe CUCTEMBbI, I HAM He MEIIAJI0 Obl IIEPUOIMIECKN
3a/IyMBIBAThCST HAJ/l 9THM BOIIPOCOM.

JloBOTBHO YacTO TEXHOJIOTMYECKNE N3MEHEHUS TIPUBO/IAT K TOMY, YTO KaKasi-To Ujiesl ycTa-
peBaeT 1 ObICTPO BBIXOAUT U3 yrorpebietust. Ho apyrue TexHoIOrn4eckrue M3MEHEHUsT CII0-
COOHBI BEPHYTH €€ K JKU3HU. ITO 0COOEHHO XapPaKTEPHO JIJIs TEX CIIy4aeB, KOTa M3MEHEH s
KacaloTCsl OTHOCUTEIBHON TIPOM3BOINTEIBHOCTI PA3JINIHBIX KOMIIOHEHTOB cucTeMbl. Ha-
IPUMeED, KOTfia ObICTPOEICTBIE IEHTPATBHOTO MPOIECCOPA 3HAYUTENBHO TIPEBBIIIAET CKO-
POCTb PAbOTHI TAMSITH, CTAHOBHUTCST AKTYATbHBIM HCIIOIb30BAHUE KIII-MAMSITH, YTOOBI YCKO-
pUTh paboTy «MeIeHHOI» maMsiTh. Eciii B 0fiUH [TPEKPACHDBIA MOMEHT HOBAsI TEXHOJIOTUST
HAMSITH CJIEJIAET €€ HAMHOTO OBICTPEE IEHTPAIBHBIX TIPOIIECCOPOB, KAII-MAMSITH HCYE3HET.
A ecii HOBast TEXHOJIOTHS ITPOM3BO/ICTBA ITPOIECCOPOB IMO3BOJIUT UM B OUEPeTHON pa3 CTaTh
ObICTpee MaMsITU, TO KAII-MAMSITh TIOSIBUTCSI CHOBA. B GHOJIOTHY BU/BI MCYE3A10T HABCET/IA,
HO B KOMIIBIOTEPHOM MUPE WHOT/IA YTO-HUGY/Ib CY€3aeT BCErO JINIIb HA HECKOJIBKO JIET.

BestenctBre Takoro HEMOCTOSIHCTBA B 9TON KHUTE MBI OY/IEM BPEMsI OT BPEMEHH paccMa-
TPUBATh «yCTapeBIINes» MOHSTHS, TO €CTh UeH, He SBJSIONNecs] ONTUMATbHBIMU [
TEKYIIETO COCTOSTHUST KOMITBIOTEPHBIX TeXHOJ0Tnit. OZIHAKO TeXHOJIOrnYecKre N3MEeHEHNs
MOTYT BEPHYTb K KM3HU HEKOTOPbIE U3 TaK Ha3bIBAGMBbIX yCTapeBIINX MOHATHIL. [loaTomy
BaJKHO Pa3o0paThCsi B TOM, TIOYEMY MOHSITHE CUUTAETCS YCTAPEBIINM U KAKHe N3MEHEHMUST
B OKPY’KaloOllleM MUPe MOTYT BEPHYTb €My aKTyaJbHOCTb.

Y106l TIOSICHUTD ATY MBICJIb, IABAliTE PACCMOTPUM MPOCTOl puMep. [lepBble KOMITBIOTEPbI
HMeJIH allliapaTHO-Peayn30BanHble HaGOPBI KOMaH/. KOMaHbl BBITIOIHSAIICH HETOCPE/I-
CTBEHHO aIlllapaTypoil 1 He MOTJIU ObITh M3MEHEHBI. 3aTeM HACTAIU BPeMeHa MUKPOIIPO-
rpaMMUpOBaHNs (BIIEPBbIe HAIIEIEro MMPOKoe MpuMeHenne Ha Mamuuax IBM 360),
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B KOTOPOM MHTEPIIPETATOP MEPEHOCHIT alllIapaTHBIE KOMAH/Ibl B IPOTPAMMHOE 0OeCIIeueHNe.,
BolnosiHenue anmapaTHbIX KOMaH/ CTajl0 ycTapeBliel, Hel0CTaTOuHO IMOKOi TeXHOJI0-
rueit. Korga 6emn nzo6perenst RISC-KOMIBIOTEPBI, MUKPOIIPOrpaMMUPOBaHue (TO €CTh
UHTEPIIPETUPYEMOE BBITIOJIHEHUE) YCTAPEJIO, TOCKOJIbKY HEIIOCPEJCTBEHHOE BBITIOJIHEHIE
paboTano ropaszno GeicTpee. A Tenepb MbI HaOII0aeM BO3POKAEHNE NHTEPIIPETALINN B BUJIE
Java-amnmtetoB, mockiTaeMbIx 10 VIHTEPHETY U MHTEPITPETUPYEMBIX 10 TPHOBITHI. CKOPOCTD
BBITIOJIHEHUSI HE BCET/IA SIBJISIETCSI PENIAIONTIM apryMEHTOM TIPU PA3BUTUU TEH/IEHIUH K J10-
MUHWPOBAHUIO CETEBBIX 3a/ieP>KeK. MBI BUIUM, UTO MAITHUK YK€ HECKOJIBKO pa3 Kavyascs
MEJKy HEeIIOCPEJICTBEHHBIM BBITIOJIHEHUEM W MHTEPIIPETAIuell, 1 OH MOKET MPOI0JIKUTD
cBOM KoJiebaHus B OymyIeM.

JlaBaiiTe pacCMOTPUM UCTOPUIO HEKOTOPBIX Pa3paboTOK B 06JACTH allliapaTHOro obecreve-
HUSI U UX HEO[HOKPATHOE BJIMSIHIE HA IIPOTPaMMHOE 0becIiedeHue.

Bonbwiue 06beMbl NaMATH

V mepBbIX YHUBEPCATBHBIX MAIMH ObIJI OTPaHUYEHHbBIIT 00beM maMsiTu. B moJHoit KoH-
uryparun mamunet IBM 7090 win 7094, romunuposasiiiue Ha peinke ¢ konia 1959 o
1964 roza, umesu naMsaTh 0GbeMoM Beero b 128 Koaiit. PazpaboTka porpaMm st HUX
BeJlach B OCHOBHOM Ha acceMbJiepe, 1 OTIEPAIMOHHAsI CUCTEMA TaKKe Obljla HallMcaHa Ha
acceMbJiepe, 4TOOBI COKOHOMUTD IPATOIIEHHYIO 110 TEM BPEMEHAM TaMSITh.

Co BpeMeneM KOMITUJIATOPHI 1711 TakuX A3bIK0B, Kak FORTRAN 1 COBOL, cranm nactosb-
KO KaueCTBEHHBIMH, 4TO acceMOJiep ObL1 00bsiBieH yMepimM. Ho Korja ObLIn BbIITYIIEeHbI
mepBble KOMMepueckre MUHN-KoMIibioTepsl (PDP-1), nx mamsaTh cocTosizia Bcero JUIIb U3
4096 18-pas3psiHbIX CJIOB, 1 acceMOep HEOKUIAHHO BEPHYJICS K sKU3HU. [locTeneHHo M-
HU-KOMITBIOTEPBI TproOpeTanu Bee OobIine 0ObeMbI TIAMSITH, U SI3bIKH BLICOKOTO YPOBHS
CTaJIM TIPEBAINPOBATH HAJl ACCEMOIEPOM.

Korza B nauamne 1980-X rogoB mosgBUINCH MUKPOKOMIIBIOTEPDI, TIEPBhIE OOPA3IIHI MMEJIH T1a-
MaTh o0beMoM 4 Kbaiit, n accembiiep cHoBa Bockpec. Bo BCTPOEHHBIX KOMITHIOTEPAX YACTO
HCIIOJIb30BATIICH T€ JK€ MUKPOIIPOIIECCOPHI, UTO 1 B MUKpokoMmIbioTepax (8080, Z80, a mo3ske
u 8086), 1 moHaYaITy IIPOrpaMMHUPOBAHUE JIJIsI HUX TAK)Ke BeJIOCh Ha accemOutepe. Terepn ux
MOTOMKH, TIEPCOHATIbHBIE KOMITBIOTEPBI, UMEIOT GOJIbITTHE 0GHEMBI TAMSITH, U TIPOTPAMMHUPO-
Banue jiuigd Hux Begercst Ha C, C++, Java u ipyrux sg3bikaxX BbICOKOTO YpoBHsL. CMapT-KapThl
MTPOXO/IAT TOT JKe MyTh Pa3BUTHS, XOTSI, HECMOTPSI Ha 3a/laHHBIN Pa3Mep, OHU YacTo CO/lep-
JKaT WHTEPIIPETATOpP Java M BBITTOIHAIOT Java-porpaMMbl B PeXKUMe HHTepIIpeTalny, a He
MOJIB3YIOTCS MPOrpaMMaMy Ha Java, OTKOMIUJINPOBAHHBIMU TI0]] CBOM MalTUHHBIN SI3BIK.

AnnapaTtHbie cpeacTBa 3almThbl

Ha pannux yHuBepcambubIx MammHax spoge IBM 7090/7094 annaparuble cpezictba 3a-
IIUTBI OTCYTCTBOBAJIH, IO3TOMY B TIPOIIECCe PAGOTHI TH MAITMHBI MOTJIH BBITIOJIHSTH JIATITH
OJIHY ITPOTPAMMY, KOTOPAsT ITPU HAJTMYUH OITHOOK MOTJIA 3aTEPETH OMEPAIOHHYTO CHCTEMY
1 BbIBeCTH 13 cTPOosi Beio Maruny. C nosiBnerriem IBM 360 ctasi 1oCTyHbI TPUMUTHBHbIE
(hopMBI aTapaTHBIX CPECTB 3AIUTHI, TOITOMY JaHHBIE MAIUHBI MOTJIU COAEPKATH B Ma-
MSITU HECKOJIBKO ITPOTPAMM OIHOBPEMEHHO, TI03BOJISIST UM PAbOTaTh IO 0Yepen (B PEKIME
muoroszazaurocTn). OHosanadnast pabora Oblia 00bsiBiIeHa ycTapesiieil. Ho juiib 10 Tex
0P, TIOKA He TOSIBUJIUCH TI€PBbIe MUHU-KOMITBIOTEPDI, He UMEBIIUE AMITAPATHBIX CPECTB
3aIIUThI, HA KOTOPBIX PEATN3aIis MHOTO33Ia9HOCTH He MPE/ICTABIISIIACH BO3MOKHOI. X 0TS
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Ha PDP-1 u PDP-8 ne umenocs anmapatHoii 3aiuThl, co BpeMeHeM OHa ogBuiach Ha PDP-
11, 1 970 06CTOSTENBCTBO IPUBEJIO K pab0Te B MHOTO3a/[a4HOM PEKUME U B KOHEYUHOM CUeTe
k nosBiennio UNIX.

Kor/a 6b111 cosianbl TiepBbie MUKPOKOMITBIOTEPHI, Ha HUX MCIIOJIb30BAJICSI MUKPOTIPOIIECCOP
Intel 8080, He MMeBLINI anapaTHON 3aLUTHI, ITOITOMY CHOBA IIPHIILJIOCH BEPHYTHCS K OJHO-
3aJa4HOMY PEKUMY PabOThI, TIPU KOTOPOM B MAMATH B OT/EJIbHO B3SIThI MOMEHT BPEMEHN
6blJIa TOJIBKO OfIHA TIPOTPAMMa. ITO TIPOAOJIKAIOCH BIJIOTH JI0 TIOSIBIECHNST MUKPOTIPOIIECCOPa
Intel 80286, k KoTopoMy ObLIM K00ABJEHBI AlllIAPATHbIE CPEACTBA 3AIUTDI, U BHOBD [OSIBU-
JIach BO3MOKHOCTh paboTaTh B MHOTO3aaq9HOM peskume. [lo cux mop MHOTHe BCTPOEHHbIE
CHCTEMBI He MIMEIOT allllapaTHBIX CPEICTB 3allUThI U B IIPoIiecce paboThl BBITOIHSIIOT TOJIBKO
OJIHY TIPOTPAMMY.

Terreps B3TJIsSTHEM Ha OTlepaIlOHHbIE ccTeMbl. [lepBble yHUBepcasbHbIEe MAITITHBI N3HAYATb-
HO He IMEJIN HU aIllapaTHBIX CPE/ICTB 3alUThI, HH MOJIEPKKI MHOT033/[a9HOCTH, TIOITOMY
Ha HUX PaboTajM POCTBIE OIEPAIIMOHHBIE CUCTEMBI, KOTOPbIE B TIpoIiecce paboThl 00CTy K-
BaJIU 110 OJ[HO¥ 3arpysKaemMoil Bpyunyio mporpamme. [Lo3ske oHU 0Opesin COOTBETCTBYIOINIEE
060pyI0BaHIeE, 1 OMEPAIIMOHHAS CUCTEMA MOJJIEPKIBATIA OTHOBPEMEHHOE 00CTy KUBaHUE
HECKOJIbKUX IIPOrPAMM, @ 3aTe€M U IIPEJOCTaBJIsJIA TOJTHOIEHHbIE BOBMOKHOCTU PabOTHI
B PeKUMe Pasjie/iecHus BpeMeHU.

Kor/a nostBuJIich riepBble MUHU-KOMIIBIOTEPBI, Y HUX TaKKe He OBLIO allllapaTHbIX CPEICTB
3AlUTHI U OHU B [IPOIiecce paboThI BBIMOIHSIIN [0 OJIHOM 3arPysKaeMoii BpYYHYO IPOrpaMMe,
XOTS MHOT033/JJa4HOCTD B Ty IIOPY YoKe MOJIyYHIa IMUPOKOe Pa3BUTHE HA YHUBEPCATbHBIX
MarmHax. ITocTeneHHo oM 003aBeJICh allllapaTHBIMU CPEICTBAMU 3ALIUTHI U BO3MOKHO-
CTBIO OJIHOBPEMEHHOTO 3aITyCKa JABYX U GoJiee mporpamM. [lepBbie MUKPOKOMITBIOTEPBI TAKKE
MOTJIU B TIpOIlecce paboThl 3aMyCKATh TOJBKO OJHY POTPAMMY, HO MO3%Ke U OHU 00pesn
BO3MOJKHOCTB JIeficTBOBaTh B MHOTr0o3aj1aqHoM peskume. KITK u cMapT-KapThl BUKYTCS 110
TOMY K€ IIyTH.

Bo Bcex cirydasix pazsutue HporpaMMHOrO oOectiedeHust GblIo MPOAMKTOBAHO TEXHOIOIU-
YecKUMM BO3MOXKHOCTAMU. Hanmpumep, nepBble MUKPOKOMIIBIOTEPBI UMEJN YTO-TO OKOJIO
4 KGaiiT oriepaTUBHON NAMSITH U HE UMEJIM allllapaTHBIX CPEICTB 3allUThL. SI3bIKU BHICOKO-
O YPOBHSI I MHOTO33/Ia9HOCTH OBLIN HE TOJ[ CUJTY CTOJIb CKDOMHBIM cHcTeMaM. B mporecce
Pa3BUTHA MUKPOKOMIIBIOTEPHI TPEBPATHIINCH B COBPEMEHHbBIE TIePCOHATbHbBIE KOMITBIOTEPDI
U pHOGPEITH BCe allliapaTHOE, a 3aTeM U MPOrPaMMHOe obecTiedeHie, YTOObI CIIPABIATHCS
¢ 6osiee cepbesHbIME (DYHKIMOHANBHBIMU 3afiadaMu. [Toxoske, 4To 3T0 paszBuTie Oyjaer
MTPOIOJIKATHCS elrle JI0JTHE TOBI. DTO KOJIECO PEMHKAPHAIINHI MOKET KOCHYTBCS U JIPYTUX
obJacTeil, HO, KasKeTCsl, B KOMIIBIOTEPHOI MHYCTPUU OHO BPALIAETCS HAMHOTO ObICTpEE,
ueM rje-sinbo ere.

Auncku

Pannue yHuBepcaibHble MallMHbl PabOTaIM B OCHOBHOM € HUCIIOJb30BAHUEM MarHUTHBIX
JienT. OHU MOTJIM YUTATh [IPOTPAMMY C JIEHTbI, KOMIIUJINPOBATH €e, 3aTeM 3aIyCKaTh Ha
BBINIOJIHEHME U 3allMChIBATH PE3YJIBTaThl HA APYIYI0 JeHTy. Toraa He ObLIO HUKAKMX J1C-
KOB M HUKaKOTO MOHATHS 0O (ailyioBoit cucteme. CuTyaiust Hayajia U3MEHSTHCS, KOT/a
IBM B 1956 roxy mpezacrasuia mepsbiii skectkuii auck — RAMAC (RAndoM Access, uto
03HAYaJIO JIUCK C TIPOU3BOJHHBIM A0CTYTIOM). OH 3aHUMAJ OKOJIO 4 M? TJIOMA/N U MOT
XPaHUTh 5 MJIH 7-Pa3psiTHBIX CHMBOJIOB, Yero XBaTHJIO OBI [T OJHON 1ndpoBoil GoTo-
rpacduu cpesinero paspeienusi. OHaKO rofloBast apeHjiHas 1aata B 35 ThIC. J0JIapOB 32
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TaKOE UX KOJUYECTBO, KOTOPOE TI03BOJIMIIO Obl XPaHUTh CTOJILKO sKe MH(MOPMAIINK, KaK Ha
OJIHOM KaTyILKe JIEHTbI, O4eHb ObICTPO IIPeBpaTHIa UX B BECbMa JI0poroe yaoBoJsbcrsue. Ho
€O BpPeMeHEeM I1eHbl CHUBUJIMCH, ¥ ObLIM pazpaboTatbl IPUMUTHBHBIE (GailJIOBbIE CHCTEMBbI.

TUNUYHBIM TIPEeICTaBUTEIEM 9TOTO HOBOTO BUTKA pa3BuTus 611 Komnbiotrep CDC 6600,
npezcTaBaeHHbiid B 1964 roy, KOTOPbIil B TeYeHNEe MHOTHX JIET OCTABAJICS CAMBIM ObICTPBIM
KOMITBIOTEPOM B Mupe. [lob30BaTe I MOTJIN CO3/IaBATh TAK HA3bIBAEMbBIE TTOCTOSIHHBIE
daiisnbl, 1aBasg UM UMeHA B HAAEK/E, YTO HUKAKOW PYTOH MOIb30BaTE/b HE PEIIUT, YTo,
ckakeM, uMs «data» sBJIIeTCS BIIOJIHE TIOAXOASANINM JJIst ero daiisa. B Hux ucnosnbzosaics
OTHOYPOBHEBBIN Katasor. Co BpeMeHeM [IJIsT YHUBEPCATbHBIX MAIINH ObLIN pa3paboTaHbl
CHOXKHbBIE Mepapxuyeckue (hailoBble CUCTEMBI, KyJIbMUHAIEN KOTOPBIX, HABEPHOE, CTaja
datinosas cucrema MULTICS.

Korga cram ncnonb30BaThest MUHI-KOMITBIOTEPDI, TO CO BPEMEHEM OHM TaKKe 003aBeUCh
skecTkuMu arckamu. CtangaptaeiM 711 PDP-11 na moment ero ipezctasienns B 1970 romy
6b11 quck RKO05 emkoctbio 2,5 MGaiT, 4T0 COCTABJIAIO PUMEPHO TOJOBUHY €MKOCTH
micka IBM RAMAC, 1o on 6bu1 Beero 40 cM B auamerpe U 5 ¢M BbicoToi. [Tonauay oH
Takke UMeJ BCero ot Kataysor. Korja npuiio BpeMs MUKPOKOMITBIOTEPOB, TO CHavdajia
JNOMIHUPYIOIIEH onepannoHHoii cuctemoii 6pima CP/M, 1 oHa ToKe TOAEPKITBAIA TOTBKO
OZIVH KaTaJIOT Ha THOKOM JIUCKeE.

BupTyaanaﬂ nameaaTb

Bupryasbhas namsath (Kotopast OyeT paccMOTpeHa B TiiaBe 3) M03BOJISET 3aIlyCKaTh [PO-
rpaMMbl, pasMep KOTOPBIX MpeBbillaeT 00beM YCTAaHOBJIEHHON Ha MalmMHe (GU3UYECKON
MaMSITH, 32 CYeT OBICTPOTO MepeMeIieHus (HParMeHToB aJPeCHOTO MPOCTPAHCTBA MEKIY
OTIepPaTUBHON MaMATBIO U AucKoM. OHa MpomTa MOX0XKUN TyTh Pa3BUTHS, HOSIBUBIINCDH
BIIEPBbIE HA YHUBEPCAJIbHBIX MAIIHAX, 3aT€M MepeMeCTUBIITICH HA MUHU- 1 MUKPOKOMITBIO-
Tepbl. BupTyanbHas maMsaTh TakKe MO3BOJISATIA IPOrPAMMAM BO BPeMst pabOThI ANHAMUYIECKU
KOMIIOHOBATHCSI ¢ OUOIMOTEKAME, BMECTO TOTO YTOOBI OBITH CKOMITUINPOBAHHBIMU CO BCEMU
HeoOxoauMbiMu Gubsorekamu B eaunyio nporpammy. MULTICS 6blia 11epBoii cucTeMoli,
03BOJIsIBINEN paboTaTh ¢ TakuMu porpamMmmamit. Co BpeMeHeM 9Ta ujiest IOy Iusia pacipo-
CTpaHeHue U TeIepb IUPOKO uctob3yercs Ha Goubimtcree UNIX- 1 Windows-cucrem.

Bo Bcex mpuBeIeHHBIX TIPUMEPAX PA3BUTHS MbI BUEJIH HJIEH, KOTOPBIEe H300PETACh B OJI-
HOM KOHTEKCTE, a M03KEe B CBSI3U CO CMEHOI 00CTaHOBKM OTMETAINCH (ITPOrpaMMUPOBaHe
Ha acceMbJiepe, OJIHO3aaYHbII PEKUM, OJHOYPOBHEBbIE KATAJIOTH U T. JI.), YTOOBI BHOBD
MOSIBUTHCST YK€ B IPYTOM KOHTEKCTE, 3a4acTyio CIycTs aecsatusierue. [loaTomy B manHoit
KHHUTI'€ Mbl 6yz[eM HUHOI'Zla paCCMaTpuBaTh UJI€U U aJTOPUTMbI, KOTOPbI€ MOTYT IIOKa3aTbCA
YCTapeBIINMU JIsA COBPEMEHHDIX ITEPCOHAJIbHBIX KOMITBIOTEPOB, OCHAIIIEHHbIX FHFa6aI>JITHOI>)I
MaMSITBIO, HO UMEIOT IIAHC HA CKOPOe BO3BPallleHne BO BCTPOEHHBIX KOMITBIOTEPAX M CMAPT-
KapTax.

1.6. CucrtemMmHbie BbI3OBbI

MBI BBISICHUIIH, YTO OTIEPAIIMOHHBIE CHCTEMbI BBITIOJIHSIIOT JIBE€ OCHOBHBIE (DYHKITUU: TIPE/IO-
CTaBJISIIOT a0CTPAKIUHU [OJIb30BATEIBCKUM TPOrPAMMAM U YIIPABJISIOT PECYPCAMU KOMITBIO-
Tepa. B ocHOBHOM B3anMO/I€HICTBHE TT0JTb30BATEIBCKIX [TPOrPAMM ¥ OIEPAIMOHHOI CUCTEMbI
KacaeTcst epBoil (DYHKIIMU — B3sITh, K IPUMEPY, ollepaiiun ¢ (ailjaMmu: co3janie, 3auch,
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YyTeHMe U yjajleHue. A yipaBjieHue pecypcaMu KOMIIbIOTepa IPOXOAUT OOJIbIIell YacThio
He3aMeTHO /IS TT0JIb30BaTe el 1 OCyIIeCcTBIAEeTCSI B aBTOMAaTUUECKOM peskuMe. Tak uTo
nHTepdeiic MesKIy TOIb30BATEIbCKUMHI TPOTPAMMaMHU 1 OIIePAIlnOHHON CUCTEMOH CTPOUTCS
B OCHOBHOM Ha abCTpakiusix. YTOOBI TO-HACTOSIIIEMY TIOHSITh, YTO JIEJIA€T OTePAIIOHHAST
cucTeMa, Mbl JI0JDKHBI 60J1ee MoApoOHO paccMOTpeTh 9ToT uurepdeiic. imeroruecs B unTep-
(beiice cucTemHbIE BBIZOBBI BAPBUPYIOTCS B 3aBUCHMOCTH OT MCIIOJIb3YEMON OTIepaIrimOHHON
CUCTEMBI (XOTSI OCHOBHBIE TIOHSATHS IPAKTHYECKN HUYEeM He PAa3IndatoTcs).

Tenepb HyKHO BbIOpATh MEXKIY HEONpeaeJeHHON 06001eHHOCThIO (<Y OlepalMOHHbIX
CUCTEM €CTh CHCTEMHbIE BBI30OBBI /ISl uTeHUs (HailloB») U Kakoi-HUOY/b KOHKPETHOMN
cuctemoii («B UNIX ecTb cuCTEMHbBIN BBI30B UTEHUS, UMEIOIIUI TPU TTApaMeTpa: B OJTHOM
13 HUX ofpefiesigeTcs daii, B IpYyroM — KyZa TOMECTUTD JaHHbBIE, a B TPETHEM — CKOIBKO
GalTOB CJIEyeT CUUTATH> ).

Mbr BoiOpasu Bropoii moaxos. ILycTs om cioxiee, 3aT0 MO3BOJISIET JIyUIlle OHITh, KaK Ha
caMoOM /IeJie OllepallioHHas CUCTEMa BBITIOJIHSIET CBOIO paboTy. XOTs Bee, 4To OyAer paccMma-
TPUBAThCS, IMEET HerocpecTBeHHoe oTHomIeHne K ctangapty POSIX (MeskayHapoaHbrii
craugapt 9945-1), a cmemoBatensuo k UNIX, System V, BSD, Linux, MINIX 3 u T. 1.,
y GOJIBIIMHCTBA JAPYTHX COBPEMEHHBIX OTIEPAIMOHHBIX CUCTEM UMEIOTCSI CUCTEMHbIE BBI3OBbI,
BBITIOJTHSIIONINME aHAJIOTUYHBIE (DYHKIIUH, TIPU HEKOTOPBIX OTIMUYUAX B JeTassix. [lockorb-
Ky aKkTHuecKknii MexaHU3M BBITIOJTHEHHST CCTEMHOTO BBI30Ba CYIIECTBEHHO 3aBUCHUT OT
KOHKPETHOI MalllMHbI ¥ 324aCTYIO J0JKeH ObITh peajin30oBaH Ha acceMbiiepe, paspaboTaHbl
6UGIMOTEK Y TIPOTIE/LY P, OCYIIECTBIISIIOIINE CUCTEMHbIE BBI30OBBI U3 [IPOIPAMM, HAIIMCAHHBIX,
HanpuMep, Ha a3bike C.

Ouenb 110JIe3HO BCeraa MOMHUTS cJiefyiotiee. JIo00ii 0HOIPOIIECCOPHDINA KOMITHIOTED O[HO-
MOMEHTHO MOKET BBITIOTHUTD TOJIBKO OIHY KoMaHy. Korza rmporiecc BBITTOTHSIET 1T0JIb30Ba-
TEJIbCKYIO IIPOrPaMMY B PEsKUME 10JIb30BATEIs U HY/KAAETCST B KAKOM-HUOGY b yCaIyre ornepa-
IIMOHHON CHCTEMBI, HAIPUMeEP B UTEHUH JIAHHBIX 13 (haliia, OH JO0JKEH BBITIOJHUTD KOMaH/LY
CHUCTEMHOTO MTPePbIBAHUsL, YTOOBI IEPEATh YIIPABJICHIE ONEPAIIMOHHON cucTeMe. 3aTeM orepa-
[MOHHASI CHCTEMA TI0 [TaPAMETPaM BbI30Ba OIPEIEISIET, 4UTO UMEHHO TPEOYETCsI BHI3bIBAIOIIEMY
nporteccy. [Tociie aToro oHa 06pabaTbiBaET CUCTEMHBIN BHI30B U BO3BPALIACT YIIPABJICHUE TON
KOMaH/ie, KOTopas cJefyeT 3a CUCTEMHBIM BBI30BOM. B HEKOTOPOM CMBbICJIe BBITIOJTHEHUE CH-
CTEMHOTO BBI30Ba MOXOJKe Ha BBITTOJIHEHNE 0COOOH PA3HOBHIHOCTH BBI30Ba TIPOIE/LYPBI, C TOI
JIUIIB Pa3HUIIEH, YTO CHCTEMHBIE BBI3OBBI BXOJIAIT B SIZIPO, a IIPOLE/LypHbIE — HET.

Jl1st TOro 4TOGBI IPOSICHUTHh MEXaHU3M CHCTEMHBIX BBI3OBOB, PACCMOTPUM CHCTEMHBIN
BBI30B uTeHUs — read. Kak yske yIIOMUHAIOCh, OH UMEET TPY MapaMeTpa: MePBbIil CIyKUT
It 3ajanust aiiza, BTOpoll ykaseiBaeT Ha Oydep, a TpeTuil 3a71aeT KOJIU4ecTBo 0aiiTos,
KOTOPOe HY;KHO TPOUnTaTh. Kak mpakTuieckn Bce CUCTEMHbBIE BbI30BbI, OH OCYIIECTBJISIETCS
U3 nporpaMmbl Ha si3bike C ¢ IOMOIIBIO BbI30Ba GUOIMOTEYHOI IIPOIEAYPbI, UMSI KOTOPOI
COBITaZIaeT C UMEHEM CHCTEMHOTO Bbi30Ba: read. Boi3oB ns nporpammbl Ha C MOKET MMETh
CTIeTyTOTIUI BUT;

count = read(fd, buffer, nbytes);

CucreMHBI BBI30B (M OMOIMOTEYHAS TIPOTIEAYPA) BO3BPAIIaeT KOJUIYECTBO (DaKTHUECKH
CUMTAaHHBIX 6ANTOB, KOTOPOE COXpaHsIeTCsT B iepeMeHHON count. OOGBIUHO 9TO 3HAUYEHUE

COBTIA/IAET CO 3HAYEHNEM MapamMeTpa nbytes, HO MOKET ObITh U MEHbIIIE, €CJIU, HAPUMED,
B IIpoIiecce YTeHns OyIeT JOCTUTHYT KoHell daiiia.

Ecam cucTeMHBII BBI30B HE MOKET OBITh BBIIIOJIHEH U3-32 HEIIPaBUJbHBIX ITapaMeTPOB NJIN
OMMNOKN JINCKa, 3HaYeHune HepeMeHHOﬁ count YCTaHABJIMBA€TCA B *1, a HOMEp OIMUOKH T10-
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MEIIAETCsT B TII00ATBHYIO TIEPEMEHHYI0 er10. IIporpaMmam 06s13aTelbHO HYKHO TIPOBEPSITH
PE3YJIBTAThl CUCTEMHOTO BbI30Ba, YTOOBI OTCJIEKUBATH BOSHUKHOBEHUE OMIUOKU.

BroImosHeHME CHCTEMHOTO BBI30BA COCTOUT M3 HECKOJIBKUX IaroB. /71 TposicHeHUs CUTya-
111 BEPHEMCsI K YIIOMUHABIIEMYCsI paHee IpuMepy BbizoBa read. CHavasa, Py IIOATOTOBKE
BbI30Ba OUOIMOTEYHON HpoLesypbl 7ead, KoTopast (PaKTUUECKU 1 OCYIECTBIISET CUCTEMHDIN
BbI30B 7ead, BBI3BIBAIONIAs TPOrPaMMa ITOMENaeT napaMeTpsl B crek (puc. 1.17, maru 7-3).

Apnpeca
OXFFFFFFFF _
BosBpart k Bbi3biBatoLLEN npoLeaype ]
[Mepexeat 1 nepexof B A4p0 BubnuoteyHas
5/ TMomelleHne kopa ans read B peructp npouenypa read
10
4
[pocTpaHcTBO
nonb3oBaTenst WHkpemeHT SP 11
~ Bbi3oB read
3| Momeluerne B cTek fd Mporpamma
2| Momeuenue B cTek &buffer BH”?:?BmeaT;’:“' g
1| MNomeleHwne B cTek nbytes selRalotian rea
6 9
\ 7
Anpo
(onepaunoHHas Oucnetyep 7> 8 (gv6| 5;6'\;)}:;:';
cuctema) Bbi30Ba
0

Puc. 1.17. 11 aTanoB BbINONHEHUS CUCTEMHOTO Bbi3oBa read(fd, buffer, nbytes)

Komrmssropst C u C++ MOMEIAIOT TTAPaMETPhI B CTEK B 0OPATHOM HOPSIIKE, CJELYSI HCTOPH-
YeCKH CIIOKUBIIENCsS Tpaguiiny (4TOObI Ha BEPILIHE CTEKa OKA3aJICs TIEPBbIN IapaMeTp (hyHK-
mn printf — cTpoka opMmarta BLIBOAA TAHHBIX ). [IepBbI 1 TpeTHil mapaMeTphl epeaaloTCs
110 3HAYEHMIO, 2 BTOPOH TapaMeTp MEPEAAETCsI 110 CCBLIKE, TOCKOJIbKY 3T0 ajpec Gydepa (o yem
CBU/IETEIBCTBYET 3HAK &), @ HE €70 COAEPRUMOe. 3aTeM OCyIIeCTBIIseTCs (DaKTUIECKUIT BBI3OB
6ubMoTedHOM TIporeaypsl (mar 4). 9ta KoMaH/Ia IpeACcTaBasieT coO0ii 0OBIUHYI0 KOMaH/LY
BBI30BA MPOIEYPBI U UCTIOTB3YETCST IS BBI30BA JIHOOBIX MTPOIELYD.

Bubanorednas mpolenypa, BO3MOKHO, HallMcaHHas Ha acceMbJiepe, 00bIYHO TIOMENIAET HO-
Mep CUCTEMHOTO BbI30Ba TY/IA, TJI€ €r0 OXKUIAET OIEPAIMOHHAS CUCTEMA, HAIIPUMED B PETUCTP
(mmar 5). 3atem oHa BBITIOMHAET KOMaHAY T RAP A7 TepekIioueH s 13 T0JIb30BaTeTbCKOTO
peKMMa B PESKUM I[P, U BBITIOJHEHUE [TPOJIOJIKAETCS ¢ (DUKCUPOBAHHOTO a/[peca, HaXoJIsi-
1Ierocst BHyTpU sijipa oriepaiinouHoil cucremsr (1mar 6). Makruvyecku komanga TRAP ouenb
TOX0’Ka Ha KOMaH/y BbI30Ba MPOIIEAYPHI B TOM CMBICJIE, YTO CJEAYIONIAs 3a HEell KOMaH/a
Gepercst U3 yJaJeHHOTO MeCTa, a aJipec BO3BPaTa COXPAHAETCs B CTeKe JJist HOCJAEeAYIONIEro
HCIIOJIb30BAHUSL.
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Tem He Menee y komauzibl TRAP 1 KOMaH bl BBI30Ba MPOIEAYPHI €CTh /1B OCHOBHBIX pa3-
smunsd. Bo-niepBbix, 10604YHbIH 5 dEKT, 3aKTI0YaIOIINICs B IEPEKIIOYEHIN B PEKUM [P,
Kowmanya BeI3oBa mpotieypbl He MEHSEeT UCTIOJb3YEMBIM peskUM. A BO-BTOPBIX, KOMaH-
na TRAP He MOKET TIOJTyUNTh OTHOCUTEIBHBIN VI aOCOMIOTHBIN apec MECTOHAXOKICHUST
MIPOIIEYPBI, TOCKOJIBKY HE MOXKET OCYIIeCTBUTH MEPEX0]] Ha ITPOU3BOJIBHBIN apec.

Hauasnras pa6ory nocsie komauasl TRAP wacts sigpa (aucneryep wa puc. 1. 17) nposepsier
HOMED CHCTEMHOTO BBI30Ba, a 3aTeM TIePe/iaeT YIIpaBJieHue HyskHOMY 06paboTunky. OObIuHO
repeziaua yrpasieHnst OCyIeCTBISETCS OCPEACTBOM TabJIMI[bl yKazaTesiell Ha 06paboTunKu
CUCTEMHBIX BBI30BOB, KOTOPAsi MHAECKCUPOBAHA 110 HOMepaM 3TUX Bbi3oBoB (mrar 7). [Tocie
9TOr0 BCTyIIAeT B AeicTBrE 06paboTYMK KOHKPETHOrO CMCTeMHOro BhizoBa (mar 8). Kak
TOJIBKO 06PabOTUUK 3aKOHYUT paboTy, yIpaBaeHne MoKeT ObITh BO3BpalleHO OUOIMoTey-
HOI TIpolie/ype, HaXOIAIIEHCs B TT0Jb30BATEIbCKON 00JIACTH TTaMSITH, TOM caMOii KOMaH/IE,
KoTOpas cuemyet 3a komannoil TRAP (1mar 9). B cBoto ouepesb ata porieypa BepHeT yIpaB-
JIEHHE TI0JIb30BaTENbCKOIT IIporpaMme 1o 00BIYHON cxeMe Bo3Bpara 13 mpoueaypbl (mar 70).

Yrob6bl 3aBepIInTb paboTy € MPOIIELYPOil read, MoJIb30BaTEIbCKAs IPOrPaMMa JI0JIKHA OYK-
CTHUTB CTEK, TOUHO TaK K€, KAaK OHA 9TO JIEJAET MocJie JIFOOro BhI30Ba mporeaypsl (1mar 77).
EcJin B HatieM nipumepe cTek pacTeT BHU3 (KaK 9TO Yallle BCero U ObIBaeT), MoJIb30BaTeIbCKAsT
IIpoTrpaMMa B CKOMITMIIIPOBAHHOM BHJIE TOJIKHA COJIEP:KAaTh KOMAH/IbI yBEJNUEHIS yKa3aTe-
JISL CTeKa POBHO HACTOJIBKO, YTOOBI OBLIN yAAJICHbI TTAPAMETPBI, [IOMEIEHHBIE B CTEK TIePe]l
BBI30BOM TIPOIIENYPHI read. Temephb mporpaMmMa MOKeT IPOAOJIKUTH CBOIO PaboTy.

ITpu pacemoTperyy mara 9 ObLIO CHENAIbHO OTMEYEHO, YTO «yIIPaBJIeHIEe MOKET ObITh BO3-
BpaIeHo GUGINOTEUHON MTPOTIELY e, HaXOAAIIEHCs B OJIb30BaTEIbCKON 00JIaCTH aMITH».
CucTeMHBIN BBI30B MOKET 3a0JIOKMPOBAThH BHI3BIBAIOILYIO IIPOTPAMMY, IIPEISTCTBYS TIPO-
JIOJKEHUIO ee paboThl. Harpumep, BhI3bIBAIOIIAS IIPOrPaMMa JI0JKHA ObITh 320JI0KMPOBaHa
[IPU HOIbITKE YTEHUSI ¢ KIaBUATYPbI, KOT/[a Ha Heii ellle Hu4yero He HabpaHo. B aToM cirydae
olepalMoHHas CHCTeMa MIIET APYTOii IIPoLece, KOTOPbIii MoKeT ObiTh 3amylieH. [Tosxe, Kor-
JIa CTaHyT JOCTYITHbI TpebyeMble BXOAHbBIE JaHHbIe, CUCTEMA BCIOMHUT O 3a0JI0KMPOBAHHOM
npoiecce U OyAyT BBIIOJIHEHbI Wark ¢ 9-ro 1o 77-ii.

B caeayiomux pasaenax Mbl pacCCMOTPUM HEKOTOPbBIE U3 Haubosee BOCTPeOOBAHHBIX CHU-
cTeMHBIX BbI30BOB crangapra POSIX, uiu, routee, GUGIMOTEYHBIX IPOIIEAYP, OCYIIECT-
BJIIONINX 9TH cUcTeMHbIe BbI3oBbl. B cranmapre POSIX onpeaeneno 6osee 100 npouemyp,
obecneunBaonmx obpamenne K CUCTEMHBIM BbizoBaM. HekoTopbie nanbosiee BasKHble 13
HUX ¥ CIPYIIIMPOBAHHbIE I y00CTBA 110 KaTeropusiM nepeduciaenst B tabu. 1.1. [anee Mbl
KPAaTKO OTIUIIEM KaK/[blil BEI30B U €r0 Ha3HAYeHUE.,

Yemyrn, mpefocTaBasieMble STUMU CUCTEMHBIMH BBI30BAMU, B 3HAYUTEIBLHON CTETIEHU OTTpe-
JEJISIOT OOJIBIIYIO YaCTh BO3MOKHOCTEH OlepallMOHHON CUCTEMBI, TOCKOJIbKY yIIpaBJieHue
pecypcaMu Ha epcoHaIbHBIX KOMIIbIOTEPAaX OCYHIECTBIISAETCS B MUHUMAIbHOM 00beMe (BO
BCAKOM CJIydae, [0 CpaBHEHUIO ¢ GOJIBIIMMU MallluHAMU, 00CIYKUBAIOIIMMU MHOKECTBO
nosbzoBaresieil). OHn BKIIOYAIoT B cebsl Takne BUAbI 00CAYKUBaHKsL, KK CO3JAHUE U IIPEPbI-
BaHWe TIPOTIECCOB, CO3IAHIE, yIaJcHIe, YTEHNE 1 3aMCh (halijioB, YIIPaBIeHIE KaTaTOTaMU,
BBO/I ¥ BBIBOJI TAHHBIX.

OT/1eJIbHO CTOUT YIOMSIHYTh, 4TO 0TOOpazkeHue IpolenypHbix BbizoBoB POSIX Ha cucrem-
HbIe BBI3OBBI He SBJIIETCS B3amMHO ofHo3HauyHbIM. B ctangapre POSIX omnpeznenenst mpo-
1[e/LypPbl, KOTOPBIE JI0JKHA TPEOCTABUTH COBMECTUMAST C HUM CUCTEMA, HO OH He YKa3bIBaeT,
YeM MMEHHO OHU JOJIKHBI OBITh Pealn30BaHbl: CUCTEMHBIMU, OMOJINOTEYHBIMI BHI30BAMU
i yeM-HuOyab emte. Ecau nporesypa MosKeT ObITh BbIIOJIHEHA (€3 CUCTEMHOIO BbI30Ba
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(1O ecTb 6€e3 TePEKMIOUEHNsI B PEXKIM s1[pa), TO OHA U3 COOOPAKEHWIT TIPOU3BOANUTENHHOCTH
0OBIYHO BBIIIOJIHSIETCS B [I0JIb30BATE/ILCKOM TIpocTpaHcTBe. OHAKO OOJIBIITMHCTBO IPOLIELYP
POSIX ocylecTBIsioT CUCTEMHBIE BBI30BBI, IIPH 9TOM 0OOBIYHO OjiHA IIPOIIELypa HEIIOCPe/-
CTBEHHO 0TOOPaKAETCs Ha OJIMH CUCTEMHbII BHI30B. B HEKOTOPBIX Cydasx, 0COGEHHO KOr/a
HECKOJIbKO HEOOXOAUMBIX CUCTEME TIPOIIEAYP MAJIO YeM OTJIMYAIOTCS APYT OT APYyra, OQMH

CHCTEMHDII BBI3OB O6pa6aTbIBaeT 6oee O/THOT'O BbI3OBa OUOIMOTEUHBIX mpoueayp.

Ta6nuua 1.1. HekoTopble BaxHeWlune cucTteMHblie Bbi3oBbl POSIX!

Bbi3oB

OnucaHue

YnpasneHune npouyeccom

pid = fork()

CospaeT Ao4YepHUin NPoLEece, NOEHTUYHBIN POANTENBCKOMY

pid = waitpid(pid, &statloc, options)

OXunaaeT 3aBepLUeHna Oo4epHEro npouecca

S = execve(name, argy, environp)

3ameHsieT 06pa3 namsTK npolecca

exit(status)

3aBepLuaeT BbIMoJIHEHME NPOLECCa 1 BO3BPALLAET CTaTyC

Ynpasnenuve pavinamn

fd = open(file, how...)

OTkpblBaeT dhainn Ansg YyTeHus, 3anmcu uamn ans Toro u apy-
roro

s = close(fd)

3akpbIBaeT OTKPbITbIV daiin

n = read(fd, buffer, nbytes)

YutaeT gaHHble 13 daiina B 6ydep

n = write(fd, buffer, nbytes)

3anucbiBaeT AaHHble n3 bydepa B daiin

position = Iseek(fd, offset, whence)

Mepemeluaet ykasaTtens danna

s = stat(name, &buf)

MonyyaeT nHdopmaumio o cocTosHUn danna

Ynpasnernune karanoramu v parizioBori CUCTEMO

s = mkdir(name, mode)

Co3paeT HOBbIV KaTanor

s = rmdir(name)

YpanseT nycTton katanor

s =link(name1, name?2)

Co3paeT HOBbI 3N1IEMEHT C MUMEHEM hame?2, yKa3blBaloL M
Ha namel

s = unlink(name)

YpanseT anemeHT katanora

s = mount(special, name, flag)

MoaknioyaeT HannoByo CUCTEMY

s = umount(special)

OTintovaeT dalinioBylo CUCTEMY

PasHbie

s = chdir(dirname)

M3meHseT pabounii katanor

s = chmod(name, mode)

M3ameHsieT 6uThbl 3awmThl dhainna

s = kill(pid, signal)

MocbinaeT curHan npoueccy

seconds = time(&seconds)

MonyyaeTt Bpems, npoweguee ¢ 1 aHapsa 1970 rona

! IIpu BO3HUKHOBEHUU ONMOKK BO3BpalllaeMoe 3HaueHue Kojla 3aBepiieHust s pasHo —1. cronb-
3YIOTCSI CIIE/IyOIIe UMEHA BO3BpalllaeMbIX 3HaueHuii: pid — id nporiecca, fd — onucaress daiia,
7 — KOJIMYeCTBO OANTOB, position — cMelenue BHYTPHU (ailia u seconds — mpoleiiee BpeMsi.

Onucanus TTapaMeTpOB IIPpUBEJAEHDbI B TEKCTE.
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1.6.1. CuctemHble BbI30OBbI AJ19 yNpaBieHna npoueccamm

ITepBas rpyimna Bbi30BoB B TabL. 1.1 npeaHasHadeHa st yrpasienus nporeccamu. Haunem
paccMOTpeHNeE CHCTEMHOTO BBI30Ba fork (pasBeTsieHme). Bbi3oB fork sBisteTcst emnHCTBEH-
HbIM cymiectByiomuM B POSIX crioco6om cospanus Hosoro npouecca. OH co3aaeT TOYHYI0
KOIUIO UCXO/IHOTO TIPOIIeCCa, BKJIIOYast BCe JIeCKPUIITOPDI (hailioB, peructpst u T. i1. [locie
BBITIOJTHEHUST BBI30Ba f07k MCXOMHBIN MPoIlece U ero Komus (POAUTENbCKUI U JOYepHUI
IIPOIIECCHI ) BBITTOJHSIIOTCST HE3aBUCUMO JPYT OT Jpyra. Ha MOMEHT pa3BeTBJICHUS BCE UX CO-
OTBETCTBYIOIINE [TEPEMEHHbBIE UMEIOT OIMHAKOBBIE 3HAUCHMSI, HO TOCKOJIbKY POIUTEIbCKIE
JIAHHbBIE KOMHUPYIOTCS B JOYEPHUIA MTPOIECC, TOCIEAYIONNEe U3MEHEHUST B OJHOM U3 HUX HE
BJIUSIOT Ha U3MeHeHust B pyroM. (TekcT mporpaMMbl, He TIOBEPTAIOTTHIICS M3MEHEHISIM,
SIBJIsIeTCs OOLIMM JIISE POAUTEBCKOTO U jlodepHero npoiieccos.) CucteMHbIN BbI30B fork
BO3BpAIlaeT HYJIEBOe 3HAUEHUE JIJIsI JOYEPHETO TIPOoTlecca U paBHOe ujeHTuduKaTopy no-
yepHero tpoitecca wiu PID — st poautesibekoro. Vemosb3yst Bo3BpaliieHHoe 3HaUeH e
PID, nBa mportiecca MOTYT OTIPENICTUTD, KAaKOI M3 HIX POMUTETBCKUM, 2 KAKOW — TOUYEPHUI.

B GoJibiimHCTBE corydaes mocJie Bbi3oBa fork JouepHeMy IPOIecCy HeOOXOANMO BbITIOJHUTD
MPOrpaMMHBIN KOJI, OTJIMYHBIH OT pOAUTENLCKOTO. PaceMoTpum tipumep paboThl CHCTEMHON
060s10ukr. OHa CYNTHIBAET KOMAH/Y ¢ TEPMUHAJIA, CO3/AeT JOYEPHUI 1IpoIlece, OKU/AeT,
MOKA JIOUEPHUE TIPOIECC BBITIOJHUT KOMAH/LY, & 3aT€M CUUTHIBAET J[PYTYIO KOMAH/LY, €CJIN
JIOYEpHUH mportiecc 3aBepinaercs. s osKuaHus 3aBEPIIEHUs TOUYE€PHETO MTPOIIecca POIU-
TeJIbCKUH MPOIIECC BBITIOJIHSET CHCTEMHBIN BBI30OB Wailtpid, KOTOPBIN IIPOCTO FKAET, TIOKA J0-
YepHUH IPOIIECC He 3aKOHYUT CBOIO paboTy (IIprYeM 3/1eCh UMEETCs B BULY JII000iT IoYepHuii
TIPOTIECC, €CTN UX HECKOIBbKO). CHCTEMHBIH BBI30B waitpid MOKET 0KUAATH 3aBEPIICHIS
KOHKPETHOTO IOYEPHETO MPOIIecca WK JIF0OOTO U3 3aITyIEHHBIX I0UEPHIX TIPOIECCOB, €CJIN
nepsblit napamerp uMeet snaderne —1. Korna pabora waitpid 3aBepiiaercs, 1o ajipecy, yka-
3aHHOMY BO BTOPOM ItapameTpe — statloc, 3aHocuTcst ”HGOPMALIUS O CTaTyce 3aBepIleHuUsT
JlouepHero mpoiecca (HOpMaJIbHOE UM aBapUITHOEe 3aBepliieHre U BbIXOHOe 3HAYEHHE ).
B TperbeM napamerpe OIpenessioTCs pa3anyHbie HeoOsa3aTeIbHbIE HACTPOIKHY.

Tenepb paccMOTPUM, Kak BbI30B fork ucnobsyercst 000s10ukoil. TTocie Habopa KOMaH/Ibl
000JI0YKa CO3/1aeT AOUEPHUN TIPOIECC, KOTOPHII T0/KEH BBITOJHIUTD KOMAHIY MOJTh30Ba-
tesist. OH JleJIaeT 9T0, UCHOJIb3YsI CUCTEMHBIN BBI30OB execve, KOTOPBIN MOJHOCTHIO 3aMEHSIeT
o6pa3 mamsaTH npoiiecca (aiinioM, ykazanubiM B iepBom napamerpe. (Daxktuuecku cam
CHCTEMHBII BbI30B HA3bIBAETCS €xec, HO HEKOTOPbIe GUOIMOTEYHbIE TIPOIEAYPHI CO CIIerKa
OTJIMYAOTIIMMHUCS UMEHAMHU BBI3BIBAIOT €T0 ¢ PA3JUYHBIMU MTapaMeTpaMu. 31ech MBI OyIeM
paccMaTpuBaTh BCe 9TO KaK CUCTEMHbIE BbI3OBBL ) B sinctunre 1.1 mokaszano mcroJib3oBanue
Jfork, waitpid n execve npeebHO YIIPOIIEHHOM 000JI0YKOIA.

Jinctunr 1.1. O60n0o4Kka, yceyeHHas 40 MUHMMYMa
#define TRUE 1

while (TRUE) { /* 6ecKoHe4Hbln uumkn */
type_prompt( ); /* BbIBOA, MpUrnaweHua Ha 3KpaH */
read_command(command, parameters); /* 4TeHue BBOAa C TepMmuHana */

if (fork( ) '= @) { /* oTBeTBNEHWEe [o4YepHero npouecca */
/* koA poauTenbckoro npouecca */
waitpid(-1, &status, @); /* oxupaHve 3aBepweHuA Jo4vepHero npouecca */
} else {
/* Kopn podvepHero npouecca */
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execve(command, parameters, ©); /* BbinonHenume command */

}

[lanee B aTolt KHUTE TIpenonaraetcs, uto s TRUE onpesnenero 3nadenme 1.

B naunbosiee 061ieM ciydae KOMaH/Ia execoe MMEeT TP ITapaMeTpa: UM BBIIOJHIEeMOro (haii-
Jla, yKazaTtesib Ha MACCUB apTYMEHTOB U yKa3aTeJb HA MACCUB [IEPEMEHHBIX OKPYKEHUsI. DTH
rmapameTpbl Mbl PACCMOTPHM B JajibHelineM. Pasinunbie GuOGJNOTEYHbBIE TIOAPOTrPAMMBI,
BKJIIOYast execl, execo, execle n execve, ipelycMaTPUBAIOT BO3MOKHOCTD IIPOITYCKA MapaMe-
TPOB WJIM YKa3aHUs MX PasJuuHbIMU criocobamu. lajiee B 9T0I KHUTE Mbl BOCIIOJIb3YeMCs
UMEHEM exec JIJisl TPEeCTaBIeHUsI CUCTEMHOTO BbI30BA, KOTOPHIN UHUITUUPYETCS BCEMU
TUMU TIOJIITPOrPaMMaMU.

PacemoTpum ciemytorryio KOMaHIY:
cp filel file2

Omna ncnosibayeTcs it KOMUpoBaHus oiHOTO daiina B apyroii — file1 B file2. [Tocse cosna-
st 000JI0YKOI JI0YEPHETO MPOTIECCA TTOCJAEAHUH HAXOUT U BBITIOJIHSIET (hails Cp 1 Tepesiaet
eMy NMeHa CXOTHOTO U T1eJIeBOTO (haiijioB.

OcHoBnast porpamma cp (1 OOJIBIIUHCTBO APYTUX OCHOBHBIX MporpamM Ha si3bike C) co-
JEPKUT 00bsIBJICHITE

main(argc, argv, envp)

T/le argc — KOJMYECTBO 3JIEMEHTOB KOMAHHON CTPOKH, BKJIFOUYAsl UM ITporpaMMsbl. [l
TIPE/IBIIYIIETO TPUMepa arge paBeH 3.

Bropoit mapamerp — argo — mpecTaBasieT coOO0i yKazaTe b Ha MACCHB. DJIEMEHT i 3TOTO
MacCHBa SBJISETCS yKa3aTeseM Ha i-ii CTPOKOBBIH aJIeMeHT KOMaHIHOW cTpoku. B Hamem
npumepe argo[0] 6yner yKkasbiBaTh Ha CTPOKY ¢p, argo[1] — Ha ctpoky filel, a argo[2] — na
CTPOKY file2.

Tpernit mapameTp pynximn main — enop — ABIAAETCA yKasaTeJeM Ha MACCUB TIEPEMEHHDIX
OKPYJKEeHMsI, TO eCTh HA MACCUB CTPOK BUJIA UMsL = 3HAYeHUe, NCTIOIb3YeMbIi JIJIS Tiepe/laun
[IporpaMMe TaKoi MH(MOPMAIIH, KAK TUIT TEDMIHAIA 1 UMsl JIOMAIITHETO KaTaJiora IIPOrpaMM.
CymectByioT 6MOIMOTEYHbIE TIPOLIELYPbI, KOTOPbIE IIPOrPaMMa MOKET BbI3BATH JJIst IIOJTyde-
HUSI TIEPEMEHHBIX OKPYsKeHust. OHU 4acTO MCIOJIB3YIOTCS JIJISi HACTPOUKHU M0JIb30BATENBCKUX
MPEIIOYTEHU N TIPU BHITTOJIHEHUH OTIPE/IeJIEHHBIX 3a/1a4 (HAIIPUMe, /LISt HACTPOUKY TTPUH-
Tepa, UCMOJIb3YEMOTO 110 yMOJYanuio). B auctunre 1.1 okpy:keHme 1ouepHEMY MIPOIlecCy He
TIepeIaeTcsl, OATOMY TPETHH MapaMeTp execve UMeeT HyJIeBoe 3HaueHHe.

Ecyi BBI30B exec KaskeTcst CJI0KHBIM, He CTOUT OTYanBaTLCS — 3TO (C TOUKU 3PEHUS CEMaHTH-
K1) HanboJree cIoKHbIN 13 Beex nmeroinxcest B POSIX cucreMHbIX BbI30BOB. Bee ocTasibHbie
BBITJISLIAIT HAMHOTO TIpotiie. B kauecTse GoJiee pocToro mpuMepa MOKHO PaCCMOTPETD exi,
KOTOPBIIT UCTIOB3YETCS TIPOIIECCAMM, KOT/IA OHU 3aKAaHYMBAIOT BBITIOJTHEHHE. Y HETO BCETO
oauH mapamerp — craryc Beixoga (0—255), KOTOPBIiT BO3BPAIAETCS POUTEIBCKOI TIPO-
rpamme 4epes statloc B cucTeMHOM BbI30Be waitpid.

B UNIX mamartsb Kaxmoro mporiecca AeIUTCS Ha TPU CETMEHTA: TEKCTOBBIH cerMeHT (TO ecTh
KOJI IPOTPAMMBbI ), CETMEHT JIaHHBIX ([IepeMeHHble) U cerMeHT cTeka. Kak 1mokaszano Ha
puc. 1.18, cerMeHT HaHHBIX PAcTeT BBEPX, a CTEK PacTeT BHU3. MeXKIy HUMU CYIIECTBYET
JacTh HEMCIIOJIB30BAHHOTO aIPECHOTO TTpocTpancTBa. CTeK 3aMOIHSIET ITyCTOe TPOCTPAHCTBO
aBTOMaTHUYECKM TI0 Mepe HaZloOHOCTH. Pacipenne cerMenTa JaHHbIX 3a CYET IYCTOro MPo-
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Anpec
FFFF

Crek

[MpomexyTok

1
[aHHble

Tekct

0000

Puc. 1.18. lNamaTb NpoLEeCCOB COCTOUT N3 TPEX CETMEHTOB:
TEeKCTa, AaHHbIX 1 cTeka

CTPaHCTBA BBITIOJHAETCA ABHBIM 00pa3oM. J{JIs 5TOro IpeaHasHayeH CUCTEMHBII BBIZOB brk,
YKa3bIBAIOIIIT HOBBII aJpec OKOHYAHMSI CeTMeHTa JaHHbiX. OIHaKO 5TOT BBI30B CTaHAAp-
tom POSIX ne onpenesen, Tak Kak IPOrpaMMUICTaM /I JUHAMIYECKOTO PacIIpee /eI
HAMSATH PEKOMEH/LYeTCs T10J1b30BaThes OubanoTednoi npouenypoit malloc. Ipu sToM HU3-
KOoypoBHeBas peasnusaius malloc He paccMarpuBajach B KauecTBe 00beKTa, MOAXOAAIIETO
JUIsSL CTaHAAPTU3AIMHU, IIOCKOJbKY MaJO KTO U3 IIPOIPAMMUCTOB UCIOJIb3YET €€ B HElo-
CPeICTBEHHOM BHJIE U BECbMa COMHHUTENbHO, YTOObI KTO-HUOY b 1aKe 3aMETHI OTCYTCTBHE
B POSIX cucremuoro BoizoBa brk.

1.6.2. CuctemHbie Bbi30OBbI AJF ynpaeneHus pamnamm

MHorue crcTeMHbBIe BBI30BbI IMEIOT OTHOIIIEH!E K (hailioBoii cructeme. B aTom passese 6yayT
PAcCMOTPEHBI BHI30BBI, PAGOTAIOIIIE ¢ OTAETbHBIMIE (hailiamit, a B CJELYIONEM Pasiesie — Te
BBI30BBI, KOTOPBIE OTIEPUPYIOT KaTajroraMu Nin (ailioBoii CHCTEMOH B I[ETOM.

YTo6BI MPOUNTATh AaHHbIE U3 (haiiia uan 3anucath ux B (aiia, cHadana ero Heo6Xo uMO
OTKPBITD. JIJIs TaHHOTO BHI30BA HEOOXOAMMO YKa3aTh UMsI OTKpbIBaeMoro (ailsia (¢ ykasa-
HEeM abCOJTIOTHOTO My TH JIMO0 IyTH OTHOCUTEIbHO pabodero katasora) u kog O RDONLY,
O_WRONLY wim O_RDWR, o3Hadalonuii, 9To (aiij OTKPBIBAETCS JIJIsI YTEHUS, 3aITUCH WJIN
NS uTeHus U 3anucu. J{as co3ganus HoBoro ¢aiiya ncnonbayetcs mapametrp O CREAT.
Bosspaiaemblii geckpunTop (aifia BIIOCIEACTBAN MOKET ObITh UCIIONb30BAH /IS YTCHMSI
nm 3anvcu. [ocste aToro haifr MosKeT GBITh 3aKPBIT € TIOMOIIBIO CHCTEMHOTO BbI30Ba close,
KOTOPBIN Jles1aeT IeCKpUNTOp (haiiyia JOCTYIHBIM JIJIs TOBTOPHOTO UCTIOIB30BAHUS ITPH T10-
CJIETYIOIIEM CUCTEMHOM BBI30BE Open.

HawuGoJsee 4acTo UCIONB3yeMbIMU BBI30BAME, HECOMHEHHO, SIBIISTIOTCS Tead v write. BpizoB
read Mbl yKe PACCMOTPEJIH, BHI30B Write IMEET T€ JKe MapaMeTPhI.

HecMOoTpst Ha TO 4TO GOJIBITMHCTBO MPOTPAMM YUTAIOT U 3alIUCHIBAIOT (Dai/IbI TIOCAE10Ba-
TeJIbHO, HEKOTOPBIM MIPUKJIATHBIM TPOrPAMMaM HEOOXOMMA BO3MOKHOCTH TPOU3BOJILHOTO
poctyna K j1o6oi yactu daitna. C kaskapimM HaiiioM ¢Bs3aH yKasaTeslb Ha TEKYILYIO 1031~
uuio. IIpu nocjegoBaTebHOM dTeHnu (3anucK) Ol 0ObIYHO yKasblBaeT Ha OaiiT, KOTOPBII
nosoked ObITh cunTan (3anucan) ciepyonuM. CHCTEMHBIN BBI3OB [seek MOKeT M3MEHUTD
3HAYEHNE YKA3ATEJIsI, [IPU 9TOM TIOCJIELYIOIINe BHI30BBI redd WU write HAYHYT CBOIO paboTy
C HOBOTO ITPOM3BOJIbHO YKa3aHHOTO MecTa B (haiie.

Bu13os Iseek nmeer Tpu mapameTpa: IepBbIi — 5TO gecKpunTop daiiaa, BTOpoi — MO3UINs
B (baile, TpeTHii — yKazaHne, OTHOCUTENBHO YeTO 3a/jaHa O3NS — Havasia ¢daiina, TeKy-
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1ieii mosunuu i koxua (aiina. Beizos [seek BosBpaiaer abcooTHY 0 MO3UIIMIO B (aiije
(B GaiiTax) HocJie UI3MEHEHKS yKa3aTeJIs.

st kasxoro daiiia UNIX xpanut cieyroniye JaHubie: Ko pekuma (aiiaa (0ObIaHbIl
(haiir, cnenmanpHbIi aii, KaTanor u T. JI., a TAKXKe Ipasa ocTyra K daiiry), pasmep, Bpe-
MsI [TOCJIEeTHETO UBMEHEHU 1 JIPYTYIo nH(popMmaiuio. [IporpaMmMbl MOTYT 3arpaninBaTh aTy
nH(OpMaIHIO TTOCPEJCTBOM CUCTEMHOTO BbI30Ba Stat. Ero nepsblii mapameTp orpejeser
(aiisr, uHbopMaIKio 0 KOTOPOM HEOOXOAUMO MOJIYYUTh, BTOPOIl SIBJISIETCS yKa3aTeJeM Ha
CTPYKTYPY, B KOTOPYIO OHa J0JIZKHA OBITh HoMeleHa. st oTKpbIToro daiia To ke camoe
[leJIaeT CUCTEMHBIN BBI3OB fstat.

1.6.3. CucteMHblie BbI30BbI AJ19 yNpaB/IeHUN KaTasioramm

B aTom pasjiesie Mbl pacCCMOTPUM HEKOTOPbIE CHCTEMHbIE BBI3OBBI, OTHOCSIIIUECST CKOpee
K KaTtajioraM Wi K (paiiyioBoil crucreme B 11€J10M, YeM K OT/EJIbHBIM (DaiiyiaM, Kak B ITpeIbILy-
iem paszesie. Ilepsbie aBa BbizoBa — mkdir i rmdir — cOOTBETCTBEHHO CO3/AIOT U Y IAJISIOT
nycteie Katagoru. Chenyiomuii Bbi3oB — link. OH 103BOJISIET OHOMY 1 TOMY e (aiiiry
HOSIBJSATHCS MO ABYMsI Wi G0Jiee MMEHAMHU, 3a4acTyIO B Pa3HbIX KaTajorax. ITOT BbI30B
00BIYHO UCIIOJIb3YETCs], KOT/Ia HECKOJIbKO IPOrPaAMMUCTOB, pabOTAIOINX B OJHOI KOMaH/Ie,
JIOJKHBI COBMECTHO MCIIOJIB30BATh OIMH U TOT Ke (afis. Torma aToT (aiia MOKeT OSIBUTHCS
V KasK/IOTO M3 HUX B COOCTBEHHOM KaTaJIoTe, BO3MOKHO, TIO/T pa3HbiMU nMeHaMu. COBMECTHOE
ucIoJib3oBanue (aiijia OTINYAETCS OT MPEOCTABIEHUS KOKIOMY YJIeHY KOMAaH (bl THUHOM
KOIIMM; Hajinyre 00Iero AocTyia K (hailly o3HayaeT, 4To U3MEHEHMs, KOTOPble BHOCUT
J060# M3 TpecTaBUTENEH, TYT K€ CTAHOBSATCS BUAMMBIMU JIPYTHUM, TOCKOJIBKY OHU HC-
MOJIL3YIOT OJIUH U TOT ke (aiiy. A pu co3manuu Koruu daiiia mocjae/yonme ni3MeHeHUs
OJTHOI KOTINW He BJUSIIOT Ha IPyTHe.

Yro6bl yBUIETH, Kak paboTaeT BbI30B [ink, pacCMOTPUM CHUTYyaIlMio, MOKa3aHHYIO Ha
puc. 1.19, a. Y Kaka0r0 13 ABYX TMOJIb30BaTENEN ¢ IMEHAMHY ast U jim eCTh COOCTBEHHDIE
KaTaJIoTH, B KOTOPBIX UMeeTcst psijl haiiyios. Ecn ast BBIOTHUT ITPOrpaMMy, CO/IEPsKaIyTo
CUCTEMHBIIT BBI30B

link("/usr/jim/memo", "/usr/ast/note");

TO (haity memo B Katajore jim ternepb OyAeT BXOAUTH B Katasor ast noa umenem note. ITocse
9TOTO /usr/jim/memo u /usr/ast/note OyayT cchblIaThes Ha OAMH U TOT e (aii. [TomyTHo
CJIeIyeT 3aMeTUTh, YTO MECTO, I'/le XPaHATCS KaTaJoru oJib3oBaresieil — /usr, /user, /home
WK Kakoe-HUOYAb APYroe, ONMPeAeIsieT MECTHBII CUCTEMHBIN aZIMUHUCTPATOP.

BosMmoxHO, cTaHeT MOHATHEE, YTO UMEHHO AeJIaeT [ink, ecam pazobpaTbes B TOM, Kak OH
pabotaet. Kaxmpiit daitr 8 UNIX mMeeT cBOi YHUKATHLHBIN HOMEP — WAEHTH(DUKATOP, TN
i-HOMED. DTOT i-HOMEp SBJIAETCS eANHCTBEHHBIM JIst KasKI0To (haiiia MHAEKCOM B TabJIuIe
i-ysaoB (i-nodes). Kaxapiii i-ysen (i-node niam inode) xpanut uH(GOPMAIIMIO O TOM, KTO
gaBJseTcs BuajeblieM daiiia, rie pacioaoKenbl ero 6J10KU Ha qucke u T. 1. Karaior — a1o
mpocto (aiiy, comepxamuii Habop map (i-nomep, ASCII-ums). B mepsoii Bepcun UNIX
KaKIbIil DJieMeHT Katasiora 3anumar 16 Gaiir: 2 6aiita iyst i-HoMepa u 14 GailT 1Jist UMeHHN.
Ceiiyac juis1 MOJIEPKKHU JVIMHHBIX MMeH (aiisioB Tpedyercs boiee CJI0KHASI CTPYKTYPa, HO
KOHIIENTYaJIbHO KaTaJIOT MO-TIpexkHeMy siBJisiercst Habopom map (i-Homep, ASCIT-umst). Ha
puc. 1.19 y daiina mail umeercs i-Homep 16 u . 1. Cucremublii Bbi30B /ink mpocTo cospaer
HOBBII 9JIEMEHT KaTaJIora, BO3MOKHO, C HOBBIM NMEHEM, UCII0JIb3Ys i-HOMED CYIIECTBYIOIIETO
(aiina. Ha puc. 1.19, 6 oqun u tor e i-Homep (70) viMeeTcst y ABYX 9JIEMEHTOB, KOTOPbIE
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TaKuM 06Pa3oM CChLIAIOTCS HA OJMH U TOT ke (aiin. Ecim 1mossxe ¢ MoMOIIbIO CUCTEMHOTO
BbI30Ba unlink ojHa u3 aTUX 3anuceii GyaeT yaajaeHa, To BTopast OCTaHeTCs HeTpoHyToit. Ecin
OynyT ynauensl o6e sarnucy, UNIX yBuauT, uto 3anuceii 1 daiiia He cyiectByer (moJe
B i-y3JIe OTCJICIKMBACT KOJIMYECTBO YKA3BIBAIONINX HA JAHHBII (haiisr 2JIeMEHTOB B KaTaJIoTax),
U ynamuT (aiia ¢ qucka.

Jusr/ast Jusr/jim Jusr/ast Jusr/jim
16 | mail 31| bin 16 | mail 31| bin
81| games 70 | memo 81 | games 70 | memo
40 | test 59 | f.c. 40 | test 59 | f.c.

38 | prog1 70 | note 38 | prog1
a 6

Puc. 1.19. [Iga katanora: a — nepep co3gaHneM ccbinku Ha ¢gaiin /usr/jim/memo B katanore ast;
6 — nocne co3agaHns CCbInkn

Kax yske ynoMuHanioch, CUCTEMHbII BBI30B mount 1O3BOJISIET O0beIMHTh B OAHY 1B (aii-
JoBble crcTeMbl. OObIUHAS CUTYAIINS TAKOBA: Ha pasjiesie (I TI0/Ipasieie) JKeCTKOro JAUCcKa
HaXOAMTCsS KopHeBas (ailsioBasg cucTeMa, cojiepsKarias IBOMYHbIe (MCTIOTHIeMbIe) BEPCUHI
06LIMX KOMaH/L U IPYrie HHTeHCUBHO UCIIOJIb3yeMble (haiiiibl, a 110Jb30BaTeIbCcKue (hailabl
HaXOZATCS Ha APYTOM paznese (Wan Tmopasfese). 3aTeM IMOab30BaTe/ b MOKET BCTABUTH
USB-auck ¢ daitmamu 171 9TeHNs.

ITpu nomotu cUCTeMHOTO Bbi30Ba mount daiiosast cucrema USB-aucka MoKeT ObITb 1MOJ1-
KJIIoueHa K KopHeBoii (paitioBoii cucreme (puc. 1.20). B s3pike C TUIIUYHBIN O1IEPAaTOP, BHI-
MTOJTHSIIONIHH TTOIK/II0UeHne («MOHTHPOBaHUE> ) (GailJIOBOI CUCTEMbI, BBITJISIUT TaK:

mount("/dev/sdb@", "/mnt", 0);

rjie MePBBIi TapaMeTp — 3To MMst OJI0YHOTO clienuaibHoro daiiia ayst USB-ycrpoiictsa 0,
BTOPOIT TapaMeTp — MeCTO B JIepeBe, Ky/1a Oy/IeT TIPOUCXOUTH TTOJKJIIOUYEHNE, & TPETHH 1a-
pamerp coobiiaet, Oy/eT Jiu hailoBast crcTeMa MOIKITIOYeHa /ISt UCTIOTb30BAHISI B PEKUME
YTEHUsT 1 3AIUCH FJIU TOJIBKO YTEHHS.

bin  dev lib mnt  usr b@%

a 6
Puc. 1.20. dainnosas cuctema: a — o BbiaoBa mount; 6 —nocne BbidoBa mount

[Tociie BBITIOTHEHWST CHCTEMHOTO BBI30BA mount JJist foctyna k daiiry Ha ycrpoiictse 0
MO’KHO HCIIOJIb30BATh Iy Th K HEMY U3 KOPHEBOTO MJIM PabOYEro KaTajora, He obpaliasi BHU-
MaHus Ha TO, Ha KaKOM YCTPOiicTBe OH HaxoauTcst. IIpakruyecku K i060My MeCTy JepeBa
MOJKET OBITh MOAKJIIOYEHO BTOPOE, TPEThE U YETBEPTOE YCTPOUCTBO. BBI30B mount nos3poJisier
BKJIIOYATh CMEHHBIE HOCUTENU B €IMHYI0 MHTErPUPOBAHHYIO (DAlJIOBYIO CTPYKTYDPY, He 00-
parras BHUMAHUS Ha TO, HA KaKOM yCTPOHCTBe HaXoAsATca daimsl. XOTS B 3TOM TIpuMepe
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(hUrypupyer KOMIaKT-aucK, KeCTKUe IUCKU MM X 4acTh (YacTo Ha3bIBaeMble pasjena-
Mu — partition) Take MOTYT ObITh IIOJAKIIOYEHBI STUM CIIOCOOOM. AHAJIOTUYHO MOTYT ObITH
MOJKTIOYEHbBI U BHENTHUE KeCTKUEe AUCKN uan (uem-nakonurenu. Korga mopkmouenue
(haiinoBoii cucrembr Goabie He TPeGYeTCs, OHA MOKET OBITh OTKJIIOUEHA C MTOMOIIBIO CH-
CTEMHOTO BBI30BA UmMount.

1.6.4. Pa3Hble CUCTEMHbIE BbI30BbI

[TomuMO oOmMCAaHHBIX PaHee CYNIeCTBYIOT U J[PYre PA3HOBUIHOCTH CHCTEMHBIX BBI30BOB.
3mech GyayT paccMOTPeHbI TOJbKO YeTbipe 13 HuX. CucreMHublil Bbi3oB chdir usmensier Te-
Kyuuii pabounii katasor. [Tocie BbI3oBa

chdir("/usr/ast/test");

pu oTKpbITUN (hailsia xyz Gyer oTKpbIT (aiia /usr/ast/test/xyz. Vcnosb3oBatue MOHATHS
pabouero Karamora n3daBsieT 0T HEOOXOAUMOCTHU MOCTOSHHO HAOUPATh AJTMHHBIE aOCOMIOT-
HbIe Ty TH (aiiaos.

B UNIX kak/piit haiisr mMeeT KO/l PesKUMa, XPAHSIIUICS B i-y3J1e U UCIIOJIb3YEMbIil JIJIST €T0
3amuTel. [/ yIpasaeHus paBaMu A0CTyIa K (ailly 9TOT KOJ BKIIOYAeT GUTHI YTEHUsI-
3anmcu-BoinosHenus (read-write-execute) [ist BIIae IbI1a, AT TPYIIIIBI 1 JUIST IPYTUX TT0JTb-
3oBaresieit. CucreMHbII BI3OB chmod N03BOJISIET U3MEHTh OUTBI TIPaB A0CTyHA K (aily.
Harpumep, 4To6bI cienaTh haiisr J0CTYIHBIM 15T UTEHVSI JI7IsT BCEX, a JIJIsT BIae bl — J0-
CTYITHBIM ¥ JIJIsT UTEHUsI U JIJIST 3AMUCH, HeOOXOMMO BBIMOJIHUTD CJAEAYIONNA CUCTEMHBII
BBI30B:

chmod("file", 0644);

CucreMHBII BbI3OB kill TIO3BOJIAET TIOIH30BATESAM U MOJb30BATENBCKUM MTPOIECCAM 10~
ChLIATh CUTHAJIBL. EC/IM mporiece roToB MPUHATH ONPeAeTeHHbIil CUTHAJ, TO TIPH €T0 MOCTY-
IJIEHNN 3alTycKaeTcs 06paboTynk curHama. Ecm mpomecc He ToToB kK 06paboTKe cUTHAIA,
TO €r0 NMOCTYIIEHNE YHUYTOKAET MPoIlecc (4TO COOTBETCTBYET MMEHHU CUCTEMHOTO BBI30BA:
kill — y6uBaTh, yHUYTOKATD ).

Cranzaprom POSIX onpezenet psijt mporenyp st pabotsi co BpeMenem. Hanpumep, time
IIPOCTO BO3BPAIIAECT TEKyIee BPeMs B ceKyH/aX, rie 0 cooTBeTCTBYeT MOTyHOUN (HAyYaIy,
a "e xouiy xus) 1 gauBapg 1970 roma. Ha xommbioTepax, MCTOTB3YIONNX 32-pa3psaaHbie
CJIOBA, MAKCUMAJIbHOE 3HAYEHHE, KOTOPOE MOKET OBITh BO3BPAIIIEHO MPOIIEyPOii time, paB-
HO 2%2 — 1 ¢ (Ipe/moaraercst, UTo UCIOIb3yeTest 6e33HAKOBOE Ieioe yncio — unsigned
integer). DTo 3HAYEHUE COOTBETCTBYET Mepuoity HeMuorum Gosiee 136 siet. Takum o6pazom,
B 2106 rony 32-paspsanbie cuctembl UNIX «coliyT ¢ yma», 4TO CPaBHUMO CO 3HAMEHUTOMN
mpobaremoit 2000 roxa (Y2K). Ecan ceituac BbI paboTtaere Ha 32-paspsianoit UNIX-cucreme,
t0 Gutmske K 2106 Topy 1mosryanTe COBET IIOMEHSITD ee Ha 64-6UTHYIO.

1.6.5. Windows Win32 API

[lo cux mop Mbl opuenTrpoBanuch B ocHoBHoM Ha UNIX. Terepb nacTano BpeMs B3IJIAHYTh
u #Ha Windows. Oneparnontsie cucrembl Windows n UNIX (yHIaMeHTaIbHO OTIIMIAIOTCS
JIPYT OT JIpyra B COOTBETCTBYIOIIUX MOJIesIAX porpammupoBanud. IIporpammer UNIX co-
CTOSAT M3 KOJIa, KOTOPBIiA BBITIOJIHSIET T€ UJIA WHbIE JEHCTBYS, TPU HEOOXOANMOCTH 0Opallasich
K CHCTEMe C CHCTEMHBIMU BBIZOBAMH JIJISI TTOJTy4eHUSI KOHKPETHBIX YCIyT. B oTimane ot aToro
nporpammoii Windows yipasiisiior, kak 1npasuiio, cobbitusi. OCHOBHAsI IIPOrpaMMa KJIeT,
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[OKA BO3HUKHET Kakoe-HUOYb COOBITHE, 4 3aT€M BBI3bIBAET HIPOLIELYPY st ero 00paboTKHY.
TunmuHble COOBITHSA — 3TO HaKATHE KJIABUIIN, IEPEMEIIEHUE MBI, HaKaTHe KHOTIKN MBIIIN
wim nogkoderne USB-ancka. 3arem st 006CaysKuBaHus cOObITHSI, 0OHOBJIEHUS DKPaHa
1 0OHOBJIEHNS BHYTPEHHETO COCTOSTHIST IIPOTPaMMBbI BBRI3BIBAIOTCs 00paboTunkn. B ntore Bee
5TO MPUBOAUT K HECKOJIBKO MHOMY CTHJIIO IiporpammupoBanus, 4eM B UNIX, HO MOCKOIBKY
5Ta KHUTa IIOCBsIeHa (DyHKIMSAM U CTPYKTYPaM OIePalOHHbIX CHCTEM, Pas3/IMIHbIe MOIE/IH
HPOrpaMMKIPOBaHs He Oy/IyT BbI3bIBATH Y HAC 0COOOIO MHTEpECa.

Pasymeercs, 8 Windows Takske ectb cucteMubie Bbi3oBbl. B UNIX nmeercs ipakTudecku
OJIHO3HAYHASI CBSI3b MEK/[y CHCTEMHBIME BBI30BaMU (HApuMep, read) n GHOIMOTETHBIMI
nporteypamu (¢ Toit ke read), HCTIOTB3yEMBIMHE JIJIsT OOPAIIEHNST K CUCTEMHBIM BBI30BaM.
VHBIME CJIOBAMU, JUIsT KAKIOTO CUCTEMHOTO BbI30Ba OOBIYHO CYIECTBYET OJfHA GHOIHOTEY-
Hast IPOLIE/LyPa, Yallle BCEro OJIHOMMEHHAsI, BbI3biBaeMast Jjist oOpatieHust K Hemy (puc. 1.17).
[Tpu atom B crangapre POSIX nmeercs Bcero smmib okosio 100 mporieypHBIX BBI30BOB.

B cucreme Windows curyaius cosepiiento utast. Haurem ¢ Toro, 4to (pakruueckue cu-
CTeMHbIE BbI30BbI U UCIIOJIb3YEMBbIE JIJIsk UX BBIIOJHEHNs: OUOIMOTEYHbIE BHI30OBbI HAMEPEHHO
pasaenenbl. Kopnopaiueit Microsoft onpeaenen nabop mpouenyp, Hassanibiii Win32 API
(Application Programming Interface — unTepdeiic NpUKIALHOrO IPOrPpaMMUPOBAHNIA).
[Ipeamomaraercs, 9To TMPOrPAMMHUCTBI JOJKHBI HCIIOIb30BaTh €T0 TSI IOCTYTIA K CIyKGam
OTIEPAIMIOHHON CUCTEMBI. DTOT UHTePPelic YJaCTUYHO MOAIEPKIUBAETCS BCEMU BEPCUSMU
Windows, naunnas ¢ Windows 95. Oraesnsisi APT-unrepdeiic ot pakTuaeckix CuCTeMHBIX
BbI30BOB, Microsoft moauepkuBaeT BO3MOKHOCTD CO BPEMEHEM UBMEHSTD CYIIECTBYIONIIE
CHCTEMHBIE BBI3OBBI (1aske OT OJHON BEPCUU K APYTOii ), coXpaHsst paboTOCIIOCOGHOCTD yIKe
cymectByfomux mporpamm. Makrideckn B ocHoBy Win32 BHOCHTCS HEKOTOPast HEOAHO3HAY-
HOCTb, IOCKOJIbKY B CAMBIX TOCJEAHUX Bepcrussx Windows coiepsKuTcst MHOKECTBO HOBBIX,
patee HeZOCTYIIHBIX CUCTEMHBIX BbI30BOB. B aToM paspese nog Win32 Gyier noHuMaThbest
untepdeiic, nogaepxuBaeMbii Bcemu Bepeusavu Windows. Win32 obecneunBaer copme-
cTuMocTh Bepeuit Windows.

Kosnuecrso nmeromnuxcesa 8 Win32 API BbI30B0B BesiKo — ucunciisgercs ToiciyaMu. bosee
TOTO, HaleIy C TEM, 4YTO MHOTUE U3 HUX ]IeﬁCTBHTeJIbHO SaHyCKaIOT CUCTEMHbIC BbI3OBbI,
CYIIECTBEHHAsT YACTh I[EJTMKOM BbITIOJIHSIETCS B IIPOCTPAHCTBE 1oJb3oBaTess. Kak ciej-
cTBHE, IpH pabore ¢ Windows cTaHOBUTCS HEBO3MOKHO MOHSTD, YTO SIBJSIETCS CHCTEMHBIM
BbI30BOM (TO €CTh BBIIOJHSAEMbIM SIPOM), @ YTO — IIPOCTO BbI30BOM OMOJIMOTEYHOU IIPO-
HeAypbl B IPOCTpaHCcTBe NoJib3oBaresis. MakTuuecku To, 4To ObLIO CHCTEMHBIM BBI30BOM
B o1HOM Bepern Windows, MOKeT OBIT BBITIOTHEHO B TPOCTPAHCTBE TIOJIH30BATESI B IPYTOii,
1 Hao0oPOT. B 9T0ii KHUTe IIPU PACCMOTPEHUU CUCTEMHBIX BbI30BOB Windows Mbl GyemM
MCITOIb30BATh TaM, T/l 9TO HEOOXOMMO, TIporieAypbl Win32, mockosbky Microsoft rapaH-
THUPYET, 4TO C TeYEeHUEM BpEMEHY OHU He OyayT MeHaThest. Ho ciieryer moMHUTb, 4TO He Bee
OHU JIEHCTBUTEJIBHO SBJISIOTCST CUCTEMHBIME BBI30BaMU (TO €CTh 00pabaThIBAIOTCS SIPOM).

B Win32 API umeetcs orpoMHOe YMCTIO BBI30BOB I YIIPABJICHUS OKHAMU, TeOMeTpUYe-
ckuMu (purypamu, TeKCToM, mpudraMu, MoJ0CaAMU MPOKPYTKHU, AMATOTOBBIMU OKHAMH,
MEHIO U IPYTUMU COCTABJSIONIME TPadhUIECKOTO MOTb30BaTeabCKOTO MHTepdeiica. Ecau
rpacdudeckast nopcrcTeMa paboTaeT B maMsTu siipa (4TO CIIPABEJIMBO JJIsl HEKOTOPBIX, HO
He 711 Beex Bepeuii Windows), To UX MOKHO OTHECTH K CHCTEMHBIM BBI30BaM, B TPOTUBHOM
cilydae OHU SIBJISIIOTCS IIPOCTO GubnnorednbiMu BbizoBaMu. Clieiyer Ji paccMaTpuBaTh
10/106HbIE BBI30BbI B 9T0M KHUTe? [TOCKOIBKY (haKTUYeCKH OHU HE OTHOCATCS K (DYHKIIUSM
OTIEPAIIMOHHON CHCTEMbBI, MbI PEITUJIN, YTO HE CJE/YET, Ia’ke YUUThIBAS TO, YTO OHU MOTYT
BBINIOJIHATBCS stApoM. Tem, k1o 3aunTepecyercss Win32 API, caemyer o6paTuThest K OAHOMN
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U3 MHOTOUYHMCJIEHHBIX KHUT Ha 9Ty TeMy (Harnpumep, K kauram Hart, 1997; Rector and
Newcomer, 1997; Simon, 1997).

[laxxe mpocToe TiepeynceHre Ha 3TUX CTPaHUIaX BcexX Bbi30BOB Win32 API Beixonut 3a
PaMKH Hallell TeMaTHUKH, TO3TOMY Mbl OFPAHUYUMCSI TOJbKO TEMH, KOTOPBIE 110 CBOUM
(I)YHKL[I/IOHaJIbeIM BO3MOXHOCTAM MOKHO HpI/I6JII/ISI/ITeJIbHO COIIOCTaBUThb C CUCTEMHBIMU
soizoBaMu UNIX, nepeunciennbivu B Tabr. 1.1. VIx criimcok npezcrasie B tabur. 1.2,

MMasaiite KOPOTKO moroBopum 00 aToM criucke. Boizos CreateProcess co3aet HOBBIIL Ipotiece.
B Hem cosmenaercs pabota UNIX-Bbi30BoB fork u execve. MHOKECTBO TapaMeTPOB 9TOTO Bbl-
30Ba OITPEIEJIAIOT CBOMCTBA BHOBD cO3/1aBaeMoro tpoiiecca. B Windows orcyrerByer uepapxust
riporieccos, ipucytiast UNIX, moatomy NOHSATHUS POJAUTENHCKOTO U JIOUEPHETO MTPOIECCOB 371€Ch
He ncnosb3yloTcst. [locse co3panmst mpoiiecca mporecc-co3/aTesb 1 BHOBb CO3/IaHHbIN TTPO-
1[eCC CTAHOBSATCS paBHONIpaBHbIME. BoizoB WaitForSingle Object ncnionb3yercst [Uist 0KUJAHNS
cobbrTus. OKupane MOKeT KacaThCsl MHOKECTBA BO3SMOKHBIX cOObITHI. Ecn B mapamerpe
yKa3aH IIPOIECC, TO BBI3BIBAIONIAS IPOTPAMMa JI0KUAACTCS OKOHYAHNST KOHKPETHOTO TIPOIIECCa.
3aBepiiienne paboThI MPOTIECCA TIPOUCKXOUT MPH UCTIOTH30BAHUH BbI30Ba ExitProcess.

Tabnuua 1.2. Bbizosbl Win32 API, npubnnautensHo cooTBeTcTBYOLWME BbidoBam UNIX,
nepeyncneHHslM B Tabn. 1.1. Cnenyet 3amMeTuTb, 4To B Windows nmeeTcs o4eHb 60sbLIoe
KONMYECTBO APYrnNX CUCTEMHbIX BbI30BOB, O0JIbLUMHCTBO U3 KOTOPLIX HE UMEIOT
cootBeTcTBUIA B UNIX

UNIX Win32 OnucaHune

fork CreateProcess Co3paeT HOBbIM NpoLLecc

waitpid | WaitForSingleObject | OxupaeT 3aBepLueHus npouecca

execve HeTt CreateProcess=fork+execve

exit ExitProcess 3aBepLuaeT BbINOJIHEHME NMpouecca

open CreateFile Cospaet ¢aiin nnm oTKPbIBAET CYLLLECTBYIOLWMI daiin

close CloseHandle 3akpbiBaeT davin

read ReadFile YuTtaeT gaHHble n3 danna

write WriteFile 3anuceiBaeT AaHHble B daiin

Iseek SetFilePointer lMepemellaeT ykazaTtens danna

stat GetFileAttributesEx MonyyaeT pasnuyHbie aTpubyThl daiina

mkdir CreateDirectory CospaeT HOBbI kaTanor

rmdir RemoveDirectory YpanseT nycton katanor

link HeTt Win32 He nopaepxvBaeT CBA3N

unlink DeleteFile Ynanser cylecTsyloLwmin dpann

mount Het Win32 He noaaepXxmBaeT nogkodeHne K GarinoBor cucteme

umount | Het Win32 He nopaepxuBaeT NoaktoYeHne K GpainnoBor cucteme

chdir SetCurrentDirectory M3meHseT pabounii katanor

chmod HeTt Win32 He nopaepxuBaeT 3awmty dainna (xota NT nopaep-
XVBaeT)

kill Het Win32 He nopaep>XuBaeT curHasbl

time GetlLocalTime [Mony4yaeT TekyLlee Bpems

Caemyrorie 1ecTh BBI30BOB paboTaioT ¢ daiimaMu n (QyHKIIMOHATIBHO MOXOKHN Ha CBOUX
UNIX-co6paThes, XOTSI 1 OTJIMYAIOTCS OT HAX B TApaMeTpax 1 AeTassax. Tem He menee (aiiibt
MOTYT OBITb OTKPBITBI, 3aKPbITHI, IPOYUTAHbI 1 3alIMCAHDI IPAKTHYECKH TaK ke, Kak B UNIX,
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Buizosbl SetFilePointer u GetFileAttributesEx ycraHaBinBaioT MO3UIKIO YKasaTess (aiiia
U [OJTy4aioT HEKOTOpble U3 arpubyToB (aiia.

B Windows Takske uMeIoTcsi KaTajoru, KOTOPbIE CO3/AI0TCs U yAAJISIOTCS BbI30BaMU
CreateDirectory n RemoveDirectory cOOTBETCTBEHHO. 3/IeCh TOXKE UMEETCSI IOHSTHE TEKY-
II€r0 KaTajuora, KOTOPbIN ycTanapauBaeTcs BbIzoBoM SetCurrentDirectory. s nosryueHust
TEKYILEro BpeMeHu uciojibayercs BbizoB GetLocalTime.

B unTepdeiice Win32 orcyrcTByeT HO/IEpKKa CBSI3aHHBIX (DAJIOB, TIOAKII0OYaeMbIX (aii-
JIOBBIX CHCTEM, 3alIUTHI (haliJIOB, CUTHAJIOB, TO3TOMY OTCYTCTBYIOT U BBI30BBI, COOTBETCTBY-
tomue teM, uto ectb B UNIX. Pazymeercs, B Win32 ectb 0orpoMHOE KOJIMYECTBO JIPYTUX BbI-
30B0B, KOTOPBIX HeT B UNIX, 0c06EHHO OTHOCAIINXCST K TPAhIYECKOMY M0JIb30BATEILCKOMY
unrepdeiicy. Windows Vista numeer ycoBepIIeHCTBOBAHHYIO CUCTEMY 3all[UThl, 4 TAKIKE
nojajepxuBaer ceasannbie daitpl!. A B Windows 7 u 8 nobasieno emie 60Jblie CBOWCTB
U CUCTEMHBIX BBI30BOB.

[Moxkamnyit, o Win32 cienyer cenath elie oHO 3amedanue. Win32 He siBJISIeTCsI TOJTHOCTHIO
eIMHOOOPa3HBIM U MOCJIeA0BaTeIbHBIM HHTEpdeiicoM. OCHOBHON IPUYMHOIL HTOTO CTaja
HE0OXOAUMOCTh obectiedeHnss 0OPaTHON COBMECTUMOCTH € TIPEAbLALYIUM 16-0UTHBIM WH-
tepdeiicom, KoTopblii uctosb3oBaics B Windows 3.x.

1.7. CTpyKkTypa onepauuoHHOI CUCTEMbI

Termepb, KOT/Ia MBI YBUAEIN, KaK BBITJISIAT OTIEPAIIOHHBIE CUCTEMBI CHAPY:KU (MMeeTCs
B BUy MHTepdeiic, OCTYNHBII TPOrpaMMHUCTY ), TPHUIIJIO BpeMs B3TJISTHYTh HA X BHY-
TpeHHee yCcTpoicTBO. B cieayomux pasjienax Mbl pACCMOTPUM HIECTb PA3JIUYHBIX HC-
HOJIB3YIOMUXCsT (MJIU MCIOJIb30BABIINXCSI PAHEE) CTPYKTYP, YTOOBI TIOIYYUTh HEKOTOPOE
Mpe/ICTaBIeHNE O CIIEKTPe UX BO3MOXKHOCTENH. OHM HU B KOEM CJIyyae He MPeCTaB/IsIoT
COOOI UCYEPIIBIBAIOIILYIO KAPTUHY, HO JAIOT IIPEACTABICHUE O HEKOTOPBIX KOHCTPYKTOPCKUX
PelIeHusX, OIPOOOBAHHBIX HA IPAKTUKE. DTH 1IECTh KOHCTPYKTOPCKUX PEIEHUIT IpeIcTaB-
JIEHBI MOHOJIUTHBIMU CUCTEMaM#, MHOTOYPOBHEBBIMU CUCTEMaMW, MUKPOSIPAMHU, KIUEHT-
CepBEPHBIMHU CHCTEMaMH, BUPTYATbHBIMI MAITUHAMHA U 9K30/IpaMU.

1.7.1. MoHONUTHBbIE CUCTEMbI

Hecomuenno, Takas opranusaius omeparimoHHON CUCTEMBI SIBJISIETCS CaMO pacipocTpa-
HEeHHOM. 371ech BCs OlepallMoHHas crcTeMa paboTaeT Kak erHas IPOrpaMMa B PesKiuMe
sapa. OnepalyoHHas cucTeMa HalucaHa B Buje Habopa Ipoleiyp, CBI3aHHbIX BMeCTe
B OZIHY OOJIBIIYIO MCIIOJIHAEMYIO TIporpaMMy. [Ip1 UCHoIb30BaHUK 9TOM TEXHOJIOTHH KaK-
Jast poleypa MOKeT CBOOOIHO BbI3BATD JI00YIO APYTYIO HPOLELYPY, €CJIHA Ta BHITOJHAET
Kakoe-HUOY/Ib [0JIe3HOE JeiiCTBIE, B KOTOPOM HY:KIAeTcs repBas mpoleaypa. BoaMoKHOCTD
BbI3BATD JIOOYIO HYKHYIO IIPOLEAYPY IPUBOAUT K BEChMa BHICOKOU 3(h(heKTUBHOCTH PabOTh
CUCTEMBI, HO HAJTMYKE HECKOJIBKUX THICSY TIPOIIETY P, KOTOPBIE MOTYT BBI3bIBATH JIPYT APyTa
CKOJIb YTOJTHO 4acTO, HEPEJIKO JIeJIaeT ee TPOMO3/IKON 1 HeroHsTHOH. Kpome Toro, oTkas
B JII060M 13 HTUX MPOIIEAYP NPUBEIET K aBapUU BCEil olepaliiOHHOM CUCTEMBI.

! Tounee, IpojtyMaHHasi CUCTEMA 3AIUTHI U MTOJ/IEPKKA CBsI3eil (hallioB ABISeTCs CBOMCTBOM (haii-
soBoit cucrembl NTFS, uctionbayemoii B onepainnonnbix cucremax psiaa Windows NT, Brirouast
Windows 2000, Windows XP, Windows Vista u Windows 7. — IIpumeu. peo.
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Jluist IocTpoeHust UCIOIHsIeMOTO (haiiia MOHOJIMTHON CHCTEMbI HEOOXOAUMO CHAYaJIa CKOM-
MTMJIMPOBATH BCE OT/IEIbHBIE MPOIeyphl (MK (haiiiIbl, comepsKaliye IpoTeypsl), a 3aTeM
CBsI3aTh UX BMECTE, BOCIOJIb30BABIINCH CUCTEMHBIM KOMITOHOBIIIMKOM. 3/IECH, TI0 CYIIECTRBY,
[OJIHOCTBIO OTCYTCTBYET COKPBITHE JIeTallell peaiu3allii — Kask/ast [Ipolelypa BUHA JI000H
ZIpyToii iporierype (B OTJIUYKE OT CTPYKTYPBI, COEeP:KAIIEH MOJIYJIN UJIN TTAKETHI, B KOTOPHIX
OCHOBHAs1 4acTh WH(MOPMAIIMK CKPBITa BHYTPU MOJLYJIEN U 32 MIPeJIeJIaMU MOJLYJIsl €r0 TIPO-
11e/LyPbI MOKHO BBI3BATh TOJILKO Yepe3 CIIEIAbHO Olpe/iesisieMble TOUKU BX0/IA).

Tem He Menee jjaske Takie MOHOJIUTHBIE CUCTEMbI MOTYT UMETh HEKOTOPYIO CTPYKTYPY. Ciryk-
6b1 (CUCTEMHBIE BBI3OBBI), IIPEAOCTABISEMbIE ONEPAIIMOHHON CUCTEMOI, 3arpanmBaTCsa
ITyTeM TIOMeIeHNs TapaMeTPOB B YeTKO OIpeieJIeHHOe MecTo (HalprMep, B CTEK), a 3aTeM
BBITIOJTHSAETCST MHCTPYKIUS (rap. ITa UHCTPYKIUS MTEPEKITIOYAET MAIIUHY U3 110Jb30Ba-
TEJILCKOTO peKMMa B PEXKUM Spa U TIepefiaeT YIpaBJjeHne OlepallioHHol cucteMe (1mar 6
Ha puc. 1.17). 3arem onepaloHHast CUCTEMa U3BJIEKAET TTapaMeTPhl U OIpe/lelisieT, KaKoi
CHCTEMHBDIIT BbI30B JOJIKEH ObITh BbINOJIHEH. I1oc/ie 9TOro oHa IIepeMeIaeTcs 10 UHIAECKCY
B TabJiuile, KOTOPasi B CTPOKE & COAEPKUT yKa3aTe/lb Ha IIPOIIELYPY, BHIIOJIHSIONLYIO CUCTEM-
HBII BBI3OB £ (miar 7 Ha puc. 1.17).

Takast opranusaiust MPeIoJaraeT cieayoIlyio 6asoByI0 CTPYKTYPY OlepalluOHHON CH-
CTEMBI:

1. OcHoBHas TIporpaMma, KoTopasi BbI3bIBaeT TpeOyeMyio CIyKeOHYIO POy Y.
2. Habop ciryskeOHbIX IPOLELYP, BHITOJHAIONKMX CUCTEMHbIE BbI30OBBL.
3. Habop BcrioMorarebHbIX IPOLELyP, COACHCTBYIONMX paboTe CIyKeOHbIX IPOLELY].

B aT0i1 MOtesnu 17151 KasKioTo CUCTEMHOTO BBI30BA UMEETCSI OJIHA OTBETCTBEHHAsI 32 HETO CJIy-
skeGHas TIPOIIeLypa, KOTOpas ero ¥ BbIIOJAHseT. BeroMoraresibHble IPoIeLypbl BBITOJTHAIOT
JeHCTBUST, HEOOXOAUMbIE HECKOJIbKUM CJIYsKEOHbBIM MIPOIIE/ypaM, B YaCTHOCTU M3BJICYCHUE
JAHHBIX W3 MOJb30BaTEIbCKUX MporpaMM. TakuM 06pasoMm, MPOIELyPhl IeISITCS Ha TPH
ypoBHs (puc. 1.21).

OcHoBHas
npoueaypa

CnyxebHble
npoueaypel
BcnomoratenbHble
npoueaypsl

Puc. 1.21. lNpocTas CTpyKTypnpoBaHHast MOAeNb MOHOIMTHON CUCTEMBI

B jtomosienre K OCHOBHOM OIEPAIIMOHHON CHCTEME, 3arPy’KaeMOil BO BPEMSI 3aITyCKa KOM-
[bIOTEPA, MHOTHE ONEPAIMOHHBIE CUCTEMbI MOJAEPKUBAIOT 3arPYKAEMbIe PACIIMPEHUS,
B UncJIe KOTOPBIX JipaiiBepbl YCTPONCTB BBOA-BbIBO/A U (allJIOBBIE CUCTEMBI. ITU KOM-
[OHEHTBI 3arpysxkaiorcs 1o Mepe Hagobnoctu. B UNIX onun HasbiBaiorTcss GubanorexamMu
obutero nosbzosanust. B Windows onu Hassisaiorcst DLL-6u6mmorekamu (Dynamic-Link
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Libraries — gunammdecku moxodaembie Oubanorexn ). Oun HaxoaaTes B daiiaax ¢ pacim-
penuamu nmen .dll, 1 B karasore C:\Windows\system32 na cucreme Windows nx 6osee 1000.

1.7.2. MHOroypoBHeBbi€ CUCTEMbI

O60061meHeM MOX0/1a, MOKa3aHHOTO Ha puc. 1.21, aBjgercs opraHusanus oneparoHHoO
CUCTEMbBI B BUJIEe NEPAPXUN YPOBHEH, KaXK/Iblil 3 KOTOPBIX SIBJISIETCS] HA/ICTPONKOI HAJl HUKe-
Jexkaiinm yposteM. IepBoil cucremoii, octpoerHol Takum o6pasoM, Oblia cucrema THE,
cospannas B Technische Hogeschool Eindhoven B Tosutanann 3. leiikcrpoii (E. W. Dijkstra)
u ero crynentamu B 1968 roay. Cucrema THE 6blia npocToil nakeTHO cucteMoii 11
roJuanckoro kommbiorepa Electrologica X8, umesmiero namsitb 32 K 27-paspsiiHbixX CJI0B.
Kaxk noxasano B ta6. 1.3, y cucrembl ObLIO 1IeCTh ypoBHEH. Yposenb 0 3aHuMascs pac-
npejesieHueM pecypca rnpoiieccopa (IpoIeccopHOro BPEMEHN ), TTePEKIIOUeHEM MEK/Y
[polleccamMu MPU BOBHUKHOBEHUU TIPEPBIBAHUI WU UCTeYeHUN BpeMenu Taiimepa. Hajn
ypoBHeM () cucTemMa coCTOsIIa U3 TTOCTIeI0OBATEIbHBIX MTPOIIECCOB, KAXKIBIN U3 KOTOPBIX MOT
OBITH 3alPOrpaMMUPOBaH 6e3 ydyera TOTO, YTO HECKOJIBKO MPOIIECCOB ObLIN 3alyIeHbl Ha
OJIHOM TIporieccope. VIHbIMU cioBamMu, ypoBeHb () obecriedrBas 0CHOBY MHOT03aa4HOCTH
IEHTPATBHOTO TIPOTIECCOPA.

Ta6nuua 1.3. CTpykTypa onepaunoHHon cuctemsl THE

YpoBeHb DyHKuUa
Onepatop
Mporpammbl nonbL3oBaTens

YnpasseHue BBOAOM-BbIBOAOM

CBs3b oneparopa C NpoueccomM
YnpaeneHne 0CHOBHOM NamATbIO U MarHUTHLIM GapaGaHoM
PacnpegeneHune pecypcos npoueccopa v 06ecrneyeHrie MHoro3aaa4yHoro pexmMa

O|=|ND|Ww|l~|O

Yposensb 1 ynpasisa mamsaTsio. OH BRI TPoOIieccaM IIPOCTPAHCTBO B OCHOBHOM MTaMSITH
U Ha MarHuTHOM Gapabane eMKOCTbI0 512 K ¢JI0B, KOTOPBIN UCIIOIb30BAICS /ISt XPAHEHUST
yacreil mporiecca (CTpaHMUIL), He YMEMIABITNXCS B OTePaTUBHON namsTi. Ha ypoBHSIX BbIlle
[EPBOTO TIPOIECCHI He TOJIKHBI ObLIM OECIIOKOUTLCS O TOM, Ille UMEHHO OHU HaXOJSITCH,
B amsiTu wiin Ha 6apabaue. [Iporpammuoe obecriederue ypoBHst 1 obecriedrBaeT MoMeIeHne
CTPaHUIL B IAMSATH B TO BPEMsl, KOTJIa OHM HEOOXOAUMDbI, ¥ yAAJICHUE UX U3 [aMATH, KOTJa
OHM He HYKHBI.

YpoBeHb 2 yIpaBJIsis CBsI3bIO KasKIOTO TIPOTIecca ¢ KOHCOJBIO orepaTopa (TO eCTh C MTOJIh30-
BaresieM). Haj aTuM ypoBHEM Kask bl mpotiece (hakTHUeCKU MMes COOCTBEHHYIO KOHCOJIb
ornepaTopa. YpoBeHb 3 yIpaBJisyl yCTpoiicTBaMK BBOIa-BbiBoAa 1 Oydepusareil nHhop-
MAaIMOHHBIX TIOTOKOB B 000MX HanpasjieHusXx. Haa TpeTbuM ypoBHEM KasKabIi IIpolecc
Mor paboTath ¢ aGCTPAaKTHBIMU YCTPONRCTBAMU BBOA-BBIBO/IA, UMEIOIUMHU OIIPe/Ie/IeHHbIE
cBoiictBa. Ha ypoBHe 4 paboTaiiu 10J1b30BaTe/IbCKKE IPOrPAMMBbI, KOTOPBIM He Hajio ObLIO
3a00TUTHCST O MIPOLIECCAX, AMITH, KOHCOJIM WK YIIPaBJIeHUH BBOJOM-BbIBOAOM. IIporecce
CHCTEMHOTO OTIEPATOPA PA3METIAJICS HA YPOBHE 3.

HasnbHeiinee 06001eHIe MHOTOYPOBHEBOH KOHIIEIIUHN ObLI0 caesano B cucteme MULTICS,
Bwmecro yposueii qst oncanus MULTICS ucrniosib3oBasinch cepun KOHIEHTPUYECKUX KO-
JIell, T/ie BHYTPEeHHUE KOJIbIla 0bsrafanu 60Jee BBICOKUMU IPUBUJIETHSIMU TI0 OTHOTIIEHHIO
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K BHEHIHUM (4TO, COOCTBEHHO, HE MEHSLJIO CyTH MHOTOYPOBHEBOH cucteMbl). Koraa mporiey-
pe 13 BHEIITHETO KOJIbIla TPeGOBAIOCH BbI3BATh TIPOIEAYPY BHYTPEHHETO KOJIbIIA, il HY/KHO
ObBLIO CO3/aTh HKBUBAIEHT CHCTEMHOI'O BBI30Ba, TO €CTh BBIIOJIHUTH UMHCTPYKIUIO TRAP,
rapaMeTpbl KOTOPOH TIIATEJIBHO TPOBEPSIIUCH HA JIOTTYCTUMOCTb TIepe]] TeM, KaK Pa3pelnThb
MPOI0JKEeHNEe BbI30Ba. XOTs Bes ornepainonHas cuctema B MULTICS sBistiach yactbio
AJIPECHOTO TIPOCTPAHCTBA KAKIOTO TOJIH30BATENBCKOTO MPOIECCa, allllapaTypa M03BOJIsia
OTIPEJIeJISITh OT/IeJIbHbIE TIPOIe/Ly Pl (2 (haKTHUeCKN — CErMEHTDI TTAMSITH ) KaK 3allUIIeHHbIe
OT YTeHUs, 3AIIMCU UJIU BBITTOJIHEHHUS.

Cretyet OTMETHUTB, 4TO crcTeMa ypoBHel B koncTpykinn THE urpana aumnms Bciomoraresb-
HYIO POJIb, IIOCKOJIbKY BCE YaCTU CUCTEMbL B KOHEYHOM cYeTe KOMIIOHOBAIUCD B €IUHYIO UC-
nosisgeMyio porpammy, a B MULTICS kosbiieo6pastblii MEXaHU3M CYIECTBOBAJ IJTABHBIM
06pa3oM B IpoIlecce BBIOJHEHHSI U PEATTM30BBIBAJICS 32 CUET AIAPaTHOTO 0OECTIeUeHNSI.

[IpermyIecTBa KOJIbIEOOPA3HOIO MEXaHU3Ma IIPOABJISIIUCH B TOM, YTO OH MOT ObITh JIETKO
paciipeH U Ha CTPYKTYPY MOJIb30BaTeIbCKUX TozicucteM. Harpumep, npogeccop Moxer
HamucaTh MPOrpaMMy JIJIsi TECTUPOBAHUS U OIIEHKH CTY/IeHYeCKUX IIPOrPaMM U 3allyCTUTh
ee B KOJIbLIE 7, @ CTYleHYeCKUE [IPOTrPaMMbl OYAYT BBIIOIHATHCS B KOJIble 72 + 1, Tak 4TO
CTYZIEHTBI HE CMOTYT U3MEHUTH CBOM OIEHKHU.

1.7.3. Mukposgpa

[Ipu MCIOAb30BaHUM MHOIOYPOBHEBOTO II0AX0/a pazpaboTynKaM HeoOXOAMMO BbIOPATh,
T/le TPOBECTU TPAHUITY MEKIY PEKUMaMU SI7Ipa U TTOIb30BaTe . TpaguiinonHo Bce YPOBHU
BXOJWJIN B SA7IPO, HO 9T0 ObLI0 He 00s13aTesbHo. CyIIecTBYIOT 04eHb BECOMbIE apIyMEHTbI
B [TOJIb3Y TOTO, YTOOBI B PEKHMME SIZIPaA BBITOJHSJIOCH KaK MOKHO MEHBIIIE MTPOTIECCOB, MO-
CKOJIbKY OIIMOKK B siipe MOI'YT BbI3BaTh HeMeIJIEHHbINA cOoil cuctembl. J[st cpaBHEHUS:
[10JIb30BATEJLCKUE MTPOIECCHI MOTYT ObITh HACTPOEHbBI Ha 00JIajiaHie MEHbIIUMU TIOJIHO-
MOYHUSIMHE, YTOODI X OMUOKU He HOCUIIH (haTalbHOTO XapaKTepa.

Passinunble rccejoBaTes i HEOAHOKPATHO ONPe/Ie s KoamdecTo omubok Ha 1000 cTpok
koza (marnpumep, Basilli and Perricone, 1984; Ostrand and Weyuker, 2002). IliotHocTn
omOOK 3aBUCUT OT pasMepa MOJYJIsl, €ro Bo3pacra 1 Apyrux (GpakTopos, HO HpUbIN3K-
TeJbHas U pa Vs COMUAHBIX TPOMbIIIEHHBIX cicTeM — 10 omrbok Ha 1000 cTpok Koza.
CuieroBatesibHO, MOHOJIUTHAST OTIepalinoHHast cucteMa, coctostiias usz 5 000 000 ctpok ko,
ckopee Beero, cogepxkut ot 10 000 10 50 000 ommnbok sxpa. Pazymeercs, He Bce OHU UMEIOT
(barasbHBIN XapakTep, HEKOTOPBIE OMIMOKU MOTYT IIPEACTABJIATH COOOM MIPOCTO BhIAUY He-
MIPABUIIBHOTO COOBIIEHNUST 00 ONMMOKE B TOW CUTYAIIUH, KOTOPast CKJIaIbIBACTCS KpailHe PEIKO.
Tem He MeHee ONeParMOHHBIE CHCTEMBI COAEPKAT CTOJABKO OMNOOK, YTO MPOU3BOANUTENN
KOMIIBIOTEPOB CHAGIMIN CBOIO TIPOAYKIIMIO KHOTIKOH mepesaiycka (KoTopas 3a4acTyio Ha-
XOJIUTCS Ha TIepeTHEH TTaHe N ), YeT0 He IeIatoT MPOU3BOUTEIN TEJIEBI30POB, CTEPEOCUCTEM
7 aBTOMOGUIIEN, HECMOTPS Ha GOJBIIONR 0OBEM TPOrPAMMHOTO 00ECIIEYeHNST, UMEIOIINNACS
B 3TUX YCTPOUCTBAX.

3ambIcel, TIOJOKEHHBIN B OCHOBY KOHCTPYKIIMY MUKPOS/IPA, HAIIPABJIEH HA JOCTIKEHUE
BBICOKOI HA/IEKHOCTH 3a CUeT PasOUEH sl OMEPAIIMOHHON CHCTEMbI Ha HeGOJIbIINE, BIIOJIHE
oripe/iesleHHbIe MOy . TOJIBKO OIMH M3 HUX — MUKPOSI/IPO — 3aIYCKAETCs B PEsKUME SI/IPa,
a BCe OCTAJIbHbIE 3aITyCKAOTCS B BUJIE OTHOCUTEJBHO €J1a00 HA/IEJTEHHDBIX TOJTHOMOYUSIMI
00BIYHBIX T10JIb30BATEIBCKUX IIPOIECCOB. B 4acTHOCTH, €Ciin 3aIlyCTUTb KayK/blil ApaiiBep
ycTpoiicTBa U (haiiloByIo CUCTEMY KaK OT/eJIbHbIE [I0JIb30BATENbCKIE IPOLIECCHI, TO OUIMO-
Ka B OJJHOM U3 HUX MOJXKET BBI3BaTh OTKA3 COOTBETCTBYIOIIETO KOMIIOHEHTA, HO HE CMOXKET
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BbI3BaTh cOOM Beel cuctembl. Takum 06pa3om, omunbKa B ApaiiBepe 3ByKOBOrO yCTpoicTBa
MPUBEJET K MCKAKEHUIO MJIM TTPOIA/IAHUIO 3BYKa, HO He BbI30BET 3aBHCAHNSI KOMITBIOTEPA.
B otsmmume ot 9TOr0 B MOHOJUTHON CHCTEME, TIe BCe APABEPHI HAXOAATCS B SApe, HEKOP-
PEKTHBIN JIpaiiBep 3BYKOBOTO YCTPOICTBA MOXKET 3aIIPOCTO COCTATHCSI HA HEBEPHBIIT ajipec
MAMSTU W TPUBECTU CUCTEMY K HEME/IJIEHHO BBIHYK/IEHHON OCTAaHOBKE.

3a gecaruieTrs ObLIO pazpaboOTaHO U MOJIYUYUJIO PACIPOCTPAHEHNE MHOKECTBO Pa3IMIHbBIX
mukposiaep (Haertig et al., 1997; Heiser et al., 2006; Herder et al., 2006; Hildebrand, 1992;
Kirsch et al., 2005; Liedtke, 1993, 1995, 1996; Pike et al., 1992; Zuberi et al., 1999). 3a uc-
kmouennem OS X, kotopas ocnoBana Ha Mukposzape Mach (Accetta et al., 1986), mmpoxo
pacrpocTpaHeHHbIe OllepaiOHHbIE CHCTEMBI HACTOJIBHBIX KOMIIBIOTEPOB MUKPOSIIpa He
ucnosb3yor. Ho MUKposapa JOMUHUPYIOT B IIPUIOKEHUSIX, PAOOTAIONINX B peaJbHOM Mac-
mrabe BpeMeH! B IIPOMBIIILJIEHHBIX YCTPOICTBAX, aBUOHKMKE U BOEHHOI TEXHUKE, KOTOPbIE
BBITTOJTHSTIOT 0C000 BasKHbIE 3a/1aUM ¥ JOJKHBI OTBEYaTh OYeHb BHICOKUM TPeHGOBAHUSIM Ha-
nexnoctu. YacTb 061ensBecTHBIX MUKPOsiziep tpeacTasisior Integrity, K42, 14, PikeOS,
QNX, Symbian u MINIX 3. Kparko paccmorpum Mukposiapo MINIX 3, B koTopom Makcu-
MaJIbHO HCIIOIb30BaHA Miest MOJLYIbHOCTH M OCHOBHAS YaCTh OI€PAIIMOHHOI CUCTeMBbI pa3Ou-
Ta Ha psijl He3aBUCHMBIX IIPOIECCOB, PabOTaIONIMX B peskuMe 1tosb3oBaresss. MINIX 3 — ato
POSIX-coBMecTuMast crcTeMa ¢ OTKPBITHIM UCXOAHBIM KOJOM, HAXOIAIIASICS B CBOOOHOM
nocryte 110 aapecy www.minix3.org (Giuffrida et al., 2012; Giuffrida et al., 2013; Herder et
al., 2006; Herder et al., 2009; Hruby et al., 2013).

Muxposinipo MINIX 3 3anumaer Bcero sumrb okono 12 000 ctpok koxa Ha a3bike C
n 1400 cTpox koza Ha acceMOJIepe, KOTOPBII KCIIOMb30BaH sl CAMBIX HU3KOYPOBHEBBIX (DYHK-
IHi1, B YaCTHOCTH JIJIsT TIepeXBata IpepbIBAHUI 1 TTepekiouenust mpoteccos. Ko ma sizpike C
3aHUMAETCST YIIPABJIEHNUEM TIPOTIECCAMU W UX PACTIPEIETIEHIEM, YITPABIISET MEKITPOIIECCHBIM
B3auMoyzelicTBueM (1yTeM oOMeHa cOOOIEHUIME MESK/LY TIPOLIeCCaMu) 1 Ipeiaraet Habop
puMepHO 13 40 BBI30BOB sI/[pa, TI03BOJIsAS PabOTATh OCTAILHO YaCTH OIEPAIIMOHHON CHCTEMBI.
ITH BBI3OBbI BBIMOIHSTIOT (QYHKITUHN TTOIKIIF0UEHNsT 00PAOOTUMKOB K ITPEPHIBAHUSIM, TIEPEMeETIe-
HUS TAHHBIX MEKY 3JIPECHBIMU MTPOCTPAHCTBAMU U YCTAHOBKU HOBBIX CXEM PACTIPEICTCHI
MAMSTHU JI7IST TOTBKO YTO CO3TIAHHBIX mpoiieccoB. CtpykTypa mporecca MINIX 3 mokazana Ha
puc. 1.22, rie 06paboTurKM BHI30BOB siipa 0003HaueHbI Sys. B siipe Takske pasMelieH apaiisep
YACOB, TIOTOMY YTO TUIAHUPOBIIKK PAO0OTAET B TECHOM B3aUMO/IEICTBIM ¢ HUMI. Bee ocTanbhbie
JpaiiBepbl yCTPOUCTB PabOTAIOT KaK OT/eIbHbIE 0JIb30BATEIbLCKUE TIPOIIECCHL.

3a npezenaMu Apa CTPYKTypa CHCTEMbI IPEACTABIgeT coO0ii TPH YPOBHS MIPOLIECCOB, KO-
TOpbIe paboTAIOT B peskiMe 1oJib3oBaress. CaMblil HUJKHII YPOBEHD COAEPKUT ApaiiBepbl
ycrpoiicTB. ITockobKy OHI paboTAIOT B MOJIH30BATEIBCKOM PEKUME, Y HUX HET (DU3MIECKOTO
JIOCTYTIA K TIPOCTPAHCTBY MOPTOB BBOJIa-BbIBO/IA U OHK HE MOTYT BBI3BIBATH KOMaH/{bI BBO/IA-
BBIBOJIA HATIPSIMY10. BMecTO 9TOT0, 4TOGK! 3aiporpaMMUpPOBaTh YCTPOICTBO BBO/IAa-BHIBO/IA,
JpaiiBep CO3/IaeT CTPYKTYPY, COOOIIAIONIYIO, KAKIe 3HAYCHUS B KaKKe IOPThI BBOJIA-BbIBO/IA
CJIE[lyeT 3alucarhb, 3aTeM JpaiiBep OCYLIECTBIISIET BbI30B s[Pa, COOOIIAst SAPY, 4TO HY;KHO
IIPOUBBECTH 3aNUCh. [IpU 9TOM S/1p0 MOKET OCYIIECTBUTH IIPOBEPKY, UCIIOJIb3YET JIN [[Paii-
Bep TO yCTPOUCTBO BBOJA-BBIBO/IA, C KOTOPLIM OH MMeeT 1paBo paborars. CieqoBaTeibHO
(B oTsIMYTIE OT MOHOJIUTHOM KOHCTPYKIINN ), Te(DeKTHBIN IpaiiBep 3ByKOBOTO yCTPOMCTBA He
MOJKET CJIy4ailHO OCYIIECTBUTD 3AITUCh HA JIUCK.

Hap sipaiiBepamu paciiosioskeH ypoBeHb, COAEPKALIINN CJIy;KObI, KOTOPbIE OCYIECTBIISIIOT OC-
HOBHOI 00beM pabOThI OIIEPAIIMOHHON cUCTeMbL. Bee oHu paboTaloT B PesKIME MOJIb30BaTEJIs.
Opna win 6osee $haitnoBbix cay:k0 yrpasasior daiiioBoil cucteMoil (MK cucteMaMu ), Ic-
HeTyep MpoIeccoB CO3/IAeT U YHUUYTOKAET MPOIIECCHI, YIIPABJISIET UMU U T. 1. [Tosp3oBaresb-
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Pexum < @ . ‘ Cnyx6bl
nonb3oBarens /
@ . [pawsepsbl

Puc. 1.22. YnpouieHHas cTpykTypa cuctembl MINIX 3

Mpouecc

Mporpammbl
nonb3oBaTtens

CKMe€ MPOrpaMMBbl MOJIYYatoT JOCTYI K YCJIyTaM ONepalioOHHON CUCTEMBI ITyTeM OTIIPaBKU
KOPOTKHX COOBIEHUH HTUM CJIysK6aM, KOTOPBIE 3alpallluBaioT CHCTEMHbIE BbI30BbI POSIX.
Hamnpumep, nipotiece, HysKAQIOMUICS B BBITOJHEHUN BHI30BA redd, OTIIPABIISIET COOOIIEHUE
OZtHO 13 (HaAIJIOBBIX CIIy:KO, TPEIUCHIBAs €if, 4TO HYKHO MPOUNTATD.

Oco0blil MHTEpEC TIPE/ICTABIISET CaysK0a MepeBomwIonenus (reincarnation server), Bbi-
HOJIHSIONIAs! TIPOBEPKY (DYHKIIMOHUPOBAHUS APYIUX cay:kO0 u apaiiBepos. B ciyuae o6Ha-
PY’KEHUsT OTKa3a OJJHOTO U3 KOMIIOHEHTOB OH aBTOMATHUYECKU 3aMeHsIeTcst 6e3 Kakoro-nbo
BMEIIATEJIbCTBA CO CTOPOHBI 10JIb30BaTEIsA. TakuM 06pa3oM, CUCTEMa CaMOCTOSITEIbHO
UCTIPABJISIET OTKA3BI 1 MOKET JIOCTUYD BHICOKON HAEKHOCTH.

Cucrema HaKJTabIBaeT Ha MOJTHOMOYHSI KAsKIOTO Mpoiiecca H60IbIIoe KOJTUYECTBO OTpaHnye-
HUiL. YoKe YIIOMUHAIOCE, YTO ApaiiBepbl MOTYT paboTaTh TOJILKO C Pa3pelleHHbIMK ITOPTAMU
BBO/Ia-BbIBOZIA. JlOCTYII K BBI30BaAM si/[pa TakKe KOHTPOJIMPYETCs /I KaxKI0ro Iporecca
4epe3 BO3MOKHOCTD MOCHLIATH COOOIIEH s IPYTUM TIporieccaM. IIporeccsl Takke MOryT
MPeOCTaBUTD JIPYTUM IPOIeccaM OrPaHMYEHHbIE PaBa J0CTYIA Yepe3 s/ipo K CBOEMY
ajipecHoMy TipoctpaHcTBy. Hanpumep, daiisioBas cucremMa MOXKeT BbIJIaTh JAPAaBEPY IUCKA
paspeliieHue, o3BOJISIONIEE /Py MOMEIIATh TOJILKO YTO CYUMTAHHBIN C IMCKa OJIOK B IIaMSTh
IO YKa3aHHOMY aJ[pecy BHYTPHU a[peCHOTO MpocTpaHcTBa daitnoBoit cucteMbl. COBOKYTI-
HOCTb 9TUX OIPaHIMYEHIIA IPUBOANT K TOMY, YTO KasKAbIH ApaiiBep 1 Kaskaas cayKOa nMeroT
TOJIBKO Té TIOJHOMOYHKS, KOTOPbIE HYKHBI [JIst KX PaboThbl, 1 He OoJiee Toro. TeM caMbIM Cy-
IIECTBEHHO COKPAIIAETCS BPE/l, KOTOPDIA MOKET ObITh HaHECEH Ae(DEKTHBIM KOMIIOHEHTOM.

Wnes, nMerotiiasd HEKOTOPOe OTHOIIEHNE K UCTIOJIB30BAHUIO MUTHUMAJIBHOTO SI/Ipa, 3aKJI09a-
eTcsl B TOM, YTOObI [IOMEIATD B [P0 UCIIOJHUTE/bHbII MEXaHU3M, a He MOJUTUKY. YTOObI
TTOSICHUTD 3Ty MBICITb, PACCMOTPHUM TIITAHUPOBAHNE BBITIOTHEHUS TTPoTieccoB. OTHOCUTETHHO
MPOCTOH AJTOPUTM TJIAHUPOBAHUS 3aKI0YACTCS B HA3HAUEHUN KaKIOMY TIPOTIECCy TIPH-
opuTeTa ¢ HOCJAEAYIONIMM 3allyCKOM SA[POM TOTOBOTO K BBIIIOJIHEHHUIO TIpoliecca ¢ Hanboiee
BBICOKUM TIpropuTeTOM. MeXaHn3M, KOTOPBIN HAXOIUTCS B SIIPE, TPeTHA3HAYEH [IJIST TIOMCKA
U 3aIycKa mpotiecca ¢ HanboJbIIUM TIPHOpPUTETOM. TTonTIKa, 3aKI0Uaroniasicss B HazHa-
YEHUH TIpoIleccaM MPUOPUTETOB, A0JKHA OBITh peaiaoBaHa MpoIieccaMiu, paboTarouMu
B TI0JTh30BATENbCKOM peskuMe. TakuM 06pasoMm, TONNTHKA U MEXaHU3M MOTYT OBITh Pasot-
IIEHBI, & SIAPO — YMEHBINEHO B Pa3Mepax.
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1.7.4. KnneHr-cepBepHasi mogenb

Heb6oubiiiast Bapuaiust uen MUKPOSIIEP BbIPAKAETCsT B 060COOIECHUHN IBYX KJIACCOB TIPO-
[[ECCOB: CEPBEPOB, KAK/IbIN N3 KOTOPBIX IPEIOCTABIISIET KAaKyIO-HUOY b CIIyKO0Y, 1 KJIHEHTOB,
KOTOPBIE MOJIB3YIOTCS OTHMHE CITyKOaMu. DTa MOJIENTb H3BECTHA KaK KIMEeHT-cepBepHast. [lo-
BOJIBHO YaCTO CaMblil HUJKHUIN YPOBEHbD TIPE/ICTABIEH MUKPOSIIPOM, HO ATO He 00sI3aTe IbHO.
CyTb 3aK/I049aeTCs B HATMYNY KJINEHTCKUX IIPOLIECCOB U CEPBEPHBIX IIPOIIECCOB.

CBs3b MEXy KIUEHTAMU U CePBePaMM YacTO OPTAHW3YETCs C TTIOMOTIbIO TIepeladn Co-
obtenwit. YToOBI BOCTIOIB30BATHCS CIYKOOT, KITMEHTCKUN TTPOIIECC COCTABIIsIET COObIIIe-
HUE, B KOTOPOM FOBOPUTCSH, YTO UMEHHO €My HY>KHO, U OTIIPABJISIET €r0 COOTBETCTBYIOIIEH
cayxbe. 3aTeM cays;k6a BBIIOJHSIET OTIPeieIeHHY 0 paboTy U OTIIPaB/sieT 06PaTHO OTBET.
Ecau xnueHT 1 cepBep 3a1mylieHbl Ha OJHON U TOM Ke MalluHe, TO MOKHO ITPOBECTH OTIpe-
JIeJIEHHYIO OTITUMU3AIINI0, HO KOHIENTYaIbHO 3/1eCh PEeYb HAET O Mepeaade cooOIeH .

OueBUAHBIM Pa3BUTUEM TOI Hen OYAET 3allyCK KJIMEHTOB M CEPBEPOB Ha Pa3HbIX KOM-
IBIOTEPAX, COCAMHEHHBIX JJOKATbHON 1 riaobaibHoil cerbio (puc. 1.23). TIocKonbKy Kim-
EHTBI CBI3BIBAIOTCS ¢ CEPBEPAMIE Iy TEM OTIIPABKY COOOIECHUH, UM He 003aTeIbHO 3HATH,
OyyT JI 3TU coobIIeHnsT 06paboTaHbl JJIOKAIBHO, HAa UX COOCTBEHHBIX MaIIMHAX, UJIU JKE
OHN 6y[[yT OTIIPABJIEHDbI 110 CETU Ha CEPBEPbI, PACIIOJIOKEHHbIC Ha Y/IdJIEHHbIX MalllMHaX.
Yro KacaeTcs HHTEPECOB KIMEHTA, CJIEAYET OTMETHTD, YTO B 000MX CIydassX MPOUCXOAUT
OJIHO U TO Ke: OTIIPABJIAIOTCS 3alIPOCHI M BO3BPAMIAIOTCS OTBETHI. TaKuM 00pasoM, KINEHT-
cepBepHast MOZIENb SABJIIETCs abCTpaKIMe, KOTOpask MOKeT OBITh MCIIOJb30BaHa KaK JIJIsT
OTZEJIBHO B3ATON MAIIMHBI, TaK M [T MAIIUH, 00beIMHEHHBIX B CETh.

MawwHa 1 MawwHa 2 MawwmHa 3 MawwHa 4
Knuext Cepsep chavinos Cepsep npoLieccos CepBep TepMuHana
oo Anpo Anpo Anpo Anpo ses
X
CeTb

CoobLeHre OT kKnmeHTa cepepy

Puc. 1.23. KnneHt-cepBepHas MOAENb, peann3oBaHHas C MOMOLLbIO CETU

CranoBuTtcs Bce 6osibiie u GOJIbIIe CHCTEM, TIPUBIEKAONINX T0JIb30BaTe e, CHIISIINX 3a
JNOMAITHUMU KOMIIbIOTEPAMU, B KAYeCTBE KJIMEHTOB, a OOJIbIIIIE MAIIUHBI, paboTalolie
rie-HubyIb B IPYrOM MecTe, — B KauecTBe cepBepoB. DakTudecku 110 aTol cxeme paboraer
Goubiiiast yactb VHTeprera. [lepcoHasbHbie KOMITBIOTEPbI OTIPABJISIOT 3alIPOCHI Ha TIOJIY-
yeHue BeO-CTPaHUIIBI HAa cepBeEp, U 9Ta BeO-CTpaHUIA UM BO3BPALIAeTCs. DTO TUIIHYHAS
KapTUHA UCIIOJIb30BaHKs KJIMEHT-CEPBEPHON MOJIeJIU IPU paboTe B CETH.

1.7.5. BupTyasibHble MaLUUHbI

[Tepsoie Boimycku OS/360 6bLin crcTeMaM¥ UCKJIIOYUTETBHO MaKeTHOM 06paborku. Ho
MHorHe noJib3oBaresy Mainta IBM /360 xoTesnn moaydnTh BO3MOKHOCTh MHTEPAKTUBHON
paboThl € UCTIOJNB30BAHUEM TEPMUHAJIA, [I09TOMY Pa3JIMYHbIe IPYIIIbI Pa3pabOTUNKOB KaK
B camoii kopriopannu IBM, Tak u 3a ee mpeziesiaMu peniuan HalucaTh JAJsT ATOW MaIITHbI
cucreMbl ¢ pasiesnenueM BpeMenn. [Tosske Oblia BbinyleHa ouilMaibHas CUCTeMa Pas-
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nenerns BpeMenn — TSS /360, n kKorza oHa HAKOHEI-TO JOIILIA 10 TToTpebuTeeii, To ObLia
HACTOJIHKO IPOMO3/IKO# U MEITUTEBbHOI, 4TO TOJ[ Hee ObLIO TIepeoOOPY0BAHO BCETO JINTITH
HECKOJIbKO BBIYHCIUTEIbHBIX IIEHTPOB. B KOHEYHOM cUeTe OT 3TOT0 MPOEKTA OTKAZAINCH,
OCJIe TOro Kak Ha Hero yske Obiio norpadero 50 mutn gosapos (Graham, 1970).

VM/370

I'pynna u3 Hayunoro nentpa IBM Scientific Center B Kem6pumske (Maccauycerc) pas-
paboTaia COBEPLUIEHHO APYTYIO cucTeMy, KoTopyio IBM B KOHEYHOM UTOTE MPUHSIA KaK
3aKOHYEHHBIN MTPOAYKT. JTa CUCTEMa, TTepBoHauaabHOo HasbBaBmasca CP/CMS, a mosxe
nepenmerosantas B VM /370 (Seawright and MacKinnon, 1979), 6bu1a ocHoBata Ha cJie-
NYIOTIEM TIPOHUTIATETbHOM HaOMIOIEHUHN: CHCTEMA C Pas/ieJIeHneM BpeMeH! 00eCTIeunBaeT,
BO-IIEPBBIX, MHOI03aa4HOCTb, @ BO-BTOPbHIX, PACIIMPEHHYIO MalluHy ¢ 6ojee yaI0OHbIM
unrepdeiicom, yem y rpocroro obopynosanus. Cyuraocts VM /370 3aK/i09aeTcst B TIOJTHOM
pasziesieHnH ATUX BYX (PYHKITHH.

OcHoBa cucTeMbl, I3BECTHAS KAaK MOHHTOP BUPTYJIbHBIX MAIUH, 3aITyCKaeTCs HEOCPeI-
CTBEHHO Ha OOBIYHOM 0GOPYAOBAHUH U 0OECTIEUYNBAET MHOTO33IaHOCTb, TTPELOCTABIISIS
BEpPXHEMY YPOBHIO He OJIHY, @ HECKOJIbKO BUPTYa/IbHBIX MammH (puc. 1.24). Ho, B otsimume
OT BCEX JIPYTUX OMEPAIUOHHBIX CUCTEM, 3T BUPTYAJIbHbIE MAITMHBI HE SIBJISTIOTCST MAITMHAMUA
¢ pacimpeHHo# apxuTekTypoil. OHM He MoiIepskuBatoT (ailjibl M IpyTHE T0JIe3HbIe CBO¥-
cTBa. BMecTO 3TOTO OHM SIBJISTIOTCST TOUHOI KOIMUEH MCXOHON ariaparypbl, BKIIOYAoIIei
PEKUM SI/Ipa M TT0JIb30BATEJIS, YCTPOICTBA BBO/IA-BBIBO/IA, TPEPBIBAHMS U BCE OCTAJIBHOE, UTO
€CTb y HACTOSIIEN MallTUHBbI.

BuptyanbHble 370-e MalwuHbI

CucremHble
WHCTpyKUmum ® BbI30BbI
BBOAa-BbIBOAa ) ® CMS cMS cms ¥ CHCTEMHOE
Cvcremroe 3 ¥ VM/370 npepelsaHne
npepbiBaHie | peanikHoe oGopyaoBaHmne 370-i MaLIMHBI

Puc. 1.24. Ctpyktypa VM/370 c Tpems 3anyuieHHbiMn cuctemamm CMS

[TockoJbKy Kask/[ast BUPTYaJlbHAs MAIllHA UICHTUYHA HACTOSAIIEMY 060PYI0BAHIIO, Ha KaK-
1I0¥1 U3 HUX criocoGHa paboTaTh JI00ast OIEePAlHOHHAS CHCTEMa, KOTOPast MOKET ObITh 3ally-
I1eHa HETIOCPE/ICTBEHHO Ha caMOM 00opyoBaHnit. Ha pasHbIX BUPTYATbHBIX MAITMHAX MOTYT
OBITH 3aITyIIEHBl PA3HbIE OTIEPAIIMOHHBIE CHCTEMBI, KaK 3TO YaCTO M POMCXOAUT HA CAMOM
nene. snavanbno #Ha cuctemax VM /370 mosb3oBaTesnn 3amycKaai B CBOUX BUPTYATbHBIX
marusax OS /360 wiu oy U3 Apyrux GOJbIINX OIEPALMOHHBIX CUCTEM TTAKETHON 00paboT-
K 1t 06pabOTKU TPAH3AKIIHH, B TO BPEMsT KaK JPYTHE 3aMyCKaIU OJHOMOIb30BATETbCKYIO
naTepakTuBHY0 cuctemy CMS (Conversational Monitor System — cuctema InanoroBoi
06pabOTKH ) JIJIsT TI0JIb30BATEJIEN CUCTEMBI PA3/IE/IEHUSI BDEMEHH.

Korma mporpamma 1o yripasiieHIeM oneparinonHoi ciucteMbl CMS BLITTOTHSAET CHCTEMHBIN
BBI3OB, OH I1€PEXBATHIBAETCS B CHCTEMHOE TIPEPbIBAHUE ONEPAIIMOHHON CUCTEMbI Ha CBOE
cOOCTBEHHOM BUPTYaJIbHOI MalinHe, a He Ha VM /370, kak 970 ObLI0 Obl IIPU €€ 3aIycKe Ha
peasibHOi, a He Ha BUPTyaabHOU Mainuie. 3ateM CMS BblzaeT 0OblYHbIE KOMAH/IbI BBOJA-
BBIBO/IA JIJIsl YTEHUSI CBOETO BUPTYAJILHOTO JIMCKA WU JIPYTHE KOMAH/IbI, KOTOPbIE MOTYT eii
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MOHA0OUTHCS JJTs1 BBITOJHEHUS HTOTO BbI30BA. DTU KOMaH/IbI BBO/IA-BBIBO/IA [IEPEXBAThIBA-
1orcst VM /370, KoTopast BBIIIOJIHSIET UX B PAMKaX MOJIEIUPOBAHUS PEAIbHOT0 000PYI0BaHMS.
[Ipu mosnom pasaeneHny GYHKITNH MHOTO33/IaYHOCTH U TIPEIOCTABJIECHNS MAIIIUHBI C pac-
MIUPEHHON apXUTEKTYPON KasKAas M3 COCTABJIAIONINX MOKET ObITh HAMHOTO TIPOIIe, rnbue
u ynobuee 1t 00CyKUBAHUS.

B cBoeM coBpeMeHHOM 1iepeposkaeHnu z/V M 00bIYHO UCIIOIB3YETCs U 3aI1yCKa HECKOJIb-
KHX [TOJIHOIEHHBIX OMEPAIMOHHBIX CUCTEM, & He YIIPOIIEHHbBIX, OJTHOI0JIb30BATENbCKUX CU-
ctem Bpone CMS. Hammpunmep, Ha Mamnnax zSeries MOKHO 3aITyCTUTD OHY WJIM HECKOTBKO
BUPTYaJIbHbIX MalIMH Linux, a Hapsiy ¢ HUMU — OObIYHbIE OllepaloHHble cucteMbl IBM.

MoBTOpHOE OTKPbITUE BUPTYasibHbIX MaLUUH

Xota B IBM BupTyasnbHble MaIMHBI HCIOJIB3YIOTCS YKe YETBIPE IeCATUIICTHUS U PAJL IPYTUX
kommnanwii, Braovast Oracle u Hewlett-Packard, nepaBHo mobaBuin mopiep:xky BUPTY-
AJTbHBIX MAIITMH K CBOUM BbICOKOIIPOU3BOIMTENbHBIM IIPOMBIIIJIEHHBIM CEPBEPAM, TEM He
MeHee, [0 OOJIBIIOMY CUeTY, Hesl BUPTYAJIU3ANNN B MUPE TTEPCOHATBHBIX KOMITBIOTEPOB
710 TIOCTIeJTHETO BpeMeHU TPaKTHYeCcKu UTHopupoBasachk. Ho ceityac coyetanne HOBBIX T10-
TpeGHOCTEN, HOBOTO TIPOrPAMMHOTO 0OECTIeYeH st U HOBBIX TEXHOJIOTU TIPUAAIIO 3TOH TeMe
0COOYI0 aKTYaJIbHOCTb.

Chauasia 0 orpebHocTsIX. MHOTHE KOMITAHUU TPAJAUIIMOHHO 3aIIyCKaJI CBOK I0YTOBbBIE CEp-
Bepbl, BeG-cepsepbl, FTP-cepsepsl 1 Bee ocTalbHble CEPBEPDI Ha OT/eNbHBIX KOMIIBIOTEPAX,
MHOT/IA UMETOIINX Pa3JIMuHbIe OTIEPAIIMOHHbIE CUCTEMbL. BUpTyanusaiums paccMaTpiBaeTcst
UMHU KaK cliocob 3alycKa BCeX 9THX CEPBEPOB Ha OAHOI ¥ TOM e MalliHE ¢ BO3MOKHOCTHIO
u36eKaTh IIPH 9TOM OTKa3a BCEX CEPBEPOB IIPU OTKA3€ OJIHOIO U3 HUX.

Bupryanusaius 1momyJisipHa Takske B MUpe BeO-xocTuHTa. Bes Hee KJIMEHThI BHIHYKICHbI
BbIOUPATH MEXK/Y OOUIMM XOCTHHIOM' (KOTOPBIN JJa€T UM TOJILKO YYETHYIO 3allUCh Ha BeO-
cepBepe, HO He M03BOJISIET YIPABJIATH €ro IPOrpaMMHBIM OGeciedeHreM ) U BbIAETEeHHbIM
XOCTUHTOM (KOTOPBIH TIpeIocTaBsieT UM UX COOCTBEHHYIO, 04eHb TMOKYIO, HO He OlIpaB-
JBIBAIOIIYIO 3aTPaT MAIIMHY IIPY HeOOIBIIUX WM CPEeAHUX 110 00bemy Beb-caiitax). Korma
KOMITaHUs, IPEIOCTABJIAIONIAs YCIYyTH BeO-XOCTUHIA (XOCTUHT-IIPOBaliiep), ciaeT B apeH/y
BUPTYyaJbHbIE MALIMHBI, HA OXHON (PU3UUYECKOI MalluHe MOKeT ObITh 3aIyIEHO MHOKe-
CTBO BUPTYJIbHBIX MAITNH, KayKIasd M3 KOTOPBIX IIPEBPANIAeTCs B MOJTHOIICHHYIO MAITHHY.
KimenTsl, apeHI0BaBIIIe BUPTYAJIbHYIO MAIITHY, MOTYT 3aITyCKaTh HA HEll KaKue YroJHO
OIIEPAIHOHHYIO CHCTEMY M MPOTPAMMHOE 00€eCIIedeHne, HO 38 YaCTh CTOUMOCTH BBI/IEJICH-
HOTO cepBepa (TTOCKOJIbKY Ta JKe camas (hu3nyuecKast MalinHa OJJHOBPEMEHHO IO//IEPKUBAeT
MHO’KE€CTBO BUPTYAJIbHBIX MAIITUH ).

[lpyroii BapuaHT MCIIOIB30BAHWS BUPTYAJIN3AINH TIPEHA3HAYEH /1T KOHEYHBIX TT0JTh30-
BaTeJsiel, KOTOPBIM HEOOXOAUMA BO3MOKHOCTD OJIHOBPEMEHHOTO 3aIycKa IBYX wiu GoJiee
oreparmoHHbIX cucreM, Harpumep Windows u Linux, II0CKOJIbKY HEKOTOPbIE U3 JIIOOUMBIX
UMU TIPUIIOKEHUN pabOTAIOT 110/ YITPABJIEHUEM TOJIBKO OHON U3 9TUX ONEPAIMOHHbIX CU-
crem. Takast cutyarust mokasana Ha puc. 1.25, a, ipu 5TOM TeEPMUH «MOHUTOP BUPTYAIbHOM
MallluHbI» 3aMEHEH Ha «THIIEPBU30P mepBoro tunas (type 1 hypervisor), KoTopbiii mmpoko
UCIIOJIb3YETCS B HAIIM JIHU U3-3a KPATKOCTH TIPK Habope 110 CPAaBHEHUIO C TIEPBbIM BapUaH-
ToM. Ho /17151 MHOTHX aBTOPOB OHU SIBJISIIOTCS] B3AUMO3aMeHIeMbIMH.

! 3a HUM 3aKpenusoch Ha3Balue «BUPTYATbHBIN XOCTUHT>. — [Ipumeu. nep.
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Mpouecc roctesoii OC Mpouecc roctesor OC
Excel Word MplayerApollon ‘|' nggffg,;, ‘l'
O 00 (&0 O O | o
locTesas OC l loctesas OC |
_\_N_ln_d;)\;/; Mopenb mawuHbl O O rMnepsu3op, Tmn 2 O O

OcHoBHas onepauyoHHas OcHoBHas onepaLmoHHas
runepsusop, Tvn 1 cucTema cuctema
a 6 B

Puc. 1.25. M'mnepBu3sop: a — Tun 1; 6 — YUCTbIN rMNepBM3op, T1n 2;
B — MpPaKTU4eCKuii rmnepen3op, Tnn 2 (Nepesoa,)

[IpuBJIeKaTEILHOCTD BUPTYAIbHbBIX MAIIMH COMHEHISIM HE TIOBEPrajiach, pobJieMa 3aKJIio-
yasach B MX peasmsaruu. UToObl 3a1yCTUTh Ha KOMIIbIOTEPE TIPOrpaMMHOe 00ecTieueHne BUp-
Tya/IbHbIX MAIIIVH, €70 IIEHTPAIbHBIN TPOIIECCOP TOKEH OBITh TOTOB K PaboTe B TOM PeKIMe
(Popek and Goldberg, 1974). TIpobaiema 3akodaercs B caeayioniem. Koraa onepannonnas
cucTeMa, 3aryieHHast Ha BUPTYaJIbHOU MatinHe (B PeKUMe T10JIb30BATE IS ), BBITIOJIHSIET TIPH-
BUJIErMPOBAHHbBIE MHCTPYKITMH, HAITPUMED U3MEHEeHUE CJI0BA COCTOSIHUS 1TPOrpaMmbl — PSW
WJIM OIIEPalMIo BBOJA-BbIBOJA, HEOOXOAMMO, 4TOObI 000PY0BaHUE OCYIIECTBUIIO IIepexBar
JIAHHBIX HHCTPYKIIUI U BBI30B MOHUTOPA BUPTYAJBHBIX MAIITHH, KOTOPBIN BBITIOJIHUT UX ITPO-
IpaMMHYIO 9MyJIA1MI0. Ha HEKOTOPHIX LEHTPaIbHbIX POLIECCOPax, 0codeHHo Ha Pentium, ero
MIPEJIIIECTBEHHUKAX W UX KJIOHAX, TIOTIBITKU BBIMTOJIHEHUSI TPUBUJIETMPOBAHHBIX MHCTPYKITHIA
B PEXKIME T0JIb30BATEIS IPOCTO UTHOPUPYIOTCs. ITa 0COOEHHOCTD UCKIIOYAET CO3/IaHIe
BUPTYaJbHBIX MAIIMH HAa TAKOM 000PYIOBAHUM, YeM OOBSICHSIETCST HEIOCTATOYHbIA HHTEPEC
K HUM B Mupe Xx86. KoHeuHo, cyiecTBoBajM MHTEpIpeTaTtops /st Pentium, Takue kak Bochs,
KOTOPbIE 3AIyCKAJIMCh HA HTOM IIPOIIECCOPE, HO MPU TIOTEPE [TPOU3BOAUTEIBHOCTA OOBIYHO
B O/IMH-/IBA [IOPSAJIKA OHK He TIOAXOMJIN [IJIsI CEPbe3HOIi PabOTHI.

B 1990-x rogax u B TiepBbIe TOABI HOBOTO THICSYEIETHST OBLT PEAJTU30BaH Pl HAYIHO-HC-
CJIeIOBATEIbCKUX IIPOEKTOB, B yactHocTH Disco B Crandopae (Bugnion et al., 1997) u Xen
B Kem6puke (Barham et al., 2003). O1u nccsenoBaHus IPUBEJIH K MOSBJIEHUIO HECKOJBKUX
KOMMepueckux npoaykros (Hanpumep, VMware Workstation u Xen), u unrepec k Bup-
TyaJbHBIM MalllMHaM CHOBa BbIpOc. CeroiHst B YUCJIO TMOMYJISIPHBIX TUIIEPBU30POB KPOMeE
VMware uXen sxogsatr KVM (uis siapa Linux), VirtualBox (ot Oracle) u Hyper-V (or
Microsoft).

Hexoropble U3 9TUX paHHUX MCCJIE0BATEIBCKUX TTPOEKTOB YIIYUIITUIN TPOU3BOINTEb-
HOCTb 110 CPAaBHEHWIO ¢ MHTepIipeTaTopaMu Trna Bochs myrem Tpancsiium 6J10KOB Kojia
HAa JIeTy, COXpPaHEHMsT UX BO BHYTPEHHEM K3llle U [IOBTOPHOTO MCIIOJIb30BAHUS PE3YJIbTaTa
TPAHCJISIIMK B CJIy4ae UX HOBOTO UCHOJHEHUS. JTO CYIIECTBEHHO MOBBICUIIO TTPOU3BO/IM-
TEJIBHOCTD U IIPUBEJIO K CO3[AHKIO TOT0, YTO ceiiuac Ha3biBaeTcsl MozeassMu MaumH (machine
simulators) (puc. 1.25, 6). Ho X0Ts 5Ta TEXHOJIOTUSI, U3BECTHAS KaK ABOMYHAS TPAHCIISAIHS
(binary translation), nomorJa yJay4mnTh CUTyaluIO, TTOJYYUBIINECS CUCTEMbI, HECMOTPS
Ha TO YTO OHU HETJIOXO MOAXOVIIN JJIST TyOMUKAINil Ha aKaeMUIeCKnX KOH(PEPEHTINSX,
MO-TIPESKHEMY HE OTJIMIAIIICH OBICTPOTOM /ISt ICTIOIh30BAHNSI B KOMMEPUECKUX CPE/Iax, TIe
[IPOUBBOUTENILHOCTD UMEET BechbMa GOJIbIIOE 3HAUEHUE.

CJie1yIoIInM IArOM B YJIYYHIEHHN POU3BOAUTENBLHOCTH CTAI0 100aBIeHIe MOLYJIst Ajipa
(puc. 1.25, 8) N5 BBITTOMHEHUST Psifia TPYAOeMKHUX 3a1a4. CIoKUBIIAsCs ceffiuac mpak-
THKA MMOKA3bIBAET, UTO BCE KOMMEPUECKH JIOCTYIIHbIE TUIIEPBU3OPHI, Takue Kak VMware
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Workstation, ncroJib3yior a1y THOpUAHYIO CTpaTeruio (a Takske UMEIOT MHOKECTBO JPYTUX
yCOBepIIeHCTBOBaHNMIT). Bece X Ha3BIBAIOT TUTIEPBU30pAMHU THTA 2, TO3TOMY U MBI (XOTS
U He BITOJIHe OXOTHO) MOCJIeyeM TOH TEHIEHIIH U OYIeM UCTI0JIB30BATh JAHHOE HA3Ba-
HII€ Jlajiee B 3TOI KHUTE, aKe IPU TOM, 4TO Jiyuiiie Obl ObLIIO HA3BATh UX THIIEPBU30PAMHE
tuna 1.7, 9To6br 0TPasuTh TOT (HAKT, YTO OHU He SIBJSIIOTCST B ITOJHOM CMBICJIE TIPOTPAM-
MaMU TI0JIb30BATEIbCKOTO peskiMa. B riase 7 GyzieT 1aHo moApo6HOE ONUCAHUE TOTO, KAaK
paboraer VMware Workstation u uem 3aHUMAIOTCS €I0 KOMIIOHEHTBI.

Ha mpakTuke neficTBUTENBbHBIM pa3indueM MeKAY TurepBusopaMu tumna 1 u tuma 2 aBis-
€TCSI TO, UTO B TUTIE 2 JIJIST CO3/IAHMS MPOIIECCOB, COXpaHeHNs (aliyloB M T. . NCMTOIb3yeTCS
ocHoBHas onepanuonHas cucrema (host operating system) u ee daiisiosas cucrema. Tu-
nepBu30p tuma 1 He ©UMeeT OCHOBHOI MOJJIEPKKY U JIOJIZKEH BBITIOJIHSIThH Bce 9T (DyHKIIUN
CaMOCTOSITETHHO.

[Tocre 3amycka runepBu30p TUMA 2 CUNTHIBAET YCTAHOBOYHBIN KOMITAKT-AUCK (MW daiin
obpasza KOMIIAKT-AMCKa) /i BBIOOPA TOCTEBOM ONepaluoHHOl cructeMbl (guest operation
system) u ycranoBku rocteBoit OC Ha BUPTYaTbHBIN INUCK, KOTOPBII SBISETCS TTPOCTO
60sbiuM (haitioM B GailIoBoil crcTeMe OCHOBHOI OIepaIllMOHHON CUCTeMbL. TumepBusop
tuma 1 9Toro jies1aTh He MOKET TI0 TPUYUHE OTCYTCTBUSI OCHOBHOM OMEPAIIHOHHON CUCTEMBI,
B KOTOPOI MOKHO ObL10 Obl XPaHUTD (DaifJIbL.

Bo Bpemsi cBoeil 3arpy3ku rocteBasi orepaiuoHHas CUCTeMA JIEJAeT BCE TO Ke CaMOe, YTO
1 Ha HacTosiIeM 060PyI0BaHNH, KaK OOBIYHO 3allyCKas HEKOTOPbIe (POHOBBIE IIPOLIECCHI, a 3a-
TeM TpaUIecKuil MOJab30BaTeTbeKNi nHTepdeiic. C TOUKM 3peHns MOJTh30BaTe s, TOCTEBAS
orepaImoHHast CUCTeMa BeleT cebsT TOTHO Tak JKe, Kak TPH 3aIycke HEMOCPEACTBEHHO Ha
0060pyIOBaHUH, XOTS B JAHHOM CJIydae CUTYallHsi COBCEM MHasI.

Jpyrum noaxoaom K o6paboTke yupapasiomuX HHCTPYKIUI ABJsieTcss MOAU(DUKAIUs
OTIePAIMOHHON CUCTEMBI C IETbI0 UX yaJeHus. ITOT MOAX0/] He SIBJSIETCS] HACTOSIIIEN
BUPTyaJu3aIieil, OH OTHOCUTCS K MapaBupTyaausanuu. bosee moapoOHO BUPTYaTH3aIis
6ymeT paccMOTpeHa B TiaBe 7.

BupTtyanbHasa mawimHa Java

BupryasibHble MalTHbBI UCIIOB3YIOTCSI, TIPAB/A, HECKOJIBKO MHBIM 06pa3soM U B IPYTOi 06-
JlacT! — JIJIs1 3aItycKa IporpamMm Ha g3bike Java. Korga kommanust Sun Microsystems uso-
GpeJia sI3bIK [IPOrPAMMUPOBAHUS Java, OHa TakKe u300pesia U BUPTYAIbHYIO MAIIUHY (TO
ecTh apXUTEKTYPY KoMIibioTepa), Haspanuyto JVM (Java Virtual Machine — supryanbHas
maruna Java). Kommmssitop Java coszmaer ko 1uist JVM, KOTOPBIi 3aTeM 00bIYHO BBIIOJIHS-
eTcs mporpaMMHBIM nnTeprperatopoM J VM. IIpenmytiiecTBo Takoro MOAX0/Ia COCTOUT B TOM,
yto Koz st JVM MosKeT goctaBisiThest dyepes ViHTepHeT Ha Ji060H KOMITbIOTED, UMEIOIIi
JVM-unreprperarop, 1 3ailyCKaTbCst Ha 5TOM KoMIibiotepe. Ecsin Gbl KOMITMISATOP cO3/aBall
JaBonuHble porpaMmbl, Hanpumep 111 SPARC nimn x86, nx Heb3st ObLIO OBbI TAK JKe JIETKO
Ky/Ia YIOJIHO JIOCTABJISITh U T/e YToAHO 3aiyckarh. (Pasymeercs, Sun Moruia 6b1 co31aTh KOM-
MUJIATOP, TPOU3BoAs Ui ABomdHbIe (haitnsl a1 SPARC, a 3atem pacmpoctpanuts SPARC-
unTepnperarop, Ho y JVM namHoro 6oJiee npoctast 1Jist MHTepIIpeTauy apxutekrypa.) Jpy-
TUM TIPEUMYIIIECTBOM UCIIOIb30BaHus | VM SBIIsIeTCs TO, YTO TIPU MIPABUJIBHON Pean3aIiiuu
UHTEPIIPETATOPA, UTO He SIBJISIETCS TAKOM YK IMTPOCTOl 3a1aueit, nmosmyueHnbie JVM-iporpamMmMbl
MOTYT OBITD ITPOBEPEHBI C TOUKH 3PEHUsT OE30IACHOCTH, 2 32TEM BBIIIOJHEHbI B 3aIUIIIEHHON
cpele, He nMest BO3MOKHOCTH IIOXUTUTD JAHHBIE NI HAHECTU J1060i JIPYTOii Bpe/I.
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1.7.6. Ok3o09apa

BmecTo KITOHMPOBAHWS HACTOSIIEH MATITUHBI, KaK 3TO /IeJIAeTCS B BUPTYATbHBIX MAITITHAX,
CYIIECTBYET WHAsl CTPATETHUS, KOTOPAs 3aKJII0YACTCS B UX PA3/IeJIeHIH, UHBIMU CITOBAMH,
B TIPEJIOCTABICHUY KaXKIOMY TT0JTh30BATENIO MMOJAMHOKECTBA pecypcoB. [Ipu aTom onna
BUPTYaIbHAsI MAITMHA MOYKET MTOJYYUTh MicKoBbie 6ioku ot 0 1o 1023, apyras — 6s0ku ot
1024 no 2047 n T. 1.

CaMmblii HUKHUIT yPOBEHb, pPAGOTAIOIIMIL B PEKUME spa, — 9TO POrPaMMa [0/l Ha3BaHHEM
ak3ospo (Engler et al., 1995). Ee 3agaya cocTouT B pacipeieJeHuu PECYPCOB MEKLY BUP-
TyaJIbHBIMU MAIIMHAMK ¥ OTCJIEKUBAHUY HOIBITOK UX MCHOJIb30BAHUA, YTOObI HU OHA U3
MAIITIH He MBITaTach UCIOIb30BaTh UysKue pecypchl. Kaskmas BUpTyasbHas MalrmHa MOKET
3aIycKaTh COOCTBEHHYIO OTIEPAIMOHHYIO crcTeMy, Kak Ha VM /370 1 Ha Pentium B peskume
BUpTYasbHbIX MamnH 8086, ¢ Tem oT/imuKeM, YTO Kask/asl MallliHa OTPaHUYEHA UCTI0JIb30-
BaHMEM T€X PECYPCOB, KOTOPbIE OHA 3AIPOCUJIA U KOTOPbIE ObLIK €l TPE0CTABIECHbI.

[TpenmyIiiecTBO CXeMBI 9K30s1/[pa 3aKIIOYAETCS B TOM, YTO OHA UCKJIOYAET YPOBEHDb OTO-
Opaskenus. [Ipu apyrux Merogax paboThl KaKas BUPTyalbHas MAlIMHA CYUTAET, YTO OHA
nMeeT COOCTBEHHBII INCK ¢ HyMmepaiuei 610koB ot 0 10 HeKoToporo Makcumyma. IToatomy
MOHHUTOP BUPTYaJIbHbBIX MAIIUH JT0JKEH BECTH TaOIUIIBI TPeoOpasoBaHust a[PECcOB Ha JICKe
(u Beex npyrux pecypcos). [Ipu uConb30BaHuK 9K30spa HEOOXOAUMOCTD B TAKOM Iepe-
Ha3HAYEHUU OTIAJIAET. DK305/IPY HYKHO JIMIIb OTCJAEKUBATH, KAKOI BUPTYAIbHOM MalllHe
KaKue pecypcbl ObLn nepegatbl. TAKOH MOAX0 UMEET elile OJIHO MIPEUMYIIECTBO — OH OT/e-
JISIET MHOTO33/IaYHOCTH (B 9K3051/IPE) OT MTOJTH30BATETHCKON ONEPAIIMOHHON CUCTEMBI (B ITPO-
CTPAHCTBE M0JIb30BATEsI) ¢ MEHBIIMMU 3aTPaTaMU, TaK KaK JJIsi 9TOr0 eMy HeoOXOAUMO
BCEro JIMIIb He J0IyCKaTh BMEIIaTeJbCTBA OJHON BUPTYaJbHOM MAIIMHBI B pabOTY JAPYTOI.

1.8. YcTpoicTBO MMpa cornacHo a3biky C

OrepallnoHHbIe CHCTEMBI, KaK MPABUJIO, IIPEACTABISIOT cOO0I OOJIbIIINe TIPOrPaMMBbI, Ha-
nucanubie Ha s13bike C (nHorza Ha C++), KOTOpbIE COCTOSAT U3 MHOKECTBA (PPArMEHTOB,
HAIUCAHHBIX Pa3HbIMU TporpammuctamMu. Cpesia, KoTopast UCIIOJIb3YeTCst IS Pa3paboTKu
OTIEPAITMOHHBIX CHCTEM, CYTIECTBEHHO OTIMIAETCST OT TOH CPEIBI, KOTOPYIO UCTIOIB3YIOT OT-
JleJIbHbIE JII0AK (HAIIPUMEP, CTYAEHTDI) /IS Hallcatust HeGOJIbIINX TIPOrPaMM Ha sI3bIKe Java.
B arom pasjeie GyaeT peAlprHsTA MOIBITKA BECbMa KPATKOTO BBEEHKs B MUD HAIlUCAHUS
OTIEPAITMOHHON CHCTEMBI IJIT MAJTOOTIBITHBIX Java-mporpaMMUCTOB.

1.8.1. 3bIK C

ITO He PYKOBOJACTBO 10 A3bIKYy C, a KpaTKoe M3JI0KEHNE HEKOTOPBIX KII0YEBBIX OTINYHI
a3bika C OT TakMX g3bIKOB, Kak Pyton u ocobenno Java. SIspik Java cosman na octose C,
[O3TOMY y HUX MHOTO 00Iiero. Pyton, mpu Beex cBoux ormuusx, Takxke noxox Ha C. Ho
IS y7IoOCTBA MBI BCe JKe CKOHIIEHTPUPYEM CBOE BHUMaHuUe Ha si3bike Java. U Java, u Pyton,
u C OTHOCSTCS K MMIIEPATUBHBIM SI3bIKAM C TUIIAMU JIAHHBIX, IEPEMEHHBIMU U OTIEPATOPA-
MU YIIPaBJICHUS. DJIEMEHTAPHBIMU TUIIAMU TaHHBIX B C SIBJISIOTCS 1eJible uncsia — integer
(Bkumiouasi kopotkue — short u jumnnble — long), cumBosbl — char u yncsa ¢ wiasaomei
toukoit — float. CocTaBHBIE TUIIBI JAHHBIX MOT'YT OBITH CO3/IaHbI C UCIIOJIB30BAHUEM MACCH-
BOB, CTPYKTYP U o0beaunenuii. Oneparopst ynpasierust B C nog06HBI TeM, YTO UCIOJIb-
3yI0TCS B Java, U BKJIIOYAIOT B cebs if, switch, for u while. Dynxkuyuu u napamerpbl B 0601X
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A3bIKaX MPUMepHO ojHakoBble. OHO U3 cpejcTB, uMeroleecs: B C, HO OTCyTCTBYIOlIee
B Java 1 Pyton, — ABHbIe yKa3aTesan. YKa3aTelb — 3TO IePeMeHHast, KOTopasi yKas3blBaeT Ha
MepeMeHHYI0 NN CTPYKTYPY IAaHHBIX (TO eCTh CO/IEPKUT X azipec). PaccmoTrpum mpnmep:

char c1, c2, *p;

cl="c';
p = &cl;
c2 = *p;

Oreparop B 1iepBoii cTpoKe 00bsIBIIsIET ¢ T 1 ¢2 CHMBOJIbHBIMU TIEPEMEHHDBIMIE U p — [IEPEMEH-
HOM, KOTOpask yKa3bIBaeT Ha CUMBOJ (TO €CTh COMEP:KUT ero azapec). IlepBoe mprcBanBanme
coxpanser ASCII-kox cumBosia «c» B iepemenHoli ¢7. Bo BTopoMm azpec nepemerHoii ¢ 7
MIPUCBAUBAETCS IEPEMEHHON-YKA3aTEeIo p. A B TPEThEM 3HAYCHUE TEPEMEHHOI, Ha KOTOPYIO
YKa3bIBaeT MepeMeHHas p, IPUCBANBAETCS MIEPEMEHHOI ¢2, TI03TOMY TIOCJI€ BLITTOJTHEHUS
aTux oreparopos c¢2 takxke copepskut ASCII-kox cumBosia «c». Teopernyecku ykasaTesin
TUNU3UPOBAHbI, TOATOMY IPUCBOEHUE AJIPpeca YUCIa ¢ TJIABAIONICH TOYKOI yKa3aTeJo Ha
CUMBOJI HE JIOTYCKAETCsT, HO Ha TIPAKTUKE KOMITUJISITOPBI TIO3BOJISIOT TOJ00HbIE TTPUCBAN-
BaHUs, XOTSI HEKOTOPBIE M3 HUX W BBIIAIOT TPEAYIPEKICHUST. YKA3ATEH SIBISIIOTCST 0YEHb
MOIIIHON KOHCTPYKIMEN, HO TP HEBHUMATEIbHOM UCITOJIb30BAHUU SIBJISIFOTCS] UCTOUHIKOM
GOJIBITIOTO KOJIMYECTBA OTMTHOOK.

B C orcyrcTByer BeTpoeHHas MOAAEPKKA CTPOKOBBIX 00BEKTOB, II0TOKOB, IIAKETOB, KJac-
coB, 00bEKTOB, Obecriedyernst Ge30MacHOCTH TUIIOB 1 cOopku Mycopa. [Tocaennee apisercs
cepbesHoii pobaeMoi J1Ist oNepalMOHHBIX cucTeM. Bee XpaHuiuina gaHHbIX B s3bike C
GO UMEIOT CTaTUYECKUI XapakTep, MO0 SBHO PasMeNaloTcs 1 0CBOOOKIAIOTCS IPO-
IPaMMUCTOM, IIPU 9TOM YaCTO UCHOJb3YIOTCsA Oubmnoreunbie by malloc u free. 1o
mocJieiHee CBOMCTBO — MOJIHBIN KOHTPOJIb TPOTPAMMHUCTA HAJT TAMSATBIO — HAPSLY C SBHBIMHU
yKazareasMu 1 gesaet A3bik C puBJIeKaTe/IbHbIM A/ HATMCAHKS OLEPALOHHBIX CUCTEM.
OnepalMOHHbIEe CUCTEMBI 110 CYTHU SIBJISIOTCSA CHCTEMaMH, KOTOPbIe PabOTaIOT B peajbHOM
macirabe BpemMenn. Korga mpoucxXoinT npepbiBaHue, y ONeparuoOHHON CHCTEMbI MOKET
GBITD JIUIIb HECKOJIBKO MUKPOCEKYH/I [/ OCYLIECTBJIECHUST KAKOTO-HUOYIb J1eHiCTBISL, YTOObI
He JI0IYyCTUTH TT0TepH BaxKHOU nH(opMalyy. B Takoil cuTyaium 1pousBoJibHOE BKIIOYEHIE
B paboTy cOopIirKa Mycopa abCoIOTHO HEITPUEMJIEMO.

1.8.2. 3aronoBo4Hbie pannbl

Kax npaBuiio, MpoeKT OTeparnoHHOi CUCTEMbI COCTOUT U3 OIpe/leJIEHHOTO KOJMYecTBa
KaTaJoroB, B KaXK/IOM N3 KOTOPBIX HAXO/IUTCSI MHOXKECTBO (ailyioB ¢ UMEHaMU, 3aKaHUYNBa-
IONIMMUCST cCUMBoOJIaMu .C ((DailyioB ¢ paciuiupeHueM .c, .c-haitioB). DT (hailibl ComepKaT
MCXOJIHBIN KOJI OIIPEJIeJIEHHON YacT cucTeMbl. TaksKe 9TH KaTaJoTH CO/IEPKAT HEKOTOPOe
KOJINYECTBO 3ar0JI0BOYHBIX (DAIIOB C UMEHAMU, 3aKaHYMBAIOIINMICS ciMBoJiaMu .h (aii-
JI0B ¢ pacmmpenueM .h, .h-daiinos). B 3arosoBounbix dailaax comepikarcs 00bsABICHUS
U OIpejiesieHusi, UCIIOIb3yeMble OJIHUM WJIM HECKOJIbKUMU C-haiimamMu. 3arojoBoOYHbIe
(hatipr MOTYT Tak:Ke BKITIOYATh TPOCTHIE MAKPOCHI, HATTPUMED:

#tdefine BUFFER_SIZE 4096

KOTOPbBIE TIO3BOJIIIOT TTPOTPAMMUCTY TTPUCBANBaTh MeHa KoHcTaHTaM. Ecian koHcTanTa
BUFFER_SIZE wucniojib3oBaHa B KoJie, TO Ha 9Talle KOMIIUJIAMYA OHa Oy/eT 3aMeHeHa Ync-
Jgiom 4096. TTpu mporpammupoBanny Ha C XOPOIUM TOHOM CYUTAETCA /IaBaTh UMeHa BCEM
KoHcTanTam, kpome 0, 1 1 —1, HO MHOr/IAa UMEeHA JAI0TCS Jaske UM. Y MaKpOCOB MOTYT ObITh
IapaMeTphl, HallpUMep:
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#tdefine max(a, b) (a > bra:b)
MIO3BOJIAIONIYE [IPOIPAMMUCTY HAIUCATh
i = max(j, k+1)

U B pe3yJibrare HoJIyYnuTh
i=(j > k+1 ? j & k+1)

15T cCOXpaHeHust GOJIbIIEro 3HaueHUs u3 j u k + 1 B epemennoil i. B 3aromoBouynbix daiimax
MOTYT TaK’Ke COJIePKAThCs yCIOBHS KOMITMJIAIINN, HAITPUMED:

#ifdef X86
Intel_int_ack();
#tendif

KOTOpBIE TIPY KOMITUJISIIINY TTPEBPAIIAIOTCS B BBI30B (hyHKInm intel int _ack, ecim otpenenen
Makpoc X86, 1 HU BO UTO He MPEeBPAIIAIOTCS B IPOTUBHOM CJIydae. YCIOBHAS KOMITUIISIUS
HIMPOKO UCIIOJB3YETCS JIJIst U30JISIH ADXUTEKTYPHO-3aBUCUMOTO (hparMeHTa porpaMmbl,
9TOGBI OTPEJIETEHHBII KOJI BCTABJISJICS TOJIBKO B TOM CJIYYAE, ECIU CHCTEMA KOMITHIPYETCST
Ha x86, a Ipyroii KoJi — TOJBKO B TOM CJIydae, eciu cuctema Komnuiaupyercst Ha SPARC,
u T. . Biarogapst uconb3oBanuio qupekTuBbl #include daiin ¢ paciiupeHeM .C MOKeET
B KOHEYHOM CY€Te BKIIOYATH B ceOst TIPOU3BOJIBHOE KOJMUECTBO 3aT0JIOBOYHBIX (hailsioB Ha-
yuHast ¢ HyJist. TakyKe CyLIecTBYeT MHOKECTBO 3ar0JI0BOYHBIX (GailIoB, OOIINX PAKTUYECKU
1t Beex (haiisio ¢ pacuupenrieM .c. Takue hailibl XpaHSATCS B ONPEAETEHHOM KaTaJlore.

1.8.3. Bonbwme nporpamMmmMHbie NPOEKThbI

Jl7151 co3manus orepaIimoHHON CUCTEMBI KaXKIbIH (aiij ¢ pacuIupeHreM .C ¢ TIOMOIIBIO KOM-
muraTopa C npespamaercs B 00beKTHbIN (aiin. OObexTHbIE (haliIbl, UMEIOINE UMEHa, 3a-
KaHYMBAIOIINECS CUMBOJIaMH .0 (.0-aiisibl), cojiepKatT IBONYHbIE MHCTPYKIIUH JIJIST 11EJT€BOMA
MartHbl. [1oske oHM GyIyT HETIOCPECTBEHHO BHIMOIHSTHCS IIEHTPATBHBIM TIPOIIECCOPOM.
B mupe C Her Huuero nogobHoro GaiitoBomy kozy Java uau Pyton.

[Tepsorit mpoxon kommuigTopa C HazwpiBaeTcs npenponeccopom C. [lo Mepe uTeHMS Kak-
noro daiiia ¢ pacimpenneM .C IIpu Kax[0i BeTpede TUpekTuBbl #include on nepexoaut
K YKa3aHHOMY B 9TOH [JMPEKTUBE 3aroJI0BOYHOMY (haiiiny, 06pabaTbiBaeT ero CoAepKIMOe,
pacimpsisi MAKPOCHI U YIIPABJIsisl YCJAOBHOU KOMITUJISIIIUEN (M JIPYTUMU OTIPe/ieIEHHbIMU
BeIlllaMK), U IlepeiaeT Pe3yibraThl CJAeAYIOEeMY IIPOX0LY KOMIIMIATOPA, KaKk OyATO OHU
ObLIN (DUBUYECKY BKJIIOYEHDI B .C-hailJL.

[TockoJIbKY OllepaIlMOHHAS CUCTEeMa KMEET 04eHb O0JIBbII0I 00beM (HEPEAKO COCTABIISIOIINIT
mopsiaka 5 000 000 cTpok), HEOOXOAUMOCTD MOCTOSTHHO TIEPEKOMITHIISIIIUN BCETO KOJIa
[IPU BHECEHUH U3MEHEHWIT BCETO NI B OAWH (aiia ObL1a Obl IIPOCTO HEBBIHOCUMOIL. B To
JKe BpeMsl U3MeHeHMe KJII0YeBOr0O 3aroJI0BOYHOTO (haiisia, BKIIOUEHHOTO B ThICSIUN JAPYTUX
(aitnos, TpebyeT mepeKOMINISAINN BeexX aTuX (aitnos. OTCaeKUBaTh 3aBUCUMOCTH TEX
WJIM MHBIX 00BEKTHBIX (GailJIoB OT Olpe/ieJeHHbIX 3ar0JJ0BOYHBIX (DaiiioB 6e3 HOCTOPOHHEN
[IOMOII HEBO3MO3KHO.

K cuacTpio, KOMITBIOTEPHI TTPEKPACHO CITPABIAIOTCS UMEHHO ¢ 3a1adaMu Takoro pozaa. B UNIX-
cucTeMax ecTh IporpamMmMa Mo HasBanueM make (MMeroIas MHOTOUNCIEHHbBIE BAPUAHTBHI,
Harpumep gmake, pmake u T. 11.), unTaromnias daitir Makefile, B KOTOPOM OTIMCHIBAIOTCS 3aBHUCH-
MocTH OfHUX (ailsio ot apyrux. [Tporpamma make paGoraer caemyionmm obpazom. CHadyasa
oHa olpe/essteT, Kakue o0beKTHbIe (Daiiibl, HeOOXOAMMBbIE ISt CO3JaHus JBOMYHOIO (aiiia
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OTIEPAIIMOHHON CHCTEMBI, HY;KHbI IMEHHO ceffuac. 3aTeM JIjist Kax/0T0 U3 HUX IPOBEPSIET,
ObLJIK JIM U3MEHEHBI CO BPEMEHH TI0CJIeAHEro co3anust 00bekTHOro (ailia Kakue-H1uOyAb
(aiinbr (3aromoBounsle (aisbl uan Gaiabl OCHOBHOTO TEKCTA TPOTPAMM ), OT KOTOPBIX 00b-
eKTHBIN (haitn 3apucuT. Ecoim Takne maMeHeHus ObLIN, 5TOT OOBEKTHBIN (hailyl JOMKEH OBITh
nepexomimnposat. Korga nporpamma make onpegenurt, kakue Gailjibl ¢ paciimpeHueM .C
JIOJIKHBI GBITH TIEPEKOMITAIINPOBAHbI, OHA BBHI3BIBAET KOMITIISATOP C /U1 X TTePEKOMITVJISITINT,
COKpaIast TakuM 06pasoM KOJMIECTBO KOMITHIISIINI 10 HeOOXOAUMOTO MUHUMYMa. B 60.1b-
MIUX IPOEKTax mnpu co3panuu Makefile TpyaHo nzbexarh OnMOOK, MOITOMY CYIIECTBYIOT
CPEJICTBA, KOTOPBIE JIETAI0T 3TO aBTOMATHYECKH.

Korza Bee (aiinbl ¢ pacimpenneM .0 OyAyT FOTOBbI, OHU IIEPEJAIOTCS IIPOrPaMMe, KOTopast
Ha3bIBAECTCSA KOMIIOHOBIIMKOM. JTa IPorpaMMa 00beIuHAET Bee 9Th (Daiijibl B OMH MCIIOJHS-
eMblii 1BoruHblii (aiin. Ha sToM aTarie Takke J00aB/IIOTCSA BCe BbI3bIBaeMble OUOIMOTEUHbIE
(DYHKIMH, Pa3pPeIaioTcs BCE CChLIKK MeKLy (DYHKIMSIMU U [EPEMENIAIOTCS Ha HyKHbIE MECTa
MaruHHble azpeca. Korga KOMIIOHOBIIUK 3aBEPIIAeT CBOIO paboTy, Ha BBIXO/E HOTYIaeTCst
ucriositsieMas mporpamma, kotopast 8 UNIX-cucremMax TpajguilnoOHHO Ha3bIBaeTCst a.0ut.
[TocJie10BaTEILHOCTD ATAIIOB TIPOLIECCA TTOJYYEHUS UCIIOMHIeMOTO (aiiyia [Jist IPorpaMMbl,
cocTositieit 13 Tpex (aisIoB UCXOIHBIX TEKCTOB Ha si3bike C M IBYX 3aroJI0BOYHBIX (hallJIoB,
nokaszana Ha puc. 1.26. HecMoTpst Ha TO 4TO 3/1eCh MbI paccMaTpuBaeM pa3paboTKy olepariu-
OHHOM CHCTEMBI, BCE HTO TIPUMEHMMO K TIPOIIecCy pa3paboTKu J1i000i1 GOJIBIION IPOrpaMMBbL.

v
Komnunsatop
C
KomMnoHoBLuk
McnonHsiemas
[BONYHas
nporpamma

Puc. 1.26. Npouecc nonyyeHns ncnonHgemoro darina u3 nporpaMmmbl Ha A3bike C 1 3aronoBOYHbIX
daiinos: 06paboTka NPenpoLLeccopom, KOMMUASALNS, KOMIOHOBKA

1.8.4. Mopenb BpeMeHU BbiNOJIHEHUSA

Kax T0s1bKO Gy/I€T BBINOJHEHA KOMIIOHOBKA BOMYHOTO (hailiia OneparnonHOil CHCTEMBI,
KOMITBIOTED MOKET OBITh Mepe3alylieH ¢ 3arpy3Koil HOBOI onepaimoHHoil cucrembl. [To-
cJie 3aIlyCcKa ONEePaINOHHAsT CHCTEMA MOXKET B IMHAMUYECKOM PEXKIME MOJIPYKATh Te
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4acTH, KOTOPbIE He ObLIM CTATUYeCKH BKJIOYEHBI B IBOMYHBIN (haiis, Harpumep apaiiBepbl
YCTPOHCTB 1 (afisioBblie cucTeMbl. Bo BpeMs BBITTOTHEHUS OTIepalioOHHas CUCTeMa MOKET
COCTOSTD U3 MHOKECTBA CETMEHTOB: I TeKCTa (ITPOTPAaMMHOTO KO/a), TAHHBIX W CTEKA.
CerMeHT TeKcTa 00BIYHO SBASETCS MOCTOSTHHBIM, HE U3MEHSASCh B [IPOLIECCE BBIIOJIHEHMSL.
CerMeHT JaHHBIX ¢ CAMOTO Hayajia MMeeT OTIPeIeJIEHHBIH pa3Mep U IIPOMHUIINATN3UPOBAH
KOHKPETHBIMK 3HAYECHUAMMU, HO €CJH MOTPedyeTcs, OH MOKET U3MEHATH pasMep (0ObIYHO
paspacrarbces pu HeobxomumocTr). CTek cHaYama MmyCTyeT, HO 3aTeM OH YBEJIMYMBAETCS
1 COKpAIaeTcs 110 Mepe BbI30Ba (DyHKIMH 1 BO3BpaIlleHUsT N3 HUX. Yalle BCero cerMeHT Tek-
CTa IIoMellfaeTcs B paiioHe MJIa/IIINX a/[pecoB aMATH, CPady Hajl HUM paclioyiaraeTcs CerMeHT
JTAHHBIX, KOTOPBII MOKET PACTH BBEPX, & B CTapIieM BUPTYAJIbHOM aJ[pece HaXO/AUTCSI Cer-
MEHT CTeKa, CIOCOOHBIN pacTu BHU3. TeM He MeHee pa3Hble CUCTEeMbI PabOTAIOT [IO-PA3HOMY.

B mo6oM cirydae, KOzl OlepaliMOHHON CHCTEMbI BBITIOJIHSETCS HEIIOCPEACTBEHHO KOMITBIO-
TepHBIM 000PYI0BAaHUEM, HE MOJIBEPTasch MHTEPIPETAIMN U just-in-time-KoMIuasIum
(TO eCTh KOMITUJISITIUY 110 MePe HeOOXOUMOCTH ), ABJISIIOIMXCS OOBIMHBIMU TEXHOJIOTUSAMU
pu pabore ¢ Java.

1.9. UccnepoBaHug B obnactu
onepaunoHHbIX CUCTEM

MudopMaTuka 1 BEIMUCAUTETbHAS TEXHIUKA — 9TO OBICTPO MPOTpeccupyionias obaacTsb,
HaIPaBJIeHUsT PA3BUTHUST KOTOPOU JIOBOJIBHO TPY/IHO NIPejicKkasath. VccenoBaTtenn B yHuBep-
CHUTEeTax ¥ IPOMBIIIJIEHHBIX HAYYHO-UCCIE0BATEIbCKUX JTab0PATOPUAX IIOCTOSAHHO BbIAAIOT
HOBBIE UJIEN, YACTh U3 KOTOPbIX HE MOJYYAIOT JaJbHeNIero pa3BuTus, a JIpyrue CTaHOBSITCS
OCHOBOI OyIyIIHX IIPOAYKTOB M OKA3bIBAIOT CYLIECTBEHHOE BIMSHUE HA IPOMbIIIIEHHOCTD
u nosib3oBareseil. CkasaTh, Kakie MMEHHO HPOSBAT cebs B 9TOM POJIU, MOKHO TOJIBKO 110
mporecTBuy BpeMeHn. OTAETUTh 3epHa OT TIEBET 0COOEHHO TPYAHO, TOCKOJBKY OO
npoxoaut 20—30 et MeKIy 3aposKICHUEM HIEU U €€ PACITBETOM.

Hanpumep, korna npesuaent Jiizenxayap yupeaua B 1958 rogy 8 Munucrepcrse 000poHbI
CIITA yupasienue nepcrneKTUBHbBIX MccaenoBanuii 1 paspaborok — Advanced Research
Projects Agency (ARPA), o mpiTascg BocpensaTcTBOBATh yHUUTOXReHHUIO (hota u BBC
u mpeoctaBua [leHTarony cpeacTsa Ha nccaenosanust. OH BOBCe He TIaHUPOBAT M300pecTn
WutepHer. Ho oxHoit u3 cropon aesitebHocT ARPA 651710 BBIZICICHHE PSILY YHUBEPCHTETOR
CPEJICTB Ha MCCJIE0BAHNST B HEM3YUEHHON 06JIaCTH TTAKETHON KOMMYTAITIH, KOTOPbIE TIPHBEIN
K CO3/IaHUIO TIEPBOI AKCIIEPUMEHTATTBHOI ceTu ¢ makeTHol kommyTareir — ARPANET. Ona
nosiusiach B 1969 romy. Bekope k ARPANET nozikiitounsines ipyrie uccire/1oBaTtesbCcKue CeTH,
(punancupyembie ARPA, B pesysibrare yero poguics Vnrtepuer. 3arem MHTepHeT B TeyeHune
20 JieT yCIENTHO MCTIOIb30BAJICS [JIst 0OMeHa COOOIIEHUSIMU T10 3JIEKTPOHHON TI0YTE B aKajleMH-
4ecKoi uccreopatesbekoii cpezie. B nagane 1990-x ronos Tum bepuepc-Jlu (Tim Berners-Lee)
u3 uccsenoparebekoii taboparopun CERN B JKenese nzobpes Beemupnyio naytuny —World
Wide Web, a Mapk Anzapecen (Marc Andreesen) us yuusepcurera MimmHoiica cospan st
Hee rpacpudeckuii 6paysep. Heoskupanto st Beex MHTEpHET 3a10JJOHUIN OOLIAIOIIHECS] O/
POCTKH, Yero ABHO He IIaHnpoBas Diisenxayap (OH Obl B Tpo0y NepeBepHYJICs, y3HaB 00 9TOM).

Vccenenosanus B 06JaCTH ONIEPAIIMOHHBIX CUCTEM TaKKe MPUBEIN K CYIIECTBEHHBIM M3Me-
HEHUSIM B UCIIOJIb3YyEMbIX cUcTeMaX. PaHee yIIOMUHAJIOCH, YTO BCe TIEPBbIe KOMMEPYECKHe
KOMITBIOTEPHBIE CHCTEMBI OBLIN CHCTEMAMMU MTAKETHON 00pabOTKM 10 TEX 1Op, MOKA B HAYaJje
1960-x B MaccaqyceTcKOM TEXHOJIOTHIECKOM WHCTUTYTE He N300peT MHTEPAKTUBHYIO CH-
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cTeMy ¢ pasjieieHreM BpeMeHu. Bee KoMIbioTepbl paboTaiu TOJIbKO B TEKCTOBOM PEKKIME,
noka B koHIe 1960-x /lar durenpbapr (Doug Engelbart) us Crandopackoro mccienona-
TETbCKOTO WHCTUTYTA He M306pesT MBIITh U TpahuuecKuil MoMb30BaTeIbCKIH MHTEPdETIC.
Kro 3Haet, 4To mossBUTCS BCen 3a BCEM 3TUM ?

B atoMm paszere, a TakiKe B COOTBETCTBYIONIUX Pas3/ieiax KHUTH MBI KPATKO OTUIIEM HEKOTO-
pble U3 UCC/IeI0BaHkN B 00JIaCTH ONEPAIMOHHBIX CHCTEM, KOTOPbIE IPOBOAUINCH B TEYEHUE
nocenuux 5—10 Jet, 4ToObI AATh MPEICTABIEHUE O TOM, YTO MOXKET HOSIBUTHCS B OYIyIIIEM.
ITOo BBeJleHIE HE MPETEHIYeT Ha TOJHOTY U OCHOBAHO TJIABHBIM 00Pa30M Ha MaTepHasaX,
OIyOJIMKOBAHHBIX B PaMKaxX KOH(EPEHIIUIT 110 TIePeJOBbIM UCCIIEI0BAHUSAM, TIOCKOJIBKY HPe/l-
CTaBJIEHHbBIE UJIEN YCIIEITHO [IPEOIOJIEIH Mepe/ IyOJMKaIiiell 110 KpaiiHel Mepe *KeCTKU 1Ipo-
11eCC PEIEH3NPOBAHMS CO CTOPOHBI CIIETHATUCTOB. Clle/lyeT 3aMeTUTb, YTO B KOMITBIOTEPHOI
HayKe, B OTJINYKE OT APYTUX HAYIHBIX chep, OCHOBHAST YaCTh HCCIIE0BAHNN TyOIMKYETCsT Ha
KOH(EepeHIHIX, a He B JKypHaJIaxX. BoJIbIIMHCTBO cTaTell, IMTUPYEMBIX B pasjiesiax, MOCBSIIIEH-
HBIX nccaenoBanusm, oputn omyoankoBansl ACM, IEEE Computer Society min USENIX
u JocTylHbl B VIHTEpHEeTE [Jis 4IeHOB 9TUX opranusaiuii. Bosee noapobnast nundopmaims
00 9TUX OpraHU3aIUsAX U UX JIEKTPOHHBIX OUOIMOTEKAX HAXOMUTCS HA CJAEMYIONMX caiiTax:

4+ ACM — http://www.acm.org
4+ IEEE Computer Society — http://www.computer.org
4+ USENIX — http://www.usenix.org

ITpakTHyYecKy Bee MCCIen0BaTe/n HOHUMAIOT, YTO CYIIECTBYIONHME OlePallMOHHbIE CUCTEMBbI
MBJIUIITHE TPOMO3IKH, HEAOCTATOUHO TMOKH, HEHAIEKHbI, HeOe301IacHbl U B TOH MM UHON
CTETEeH coziepsKaT ommbKku (HO He Gy/IeM TIePeXOAnTh Ha JTnIHOCTH ). [T0aTOMY ecTecTBEHHO,
YTO OIPOMHOE KOJMYECTBO MCCACAOBAHII IIOCBSIIEHO TOMY, KaK CO3/1aTh (0Jiee COBEPILICH-
Hble ollepalMoHHble cucrteMbl. HesaBHo omy6inkoBatHbie pabOThl KAaCaaUCh, KPOME BCETO
npoyero, onmbok u oraaaku (Renzelmann et al., 2012; Zhou et al., 2012), BoccTaHOBIIEHS
nocse asapun (Correia et al., 2012; Ma et al., 2013; Ongaro et al., 2011; Yeh and Cheng, 2012),
yupassenus asnexrpornutanuem (Pathak et al., 2012; Petrucci and Loques, 2012; Shen et al.,
2013), daiiios u cucrem xpanenust (Elnably and Wang, 2012; Nightingale et al., 2012; Zhang
et al., 2013), BeICOKOTTPOM3BOAMTETHHOTO BBOAA-BhIBoAa (De Bruijn et al., 2011; Li et al.,
2013; Rizzo, 2012), runiep- u muoronorounoctu (Liu et al., 2011), onepatusHoro o6HOBIEHI
(Giuffrida et al., 2013), ynpasienus rpaduuecknmu mpoeccopamu (Rossbach et al., 2011),
yrpasienus mamsaTeio (Jantz et al., 2013; Jeong et al., 2013), MHOTOSIIEPHBIX OIIEPAITMOHHDIX
cucrem (Baumann et al., 2009; Kapritsos, 2012; Lachaize et al., 2012; Wentzlaff et al., 2012),
koppektHocTu onepaimonnbix cucreM (Elphinstone et al., 2007; Yang et al., 2006; Klein et
al., 2009), HanesxxrocTH oneparonHbix cucteM (Hruby et al., 2012; Ryzhyk et al., 2009, 2011;
Zheng et al., 2012), xondunennmanbHoct u 6esonactoctu (Dunn et al., 2012; Giuffrida et
al., 2012; Li et al., 2013; Lorch et al., 2013; Ortolani and Crispo, 2012; Slowinska et al., 2012;
Ur et al., 2012), MoHMTOpHHTA UCTTONB30BaHKs U TipousBoauTesbHocTH (Harter et al., 2012;
Ravindranath et al., 2012), a taxxe Bupryanusanuu (Agesen et al., 2012; Ben-Yehuda et al.,
2010; Colp et al., 2011; Dai et al., 2013; Tarasov et al., 2013; Williams et al., 2012).

1.10. KpaTtkoe coaepxaHue ocTasibHbIX
rNaB 3TON KHUIMN

Ha atom mbI 3aBeplIaeM BBECHUE U PAaCCMOTPEHUE OIMMEPAITMOHHBIX CUCTEM C BbICOTBI
nruubero mosera. Hacrama Topa nepeﬁTH K HOI[pO6HOCTHM. Kak YoKe TOBOPpUJIOCH, C TOYKU
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3PEHUS TPOTPAMMUCTA TJIABHON 11eJIbI0 ONEPAITMIOHHON CUCTEMBI ABJIAETCS MPEOCTaBIe-
HUe Psia KJIIOYEBBIX aOCTPAKI[Hil, CAMbIE Ba)KHBIE U3 KOTOPBIX — ITO MPOIECCHI M MOTOKH,
azipecHble TTpocTpaHcTBa U Daiiabl. COOTBETCTBEHHO CIIEAYIONIME TPH TJIaBBI MOCBSICHBI
3TUM BeChbMa BaKHBIM TeMaM.

I'maBa 2 mocesimena mporeccaM 1 TOTOKaM. B Helt paccMaTprBaroTest UX CBOMCTBA W TIOPSIIOK
CBSI3U JIPYT C APYTOM. 3/I€Ch COAEPAKUTCS TAKKe PAL MOAPOOHBIX IPUMEPOB, ITOKA3bIBAIOIIX,
KaK OpPraHn30BaTh paboTy B3aMMOCBSI3aHHBIX TIPOIECCOB U 000ITH BCTPEUAIOIINECST HA 9TOM
My TH TIOIBOJIHbIE KAMHU.

B rzaBe 3 MbI opo6OHO U3YYUM A[PECHDIE TIPOCTPAHCTBA U BCE, YTO C HUMU CBSI3AHO, & TAKIKE
CHCTeMY yTIpaBJIeHHs MaMsThio. ByryT paccMOTpeHbl BecbMa BasKHASI TeMa BUPTYAJIbHON
[AMATU U TECHO CBsI3aHHbIE C HEl MOHATHSI Pa3OMEHUsT HA CTPAHKIIBI U CErMEHTAIIUHU TIAMSITH.,

B rmase 4 mbI 3aiiMemcst Kpaiie BaKHOIN TeMOT (haiijioBeIX cucTeM. B ornpezieieaHoi Mepe
BCe, YTO BUJIUT I0JIb30BaTEIb, B OCHOBHOM OTHOCUTCS K (hailoBoii cucteme. bymayrt pac-
cMoTpenbl nHTepdeiic hailJIoBoil CHCTEMbBI 1 €€ PeaTn3allusl.

B ruaBe 5 paccMaTpuBaioTCs BOIPOCH! BBOJIA-BbIBO/Ia nH(popMalinu. byer yeneHo BHruMa-
HIIe TTOHATUSAM HEe3aBUCUMOCTH U 3aBUCUMOCTHU YCTPOMCTB. B KauecTBe MPMUMEPOB MUCTIOb-
30BaH P/ BA)KHBIX YCTPOHUCTB: IUCKH, KJIAaBUATYPBI U TUCILTIEH.

[naBa 6 nocssiena B3anMHbIM OJOKHPOBKaM. B aToii riase OyzeT KOPOTKO MOKa3aHa CyTh
B3aUMHBIX OJIOKHPOBOK, HO Pa3rOBOP O HUX 9TUM HE OrPaHUYKUTCS. ByayT paccMOTpeHbI myTH
MIPEAOTBPAIEHUsT B3aUMHBIX OJIOKHPOBOK ¥ CIIOCOOBI YKJIOHEHHUST OT HUX.

Ha sToM MBI 3aBEpUINM U3yUYeHIE OCHOBHBIX TIPUHITUIIOB TOCTPOEHUST OJTHOTIPOIIECCOPHDBIX
onepannoHHbIX cucteM. Ho TeMa 5TUM He HCUYepIIbIBaeTCsl, 0COOEHHO eCIIM FOBOPUTD O Pac-
ITIPEHHBIX BO3MOKHOCTX. B ry1aBe 7 MbI paccMoTpuM BUpTyanu3anuio. Peun moiizeT kax
0 NPUHIIKMIIAX, TAK U O MOAPOOGHOCTAX HEKOTOPBIX CYHIECTYIOUUX BUPTYATU3AMOHHBIX
perrernii. [TockoMbKY BUPTYaTU3aIiist MHUPOKO UCTIOTB3YETCST B 0OJAUHBIX BBIYMCICHUSX,
MbI TaKsKe IIOCMOTPUM Ha CyllecTBylomme obsaka. J[pyras nepcreKkTiBHAsA TeMa KacaeTcst
MHOTOIIPOIECCOPHBIX CUCTEM, BKJIIOUasi MHOTOSI/IEPHBIE U TTapaJljieJIbHble KOMITbIOTEPBI,
a TaksKe pacrpeziesieHHble cucTeMbl. Bee 910 GyeT paccMoTpeHo B TaBse 8.

UpesBbluaiiHo BayKHOU TeMOI sIBJIsieTCst 6€301ACHOCTD OllepalHoOHHON crcTeMbl. OHa Oyer
paccMoTpena B riiase 9. Borpocamut, 06¢y:K/IaeMbIMI B 9TOH TJIaBe, CTAHYT PasINUHbIE YTPO-
3bl (HarpuMep, BUPYChl M YePBH ), MEXaHU3MbI 3aIMThl U MOJIEJIH Oe3011aCHOCTH.

3areM MBI 3aliMeMCS N3ydeHreM IIPaKTHIECKHX IIPUMEPOB OII€PAlMOHHBIX CHCTeM. BymyT
pacemorpenbl UNIX, Linux u Android (ranasa 10) u Windows 8 (rasa 11). Hy a ruasa 12
CTaHeT 3aKOHOMEPHBIM UTOTOM, B HE UBJI0KEH Pl COOOpasKeHNI U PasMBIIILICHHI 110 110~
BOJLy IIPOEKTHPOBAHMNS OIIEPAIIIOHHBIX CUCTEM.

1.11. EAMHnUbI n3aMepeHuns

Bo usbexanue myTaHuilbl CTOMT 0CO60 OTMETUTD, YTO B 3TOI KHUTE, KAK 1 BO BCEH KOM-
MBIOTEPHON HAYKE, BMECTO TPAJAMUIIMOHHBIX AHTJIUHCKUX eIUHUI] U3MEPEHUST UCTIOJIB3YIOT-
CsI eIUHUIIBI METPUUYECcKOl cuctemMbl. OCHOBHbIE METPUYECKHUE TIPUCTABKU TI€PEUUCIEHBI
B Taby. 1.4. OGBIYHO PUCTABKY COKPAIIAIOTCS IO TEPBBIX OYKB, IIPUYEM €CJIU eJUHUIIA
usMepenus 6oJblie 1, UCIONB3YIOTCA 3ariaBHbie OykBbl. Hanpumep, 6asa JaHHBIX pas-
mepom 1 T6aiiT saHuMaer Ha aucke okosio 10'? Gaiit, a yacel ¢ uarepsagom B 100 1c OymyT
Tukarh Kaxabie 1070 ¢. Tak Kak NPUCTaBKU MUJIM- U MUKPO- HAYMHAIOTCS ¢ OYKBBI «M>»,
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HYXHO OBLIO BbI6p3.Tb UI HUX pa3dHbie COKpallleHuA — 1J1A MUJIJIN- UCIIOJIb3YETCA «M»,
a JIJId MUKPO- — <«MK».

Ta6nuua 1.4. OCHOBHblE METPUYECKME NPEDUKCHI

Mo- | Pa3BepHyTbiVi BUA Mpe- |Mo- |Pa3BepHyTbIV BUA Mpe-
Ka- dukec |ka- duke
3a- 3a-

Tenb Tenb

10° | 0,001 munnm | 108 | 1000 Kuno
10-¢ | 0,000001 mukpo | 108 | 1 000 000 Mera
10° | 0,000000001 HaHo 10° | 1000000 000 lvra
10-2 | 0,000000000001 M1Ko 10" | 1 000 000 000 000 Tepa
10-'% | 0,000000000000001 demTo [ 10 |1 000 000 000 000 000 MNeta
10-'® | 0,000000000000000001 aTTo 10'® | 1 000 000 000 000 000 000 Okca
10-2' | 0,000000000000000000001 3ento | 102" | 1 000 000 000 000 000 000 000 3eTtTa
10-2 | 0,000000000000000000000001 | iiokTo | 102* | 1000 000 000 000 000 000 000 000 | MoTTa

CJiesryer OTMETUTD, YTO TIPH U3MEPEHUH 00bEMOB AMSTH B KOMIIBIOTEPHOM IIPOMBbIIILIEH-
HOCTHU TIPUHSITO UCTIOH30BATh €MHUIIBI M3MEPEHNsI, 3HAYEHNST KOTOPBIX HECKOJIBKO OT-
JudgaroTcest ot obmenpuHATHX. Knto ozHaugaer 219 (1024), a ve 10° (1000), TOCKOTBKY 17151
M3MEPEHVST TAMSITH BCET/Ia TpUMeHSTIoTcsT cterern unca 21, [Tostomy 1 K6aiiT mamstu co-
nepxut 1024 Gaiira, a e 1000 6aiit. Touno Tak sxe 1 M6aiit cogepxxut 2% (1 048 576) Gaiir,
a 1 T6aiit — 2%° (1 073 741 824) 6aiit. Ho murus cessu B 1 K6ut/c nepexaer 1000 6ur/c,
a 10-MerabuTtHas JoKaabHas ceTh paboraer co ckopoctbio 10 000 000 6uT/c, HOCKOIbKY
9T CKOPOCTU HE UBMEPSIOTCS B cTerensx uncia 2. K coxkanennio, MHOTHE JIIOAN UMETOT
CKJIOHHOCTb CMEIIUBATD 9TH JIBE CUCTEMbI, 0COOEHHO IIPU U3MEPEHUN eMKOCTEl JIUCKOBBIX
HakonuTesel. JIJist HCKIIIoUeHNsT HeOAHO3HAYHOCTH B 9TOI KHUTE MbI Oy/IEM UCIIOJIb30BATh
obosnauenns «Kbaiit», « Mbaiit» u «I6aiiT» st 21, 220 u 2% coorBercrBenno, a «Kéut/c»,
«M6urt/c» n «I'éut/c» — pra 10%, 106 u 10° 6ut/c cooTBETCTBEHHO.

1.12. Kpatkue BbiBOAbI

OrnepannoHHble CUCTEMBI MOXKHO PACCMATPUBATh C /IBYX TOUEK 3PEHMS: B KAUeCTBE MEHe/I-
JKEPOB PECYPCOB U B KAUeCTBE PacHIpeHHbIX MainH. C TOUKM 3peHust MeHe/’Kepa PECYPCOB
paboTa orepanoHHbIX CUCTEM 3aKioyaeTcs B 9 (heKTUBHOM YIIPABJICHUN PA3IUYHBIMU
yacTssMu cucteMbl. C TOUKM 3peHus pacliMPEeHHON MaMHBL paboTa OllePalMOHHbBIX CUCTEM
COCTOMT B [IPEIOCTABICHNH T0JIb30BATE/IIM abCTPaKIMii, 6oJiee yA0OHbBIX B UCIIOJIb30BAHUN
10 CPaBHEHUIO ¢ PeaJbHbIM KOMIIBIOTEPOM. B unciio Takux abeTpakiinili BKIIOYAOTCs PO-
I[ECCHI, aJIPEeCHBIE TIPOCTPAHCTBA U (haliJIbI.

! Ecsm etje 60J1ee TOUHO, TO JJIs CHCTEMbI [MHUIL Ha OCHOBE CTereHeli yncia 2 OTHOCUTEIbHO He-
JIABHO CTaHIAPTU3UPOBAHbI OT/e/bHbIe 0003HaueHust. Hanpumep, 210 (1024) 6aiit o603HauaeTcst
kak 1 KiB — 1 ku6ubaiit. OgHako Ha IpakTHKE BCE eIle COXPAHSIETCs HEOIPEAeJeHHOCTD B 1C-
ITOJIb30BAHUU ITPOU3BOJHDIX €AUHUI] U3MEPEHU S, TI0OSTOMY B KHUTE IIPUMEHAIOTCA COTJIAllIEHU A,
yKasaHHbIe aBTOpoM. — [Ipumeu. peo.
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OrneparimoHHbIe CUCTEMBI UMEIOT JIOJITYI0 UCTOPHIO, KOTOPask HAYMHAETCS C TeX HeH, KOoTaa
UMU 3aMEHUJIN OTIepaTopa, U JOXOAUT 10 COBPEMEHHBIX MHOT03a/IauHbIX cucTeM. Bexu
STO MCTOPHUN BKJIIOYAIOT PAHHKE CUCTEMbI TAKETHOI 00pabOTKH, MHOI03aa4Hble CUCTEMbI
1 OTIepPAITMOHHBIE CUCTEMBI IEPCOHATHHBIX KOMITHIOTEPOB.

[TocKoJIbKY OTepaIiMOHHbIE CHCTEMbI TECHO B3AMMOJIEUCTBYIOT € allliapaTHbIM 00eCIIeYeHUEM,
IS UX TIOHUMAHUS MOTYT OBITh [0JIE3HbI HEKOTOPbIE 3HAHUST 00 YCTPOICTBE KOMITBIOTEPHOTO
06opyoBanus. KoMIIbIOTEPBI COCTOSIT U3 POIECCOPOB, AMSITH U YCTPOICTB BBO/IA-BbIBOJIA.
Bce atn cocTaBHbBIe 9acTH COEAMHSTIOTCS € TIOMOTITHIO TITHH.

bazoBbiMU TOHATUAME, HA KOTOPBIX CTPOATCS BCE ONIEPAITMOHHBIE CUCTEMBI, SIBJISIIOTCS TIPO-
1IECCBI, YIIPABJIEHUE TIAMSIThIO, YIIPABJIE€HNE BBOIOM-BbIBOIOM JIAHHBIX, (haiijioBast CCTEMA
u 6e301acHOCTh. Bee oHu Oy1yT paccMOTPEHbI B OCJIEAYIONINX IJIaBaXx.

OcHOBOI JTI060H OTIEPAIIMOHHO CHCTEMBI SIBJISIETCST HAOOP CUCTEMHBIX BHI30BOB, KOTOPBIE
oHa criocobHa 06padoTars. OHU TOBOPSIT O TOM, UTO PEAJIBHO JIETAET ONEPAIIMOHHAST CHCTEMA.
MpbI paccMOTpesin YeThipe IPYIIbl cucTeMHBbIX BbI30BOB /i UNIX. IlepBas us Hux ot-
HOCHJIACh K CO3/IaHUIO U TIpeKpallleHIIo IIpolieccoB. Bropas npeanasHayanach /sl YTeHUS
n 3anmcy haisioB. TpeThs IpyIIIa CIy Kua JIJis yrpaBJieHns KaTajoramu. Yersepras rpyria
BKJIIOYaJIa B ce0s1 CHCTEMHBIE BHI30BBI PA3INYHOTO HA3HAYEHUSI.

OrepalOHHbIE CUCTEMbBI MOTYT MIMETD Pa3indHyIio cTpykTypy. Hanbosee pactpocrpanen-
HBIMHU SBJISIIOTCSI MOHOJIMTHASI CUCTE€Ma, MHOTOYPOBHEBAsl CUCTEMa, MUKDOSIPO, KIUEHT-
cepBepHast CUCTeMa, BUPTyaJslbHasl MalllnHa U 9K3051/1PO.

Bonpochobl

B gem 3akmmiouatoTes 1Be OCHOBHBIE (DYHKITUN OTIEPAITIOHHON CUCTEMBI?

2. B paszesne 1.4 6N OMUCAHBI ICBSITH Pa3JIMYHBIX TUIIOB ONIEPAIIMOHHBIX cucTeM. [Ipu-
BeJIUTe ITepeueHb IIPUMEHEHNH /1 KaXK/I0H U3 9TUX cucTeM (10 OJHOMY IS KasK[0TO
THTIA OTIEPAITUOHHON CUCTEMBI ).

3. B uem pasnuiia Mekay CUCTEMaMU C Pas/ieJIeHHeM BPEMEHU U MHOT033/[aYHbIMU CH-
creMamu?

4. JInst NCTIOMTb30BAHUS KAII-TIAMSITH OCHOBHAS MAMSTD JICJTITCS Ha KATI-CTPOKH, KOTOPbIE
06braHO uMetoT juHy 32 unu 64 Gaiita. Kamupyercst cpasy Best Kalli-cTpoka. B uem
MPEUMYIIECTBO KAMIMPOBAHUS BCEI CTPOKU Tepel MOGANTHBIM UM TOCTOBHBIM K3-
HIMPOBAHUEM ?

5. Kaskzas ornepaius YTeHust UM 3aIicy Gaiita Ha caMblX MEPBBIX KOMIIbIOTEPax yIIpaB-
JISLIACH TIEHTPAJIbHBIM TIPOIecCOpoM (TO ecTh Ge3 UCIOIb30BAHUS TIPSIMOTO JOCTYIIa
k namsatu — DMA). Kakue oc/iosKHEHVST CO3/1aBATICh TEM CAMbBIM JIJISI PEKIMA MHOTO-
3a/1a4HOCTH ?

6. VIHCTPYKIMH, KACAIOIUECS IOCTYIIA K yCTPOHCTBAM BBOJIA-BBIBO/IA, OOBITHO OTHOCSITCSE
K IIPUBUJICTHPOBAHHBIM HHCTPYKIUSAM, TO €CTh OHH MOTYT BBIIIOJIHATHCS B PEKUME
s71pa, HO He B II0JIb30BATEIBCKOM pesknMe. HazoBuTe npuunHy MpuBUIETHPOBAHHOCTH
3TUX WHCTPYKITUTA.

7. Wnest cosmanust ceMeicTBa KOMITbIOTEPOB Obliia mpeicTaBieHa B 60-X rojax mporioro
Beka ¢ mosiByieHneM Metindpetimos cepu IBM System/360. JKuBa sin aTa nzmes cefiqac?
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8. OJHOI1 U3 NPUYNH TOTO, YTO rpauuecKuil TTOJIb30BATENbCKII HHTEPMEIIC TPUKIBAIICS

10.

11.

12.

13.

14.

15.

16.

JIOBOJIBHO MEJIJIEHHO, OBLIa CTOMMOCTH 060PYI0BAHNS, HEOOXOANMOTO JIJISI €TI0 TTOIEPIK-
ku. Kakoit o6beM BIIEOTaMSITH HEOOXOANM JIJTsT TTOIAEP/KKI N300pakeHUsT Ha 9KpaHe
B MOHOXPOMHOM TE€KCTOBOM PeKHMe, nMmeromieM 25 ¢Tpok n3 80 cuMBOJIOB? A Kakoi
00beM HEOGXOANM IS TIOJIEPAKKN pacTpoBoro uaobpaxenust 1200 x 900 mukcenos
npu rybune usera 24 6ura? Kakosa Oblia ctouMocTb HeoOxoauMoro st nux O3Y
B 1980 roay (npu nene $5 3a kunobaiiT)? Kakosa ata CTOMMOCTb B HACTOSIIIEE BPEMSI?

[Tpu cozmannm omepamoHHBIX CHCTEM OTHOBPEMEHHO PEIAoTCs 3a1a4uH, HaIpruMeD,
HCITOJIb30BAHUS PECYPCOB, CBOEBPEMEHHOCTH, HA/Ie’KHOCTH U T. 1. [IpuBeanTe mpumep
TAKOTO Pojia 3ajiad, TPeGOBAHMS KOTOPBIX MOTYT IIPOTUBOPEYUTD [APYT IPYTY.

B 4em pasHuia MexIy PEKUMOM SIIpa M MOJIb30BATENbCKUM pesknMoM? OObsicHuTE,
KaK COueTaHHue /IBYX OT/IEIbHBIX PESKNMOB ITOMOTAET B TPOEKTHPOBAHNUN OTIEPAITMOHHBIX
CUCTEM.

Y nucka obbemom 255 I'6aiit nmeetcst 65 536 MUIMHAPOB ¢ 255 ceKTOpaMu Ha KasKI0H
noposkke u ¢ 512 Galitamu B KaxkaoM cekrope. CKOJIBKO IJIACTHH ¥ TOJIOBOK Y 9TOTO
nucka? [Ipezronaras, 4To cpejHee BpeMsi MOMCKa IUInH/pa coctasisier 11 Mc, cpeniee
BpeMsI OKUAAHMS ITOAX0a PaboYero CeKTopa K roJIoBKe — 7 MC, a CKOPOCTb CYMThI-
Banna — 100 M6ut/c, BEIUCINTE CpeaHee BpeMsl, HEOOXOMMMOE JI/IS CYUTHIBAHUS
400 K6aiiT u3 0HOroO ceKTopa.

BblnosiHenne Kakoii 13 cire/lyomx KOMaH/I 10JKHO ObITh Pa3PeieHO TOIbKO B PEsKIMe
aapa:

a) OJIOKMPOBKA BCEX IPEPbIBAHUI;

6) uTeHMe MoKazaHMii IATHI M BPEMEHU BHYTPEHHUX YacOB;

B) YCTaHOBKa MOKA3aHUIT IaThl U BPEMEHH BHYTPEHHUX YACOB;
) U3MEHEHUE CXEMbI PACIIPEAEICHIS TTAMITU?

PaccmoTpuM cucteMy, IMEIOTITYIO /1Ba TIEHTPATbHBIX ITPOIECCOPa, Y KasK/I0TO U3 KOTOPBIX
€CTb JIBa TIOTOKa (paboTarolx B pesKnMe TUTepTpeianara). [Ipeamnonoxum, ecth Tpu
sanyniernbie nporpammb: PO, P1 u P2 co Bpemenem pa6otsi 5, 10 u 20 Mc coorser-
ctBeHHO. CKOJIBKO BpeMeHU 3aiiMeT TI0JIHOe BbITIOJIHeHe 3TuX rnporpamm? Cremnyer
MPUHSATH BO BHUMAaHUE, YTO BCE TPU MIPOrPAMMBbI 3aTrPYKAIOT HEHTPATIBHBIN TPOIECCOP
Ha 100 %, He OCyIIECTBASIOT 6JIOKUPOBKY BO BPEMsI BBITIOJTHEHUST U HE MEHSTIOT TIE€H-
TPaTBHBIN TTPOIECCOP, HA3HAYCHHBIN /IJIT UX BBHITTOJTHEHUS.

KomiibtoTep 061a/1aeT YeTHIPEXCTYIIEHYATHIM KOHBEHEPOM, U BCE CTYTIEHHU BBITIOJIHSIIOT
CBOIO PaboTy 3a OIHO ¥ TO ke BpeMst — 1 He. CKOTBbKO HHCTPYKITHIT B CEKYHTY CMOKET
BBITTOJTHUTH 9TA MAITUHA?

PaccMoTprM KOMITBIOTEPHYIO CHCTEMY, UMEIONIYIO Kall-namsith, O3Y u 1cK, a TakKe
OTIEPAIMOHHYIO CUCTEMY, UCIIOJIB3YIOILYI0 BUPTYaJIbHYIO TTaMsiTh. Bpemst rocTyna K cjio-
BY 13 Kamr-tamsaTu 3aammaet 1 me, n3 O3Y — 10 nc, ¢ qucka — 10 mc. Ecomm mokasatenn
VCIIENTHOTO MOUCKA B KAII-TIAMITH cocTaniisteT 95 %, B O3Y (11ocie HeyayHoro monucka
B Kam-mamMsat) — 99 %, kakuM OyzeT cpejiHee BpeMst IOCTYTIA K CJIOBY?

Korja nosbsoBaTesbckas MporpaMMa OCYIIECTBJISIET CUCTEMHBbII BBI3OB /IS uTe-
Hus (aiisa ¢ JrcKa WU ero 3alncy Ha AKCK, OHAa coo0IaeT, Kakoi (aii eil HyKeH,
HpeIocTaBIseT yKasareab Ha Oydep JaHHbIX U cOO0IIaeT 0 KouudecTBe 6aiiToB. 3aTeM
yIIpaBJieHHe [IepefaeTcsl OlepaliOHHON CUCTeMe, KOTOPast BHI3bIBAET COOTBETCTBYIO-
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it apatisep. [Ipeanonosxnm, 9to gpaiiBep 3amyckaeT JUCK ¥ TPUOCTAHABINBAET CBOIO
paboTy J10 TeX 10P, I0KA He BO3HUKHET TipepbiBatue. QUeBH/IHO, YTO B CJyYae YTeHUs
JAHHBIX C IMCKa BbI3bIBAIOIAs IIporpamma Oyer 3a610KupoBata (II0CKOJIbKY JIJIs Hee
HET JIAHHBIX ). A UTO IIPOMB0I/ET B CJlydae 3alucu AaHHbIX Ha Auck? HyskHo i 610Kku-
POBATh BHI3bIBAIOIIYIO TIPOrPAMMY B OJKU/IAHUH 3aBEPIIEHNUST TIEPEHOCA JIAHHBIX HA IUCK?

Yro o3nauaer komanza trap? OObsICHUTE ee UCTIOJIb30BAHKE B OTIEPAIIMOHHBIX CHCTE-
Max.

TMouemy B crcTeMax pasjeeHnst BpeMeHn HeoOxorma Tabumia nporeccos? HyskHa
JIM OHA B OMEPAIMOHHBIX CHCTEMAX [IEPCOHATIBHBIX KOMITBIOTEPOB, PaOOTAIOIINX IO/
yrpasienrem UNIX niu Windows pu eIMHCTBEHHOM 110JIb30BaTee?

Ectb Jin kakue-mmb0 NPUUYKHBL, 10 KOTOPBIM BAM MOKET MOHAI0OUTHCS TTOIAKIIOUYUTD
(haitmoByto cucremy k HemycTomy Kartasnory? U ecam ects, To Kakne?

JIJTIst Kayk10r0 M3 CJEYIONUX CUCTEMHBIX BBI30BOB HA30BUTE YCJIOBUS, IPH KOTOPHIX
BosHuKaeT omOKa: fork, exec n unlink.

Kakoii tun mysasrunsiekcupoBanus (Bo BpeMeHH, B IPOCTPAHCTBE WJIU CPa3y ¥ B TOM
U B IPYTOM) MOKET ObITh IPUMEHEH /IS COBMECTHOIO MCIIOJb30BAHUS CJIeYIONX
pecypcos: 1111, mamaTu, aucka, ceTeBOit KapThl, IPUHTEPA, KIAaBUATYPDI 1 AUCTLICS ?

MoszkeT Ji BbI3OB
count = write(fd, buffer, nbytes);

BEPHYTH B MEPEMEHHOW count 3HadeHue, OTINIHOE OT 3Hauenus nbytes? Ecau ma, To
mouemy?

Daiiit, 1eCKPUIITOPOM KOTOPOTO SIBJISIETCS fd, COAEPIKUT CJEAYIONLYIO OC/AEI0BATE b=
Hoctb Gaiitos: 3, 1,4, 1, 5,9, 2,6, 5, 3, 5. BeiosiHsiercss ciieyomuil CiCTeMHBIN BbI30B:
lseek(fd, 3, SEEK_SET);

read(fd, &buffer, 4);

rJie BBI3OB [seek miepemeniaeT ykasaTeib Ha TpeTuil 6aiit daiina. Yro 6ymer comepraTh
6ydep, Koraa 3aBepumurcst pabora Bbizosa read?

Ipeanonosxkum, uto daiin oobemom 10 MbaiiT XpaHuTcs Ha JUCKe Ha OJHON U TOM Ke
noposxke (¢ Homepom 50) B HOCTIEIOBATETBHBIX CEKTOPaX. DJIOK TOJI0OBOK JinCKa pac-
OJIOKeH HaJt 10poskKoil ¢ HomepoM 100. CkosbKo BpeMeH! 3aiiMeT U3BJICUEHUE ITOTO
(aiina ¢ gucka? IIpeanonoxuM, 4To BpeMs IiepeMenieHns 6J0Ka TOJOBOK Ha OIMH
MUJIMHAP 3aHUMAET OK0JI0 1 Mc, a Ha MoTaiaHe 0/l TOJIOBKY TOTO CEKTOPa, C KOTOPOTO
HAYMHAETCS COXPAHEHHDIIH (haill, yXOAUT 0K0JI0 5 M. TaksKe MPEAIoNOKIM, YTO YTCHIE
OCYIIECTBIISIETCA CO cKopocThio 200 Moaiit/c.

B ueM 3aKJII09aeTCs CYIECTBEHHAS PA3HUIA MEK/LY OJIOUHBIM CIEIUaIbHBIM (hailsiom
U CUMBOJIBHBIM CIIEIIMATBHBIM (haiiiom?

B npumepe, npusesernom Ha puc. 1.17, 6ubamrorednas npoueaypa Hasbiaercs read,
U caM CUCTEeMHBII BbI30B — 7ead. Tak Jin 5T0 BaKHO, 4TOObI X UMeHa coBnagamn? Eciu
HET, TO KaKoe 13 MMEH BajkHee?

B coBpemMeHHbBIX OTePaIMOHHBIX CUCTEMAX aJIPECHOE ITPOCTPAHCTBO MIPOIIECCA OT/IEJIEHO
OT (hu3muecKoit maMaTn ManuHbl. HazoBuTe ABa mpenMyTiiecTBa TaKOW KOHCTPYKITHIH.

C TOYKM 3peHHUsl TIPOrPaMMUCTa, CUCTEMHBIN BBI30B MTOX0K Ha BBI30B JIIOOOH APyroii
6ubIMOTEYHOI TIpoleLyphl. BaskHO 1 IporpaMMICTy 3HATh, Kakas U3 GUOIMOTEUHBIX
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MpoIelyp B pe3yJbTaTe MPUBOIUAT K CUCTEMHBIM BbhI3oBaM? Eciu f1a, To Tpu Kakux
00CTOSATENBCTBAX U TIOUEMYy ?

B a6 1.2 mokasato, uto psij cucreMHbIX Bbi3oBoB UNIX He MMEIOT 9KBUBAIEHTOB
B Win32 API. KakoBel ocsiezicTBus /711 mporpammucta repesozia mporpammbl UNIX
Juist 3amycka nog Windows (17151 Kask0ro 13 BhI30BOB, IIOMEUEHHBIX KaK He UMEIOIUe
KBUBAJIEHTa)?

[TepenocuMas onepauoHHast CHCTEMA MOKET ObITh MepeHeceHa ¢ OHON CUCTEMHON
APXUTEKTYPBI Ha APYTYIO 6e3 Kaknux-s60 Moaudukanmnii. OGbsicHITE, TIOYEMY HEBO3-
MOKHO CO3/IaTh OMEPAIMOHHYIO CHCTEMY, O0JIAAIONLY IO MOJTHOH MePEeHOCUMOCTBIO.
OnuruTe jBa BEPXHUX YPOBHs, KOTOPbIe OY/IyT 3a1eiCTBOBAHBI [TPU TPOEKTUPOBAHIM
OIIEPAIIMOHHON CUCTEMBI C BBICOKOH CTENEHBIO EPEHOCUMOCTH.

O6’b$ICHI/ITe, KaK pa3/ieJIecHUE MMOJTUTUKN U MEXaHN3Ma ITOMOTra€T B CO3/laHUU Ollepalun-
OHHBIX CUCTEM, OCHOBAHHbIX Ha MUKPOAApPax.

BI/IpTyaJII)HbIe MallInHbI HpI/IO6peJH/I BBICOKYIO TTOITYJIAPHOCTD TTO PA3JIMYHBIM ITPUIMHAM.
U Tem He MeHee Y HUX UMEETCA PAL HEJOCTATKOB. Hasosure xots ObI O/IMH N3 HUX.

OTBeTbTe Ha CJIEAYIONINE BOIIPOCHI 10 TIEPEBO/LY OJHUX €IUHUIl U3MEPEHUSI B JIPYTHE:
1) CKOIBKO CEKYH/I ITUTCS HAHOTOJ?

2) MukpomeTpbl 9acTo Ha3bIBAIOT MUKpoHaMmu. KakoBa /jinHa MeraMuKpona?

3) Ckoubko 6Gaiitos comepsxutes B 1 I16aiiT mamsaTu?

4) Macca 3emmu coctasisier 6000 Vr (ifortarpaMmos). CKOIBKO 9T0 OYIeT B KHJIO-
rpamMmax?

Hanummnre 060J104Ky, IOXOKYIO Ha [IpeACcTaBIeHHyIo B iuctunre 1.1, Ho copeprkaiiyio
BCe HEOOXOAMMOE JIJIsl TOTO, 4TOOBI OHa paboTana 1 ee MOKHO ObLIO IPOTECTUPOBATS.
B Hee MOKHO Takske 0OABUTH HEKOTOPbIE SJIEMEHTBI, HAITPUMED MepEHATIPABJIEHIE
BBO/IA U BBIBOJIA, KAHAJIBI 1 (DOHOBBIE 33TaHUSL.

Eciu y Bac ects nepconanpras UNIX-niogo6nas cucrema (Linux, MINIX, FreeBSD
U T. 1), KOTOPYIO MOKHO 6e3 0c000T0 Bpejia BBECTH B 3aBUCIIIEE COCTOSIHYE U Tlepe3arpy-
3UTb, HAIIUIIKATE CIIEHAPUIL 1111 000JIOYKK, KOTOPDIi IIBITAETCS CO3/IaTh HEOTPAHUUEHHOE
YHCJIO I0YEPHUX MTPOIECCOB, 3aITyCTUTE €r0 U TIOCMOTPUTE, 4To Tipousoiijiet. [lepes 3a-
[IyCKOM 9KCIIepUMeHTa HabeprTe KOMaH/y Sync, 4T00bI COPOCUTD HA ICK COAEPIKUMOE
Oydepos (ailioBoii cucTeMbl Bo n3bekaHme ee Kpaxa.

IIpumeuanue: He TBITANTECH C/E/IATh 9TO HA CUCTEME C pa3/ieJiecHueM BpeMeHH (cHcTe-
Me KOJUIEKTHBHOTI'O 110JIb30BaHs ) 6€3 TIPeiBAPUTEIbHOTO [OJIyYeHUs PaspelieHis OT
cructeMHOTO agMuHUCTpaTtopa. [TociencTsusg mposBATCS HeMeIIEHHO, TTO3TOMY BaIlln
AefcTBUA OYIyT OTCIeKEHbl M K BaM OyIyT HPUMEHEHbI COOTBETCTBYIOIINE CAHKIIUH.

Hcenemyiite u iotibITaiirech 0GbsICHUTD COAEPKUMOE KATAJIOTOB B CHCTEMAaX CeMelcTBa
UNIX miau Windows ¢ nomotibio miporpammbt od cucrembl UNIX uiu miporpamMmbt
DEBUG MS-DOS.

Coger: c1r10co0 BBITIOJHEHNUS 3a/IaH1sI 3aBHCHUT OT TOTO, UTO TO3BOJIHUT C/IEJIATh Olepa-
IMOHHasT cucTeMa. MokeT cpaboTarh CIeAyIONast XUTPOCTh: HY5KHO CO3/[aTh KaTaJIoT
Ha USB-HakomnuTese ¢ UCIOJIb30BAHNEM OJIHOI OMEPAIMOHHON CUCTEMBI, a 3aTEM
CYMTATh UCXOJHbBIE JAMCKOBBIE JIAHHBIE, NCIIOJIB3YS JAPYTYIO ONEPAIMOHHYIO CUCTEMY,
JIOTIY CKAIOLILY O 0I00HbII JOCTYII.
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NMpouecchbl U NOTOKMU

Terepb MBI TIEpeiiieM K MOAPOOHOMY PACCMOTPEHHUIO Pa3pabOTKK ¥ yCTPOICTBA oeparim-
OHHBIX crcTeM. OCHOBHBIM TIOHSTHEM B JII000IT OTIEPAIMOHHO CHCTEME SIBJISIETCS POIIECC:
abCTpaKiyst, OMUCHIBAIOIIAST BBIMOJIHSIONIYIOCS TIPOrpaMmy. Bee ocTaibHOe 3aBUCHUT OT 9TOTO
HOHATHSI, TI0ITOMY KpaiiHe BaKHO, 4TOObI Pa3zpabOTYNKU OIIEPAIIMOHHBIX CUCTEM (a TaKKe
CTY/IEHTBI) MTOJIYYNJIH TTOJIHOE TIPE/ICTABIEHNE O KOHIIEMIIUY TIPOIlecca KaK MOKHO PaHbIIIe.

I[Ipomeccsl — 5TO OAHA U3 CaMbIX CTapLIX U HauboJIee BasKHBIX aOCTPaKLUi, IPUCYIIUX
onepannoHHoii cucreme. OHU NOALEPAKUBAIOT BO3MOKHOCTD OCYIECTBACHUS (IICEB/IO0) Ha-
paJLIeIbHbBIX OlepaInii ajke TPU HAJTUUUK BCETO OHOTO [EHTPAJIbHOTO mporeccopa. OHu
[IPEBPAIIAIOT OIUH IEHTPAIBHBIN IIPOIECCOP B HECKOJIBKO BUPTYalbHbIX. Bes abcTpakuuu
IIPOLIECCOB COBPEMEHHDBIE BHIYMCICHI IIPOCTO HE MOTYT CYIECTBOBATh. B 9TOM ri1aBe Mbl
yIIyOUMCst BO MHOTHE TOAPOOHOCTH, KaCAIOIIUECs MIPOIECCOB 1 UX OJMKANIINX POJACTBEH-
HUKOB — MOTOKOB.

2.1. NMNpoueccobl

CoBpeMeHHbBIE KOMITBIOTEPBI, KaK TIPaBUJIO, 3aHSIThI CPa3y HECKOJIBKUMH JiesiaMi. Bo3aMOskHO,
JIOJIH, TIPUBBIKIIKE K PabOTE C KOMITBIOTEPAMU, HE 10 KOHI[A OCO3HAIOT ATOT (haKT, I0ITOMY
paccmoTpuM psia mpumMepoB. Cravana npeacrasum cebe Beb-cepsep. K Hemy oToBCioLy
[IPUXOJIST 3aIIPOCHI, TPEOYIOlIKe peocTaBieHus Beb-crpanull. Korga npuxoaur 3amnpoc,
cepBep 1IPOBepPsieT, HEeT JIM HY’KHOU CTpaHuIlbl B Kale. Eci oHa Tam IpUCyTCTBYET, OH
OTTPABJISAET ATy CTPAHUILY; €CIH ee TaM HeT, OCYIIEeCTBJISETCS 3alpocC K AUCKY TS ee U3-
Breuvenns. Ho ¢ Toukm 3penus meHTpasbHOTO ITpoTieccopa 3ampoc nHbOpMaIun ¢ TUCKa
3aHIIMAET IeTYI0 BEYHOCTD. 32 BPeMSI OKUIAHUSA Pe3yIBTaTOB 3apoca NHMOPMAIINT ¢ TUCKA
MO’KeT MOCTYIUTh MHOKECTBO JAPYTUX 3anpocoB. Ecomi B cricTeMe yCTaHOBIEHO HECKOTBKO
JICKOB, TO HEKOTOPbIE U3 HOBBIX 3aITPOCOB MJIN BCE OHM MOTYT OBITH HAITPABJIEHBI Ha IPYTHE
JICKH 3a/10JITO 10 TOTO, Kak OyeT yAO0BJIeTBOPEH 1IePBblii 3arpoc. [TOHATHO, YTO HYyKeH
KaKOH-HUOYIb CTI0CO6, YTOGBI CMOIETMPOBATH ATy TMAPAJIETbHY0 PabOTY U YIIPABJSITH €.
CHupaBuUTBHCS € 9TUM TIOMOTAIOT MPOTIECCHI (M 0COOEHHO TIOTOKM ).

Temeps paccMoTpuM TepcoHAMBHBIHN KoMTibioTep. [Ipw 3amycke crcTemMBbl 3ammyckaeTcst MHO-
JKECTBO TIPOIIECCOB, O KOTOPBIX MOJIB30BATENb 3a9aCTYI0 IaXKe U He moio3peBaeT. Hampumep,
MOKET GBITH 3aTTyIIEeH MPOTIECE, OKUIAMIITNI BXOSIIEH 3IeKTPOHHON mouThl. [[pyroii 3amy-
IIIEHHBIN MTPOIECC MOKET MPUHA/TIEKATh aHTUBUPYCHON MMPOrpaMMe U TTPeTHA3HAYATHCS [T
MIEPUONYECKON TPOBEPKH JIOCTYITHOCTH OTIPE/IeJIeHIH KaKMX-HUOY b HOBBIX BUPYCOB. B j10-
MOJTHEHUE K 9TOMY MOTYT OBITh 3aITyII[EHbI TPOIECCHI, MHUIIUIPOBAHHbIE TI0JIb30BATENIEM B SIB-
HOM BHjie, — Treyath GailsioB uim coOpoc mosib3osarebekux ororpaduit Ha USB-HakommTes,
U BCe OHU PaboTaloT OHOBPEMEHHO C OPay3epoM, ¢ TIOMOIIbIO KOTOPOT'O TI0JIb30BATE b TIPO-
cMarpusaet Murepuer. Beeit a10il paboToii Hy;KHO YIIPaBJISITh, ¥ 3[1€Ch HAM 0Y€Hb TPUTOAUTCS
MHOT03a/lauHast CUCTEMa, MOJIePIKUBAIOLIast PaboTy HECKOJIbKUX IIPOIIECCOB.
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B s1060i1 MHOro3aauHoii crucreMe HeHTPAJIbHBIN MPOIECCOP ObICTPO MEPEKITI0YACTCS
MEK/y TIPOIeCCaMU, TIPEJOCTABIISAS KAKJAOMY M3 HUX JE€CATKUA WU COTHU MUJLIIUCEKYH]I.
IIpum aTOM XOTS B KaK/ABI KOHKPETHBIT MOMEHT BPeMEHU IeHTPaJbHBIN MPoIleccop pa-
GOTaeT TOJIbKO C OJHKM IPOLECCOM, B TedeHne 1 CeKyH/bl OH MOKET YCIeTh opaboTarh
C HECKOJTbKUMU U3 HUX, CO3/IaBast MITIO3UIO TTApJIIeTbHOM paboTer. VIHOTIA B 3TOM caydae
TOBOPSIT O MICEBONAPAJIIENU3Me B OTJIMUNE OT HACTOSIIETO ANMAPATHOTO TTapasijien3Ma
B MHOTOTIPOIECCOPHBIX cUcTeMaX (y KOTOPBIX UMEETCSI He MeHee JIBYX IEHTPAJIbHBIX TIPO-
I[ECCOPOB, UCTIOJB3YIONIUX OTHY U TY K€ (DU3NUECKYIO MaMsTh ). JII0sIM TOBOJIBHO TPYIHO
OTCJIEKUBATH HECKOJIBKO J€HCTBUMN, TPOUCXOSAIINX apasiesbHo. [loaToMy pa3spaboTdnku
OTIEPAIMOHHBIX CUCTEM 3a TIPOIIE/IINE TO/BI CO3/[A/IM KOHIETITYaIbHYIO MOIEIh TI0C/Ie/10Ba-
TEJIbHBIX TIPOIIECCOB, YIIPOIIAIONLYIO PAOOTY ¢ MapaJIebHBIMU BBIYMCICHUAMIE, DTa MOJIEIIb,
€e IIpuMeHeHre U HEKOTOPbIE IMOCTEACTBUA €€ IPUMEHEHNA 1 CTAaHY T TeMOﬁ Z[aHHOﬁ IJ1aBbl.

2.1.1. Mopenb npouecca

B 970i1 Mogesn Bee BBIOJHAEMOE Ha KOMIIbIOTEpE IIporpaMMHoe obecriedenne, nHOrAa
BKJTIOYAST OTIEPAIMOHHYIO CHCTEMY, CBEIEHO K PSITY MOCIeI0BaTeIbHBIX MPOLECCOB, WJIH, I
KPaTKOCTH, TPOCTO MpoIeccoB. [Iporiecc — 3TO MPOCTO 9K3EMILISP BHITTOJTHICMON TPOrpaM-
MBI, BKJIIOYAsl TEKYIIMe 3HAYeHNs] CUeTYNKA KOMaH/I, PETUCTPOB U IlepeMeHHbIX. KoHIenTy-
AJIbHO y KaX/10TO IIPoliecca ecTh CBOM, BUPTYaJIbHBIH, IeHTpasIbHbI Ipolieccop. Pasymeercs,
Ha CaMOM JieJie HaCTOSIINH IIeHTPAJIbHBIN IIPOIeCCOP MOCTOSTHHO TePeKII0UaeTCs MEXLY
[poIeccaMu, HO YTOOBI IOHITh CUCTEMY, Ky/a IIPOIIe AyMaTh 0 Habope MpoLeccoB, 3airy-
IIEHHBIX B (TICEB/0) MAPAJIIETbHOM PEXKIIME, UM MBITAThCS OTCACKUBATD, KaK I[eHTPATbHBIN
IIPOIIECCOP TIePEKIII0YaeTCI MEXKIY IIPOTpaMMaMi. JTO MTOCTOSHHOE TIePEKII0YeHIe MEKILY
mpolieccaMi, Kak MBI YSICHUJIM B TJ1aBe 1, Ha3pIBaeTCsl MYJbTUIIPOTPaAMMUPOBAHHEM, 1T
MHOr03aauHbIM PE3KUMOM PabOThI.

Ha puc. 2.1, a nokasan KomibioTep, paboTaronuii B MHOT03aJadHOM PesKUMe U MMEIOTIHiT
B aMsATH deTbipe nporpamMmbl. Ha puc. 2.1, 6 okasaHbl yeTbipe Mpolecca, Kaskablii 13
KOTOPBIX MMeeT COOCTBEHHBIN aJlrOpUTM yripaBJieHus (TO ecTh COOCTBEHHBDIN JIOTUYECKUI
CYETYNK KOMAH[[) ¥ paboTaeT HE3aBUCUMO OT BCEX OCTAIBHBIX. [TOHSITHO, 4TO Ha CAMOM JieJie
MMeeTCsT TOJBKO O/INH (PU3NYECKNIl CUeTYNK KOMaH/I, TO3TOMY IIPH 3aITyCcKe Kak/[0TO TIPO-
I[eCCa ero JIOTHYECKUH CYeTINK KOMAH]I 3arpysKaeTcsi B peaabHblil cueTank. Korma pabora
¢ mpoteccoM GyJIeT Ha HEKOTOPOE BPeMsI TIPEKPalleHa, 3HaYeHrne (GU3MIeCKOro CUeTUNKA
KOMaH/I COXPaHeTCs B IOTHIECKOM CYeTYNKe KOMaH/I, PAa3MEIaeMOM IIPOTIECCOM B MTAMSITH.
Ha puc. 2.1, 6 moKasaHo, 4TO 3a I0BOJIBHO JJIUTEJbHBII ePUoJ HAGIONCHUST TPOIBUHYIUCH
BIIEPE/L BCE TIPOIIECCHI, HO B KAKIbI OTAETbHO B3SIThIil MOMEHT BPEMEHHU PeaibHO paboTaer
TOJIBKO OJIUH IIPOIECC.

B »T10ii rnase Mbl OyseM MCXOAUTH U3 TOTO, UTO B HAIleM PaCHOPAKEHUM MMeeT-
Cs JINTITh OVH TIEHTPAJBHBIN Tpoileccop. XOTs BCe yallle TaKue TMPeANoJI0XKeHTS MPo-
TUBOPEYAT UCTUHE, MOCKOJBKY HOBBIE KPUCTAJJIBI 3a4aCTYIO SBISIOTCS MHOTOSIEP-
HBIMW, UMEIOIIUMHY JIBa, YETHIPE M OGOJIbINEE YUCTO saep. MHOTOSAEPHBIM KPUCTAIIaM
U MYJIBTUIIPOIlecCOPaM OyeT B OCHOBHOM IOCBsIIEeHA IJlaBa 8, HO cedyac HaM IPOIe
JIyMaThb, YTO B KOHKPETHbIII MOMEHT BpeMeHHU paboTaeT TOJbKO OJWH IEHTPAIbHBIN
npoitieccop. IToaTomy, korjia MBI TOBOPUM, UTO I[EHTPAJIbHBII ITPOIIeCCOp B JIEHCTBUTEb-
HOCTHU cI10COOEH B KOHKPETHbII MOMEHT BpeMeHU paboTaTh TOJIBKO ¢ OJHUM IIPOIlec-
COM, TO ecJii OH obJiaaeT ABYMs sijipaMu (MJIH 1IEHTPaIbHBIMU TIPOIECCOPAMH ), HA KaK-
JIOM M3 HUX B KOHKPETHBIII MOMEHT BPEMEHU MOXKET 3aITyCKaThCS TOJBKO OJNH TIPOIIECC.
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Puc. 2.1. KomnbioTep: @ — YeTbipe Nnporpammbl, paboTaioLime B MHOr03a4a4HoM Pexnme;
6 — KOHLLeNnTyanbHast MOAESb YeTbIpex HE3aBNCUMBIX APYr OT Apyra NocnefoBaTesibHbIX NPOLECCOB;
B — B OTAEJIbHO B35ATbl1 MOMEHT aKkTVBHA TOJIbKO OAHAa Nporpamma

[ToCcKOJIbKY HEeHTPAIbHBIN POLECCOP MEPEKII0YAETC MEKILY MPOIEccaMu, CKOPOCTb,
€ KOTOPOH IIPOLIECC BHINIOJHAET CBOM BbIUMCJIEHUs, He OY/IeT 0JIMHAKOBOII 1, CKOpPee BCEro,
He cMosKeT ObITh BHOBb [IOKa3aHa, eCJIi TOT Ke Ipoliece OyeT 3aiyiieH eiie pas. [loatomy
IIPOLECCHI HE J0JKHBI IPOIPAMMUPOBATHCS C UCIIOJAb30BAHUEM KaKUX-JIMO0 KECTKO 3a/laH-
HBIX IIPE/IION0KEHUH OTHOCUTEIbHO BPEMEHH UX BBIIIOJHEHNs. PaccMOTpUM, K IIpUMEpY,
ayIMOIPOIIECC, IPOUTPHIBAIONINI MY3bIKY /I COPOBOKAECHUS BHICOKOKAYECTBEHHOTO
BUJI€O, 3aIYIIEHHOTO Ha APYroM ycTpoiictse. [IOCKOIbKY ayo MOXKET OBITh 3aIyIIEeHO
HEMHOTO T03/[Hee BUAEO, ayAUOIPOIECC CUTHANIU3UPYET BULEOCEPBEPY O MYCKE MPO-
WUTPBIBAHUS, & 3aTEM I1epe/] IPOUTPBIBAHUEM ayHo 3amyckaeT XosmocToil ks 10 000 pas.
Eciit iukJ1 OCIysKUT Ha/Ie)KHBIM TallMEPOM, TO BCE TIPOUAET KaK HAI0, HO €CJIH JKe MPH
BBITIOJIHEHUH XOJIOCTOTO I[UKJIA TIPOIECCOP PEIIUT MEPEKIIOUYNTHCS Ha APYToil MpoIiecc,
ayIMOIPOIIECC MOKET BO30OHOBUTBCS, KOT/IA COOTBETCTBYIONIUE KAAPBI ysKe OyAyT 10-
Kas3aHbl, U, K COKAJIEHUIO, CUHXPOHM3AIUs BUAEO U ayauo Oyner coura. Koraa y nporecca
€CTh TOAZO0OHbBIE KPUTHYHBIE /I €70 paboThl TPeOOBaHMs, KaCAIONIMECS PEATHHOTO Mac-
mraba BpeMeHH, TO Yepes OIPeAeIeHHOE KOJNUECTBO MUJLIMCEKY ]| Q0ACHbL IPOUCXOAUTD
KOHKPETHbIE COOBITUS, M /LIS TOIO YTOOBI OHUM MPOUSOLLIM, A0JKHBI ObITh IPEANPUHSATHI
creranbibie Mepbl. Ho, kak mpaBuio, Ha GOJIBIIMHCTBO MPOLECCOB HE BAUAIOT HI yCTa-
HOBJIEHHBIH PEKUM MHOI03aJa4HOCTH LEHTPAJIbHOTO IIPOLECCOPa, HIM OTHOCUTENbHbIE
CKOPOCTH BBITIOJIHEHUS PA3JIUYHBIX [TPOLECCOB.

Pasnnia Mesxay mpoiieccoM 1 IporpaMMoil J0BOJILHO TOHKAs, HO BECbMa CyIeCTBEHHASI.
3iech HaM, HaBEPHOE, TOMOKET KaKasi-HUOYib aHanorust. [IpeacraBum cebe mporpaMMHuCTa,
PEIIMBIIETro 3aHATHCS KyJIWMHAPUEH 1 MCIIeub MUPOT Ha JIeHb POSKIAEHUS 104epH. Y Hero ecTb
PElLeTT TMPOora, a Ha KyXHe eCTh BCe MHTPEe/IMeHThI: MyKa, SIii11a, caXap, BAHWJIbHBIN 9KCTPAKT
1 T. 1. B 1aHHOIT aHAIOTHH perenT — 3To MporpamMma (TO eCTh aJTOPUTM, BIPAKEHHBII B He-
KOUl y1o6HOI (hopMe 3arucu ), IPOrpaMMUCT — 9TO IEHTPAIBHBIN TIPOLIECCOP, & HHIPEAUEHTDI
npora — 3To BXojiHble jannble. I[Tporece — aTo peiicTBus, cocTodIne U3 YTEHUS pellerrta
HAIINM KyJIMHAPOM, BBIOOPA HHIPEAUEHTOB 1 BBIIIEYKH TUPOTa.

Termepb MpesCcTaBUM, YTO Ha KYXHIO BOETAET CHIH TIPOTPAMMUCTA U KPHUUT, UTO €70 YKAIUIa
myena. [IporpaMMucT 3amuchIBaeT, Ha KAKOM MeCTe PelleniTa OH OCTAHOBUJICS (COXPaHIETCs
COCTOSTHME TEKYIIeTo 1Ipoliecca), J0CTaeT KHUTY COBETOB 110 OKa3aHUIO ITePBOI MOMOIIN
U TIPUCTYTAET K BBITIOJHEHUIO U3JIOKEHHBIX B Hell mHCTPYKIwii. [lepen namu mporieccop,
HepeKJII0YEHHbII ¢ OZIHOTO TIpoliecca (BbINEYKN ) Ha APYTOU TIPOIIeCce, UMEoIuil GoJiee Bbi-
COKYIO CTelleHb ITpruopuTeTa (OKazaHue MeUIIMHCKON TTIOMOIIIN ), U Y KaXKI0TO U3 TIPOIIECCOB
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€CTh CBO4 ITporpamma (perienT MPoTHUB CIIPABOYHNKA M0 OKa3aHUIo nepBoii momorin). [Toce
M3BJICYCHNS [TYETNHOTO JKajla IPOTPAMMUCT BO3BPAIIACTCA K MIIPOTY, IIPOIOJIKAS BBITIOTHATD
JEHCTBHSA € TOTO MeCTa, Ha KOTOPOM OCTAaHOBHJICS.

Kinouesas nzes 371eChb B TOM, 4TO MPOLECC — HTO CBOETO Poja AeiCTBHA. Y HEro ecThb mpo-
FpaMMa, BXO/IHbIC€ 1 BBIXO/ZHbIC JTaHHbIC 1 COCTOAHUE. OI[I/IH HpOHeCCOp MOJXET COBMECTHO
HCIIOJIb30BATHCA HECKOJbKUMU TIPOIECCAMU B COOTBETCTBUH C HEKUM aJITOPUTMOM ILJIaHU-
POBaHMsI, KOTOPBIIA NCIIOIB3YETCS AJIsT OTIPEAEIEHH S TOTO, KOTa OCTAHOBUTD OMH IPOIIECC
1 06CITyKUTh APyToii. B oT/mmame ot mpomnecca mporpaMMa MOKET ObITh COXpaHeHa Ha JIICKe
1 BOOOIIe HUUEro He /1eJIaTh.

CTOUT OTMETHUTb, YTO €CJIU TIPOTPAMMA 3AITYIIeHA [BAK/IBI, TO CYUTAETCS, YTO €10 3aHSIThI JBA
nporiecca. Harpumep, 3a4acTyio BO3MOKHO JIBaXK/Ibl 3a1TyCTUTh TEKCTOBBIN ITPOIECCOP MU
OJIHOBPEMEHHO paciieyarath jiBa aiijia, eciv OJJHOBPEMEHHO JOCTYIHBI /1B IpUHTEpa. ToT
(axr, 4To /Ba paboTAIONIMX IPOLIECCa 3allyeHbl OT OJHOM U TOII JKe IPOrpaMMbl, BO BHUMA-
HUe He MPUHUMAETCST, TOCKOJIbKY 9TO J[BA Pa3HbIX Mpoiiecca. OnepariioHHas CHCTeMa MOXKET
HO3BOJIMTH UM MCIOJIb30BaTh 00U KOJI, T09TOMY B aMsATH OYET IPUCYTCTBOBATDH TOJBKO
O/THA KOIIUST 9TOTO KOJIA, HO 3TO YUCTO TEXHUYECKAsT JIETAJIb, HE MEHSTIONIAs] KOHIIENTYATbHYIO
CHUTYAIMIO, KACAIOILYIOCS ABYX PabOTAIONIMX IIPOLIECCOB.

2.1.2. Co3paHune npouecca

OrnepalmoHHBIM cUCTEMaM HeOOXOIUM KaKOi-HuOy b crocob A CO3/aHus MPOIECCOB.
B caMbIX TIPOCTBIX cHCTEMax WU B CUCTEMaX, CKOHCTPYUPOBAHHBIX JIJIsT 3aITyCKa TOJbKO
OJIHOTO TIPUJIOKEeHUS (HATTPUMED, B KOHTPOJIJIEPE MUKPOBOJHOBOM 11€4N ), TIOSIBJISIETCS BO3-
MOKHOCTD TIPUCYTCTBUS aOCOMIOTHO BCeX HEOOXOAUMBIX MIPOLIECCOB MPH BBOJAE CUCTEMbI
B neiicTBre. Ho B yHUBEPCAJIbHBIX CUCTEMAaX HYKHbI OlIpeeseHHble CIIOCOObI CO3aHM
U IIPEKpPaIeHus] IPOLIECCOB M0 Mepe He0OX0AUMOCTH.

Cy1ecTBYIOT 4eThIPE OCHOBHBIX COOBITHUSI, IPUBOAAIINX K CO3IAHIIO IIPOIECCOB.
1. MEummanu3aims cucTeMbl.

2. BbinosiHeHue paboTaIONIMM TIPOIIECCOM CHCTEMHOTO BbI30Ba, PEAHAZHAYEHHOTO JJIsk
CO3IaHMS TpoIecca.

3anpoc IIOJIb30BaTeJIA Ha CO3/JlaHre HOBOTO ITpoIecca.
Vanmuaims nakeTHOro 3a1aHus.

[Tpu 3amycke onepanroHHO CHCTEMbI CO3/IAI0TCS, KaK MMPABUJIO, HECKOJIBKO MPOIECCOB.
Hexkoropble U3 HUX NPEACTABISAIOT COGO0I BHICOKOIIPUOPUTETHBIE IIPOIIECCHI, TO €CTh IIPO-
[ECCHI, B3AMMO/IEHCTBYIOIINE C MT0JIb30BATEJISIMU U BBITIOJTHSIOTUE JIJIS HUX OTIPe/IeIeHHYI0
paboty. OcrajibHbie SBISIOTCA GOHOBLIMU [IPOIECCAMH, HE CBA3AHHBIMU ¢ KOHKPETHBIMU
[OJIb30BATESIMY, HO BBIMOJHIAIOMMME psifl ciieiindudeckux dyukiuii. Hanpumep, do-
HOBBII TIPOIECC, KOTOPBII MOKeT ObITh CO3/IaH I IPUeMa BXOAAIINX COOOIIEeHIIT dIeK-
TPOHHOM MTOYThI, OCHOBHYIO YaCTh BPEMEHU ITPOBOJIUT B CIISIIIEM PEKUME, AKTUBU3UPYSICH
TOJIBKO TI0 Mepe HosiBJieHust nuceM. [[pyroit GoHOBBIIT Ipoiiece, KOTOPbIil MOKET ObITh
CO3[aH [IJisI IPUEMa BXOSIIUX 3alIPOCOB Ha BeO-CTPAHUIIBI, pa3MellleHHble Ha MaIINHE,
[IPOCBINIAETCS IPU MOCTYIIEHUH 3aIIPOCa C 1eJIblo ero obcayskuBanust. DoHoBbIe TpoIec-
ChI, IPeIHa3HaYeHHbIE /1T 00pabOTKU KaKoii-1ub0 aKTUBHOI 1eaTeIbHOCTH, CBSI3aHHOI,
HATIPUMep, C dJEKTPOHHOM MOYTOI, BeO-CTpaHUIIaMU, HOBOCTSIMHU, BBIBOAOM MH(DOPMAIUN
Ha 1eyaTh U T. J., HasbiBatoTcsa geMoHaMu. OObIYHO y OOJIBUIMX CUCTEM HACUUTHIBAIOTCS
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necsitku eMoHoB. B UNIX! st oTroOpaskeHust CIMCKa 3aIyIeHHBIX TIPOIIECCOB MOKET
OBITH MCITOIb30BaHa porpamMmMa ps. B Windows i 9Tol 11e1m MOKET MCIoNb30BaThCa
JACIIeTYep 3a1ad.

Bro6aBok K 1polieccam, CO3laHHbIM BO BPEMSl 3aTPY3KH, HOBBIE IIPOLECCHI MOTYT ObITh CO3-
JIaHbI 1 11ocsie Hee. YacTo ObIBaeT Tak, 4To paboTAIONIHIT IIPOIECC OCYIIECTBISIET CUCTEMHBbII
BBI30B JIJIS1 CO3[IaHUs OJHOTO MU GoJiee HOBBIX BCIIOMOraTeNbHbIX Iponeccos. Cospanue
HOBBIX [TPOIECCOB OCOOEHHO TIOJIE3HO, KOT/IA BBINOJIHAEMast Pab0Ta MOKET ObITh JIETKO BbI-
pakeHa B IIOHATUAX HECKOJIbKUX CBA3AHHBIX JIPYT € APYTOM, HO B OCTAJIbHOM HE3aBUCHMbBIX
APYT OT Apyra B3auMOJAeiicTBYONX 1poleccoB. Hanpumep, eciii 13 cetu BbIOUpaeTcs
6OoJIbIION 00beM JAHHBIX IS MOCIeAyIonell 06paboTK, HaBepHoe, OyaeT yaA00HO co31aTh
OJIMH TIPOIIECC /ISt BBIOOPKY JaHHBIX U [IOMelleHns uX B o01muii 6ydep, 4toObl B TO ke ca-
MOE BpeMsI BTOPO# 1Ipo1iecce 3a01pasl 51eMEHTbI JAHHBIX U IIPOBOANI UX 00paboTKy. Taksxke
MOKHO YCKOPUTD BBIIOJIHEHUE PAOOTBI, €CJIM Ha MHOTOIIPOIECCOPHOI cCTEME Pa3pelnTh
Kask0My Ipoleccy paboTaTh Ha Pa3HbIX HEHTPAIbHbIX IPOLECCOPAX.

B nHTepakTUBHBIX cHICTeMax TOIb30BATETN MOTYT 3aITyCTUTD IIPOTPAMMY BBOZIOM KOMAaH/IBI
WJIY eJYKOM (IBOMHBIM HIETYKOM ) Ha 3HauKe. JI100oe u3 9Tux JedcTBIi 1aeT Hauaao HOBO-
MY TIPOTIECCY W 3aMMyCKaeT B HEM BBIOPAHHYIO TIporpaMMy. B OCHOBaHHBIX Ha TIPUMEHEHNUN
rkomau UNIX-cucremax ¢ paborarotieii X-060109K0N HOBBIN MPOIECC MOMYUAET OKHO,
B KoTopoM oH Obut 3amyiier. [Tpu 3amycke B Microsoft Windows mpoiiecc e numeer okHa,
HO OH MOJKET CO3/IaTh OJIHO MJIM HECKOJIBKO OKOH, U B OOJIBITMHCTBE CIYYAEB TaK W MPOKC-
xoauT. B 06enx cucreMax 1mosib30BaTe M MOIYT OJHOBPEMEHHO OTKPBITh HECKOJIBKO OKOH,
B KayK/JIOM U3 KOTOPBIX 3allyllleH KaKoW-HuOY b poiiecc. VICIomb3yst MblIlilb, IOJb30BaTEb
MOJKET BBIOPaTh OKHO M B3aMMO/IEIICTBOBATH C IIPOIECCOM, HATIPUMED, ECJIU TT0TpedyeTCs,
BBOJIUTD JIaHHbIE.

[Tocentee cobbITHE, TPUBOJSIIEE K CO3AHUIO MTPOIIECCa, TIPUMEHUMO TOJBKO K CHCTEMaM
MaKeTHOI 06pabOTKY JaHHBIX, UMEIOIINMCS Ha GOJIBIINX YHUBEPCANbHBIX MatnHax. [Tpe-
cTaBbTe cebe ylpaBJieHune 3aracamMmy TOBapOB B KOHIIE pabouero JHs B CETH MarasuHoB. 371ech
TOJIb30BATEIN MOTYT OTIIPABJISITH CUCTEME TTaKeTHbBIE 3a1aHust (BO3MOKHO, C TIOMOIIIBIO y/ia-
JieHHOTO siocTyra). Kora onepaiinonnas crcreMa peliaeT, 4To y Hee J0CTaTOUuHO PECYPCOB
JUJTS1 31Ty CKA ellle O/[HOTO 33/[aHNsl, OHA CO3/IaeT HOBbII ITPOIIECC U 3AITyCKAET HOBOE 3a/[aH1e
13 IMeToTelicsl y Hee ouepeIn BXOASIINX 3aIaHITH.

C TeXHUYeCKO# TOUKH 3PEHHsI BO BCEX ATUX CJIy4YasiX HOBBIi TIPOIIECC CO3/IA€TCS 32 CUET yrKe
CYIIECTBYIOIIETO TIPOIIECCA, KOTOPBI BBIITOIHSIET CUCTEMHBIN BbI30B, IIPEAHA3HAUEHHBIN 11T
CO3/IaHKs [IpoLiecca. DTUM IPOILECCOM MOKET ObITh PAOOTAIONIIII T0JIb30BATEIbCKUI 1TPO-
1[eCC, CUCTEMHBII TIPOIIECC, BHIBBAHHBIN COOBITUSAMU KJIABUATYPbI W MBIIIH, UJIK TIPOIECC
yIPaBJIEHWS MAKeTHBIMU 33/[aHusAMU. JlaHHbBII [TPOIECC OCYIIECTBIISIET CUCTEMHBII BbI30B
JUUTSL CO3IaHNSI HOBOTO TIpoIecca. ITOT CUCTEMHBIN BBI30B MPETICHIBAET OMTePAITMOHHON
CUCTEME CO3/IaTh HOBBII MPOIECC U TIPSIMO MJIM KOCBEHHO YKA3bIBAET, KAKYIO MIPOrPAMMY
B HEM 3aITyCTUTh.

B UNIX cymecTByeT TOJIBKO OUH CUCTEMHBIN BBI30OB [JI CO3/IaHNUs HOBOTO TIpoliecca —
Jork. DTOT BBI30B CO3/Ia€T TOUHYIO KOIMIO BBI3BIBAIOIIETO Mpoiiecca. TTocse BbITOMHEH ST
CHCTEMHOTO BbI30Ba fork [Ba MPOIECCa, POMUTENbCKII 1 JOYEPHUIL, UMEIOT eIMHBIN 00pa3

! B atoii tmaBe nogx UNIX caenyer mospasyMeBarh MPAaKTUIECKN BCE CUCTEMBI, OCHOBAHHBIE Ha
POSIX, sxmovas Linux, FreeBSD, OS X, Solaris u T. 1., 1, 32 HEKOTOPBIM MCKJIIOYEHUEM, TAK/KE
Android n i0S.
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MaMATH, eIMHbIE CTPOKHM ONMMCAHNS KOHMUTYpAIINN U OHU U T€ K€ OTKPBITbIE (PallIbl.
U 6osbiie Huuero. OGBIYHO TIOCHE 9TOTO TOUEPHUIT TIPoIlece U3MeHsIeT 06pas MaMsTu
U 3aIlyCKaeT HOBYIO IIPOTPaMMYy, BBITIOJIHAS CUCTEMHBIN BBI30B execve WU eMy TOHOOHDII.
Hanpumep, korza 1mosib3oBaTeib HabupaeT B 060J0UKe KOMaH/Ly sort, 000J104Ka CO3/1aeT OT-
BETBJISIIOLINIICS TOYEPHUT TIPOLIECC, B KOTOPOM U BBINOJIHAETCsT KOMaHia sort. CMbICI HTOro
IBYXCTYIIEHYATOTO IPOIIECCa 3aKII0YaeTCs B TOM, YTOOBI IO3BOJIUTD JOYEPHEMY IIPOLIECCY
YIIPABJATD €70 (haiiJIOBBIMU IECKPUIITOPAMHE MOCJIE PA3BETBJIEHNS, HO TEPE]] BHITOJTHEHNEM
execve ¢ 11eJIbI0 BBINOJTHEHNST [IepeHaIPaBJIeHKsT CTAHAAPTHOTO BBOJIA, CTAHIAPTHOTO BBIBOJA
U CTaHZAPTHOTO BHIBOJA COOOIIEHHI 00 OIMMOKaX.

B Windows Bce mpoucXoAuT WHave: OAHUM Bbi3oBoM GyHKInu Win32 CreateProcess
CO3/1aeTCsI MPOIIECC, U B HETO 3arPysKaeTcst HyKHast IporpaMma. ¥ 9TOro Bbi30Ba UMEETCs
10 mapameTpoB, BKJIOYAS BBHIMOJHAEMYIO IIPOTPAMMY, TTapaMeTPhl KOMaHHOW CTPOKHU
JUIsI 9TOW MPOrPaMMBbl, Pa3JIMYHbIE TTapaMeTpPbl 6€30MaCHOCTH, OUTHI, YIIPABJSIONINE Ha-
celoBaHueM OTKPBITHIX (DailioB, nuHhOpMaIMIO O PUOPUTETAX, ClielnpUKAIIUIO0 OKHA,
€03/1aBaeMOro JiJis mporiecca (ecjiu OHO UCIIOJIb3YeTCsI ), U yKa3aTesb Ha CTPYKTYPY, B KOTO-
POl BbI3bIBaIOLIEH porpaMme OyieT Bo3BpalieHa HH(GOPMAIKst O TOJBKO 4TO CO3JaHHOM
nporiecce. B nomomaenne xk pyuknuu CreateProcess B Win32 nmeetcst okono 100 npyrux
ymHkimii 7151 yripaBaeHust mporeccaMmy U nX CHHXPOHU3AIMH, & TAKKE BbIIIOJHEHUST BCETO,
YTO C HTUM CBSI3aHO.

B o6enx cucremax, UNIX u Windows, mocjie cozmanust mpoiecca poaguTe bCKuii U 1ouep-
HUIT TIpoIecchl 00J1IaI0T CBOMME COOCTBEHHBIMU, OT/EBHBIMU aJ[PECHBIME TIPOCTPAHCTBA-
mu. Ecin kakoit-HuOy b poliece M3MEHSIET CJIOBO B CBOEM aPECHOM [TPOCTPAHCTBE, APYTHM
npotieccaM atu u3mMenenus He BuaHbl. B UNIX nmepBonauaibHoe cCOCTOSTHIE aipecHOTO TIPO-
CTPAHCTBA JIOYEPHETO TIPOIIECCA SIBJISIETCS] KONUell a[peCHOTO MTPOCTPAHCTBA POIUTENBCKOTO
1polecca, Ho 9T0 aOCOMIOTHO Pa3HbIe aJlpecHbIe IPOCTPAHCTBA — Y HUX HET 00IIel aMsTH,
JOCTYTTHOM /7151 3annch qanHbix. Hekotopeie peanmzannm UNIX genar Mmexxmay mporeccamu
TEKCT IPOrpaMMbl 6e3 BO3MOKHOCTHU ero Moudukanuu. Kpome Toro, 104epHuii mpoiecc
MOJKET COBMECTHO HCIIOJIb30BATD BCIO MAMSIThH POIUTENHCKOTO TIPOIIECCA, HO €CJIH TTAMSITh CO-
BMECTHO MICTIONIb3YETCS B PesKUMe KOTIMPOBAHUS IIPH 3aITcH (COPY On Write), 3TO 03HAYAET,
YTO TIPH KAKIOH TTOTIBITKE JIF0OOTO U3 TIPOIECCOB MOANDUIIMPOBATH YACTh ITAMSITH 9Ta 4acTh
CHayaJla SBHBIM 06Pa30M KOIKMPYETCs, YTOObI TapaHTHPOBATh MOAMMDUKALIMIO TOJLKO B 3a-
KpbITOii 06s1acTh maMsatu. CieyeT TakskKe 3aMETUTb, YTO AMSTh, UCIIOJIb3yeMasi B PEKUME
3aI1CH, COBMECTHOMY MCIIOJIb30BAHUIO HE TIO/IJIE)KUT.

Tem He MeHee BHOBb CO3/IaHHBII MTPOIECC MOKET JIEJTUTh CO CBOUM CO3/IATEJIEM YACTb JIPYTUX
pecypcoB, HanpuMep OTKpbIThie (aitibl. B Windows aapecHbie pocTpaHcTBa POAUTENBCKOTO
U JI0YEPHETO TIPOIIECCOB PA3JINYAIOTCS C CAMOTO HAYAJIA.

2.1.3. SaBepLieHue npouecca

ITocJie co3manust potiece HayMHAET PabOTATh U BBIOJIHSIET CBOIO 3a1a4y. Ho HuYTO He 1uT-
Cs1 BEUHO, JIaske MPOTIeCChl. PaHO WM TTO3IHO HOBBIE MPOIIECCHI OYYT 3aBePIIeHbI, 0OBIYHO
B CHJIY CJIEAYIONIIX 00CTOSITETHCTB:

4 006BIYHOTO BBIXO/Ia (JI0OPOBOJBHO);
BBIXOJIa TP BO3HUKHOBEHNU OMMUOKK (7100POBOJIBHO);

BO3HUKHOBEHM (paTtajbHON OMUOKY (IPUHYIUTETHHO);

+ 4+

YHUUTOKEHUS IPYTUM TIPOIieccoM (TIPUHYIUTENBHO).
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BoJibIIMHCTBO [POIECCOB 3aBEPIIAIOTCS 110 OKOHYaHUU cBOel paGoThl. Korma KoMIuisTop
OTKOMITMJIMPYET 3aJaHHYI0 MY [IPOrPaMMy, OH OCYIIECTBJISIET CUCTEMHBII BBI30B, COO0IIA-
01U OTIEPAIMOHHON CUCTEME O 3aBEPIIEHNN CBOEN PaboThL. ITUM BbI3oBoM B UNIX s1B-
nsgerca exit, a B Windows — ExitProcess. IIporpammel, paboTaonie ¢ 9KpaHoOM, TaKkKe
HOAAEPKUBAIOT JOOGPOBOJIbHOE 3aBepiieHie. TeKCTOBbIE IIPOIECCOPbI, UHTEPHET-Opay3epbl
U QaHAJIOTHYHBIE TIPOTPAMMbI BCET/Ia COJIEPKAT 3HAYOK UJTH MYHKT MEHIO, HA KOTOPOM TI0JTh-
30BaTe/ib MOKET LIEJIKHYTh, YTOObI IPUKA3aTh IPOLECCY YAAIUTh BCe BpeMEHHbIe (haiijibl,
KOTOPbIE UM OBLITM OTKPHITHI, U 3aBEPIITUTH CBOIO PaboOTY.

Bropast npuuunna 3asepiienus — obHapysKeHue rnpoieccoM daranbHoi omubku. Hapumep,
€CJIM TI0JIb30BaTe b HabepeT KOMaH/Ly

cc foo.c

C 1EJIbI0 KOMITUJISIIIAY TIporpamMMbl foo.c, a daiia ¢ Takum umerem He GyieT, To IPOU30uaeT
pocToe 00bsIBJIeHUE O HATMYUHU JAaHHOTO (haKTa U BBIXO/ U3 KOMITUIATOPa. BbIxoaa 13 nH-
TEPAKTUBHBIX, UCTIOJIB3YIONUX IKPAH IPOIECCOB TIPU 33/[aHIH UM HeBEPHBIX TTapaMeTPOB
00bIYHO HE TIPOMCXOANT. BMECTO 9TOT0 MOSABJISETCS AUAJIOTOBOE OKHO ¢ IPOCH00ii 0 TIOBTOP-
HOI1 TIOTIBITKE BBOJIA TAPAMETPOB.

Tperbsa npuunHa 3aBepiieHnst — OMMOKa, BhI3BAHHASL CAMUM IIPOIIECCOM, Yallle BCErO
cBsi3aHHas ¢ omMOKON B porpamMme. B kauecTse nprMepoB MOKHO NIPUBECTH HEBEPHYIO
MHCTPYKIIUIO, CChIJIKY Ha HECYIIECTBYIONINI a/[pec aMsTH WJIU JieJieHne Ha HyJb. B He-
KOTOPBIX crcteMax (Hampumep, UNIX) mpotiece MOKET COOBIINTD OTIEPATTMOHHON CHCTEME
0 cBOeM HaMepeHuu 06paboTaTh KOHKPETHbIE OMNOKKM CAMOCTOATENBHO, B TAKOM CJIyYae,
KOTJIa BCTPEYAETCST O/THA M3 TAaKMX ONMTHOOK, TPOTIECC MTOMydYaeT cCUTHa (TTpephiBaeTcs), a He
3aBEPIIACTCS.

YersepTast IPUYMHA, U3-32 KOTOPOI TIPOIIECC MOKET ObITh 3aBEpIlieH, — 3TO BbINIOJHEHHE
MIPOIECCOM CUCTEMHOIO BbI30Ba, MPUKA3BIBAIOIIETO OIEPAIMOHHON CUCTEME 3aBEPIIUTD
Hexoropbie apyrue npoieccol. B UNIX atoT BbI30B Hasbiaerca kill. CoorBeTcTBYIOIAsA
dbynarmms Win32 wassiBaercst TerminateProcess. B 060ux cyuasix y mporiecca, BhI3bIBAOIIETO
3aBepIIEHNE, IOJKHBI OBITh Ha 5TO COOTBETCTBYIOIINE MOJTHOMOYNsT. B HEKOTOPBIX cHcTeMax
pH 10OPOBOJIBHOM WJIH TIPUHYANTETBHOM 3aBEPIIIEHUHN TIPOIECCa TYT JKe 3aBEPIIAOTCsT U BCe
cosnannbie uM rporiecchl. Ho Hu UNIX, #r Windows Tak He fe/aor.

2.1.4. Uepapxum npoueccos

B HexoTopbIx cucTeMax, Kora mpolece MOpoXKAaeT APYTOH MpoTiece, POMUTEIbCKIH 1 10-
YepHUIA IIPOILECCHI IPOAOJIKAIOT OCTABATLCA ONPEAETEHHBIM 06Pa3OM CBI3aHHBIMU APYT
¢ gpyroM. /louepHuUil iporiece MOKET M caM CO3/IaTh KaKne-HUOY /b TIPoIecchl, GopMupyst
nepapxuio rporeccoB. Cienyer 3aMeTHUTh, YTO, B OTJNYNE OT PACTEHUN U KUBOTHBIX, MC-
TOJIB3YIONINX TTOJIOBYIO PENPOYKIINIO, Y TIPOIIECCa €CTh TOJIBKO OJIMH POANTENH (HO HYJIb,
o/vH, Ba i 6ostee gereit). CireoBaTeIbHO, TIPOIIece OOJIbIIE OX0XK Ha THIPY, 4eM, CKa-
JKEM, Ha KOPOBY.

B UNIX mporiecc, Bce ero govepHue mpoieccs u 6oJiee OTaaleHHbIe TIOTOMKY 00pa3yioT
rpyuiy mpoueccos. Koraa nosb3oBartesib OTIPABJIACT CUTHAT € KJIaBUATYPLL, TOT ZOCTUTaeT
BCEX YYaCTHUKOB 3TOH IPYIIIIBI TPOIIECCOB, CBA3aHHBIX HA TOT MOMEHT BPEMEHH € KJIaBUaTY-
poii (0OBIYHO ITO BCE AEHCTBYIONINE TPOTIECCHI, KOTOPBIE OBLIN CO3/IAHBI B TEKYIIIEM OKHE).
Kaiplii poriecc 1o oT/1eJIbHOCTH MOKET 3aXBATUTh CUTHAJI, ITHOPUPOBATH €TI0 I COBEp-
HIUTH AEUCTBUE [0 YMOJYAHUIO, KOTOPOE JOJIKHO OBITh YHUYTOKEHO CUTHATIOM.
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B kavecTBe pyroro npumMepa, MOSICHSIONIETO Ty KJIIOUEBYIO POJIb, KOTOPYIO UTPAeT uepap-
XM TIPOIIECCOB, aBaiite paceMorpuM, kak UNIX uHHIIManusupyer camy cebs Ipu 3amycke
cpasy e I0cJie HadaJbHOM 3arpy3Kku KoMIbloTepa. B 3arpysouroM o6pase NpUCYTCTBYET
CIenMaabHbIN MPOIece, Ha3biBaeMbIll init. B Hauame cBoeil paboThl OH cunThiBaeT (aii,
COOBIIAOIIUI 0 KOJIMYECTBE TEPMUHAJIOB. 3aTeM OH PA3BETBJISAETCS, TIOPOIKIAS 10 OHOMY
Hpoleccy Ha KasK bl TePMUHAIL. DTH IIPOLECCHI KAYT, II0Ka KTO-HUOY/Ib HE 3aperuCcTpupy-
eTcs B cucreMe. Ecii perrcrpaiiusi IpoOXo/IUT YCIIENTHO, TIPOIECC PETUCTPAINN TIOPOK/IAeT
060JI0YKY JUIsI TPHEMa KOMaHA. DTU KOMaH/bl MOTYT [OPOAUTH JAPYTUE IPOLECCH U T. JI.
Takum 00paszoM, Bce IMPOLECCH BO BCEH crcTeMe MPUHAIEKAT eANHOMY AEPEBY, B KOPHE
KOTOPOTO HAXOJIUTCS TIPOIIECC init.

B orsmmune ot aToro B Windows He CyIecTByeT NOHATUA HepapXuu POLECCOB, U BCe MPo-
I[eCCHI ABJAIOTCS PABHO3HAYHBIMU. EMMHCTBEHHBIM HAMEKOM Ha MEPAPXUIO TPOIECCOB
MO’KHO CUMTATh IIPUCBOCHUE POJIUTEIBCKOMY ITPOIIECCY, CO3/1al0lIeMy HOBBIH Ipoliecc, clie-
IUAJBLHOTO MapKepa (Ha3bIBAEMOTO IECKPHIITOPOM ), KOTOPBIN MOKET UM MCIIOIb30BATHCS
JUISL yIIpaBJIeHust JodepHuM rpoiteccom. Ho oH MoskeT ¢cBOGOIHO HepeaBaTh 9TOT MapKep
KakoMy-HUOYIb IPYTOMY TIPOIIECCY, HapyIuasi TeM caMbiM repapxuio. A B UNIX mporecch
He MOTYT JIUIIAThCS HACJIEJACTBEHHON CBSA3U CO CBOUMHU JOUEPHUMU TTPOIECCAMT.

2.1.5. CocTOoSiHMSA NpoOL,ECCOB

HecMoTpst Ha caMOCTOSITEHHOCTD KasK0TO MPOIECca, Halnune COGCTBEHHOTO CUeTYNKA
KOMaH/[ 1 BHYTPEHHETO COCTOSTHUSI, IPOIECCAM 3a4acTyI0 HEOOXOIMMO B3aMO/IEHCTBOBATD
¢ ipyrumu rporeccamu. OJIMH TIPOIIECC MOJKET T€HePUPOBATD BBIXOIHYIO HH(MOPMAIIHIO, 1C-
HOJIB3YEMYIO IPYTHMHU ITPOIECCAMU B KA4eCTBe BXOAHOM nHbopMarmu. B komare 000109Kkn

cat chapterl chapter2 chapter3 | grep tree

HEePBBIH MPOIIECE, 3aMyCKAIONMH [IPOrpaMMy cat, OObeIMHSET U BBIIAET Ha BHIXO/E CONCPIKI-
Moe Tpex (aiisioB. BTopoii mpotiece, 3amyckaronuii mporpaMmy grep, BBIOUpaeT Bce CTPOKH,
B KOTOPBIX COJEPIKUTCS CIOBO «trees. B 3aBUCUMOCTU OT OTHOCUTENBHOIN CKOPOCTU ATUX
JIBYX TIpO11eccoB (KOTOpas 3aBUCHUT OT JIBYX (haKTOPOB: OTHOCUTETHLHOU CJIOKHOCTH MTPOTPaMM
U KOJINYECTBA BBIJIEJISIEMOT0 KayKIOMY U3 HUX BpeMeHH PabOThI IIEHTPATBLHOTO HPOIECCOPA)
MOJKET TIOJIYYHMThCS TaK, 4TO IIPOrpaMma grep rorosa K pabore, HO OKMIAIONINE €€ BXOLHbIE
JlaHHble OTCYTCTBYIOT. Tor/ia OHa J10JIKHA G6JI0KUPOBATLCSE [0 TTOCTYILIEHUS BXOAHbIX JIAHHBIX.

I[Tporecc 60KKUPYETCs M3-3a TOTO, YTO, 10 JIOTHKE, OH He MOJKET MIPOA0JIKATHCS, KaK Ipa-
BUJIO, TIOTOMY UTO OKU/IA€T HEJOCTYIIHBIX B HACTOSIIIMI MOMEHT BXOIHBIX AaHHBIX. MOKeT
CJIYUUTHCS ¥ TaK, YTO OCTAHABJIUBAETCS TOT TIPOIECC, KOTOPBIH B IPUHITUIIE TOTOB K paboTe
U MOZKeT ObITb 3allyIleH, a IPUYMHA KPOETCS B TOM, YTO OllepallMOHHast CUCTeMa Pellia Ha
HEKOTOPOE BPeMsI BBIJIEJUTH IIEHTPATBHBII TIPOIIECCOP IPYTOMY TIPOIeccy. TH JIBA YCIOBHS
TMIOJTHOCTBIO OTJIMYAIOTCST JIPYT OT ApyTa. B repBoM cirydyae mprocTaHOBKA MOPOK/IeHA KaKOi-
HUOY b 1pobieMoit (Bbl He MosKeTe 06paboTaTh MOJb30BATENbCKYIO KOMAHIHYIO CTPOKY,
HoKa oHa He OyJieT BBejieHa). Bo BropoM ciiyuae Ha 1epBblil [J1aH BBICTYIIAET TEXHIYECKast
CTOpOHA Bompoca (He XBaTaeT IEeHTPAIBHBIX IIPOIECCOPOB, YTOOBI KasKIOMY IIPOIECCY BbI-
JeJuTh coOCcTBEeH b nporieccop). Ha puc. 2.2 nokasana auarpaMma, otoOpaskaionas Tpu
COCTOSTHUSI, B KOTOPBIX MOKET HAXO/IUThCS TIPOIIECC:

4 BBLITIOJTHAEMBIH (B IJAHHBIN MOMEHT UCTIOTB3YIOMWH 1eHTPATBHBIN TTIPOTIECCOD);

4 10T10oBbIN (PaboOTOCIIOCOOHBIN, HO BPEMEHHO TPUOCTAHOBJIEHHBIN, YTOObI aTh BO3MOK-
HOCTB BBITIOJTHEHUS IPYTOMY TIpOTIECCY );
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4 3a6JI0KMPOBAaHHBIN (HECTIOCOOHDII BBIIOJIHATHCS, IIOKA HE BOBHUKHET KaKoe-HUOY /b
BHEIHee CoOBITHE).

Jloruuecku 1epBbie JiBa COCTOSHUS TTOXO0XKU JIPYT Ha Apyra. B obonx cJIydasix IIpoiecc
JKeJIaeT BBITTOJHATHCS, HO BO BTOPOM COCTOSIHUM BPEMEHHO OTCYTCTBYET OCTYIHBIN IS
3TOTO TIpoIeccop. TpeTbe cocTosgHIE KOPEHHBIM o6pa30M OTJINYAETCS OT IEPBBIX J[BYX TEM,
4TO IIPOIECC HE MOYKET BBIIOJIHATHCS, J[a’Ke eCJIU IIPOIeCCOPY KPOMe HEro 6oJIblIe HeueM
3aHATHCA.
1. Mpouecc 3abrnokMpoBaH B OXuaaHuu BBoga
2 2. lncnetyep BbIbpan Apyrov npowecc
3. dncnetyep BbiGpan AaHHbIN NpoLecc

[oTOBHOCTL

4. BxoAHble faHHble CTanu AOCTYMHbI
Puc. 2.2. lNMpouecc MOXeT ObITb B BbINOIHAEMOM, 3a6710KMPOBAHHOM UM FOTOBOM COCTOSIHUW.
CTpenkamMmu nokasaHbl nepexonbl Mexay 3TUMU COCTOSHUAMM

Kak mokazano Ha PUCYHKE, MEK/LY STUMH TPEMsI COCTOSTHUSIME MOTYT ObITh YeThIpe TIepe-
xoza. [lepexoz 7 MPOMCXOMUT B TOM CJIydae, CIH ONEPAIOHHAS CUCTEMA OIIPEIEIHT, YTO
IIPOTIECC B IAHHBII MOMEHT BBITIOJIHATHCA He MOKET. B HEKOTOPBIX cucTeMax /IS Iepexoia
B 320JIOKUPOBAHHOE COCTOSTHUE TIPOIECC MOJKET OCYIIECTBUTH TAKOI CUCTEMHBII BBI3OB,
Kak pause. B npyrux cucremax, Bkaodas UNIX, korza mpoiecc ocymiecTBIsIeT YTeHUE U3
KaHaJla WM CIIeIaIbHOro (haiiyia (Harpumep, ¢ TEPMUHAJIA) U IOCTYIIHbIE BXOJIHbIE JIAHHbIE
OTCYTCTBYIOT, IIPOIECC OJIOKUPYETCS ABTOMATIHYECKH.

[Tepexozanr 2 m 3 BBI3BIBAIOTCA MJIAHIPOBIIUKOM TIPOIIECCOB, KOTOPBIN ABIAETCS YACTHIO
OllepPallMOHHOM CUCTEMBbI, 6e3 KaKoro-1m00 OIoBeleHns camoro npoiiecca. Ilepexon 2 pouc-
XOJIUT, KOT/[A TJTAHUPOBIIMK PETITUT, YTO BBITTOJHSIEMBIIA TIPOIIECC TIPOJIBUHYJICS JOCTATOUHO
JTAJIEKO W HACTAJIO BPEMSI TTO3BOJIUTH JIPYTOMY TIPOIIECCY TIOTYUUTh I0JTH0 pabouero BpeMeH!
HEHTPAJIBHOTO T1porieccopa. [lepexos 3 mpoucxoauT, Koraa Bee IPyrue mpoIecchl Moy duim
MPUIUTAIONIYIOCS UM J[OJII0 BPEMEHU ¥ HACTAJI MOMEHT TIPEIOCTABUTH IICHTPAJIbHBIIN MPO-
1[ECCOP MEPBOMY MPOIIECCY [IJist BO3OOHOBIIEHUSI €T0 BBIOJHEHMsI. BOpoc mIanupoBaHus,
TO €CTh PellleHre, KaKO MMEHHO ITPOIIECC, KOT/IA U CKOJIBKO BPEMEHH JI0JKEH BBITTOJHSTHCS,
UTpaeT BeCbMa BayKHYIO POJib U Oy/IeT PacCMOTPEH B 9TOM TJIaBe 4yThb O3Ke. B mOmbITKax
cHamaHCPOBaTh KOHKYpUpPYIoliKe TpeboBanusa cobmoaerns 3OMeKTUBHOCTH CHCTEMbI
B II€JIOM U CIIPABEJIMBOTO OTHOIIEHUS K OTAEIBHOMY IIpolieccy ObLI0 H300PeTEHO MHOKE-
¢TBO asroputT™MoB. HekoTopble 13 HUX elie OyAyT pacCMOTPEHbI B 9TOI IJIaBe.

[Tepexor 4 0CyIIECTBIISIETCS] B TOM CJIydae, eI IPOUCXOAUT BHEIIHEE COOBITHE, OXKU/IaB-
1eecs mpoiieccoM (K pUMeEpY, HOCTYIIeHNe BXOHBIX AaHHBIX). Ecau K 9ToMy MOMEHTY
HET JAPYIUX BBIIOJHIEMBIX IPOIECCOB, OY/IeT BbI3BAH MEPEX0/] 3 1 MPOIECC BO3OOHOBUTCSL.
B npotuBHOM ciryyae eMy puaeTCs HEMHOTO TOJ0XKAATh B COCTOSTHUN TOTOBHOCTH, TIOKA He
CTaHeT AOCTYTeH IeHTPAIbHBIIN TPOTIeccop M He TIPUET €T0 OUepeib.

Hcrosb3oBanue MOJIENH TIpottecca 06JIerdaeT peiCTaBACHIE O TOM, YTO IPOUCXOJIUT BHY TPH
cucteMmbl. HekoTopble polieccsl 3ayCcKaioT IPOrPaMMYy, BBITIOIHSIONTYI0 KOMAH/Ibl, BBE/ICH-
HbIE MoJIb30BaTesIeM. J[pyrue mpoIecesl ABJSIOTCS YacThIo CUCTEMbI, CIIPABJIALACH C TAKUMU
3ajla4aMi, KaK BbIIIOJIHEHME 3a11POCOB Ha 0OC/IyKuBaHue (hailJIoB UK yIIPaBJIeHIE AeTaIAMU
paboThl IUCKOBOTO MJIM JIEHTOUHOTO NpUBo/a. Korga mpoucxXoasaT AMCKOBbIE IPEPbIBaHMS,
crcTeMa MPUHUMAET PellieHre OCTAHOBUTD BBITTOTHEHIE TEKYTIETO Ipolfecca M 3aIlyCTUTD
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npoiece paboThl ¢ JUCKOM, 3a0JOKUPOBAHHBIN B 0KUIaHUU HTOTO TIpepbhiBaHus. Takum 06-
PasoM, BMECTO TOI'0 YTOObI yMaTh O IPEPHIBAHUAX, Mbl MOKEM JLyMaTh O [OJIb30BATEIbCKUX
npolieccax, mpoieccax paboThbl ¢ IUCKOM, IIpolieccax paboThl ¢ TEPMUHAIOM U T. [, KOTOPbIe
GJIOKUPYIOTCS, KOT/Ia OKMIAI0T Kakux-To coObITuil. Korga cuntana undopmaiius ¢ aucka
u HabpaH CUMBOJI, IPOIIECC, OKMAAIONIUNA 5TO COObITHE, Pa3bJIOKUPYETCs M 10JydaeT
[paBo Ha BO30OHOBJIEHUE BBIIOJTHEHUSI.

B pesysibrare Takoro mpeacTaBiaeHI BOSHUKAET MO/IEb, ToKa3anHas Ha puc. 2.3. Ha atom
PHUCYHKe CAMbIM HUXKHUM YPOBHEM OTIEPAIIMOHHON CUCTEMbI SIBJISIETCS TIJTAHUPOBIIUK, HAJI
KOTOPBIM M300paskeH psiji IporeccoB. Bes o6paboTka mpephIBaHmii 1 TOAPOOHOCTH el
CTBUI, 3AITyCKAIONNX ¥ OCTAHABJINBAIOIINX TIPOIIECCHI, 3/1€Ch CKPBITHI 1TO/] TEM, YTO HA3bIBA-
€TCsT TITAHUPOBITINKOM, JI7TsT PEATT3AINH KOTOPOTO NCTTOB3YETCST CPABHUTENTHHO HEOOIBINON
o0beM Koma. Bes ocTanbiag yacTh onepanuoHHON CHCTEMbl HEIIOX0 CTPYKTYpPUPOBaHa
B BH/Ie TIporieccoB. Ho Takoit cTpyKTypoit ob6aaeT cpaBHUTETHHO HEGOMBITOE KOJTUIECTBO
HACTOSIIINX CUCTEM.

Mpoueccebl

0 1 n-2\{n-1

MnaHnpoBLLKK

Puc. 2.3. Camblil HU3LWLNI YPOBEHb CTPYKTYPUPOBAHHON B BMAE MPOLECCOB
onepaLmnoHHOM cucTeMbl 06pabaTbiBaeT NpepbIBaHMS U NAAHUPYET BbINMONHEHNE NPOLLECCOB.
Bebille 3TOro ypoBHSA Haxo4saTCA NocnenoBaTesbHble NPOLECCHI

2.1.6. Peannszauunga npoueccos

Jlist peasiu3anuu MOJIENU TIPOIECCOB OIIePAIIMOHHAS CUCTEMA BeleT TabuIly (COCTOSIITYTO
M3 MacCyBa CTPYKTYP), HA3bIBAEMYIO TaGIHIeH IPOLECCOB, B KOTOPOiT KAsK/Ias 3aIiCh COOT-
BETCTBYET KaKOMY-HIOY/1b tipotieccy. (Psit aBTOPOB Ha3bIBAIOT ATH 3aITUCH GJIOKAMH YIIPaB-
JIEHH S IPOLECCOM. ) ITH 3aIIUCH COJEPIKAT BAKHYIO NH(POPMAIUIO O COCTOSHUY IIPOIIECCa,
BKJIIOYAsI CUETUMK KOMaH/I, yKasaTe/Ib CTeKa, Pacipesie/ieHre MaMsITH, COCTOSTHIE OTKPBITHIX
M (aiinoB, ero yueTHyIo 1 IIJIAHUPOBOYHYIO MHMOPMAINIO U BCe OCTAIbHOE, Kacaiolieecs
MPOIIECCA, YTO JIOJIKHO OBITH COXPAHEHO, KOT/IA TIPOTIECC TIEPEKITIOYAETCST 3 COCTOSTHUS BbL-
NOJHEHUS B COCTOSTHUE 20MOBHOCIU UIN OLOKUPOBKU, 9TOOBI TI03Ke OH MOT BO30OHOBUTD
BBITIOJIHEHNE, KaK OY/ITO HUKOT/[A HE OCTAHABJIMBAJICSL.

B rtabu. 2.1 mokaszan psiji KJIIOYEBBIX 1M0JIel TUIIOBOI cucTeMbl. ITosst iepBoro crosbia
OTHOCSTCS K yIIpaBJeHuto 1poieccaMu. [Tosist 0CTadbHBIX ABYX CTOJOIOB OTHOCSTCS
K YIIPaBJIEHUIO MaMsThIo U (aitiamu coorBeTcTBeHHO. ClielyeT 3aMeTUTh, UTO HAJTMYLe
TeX WJIM UHBIX TT0JIed B TabJinile poieccoB B GOJIbIel CTENeHN 3aBUCUT OT CHCTEMbI, HO
B 9TOI TaOJINIE N3JI0KEHO OCHOBHOE MTPECTABIEHIE O TUIE HEOOXOANMOI nHMOPMATIIH.

Terneps, nocsie uzydenus: TabJIKIbl IIPOIECCOB, MOSBUIACH BO3MOKHOCTD 4y Th JIy4lie 00b-
SICHUTb, KaK CO3/IAeTCsI UJLIIO3KST HECKOJIbKUX TOCJIE/I0BATENbHBIX TIPOIIECCOB, BITIOIHSIE-
MbIX Ha OZHOM (MJIM Ha KaxKOM) HeHTpasbHOM rpoiieccope. CyliecTByer 00J1acThb maMsiTi
(06b19HO 9TO PUKCUPOBAaHHASA 00JIACTD B HUJKHUX aPECaX ), CBSI3AHHASA ¢ KAsKIbIM KJIaCCOM
YCTPOHCTB BBO/IA-BBIBOIA, KOTOPAs HA3BIBACTCS BEKTOPOM NpepbiBaHus. B Heil cogepxuTcs
aJ[pec poleLypbl, 06cayKuBatonei pepbiBatue. [IPeIioaoKumM, 4To P BOSHUKHOBEHUN
JIUCKOBOTO TIPEPBIBAHUST BBITIOJIHSJICS 10JIb30BaTEIbCKIIT 11poitece Ne 3. CueTunk KoMam/1
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Tabnuua 2.1. HekoTopble 13 Noneir TUNMYHOM 3anmcu TabnuLbl MPoLEeccoB

YnpaeneHue npoueccom

YnpaBneHue naMmaTbio

YnpaeneHue dainamu

Pernctpbl

YkazaTenb Ha MHdopMauuio
0 TEKCTOBOM CermMeHTe

KopHeBow kaTanor

CyeTymk KomaHpg,

YkazaTenb Ha MHdopMauuio
0 CermMeHTe JaHHbIX

Pabounii katanor

CnoBO COCTOSIHMSA NMPOrpaMmbl

YkagaTenb Ha HdopMaumio
0 CerMeHTe cTeka

HeckpunTtopbl dainnos

Ykazartenb cteka

MpeHTndunkaTop nonb3osartens

CocTosiHne npouecca

MpeHTtudukaTop rpynnbl

Mpuoputet

[MapameTpbl N1aHMPOBaHUS

NpoeHTndunkatop npouecca

Poautenscknin npouecc

pynna npouecca

Cwurnansl

Bpewms 3anycka npouecca

Mcnonb3oBaHHOE BpeMsi MpoLieccopa

Bpems npoueccopa, MCnosfib3oBaHHOE A04YEPHMMU NpoLeccamm

Bpewms cnepytowlero aBapminHoro curHana

ATOTO MIPOIIECCA, CTIOBO COCTOSIHUST TIPOTPAMMBbI,  MHOT/IA U OJINH WJIU HECKOJIBKO PETUCTPOB
MMOMEIIAIOTCS B TEKYIUI CTEK allllapaTHBIMU CPEJICTBAMU IIPEPhIBAHUs. 3aTEM KOMITHIOTED
MEPEXOINT Ha ajipec, yKasaHHBI B BeKTOpe mpepbiBanus. Ha aTom paboTa ammapaTHbIX
CPEICTB 3aKaHYMBAETCS U BCTYIIAET B JIeICTBIE IPOrPaMMHOE 0OeCIIeYeH e, A UMEHHO ITPO-
1eypa 06CyKUBAHUS TIPEPbIBAHIISL.

Bce mipepbIBaHus cHAavYa/ia COXPAHSIOT COCTOSTHUS PETUCTPOB, 3a4aCTYI0 UCIOJIb3YS /LIS
HTOTO 3AMUCH TEKYIIETO TIPOIlecca B TabJIMIle MPOIECCOB. 3aTeM MHMOPMAIIHS, TOMETEHHAS
B CTEK NIPEPLIBAHUEM, YIAISIETCS M YKa3aTeIb CTEKA IIePeyCTAaHABINBACTCS HA BPEMEHHBIN
CTeK, UCIOJIb3YeMBIi 00pabOTYNKOM pepbiBanusi. Takue AefiCTBIS, KaK COXpAaHEHNE peru-
CTPOB U [IEPEYCTAHOBKA YKa3aTeJIsl CTEKa, He MOTYT ObITh BBIPAKEHBI Ha SI3BIKAX BBICOKOTO
ypostst (Harpumep, C), I03TOMY OHU BBITIOJIHSIOTCSI HEOOJIBIION TOAIPOTPAMMOil Ha A3bIKe
acceMbJiepa, 0GBIYHO OHOIT U TOIT JKe JIJIs BCeX IIPEPBhIBAHUI, MOCKOJIbKY XapaKkrep paboThl
10 COXPAHEHUIO PErUCTPOB HE U3MEHSIETCs, Kakoii Obl HU Obljla IIPUYMHA [TPEPbIBAHMUSL.

Korma ara momporpamMmma 3aBepiraer cBoio paboty, ona BbidbiBaet C-11poiieaypy, KoTopast
JIeJIaeT BCIO OCTAIbHYIO PaboTy VIS TAHHOTO KOHKPETHOTO THIa IpepbiBanust. (Mbl Ipeamo-
JlaraeM, 4To orepallMoHHast cucTeMa Harmcata Ha s3bike C, KOTOPBIi 0ObIYHO U BBIGHPAETCST
151 BCEX HACTOSIIUX ONEPalMOHHbIX cucTeM.) Bo3aMoskHO, Korza paboTa 9Toil poie/Lypbl
OyzeT 3aBeplieHa, Kakoi-HUOY b TPOIECC MEPEXOAUT B COCTOSTHIUE TOTOBHOCTH K paboTe
U BBI3bIBAETCS IJIAHUPOBIIUK, YTOOBI OIPEAETUTh, KaKO 1poiiecc OyAeT BbIIOJHATHCS
crepyionmM. TTocie aToro yipasJenue repegaercst 00paTHO KOy, HAIIMCAHHOMY Ha SI3bIKe
acceMbJiepa, 4ToObI OH 3aTPy3HJI /ISl HOBOTO TEKYLIETO MPOIECCa PETCTPBI U KapTy TaMsATh
W 3aI1yCTUJI BBINIOJIHEHUE HTOro npoliecca. KpaTkoe usjioxkenue npoiecca 00pabOTKU Hpepbi-
BaHMs ¥ IJIAHUPOBaHK IpUBeAeHo B Tab1. 2.2, Ciie/lyeT 3aMeTHTh, YTO €Tl OT CUCTEMbI
K CHCTEME MOTYT HECKOJIBKO Pa3JINnIaThCS.
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Ta6nuua 2.2. Cxema paboThbl HU3LIErO YPOBHSA ONepaumoHHOR CUCTEMbI
NPV BO3HMKHOBEHUW NPEPbLIBAHUS

O6opynoBaHMe NoMeLLaeT B CTEK CHETYMK KOMaHA, U T. M.

O6opyaoBaHune 3arpyaeT HOBbI CYETUYMK KOMaHA, 3 BEKTOPa NpepbiBaHns

Mpoueaypa Ha accembriepe CoXpaHseT PerncTpbi

Mpoueaypa Ha accembnepe ycTaHaBMBaeT ykasaTeslb Ha HOBbIN CTEeK

|| =

3anyckaeTtcsa npouenypa Ha asbike C, 06cnyxmBaioLLas npepbiBaHue (kak npasuio, oHa
CUUTLIBAET BXOAHbIE A@HHbIE 1 NOMELLaeT 1x B Bydep)

(o))

MNaHMPOBLUMK NPUHMMAaET peLleHe, Kakoli MPOoLLeCcC 3anyckaTtb Cleayowmm

Mpoueaypa Ha a3bike C BO3BpaLLAET ynpas/ieHne acceMBiepHOMyY Kooy

8 Mpouenypa Ha accembnepe 3anyckaeT HOBbI TEKYLLMIA NPOLECcC

[Tpottecc BO BpeMsi CBOETO BBITIOJHEHUST MOKET OBITh [IPEPBAH THICSYU Pas, HO KJII0YeBast
U7iest COCTOUT B TOM, UTO TIOCJIE KAKIOTO TIPEPHIBAHUS TIPEPBAHHBIN TPOTIECC BO3BPAIIAETCS
B TOYHOCTH K TAKOMY K€ COCTOSIHHIO, B KOTOPOM OH ObLJI /IO TOT'0, KK CJIyYHJIOCH IPEPbIBAHIE.

2.1.7. MopenupoBaHue peXxnma MHOro3aga4yHocTu

PesxuM MHOT03a1a4HOCTH MO3BOJISIET UCIIOIb30BaTh IEHTPaIbHBII Mpoleccop Goee pa-
1oHanbHo. [pu rpy6oii IpUKHIKe, eCIIn Il CPeHECTaTUCTUIECKOTO TIPOIecca BbIYKCIe-
HUA 3aHUMAIOT JINIIb 20 % BpeMeHI/I ero Hpe6bIBaHI/IH B IIaMATH, TO HpI/I AT OﬂHOBpeMeHHO
HAXO/AIINXCS B TIAMSITH TIPOIleccax HeHTPaJIbHbII Ipolieccop OyIeT 3arpyskeH ITOCTOSHHO.
Ho B a1y Moziesib 3a/105KeH abCOTIOTHO HepeabHbIN ONTUMU3M, IIOCKOJIbKY B HEH 3aBEIOMO
HPeJIIoJIaraeTcs, YTo BCE MSATh IPOLECCOB HUKOTAA He OYAyT OAHOBPEMEHHO HAXOMUTHCS
B OJKMIAHUU OKOHYaHUS KaKOTO-HUOYIb IIPoIiecca BBOIa-BbIBO/A.

Jlydiie BeICTpanBaTh MoJIeTh Ha OCHOBE BEPOSATHOCTHOTO B3IVIS/Ia HA UCIOJb30BaHHE 11€H-
TpaJbHOTO Tpolieccopa. [Ipeanosoxum, 4TO IpoIiece MPOBOINUT YACTh CBOETO BPEMEHU P
B OKMIAHWUW 3aBEPIIEHUS Ollepalnii BBoJa-BbIBo/ia. IIpm omHoOBpeMeHHOM TTPUCYTCTBUH
B ITAMSTH 71 TTPOIECCOB BEPOSITHOCTH TOTO, UTO BCE 72 TPOIECCOB OKMIAIOT 3aBEPIITEHUS BBO/IA-
BBIBOJIA (B CJIy4ae 4ero MPoTeccop MpocTanBaet), paBHa p”. Toraa BpeMs 3aefiCTBOBAaHNS
Tpoiieccopa BEIYUCISAETCS TI0 hopmyie

Bpewms 3ajeficTBoBaHMS TIEHPATBHOTO TTpoIieccopa = 1 — p.

Ha puc. 2.4 moxasano BpeMs 3a/1eliCTBOBAHU IIEHTPATHLHOTO TIpoIleccopa B Bue PyHKITAN
OT apryMeHTa 1, KOTOPbIil HA3bIBAETCST CTENEHbI0 MHOTO3a/IaYHOCTH.

Cynst o pucynky, ecsu mpotiecc Tpatut 80 % CBOEro BpeMeH! Ha OKUIaHue 3aBepIIeHUsT
BBOJIa-BBIBO/IA, TO JIJIsI CHUKEHUS [IPOCTOS [IPOoLieccopa 10 ypoBHs He Gosiee 10 % B naMsiTi
MOTYT OTHOBPEMEHHO HaXOAUTLCS 10 KpaitHeit Mepe 10 mporieccoB. Koraa Bl moiimere, 9T
K OJKHJIaHUIO BBOJIA-BBIBOJIA OTHOCUTCSI M OJKU/[AHIE MHTEPAKTUBHOTO MTPOIECCA TT0JIhb30Ba-
TEJIbCKOTO BBOJIA € TepMUHAIA (MJIU IEJTYKa KHOITKOM MBIIITY HA 3HAYKE ), CTAHET MMOHSITHO,
YTO BpeMsI OKUAAHUST 3aBEPIIEHNST BBOAA-BbIBO/IA, cocTaBstioniee 80 % u 6osee, He Takast
vk penkoctb. Ho maxke Ha cepBepax MpOIECChl, OCYIIECTBISIONNE MHOKECTBO OMEparuit
BBO/Ia-BBIBOJIA, 3aUaCTy0 MMEIOT TaKO¥ JKe MJIH Jaske OOJIBIIIIT IIPOIEHT TIPOCTOSI.

CrpaBeiTMBOCTU PAIil CIeyeT 3aMeTUTD, YTO PACCMOTPEHHAsT HAMHU BEPOSTHOCTHAS MO-
JleJIb HOCUT BecbMa IPUOIN3UTENbHbIN XapakTep. B Hell 6e3ycI0BHO NpeIioiaraeTcs, 4to
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Puc. 2.4. Bpemsa 3a4eliCTBOBaHMSA LLEHTPaIbHOMO NpoLeccopa B BUAe GyHKLMU
OT KONIMYeCTBa NPOLLECCOB, MPUCYTCTBYIOLLMX B NaMSTH

BCe 71 TIPOTIECCOB SIBJISAIOTCS HE3aBUCUMBIMU JIPYT OT AIPYTA, a 3HAYUT, B CUCTEME C TISITHIO
TpoTieccaMy B MTAMSTH BIIOJIHE JOTYCTUMO UMETh TPU BBLITIOJHIEMBIX U /[BA OXKUIAIOTIIX
npoitecca. Ho nmest o/iuH 1ieHTpabHbI IIPOIIECCOP, MbI HE MOKET UMETh CPa3y TPH BHIIIOJI-
HSEMBIX [IPOLECCA, IOITOMY IIPOIIECC, KOTOPDIA CTAHOBUTCS FOTOBLIM K paboTe IPU 3aHATOM
IIEHTPATBHOM IIPOIleccope, BEIHYKICH OKUAATh cBOeH ouepenn. M3-3a aToro mpoiieccsr He
00J1a1a10T He3aBUCUMOCTBIO. Bosiee TouHas Moziesib MOKeT GbITh BHICTPOEHA C UCIIOAb30Ba-
HUEM TEeOPUU ouepe/ieli, HO CIeIaHHbIN HAMW aKIIeHT Ha MHOT033/Ja9HOCTbh, TIO3BOJISIONIYIO
3arpyskaTh IIPOIECCOP BO U30EKAHKE €ro IIPOCTOs, HO-TIPEKHEMY COXPAHIETC, JaskKe eCln
peasibHble KPUBbIE HEMHOTO OTJINYAIOTCS OT T€X, YTO TIOKA3aHbl HA PUC. 2.4.

HecmoTps Ha ympomieHHOCTD MOeNd, TIPEeICTaBACHHON Ha puc. 2.4, TeM He MeHee OHa
MOJKeT OBbITh UCIIOJIb30BAHA /IS CIEIM(PUUECKIX, XOTS 1 BeChMa MIPUOJIU3UTETbHBIX MTPEJI-
CKa3aHWi, KacaIoIUXCs TPOU3BOUTETHHOCTHU IIEHTPATTbHOTO TIporieccopa. [Ipenmomoskmmm,
K IIPUMEPY, YTO I1aMsATh KOMIIbIoTepa cocTtasiser 8 [OaiiT, onepalonHas cucTeMa u ee
Tabuuipl 3aHuMatoT 10 2 [6aiiT, a Kaxk/Iast 0JIb30BaTEIbCKast IIPOrPaMMa TaKKe 3aHUMAET
10 2 T6aiit. IToT 06BEM TIO3BOJISIET OJITHOBPEMEHHO PA3MECTUTH B TIAMSITH TPU MOJIh30BATEb-
ckue iporpaMmbl. [Ipu cpeinem oxujannm BBOIa-BbIBO/IA, cocTaiistioniem 80 % Bpemenu,
Mbl M€eM 3arpy’KEeHHOCTb 1EHTPATBHOTO TIpolteccopa (ecjgu UTHOPUPOBATh UB/IEPXKKU HA
paboTy orneparroHHoii cucremsl ), paBuyio 1 — 0,8% wiu okosio 49 %. YBennuenue oobeMa
namaTy eie Ha 8 T6ailT MO3BOAUT crCTEMe MEPERTH OT TPEXKPATHON MHOT03aa4HOCTH
K CEMUKPATHOM, YTO MOBBICUT 3arPY;KEHHOCTD IEHTPAIBLHOTO TIpoiteccopa 10 79 %. UnbiMu
CJIOBaMH, OTIOTHUTENbHBIE 8 [6alfT MaMsITH yBeINJaT ero MPOon3BOANTENbHOCTD Ha 30 %.

VYeennuenne naMsTy eie Ha 8 ['6aiiT mogHUMET yPOBEHb PONU3BOUTETBHOCTH BCETO JIUIIh
¢ 79 1o 91 %, TO ecTb JOIMOJHUTEIHHBII IPUPOCT TPOU3BOAUTENTHHOCTH COCTABUT TOJIb-
K0 12 %. Vcnob3yst aTy MOJIeJib, BIaeJbI[bl KOMIIBIOTEPOB MOTYT IIPUITH K BBIBOJLY, 4TO
epBo¢e HapanBaHue oGbeMa TaMsITH, B OTJIMYIE OT BTOPOTO, CTAHET HEIJIOXMM BKJIAJ0M
B ITOBBINIEHNE TPOU3BOAUTETBHOCTH IIPOIIECCOPA.

2.2. MoTokm

B TPaAUITMOHHDBIX OIEPAIMOHHBIX CUCTEMAX Y KaK/IOTO IIpoliecCa €CTb aJ/I[peCHOE IIPO-
CTPaHCTBO 1 e[[HHCTBeHHbeI IIOTOK yHIpaBJICHUA. DakTryecKy 3TO IMOYTH YTO orpezaegaeHnue
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nporecca. Tem He MeHee HEPEAKO BOZHUKAIOT CUTYAI[H, KOT/la HETLJIOXO OBLITO ObI NMETh
B OZIHOM ¥ TOM K€ aIpECHOM TIPOCTPAHCTBE HECKOJIBKO TOTOKOB YIPABJIEHUS, BBHITTOTHAEMBIX
KBa3uIapailesIibHO, KaK OyATO OHU SABJAIOTCS YyTh JU He 000COOJEHHBIME TIPOIECCaMu
(3a NCKITI0YEeHnEM OOIIETO aIpPecHOro IPOCTPaHCTBa). B caemyomux pasgenax GymyT pac-
CMOTpEHBI IMEHHO TaKUe CUTYaIllU U X IIPHMeHeHIe.,

2.2.1. MNpuMeHeHne NOTOKOB

3aueM HAM HY’KHA KaKas-TO PasHOBMHOCTD IIpoIlecca BHYTpH camoro npotecca? Heobxo-
JMMOCTD B IOJI00HBIX MUHU-IIPOLIECCAX, HA3BIBAEMbIX IIOTOKAMH, 00YCJIOBINBAETCS HEJIbIM
psinom nipudnn. Paccmorpum HekoTopbie 13 HuX. OCHOBHASI TPUYMHA MCIIOJIb30BAHUS 110-
TOKOB 3aKJIIOYAETCS B TOM, YTO BO MHOTUX TPUJIOKEHUSIX O[HOBPEMEHHO TIPOUCXO/IUT He-
CKOJIbKO JIEHCTBHIA, 4aCTh KOTOPHIX MOKET IIEPUOANYECKN ObITh 3a010KUPOBaHHON. Moziesb
MIPOTrPAMMUPOBAHUS YIIPOIIAETCS 32 CUET PA3/ETEHNUS TAKOTO MPUJIOKEHUS Ha HECKOIBKO
MIOCJIe/IOBATETHHBIX TIOTOKOB, BBITIOTHIEMbBIX B KBA3UITAPAJIJIETTBHOM PEKIME.

MBI yiKe CTAIKUBATUCH € MTOAOOHBIME apryMeHTaMi. VIMEHHO OHU HCHOJIB30BAUCEH B MO/
JEPIKKY CO3IAHMUST IPOIIECCOB. BMecTo TOro 4To0bI yMatTh O MPpephIBAHUIX, TAlIMEPaX 1 KOH-
TEKCTHBIX MePeKITIoYaTesIsIX, Mbl MOXKEM /[yMaTh O HMapaJiiesbHbIX mpoieccax. Ho Torpko
Telepb, PACCMATPUBASI TOTOKMU, MBI JI00ABJISIEM HOBBII SJIEMEHT: BOBMOKHOCTD UCIIOJIb30BAHMST
HapasuIeIbHBIMU IIPOLIECCAMU €IMHOTO a/[PeCHOr0 IIPOCTPAHCTBA U BCEX MMEIOIIUXCA IAHHDBIX.
ITa BO3BMOXKHOCTb UTPAET BECbMa BasKHYIO POJIb JIJIs TEX TIPUJIOKEHUH, KOTOPBIM He MOJIXO/NT
HCIOJIb30BaHUe HECKOJIBKUX MTPOIECCOB (C UX pas/eIbHBIMU aJIPECHBIMU IIPOCTPAHCTBAMM ).

BTopbIM apryMeHTOM B [OJIb3Y MOTOKOB SIBJISIETCS JIETKOCTD (TO €CTh GBICTPOTA) UX CO3TAHUS
U JIMKBUIAIUY 10 CPABHEHUIO ¢ 60JIee «TSIKEeJOBECHBIMU» TIpoIieccamu. Bo MHOTHX cucTe-
Max cozzanue noTokos ocyimiectsisiercs: B 10—100 pa3 6bicTpee, 4eM co3manue IpoIeccos.
ITO CBOMCTBO 0COOGEHHO MPUTOUTCSI, KOT/IA TOTPeGYeTCst ObICTPO U ANHAMUYHO U3MEHSITh
KOJINYECTBO OTOKOB.

Tperuit apryMeHT B 110JIb3y MOTOKOB TaK/Ke KacaeTcst MPOU3BouTebHOCTU. Kora moToku
PaboTaIOT B paMKaX OIHOTO IIEHTPAJIBHOTO IIPOLECCOPA, OHU HE IIPUHOCAT HUKAKOIO IPUPOCTA
[IPOU3BO/IUTEIHHOCTH, HO KOT/IA BBITIOJIHSIOTCS] 3HAYMTEIbHBIE BHIUNCJIEHS, 4 TAK/Ke 3HAUM-
TeJIbHAS YaCTh BPEMEHU TPATUTCS HA OJKUJIAHKE BBOJIA-BBIBOJIA, HAJIMYHE TIOTOKOB [TO3BOJISIET
9TUM JIEHCTBUSIM [IEPEKPIBATHCS 10 BPEMEHHU, YCKOPsish paboTy TPHUIIOKEHUSL.

" HaKOHEIL, ITIOTOKH B€CbMa ITOJIESHBI [JIAA CUCTEM, NMEIOIINX HECKOJIbKO IIEHTPAJIbHBIX IIPO-
IIECCOPOB, I'/l€ €CTh peasbHasdA BOSMOKHOCTD IapaiJaeJbHbIX Beruncaennii. K 9TOMY BOIIpOCY
Mbl BEDHEMCS B I'JlaBe 8.

[TousiTh, B ueM COCTOUT 10JIb3a OT IPUMEHEHUS TIOTOKOB, TIPOIIe BCEro Ha KOHKPETHBIX
npuMmepax. PaccMOTpuM B KauecTBe MEPBOrO MPHUMepa TEKCTOBBIN nponeccop. OObraHo
3TH TTPOTPAMMBI OTOOPAKAIOT CO3/IABAEMBIIN TOKYMEHT Ha 9KpaHe B TOM BHJIE, B KAKOM OH
6yZIeT BBIBOAUTRHCS Ha TTeUaTh. B 9acTHOCTH, Bce KOHITBI CTPOK M KOHIIBI CTPAHUIT HAXO/STCS
MMEHHO TaM, TJI€ OHU B PE3yJIbTaTe U MOSIBATCS Ha OyMmare, 4TOObI TT0Tb30BaTeIb MOT TIPH
HEOGXOIMMOCTH WX TIPOBEPUTH U MOTIPABUTH (HApUMep, yOpaTh Ha CTpaHUIle HauyaJ bHbIE
U KOHEUHbIE BUCSYHE CTPOKH, MMEIOTIE HEACTETUIHBIN BULT).

[IpenmosmosxnM, YTO TOTB30BATETH TUIIET KaKyT0-TO KHUTY. C aBTOPCKOM TOUKHU 3PEHUS TIPO-
1€ BCETo BCIO KHUTY UMETD B 0HOM (haiise, 06Jierdyas MoucK TeM, BbIOJHEHNe TI00aIbHbIX
3ameH 1 T. . C ApyTOil TOUKM 3pEHNsT Kask/Iast T/iaBa Moria ObI 6BITH OTETBHBIM (haiizom. Ho
ec/IM KaxK bl pases1 v moapasest Oy1yT pasMelaThCs B OTAEAbHBIX (haifjiax, 9T0 IPUHECET



2.2. MNoTtokun 125

Maccy HeyZ00CTB, Korjia HOHaJ00MTCsl BHOCHTD BO BCIO KHUTY TJI00aJIbHbIE U3MEHEHUSI, T10-
CKOJIBKY TOT/IA TIPU/IETCS OTAEIHHO 1 TIO0YEPEHO PeaKTHPOBATh COTHH daiinoB. Hamprimep,
eCJIM NPEJIOKEHHbIH CTaHAAPT XXXX 000PeH HEMOCPeACTBEHHO MePe/l BBIXOAOM KHUTH B I1e-
4aTh, TO B TIOCJIEIHIOI0 MUHYTY BCe BXOXKIeHus «IIpoeKT crangapra XXXx» Hy»KHO 3aMEHUTh
na «Crangapr xxxx». EcJin Best KHUTA 1IpeJicTaBieHa oHUM (hailsioM, To, Kak MpaBuiio, Bce
3aMeHbl MOI'YT OBITh IIPOM3BEEHBI ¢ IIOMOIIBIO OAHON KOMaH/bL. A ec/ii KHUra pasbuTa Ha
6osee yem 300 (aitnos, peaKTHPOBAHUIO JOJIKEH ObITh HOABEPTHYT KAKAbINA U3 HUX.

Teneps npeacTaBuM cebe, 4To IPOUCXOUT, KOT/A MOJIb30BaTe/b BAPYT YAAISET OLHO IPe/l-
Joxkenne Ha iepBoii ctparutie 800-cTpannmyHOTO TOKyMeHTa. Temepnb, TPOBEPUB BHECEHHBIE
U3MEHEHUsT, OH XOUeT BHECTH ellle OHY TonpaBKy Ha 600-ii cTpanuiie u HabupaeT KOMaH/ILy,
MPETUCHIBAIOILYIO TEKCTOBOMY TIPOIECCOPY MEPENTH HA ATY CTPAHUILY (BO3MOXKHO, TIOCPE/I-
CTBOM TIOMCKa (Ppasbl, KOTOPask TOJbKO TaM U BCTpedaeTcst). Terepb TEKCTOBBII MTPOIIECCOp
BBIHY’K/IEH HEMEIJIEHHO TTepeOpMaTPOBATh BCIO KHUTY BILIOTH 10 600-i1 cTpaHUIIBI, TTO-
CKOJIbKY OH He 3HaeT, Kakoil Oyzer nepBast ctpoka Ha 600-ii crpamuiie, moka e o6paboTaer
BCeX TpeblayIme crpanuilsl. Ilepen otobpaskennem 600-i cTpaHUIIbI MOKET TPOU30UTH
CyIlecTBEHHAs! 33/I€P3KKa, BHI3BIBAIOIIAS HEJIOBOIBCTBO MOJb30BATEIS.

U 31ech Ha MOMOIIb MOTYT NPUUTH TTOTOKU. [IpeArnonokum, 4To TEKCTOBBIH TTPOIECCOD
HaImmcaH KakK ABYXIMOTOYHas mporpamma. OIUH U3 TOTOKOB B3aUMOAECHCTBYET C MOJTb30-
BaTeJieM, a IPYroii 3aHuMaeTcs epedpopMaTupoBaHreM B POHOBOM pesknme. Kak ToIbKO
[IPEJJIOKEHE C TIEPBOI CTPAHUIIBI OY/IET YAIEHO, IOTOK, OTBEYAIOIIHII 32 B3aUMOIEHCTBIE
C M0JTh30BaTEJIEM, TIPUKA3bIBAET IIOTOKY, OTBevaroliemMy 3a hopmar, nepepopMaTHpoBaTh BCIO
kHury. [Toka B3anMOoIeHCTBYIONIMIA MOTOK TIPOIOJIAKAET OTCAEKMBATH COOBITUS KIaBUATYPbI
¥ MBIIIHN, pearupys Ha MPOCTbie KOMAaH/bl BPO/ie TTPOKPYTKU MEPBOI CTPAHUIILI, BTOPO
[OTOK € GOJIBIION CKOPOCTBIO BBIIOJHAET BbIYKMCICHIS. EC/IM HEMHOTO TI0BE3ET, TO Hepe-
(hopmarupoBanue 3aKOHYUTCST KAK Pa3 Mepel] TeM, KaK [10JIb30BaTeNb 3aIPOCUT ITPOCMOTP
600-ii cTpaHuIbl, KOTOPast TYT 5K CMOKET ObITh OTOOPAKEHA.

Hy pas yx nauasu, 1o moyemy Obl He 106aBUTDH ¥ TPETUI TOTOK? MHOIME TEKCTOBBIE TIPO-
[eCCOPbI 061AIAI0T CBOHCTBOM aBTOMATUYECKOTO COXPAHEHUs BCEro (haiiia Ha IUCK Kaxkible
HECKOJIbKO MUHYT, 4TO0BI yOepeub M0JIb30BaTe s OT yTPAThI €ro JHEBHOI paboThI B c/Iyyae
NPOTPAMMHBIX UJIM CUCTEMHBIX COOEB MM OTKJIIOUEHUST JIEKTPONUTaHus. TpeTuii moToK
MOKET 3aHUMAThCS CO3/[AHMEM PE3EPBHBIX KO HA IUCKe, He Meltas nepsbimM AsyM. Cu-
Tyanusi, CBI3aHHAsA C TTPUMEHEHMEM TPeX MOTOKOB, MOKa3aHa Ha puc. 2.5.

Word Apollon Mpoueccop
roctesoin OC

+ Mpoueccop
é O O oCHoBHOM OC

[octeBasi OC

Windows rmnepsun3op, Tmn 2 C) O

OcHoBHast onepaunoHHasa
cucrtema

a 6

runepsusop, Tvn 1

Puc. 2.5. TekcTOBbI NPOLECCOP, NCMONb3YIOLLMIA TPX NOTOKA

Ecan 661 IIporpaMma ObLIa paccdyuTaHa Ha pa60Ty TOJIBKO OJHOTIO ITOTOKaA, TO C HadaJia
CO3/IaHUA pesepBHoﬁ KOIIMU Ha JUCKE U 10 €TI0 3aBEPUICHNA UTHOPUPOBAJINCH OBl KOMaH/IbI
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¢ KJ1aBuaTypbl uin Mpiiin. [losb3oBaresib ortyIiasn Gbl 9T0 Kak ¢J1aGyio POU3BOAUTENBHOCTD.
MoskHO ObLI0 ObI CIeIaTh TaK, YTOOBI COOBITH KJIABUATYPbI UJIK MBIIIN [IPEPLIBAJIN CO3/1a-
HUEe PE3EPBHOI KOITMU Ha JANUCKE, TTO3BOJISIS JOCTUYD 00JI€e BEICOKON MPOU3BOAUTETbHOCTH,
HO 9TO IPUBEJIO ObI K CJIOKHON MOZEIN IPOrPAMMKUPOBAHMSI, OCHOBAHHOI Ha IIPUMEHEHNI
npepbiBanuii. [IporpaMmuast Mo/iesib, HCIIOJIB3YIONIAsT TP [TOTOKA, ropa3zio mpoiiie. [lepBoiit
MOTOK 3aHSIT TOJIBKO B3aMMOJIEHCTBIEM C TTOJIb30BaTeIeM. BTOPOI MOTOK 10 HEOOXOANMOCTH
3aHuMaercsa repedopMaTHpOBaHKEM JOKYMEHTA. A TPETUH IIOTOK TIEPUOANYECKU cOpaChI-
BaeT copep:xumoe O3Y Ha TUCK.

Brmosme o4eBuanO, YTO TPU OTAENBHEIX IIPOLIECCA TaK PabOTaTh He OYIYT, IOCKOIbKY C 0~
KyMEHTOM HeOOXOIMMO paboTaTh BCeM TpeM MOToKaM. TpH IMOTOKa BMECTO TPEX MPOIECCOB
HCIOIB3YIOT OOIIYIO HaMATh, TAKAM 00pa3oM, BCEe OHM MMEIOT JOCTYI K PENaKTHPYEMOMY
JTOKyMeHTY. IIpu NCIIoIb30BaHIK TPEX MPOIIECCOB TaKOe ObLIO GbI HEBO3MOKHO.

AHaJIOFI/I‘-IHaH CUTyaluAa CRJIAAbIBAETCA BO MHOTUX JIDYTUX MHTEPAKTUBHBIX ITPOI'PaMMax.
Hanpumep, snextporHas TabamIa SBIAETCS MPOrPAMMON, TO3BOJIAIONIEH MOIEPKUBAT
MaTpUILYy, IAHHBIE SJIEMEHTOB KOTOPOH MPEAOCTABISIOTCS MoJb3oBaTeneM. OcTanbHbie
HJIEMEHTBI BBIYUCIISIOT UCXO/A M3 BBEJICHHBIX JIAHHBIX C MCIIOJIb30BAHUEM MOTEHITUATBHO
cJI0KHBIX (hopmyat. Kora 1mosib3oBaresib M3MEHSIET 3HAYEHHE OJIHOTO HJIEMEHTa, Hy KHO repe-
CUMTBIBATH 3HAYEHMST MHOTUX JIPYTHX 971eMeHTOB. [Py NCIob30BaHIN IIOTOKOB MepecyeTa,
pabotaonux B HGOHOBOM PEKKMME, TIOTOK, B3AUMOACHCTBYIONINIT C TI0Jb30BATEIEM, MOKET
MO3BOJIMTH MOCTEHEMY, TOKA UYT BHIYMCIEHUS, BHOCUTD JIOTIOJHUTENbHbIE U3MEHEHUS.
[Toxo6uBIM 06pa3OM TPETUI OTOK MOJKET caM 110 cebe MepronyecKu cOpachiBaTh Ha JAUCK
pe3epBHBIE KON,

PaccMoTpuM ellie 0JiMH IIPUMep, Te MOIYT IPUIOAUTHCS MOTOKK: cepBep /st BeG-caiTa.
ITocTynaior 3arpockl Ha Be6-CTPaHUIb, U 3aIIPOIIEHHBIE CTPAHKIIBI OTIIPABJIAIOTCS 00par-
HO kauerTam. Ha 6osbiinHcTBe BeO-caliToB HEKOTOPBIE CTPAHUIIBI 3alIPAIINBAIOTCS Yallle
apyrux. Hanpumep, riiaBnas ctpanuia BeG-caiita Sony 3anpaiinBaeTcss HAMHOTO 4Yalle,
YyeM CTpaHKIla, HaxoAsmascs riyOsKe, B OTBETBJICHUN JIepeBa, CoAepsKalleM TeXHIYECKOe
onucaHne Kakoi-HuOy b KOHKPETHOI BUAeOKaMepbl. Be6-caykObl UCIOIB3YIOT 9TO 06-
CTOATEJNBCTBO [l TIOBBIIEHNS TIPOM3BOJUTEIBHOCTH 34 CYET Pa3MeIeHUsT COMePIKAHI
YaCTO UCIIONb3YEMBIX CTPAHUIL B OCHOBHON HAMSATH, YTOOLI UCKIIOYUTH HEOOXOAUMOCTD
obpaliaTbCcs 3a HUMK K AMCKY. Takue 1mog00pKy Ha3bIBAIOTCS KIUIEM K MCIIOJIb3YIOTCS
TaksKe BO MHOTUX JPYTUX caydasx. Kaliu 1eHTpajibHOro mpoleccopa yke paccMaTpuBa-
JINCH B TmaBe 1.

Onun u3 crocoboB opranusaluy BeO-cepsepa nokasat Ha puc. 2.6. OnuH U3 NOTOKOB —
JHCIieTyep — YuTaeT BXojsiue paboune 3anpockl us cetu. Ilocie anaausa sampoca oH
BbIOMPAET MPOCTauBaOMUI (TO ecTh 3a6JI0KMPOBAHHBIN) Paboumii OTOK U TIepejaeT eMy
3a11poC, BO3MOKHO, IIyTEM 3alUCH YKa3aTeJist Ha COOOIIEeHNE B ClIEIUAIbHOE CJIOBO, CBSI3aH-
HOE ¢ KaK/IbIM [IOTOKOM. 3aTeM jucrerdyep npoOysKaaeT CIstiui pabourii OTOK, epeBoIst
ero u3 3a0JI0KMPOBAHHOTO COCTOSIHYSI B COCTOSIHUE TOTOBHOCTH.

[Tpu npobyskaerun pabovnii IIOTOK TIPOBEPSIET, MOKET JIK 3aPOC ObITh YIOBJIETBOPEH U3
K31ITa BeG-CTPaHHUIL, K KOTOPOMY MMEIOT JIOCTYTI BCe TIOTOKU. EC/IN HeT, TO OH, YTOOBI TOJTy-
YUTh BeO-CTPAHUILY, TIPUCTYIIAET K OIEPAIMU YTEHUS C JUCKA U OJIOKUPYETCS 10 TeX TI0p,
[OKA He 3aBePIINTCS JUCKOBast onepanus. Korga motok GJ0KHUpyeTest Ha IMCKOBOIT oTepa-
[[1H, BBIOUPAETCSI BBIIIOJIHEHKE JPYTOrO TIOTOKA, BO3MOYKHO, [UCIIETYEPa, C [EJIbIO MOJY-
YEHUST CIIEYIONIeN 3a/[a41 WITH, BOSMOJKHO, IPYTOr0 pabovero MOTOKa, KOTOPBIE HAXOUTCSI
B TOTOBHOCTH K BBITIOJTHEHUIO.
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Mpouecc Be6-cepeepa

v -

[MoTok ancneTtyepa
8 Pa6ounit noTok
> MpocTtpaHcTBO
nonb3oBartens
] Kawu Be6-cTpaHnub
J
Anpo MpocTpaHcTBO
saapa
CeteBoe
noAkntoyeHve

Puc. 2.6. MHoronoTto4Hbli Be6-cepeep

JTa MOJIeJIb IT03BOJISIET 3AIIPOIPAMMHUPOBATH CEPBEP B BH/IE KOJJIEKITUH 1TOCJIE/[0BATETbHbBIX
10ToKOB. IIporpaMma Jucreryepa COCTOUT 13 OECKOHEYHOTO IIUKJIA [JIs [IOJIyYeHus pabodero
3arpoca u reperopydenust ero pabouemy noroky. Koj kaxmaoro paboyero notoka cocTouT
u3 GECKOHEYHOTO [IUKJIA, B KOTOPOM IIPUHUMAETCS 3alIPOC OT AUCTIeTYepa U BeG-KaII [Po-
BEPSIETCSI HA IPUCYTCTBUE B HEM CTPAHUIIbI. EC/M cTpanuIia B Kalle, OHA BO3BPAIIAETCST KITH-
enty. Ecsiu HeT, OTOK MOJIy4aeT CTpaHulily ¢ AMCKa, BO3BPAIAeT ee KJIMEHTY U OJOKUpPyeTcst
B OJKUJIAHUN HOBOTO 3aIpoca.

[TpubamsuTenbHBIN HAOPOCOK KoJa MoKasaH Ha puc. 2.7. 31ech, Kak 1 BO BCell KHUTe, KOH-
cranta TRUE npennosaraercs pastoit 1. Taxoke buf v page ABISIOTCS CTPYKTYPAMU, TIPE/I-
Ha3HAYEeHHBIMU JIJIs XpaHeHus1 paboyero 3anpoca 1 BeO-CTPaHuilbl COOTBETCTBEHHO.

while (TRUE) {
wait for work (&buf)
look for page_in cache (&buf, &page) ;
if (page_not_in cache (&page))
read page from disk (&buf, &page);
return page (&page) ;

while (TRUE) {
get next request (&buf);
handoff work (&buf) ;

a 6

Puc. 2.7. MNpunbnnsntenbHbIi HABPOCOK Koga Ans Moaenn, n3aobpaxeHHoM Ha puc. 2.6:
a — nns notoka-aucneTyepa; 6 — ana pabovero notoka

PaccmoTpum, Kak MOKHO ObLIO Obl HallcaTh KOJl BeO-cepBepa B OTCYTCTBHE OTOKOB. MOsK-
HO 3aCTaBUTh €10 paboTaTh B BUAE €IMHOTO MoToKa. OCHOBHOI UK BeO-cepBepa MoIydaeT
3ampoc, aHaJIM3UPYET €r0 U 3aBepHIaeT 00pabOTKy 0 HMOJydeHHs CAEIYIOETO 3aIpoca.
Osxmas 3aBepIIeHys AUCKOBOI OIlepallii, CepBep MpoCcTanBaeT 1 He 06pabaThiBaeT HUKa-
KMX JIPYTUX BXOJSIIMX 3a1IpOcoB. Ecin BeO-cepBep 3allylieH Ha CHelUaabHO BbIIEJTeHHON
MallliHe, 4TO Yalle BCEero 1 ObIBAaeT, TO HEHTPAJbHBINA MPOIECCOP, OKUAAS 3aBEPIICHUS
JIMCKOBOII oneparuu, ocraercs 6e3 jesia. B uTore MpoucXouT 3HAUUTENILHOE COKPAICHIEe
KOJIMYECTBA 3aIIPOCOB, 06pabaThIBaeMbIX B CEKYH/LY. TAKIM 06pa3oM, IOTOKU CYIIECTBEHHO
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HOBBIIAIOT TPOU3BOUTEIBHOCTD, HO KAyKIbIH N3 HUX IIPOrPAMMHUPYETCA TTOCTIEA0BATENLHO,
TO €CTh OOBIYHBIM CITOCOOOM.

Jlo cux 1mop MbI BU/IETU IBE€ BO3MOKHBIE KOHCTPYKIIUI: MHOTOITOTOYHBIN U OJTHOMOTOYHBI
Be6-cepsepsl. IIpeacTaBbre, YTO MOTOKKM HEJOCTYIIHbL, & CHCTEMHbIE TIPOrPAMMUCThI CUNTa-
10T, 4TO IMOTEPU IPOU3BOAUTEIbHOCTU ITPU UCITIOJIb30BAaHUN O/IHOTO ITOTOKA HEAOITYCTUMBbI.
Ecim nocryiiia HeGJIoKUpYIolast BEpCUsi CHCTEMHOTO BbI30Ba redd, TO BO3MOKEH U TPETHil
nozaxof. IIpu mocTymyiennu 3ampoca ero aHATM3UPYeT OMNH-eAUHCTBEHHBIN 1TOTOK. Ecam
3a1poC MOKET ObITh YIOBJIETBOPEH U3 KIIIIA, TO BCE B MOPSIAKE, HO €CJIM HET, TO CTapTyeT
HeOJOKUPYIOIIAs IMCKOBAsE OIIePALIHs.

CepBep 3aIichIBaeT COCTOSTHUE TEKYIIIETO 3aIpoca B TaOJIHILY, @ 3aTeM IPUCTYIIAET K TIOJTyde-
HUIO CJIELYIONIEr0 COOBITUS. DTHM COOBITHEM MOKET ObITh IMOO0 3aIIPOC Ha HOBYIO 3aa4y, THO0
OTBeT OT JINCKA, CBI3aHHBIN ¢ TIpebIIyTiel oneparueil. Ecin aTo HOBas 3a7aua, TO TIpoIiecc
HPUCTYIIAET K ee BhIOJIHeH IO, Ecii 9T0 0TBeT 0T [1cKa, TO U3 TabJuiibl BbIOMPAeTcs COOT-
BETCTBYIOIIast HH(GOPMAIIU 1 TPOMCXOAUT 06paboTKa otBeTa. [Ipu ucronbp3oBanny HebGJIOKH-
PYIOIIEro BBOA-BbIBOJA OTBET, HABEPHOE, JA0JIKEH NPUHATH (DOPMY CUTHAJIA WU TIPEPHIBAHMU.

ITpu Tako# KOHCTPYKIUU MOJENb «IIOCJAE0BATENBHOTO TIPOIECccay, IPUCYTCTBYIONAs
B IIEPBBIX JIBYX CJIyuasx, yxke He paboraer. CoCTOAHUE BBIYUCACHNS TOKHO ObITH SBHBIM
06pa3oM COXPaHEHO M BOCCTAHOBJIEHO M3 TAOJMUIIBI IPU KAsKIOM MEPEKIIOUEHNN CepBepa
¢ 06paboTKK OJHOTO 3alpoca Ha 06paboTKy Apyroro. B pesysibrate MOTOKU U UX CTEKU
UMUTHUPYIOTCSE GoJiee cloKHbIM 00pasoM. [Togo0Has KOHCTPYKIUSA, B KOTOPOH Y KaKI0TO
BBIYHCJIEHNS €CTh COXPAHSIEMOE COCTOSHIE 1 IMEETCST HEKOTOPBII Habop COOBITHIT, KOTOPBIE
MOTYT IIPOMCXOAUTD € LENbI0 H3MEHEHNS COCTOSTHISI, Ha3hIBAIOTCS MANIMHON C KOHEYHBIM
4pcI0M cocTosnuii (finite-state machine), Iu KOHEYHBIM aBTOMATOM. DTO IOHATHE IOy~
YKJIO B BBIYMCIUTENbHOM TEXHIKE BEChMa IUPOKOE PACIPOCTPAHEHUE.

Tenepb, HaBepHOE, YKe TTIOHATHO, YeM JOJKHBI OBITH TT0/I€3HBI TOTOKK. OHU JAIOT BO3MOK-
HOCTh COXPaHNTD UAEI0 MOCTEA0BATENBHBIX MPOIIECCOB, KOTOPBIE OCYIIECTBIIAIOT GIIOKHIPY-
IOIIME CUCTEMHBIE BBI3OBBI (HAIIPUMED, JI/IA OIEPaIii AUCKOBOTO BBOJIA-BBIBOJIA), HO IPU
5TOM MO3BOJISIIOT BCE JKe JOOUTBCS paciapalieMBaHns paboThl. BIOKupylome cucreMHble
BBI30BbI YIIPOLIAIOT IPOrPaMMIPOBaHIE, a IapajLielbHas paboTa MOBbIIAET IPOU3BOIUTEb-
HOCTb. OZHOIIOTOYHBIE CEPBEPBI COXPAHSIOT IIPOCTOTY OJIOKUPYIOIINX CUCTEMHBIX BbI30OBOB,
HO YCTYIIAIOT UM B IIPOUM3BOAUTENLHOCTU. TPeTuii MoAXoA M03B0ASeT J0OUTHCS BHICOKOM
HPOM3BOAUTEIBHOCTH 32 CUET IIapPaLIeJbHON PaboTh, HO UCIOJIb3YeT HEOIOKUPYIOUIIE
BBI3OBBI U IIPEPBIBAHMS, YCIOKHSS Mpoliece nmporpammuposanusa. CBoaka Mojeeii mpu-
BejieHa B Tab. 2.3.

Ta6nuua 2.3. Tpu cnocoba co3gaHns cepeepa

Mopenb XapakTtepucTukm

MoTtokun MapannenbHas paboTa, 610KMPYIOLLE CUCTEMHBIE BbI30OBbI

OAOHONOTOYHBIV NpOLLECC OTcyTcTBME NapasnienbHon paboTbl, 6J0KMPYIOLLME CUCTEMHbIE
BbI30BbI

MalumHa ¢ KOHEeYHbIM YnC- MapannensHas paboTta, HeGNOKMPYIOLLME CUCTEMHbIE BbI3OBbI,

JIOM COCTOSIHWI npepbIBaHNS

TpeTbrM TprIMepOM, TTOATBEPSKAATONINAM TTOTH3Y MTOTOKOB, SIBISIIOTCS MPUJIOKEHUS, TPETHA-
3HAYEHHbIE 1711 06PabOTKU 04eHb OOJIbIIOro 0ObeMa AaHHbIX. [Tpu 00bYHOM HoAX01e OJI0K
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JIAHHBIX CYMTHIBAETCS, IIOCJIE Yero oOpabaThIBaeTCs, a 3aTeM CHOBa 3anuchkiBaercs. [Ipobiema
B TOM, YTO IPY JOCTYITHOCTH JIUIID OJOKUPYIOIIUX BHI30BOB IIPOLIECC OJOKUPYETCS 1 ITPU 110~
CTYILIEHNN JaHHBIX, ¥ TP UX BosBpamenny. CoBepIIeHHO SICHO, YTO MPOCTON IEHTPAILHOTO
mpoiiecca mpu HeOOXOAUMOCTH B OOJIBIIOM 0ObEME BBIYMCAEHNUN CANUIIKOM PACTOYUTEIEH
U €TI0 110 BO3MOKHOCTH CJIe/lyeT U30eraTh.

[Ipobaema peraercs ¢ IOMOIIbIo MOTOKOB. CTPYKTypa IpoIecca MOKeT BKJII0YATh BXOAHOI
MOTOK, 00pabaThIBAIONIIIT MOTOK M BBIXOAHON MOTOK. BXOIHON MOTOK CYUTHIBAET JaHHbIE
BO BX0AHOH Oydep. O6pabaThiBalONMii TOTOK U3BJIEKAET JaHHBIE M3 BXOAHOTO Oydepa, 00-
pabaThIBaeT UX U TIOMEIIAeT Pe3yJIbTaT B BbIXoAHOH Oydep. BoixoaHoi Oydep 3anucbiBaer
STH pe3yJIbTaThl 06paTHO Ha AUCK. TakuM 06pasoM, BBOJI, BBIBOJ 1 06pabOTKa TaHHBIX MOTYT
OCYILECTBJIATHCS OHOBPeMeHHO. Pasymeercs, ata Moziesib paboTaeT JIMIIb IIPK TOM YCJIOBUH,
YTO CUCTEMHBII BBI30B OJIOKUPYET TOJIBKO BBI3BIBAIOIIMIT IIOTOK, 4 HE BECh IIPOLIECC.

2.2.2. Knaccuuyeckasa mogesib NOTOKOB

Pazobpasiiuch B 110Jb3€ MOTOKOB U B MOPSIIKE MX MCIIOJIb30BAHUS, aBaliTe PACCMOTPUM MX
npumeHenue 6osee npucranbio. Mogesb Ipolecca 0CHOBaHA Ha ABYX HE3aBUCUMbIX TTIOHSI-
THUAX: TPYTIIIIPOBKE PECYPCOB M BBITTOTHEHNN. VIHOT/Ia X TTOIE3HO OTAENUTD IPYT OT JIPYTa,
U TYT Ha NepBblii [IaH BLIXOAAT oToKK. CHavasia OyaeT paccMOTPeHa KJIacCuuecKast MOJIEb
ITOTOKOB, 3aT€M U3y4YeHa MOJIC/Ib IIOTOKOB, HCITOJIb3yeMas B LinuxX, KoTopast pa3MbIBaeT rpaHb
MEXIY TIpoTieccaMi M TIOTOKaMM.

CorJiacHO OIHOMY U3 B3IJISIIOB Ha IIPOIIECC, OH SIBJISIETCSI CLIOCOOOM TPYIIITUPOBKY B €IINHOE
11eJ10€ B3aNMOCBSI3aHHBIX PECypCcoB. ¥ IIpoliecca eCcTb a/[pecHOe TPOCTPAHCTBO, COZiepsKallee
TEKCT TIPOrPaMMbl U JJAHHbBIE, a TAKKE J[PYTHe PECYPChl. DTU PECYPChl MOTYT BKJIIOUATh OT-
KpbIThIE (hailsibl, HeOGpabOTAHHBIE ABAPUITHBIC CUTHAJIBI, 00PAOOTUUKU CUTHAJIOB, YIETHYIO
uHGOPMAIIUIO 1 T. /. YIIPaBJIeHIEe STUMHU PECYPCAMHU MOKHO 3HAUMTEIHHO 0OJIErIUTD, €CJTH
co6paTh X BOEAMHO B BUJIE TIPOIIECCA.

Jlpyroe mpucyliee mporeccy MOHsATHE — MOTOK BBIIOJIHEHMsT — 00bIYHO COKPAIIAETCSI 10 CJIOBA
MOTOK. Y ITOTOKA €CTh CUETYMK KOMAaH]I, OTCJIEKUBAIOIIIH, KaKyi0 04epe/IHyI0 MHCTPYKITIIO
HYJKHO BBITIOJTHSITE. Y HETO €CTh PETHUCTPHI, B KOTOPBIX COAEPKATCS TEKyIIHe paboune mepe-
MeHHBIE. ¥ HETO eCTh CTEK C TPOTOKOJIOM BBITTOJTHEHMS, COZIEPIKAIIIM TI0 OHOMY (hpeimy /17
Ka’K/I0# BBI3BAHHOI, HO ellle He BO3BPATUBIIEN yIIpaBJIeHUe POIe/ypbl. XOTs IIOTOK MOKET
ObITH BLIIOJHEH B PAMKAX KAKOr0-HUOY/Ib IIPOLECCa, CaM IIOTOK U €0 IMPOLECC ABISIOTCS Pas-
HBIMU TIOHATUSMU U JIOJZKHBI PACCMATPUBATHCS TIO OT/IEIbHOCTH. 1Ipoiiecehbl NCIoib3yioTest
IS TPYIIITPOBKY PECYPCOB B eAIMHOE 00Pa30BaHUE, & IOTOKH SIBJISIIOTCS «CYIHOCTBIO, Pac-
TIpeIesIsIeMOTt TS BBITIOJTHEHWST Ha TIEHTPAJIbHOM TIPOIIECCOPE.

[MToroku n06aBJISAIOT K MOJEJIHU MPOIIECCa BO3MOKHOCTD pean3aliil HECKOJbKIX B 3HA-
YUTEJHHOU CTeleHN He3aBUCUMBIX JIPYT OT JIPyTa BBIMOJHIEMBIX 33/1a4 B €JIUHOI Cpejie
nporecca. Hanmmune HeCKOJIbKUX TIOTOKOB, BBITTOJIHSIEMbIX MAPAJITIEJbHO B PAMKAX OJIHOTO
Tpoliecca, SIBJSIETCS] AaHAJIOTHel HAJIMYUsT HECKOJIbKUX TIPOIECCOB, BBITTOJIHIEMBIX TTapaJl-
JIeJIbHO HA OTHOM KOMITbIOTepe. B mepBoM cirydae MOTOKU UCIOJIB3YIOT €IMHOE aipecHOe
[IPOCTPAHCTBO W APYrHe PECypPChl. A B IOCJEAHEM CIIydae MPOILECChl UCHOIb3YIOT 0OUIYIO
(busMYecKyIO HaMsATh, AUCKHU, TIPUHTEPBI U APYyrue pecypcbl. IT0CKOIbKY TOTOKM 06J1a1ai0T
HEKOTOPBIMK CBOMCTBAMU IIPOLIECCOB, UX MHOT/A HA3bIBAIOT 00JEr4YeHHbIMHU MPOIECCAMHU.
TepMuH «MHOTOTIOTOYHBII PEKUM»> TAKKe MCIIOJIb3YETCS JIJIsi ONMUCAHUST CUTYAIUH, TTPU
KOTOPOIi 1o1ycKaeTcst paboTa HECKOJIBKIX ITOTOKOB B OJIHOM U TOM e Tipoliecce. B riase 1
OBLIO TIOKA3aHO, YTO HEKOTOPbIE [IEHTPAJIbHbIE TIPOLECCOPBI 00JIAJAI0T HEIIOCPEACTBEHHON
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armapaTHON MOIEP:KKON MHOTOTIOTOYHOTO PEXUMa U TIPOBOJAT MePeKIIoueHne TOTOKOB
32 HAHOCEKYH/IBI.

Ha puc. 2.8, a okazanbl Tpu TPaAUIMOHHbBIX TIpoIiecca. Y KaykJoro U3 HUX UMEETCst COb-
CTBEHHOE a/[PeCHOE MTPOCTPAHCTBO U €IMHCTBEHHBIIN TOTOK YIIpaBieHus. B oTindue ot 3ToT0,
Ha puc. 2.8, 6 MOKa3aH OJUH MPOIECC, UMEIOIUIT TPU MOTOKA yIpaBjieHust. X0Ts B 000uX
CJly4asix y HaC UMEeeTCsl TPY TI0TOKa, Ha puc. 2.8, a Kaxblil 13 HUX paboTaer B COOCTBEHHOM
aJ[PECHOM TIPOCTPAHCTBE, a Ha pc. 2.8, 6 Bce TPU MOTOKA MCIOJIb3YI0T 001Iiee aipecHoe Mpo-
CTPAHCTBO.

Mpouecc 1 TMpouecc 1  [Mpouecc 1 Mpouecc
O | /
[pocTpaHcTBo
nonb3oBaTtens
MoTok MoTok
MpocTpaHcTBO
anpa Anpo Anpo
a 6

Puc. 2.8. a — Tpu npouecca, y kKaxaoro u3 KoTopbix Mo 0gHOMY MOTOKY;
6 — OAMH NMPOLECC C TPEMS MOTOKaAMMU

Korma MHOTOTIOTOUHBIH TIpoOTiecC BBITIONHSIETCS HA OAHOIPOIIECCOPHON cUCcTeMe, TOTOKA
BBIIIOJIHAIOTCS, CMeHsist ApyT Apyra. Ha puc. 2.1 Mbl Buzesm paboTy MpoleccoB B MHOrO3a/1a4-
HOM pekuMe. 3a CUeT MEPEKTIOUCHIS MEXKIY HeCKOTbKUMU MPOIIECCAMHU CIICTEMA CO3/IaBajia
WJLTIO3UIO MAapaJiIeIbHO PabOTAIOIINX OTAETBHBIX MOCTEI0BATEIbHBIX MPOTleccoB. MHOTO-
HOTOYHBINA PEKIM OCYIIECTBIISIETCS AHAJOTUYHBIM crioco60oM. IleHTpabHbIN POTIECCOp
GBICTPO MEPEKIIIOYAETCST MESKLY TIOTOKAMHU, CO3/IaBasi UJLIIO3KIO, YTO TIOTOKY BBITOIHSIIOTCS
HapaJuIeIbHO, MyCTh aske Ha 60Jiee MEIJIEHHOM IIEHTPAIILHOM IPOIIECCOPE, YEM PEaIbHO UC-
mosib3yeMblil. [Ipn HanmMunu B 0Z1HOM TIpoliecce TpeX MOTOKOB, OTPAHNYEHHBIX IO CKOPOCTH
BbIYUC/ICHUs, OY/IeT Ka3aThCsl, YTO IIOTOKK BbIIOJIHSIOTCS MapalIeJIbHO ¥ KasKIbIH 13 HUX
BBITIOJTHAETCS Ha IIEHTPATIBHOM ITPOIleccope, MMEIoeM CKOPOCTD, KOTOPas COCTABJISET OIHY
TPETh OT CKOPOCTHU PeaTbHOTO TTPOIeccopa.

Pazymunble moToku B rponecce He O6JIalIaIOT TOMN HE3aBUCUMOCTbHIO, KOTOPad €CTb y pa3jany-
HBIX ITPOIIECCOB. VY Bcex II0TOKOB abCOIIOTHO O/THO 1 TO K€ a/IpeCHOE ITPOCTPAHCTBO, 4 3HAYUT,
OHM TaK K€ COBMECTHO UCIIOJIb3YIOT OJHU U T€ Ke robabHbIe IrepeMeHHbIe. HOCKOJIBKy
Ka?KZIhIfI IIOTOK MOJKET UMETH JOCTYII K ]IIO6OMy aJ[pecy aMsTH B IIpe/iejiax apecHoro
TIPOCTPAHCTBA MPOoIlecca, OANH ITIOTOK MOJKET CUYUTBIBATDH JTaHHDbIE N3 CTE€KA /IPYTOro IMOTOKA,
3aIUCBIBATD Ty/la CBOM TAHHBIEC U JIa’KE CTUPATD OTTYy/la JTaHHDIE. 33.HII/IT3. MEXYy TOTOKaMMN
OTCYTCTBYET, IIOTOMY 4YTO €€ HEBO3MOKXHO OCYyIIECTBUTDH U B Heil HeT HEO6XOI[I/IMOCTI/I. B or-
JIm4re OT PA3JTNYHBIX ITPOITECCOB, KOTOPbIE MOTYT ITPUHA/JIEKATD PA3JIMYHBIM TTI0JIb30BATEIIAM
1 KOTOPBbIE MOTYT BPaKI0BATDh APYT C IPYTOM, OJIVH TIPOIIECC BCET/Ia TPUHAAJIEKUT OTHOMY
1 TOMY JK€ 110JIb30BaTEJIIO, KOTOprfI, IMO-BUAMMOMY, U CO3JaJl HECKOJIBKO ITOTOKOB [IJI UX
COBMECTHOM pa6OTbI, a He 1J11 BpasK/Ibl. B JOIIOJTHEHHE K UCITIOJIb30OBaAHUIO O6H_[eI‘O aJ[peCcHOTO
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[IPOCTPAHCTBA BCE MOTOKH, KaK OKa3aHo B TabJl. 2.4, MOT'YT COBMECTHO UCIIOJIb30BATh OJ[HU
U Te K€ OTKPbIThIe (Gailjibl, J0YePHUE IPOLECCHI, OKKIaeMble U OObIYHBIE CUTHAJIBI 1 T. II.
[TosTomy cTpyKTypa, ToKazaHHas Ha puc. 2.8, a, MOKeT UCIIOTb30BaThCs, KOTAa BCE TPU
npoiecca (haKTHYECKU He 3aBUCAT APYT OT APYra, a CTPYKTYpa, lI0KaszaHHas Ha puc. 2.8, 6,
MOJKET MPUMEHSITHCS, KOT/IA TPU MOTOKA (haKTUYECKU SIBJISTIOTCST 9aCThIO OIHOTO U TOTO JKe
3a/IaHUST U AKTUBHO U TECHO COTPYIHUYAIOT APYT C IPYTOM.

Ta6nuua 2.4. Vicnonb3oBaHne 06bekTOB NOTOKaMu

AnemeHTbl, NpUcyLuMe KaXa0My MPOLEcCcy | dneMeHTbl, npucyLume KaXXa0My NoTOKy

AppecHoe NpoCTPaHCTBO CyeTynk KomaHa,
[Mo6asnbHble NepemMeHHble Pernctpsbl
OTKpbITbIE daiisbl Crek

[o4epHure npouecchl CocTtosHne

HeobpaboTaHHble aBapuiiHbie CUrHabI

CwurnHanbl 1 06paboTynkm CUrHanoB

YyeTHasa nHdopmaums

DJIEMEHTHI B IEPBOM CTOJIOIE OTHOCSATCA K CBOMCTBAM IPOIEcca, a He HOTOKOB. Harpumep,
€CJIM OJINH U3 MTOTOKOB OTKPbIBaeT (haii, 3T0T hailJi CTAaHOBUTCS BUIIUMBIM B JIDYTUX 110-
TOKAX, IPUHAJIEKAUX TIPOIECCY, © OHU MOTYT IPOU3BOJUTH C 3TUM (hailsiom orepanuu
YTEHUsI-3AMUCH. DTO BIOJHE JIOTUYHO, TIOCKOJIbKY UMEHHO MPOIECC, & HE TIOTOK SIBJISIETCST
DJIEMEHTOM YIIpaBJieHus pecypcaMu. Eciii Obl y KaI0ro 0ToKa bl COOCTBEHHbBIE aipec-
HOE MTPOCTPAHCTBO, OTKPHITHIE (haiiibl, Heo6paboTaHHbIE aBAPUHHBIE CUTHAJIBI ¥ T. /I., TO OH
6bL11 OB OTZEABHBIM TTpoTieccoM. C TIOMOIIBIO TIOTOKOB MBI ITBITAEMCST IOCTUYb BO3MOKHOCTH
BBITIOJIHEHUST HECKOJIBKIX [TOTOKOB, HCIIOJIb3YIONMX HAG0P 00LINX PECYPCOB C IEIBIO TECHOTO
COTPYAHUYECTBA IPU PEaM3alnK KaKOU-HUOY /b 3a[a4H.

[Too6HO TPaUIIIOHHOMY TTpoTieccy (TO eCTh MPOTIECCY TOABKO C OHUM ITOTOKOM ), TIOTOK
NOJIKEH GBITh B OJTHOM M3 CJEAYIONNX COCTOSTHUIT: BBITIOJHSIEMbIH, 3a6JOKNPOBAHHBIN,
TOTOBBIN WJIK 3aBepIIeHHbIN. BbloHsAeMbIll TOTOK 3aHUMAET IEeHTPAJIbHbBII IIpoIeccop
U SIBJISIETCS] aKTUBHBIM B JIaHHBI MOMEHT. B oT/inure ot 51010, 3a6JJ0KUPOBAHHBIN TOTOK
OKHUJIAET COOBITHUS, KOTOPOE ero pa3biokupyer. Hampumep, Koria IOTOK BBIOJIHSIET CH-
CTEMHbII BBI30B JIJIS1 YTEHUSI C KJIABUATYPBI, OH OJIOKUPYETCS 10 TeX IOP, [I0Ka Ha Hell He
Oyner uro-uubyab HabpaHo. IToTok MoxkeT ObITh 3a0JI0KMPOBAH B OKUAAHUN KAKOTO-TO
BHEIITHEro COObITUS UM eT0 Pa3bJIOKUPOBKU APYTUM ITIOTOKOM. TOTOBBIN IOTOK IJIaHUPY-
eTCst K BBINOJHEHUIO 1 Oy/IeT BBIIIOJHEH, KaK TOJIbKO MOA0HAET ero ouepean. Ilepexob
MEKIy COCTOSTHUAMU MOTOKA aHATOTUYHBI TIePEX01aM MEXKIY COCTOSHUSMU TTpoTiecca
(cm. puc. 2.2).

CJieyer y4ectb, 4TO Kask/blil IOTOK MMeeT coOCTBeHHbII cTek (puc. 2.9). Crek Kaskioro mo-
TOKA CO/IEPKUT IO OIHOMY (DpeiiMy JIJIst KaxK/I0l yrKe BbI3BAHHOI, HO ellle He BO3BPATHUBIIei
yIpaBJieHre mporenypsl. Takoit ¢ppeiiM comepKuT JOKaIbHBIE TIepeMeHHbIe TTPOIIe/y DB
U ajipec BO3BpaTa yIpaBJjeHusl 110 3aBepiiieHnn ee BbizoBa. Hanpumep, ecsiu niporeypa X
BbI3bIBAET Ipoueaypy Y, a Y BbI3bIBaeT 1poueaypy Z, To IpPK BbIIOJIHeHH Z B cTeKe OyIyT
dpetimbr wrst X, Y u Z. Kakapiii moTok GyeT, Kak MPpaBIIIo, BLI3BIBATH PA3TNUHbBIE TTPOTEAYPHI
U, CJIEJIOBATENILHO, UMETh CPETY BBITIOJTHEHHS, OTJMYAIONTYIOCS OT CPE/Ibl BBITTOJHEHUS JPYTUX
moTOKOB. [T0aTOMY KaskIoMy MOTOKY HYKEH COOCTBEHHBII CTEK.
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Puc. 2.9. Y kaxa0ro notoka umeetcst COOCTBEHHbIN CTEK

Korza ucrosp3yercss MHOTOIOTOYHOCTD, POIIECC 00BIYHO HAYMHAECTCS ¢ MCIOJIb30BAHUS
OJIHOTO MOTOKA. DTOT IIOTOK MOKET CO3/IaBaTh HOBbIE TIOTOKH, BBI3BAB OHOJMOTEUHYIO TIPO-
1enypy, k upumepy thread create. B napamerpe thread create o6bIYHO yKa3bIBa€TCs MM
[POIIEYPHI, 3aITyCKAeMON B HOBOM TI0TOKe. HeT HeoOXoauMocTH (UJH Jaske BO3MOKHOCTH )
yKa3bIBaTh JJIsI HOBOTO TIOTOKA KaKOe-HUOY/b afipeCHOE MPOCTPAHCTBO, MOCKOJIBKY OH aB-
TOMATHUYECKH 3AITYCKAETCsI B a[lPECHOM ITPOCTPAHCTBE CO3/IAIONIEr0 MOTOKa. MIHOTIA TTOTOKN
UMEIOT HePapXIIeCKyIo CTPYKTYPY, TIPU KOTOPOH y HUX YCTaHABIMBAIOTCS B3AUMOOTHOIIIE-
HMS MEXKTY POAUTETBCKIMHE 1 JOYEPHIMHI IIOTOKAMHU, HO Yallle BCETO TaK1e B3aMMOOTHOIIE-
HHSI OTCYTCTBYIOT M BCE MTOTOKM CYMTAIOTCS PaBHO3HAYHBIMI. He3aBICMMO OT HATUYHS MJIH
OTCYTCTBUS NEPAPXMIECKHIX B3aMMOOTHOIIEHUH CO3QAIOMNI IIOTOK OOBIYHO BO3BpAIIAeT
uaeHTN(UKATOP MIOTOKA, KOTOPHI JaeT HMI HOBOMY IIOTOKY.

Korza mmotok 3aBepuraer ¢Boo paboTy, BBIXOA U3 HETO MOKET OBITh OCYIIECTBJIEH 3a CUET
BbI30Ba OMOJIMOTEYHON TIPOLEyPbl, K ipuMepy thread exit. Tlocse aToro oH npexparaer
CBOE CyMIECTBOBaHME 1 (oJIbIIe He (GUTypHUpPyeT B paboTe IIAHMPOBIINKA. B HEKOTOPHIX mc-
OJIb3YIOIINX IIOTOKH CHCTEMAX KaKOii-HUOY b MOTOK /I BHIOJIHEHHUS BHIX0A MOKET OKH-
JIaTh BBIXOJA U3 KAKOTO-HUOYIb APYTroro (yKa3aHHOIO) IIOTOKA MOCJIE BRI30Ba MPOIIELY PEL,
K npuMepy thread_join. dta nponeaypa OJOKHPYET BHI3BIBAIOIIII IIOTOK 0 TEX II0P, OKa He
OyJIeT OCYIIECTB/IEH BBIXO U3 APYroro (YKasaHHOIO) IIOTOKa. B 9TOM OTHOLIEHMH cO3/1aH1Ie
U 3aBepIleHe PaOOThI IOTOKA OUEHb TIOXO0KU HA CO3/IaHIE U 3aBepIIeHIe PaboThI Ipolecca
[PU UCIIOJIb30BAHNU IPUMEPHO OJHUX 1 TEX 5Ke IapaMeTPOB.

JIpyroii pacupocTpaHeHHo# 11poleaypoi, BhI3bIBAEMON IOTOKOM, sBasercs thread yield.
OHna 1o3BoJIIeT HOTOKY H00POBOJIBHO YCTYIIUTh LEHTPAIbHDINA POLECCOP /s BbIIIOJIHE-
HU PYTOro MOTOKA. BasKHOCTD BBI30Ba TAKOI IIPOLIELYPbI 00YCIOBIUBACTCS OTCYTCTBUEM
MPEPBIBAHMUS 1O TaiiMepy, KOTOPOE eCTh Y TIPOIECCOB U Grarogapst KOTOPOMY (haKTHIECKH
3a/1aeTCs PEKUM MHOT033/[a9HOCTH. [/[J151 TOTOKOB BayKHO TIPOSIBJISATH BEKJINBOCTD U BPEMSI
OT BpeMeHU J0OPOBOJIBHO YCTYTIAaTh IIEHTPAIbHBII TIpoIleccop, YToObI aTh BO3MOKHOCTh
BBIMIOJIHEHUST JIPYTUM 1TOTOKaM. /[pyriie BbI3bIBaeMble TIPOIEAYPHI TO3BOJISIIOT OJHOMY I10-
TOKY OKUJIaTh, [IOKa JAPYTOH MOTOK HE 3aBEPUIUT KaKy0-HUOY /b PabOTY, a 5TOMY TIOTOKY —
OIIOBECTHUTD O TOM, YTO OH 3aBEPIIIII ONIPEAEICHHYIO PaboTy, 1 T. 1.

XoTs IOTOKY 3a4aCTYIO IPUHOCST MOJIb3Y, OHM BHOCSIT B MOJIEJIb TPOTPAMMUPOBAHUS 1 PSIJL
caoxknocreit. st Havana paccMoTpuM 3 heKT, BOSHUKAIOIINI TPU OCYIIECTBJICHUN CHU-
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cTeMHOro Bbi3oBa fork, npunaiexamiero OC UNIX. Eciu y poauTesibcKoro mpolecca ecTh
HECKOJIBKO TIOTOKOB, JIOJKHBI JIH OHU OBITh y JI0o4epHero mpottecca? Ecau Her, To miporiece
MOKET HeBEePHO (DYHKIIMOHNPOBATD U3-32 TOTO, YTO BCE OHU COCTABJISAIOT €I0 HEOTHEMIIEMYTO
4acTh.

Ho econ 1ouepHU TIPOTIECE TTOTYUAET CTOMBKO JKe MOTOKOB, CKOIBKO UX OBLIO Y POAUTENb-
CKOTO TIPOIECCA, YTO MPOMBONIET, C/IM KaKOH-HUOY/Ib U3 TIOTOKOB POAUTEIBCKOTO TIPOIEcca
OB 3a0TOKMPOBAH CUCTEMHBIM BBI30OBOM 7edd, NCTIOIb3YEMBIM, K IPUMEDY, A1 YT€HUSI
¢ KJTaBuaTyphl? ByayT Jiu Teneph ABa MOTOKa, B POANTENIHCKOM 1 B IOYEPHEM MPOIIECCaX, 3a-
GJIOKMpOBaHbl Ha BBOJE ¢ KiaBuaTypbl? Ecim Gyzer HabpaHa cTpoKa, MoJrydaT Jin 06a oToKa
ee xommio? VM ee MOIYyYINT TOMBKO MMOTOK POAUTENBCKOTO TIporecca? A MOKET OBITh, OHa
GyJIeT TmoJIyYeHa TOJIbKO IIOTOKOM Jo4epHero mporecca? CXomHbie MpoOIeMbl CyIECTBYIOT
U IIPY OTKPBITHIX CETEBLIX MOAK/IIOYEHHUIX.

Jlpyroii kiace 1po6JieM CBsA3aH ¢ TeM, YTO TIOTOKKM COBMECTHO UCIIOJIb3YIOT MHOIHE CTPYK-
TYPbI IAaHHBIX. YTO MPOUCXOUT B TOM CJIy4ae, eCJIM OJUH MOTOK 3aKpbIBaeT (aila B TOT
MOMEHT, KOT/Ia JIPYTO ITOTOK ellle He CYUTAJ ¢ Hero jannbie? [1penonoxum, 4To oiuH 1no-
TOK 3aMeTHJl AeUIUT CBOOOIHOM NaMATH U IPUCTYIINI K BbIAEICHHUIO JOIOJIHUTEILHOTO
oObeMa. Ha noJiryTu mpoucxoauT IepeKiodeHne II0TOKOB, U HOBBIN MOTOK TOKE 3aMedaeT
neunuT cBOOOIHON TTAMSITH 1 TIPHCTYIIAET K BBIAEIECHIIO IOTIOJHITETFHOTO 00beMa. Bro-
HE BO3MOJKHO, YTO JOIOJHUTENbHAST TAMSATH Oy/IeT BbileeHa ABasKAbL. J{JIsh pereHust aTux
pobJieM CilelyeT MPUIOKUTH PSAJL YCUJIUI, HO JIJIE KOPPEKTHOM paboThl MHOTOIIOTOYHBIX
porpaMm Tpebyercst Bee TIATEIbHO IPOLYMAaTh 1 CIIPOEKTUPOBATD.

2.2.3. MNotoku B POSIX

Y1006bI IPEAOCTaBUTH BO3MOKHOCTD CO3/[aHUST IEPEHOCHMBIX MHOTOIIOTOYHBIX [TPOTPAMM,
B oTHOIeHnn notokos nHerutytoM IEEE 6611 onipenenen cranpapr IEEE standard 1003.1c.
OnpeeneHHblii B HEM MAKET, Kacaolnics MoToKoB, HasbiBaeTcst Pthreads. O nomnepsxu-
Baercs OonbinnacTBoM UNIX-cucrem. B crangapre onpezesneHo 6osee 60 BbI30BOB (hyHK-
uit. PaceMoTpeTs B 9TOH KHHUTE TaKoe KOJIMYeCTBO (PYHKIINI MBI He B cocTogHUN. Jlydiie
OITHIIIEM PSIJT CAMBIX OCHOBHBIX (DYHKIIHIT, 4TOODI IATh MPECTABIEHUE O TOM, KakK OHI pabo-
tatoT. B Tabir. 2.5 nepedncieHbl Bee BbI30BbI (DYHKITHIA, KOTOPbIE MBI OY/IEM PACCMATPHBATD.

Tabnuua 2.5. Papn Bbi3oBOB pyHKLUMIA cTaHaapTa Pthreads

Bbi30Bbl, CBI3aHHbIE C MOTOKOM OnucaHue

pthread_create CospgaHne HoBOro noToka

pthread_exit 3aBepLueHne paboTbl BbI3BaBLLEr0 NOTOKA

pthread_join OxunpaaHme BbIX04a N3 yKa3aHHOro noToka

pthread_yield OcBob0oXxaeHME LieHTpabHOro NpoLeccopa, No3BosisioLee
BbIMOSIHATLCS APYrOMY MOTOKY

pthread_attr_init Co3zpaHune 1 nH1umManmsaums CTpykTypbl aTpubyToB noToka

pthread_attr_destroy YaoaneHue CTPyKTypbl aTPpUOyTOB NMoTOKa

Bce noroku Pthreads nmeror onpezgenentpie cBoiicTBa. Y KasKA0r0 MOTOKA €CTh CBOU UIEeH-
TuduKaTop, Habop perucTpoB (BKIIOYAsA CUETYUK KOMaH/) U Habop aTpubyToB, KOTOPbIE
COXPAHSIOTCS B OIPEIETIEHHON CTPYKType. ATprOYThI BKJIIOUAIOT pasMep CTeKa, TapaMeTpbl
[JIAHKUPOBAHUS M IPYTHE DJIEMEHTDI, HeOOXOMMbIe IIPU UCIIOJIb30BAHUHI OTOKA.
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HoBbiii 10TOK co3/1aeTcst ¢ OMOIIbIO BbI3oBa (pyHKIWU pthread create. B kauecTBe 3HaueHMst
(ynximu Bo3Bpaiaercs naeHTHGUKATOP TOABKO YTO CO3AHHOTO MMOTOKA. DTOT BHI30B Ha-
MEPEHHO C/IeJIaH OYeHb MOX0KUM Ha CUCTEMHBII BBI30B fork (3a MCKIIIOYEHHEM [TapaMeTPOB),
angenTrdUKaTOp MOTOKa UrpaeT posib PID, rmaBHbM 06pa3oM a1t naeHTUUKALINT CCHLIOK
HA MMOTOKU B JIPYTUX BbI30BAX.

Korza moToK 3akaHYNBAET BO3IOKEHHYIO Ha HETO PABOTY, OH MOKET OBITh 3aBEPIIeH Iy TeM
BbI3oBa (DyHKIMU pthread exit. ITOT BbI30OB OCTAHABIMBAET IIOTOK U 0OCBOOOKIAET IIPO-
CTPAHCTBO, 3aHSATOE €TO CTEKOM.

3adacryio IOTOKYy HeOOXOAUMO Mepe]] TIPOAOJIKEHIEM BBITTOJHEHUS OKUIATh OKOHYAHMSI
PaboThI 1 BBIXO/A U3 APYroro notoka. OQxuaaonuii MOTOK BhI3biBaeT hyHKIuIo pthread_join,
4TOObI JKAATh 3aBEPIIEHU APYTOro YKa3aHHOTO MOTOKA. B KauecTBe mapamerpa aToil (pyHK-
1N TIepe/iaeTcst NAeHTU(hUKATOP TIOTOKA, Ybero 3aBePIIeHUs CIe/lyeT OKUIaTh.

MHorza GbIBA€T TaK, YTO HOTOK HE SBJISETCS JOTMYECKU 320 J0KUPOBAHHBIM, HO CYUMTAET, YTO
popadoTall JOCTATOUHO JI0JITO, 1 HAMEPEBAETCS IATh IAHC HA BBIIOJHEHUE APYTOMY MIOTOKY.
IToi 11eIn OH MOKET JOOUTHCS 3a cueT BhizoBa GhyHKIMK pthread yield. Jlns npoieccos
MOAOGHBIX BBIZ0BOB (DYHKIIUI He CYLIECTBYET, MOCKOJIBKY MPEATIONAaraeTcst, Yo MPOIECChI
CUJIBHO KOHKYPHUPYIOT JPYT € APYTOM U KasKIblii 13 HUX TpeOyeT Kak MOKHO GOJIbIIe Bpe-
MEeHM [EeHTPAJIbHOTO Mpoleccopa. Ho MOCKOMbKY IIOTOKM OAHOTO MPoIecca, KaK MPaBIIo,
MUIITYTCS OXHAM W TEM 7K€ MPOTPAMMIICTOM, TO OH JOOUBAETCS OT HUX, YTOOBI OHY JaBaJIH
IPYT APYTY IHAHC Ha BHITIOJHEHNE.

JlBa ciie1yonux Bb30Ba (PyHKIIHIL, CBA3aHHBIX C TIOTOKAMH, OTHOCITCS K aTpuOyTam. DyHK-
s pthread_attr_init co3paeT CTpyKTYpy aTpuOyTOB, CBSI3aHHYIO C IIOTOKOM, 1 MHUAI[UAIU-
3UPYeT ee 3HAYEHUSAMU 110 YMOJTYaHUIO. DTH 3HaYeHMs! (HAIIPUMED, IIPUOPUTET) MOTYT ObITh
M3MEHEHDI 32 cUeT PaboThI ¢ TTOJSIMU B CTPYKTYPe aTprOyTOB.

U naxowner, byukius pthread attr destroy ynansier crpykTypy aTpuOyTOB, IIPUHAIEKA-
IIYI0 TIOTOKY, 0CBOGOKIasi [TaMsITh, KOTOPYIO OHa 3anuMasa. Ha oTok, KoTopblii HCII0/Ib30-
BaJI IAHHYIO CTPYKTYPY, 9TO HE BJIUSET, M OH IIPOJIOJI’KAET CBOE CYIIECTBOBAHME.

Yro6bl Jyyllie OHATH, Kak paboTaior ¢hyHkimy nakera Pthread, pacemorpum poctoit
npuMep, TokaszaHHbIi B auctuHre 2.1, OcHOBHas IporpaMma 9Toro mpumepa paboraer
B IIKJIE CTOJIBKO Pa3, CKOJIbKO ykazano B KoHcTaute NUMBER _OF THREADS (xonwue-
CTBO TIOTOKOB), CO3/1aBasi MPU KasyKI0il MTepalliy HOBbII IIOTOK W TIPEBAPUTETHHO COOOIIUB
0 CBOMX HamMepeHuaX. Eciim co3arh MOTOK He YAacTCst, OHa BBIBOAUT cOObIIeHre 06 O1mbKe
U BBITIOJIHSIET BbIX0. [locse co3manus BceX IOTOKOB OCYIIECTBIISIETCST BBIXO/ U3 OCHOBHOM
IIPOrPaMMBL.

JluctuHr 2.1. MNprmep nporpaMmmbl, MICAOAL3YIOLLLEN MOTOKN

#include <pthread.h>
#include <stdio.h>
#include <stdlib.h>

#tdefine NUMBER_OF_THREADS 10

void *print_hello_world(void *tid)

{
/* 3Ta OyHKUMA BbLIBOAUT MAEHTUPMKATOp NMOTOKa, a 3aTeM ocylwecTBAAeT Bbixod */
printf("Mpuset, mup. Tebsa npuseTcTByeT noTok N %d\n", tid);
pthread_exit(NULL);
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int main(int argc, char *argv[])

{
/* OcHOBHasA mporpamMma co3paeT 10 MOTOKOB, a 3aTem ocylwecTBaAeT Bbixoh. */
pthread_t threads[NUMBER_OF_THREADS];
int status, i;
for(i=0; i < NUMBER_OF_THREADS; i++) {
printf("3To0 ocHoBHas nporpamma. Co3paHue notoka N %d\n"", 1i);
status = pthread_create(&threads[i], NULL, print_hello_world,
(void *)i);
if (status != @) {
printf("Xanb, ¢yHkuma pthread_create BepHyna koa ownbku %d\n"",
status);
exit(-1);
}
}
exit(NULL);
}

ITpu cO3/IaHNUH TTOTOK BBIBOJUT OZHOCTPOUHOE COOOIIEHIE, OOBSIBIISISI O CBOEM CYIIECTBO-
BaHMU, II0CJIE YeTO OCYIIeCTBIIsIeT BbIX0/. 1IopsI/l0K, B KOTOPOM BBIBOASITCS Pa3inyHble
COODIIEH ST, HE OIPE/IETIEH U MTPU HECKOIBKUX 3AITyCKaX TIPOTPAMMBI MOJKET OBITh PA3HBIM.

Koneuno e onucanubie byukiu Pthreads coctaBisgior suib HeGOMBIIYIO YaCTh MHOTO-
YHCJAEHHDBIX (DYHKIMH, HMEIONMXCS B 9TOM akere. YyTh M03Ke, 10csie 00CyKACHNsT CHH-
XPOHM3AIMH [TPOIECCOB U MTIOTOKOB, MBI U3YYMM U HEKOTOPbIE APYTHE (DYHKIINH.

2.2.4. Peanusauus noToKkoB
B NOJIb30BaTEJ/IbCKOM NMPOCTPAHCTBE

EcTb 71Ba OCHOBHBIX MeCTa peaimsaiuu Habopa IIOTOKOB: B [0JIb30BATEILCKOM IIPOCTPAHCTBE
U B siipe. ITO YTBEPIKIEHNE HOCUT HECKOJIBKO CIIOPHBIN XapaKTep, TIOCKOJIBKY BO3MOXKHA e1Ile
U ruGpuiHast peaausalus. A Ternepb Mbl OIUILIEM TH CIIOCOOBI CO BCEMU UX JIOCTOMHCTBAMU
U HEJIOCTaTKAMU.

ITepBblii cII0c06 — 9TO HOMECTUTD BECH HAOOP IIOTOKOB B II0JIb30BATEILCKOM [TPOCTPAHCTBE.
1 06 5TOM HabOPE SAAPY HUYETo He U3BECTHO. UTO KacaeTcs a1pa, OHO YIPABJISAeT OObIYHBIMHY,
OJIHOIIOTOKOBBIMHU TIpo1ieccaMu. IlepBoe 1 caMoe 04eBUIHOE IPEUMYIIECTBO COCTOUT B TOM,
4TO HaBOP MOTOKOB Ha IOJIb30BATEIHCKOM YPOBHE MOKET OBITh PEaN30BaH B ONEPAIlMOHHON
cHcTeMe, KOTopast He MOAIEP/KUBAET TOTOKM. 1101 3Ty KaTeropuio MOATagaloT BCe OIeparu-
OHHBIE CUCTEMBI, IA’KE Te, KOTOPBIE elle HaXOAATCA B pa3paboTke. IIpu 5ToM 110X0/1e HOTOKN
peaTm30BaHbl ¢ TOMOIIBIO OUOIMOTEKMN.

VY Bcex aTHX peanusanuil oJHa U Ta ke obimas crpykrypa (puc. 2.10, ). IToroku samyckaior-
¢ TIOBEPX CUCTEMbI TIO/IZIEP;KKU UCTIOJHEHNS TIporpamMM (run-time system), KOTopasi mpe/i-
craBiisier coboii HaboP MPOLELYP, YIIPABJIIONMX ToToKaMu. YeTbipe u3 uux: pthread create,
pthread_exit, pthread_join v pthread_yield — mp1 yxe paccmorpesiu, HO 00bIUHO B Habope
€CTb U IPyTHUe TIPOIELyPbI.

Korma noToku ynpasasioTcsl B MOJIb30BATENBCKOM MPOCTPAHCTBE, KAKIOMY MTPOLECCY He-
00X0UMO MMETh COOCTBEHHYIO TAOIMILY IIOTOKOB, YTOGBI OTCJIESKMBATH IIOTOKU, UMEIOIECs
B TOM IIpolecce. ITa TabJInIa SABJIAETCA aHATIOTOM TabJUIbI IPOIIECCOB, MIMEIOLICHCS B SAIPE,
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3a MCKJIIOYEHNEM TOTO, YTO B Hell COIepsKaTCs JINIIb CBONCTBA, TPUHAJIEKAIIIE KOKIOMY
MOTOKY, TAaKHMe KaK CYeTYMK KOMaH/| TIOTOKA, YKa3aTelIb CTeKa, PETHCTPBI, COCTOSTHIE U T. .
Tabsuia TOTOKOB YIIPABJISIETCS] CUCTEMON TTOIEPIKKH MCITOIHEHMsT iporpamm. Korzma motok
HEePEBOIUTCS B COCTOSTHIE TOTOBHOCTU WK OIOKUPYeTCs, nH(pOpMAIst, He0OX0MMast 1Jist
BO30GHOBJIEHIS €T0 BBIMOJTHEHST, COXPAHSIETCsT B TaOJIHI[E TOTOKOB, TOUHO TaK K€, KaK PO
XpaHUT HHOOPMAIHIO O POIECCaX B TAOJIHILE TTPOIECCOB.

Korpa motok coBepiiaeT Kakue-To AeHCTBUsI, KOTOPbIE MOTYT BbI3BAaTh €0 JIOKAJIbHYIO
GJIOKUPOBKY, HATIPHMED OKKIAHUE, TIOKA JPYTOIl IIOTOK €ro MPoIecca He 3aBEPIIUT KaKyo-
HUOYb paboTy, OH BBI3BIBAET TIPOTIEAYPY CUCTEMBI TIOAMEPKKN UCITOMHEHWS TPOTPAMM.
Ira npoiesypa IMPOBEPSIET, MOKET JIM MOTOK ObITh IIepeBeieH B COCTOSIHUE OJIOKUPOBKL.
Ecsii MozKeT, OHA COXPaHSIET PErUCTPBI IOTOKA (TO €CTh COOCTBEHHbBIE PETUCTPbL) B TabJIHIIE
HOTOKOB, HAXOJMT B TabJIUIIE IOTOK, TOTOBBII K BBIIOJHEHUIO, U [IEPE3arPysKaeT PErHCTPhL
MAaLIMHbI COXPaHEHHBIMU 3HAYEHUSIMU HOBOIO MoTOKa. Kak TOJIbKO OyIyT MepeKIoYeHbl
yKazaTeJb CTeKa U CYETYMK KOMaH]l, aBTOMAaTUYECKU BO30GHOBUTCS BBITIOJHEHUE HOBO-
ro notoka. Ecjiu Mainne laeTcst UHCTPYKITUSI COXPAHUTDH BCE PETUCTPBI U CJIEAYIONIast
UHCTPYKIMS — 3aIPY3UTh BCE PETUCTPbI, TO MOJHOE TEPEKIIOUEHNE TIOTOKA MOKET ObITh
OCYIIIECTBJIEHO 32 CYET BCETO JIUIIb HECKOJBKUX MHCTPYKIHI. [lepeksiouenne moToKoB,
OCYIIECTBIEHHOE TAKUM 00pPa30M, 0 KpailHell Mepe Ha MOPSIIOK, & MOKET ObITh, U OOJIbIIE,
ObICTpee, UeM TIEPEXBAT YIIPABIEHUS SIPOM, UTO SIBJISIETCST BECKUM apTyMEHTOM B TIOJTb3Y
Habopa [OTOKOB, PEaIM3yeMOro Ha 10JIb30BaTEIbCKOM YPOBHE.

Ho y OTOKOB eCcTh 0O[HO OCHOBHOE OTJIMYME OT MpolieccoB. Koraa moTok Ha BpeMst ocra-
HaBJIMBAET CBOE BBINIOJIHEHUE, HAIPUMED KOT/Ia OH BbI3bIBaeT thread yield, kon nporienypbl
thread_yield MoeT caMOCTOSITETTHHO COXPaHITh MH(MOPMAIINIO O TIOTOKE B TabJIUIIE MTOTO-
KOB. BoJiee TOTO, OH MOJKET 3aTeM BBI3BATD TJIAHUPOBIIMK TTOTOKOB, YTOGBI TOT BEIOPAJT 11T
BBITIOJTHEHUST IPYTOH TTOTOK. TIporiesypa, KOTopast COXpaHsieT COCTOSIHUE TTOTOKa, U Tiia-
HUPOBUIUK — 9TO BCETO JIUIIh JIOKAJIbHbBIE TIPOLIEYPBI, TI0ITOMY MX BbI30B HAMHOIO HoJiee
adexTrBEH, YeM BBI30B sipa. [ToMUMO BCero podero, He TPeGYETCs IEPEXBAT yITPaBJIeHUsT
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SIIPOM, OCYIIECTBIISIEMbIiT MHCTPYKIMEiT trap, He TpebyeTcst epekIioyeHe KOHTEKCTa, KLl
B IIaMATH He HYKHO cOpachiBaTh Ha AUCK U T. . Biarogapst 5ToMy IJIaHUPOBUIMK OTOKOB
paboTraer 04eHb ObICTPO.

Y 1OTOKOB, peaTM30BaHHBIX Ha MOJb30BATEIbCKOM YPOBHE, €CTh U JIPyTHe TIPENMYIIeCTBa.
OHM MO3BOJISTIOT KAXKIOMY IIPOIECCY UMETh COOCTBEHHBIE HACTPOIKHU aJITOPUTMA TLIAHU-
poBanust. Harpumep, JIs HEKOTOPBIX TTPHJIOKEHUE, KOTOPBIE MMEIOT OTOK COOPIIHMKA
MYCOPa, €CTb €IIle OJ[FH IJTI0C — UM He CJIe/lyeT OECTTOKOUTHCSI O TIOTOKAX, OCTAHOBJIEHHBIX
B HETIOJIXO/ISIIIUAE MOMEHT. DTH TIOTOKH TAK3Ke JyUIlie MacIITabuPyIOTCst, TOCKOIBKY TIOTOKH
B IAMSATH s1/ipa 6e3yCJIOBHO TPEOYIOT B siPe MPOCTPAHCTBA JIJIst TAOJIUIbI 1 CTEKA, YTO [PH
04€eHb HOJIBIIOM KOJHMIECTBE TOTOKOB MOKET BHI3BATD 3ATPY/[HEHNSI.

Ho HecMOTpsT Ha JIy4IIyIO IPOU3BOANUTENLHOCTD, Y IIOTOKOB, Pealu30BaHHbIX Ha OIb30Ba-
TEJIBCKOM YPOBHE, €CTh Psijl CYIIECTBEHHBIX 1pobieM. [lepBasi U3 HUX — KaK Peajn30BaTh
GJIOKUPYIOIIKE CUCTEMHbIE BBI3OBBI. IIpeicTaBbre, 4TO MOTOK CYUTHIBAET UHMDOPMAIIHIO
C KJIaBMATYPBI Tepel HaKaTHeM KaKOH-HUOYAb KIaBUIIH. MBI He MOKeM pa3pelInTh Mo-
TOKY OCYIIECTBUTD HACTOSIIIIT CHCTEMHBII BBI30B, IIOCKOJIBKY 9TO OCTAHOBHT BBIIIOJTHEHNE
Bcex oTokoB. OJIHA U3 TIaBHBIX [eJIeil OPraHU3aI[iU IOTOKOB B IEPBYIO 0U€PElb COCTOSIIA
B TOM, '—ITO6I)I ITO3BOJINTDH KaKAOMY IIOTOKY MCITI0J1b30BaTh 6JIOKI/IpyIOH_[I/Ie BbI3OBbI, HO IIpK1
5TOM MPEIOTBPATUTD BJAMSHNE OJHOTO 3a0JOKMPOBAHHOTO MMOTOKA Ha BBITOJTHEHHE IPYTHX
NnoTOKOB. PaGoTast ¢ 6I0KUPYIOMINMI CUCTEMHBIMUA BBI30BAMHE, JOBOJBHO TPYAHO ITOHSTD,
KaK MOKHO JIOCTHYB TOH 11es1n 6e3 0coboro Tpyia.

Bce cucremmble BBI3OBBI MOTYT OBITh M3MEHEHBI U TIPEBPAIIEHbI B HEOJIOKUpyomme (Harmpu-
Mep, CYUTHIBAHIE C KJIaBUATYPBI OYET TIPOCTO BO3BPAIIaTh HyIb 6aiiToB, ecau B Gydepe Ha
JIAHHbBII MOMEHT OTCYTCTBYIOT CUMBOJIBL ), HO MUBMEHEHUS, KOTOPBIE JIJISE 3TOTO HEOOXOANMO
BHECTH B OIEPAIIMOHHYIO CUCTEMY, He BBI3BIBAIOT 9HTy3HMa3Ma. Kpome Toro, oiHIM 13 apry-
MEHTOB 32 UCII0JIb30BAHUE TOTOKOB, PEATM30BAHHBIX Ha MOJIB30BATENBCKOM YPOBHE, ObLIO
WMEHHO TO, 4TO OHHM MOTYT BBITIOJHATBCS O/l YIPABICHUEM CYU{ECIEYIOULUX OTIEPAITMOHHBIX
cucreM. Bro6aBok Ko BceMy U3MEHEHUe CeMaHTHKU CHCTEMHOTO BbI30oBa read noTpebyer
U3MEHEHVsI MHOKECTBA MOJIB30BATEIBCKIX TTPOrPAMM.

B tom ciryuae, ecii ectb BO3MOKHOCTD 3apaHee COOOIIUTD, OYAeT Ji BHI30B GJOKUPYIOLIUM,
CYIIECTBYET U AipyTas assrepHatnBa. B 6osbimacTBe Bepenii UNIX cyiiecTByeT cucTeMHbIH
BBI3OB select, O3BOJIAIOMNI cOOOMINTD BBI3bIBAIONIEN TIporpamMme, OyAeT Jin IpenoJarae-
MBIl cUCTEeMHBII BBI30B read Guokupytomum. Eciim Takoii BbI30B uMeeTcst, Oubimoreynas
npotieypa read MOKeT ObITh 3aMEHEHa HOBOI IIPOIIEyPOoii, KOTOpast CHauaIa OCYIIECTBIISIET
BbI3OB IIPOLELYPbI select U TOJIBKO IOTOM — BbI30B read, ecyiv on GesomnaceH (To ecTb He Oyuer
BBIOJIHATH GJIOKMPOBKY ). Eciin BbI30B read Gyner GJIOKUPYIONIUM, OH HE OCYIIECTBIISETCS.
BMeCTo 3TOro 3a1yCKaeTcst BBIIOJHEHHUE JAPYTroro MoToKa. B ciieaytomuii pas, Korja cucrema
HOAAEPHKKU MCIOJIHEHUS IPOIPaMM I0JIydaeT YIpaBIeHne, OHa MOKET OISATh IIPOBEPHTD,
Oyner Jin Ha 9TOT pa3 BbI30B read Gesonacen. J{Jis peaqusaliny Takoro moaxozaa rpedyercst
[ePEnucaTh HEKOTOPbIE YACTH OUOIUOTEKH CHCTEMHBIX BBI30BOB, UTO HEJIb3s PACCMATPUBATH
B KauecTBe 9(PPEKTUBHOIO U HJIETAHTHOTO PELICHUS, HO BCE K€ 9TO TOKE OJMH 13 BAPUAHTOB.
Koz, KOTOpbIIi TIOMEIaeTcst BOKPYT CMCTEMHOTO BbI30Ba C 11eJIbIO IIPOBEPKH, Ha3bIBACTCS KOH-
BepToM (jacket), niam 000a04KOM, 1 06epTKON (Wrapper).

C npobisieMoii GJOKUPYIONINX CHCTEMHBIX BBI30BOB HECKOJIBKO IIEPEKIUKAETCs TIPobieMa
OMUOKK OTCYTCTBUS CTPAHUIIBL. MBI U3ydnM aTy npobieMy B riiase 3. A ceifuac 10CTaTOUHO
CKa3aTh, YTO KOMIBIOTEPBI MOTYT UMETh TAKYI0 HACTPOIKY, UTO B O/[HO U TO K€ BPEMSI B OTIe-
PATUBHOIA MAMSITH HAXOJISITCS HE BCe TIPOTPaMMbI. EcJii mporpamMma BbI3bIBAET HHCTPYKIIUH
(M TIepexXoINT K MHCTPYKIIUAM ), OTCYTCTBYIOIHE B MAMSATH, BOHUKAET OIMOKa obparie-
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HUSI K OTCYTCTBYIOIEH CTPAHUIIE U OlIePAllMOHHAS cUcTeMa 00PAIIAeTCs K IUCKY U [OJIy4aeT
OTCYTCTBYIOIINE MHCTPYKIK (M MX COCeIel ). DTO Ha3bIBAaeTCsl OMUOKOI BHI30BA OTCYTCTBY -
iomieil crpanuiibl. IIporece 60KUpyeTes 1o TexX nop, oKa He Oy/ieT HailjieHa U cuuTaHa He-
o6xoauMast mHceTpykius. Eciu onOka oOpalieHust K OTCYTCTBYIOIIEH CTPaHKIle BOSHUKAET
[IPU BBITIOJTHEHUH TIOTOKA, SIZ[PO, KOTOPOE JIaske He 3HAET O CYIIECTBOBAHUH TTOTOKOB, KaK
1 CJTEMIOBAJIO OKU/IATh, OJIOKUPYET BECH MPOIIECC /IO TEX TIOP, TIOKA He 3aBEPITITCS MCKOBAsT
olepalis BBOJA-BbIBOJIA, IasKe €CJIU JAPYTUe TIOTOKK OYYT FOTOBbI K BbINOJHEHHIO.

Wcnomp3oBanie Habopa TTOTOKOB, PEATN30BAHHOTO Ha TTOJIb30BATETHCKOM YPOBHE, CBSI3aHO
elle ¢ OJHON IPOGJIEMOIL: eciii HAYMHAETCsI BBINOJHEHKUE OJHOTO U3 TI0TOKOB, TO HUKAKON
JIPYroil MOTOK, IPUHAJJIEKAIIUI 9TOMY IIPOLECCY, He CMOKET BBIIOJHATLCS 70 TeX 0P,
OKa TI€PBBII IIOTOK J0OGPOBOJIBHO HE YCTYIIUT IEHTPaIbHbIA npoueccop. B pamkax eanHoro
npolecca HeT IpepbIBaHuil 110 TaliMepy, O3BOJISIONIUX IVIAHUPOBATh PabOTY IIPOLIECCOB O
KPYroBoMy IUKJTY (11004epeiHo). Eciim oTok He BOIET B cCHCTEMY ITO/IEPKKHI BbITIOJTHEHUST
porpamm 110 106poii BoJie, y IJIaHKMPOBILMKA He OyAeT HUKAKUX [IAHCOB Ha paboTy.

[Tpo6emy 6eCKOHEYHOTO BHITIOJTHEHHUST TOTOKOB MOKHO PENTUTh TaKKe TyTeM Mepeiadn
YIPaBJIEHNUS CUICTeME TIOIEPKKI BBITIOTHEHUS TTPOTPAMM 3a CUeT 3arpoca cCUTHazA (TIpephi-
BaHU) TI0 TaliMePy € IEPUOTUYHOCTBIO OJTMH Pa3 B CEKYH/LY, HO /IS IPOTPAMMBI 3TO JIAJIEKO He
camoe Jiyuliee petieHre. Bo3MoKHOCTb IEPUOAMYECKUX U I0BOJIBHO YaCThIX IIPEPhIBAHUI 110
TaiMepy MPEeI0CTABIISIETCST HE BCETIA, HO JIKe €CITH OHA 1 TIPETOCTABIISIETCS, OOIITNE N3AEP/KKN
MOIYT GBITh BECbMa CYIECTBEHHbIMU. Bosiee Toro, HOTOK MOKET TaKsKe HyKIaThCsl B IIPePbIBa-
HUSX TI0 TaiiMepy, Melliasi UCTIO0Ib30BaTh TAllMeP CUCTEME TIOIEPKKI BBITTOJTHEHUS TIPOTPAMM.

Jpyroii Harboiee CUIBHBIN apryMEHT TIPOTUB MOTOKOB, PeaM30BaHHbIX Ha T0JIb30BaTE h-
CKOM YPOBHE, COCTOUT B TOM, YTO IIPOrPAMMUCTAM HOTOKH 0OBIYHO TPEOYIOTCS MIMEHHO B TEX
NPUIOKEHUSX, TIe OHU YacTo OJIOKMPYIOTCS, KaK, K IPUMEPY, B MHOTOIIOTOUHOM BeO-cepBepe.
ITH MOTOKU YACTO COBEPIIAIOT CUCTEMHbIE BbI30BBI. Kak TOJBKO /7T BBITIOJIHEHHS CUCTEMHO-
I'0 BbI30BA SIIPO OCYIIECTBUT IIEPEXBAT YIIPABJIEHNUSI, €My He COCTaBUT 0COOOT0 TPYy/Ia 3aHATh-
s IepeKJIIoYeHreM [IOTOKOB, €CJIU PEKHII TOTOK 3a0JI0KMPOBaH, a KOI/Ia sPO 3aiiMeTcst
peleHreM 9Tol 3a1auu, OTHaAeT HeOOXOAUMOCTD IIOCTOSIHHOTO OOPAIEHUS K CHCTEMHOMY
BbI3OBY select, 4T0ObI ONpeAeanTh GE301ACHOCTh CUCTEMHOIO BbI30Ba read. 3aueM BooO1Ie
HCTIOJIb30BATh IIOTOKU B T€X MIPUJIOKEHHSIX, KOTOPBIE, [0 CYIIECTRY, IIOJHOCTHIO 3aBsI3aHbI HA
CKOPOCTH PabOThI HEHTPAIBLHOTO IIPOIIECCOPA U PEIKO UCHOJIb3YIOT OI0KMPOBKY ? HUKTO He
CTaHEeT BCEPbe3 MpeJIaraTh UCIOIb30BAHIE TIOTOKOB IIPU BHIYUCJIEHUH TIEPBBIX 71 TPOCTHIX
YKCceJl WK IPU MIPe B IAXMAThI, HOCKOJIbKY B IaHHBIX CJYYasix OT HUX OyeT MaJo IPOKY.

2.2.5. Peanusauuns NnOTOKOB B agpe

Tenepsb gaBaiiTe pacCCMOTPUM, YTO [IPOU3OIIET, €C/IM SAPO OYAET 3HATH O IOTOKAX U yIIPAB-
asatb umu. Kak nokasano na puc. 2.10, 6, 31ech ysKke He HysKHa CUCTeMa MOAAEPKKU UC-
noJiHenust nporpamM. Takske 371ecb HeT ¥ TabJIMIIBI TIPOIIECCOB B KAsKIOM TI0TOKe. BMecTo
9TOTO Y sIIpa ecTh TabJIUIa IOTOKOB, B KOTOPOU OTCJIEKUBAIOTCS BCE TIOTOKH, UMEIOTIIECS
B cucteMe. Korza 1motoky HeoOX0IMMO CO3/1aTh HOBBINA WJIM YHUYTOKUTD CYIIECTBYIOMIMI
HOTOK, OH 0OpAIAeTCst K sIPY, KOTOPOE U CO3/AeT WM Paspyliaet IyTeM 0OHOBJICHUS Ta-
GJIUIIBI TOTOKOB B SIZIPE.

B rabuiniie MOTOKOB, HAXOASIIIENCS B SI/IPE, COAEPIKATCS PETUCTPBI KAXKIOTO MOTOKA,
cocTostHue U Jipyrast uHdopmanus. Bes nHdopmanms aHasornyia Toi, KOTopast nuc-
MTOJTH30BAJIACH [IJIST TOTOKOB, CO3/IaBAEMBIX Ha 1T0JTh30BATEIbCKOM YPOBHE, HO TeTlepb OHA
COJePKUTCA B d/pe, a He B IIPOCTPAHCTBe 110/1b30BaTe s (BHYTPU CUCTEMbI IOAAEPKKI
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WUCIIOJIHEHUS TIPOTpaMM ). ITa HHGOpMaIud SIBJSIETCS MOAMHOKECTBOM TOM MH(pOpMa-
1M, KOTOPYIO MO/IEPKUBAIOT TPAIUIIMOHHBIE S/IPA B OTHOIIEHUY CBOUX OJTHOTIOTOYHBIX
[IPOLIECCOB, TO €CTh MOAMHOKECTBOM COCTOSHUS IIpolecca. B1o6aBok K 9TOMY s1ApO
[OJ/IEPKUBAET TaKKe TPAAUIIMOHHYIO TaGJUILY POIECCOB C HEJAbI0 UX OTCJEKUBAHUSL.

Bce BbI30BBI, criocoGHbIE 3a6I0KMPOBATH TIOTOK, PEATN30BAHbI KAK CUCTEMHBIE, ¢ OoJee
CyHIeCTBEHHbIMU 3aTpaTaMU, YEM BbI3OB IIPOLEAYPbI B CUCTEME MTOAAEPIKKNU UCITOJTHEHUA
nporpamm. Korja notok 6JI0Kupyercs, sapo 110 ¢BoeMy BIOOPY MOKET 3allyCTUTh JU60
IPYTOH MOTOK M3 9TOTO K€ CaMOTo IpoIecca (eCIU NMEETCs TOTOBBIA K BBITOJTHEHHIO TI0-
TOK), TGO MOTOK M3 PYToro mpoiiecca. Koraa moToku peasusyioTes Ha MoIb30BaTeTbCKOM
YPOBHE, CUCTeMA HOAAEPAKKI UCIOJIHEHUS IIPOrpaMM paboTaeT ¢ 3aIlyIeHHBIMU IOTOKAMU
COOCTBEHHOTO TIPOIIECCA [0 TEX IO, TIOKa SAPO He 3abepeT y Hee MeHTpaIbHbIA MPOIeccop
(MM He OCTAHeTCS HU OHOTO TOTOBOTO K BBITIOJHEHHIO TIOTOKA).

[TockoJbKy cO3/[aHue U YHHUTOKEHHE TIOTOKOB B sifipe TpeOyeT OTHOCUTETHLHO GoJiee Beco-
MBIX 3aTPaT, HEKOTOPBIE CHCTEMBI C YIETOM CKJIA/IBIBAIONIENCST CHTYAIINH TPUMEHSTIOT HoJiee
TIPABUJIBHBIH TTO/IX0/L ¥ UICTIOJIB3YIOT CBOM IMTOTOKHM MTOBTOPHO. [Ipn yHIUYTOREHNN TOTOKA OH
MOMEYAETCsT KaK HeCTIOCOOHDII K BBITIOJHEHUTO, HO 9TO HE BJIHSIET HA €10 CTPYKTYPY JaHHbIX,
UMEIOTIYIocs B siipe. YyTh 11033Ke, KOT/Ia I0JKEH ObITh CO3/IaH HOBBIH [TOTOK, BMECTO 3TOTO
MTOBTOPHO aKTUBUPYETCS CTAPBIN TOTOK, YTO MPUBOJUT K 9KOHOMIM BpeMeHu. [loBTopHOE
HCIIOJIb30BaHNE TTOTOKOB ZIOITYCTUMO 1 HA TTOTh30BATEIHCKOM YPOBHE, HO /IS 3TOTO HET
JIOCTATOYHO BECKUX OCHOBAHUI, IIOCKOJIBKY U3/ICP’KKH Ha yIIPaBJICHHE IIOTOKAMH TaM 3Ha-
YUTEJbHO MEHBIIIE.

JlJ1st TOTOKOB, peain30BaHHbIX HAa YPOBHE si/[pa, He TPeOYeTCsl HUKAKUX HOBBIX, HEOJOKUPY-
IOMINX CHCTEMHBIX BBI30BOB. bosee TOro, ecyin 0/1nH 13 BBITIOTHIEMbIX TOTOKOB CTOJIKHETCST
¢ o1muOKOoit 0GpaleHrst K OTCYTCTBYIONIEH CTPAHUIIE, SIZIPO MOKET € JIETKOCTHIO TPOBEPHUTD
HaJIMYKE y Mpolecca JOObIX IPYTUX TOTOBBIX K BBINIOJHEHHIO MOTOKOB U [IPU HAJIMYUH Ta-
KOBBIX 3aITyCTUTD OJIUH 13 HUX HA BHIMOJIHEHNUE, TOKA OY/IET IVINTHCS OKUAHIE U3BJIEYEHUS
3aIPOIIEHHON CTPAHUIIBI C IMCKA. [JIaBHBIM HE0OCTATOK 3TUX HOTOKOB COCTONT B BECbMa
CYIIECTBEHHBIX 3aTPATaX BPEMEHU HA CUCTEMHBII BBI30B, [I09TOMY, €CJIH OTI€PAIUU HA/L 110-
TOKaMu (CO3/IaHMe, YIAIEHUE U T. I1.) BBIMOJHSIIOTCS JOBOJIBHO 9acToO, 3TO BJIEYET 3a COOOM
GoJiee CyIIeCTBEHHDIE H3EPKKIL.

XoTs1 OTOKH, CO3/[aBaeMble Ha YPOBHE SIJIPA, U MO3BOJISIOT PELIUTH Psijl TPOGJIEM, HO CIipa-
BUTBHCSI CO BCEMU CYIIECTBYIOIMMH MpobJeMaMit OHU He B cocTostauu. Yto Oyzer, K mpu-
Mepy, KOT/Ia TIPOU30IIeT pa3BeTBIEHIe MHOTOIIOTOUHOTO TIpotiecca? Byer s y HoBOTO
TIpoIecca CTOIbKO JKe MOTOKOB, CKOJIBKO y CTApOro, MJIN TOJBKO OJNH TTOTOK? Bo MHOTHX
CJTydasiX HAWJIYYIuil BEIG0P 3aBUCUT OT TOTO, BBITTOJHEHHE KAKOTO TIPOTIECCa 3aTIaHUpO-
BaHO cienyoumM. Eciim oH cobupaeTcst BbI3BaTh KOMAH/LY exec, 4TOObl 3aIlyCTUTh HOBYIO
[IPOrpaMmy, TO, HaBEPHOE, IPABUIBHBIM BHIOOPOM Oy/IeT HAJIMYUE TOJBKO OIHOTO MOTOKA.
Ho ecimi OH TIPOJIOJIKUT BBIMOJHEHHE, TO JTyUIIle BCETO GbLT0 Obl, HABEPHOE, BOCIIPOU3BECTH
BCe UMeIoINecs MTOTOKH.

Ipyroii npobiemMoit siByistiorest curdasibl. CTOMT BCHOMHKTD, YTO CUTHAJIBI TOCHLIAIOTCS
rpoiieccam, a He MOTOKaM, 110 KpallHell Mepe, Tak JIeJIaeTcsl B KJaccuueckoi mojenu. Kakoit
U3 IOTOKOB JI0JIKeH 00paboTaTh HocTynaomuii curaai? MosKeT ObITb, HOTOKK JOJIKHDI 3a-
PErCTPUPOBATH CBOM MHTEPECHI B KOHKPETHBIX CUIHAJIAX, YTOOBI IIPU IIOCTYIIJIEHUN CUTHAJIA
OH TIepeIaBaJICs MMOTOKY, KOTOPBIH 3asiBUJI O CBOEH 3aMHTEPECOBAHHOCTH B 3TOM CHUTHAJIE?
Torma BoSHHUKaeT BOTIPOC: UTO GYJIET, €CIIM HA OJWH M TOT JK€ CUTHAJ 3aPeruCTPUPOBAJIIChH
JiBa 1K GoJiee IBYX MOTOKOB? V1 5TO TOMBKO JIBE TIPOOJIEMbI, CO3/[aBaeMble TOTOKAaMH, a Be/b
Ha CaMOM JIeJie UX 3HAYMTEIbHO GOJIBIIIE.
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2.2.6. lMGpugHasa peanusaumns

B nonbiTkax 00beIMHUTD IPEUMYIIECTBA CO3AHUs TIOTOKOB Ha YPOBHE 110JIb30BATEIs U Ha
ypoBHe sipa Obljia Hccie0BaHa Macca pasindHbix myTeil. Oaun us nux (puc. 2.11) saxmio-
YaeTcsl B UCIIOJIb30BAHUY [TOTOKOB HA YPOBHE s1/IPa, a 3aTeM HECKOJIBKUX [TOTOKOB Ha YPOBHE
M0JIb30BATEJIS B pAMKaX HEKOTOPBIX WJIM BCEX MOTOKOB Ha ypoBHe sijpa. [Ipu ucrosb3oBa-
HUU TAKOTO TI0/IX0/Ia TPOrPAMMUCT MOJKET OIPEIENUTH, CKOJIBKO IIOTOKOB UCIIOJIH30BATH HA
YPOBHE s/ipa U Ha CKOJIBKO TIOTOKOB PA3AENUTh KaKAbIN U3 HIX HA YPOBHE TIOJb30BATEIS.
Ira MoJIesIb 06JIaIaeT MAKCUMAILHOI THOKOCTBIO.

MHoro4mcneHHble
nonb3oBaTeNbCKNE NOTOKN
B pamKax noTtoka siapa

\ |

> [MpocTpaHcTBO
nonb3oBaTtens

[MpocTpaHcTBO
Anpo S S < Motok agpa P ﬂgpa

Puc. 2.11. PazgeneHne Ha Nofb30oBaTeNIbCKME NOTOKN B pamMKax noToka aapa

[Ipu TakoM Moixo/e SAPY U3BECTHO MOAbKO O MMOTOKAX CAMOTO sIIPa, pab0Ty KOTOPBIX OHO
U IUIAHUPYET. Y HEKOTOPBIX M3 ITUX IIOTOKOB MOTYT OBITh HECKOJILKO ITOTOKOB Ha MMOJIb30Ba-
TEJIbCKOM YPOBHE, KOTOPBIE PACXOAATCS OT MX BepiiHbl. Cosianue, yajieHne 1 aaHnpoBa-
HUe BBIIOJHEHM 9TUX II0TOKOB OCYILIECTBIIAETCS TOUHO TaK JKe, KaK 1 Y 110JIb30BaTeJIbCKIX
IIOTOKOB, IIPUHAJJIEKAIIUX IIPOLIECCY, 3aIlyIIEHHOMY II0Jl YIIpaBJIeHHeM OllepalluOHHOI
CHCTEMbI, He CIIOCOOHOI Ha MHOTOMOTOYHYIO paboTy. B aTo0ii Momean Kax /bl OTOK Ha
YPOBHE si7ipa 00JIaJ1aeT OMpe/IeIeHHBIM HAO0POM TTIOTOKOB Ha YPOBHE MOJIb30BATEISI, KOTOPbIE
UCIIONIB3YIOT €T0 10 OYepe/in.

2.2.7. AKTMBaunsa NNaHUPOBLLMKA

XOTs TOTOKM HA YPOBHE sIIpa 110 Py KIIOYEBBIX MO3UIMN TPEBOCXOAT MOTOKU HA YPOBHE
MOJIb30BATEIsl, OHU, HECOMHEHHO, OoJiee MennTeNbHbl. [10aTOMY HccIenoBaTe i NCKaau
c11ocoObl yIIydIieHus CUTyaluu 6e3 MoTepu MX MOJI0KUTEIbHBIX CBOHCTB. Jlaiee Mbl oruineM
OJIMH M3 TaKUX C110co60B, nzobperennsiii Augepconom (Anderson et al., 1992), koropsiit
HA3bIBAETCSA aKTUBAIMEH IUIAHUPOBINKKA. PojcTBenHas paboTa paccMaTpuBaeTcs JJIepoM
u Crorrom (Edler et al.,1988; Scott et al., 1990).

[Lesib paboTHI 110 aKTUBALMH [JIAHUPOBIIUKA 3aK/II0YAETC B UMUATAIUN (DYHKIIMOHATIBHBIX
BO3MOKHOCTEN MOTOKOB HA YPOBHE SA/Ipa, HO MPH Jydllell IPOU3BOAUTENBHOCTH U Oosiee
BBICOKOU I'MOKOCTH, CBOWCTBEHHOI MaKeTaM OTOKOB, Peajin3yeMbIX B 110JIb30BATEIbCKOM
mpocTpancTBe. B yacTHOCTH, T10/1b30BaTEILCKIE IIOTOKHU HE [IOJIZKHBI BBIIIOJIHSATD CITEIIAAJb-
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Hble HeGJOKUPYIOIIHE CUCTEMHBIE BbI30BbI UJIN 3apaHee POBepsITh, Oy/eT i 6e30IacHbIM
OCYILECTBJIEHHE KOHKPETHOTO CUCTEMHOTO BbI3oBa. TeM He MeHee, KOr/ia HOTOK OJIOKUpPYyeTcst
Ha CHCTEMHOM BBI30BE WJIM Ha olubKe 0OpalieHusi K OTCYTCTBYIOIIEH CTpaHuIle, JOJKHA
0CTaBaThCSI BO3MOKHOCTD BBITIOJHEHUS IPYTOr0O TIOTOKA B PAMKaX TOTO K€ TIpoIlecca, ecau
€CTDb XOTDb OJIH TOTOBBIH K BBITTOJTHEHUTO TTOTOK.

Db GEeKTUBHOCTD JOCTUTAETCS MTyTeM YKIOHEHWS OT HEHYKHBIX MTEPEX0I0B MEXKIY MPO-
CTPaHCTBAMU HOJIb30BaTe s U spa. Eciu, K npuMepy, OTOK GJIOKUPYETCS B OKUAAHUN
Kakux-Jin00 JefCTBUIT IPYroro moToka, To 00paiaThes K spy He UMEET CMBICJIA, OJrarofapst
yeMy CHIKAIOTCS U3MIEP/KKU Ha TTepexo/iaX MeK/y POCTPAHCTBAMU S/Ipa U TTOJIb30BaTE s,
Nmeromnasgicst B IpOCTPaHCTBE MTOTH30BATENSA CUCTEMA MOAIEPKKI UCIOJTHEHUS TPOTPAMM
MOZKeT 3a6JOKMPOBATH CUHXPOHUSUPYIONIUIICS TIOTOK U CAMOCTOSITEJILHO CIJIAHUPOBATD
paboTy APYTOTO TIOTOKA.

[Tpu rcriosib30BaHNM AKTUBAIIMY TIJIAHUPOBIIMKA SIIPO Ha3HAYAET KaXK/IOMY TIPOIeccy ompe-
JleJIEHHOE KOJIMYECTBO BUPTYATbHBIX MTPOIECCOPOB, & CUCTEME TIO/IEPHKKU UCITOTHIEMbIX
rporpamm (B MOJIb30BATETHCKOM IIPOCTPAHCTBE) Pa3pelaeTcs Pacipe/lesisiTh TOTOKH M0 ITPOo-
1eccopam. DTOT MEXaHU3M TAK/KE MOJKET ObITh UCIIOJIb30BAH Ha MYJIBTUIIPOIIECCOPHO CHUCTE-
Me, T/ie BUPTYaIbHBIE TIPOTIECCOPBI MOTYT OBITD MPEICTABIEHBI HACTOSATIINMIE TIEHTPATHHBIMI
rporieccopamu. M3nauaabHO Tpolleccy Ha3HaYaeTcst TOJIbKO OJIUH BUPTYAJIbHbIH ITPOIIECCOP,
HO TIPOIIECC MOJKET 3aIPOCUTh JIOTIOTHUTEIbHOE KOJIMYECTBO TTPOIECCOPOB, a TAKIKE BEPHY Th
yoKe He UCII0JIb3yeMble IIPOLIECCOPDL. SIAPo Takske MoKeT 3a0paTh Haza/l yKe paciipe/iesieHHble
BUPTYaJIbHbIE [IPOLIECCOPBI € HEJIbIO llepeHasHaueHust UX 6oJiee HYKAAIOIMMCS [TPOIECCaM.

PaboTocmoco6HOCTD 3TOH CXEMBI OTTPEEISIETCS CIEAYIONIE OCHOBHOMN Heei: KoT/Ia sapo
3HAET, YTO MOTOK 3a6J0KMPOBaH (HAIIPUMED, U3-3a BBIIOJTHEHNS OJOKUPYIONIETO CUCTEM-
HOTO BBI30Ba WJIM BOSHUKHOBEHUST OIMMOKN 00paIleHUsT K HECYIIECTBYIOINIEH cTpaHuiie),
OHO YBEJIOMJISIET TPUHAJJIEKAIIYIO TTPOIECCY CUCTEMY MOJIEPKKH UCTIOJTHEHUST TPOTPAMM,
repejiaBasi Yepe3 CTeK B KayecTBe [TapaMeTPOB HOMEP JaHHOTO TOTOKA U OIHUCAHKE TIPO-
M30IIE/IIEro COOBITH. YBEIOMIEHE OCYIECTBIISIETCS 3a CUET TOTO, UTO SIAPO AKTUBUPYET
CUCTEMY TIO/IJIEPIKKY UCTIOJHEHUS TIPOTPAMM € 3apaHee U3BECTHOTO CTAPTOBOTO aJ[peca, —
[IPUMEPHO TaK ke, Kak AeiicTByior curaaisl B UNIX. Dtor Mexanuam HasbiBaeTcst upcall
(BBI30B HaBEPX).

AKTUBUPOBaHHAsE TAKUM 0OPA30M CUCTEMa MOAEPKKHU MCIIOJHEHMS IPOTPAMM MOKET
[eperianupoBath PaboTy CBOMX MOTOKOB, KaK IPABUIIO, IIEPEBOJIS TEKYIIHIT TOTOK B 3a-
GJIOKMPOBAHHOE COCTOSIHUE, BBIOMPAst APYIoii MOTOK U3 CIMCKA TOTOBBIX K BBIIOJIHEHUIO,
yCTaHaBJIMBast 3HAYEHMS €r0 PErkCcTPOB U BO30OHOBIISAS €ro BbilojaHeHue. Iy Th mosixe,
KOT/[a sIIPO Y3HAET, YTO UCXOHbII IIOTOK MOKET BO30OHOBUTH CBOIO paboTy (Harpumep, 3a-
TTOJTHUJICST KaHAJ, 113 KOTOPOTO OH TIBITAJICS CUNTATH TAHHbIE, TN Oblla U3BJIeUeHa U3 INCKa
patee He CyIIECTBOBaBIast CTPAHKIA), OHO BBIIIOJIHSIET ellle OANH BbI30B HaBepx (upcall)
B aJ[PEC CHCTEMBI TIOIEP/KKI UCITOJHEHUST IPOTPAMM, 4TOOBI YBEZOMUTD €€ 00 3TOM COObI-
. CrucTeMa IOIEePKKK UCIOJIHEHUS IIPOrPaMM MOKET JIMOO0 HeMEIJIEHHO BO30OHOBUTD
BBINIOJIHEHKE 3a0JI0KMPOBAHHOIO MOTOKA, JTMOO IIOMECTHTD €r0 B CIIMCOK OKUAAIOIIUX T10-
TOKOB JIJIsI IOCJIE/IYTOIIETO BHITIOJTHEHUSI.

[Ipy BO3HUKHOBEHUU B II€PHOJ BBIIIOJTHEHUS MOJb30BATEILCKOTO MOTOKA AlNapaTHOTO
[pepbIBAHUS [IEHTPAIBHBII IPOIECCOP, B KOTOPOM IIPOUSOIILIO PEPhIBAHUE, IEPEKITIOUAET-
¢ B pesxuM sapa. Ecam npepriBanme BRI3BaHO COOBITHEM, HE MHTEPECYIOMINM IIPEPBaHHBIIT
polece, HalpUMep 3aBepUIEHUEM ONePalliy BBOAA-BBIBOAA, OTHOCAIIEHCS K APYTOMY
[poreccy, To Npu 3aBepiieHun padoTel 00pabOTUNKA NIPepbIBaHUsl IIPEPBAHHBINA TOTOK
BO3BPAIIAETCS Ha3al, B TO COCTOSHUE, B KOTOPOM OH OBLI 10 BO3HUKHOBEHHSI TIPEPhIBAHMISI.
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Ecun ke mipotiecc 3aMHTEPECOBAH B 3TOM IIPEPbIBAHUN — HAIPUMED, [0OCTaBJIeHA CTPAHMU-
11, HeOOXOMMast OJIHOMY 13 IIOTOKOB, IPUHAJIEKAIIUX ITOMY [IPOIIECCY, — BBIIIOJIHEHNE
HPEPBAHHOTO MOTOKA He BO30OHOBIsIeTCsl. BMECTO 9TOr0 IpepBaHHbIi TOTOK MPHOCTa-
HaBJIWBAETCSA M HA BUPTYAJbHOM TIPOIleccope 3aMycKaeTcss CUCTeMa TOAACPsKKHA UCITON-
HEHWS MPOTPaMM, UMeIoTas B CTeKe COCTOSHIE TTPEPBAHHOTO MMOTOKA. 3aTeM Ha CUCTEMY
MOIIEP’KKY MCTIOJTHEHUS TIPOTPAMM BO3JIaraeTcsl pellieHne, BHITOTHEHIE KaKOTO MMEHHO
MOTOKA CIJIAHUPOBATDH HA 9TOM IEHTPAJIbHOM TIPOIIECCOPE: MPEPBAHHOTO, MOCIEIHETO
CTaBIIETO TOTOBBIM K BBITIOJHEHUIO WJIN KAKOTO-HUOYIb TPETHETO.

Henocratkom akTrBanii jaaHUPOBIIMKA SIBJISIETCS TOJIHAS 3AaBUCUMOCTD 3TOH TEXHOJIOTUT
oT BBI30BOB HaBepx (upcall) — KoHuernwK, HapyIaIel CTPYKTYPY, CBOUCTBEHHYTO JIIOOO0M
MHOTOYPOBHEBOI cucreme. Kak ipaBuiio, ypoBeHb 7 PE0CTABIISIET OIPe/IeJIEHHbIE YCIIYTH,
KOTOpPbIe MOTYT ObITb 3aIIPOLIEHbl YPOBHEM 7 + 1, HO YPOBEHD 7 He MOKET BbI3bIBATH IIPO-
T¢Iy PbI, UMEIOTITIecsT Ha ypoBHe 7 + 1. Borzossr HaBepx (upcall) sTomy dhyHIamenTanbHOMY
MIPUHITUITY HE CJIEYIOT.

2.2.8. BecnabiBaloLwiye NoTOKMU

[1oTOKM YacTO MCIIOJIB3YIOTCS B PACIIPeNeJeHHbIX CICTeMaX. XOPOUINM IPUMEPOM MOKET
HOCIIYKUTh 06pab0TKa BXOAAIUX COOOMIEHU, K IIPUMEPY 3aIIPOCOB Ha 0OC/IyKUBaHUE.
TpaAuIIMOHHbIN OAXO/] 3aKII0YAECTCsI B UCIIOJIb30BAHUU TIPOIIECCA U TI0TOKA, OJIOKUPYIO-
IETOCs CUCTEMHBIM BBI30BOM 7eceive B OKUAAHUN BXOAAIEro coobuenus. [To mpubbirun
COOOIIEHSI OH €r0 MIPUHUMAET, PACIIAKOBBIBAET, IIPOBEPSIET €r0 COAEPKIMOE U TIPOBOAUT
JaJbHeR Iy o 06paboTKy.

BosMoskeH 1 cOBEPIIIEHHO HHOU MOIXO/I, IPH KOTOPOM HMOCTYILIEHIE COOOIIEHNUST BBIHYKIAET
CHCTEMY CO3/IaTh HOBBIU TOTOK [jist ero oOpaborku. Takoit motok (puc. 2.12) HazpiBaercst

BcnnbiBatoLwuin NoToK,

[Mpouecc C
CyLuecTaytowmii CO3[@HHbIN Ans 066p860TKI/I
NoTOK BXoAsiLLEero coobLeHus
Bxopgsuee coobuieHne ]
[ ]
CeTtb
a 6

Puc. 2.12. Co3gaHuve HOBOro NoToKa Npu NOCTYM/IEHNN COOBLLEHNS:
a — [o NocTynsieHns; 6 — nocne NocTynneHus
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BemibiBalonuM. OCHOBHOE MPEUMYIIECTBO BCIUIBIBAIONIMX IIOTOKOB 3aKII0YACTCS B TOM,
4TO OHU CO3/IAIOTCSI 3aHOBO U HE MMEIOT MPOTIIOTO — HUKAKUX PETHCTPOB, CTEKA U BCETO
OCTAJILHOTO, YTO JIOJIZKHO GBITH BOCCTAHOBIEHO. Kask bl Takoii MOTOK HAYMHAETCS C YMCTOTO
JIMCTA, M KasKJBIH MX HUX WJICHTHYEH BCEM OCTAIBHBIM. DTO TIO3BOJISIET CO3/IABATH TAKKE 110~
TOKH JIOBOJILHO GbICTPO. HOBBI MOTOK 1101y 9aeT cooBIIeH e IS TOCAeyomiei 06paboTKu.
B pesyJibraTe MCOIb30BaHUS BCILIBIBAIONINX TOTOKOB 3a/IEPIKKY MEK/LY TTOCTYILIEHUEM
U HayasioM 06paboTKK COOOIIEHUS MOKHO CBECTH K MUHUMYMY.

ITpu MCIIONB30BAHUU BCILIBIBAIOIIMX IIOTOKOB TPeOyeTcs MpeABapuTebHOe TIaHIpPOBa-
uue. K nmpumepy, BO3HUKAET BOMPOC: B KAKOM TIPOIIECCE CIeyeT 3alycKaTh MoToK? Eciu
cucTeMa MoJIEPKITBaeT MOTOKH, BBITOJHSIEMbBIE B IIPOCTPAHCTBE SI/IPa, TOTOK MOKET GBITh
3aIyIIeH B 3TOM MPOCTPaHCcTBe (MMEHHO MO3TOMY SApo Ha puc. 2.12 He mokazano). Kax
[IPAaBUJIO, 3AILYCTUTD BCILIBIBAIOIIUI [IOTOK B IIPOCTPAHCTBE siApa Jierde u ObicTpee, yeM
MMOMECTHUTH €T0 B M0JIb30BATENbCKOE MTPOCTPAHCTBO. K TOMY 3Ke BCIJIBIBAIONINN TTOTOK
B IIPOCTPAHCTBE SA/Ipa MOJIyYaeT IPOCTOM AOCTYII KO BceM TabJmiaM sjpa U K yCTpoiicTBaM
BBO/Ia-BbIBO/IA, KOTOPbIE MOI'YT IIOHA0OUThCS It 00paboTKK TIpepbiBanus. B To ke Bpe-
M ieeKTHBII HOTOK B IIPOCTPAHCTBE SI[PA MOKET HaHECTH OOJIee CYIeCTBEHHbII YPOH,
4eM TaKOU jKe TIOTOK B IIPOCTPAHCTBE M0Jib30BaTesist. K mpumepy, ecjiu OH BBITIOJTHSIETCS
CJIMIIIKOM JIOJITO, a CIIOCOOOB €ro BHITECHEHUs HEe CYIIECTBYET, BXOHbIE JaHHbIE MOTYT
OBITh yTpaueHbl HABCETIA.

2.2.9. NpeBpaweHe oagHONOTOYHOro KOAa B MHOIMONOTO4YHbIV

Muorue us CYMIECTBYIOINX MPOrpaMM CO3/IaBaJIMCh IO OTHOTIOTOYHDBIE ITPOITECCHI. Hpe—
BpaTUTb UX B MHOTOITIOTOYHbBIC KYy/la CJIOKHEE, HEM MOJKET ITOKa3aTbCA Ha HepBbeI B3IJIAL.
ﬂaJIee MbI pPaCCMOTPUM JINIITb HEKOTOPbIEC N3 UMEIONINXCA ITOJIBOJAHBIX KaMHeIL.

HauneM ¢ TOTO, 4TO KOJ[ ITOTOKA, KaK U KOJ[ TIPOIECCa, OOBIYHO COAEPIKUT HECKOIBKO TIPO-
1etyp. Y aTHX MPOIIELYP MOTYT OBITh JIOKAIbHBIE U TI0GATbHBIE IEPEMEHHBIE, 4 TAKJKE Mapa-
MeTpbL. JIOKaIbHBIE IePeMEHHbIE 1 TAPAMETPhI IPOOIEM HE CO3/IAI0T, TPOGIEMbI BOHUKAIOT
C TeMHU TIEPEMEHHBIME, KOTOPbIE HOCAT IIOGAIBHBIN XapakTep JJIsl TOTOKA, HO He JIJIst Beeil
nporpammsl. [J106aIbHOCTb 3TUX TIEPEMEHHBIX 3aKJIF0YAETCS B TOM, UTO MX UCIIOJI3YET MHO-
JKECTBO TIPOLIE/LYP BHYTPH MOTOKA (IIOCKOJIBKY OHH MOTYT HCIIOJIb30BATE JIOOYIO III00aIbHYTIO
TIePeEMEHHYI0), HO JIPyTHe TIOTOKU JIOTUYEeCKH JI0JPKHBI UX OCTaBUTh B IIOKOE.

PaccmoTpuM B kauecTBe mpuMepa mepeMeHHyIo errno, noaaep;xxuBaemyio UNIX. Korpa
npotecce (MK OTOK) OCYIIECTBISAET CUCTEMHBIN BBI30B, TEPISAIIMI HeyAady, KO/ OUOKN
nomentaercs B errno. Ha puc. 2.13 noToK 7 BBIIOJIHSET CUCTEMHbII BBI3OB access, 4TOObI
OTIPEIEJIUTD, PAa3PEIeH Ji IOCTYI K KOHKpeTHOMY (hailny. OrepalinoHHas CucTeMa BO3Bpa-
IIaeT OTBET B IJI06ATbHON 1epeMeHHoil errno. Tlociie BO3BpalieHust yIpaBieHust OTOKY 7,
HO TIepe/l TeM, KaK OH IT0JIy4aeT BO3MOKHOCTD ITPOYMTATh 3HAYEHWE €7710, TIIIAHNPOBIIUK
pelaeT, 4YTo MOToK 7 Ha JAHHBII MOMEHT BPEMEHU BIIOJIHE JOCTATOYHO UCIIOJIb30BaJ BPEMsI
HEHTPATBHOTO MTPOIECCOPa U CJIeyeT TePeKJII0UNThCS Ha BbiloHeHne notoka 2. [Totok 2
BBITIOJTHSIET BBI3OB Open, KOTOPBIN TEPIUT HEY/Iady, YTO BbI3bIBAET IIE€PENChIBaHIE 3HAUE-
HUsI TIEPEMEHHON €170, ¥ KO/l access TIepBOTo MOTOKA yTpaunBaeTcst Hacera. Korya uyTh
11037K€e BO30OHOBUTCS BBIIIOJIHEHKE TIOTOKA T, OH cYMTaeT HEBEPHOE 3HAUEHKE U TIOBEJeT
cebsT HEKOPPEKTHO.

CymiecTByIOT pasHbie criocoObl perieHnst aToi mpobiembl. MoKHO BOoOIIE 3alpeTuTh 1c-
N0JIb30BaHKe TI00aNbHbIX epeMeHHbIX. Kakoil 61 3aMaHuYMBOI HU Obliia 9Ta Maesi, OHa
BCTyIaeT B KOH(MIMKT CO MHOTMMH CYHIECTBYIOMIUME TTporpaMMaMu. JIpyroii crioco6 saxo-
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MoTok 1 MoTok 2

3anpoc access
(ycTaHOBMEHO 3Ha4YeHve errno)

~<— Bpewms

3anpoc open
(ycTaHoBrEeHO HOBOE 3HaYeHwe errno)

;

3HayeHune errno c4MTbIBaeTCS

Puc. 2.13. KOHOMKT NOTOKOB NPy UCMOb30BaHMUM IM06asibHON NEPEMEHHOM

YaeTcs B HasHAYeHUU KaxKIOMY OTOKY COOCTBEHHbBIX TJI00a/IbHBIX IIepeMeHHbIX (puc. 2.14).
B a10M cilydae y Kax/I0To IIOTOKa €CTh CBOSI 3aKPbITast KOIUS €10 U APYTUX IJI00aIbHBIX
TIepEMEHHDIX, TTO3BOJISTIONIAst M30€KaTh BOSHUKHOBEHNST KOHMINKTOB. B pesybraTe Takoro
PETTEeHNsT CO3/IAETCsT HOBBIF YPOBEHD 00TACTH OTIPEIEIEHNs, T/Ie TTepEMEHHbBIE BUIHDBI BCEM
npoleaypam HoToka (HO He BUAHbI APYTHM [OTOKaM ), BIOGABOK K YIKe CyHIECTBYIOUIUM 00-
JIACTSIM OTIPE/IEIEHNU, T/Ie TlepeMEHHbIE BUIHBI TOJILKO OJTHON MIPOTIEYPE U T/Ie TIepeMEHHbIE
BUJIHBI U3 JIIOO6OTO MECTa TIPOTPaAMMBI.

Mporpamma notoka 1

[Mporpamma notoka 1

CTek notoka 1 ~

Crek notoka 2

moGanbHble
rnepemMeHHble noToka 1

[mo6anbHble
rnepemMeHHble NoToka 2

Puc. 2.14. Y NOTOKOB MOryT ObITb 3aKpbITbIE [M00aNbHbIE MEPEMEHHbIE

OzHAKO ZOCTYII K 3aKPBITHIM IJI00AJIbHBIM TI€PEMEHHBIM HECKOJIBKO 3aTPYAHEH, HOCKOJIb-
Ky GOJIBITMHCTBO A3bIKOB MPOrPAMMHUPOBAHKS UMEIOT CIIOCOO BbIPAKEHUS JIOKATbHBIX
U TJ100JIbHBIX [IePeMEHHbBIX, HO He COJePKaT POMEKYTOUHBIX (GopM. ECTb BO3BMOKHOCTD
pacipesesuTh 4acTh IMaMATH IS TJI00aIbHBIX IEPEMEHHDIX 1 NepeiaTh ee KasKA0u Mpo-
Ieiype MOoToKa B KauecTBe MOTIOJHUTEILHOTO TapaMeTpa. Pelrenre He caMoe U3SAITHOE, HO
paborococobHoe.
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B kauecTBe asibrepHATHBBI MOKHO BBECTU HOBbIE OUOIMOTEUHBIE TPOLIEYPbI JIJIsi CO3/IaHMs],
YCTAaHOBKM U UTEHUS IJI0OATBHBIX TIePEMEHHBIX, BUANMBIX TOJBKO BHYTPH moToka. [IepBbiii
BBI30B MPOIIEAYPHI MOKET UMETh CIELYTONTHIT BU:

create_global("bufptr");

OH BBIZIETSET XPAHWUJIHIIE IJTST YKA3ATEST T0 UMEeHH bufptr B TMHAMIIECKH PACTIPEETSTEMOT
00JIaCTH MAMSITH WJIU B CHEIUATbHON 06JIaCTH TTAMSTH, 3ape3epPBUPOBAHHON IJIsI BbI3bIBA-
1o11ero noToka. He3aBucumMo oT TOro, rjie IMEHHO Pa3MeIeHO XPaHIIIHUIIE, K TJI00aIbHbBIM
repeMeHHbIM UMEET JIOCTYII TOJBKO BBI3BIBAIONNI TTOTOK. Ecin pyroii moTok co3jaer
rJ106aJIbHYIO IEPEMEHHYIO ¢ TAKUM K€ MMEHEM, OHa [OJIydaeT IPyroe MecTo XpaHeH s U He
KOH(JIMKTYET € y’Ke CyIecTBYIONei mepeMeHHO.

Jlist octyna K rio6abHBIM IIEPEMEHHBIM HY KHBI JIBa BbI30BA: OJWH /IS 3aIIMCH, a IPYyTOi
st arenus. [Iporemypa it 3amict MOsKeT UMETh CeTY IO BUT:

set global("bufptr", &buf);

Oma coxpaHseT 3HaueHNe yKasaTeJs B XpaHUJIUIIE, PaHee CO3TAaHHOM BbI30BOM IIPOTIELYPHI
create_global. TIpouemypa st yrenns rao6aabHON epeMeHHOM MOKET UMETb CJIe/Ly IO
B

bufptr = read_global("bufptr");
Omna Bo3BpaIlaeT aJpec I TOCTYTIAa K TaHHBIM, XPAaHAIINMCS B TI06aTbHON TepeMEeHHO.

Jlpyroii 1pobsieMoii, BO3HKUKaIOIIel IPpU IpeBpallieHiK OHOIOTOYHO IIPOrpaMMbl B MHOIO-
MTOTOYHYO, SIBJISIETCS] OTCYTCTBHE BO3MOKHOCTH IMOBTOPHOTO BXO/Ia BO MHOTHE OMOIIOTEY-
Hble porietypbl. To ecTh OHU He CO3/1aBAIUCH C PACYETOM HA TO, YTO KAK/As OTAETBHO B3sI-
Tast mpoteaypa OyeT BbI3bIBATHCS OBTOPHO €lIe 10 TOr0, KAK 3aBEPIIUIICS €€ TPEIbILy T
BbI30B. K nipumepy, oTipaBka cooOLIEeH s 110 CEeTH MOKET ObITh 3allpOrpaMMUPOBaHa Ha TO,
4yTO0ObI IIPeABAPUTEILHO coOpaTh coobienue B pukcupoBaHHoM Oydepe BHyTpr 61OMoTe-
KM, & 3aTeM /IJIsI €70 OTIPABKU OCYTIECTBUTD ITEPEXBaT yIpasienus siipom. [Ipencrasisiere,
YTO IIPOUBOIJIET, €CJIN OJMH ITIOTOK coOpas cBoe coobiienne B 6ydepe, a 3aTeM npepblBaHue
110 TaliMepPy BbI3BAJIO ME€PEKJIOUeHe HA BBIIIOJHEHE BTOPOTO MOTOKA, KOTOPBIN TYT Ke
nepenucas 6ydep cBouM coOCTBEHHBIM COOOIIEHIEM?

[TopobHas npobiieMa BOBHUKAET W C NPOLEAYPaMU PaclpepeseHus HaMATH, K IPUMepPy
¢ upoueaypoit malloc 8 UNIX, paGoraioiieii ¢ BecbMa Ba)KHBIMU TabIMIAME MCIIOJIb30-
BaHUS MaMsITH, HAIPUMEDP CO CBSI3aHHBIM CITUCKOM JOCTYITHBIX YYacTKOB namsaTu. Korma
npoteaypa malloc 3ansita OGHOBJICHUEM HTHX CIHUCKOB, OHU MOTYT BPEMEHHO TIpeObIBaTh
B HECOOOPA3HOM COCTOSIHUM, C yKa3aTeJIsIMU, KOTOPbIE YKa3bIBAIOT B HUKYAA. EC/i B MOMEHT
TaKOro HECOOOPAZHOTO COCTOSHUS IIPOU30MIET HEPEKTIOUEeH e IIOTOKOB U U3 APYroro MoToKa
MOCTYIUT HOBBIN BBI30B, GY/IYT NCIIOIb30BaHbI HEBEPHBIE YKA3aTEJIH, UTO TIPUBEAET K COO0
nporpamMMbL. J1J1s1 5(hHEKTUBHOTO yeTpaHEeHUsT BCEX 9TUX MIPOBJIeM MOTPeOYeTCs eperucarh
BCIO0 6UGIMOTEKY. A 9TO JAJIEKO HE CAMOE [IPOCTOE 3aHATHE C PeaibHOI BOBMOKHOCTBIO BHE-
CEeHUs TPYAHOOOHAPYKUBAEMbIX OIIUOOK.

JIpyrum pereHneM MOKeT CTaTh [PeJoCTaBIeHHe KasK [0 MpoLeLype 000JI0UKH, KOTOpast
yCTaHaBJIMBaeT OUT, OTMeYaloIuii, yTo GubIMoTeKa yKe UCob3yeTcs. Jliobas IoIbITKa
JPYTOro MOTOKA BOCIIOJIB30BATHCST OUOIMOTEYHON TIPOIIELY PO 10 3aBEPILEHS TIPEIbILYIIIe-
ro BbI30Ba OyzieT 3a0/0KkupoBaHa. XOTs HTOT MOAXO/L BIIOJHE OCYIECTBUM, OH CYIECTBEHHO
CHUKAET MOTEHIUATBHYIO BO3MOKHOCTD MAPAJIJIEIbHBIX BbIUNCIEHUN.

A TEIepb paCCMOTPUM CHUTHAJIBI. HeKOTOpI)IG CUTHAJIBI TT0 CBOEN JIOTMKE UMEIOT OTHOIIIEHNE
K ITOTOKaM, a HEKOTOpbI€ HE UMEIOT K HUM HUKAaKOI'O OTHOIIIEHUA. K IIpuMepy, ecjin IMOTOK
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OCYIECTBJISIET CUCTEMHbIIT BBI3OB alarm, MOsBJISIeTCsT CMbICII HAIIPABUTD PE3YJILTUPYIOMINI
CUTHAJI K BbI3bIBatOIIeMY TTOTOKY. HO KOT/Ia TOTOKM 11e/TMKOM peajin30BaHbl B 10Jb30BaTEb-
CKOM TIPOCTPAHCTBE, S/PO Jake He 3HACT O TIOTOKAX W BPS JIM CMOKET HAMTPaBUTDH CUTHAI
K HY’KHOMY TTOTOKY. J[oTTOTHUTETbHbIE CJI0KHOCTA BO3HUKATIOT B TOM CJIy4ae, e y Tpoiecca
Ha JIAHHBIA MOMEHT €CTh JIMIIIb OJUH HeoOpabOTaHHbII aBapUIHBII CHUIHAJ 11 HECKOJIBKO I10-
TOKOB OCYIIECTBIISTIOT CUCTEMHBIN BBI30B alarm He3aBUCHUMO IPYT OT JpyTa.

Jlpyrue curHasbl, HapUMep MPEPbIBAHUS KIaBUATYPhI, HE UMEIOT OTIPE/IEJICHHOTO OTHOIIIE-
Hust K morokam. Kro ux mosken repexsatbiBath? OJIMH CIIEIUATHHO HA3HAYEHHbIH TOTOK?
Wi Bee moTokn? A MOKeT ObITh, 3aHOBO CO3/IaBaeMBbI BCILIbIBAIONIMIT 10TOK? Kpome Toro,
YTO MPOU3OMIET, ECIIM OJUH 13 TIOTOKOB BHOCUT U3MEHEHUS B 0O0pabOTUNKK CUTHAJIOB, He
yBeZOMJIsIS 00 HTOM Apyrre HOTOKU? A 4TO CIIyYUTCs, €CJIM OJHOMY IOTOKY norpebyercst
MepexBaTUTh KOHKPETHBIN cUTHAJ (HAIpUMeP, KOT/ia MoJIb3oBaTes b HaxkmeT CTRL+C), a py-
roMy TIOTOKY 9TOT CHIHAJI [IOHaZo0uTCs 115t 3aBepiienus mpoiecca? IlogobHas curyarust
MOJKET CJIOKUTHCSI, €CJIM B OJTHOM WJIM HECKOJIbKMX MTOTOKAX BBINIOJHSIOTCS CTaHapTHBIE
6uGIMOTEYHbIE IPOLIELYPhI, 4 B APYTUX — IIPOIIELYPbI, CO3aHHble noJb3oBaresnem. CoBep-
IIEHHO OYEBU/IHO, YTO TaKue TpeOOBaHKsl IOTOKOB HECOBMECTUMBI. B 0011eM, ¢ curHaziaMu He
TAK-TO JIETKO CIPABUTHCS U TP HAJTUUUY JIUIITh OIHOTO TIOTOKA, & MEPEX0]l K MHOTOIIOTOYHOM
cpelie OTHIONb He obJsierdaeT ux o6paboTKy.

Ocraercs erie ojiHa po6JieMa, co3laBaeMasi IOTOKAMU, — yIpaBjieHue crekoM. Bo MHOTIX
crcTeMax MPH MePenoJHeHNH CTeKa Mpoliecca sSApo aBTOMATHYECKHU MTPEA0CTABISIET eMy
JIOTIOJIHUTEIbHOE TTPOCTPAHCTBO MaMATH. Korma y mpoiiecca HeCKOTbKO TTOTOKOB, Y HETO
JIOJIZKHO OBITh M HECKOJBKO CTEKOB. EC/in s[po HUYero He 3HaeT O CyIHIeCTBOBAHUN OTHUX
CTEKOB, OHO HE MOKET aBTOMATHYECKN HapalUBaTh UX MPOCTPAHCTBO IIPU OMINOKE CTEKA.
DakTHYecKn OHO JaKe He CMOKET HOHATh, YTO OMIMOKa MaMSTH CBsI3aHa ¢ Pa3pacTaHieM
cTeKa KaKoro-HUOY/Ib MOTOKA.

Pasymeetcs, 5Tu mpoOIEMBI He SBJISIOTCS HENPEOAOIUMBIMM, HO OHN HATJISAHO I€MOH-
CTPUPYIOT, 9TO IIPOCTOE BBEJEHHE MOTOKOB B CYIIECTBYIONIYIO CHCTEMY (€3 CyIeCTBEHHOM
nopaboTKU MpUBEZET K ee MOJIHON HepaGoTocmocobHocTr. BoaMokHno, HEO6X0AUMBII
MHUHUMYM OYZET COCTOATD B EPEOIIPENENEHNI CEMAHTUKI CHCTEMHBIX BHI30BOB U II€PETIH-
coiBanny 6ubmoTek. Y Bee 9T HOKHO OBITD CeJIaHo TaK, YTOOBI COXPaHsIach 0OpaTHasI
COBMECTUMOCTD C CyHIECTBYIOIIMMHE IIPOrPaMMaMU, KOT/Ia BCe OrPaHNYUBAETC IIPOLIECCOM,
UMEIOLIMM TOJIBKO OJMH MOTOK. J{ONOMHUTENbHYI0 HH(OPMALIMIO O IIOTOKAX MOKHO HATH
B Tpysax Xaysepa (Hauser et al., 1993), Mapiua (Marsh et al., 1991) u Poapureca (Rodrigues
et al., 2010).

2.3. BsaumopgeiicTBme npoLeccoB

JloBOJIbHO Y4acTO MpoileccaM HeOOXO0ANMO B3aMMOIEiCTBOBATD € APYTUMU IIPOLECCAMMU.
Hanpumep, B kanase 000109KM BBIXOIHbIE JAHHBIE OJHOIO IPOLECCa MOIYT II€PEAaBAThCS
JIPYTOMY MPOIIECCY, ¥ TaK Jajiee BHI3 1Mo Ternoyke. [loaToMy Bo3HUKaeT HEOOXOANMOCTD BO
B3aUMOJIEICTBUH TIPOIIECCOB, U JKETATEIBHO MO XOPOIIO MPOAYMAHHOI CTPYKTYpe 6e3 uc-
0JIb30BAHUS TIPEPhIBaHMil. B ciieyomnmx pasienax Mbl pPACCMOTPUM HEKOTOPBIE BOITPOCHI,
CBSI3AHHBIE CO B3aUMOJICHCTBUEM IPOIIECCOB, MM MEKIPOIECCHBIM B3aMMO/IEHCTBHEM
(InterProcess Communication (IPC)).

Kopoue rosopsi, GyyT paccMOTpeHbl Tpu Botipoca. [lepBblii Gy/ieT KacaTbest yKe YIOMSIHYTO-
TO TIPUMEPA: KaK OJIFH TIPOIECC MOXKET TTepeiaBaTh MH(OPMAIIHIO IPYroMy Tipoiieccy. Bropoit
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KOCHEeTCsT 0becredeHunst COBMECTHON paboThl IPOIIECCOB 0e3 CO3aHtsl B3aUMHBIX TIOMEX,
KOT/Ia, K TIPEMEPY, [IBa TIPoIlecca B CUCTeMe OPOHMPOBAHNA aBUAOUIETOB OJHOBPEMEHHO
IBITAIOTCST 3aXBATUTh TTOCAEIHEE MECTO B CaMOJIETe TSI Pa3HBIX KAMEHTOB. TpeTnii Bompoc
KOCHETCSI OIPeIeIeHNsT IPaBUIbHOI TTOCIE0BAaTETHHOCTH Ha OCHOBE CYIECTBYIONNX B3a-
MMO3aBHCHMOCTEIL: ecaiu poriecc A BeIpabaThIBaeT JaHHEIE, a pollece b UX pacliedaThiBaerT,
TO TIponecc B, Iepert TeM Kak IedaTaTh, JOJKEH MOJ0KAATh, II0Ka mpolecc A He BeIpaboTaeT
onpezesieHHble Jannble. Vizyuenne Beex TpeX BOIPOCOB HAYHETCS CO CIIEAYIONIEro pasiea.

CremyeT OTMETHUTB, UTO JIBA U3 9TUX TPEX BOTIPOCOB TaK’Ke TIPUMEHUMBI 1 K ToTokaMm. [lep-
BBII U3 HUX, Kacalonuiicd mepefadyn nHPOpMaIuy, TPIMEHUTEIbHO K TIOTOKAM PelaeTcs
3HAYKMTEJBHO JIerye, IIOCKOJIbKY IIOTOKU UMEIOT 0bIiee aJipecHoe IIPOCTPAHCTBO (B3auMOIEii-
CTBYIOITHE TTOTOKH, PEAaJN30BaHHBIC B PA3JIMUHBIX a[PECHBIX TPOCTPAHCTBAX, MOATIAAI0T
TO/T KATETOPHIO B3aNMOIEHCTBUS TIPOTIECCOB). A BOT /[Ba I[PYTUX BOTIPOCA — OTHOCUTEIHHO
HUCKJIIOUEHWS B3aMMHBIX MTOMEX U TTPABUJIbHON OCIEI0BATETbHOCTU — B TIOJTHOM Mepe
MIPUMEHUMBI U K TOTOKAM: CXOJIHbIE ITPOOIEMBI 1 CXOIHbBIE METO/BI UX perrenws. [lamee mpo-
6J1eMbl GY/IyT pacCMaTPUBATHCS B KOHTEKCTE MPOLIECCOB, HO HY/KHO UMETH B BH/LY, 4TO T€ JKe
pOBJIEMBI U PEIIEHUsI TPUMEHSIOTCS U B OTHOIIEHIH TIOTOKOB.

2.3.1. CocTea3aTenbHasa cutyauusa

B HEKOTOPBIX OTEPAIIMOHHBIX CHCTEMAX COBMECTHO PaBOTAOIIIE TPOIIECCH MOTYT UCTIOIB30-
BaTh Kakoe-HUOY/Ib 0OIIee XPAHIJIUIIE JAHHBIX, JOCTYITHOE KasKIOMY U3 HUX 0 YTEHUTO 1 110
3amucu. ITo o01iee XPaHUIIUIIE MOJKET PA3MEIIAThCSA B ONEPATUBHOM MaMsATH (BO3MOKHO,
B CTPYKTYpPE JaHHBIX sI/[Pa) UK MOKET ObITh MIPEACTABIEHO KaKUM-HUGY b 00IIUM (haiiom.
PacriosioskeHue o6Ieil maMsaTi He MeHsIeT XapaKTepa B3auMOICHCTBISI 1 BO3HUKAIOIIUX TIPH
aTOM 1IpobGJeM. UTOOBI TIOCMOTPETD, KaK B3aUMOJACHCTBHE TIPOIIECCOB OCYIIECTBIISIETCS Ha
[IPaKTHKe, aBaiiTe PACCMOTPUM [IPOCTON 001IeM3BeCTHbII IpuMep — ciryJiep redaru. Korma
poieccy HeoOGXOAMMO paciiedararb Kakoi-Hubyib (aiis, oH noMemnaer uMs 3Toro daiia
B CIIEIUATTHHbBIN KATAJIOT CIyJIepa.

[Ipyroii ipoiiecc o1 Ha3BaHUEM JIEeMOH PUHTEPA [1ePUOINUECKU TTPOBepsieT Hamnvue (aii-
JIOB JI7I51 TIe4aTH ¥ B TOM CJIydae, ecjii Takue (paiiisl UMeroTcs, pacriedaTbiBaeT UX U yAasgeT
WX UMEHa U3 KaTajora.

[IpencraBbre, 4TO B HAIEM KaTajiore CIlyjepa MMeeTcs: OOJIbINoe KOJNYeCTBO obacTeil
mamsitu ¢ Homepamu 0, 1, 2..., B KaXK /10l 13 KOTOPBIX MOKET XpaHUThCs uMs daiina. Takke
[IPEJICTaBBTE, YTO €CTh JBE OOIIME TTEPEMEHHBIE: Oul, yKa3bIBaIOIIas Ha CIeAyIonui daii,
NpeHasHaYeHHbIN /115l TIeYaT, U i7, YKa3blBaIOIasl Ha CJAEAYIONIYIO CBOOOIHYIO 001acTh
B Karajore. DTH JiBe IIepeMeHHble MOIJIN Obl HEILJIOXO COXPaHSThCS B (aiine, CoCTosIeM
U3 JIBYX CJIOB M JIOCTYITHOM BCeM IpolieccaM. B kakoii-ro MomenT Bpemenu obiactu ot 0 10
3 myctyioT (daitasl y:ke pacrnedatansl). [loutn ogHoBpeMeHHO Tporiecchl A 1 b pemnaior,
YTO UM HY)KHO HOCTaBUTH (haiis B 0Uepe/b Ha MedaTh. DTa CUTyalus okaszana Ha puc. 2.15.

B mipaBoBOM MpOCTpaHCTBE, T/ TPUMEHNMbBI 3aKOHBI M3aphu, MOKET CIYIUTHCS CIENYI0-
miee. [Tpoitecc A cunThiBaeT 3HaueHMe TIepeMEHHOM i1 1 COXPaHsIeT 3HadeHue 7 B JIOKaJIbHOM
nepeMeHHOl 1o umenu next_ free_slot (caenyiomast cBoboaHast obaactp). Cpasy ke 1mocJie
ATOTO MPOUCXOJUT TIPEPHIBAHUE TI0 TAlMEPY, IIEHTPAJIbHBII MPOIECCOP PEIAET, YTO TIPO-
ece A mpopaboTal [OCTATOYHO JI0JITO, U [IEPEKIIoYaeTCs Ha BbitoaHeHue mpoitecca b. TIpo-
1ecc b Takike cuuThbIBaeT 3HaYEHUE TIEPEMEHHOM i1 1 TaksKe noydaer uncio 7. OH Takxe
COXPaHsET ero B CBOeH JIOKaIbHOI niepeMennoii next_ free_slot. K tekyiiemy MoMenTy 00a
[polecca MmoJaraioT, 4To CIeAyioleil 10cTyHoi obmactbio Oyaer 7. IIpomece B npopokaer
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HvpekTopus
cnynepa
4 abc | out=4 |
Mpouecc A 5 prog.c
6 prog.n
7 | in=7 |

Mpouecc b

Puc. 2.15. OgHOBpeMeHHOEe CTpemsieHre ABYX NMPOLECCOB MOMYYUTb AOCTYN K 06LLEV NaMSATH

BEIMOAHAThCA. OH coXpaHgeT uMs cBoero (aiiia B o61acti 7 ¥ NpUCBaNBAET EPEMEHHON
in o6HOBJICHHOE 3HaYeHKe 8. 3aTeM OH IIEPEXOAUT K BBIIOJIHEHUIO KAKMX-HUOY/Ib APYTUX
neiicTBuil. Yepes HEKOTOPOE BPeMsT BBITIOJHEHHE TIpoliecca A BO30OHOBJISIETCST C TOTO MECTa,
rzie oH ObL1 ocTanoBjieH. OH CYMTBIBACT 3HAYEHME IIepeMeHHON next_ free_slot, Buaut Tam
YICI0 7 ¥ 3alUChIBAET UMsI cBoero (paiina B 0b61acTh 7, 3aTupast To uMs (aiiia, KoTopoe
TOJIBKO 4TO OBLIIO B HETO MMOMEIIEHO TIporieccoM b. 3aTeM OH BbIuucsieT next_ free slot + 1,
MOJIyYaeT 3HaUeHue 8 v IPUCBANBAET €ro TIepeMeHHoll in. B karasore ciysiepa HeT BHyTpeH-
HUX [TPOTUBOPEYNH, TOITOMY JIEMOH TIe4aTh He 3aMeTUT HUKAKNX HECTBIKOBOK, HO Ipotiecc b
HUKOT/IA He TIOJIYYUT BbIBOJIA HA MIEYaTh.

[Mosnp3oBarens b Oyaer rogamu OpOANTH BOKPYT IIPUHTEPA, TOCKINBO HaesICh TIOJTYYUTh Pac-
neyarky, Kotopoii He Oyzet HuKoraa. [logobHast cuTyanust, Koria ABa uiu 6oee mporecca
CUMTBIBAIOT MJIM 3alIMChIBAIOT Kakue-HUOYy b 001I1e JaHHble, & OKOHYATENbHbII Pe3yIbTaT
3aBUCHUT OT TOTO, KAKOI TIPOIIeCC U KOT/[a UMEHHO BBITIOJTHSIETCS, Ha3bIBAETCS COCTI3aTeNb-
HOU curyanmeii. OTyajzika mporpamMm, B KOTOPBIX IIPUCYTCTBYET COCTSI3aTEIbHAS CUTYAIUs,
0co6oi pagocT He JocTaBiser. PesybraTbl GOJNbITMHCTBA IIPOTOHOB MOIYT ObITh BIIOJIHE
MIPUEMJIEMBIMU, HO JI0 TIOPBI /10 BPEMEHH, TIOKA He HACTYTIUT TOT CaMblil PEIKUIA CIIy4daii, Kor/a
MIPOU30IIET HEYTO TAMHCTBEHHOE 1 HeoObsicHIMOE. K coskasieHno, ¢ pocToM Tapajuiem3Ma
u3-3a Bee OOJIBIIEro KOJMYECTBa AIEP COCTA3aTEbHbIE CUTYAIMU BCTPEYAIOTCS BCE Yallle.

2.3.2. Kputnyeckune obnacrtm

Kak sxe uzbexarb cocrsazaresbHol curyaiuu? Kiaodom K npeaynpesxkaeHuio mpobieMbl
B 9TOW M BO MHOTHX JAPYTUX CUTYaI[UsIX MCIOJb30BaHUsT OOIIeN maMaT, o0Iux Gaitios
1 Bo0oOIIEe Yero-Huby b 00IIEro MoXKeT IOCAYKUTD OlpeeieHre crocoba, Ipu KOTOPOM
B KasK/IbI KOHKPETHBIH MOMEHT BPEMEHHU JOCTYIl K OOIIMM JAAHHBIM [/ YUTEHUS 1 3allCH
MOZKET TIOJYYUTh TOJIBKO OAWH Mpoliecc. VIHBIMU CI0BaMM, HaM HY’KeH criocod B3aHMHOTO
HCKJIIOYEHHS, TO €CTh HEKUIH c11oco0, 06eCiednBaIONIIiA TPABIJIO, IPU KOTOPOM €CJIU 001I1e
JlanHblie uin (hailyl UCIIOIb3YIOTCST OJJHUM TTPOIECCOM, BO3MOKHOCTD UX UCIOJIb30BAHUS
BCEMU I[pyFI/IMI/I HpOHeCcaMH NCKJIIOYaeTCAd. OHI/IC&HHbIe BbIIIIE prl[HOCTI/I HpOI/ISOH_IJII/I
6J1aro1apst TOMY, uTO TIporiecc b cTaj NCIoIb30BaTh 00IIIIe TIepeMEHHBIE elIle 10 TOTO, KaK
npoiiecc A 3apepuiua paboTy ¢ HUMU. BbiGOp MOAXOASANINX dJIeMEHTAPHbBIX OIlePallMi 11
JOCTUKEHUST B3aMMHOTO MCKIIOUEHMs ABJISAETCS OCHOBHOM MPOGIeMOl KOHCTPYHPOBAHUS
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JII000i1 OTIepallMOHHOI CHCTEMbI, ¥ HMEHHO ee Mbl Oy/eM T10APOOHO PacCMaTPUBATh B CJie-
NYIOIKX pas/esax.

[Tpo6aembl 06X0a COCTA3ATEABHBIX CUTYALUH MOTYT OBITH CPOPMYJIUPOBAHDI TAKKE
B abcTpakTHOU hopme. Kakyio-To 4acTh BpeMeHU IIPOLECC 3aHSAT BHYTPEHHUMU BbIYMC-
JIEHUAMU U 4eM-HUOYb APYTUM, He CO3IAIONIMM COCTsA3aTebHbIX cuTyaluii. Ho nHorma
OH BBIHY3K/IEH 0OparaThes K o01eit namaty nin (aiiaam aubo coBepinarh Kakue-HuOyab
Jpyrue 3HauMMble JeHCTBUS, TPUBOASIINE K COCTA3aHMSAM. Ta 4acTh IPOrpaMMbl, B KOTOPOii
UCIIOJB3YeTCA JOCTYII K OOIIe TTaMATH, Ha3blBaeTCsl KPUTHYECKOH 00J1aCTbIO NI KPUTH-
yeckoii ceknueil. Eciin Obl y1aa0ch Bee BHICTPOUTH TAKUM 00Pa3oM, 4TOObI HUKAKKE /1Ba
polecca He HaXOQUAUCh OAHOBPEMEHHO B CBOMX KPUTUYECKUX 00JIACTSX, 9TO HO3BOJIIIO
Obl M30€kKATh COCTI3AHUI.

XOoTs BBITIOJHEHKE 3TOr0 TPeHGOBaHMSI TTI03BOJISIET M30EKATh COCTA3ATEIbHBIX CUTYAIIUI, er0
HEZI0CTATOYHO /ISt TOTO, YTOOBI ITaPaJIJIe/IbHbIE TIPOLECCHI IPABUIBHO BHICTPAUBAIM COBMECT-
HyI0 paboty u ahdEKTUBHO UCIOIb30BaIK 001Me AaHHbie. [ IpueMIeMoro peineHns
HEOOXOINMO COOJTIO/IEHIE YeTHIPEX YCITOBHIL:

1. JIBa mpotiecca He MOTYT OJHOBPEMEHHO HAXOJMThCSI B CBOMX KPUTHYECKUX 00JIACTSX.

2. He JOJIZKHBI BBICTPpaUBaTbCA HUKAKUE TTPEAIIOJNOKEHU 110 ITOBOAY CKOPOCTU UJIN KO-
JIMYECTBA EHTPAJIbHBIX ITPOIECCOPOB.

3. Hukakue mpoIeccsl, BHIIOTHSIEMbIE 32 TIPEIETAMI CBOUX KPUTHYECKUX 0OJIacTeli, He
MOTYT OJIOKUPOBATHCSE JTOOBIM JIPYTHM HPOIIECCOM.

4. TIponecchl He JOJKHBI HAXOAUTHCA B BEUHOM OKUJIAHNU BXO/A B CBOM KPUTUYECKHE
obJacTu.

B aGcTpakTHOM CMBbICTIe HEOGXOMMOE HaM TI0BeIeHNe T0Ka3aHo Ha puc. 2.16. Mbl Bugum,
4TO MPOIEce A BXOAUT B CBOIO KPUTHUECKYIO 00J1acTh BO BpeMst T,. HyTb 1033Ke, Korja Ha-
crytaer Bpemsi T, miporiecc b bITaeTcsi BOUTH B CBOIO KPUTHYECKYIO 06JIaCTh, HO TEPITAT
Heyauy, HOCKOJIbKY APYTOii TIPOIECC yKe HAXOAUTCA B CBOEI KPUTUYECKOI 00IaCTH, a Mbl
JIONTYCKAaeM 9TO B KaK/IbIii MOMEHT BPEMEHU TOJIBKO JIJIsT OJIHOTO Tipotiecca. CiiesioBaTesbHO,

Mpouecc A nonagaet MNpouecc A noknaaet
B KPUTMYECKYIO 0bnacTb KpUTUYeckyto obnactb
MpoueccA —— . f .
I I I I
: : Mpouecc b | Mpouecc b | Mpouecc b
X | MbITaeTcs nonacTb | nonapaet X nokvpaet
| | B KPUTMYECKYID 1| B KPUTUYECKYIO | KPUTUYECKYHO
\ \ obnactb | obnacte | obnacTb
| Y/ Y ¥
Mpouecc b X N
I 1 ﬂ—/ 1 I
I I I I
| | Mpouecc b | |
T4 T, OrnokuposaH T, T4

Bpemss —»

Puc. 2.16. BaanmHoe ncknioveHne cnosib30BaHus KpUTnyeckmx obnacrem



150 Maga 2. MpoLecchl 1 NOTOKM

b BpeMeHHO IPUOCTAHABIMBAETC JI0 HACTYILIEHUST BpeMeHU T, Korjia A TOKUHET CBOIO KPH-
TUYECKYIO 00JIaCTb, 103BOJIsIsE B TYT JKe BOWTH B CBOIO KpUTHYECKyIo 00sactb. Co BpeMenem
(B MomenT T,) b nokuaeT cBOI0 KPUTHYECKYIO 00JIaCTh, U Mbl BO3BPAIAEMCS B UCXOAHYIO
CHUTYAIMIO, KOT/Ia H OIMH U3 [IPOLECCOB He HAXOAMTCS B CBOEI KPUTUUYECKON 00J1aCTH.

2.3.3. B3anMHoOe UCKJlloUeHUue C aKTUBHbIM OXUJdaHuem

B arom paspesie GyayT paccMOTPEHbI PA3IMYHbIE TIPEAJIOKEHUS IS JOCTUKEHIS PesKIMa
B3aMMHOTO UCKJIIOYEHUS, IPU KOTOPOM, IOKa OJUH MPOIECC 3aHAT 00HOBIeHEeM 001Iei
HaMSATH U HAXOAUTCSA B CBOEH KPUTUYECKO 06J1acTH, HUKAKOIi IPYTOii IIPOIECC He CMOIKET
BOUTH B CBOIO KPUTHYECKYIO 00JIACTh M CO34aTh IPOOIEMY.

3anpelyeHue npepbiBaHUM

B oztHOTIpOIIECCOPHBIX CUCTEMAX TTPOCTEHIINM PellleHUeM SIBJISIETCS 3alpellieHre BCex pe-
PBIBaHKI KayKIbIM IIPOIIECCOM CPa3y MOC/Ie BXO/A B KPUTUYECKYIO 00J1aCTh 1 X pa3pelieHue
cpasy ke 10CJIe BbIX0JIa U3 KpUTHYeCKoi obactu. [Ipu 3anperieHnu npepbiBaHiii He MOTYT
OCYIIECTBJISTHCS HUKAKUE IpepbiBanus 110 TaiiMepy. [TockosbKy 1eHTpaIbHbIi IPOIEeccop
HEePEKJII0YAETCs ¢ OHOIO TIPOIlecca Ha APYTroii B pesyJbrare TalMepHbIX WU KaKUX-HUOY b
JIPYTUX TIPEPBIBAHMUI, TO TIPU BBIKJIIOUEHHDBIX TIPEPHIBAHUSIX OH HE CMOKET MEPEKTIOUUTHCS
Ha npyroii mporiecc. [Tockoapky mpotiece 3anmpeTua IpepbIiBaHus, OH MOKET MCCIEI0BATh
1 OOHOBJISITH OOTIYIO MAMSITh, HE OIMacasich BMEIIATEIbCTBA CO CTOPOHBI JTI0OOTO JIPYTOTO
mporiecca.

Ho Boo061I1€E-TO 5TOT MOAXOI HE CIMIIKOM ITPUBJIEKATENIEH, MOCKOIbKY aOCOMIOTHO HEPA3yMHO
JaBaTh II0Jb30BATEIbCKUM MPOIECCaM OJTHOMOYHNS BBIK/IIOYATh BCe IpephlBanus. Ilpen-
CTaBbTe, YTO MOJIYINUTCS, €CIH ONUH M3 HUX BHIKJIIOYI U He BKIIOYMI IPEPHIBAHUA? DTO
MOJKET BbI3BaTh Kpax Bcell cucTeMbl. Bojiee TOro, ecim Mbl UMEEM JI€JI0 ¢ MHOTOIIPOLIECCOP-
HOI crcTeMoit (¢ ABYMSI WJIM, MOKET ObITh, HECKOJIbKMMU HEHTPAJIbHBIMU IIPOLIECCOPAMI),
3arpelenme npepbiBaHuii IeHCTBYET TONbKO Ha TOT IIEHTPAIbHBIN [IPOIECCOP, Ha KOTOPOM
BBITIOJIHSIETCS 3allPETUTE/IbHAS MHCTPYKIKsL. Bee ocTasbHbIe TIPOLECCOPBI MTPOAOJIKAT CBOIO
paboTy 1 cMOryT 0OpanaThes K o0IIeit maMsTu.

B To e Bpems 3ampelienue mpepbIBaHUI BCETO HAa HECKOJIBKO MHCTPYKIIMH 3a4acTyio
SIBJISIETCST OUEHDb YIOOHBIM CPEICTBOM JIJISI CAMOTO sIipa, KOT/a OHO OOHOBJISIET TIepe-
MeHHbIe Wian criucku. K mpumepy, Korja mpepbiBaHue TPOUCXOAUT B MOMEHT U3MEHEHUS
COCTOSIHUS CIIUCKA TOTOBBIX IIPOIECCOB, MOXKET CJIOKUTBCS COCTS3aTeIbHAs CUTYyaIUs.
BbIBOJI 371€Ch CIIEYIOINIA: 3aTIPeleHre TPEePbIBAHIiT B GOJBIITIHCTBE CBOEM SIBJISIETCS 110~
JIE3HOI TEXHOJIOTHEN BHYTPU CaMOI OTIEPAIlMOHHON CUCTEMbI, HO He TIOJIXO/IUT B KaueCcTBe
YHUBEPCAJIBHOIO MEXaHU3Ma B3aMMHBIX OJIOKUPOBOK JIJISI TI0JIb30BATEIbCKUX IIPOLIECCOB.

bBaarogapst yBeimueHnio KOJUYeCTBA MHOTOSIIEPHDIX TIEHTPAJILHBIX IIPOIECCOPOB JlaKe Ha
HEJOPOTUX TIEPCOHATBHBIX KOMITBIOTEPAX BO3MOKHOCTU OCTUKEHUS] B3BAUMHOTO MCKJTIO-
YeHUs 32 CYET 3aIPEIIeH s TPEPhIBAHUN Ja’ke BHYTPH SIZ[PA CYKAIOTCS. YK€ CTaHOBUTCS
IIPUBBIYHBIM HaJIMYME IBYXbAAECPHDBIX IPOIIECCOPOB, Ha MHOTUX MalllMHAX UMEIOTCS YETbIPE
si7ipa, ¥ He 32 TopaMu pacripoctpanenue 8-, 16- nin 32-s1epHbIX MPoIieccopoB. 3ampelienue
MPEPHIBAHUI HA OJHOM TIEHTPATBHOM IMIPOIIECCOPE B MHOTOSIIEPHBIX (TO €CTh MYJIBTHIIPO-
IIECCOPHBIX ) CHCTEMAX HE 3alPEIAeT APYTHM MEHTPATHHBIM TIPOIIECCOPAM MPETSITCTBOBATH
OTIEPATIHSIM, BBITIOTHSIEMBIM TIEPBBIM IIEHTPATBHBIM TIpoiteccopoM. CireroBaTeibHO, BO3HNU-
KaeT NoTpebHOCTh B IPUMEHEHUH G0JIee CIOKHDIX CXEM.
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Bnokupyiowme nepemMeHHbie

B kauecTBe BTOPOI1 MOIMBITKY PACCMOTPUM ITPOrPAMMHOE PEIIeHNE, B KOTOPOM UCTIOJIb3yeTCs
ojHa 061ast (6IOKMPYIONIast ) IIepeMEHHAsT, MCXOAHOe 3HaYeHKe KOTopoii paBHo Hy.J0. Korma
polieccy Tpebyercst BOUTH B CBOIO KPUTHYECKYIO 00JIaCTh, CHAYa/Ia OH [IPOBEPSIET 3HAUeHUe
Guiokupyoleii nepemennoii. Ecin ono pasto 0, npoiiecc ycranapausaer ero B 1 u BXOAUT
B KpUTHYECKYIO 00sacThb. Eciin 3Hauenue yse paBHo 1, Ipoiiece nmpocTo sK/ET, oKa OHO He
cTaHeT paBHO HyJi0. TakuM 00pasoM, HyJieBoe 3HaueHUe TIOKa3bIBAET, YTO HI OAUH U3 [IPO-
1IECCOB HE HAXOANUTCS B CBOEH KPUTHIECKOH 0OJACTH, a eIMHUIA — UTO KaKOH-TO TIPoIece
HAXOAUTCS B CBOEH KPUTUYECKOIT 06/1acTH.

K coxanenuio, peaqnsaius aToi uaen MPUBOANAT K TOYHO TAKOMY Ke (paTaIbHOMY NCXOZLY,
KOTOPBIiT MBI y3Ke BU/IEJIN B IPUMepe ¢ KaTaJloroM ciryJiepa. IIpeanosnoxum, 4To ol Ipo-
I[eCC CYMTBIBAET 3HAUEHIE OJIOKMPYIOTIEiT TepeMEHHON 1 BUIUT, YTO OHO paBHO HYJ0. [Teper
TeM KaK OH CMOJKET YCTAaHOBHUTD 3HAUCHUE B e/ITHUILY, IITTAHMPOBIINK 3aITyCKAET JPYTON ITPO-
1[ecc, KOTOPBII yCTaHABINBAET 3HAYEHUE B eAuHUILY. Korma BO3OOHOBJISIETCST BBITIOJHEHUE
[ePBOTO MPOIIECCA, OH TAK/KE YCTAHOBUT 3HAYEHIE OJIOKUPYIOIIEH IIEPEMEHHOI B €[IHUILY,
U JIBa MPOIIECCA OHOBPEMEHHO OKKYTCS B CBOUX KPUTUYECKUX 0OJIACTSIX.

MoskeT 11oKasaTbCst, 4To 3Ty HPoOAeMy MOKHO OOONTH, CUMTBIBas CHavasla 3HaueHue 6Jio-
KUPYIOIeli TepeMeHHOM, a 3aTeM MPOBEPSAsA ee 3HAUEHNE MOBTOPHO, IPEK/IE YeM COXPAHUTD
B Hell HOBOE 3HaYeHUe, HO Ha CaMOM Jiesie 3To He noMoskeT. COCTA3aHNE BOSHUKHET B TOM
cJIyuae, ecJiu BTOPOH TpoIece M3MEHUT 3HaueHue OJOKUPYIOIIeH TlepeMeHHON cpasy sKe Mo-
CJie TOTO, KaK MEPBBII MPOIIECC 3aBEPIIUT MOBTOPHYIO IIPOBEPKY €€ 3HAYCHUSL.

Ctporoe yepenoBaHue

TpeTuii T0AX0/ K penenuio mpobaeMbl B3AMMHBIX MCKIIOUEHNI TOKa3aH Ha puc. 2.17. Jror
MPOrpaMMHBII (hparMenT, Kak mo4YTH Bce (hparMeHThbl, IPUBOIUMbIE B 9TOI KHUTE, HAITUCAH
Ha st3pike C. BI6op masm uMeHHO Ha 9TOT SI3BIK, MTOCKOJIbKY HACTOSIINE OTePAIMOHHbIE
cucteMbl moutu Beerzia nuinytest Ha C (us3pezika na C++) U MpakTUYECKNU HUKOT/IA HE TTH-
nrytest Ha Java, Pyton nin Haskell. MorHoCTh, 9h(heKTHBHOCTD U TPEICKA3yeMOCTD sI3bIKa
C — MMEHHO Te XapaKTEePUCTUKHI, KOTOPBIE KpailHe HeOOXOIMMBI JIJIsT HAITMCAHUST OTIepalii-
OHHBIX CUCTEM. Java, K IPUMEPY, He SIBJISIETCS ITPEICKA3YEMbIM SI3BIKOM, TTOCKOJIbKY B CAMBII
HEMOAXOAANINN MOMEHT Y HETO MOKET 3aKOHYUTHCST CBOOOHAS TAMSATH U BOSHUKHYTh T10-
TpeOHOCTH B BBI30BE cOOpIIMKA Mycopa st ourcTky namsitu. J{ist C 910 He cBOICTBEHHO,
MIOCKOJIBKY B 9TOM sI3bIKe HeT chopiuka mycopa. Kosmyectsennoe cpasuenne C, C++, Java
U 4eThIPEX APYTHX s3bIKOB npuBeaeHo B pabore Ipeuesna (Precheld, 2000).

while (TRUE) { while (TRUE) {
while (turn!=0) /UMK ; while (turn!=0) /FUMKNY ;
critical region(); critical region();
turn=1; B turn=0; B
noncritical region(); noncritical region();
} }
a 6

Puc. 2.17. lNpepnaraemoe peLueHvie npobaembl kputuyeckor obnactun: a — npouecc 0;
6 — npouecc 1. B o6ounx cnyyasx cnenyet ybeanTbCs, 4TO B KOAE MPUCYTCTBYET TO4Ka C 3anATOM,
3aBepLuatoias onepatop while
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WsnavanpHo 1es04MCTIeHHAd TepeMeHHas turn, mokasannas Ha puc. 2.17, paBHa HYJIO
U OTCJIEKUBAET, Ubsl HACTAJIA OYePe/lb BXOAUTh B KPUTHUYECKYIO 00JIaCTh 1 [IPOBEPSITH WIIH
06HOBJIATDH 0011yI0 naMsTh. CHauasa rporiece 0 IpoBepsieT 3HadeHue (urn, ONpeesIsieT, 4To
OHO PABHO HYJIIO, U BXOANT B KPUTHYECKYI0 061acTh. [Tpoliece 1 Takke onpeziessier, 4To 3Ha-
YeHue 9TON MepeMeHHON PABHO HYJIIO, U3-32 Y€r0 HAXOAUTCS B KOPOTKOM IUKJIE, TOCTOSTHHO
poBepsist, Koraa turn nosayuut 3uadenue 1. [locTostHuast mpoBepka 3HaYeHUsI IEPEMEHHOT],
MoKa OHa He TIpuobpeTeT Kakoe-HIOYIb 3HaUCHIE, HA3bIBACTCST AKTUBHBIM OKUIaHHEM.
Kak mpaBuJio, 9Toro oKuaHust cieayer naberarb, MOCKOJBKY OHO TPATUT BITYCTYIO BPEMsI
HEHTPAJIbHOTO Tpolieccopa. AKTUBHOE O3KMIAHNE NCIIOIb3YETCsI TOJIBKO B TOM CJIydae, ecyiu
€CTh OCHOBAHMUE I10JIaraTh, YTO OHO OYIeT HeZOJATHM. BIOKMPOBKA, MCIIOIb3YIOIIast AKTHBHOE
OJKMJIaHue, HA3bIBAETCSI CIMH-0JIOKUPOBKOIA.

Koraa npomuece 0 BBIXOANT M3 KPUTUYECKOIT 06J1aCTH, OH yCTaHABIMBACT 3HAYCHME Iepe-
MEHHOM turn B 1, pasperas mporieccy 1 BOUTH B €ro KPUTHIECKY0 001acThb. IIpeamonoxum,
410 TIporiecc 1 GBICTPO BBIXOAMT U3 CBOEH KPUTUYECKON 06J1acTH, B pe3yJ/braTe 4ero oba
[poIecca HAXOAATCS BHE CBOMX KPUTUYECKUX 00JIacTell, a mepeMeHHast {urn yCTaHOBJIeHA
B 0. Teneps nportece 0 GHICTPO 3aBepIIAET CBOI TTOJIHBIN UK/, BBIXOAUT U3 KPUTUUECKON
obJsiacTyl U ycTaHaBiuBaeT 3Hadenue turn 8 1. B ator MoMeHT 3Hadenue turn pasto 1 1 06a
[POIECCa BBINOJIHSIOTCS BHE CBOUX KPUTUYECKUX 00JIacTel.

Buesanmo nporece 0 3aBepinaer paboTy BHE CBOEH KPUTUYECKOI 061aCTH U BO3BPAILACTCS
K Havdany 1ukaa. K coxkanenuio, B JaHHbIA MOMEHT €My He paspelieHo BOWTH B €10 KpUThde-
CKyI0 00J1aCTD, IIOCKOJIbKY IIepeMEHHAs (urm umeet 3Hadenre 1 1 nponece 1 3anat paboroit
BHe cBoeil kputnueckoii obmactu. IIpomece 0 3aBucaer B cBoeM 1ukIIe while 10 Tex mop, noka
nporecc 1 He ycranosut 3nadenue turn B 0. Vinaye ToBops, KOIIa OfUH IPoIece paboTaer
CYLIECTBEHHO MeJJIEHHEee APYTOro, MOoYepeaHast OPraHU3alUs BXOKACHNS B KDUTHIECKYIO
001aCTh BPsAJ| I OAOM/IET.

Jra cutyalys Hapymiaet c(hopMyJIMPOBAaHHOE paHee TpeThe ycaoBHe: rporiecc () okasbiBaeTcst
3a0JIOKMPOBAHHBIM TEM TIPOIIECCOM, KOTOPBIN HE HAXOAUTCS B CBOEH KPUTHYECKON 00JIaCTH.
Bepnemcs k panee paccMOTpeHHOMY KaTaJiory cityJiepa. Ecjii B Takoi CUTYalluy Mbl CBSIKEM
KPUTHYECKYIO 00JIaCTh ¢ YTEHUEM WJIM 3alMChIO B KATaJIor cIiyJiepa, ipoieccy 0 Gyer samnpe-
IIEHO pacreyaTarh cieayonmil hai, mockobKy 1poliece 1 Oyaer 3aHsT yeM-HuGYIb APYTHM.

Dakruyecku 310 perierue Tpedyer, 4ToObI, K IPUMEPY, IPK noMereHuu (HaiiioB B KaTaior
cIryJiepa JiBa [polecca BXOIIIM B CBOM KPUTHYECKHUE 00JIACTH, CTPOTO Y€PEysiCh IPYT C Apy-
rom. Hu oHOMY 13 HUX He pa3penieHo MoMecTuTb (aiis B cirysep 1Ba pasa nojapsij. XoTs
ATOT AJITOPUTM IIO3BOJISIET TIPEJOTBPAIIATD JIIOOBIE COCTSA3ATE/NbHbIE CUTYAIIUM, €r0 HEJIb3sI
paccMaTpuBaTh B KQ4eCTBE CEPhE3HOrO KaHIuaTa Ha pelieHue pobieMbl, IIOCKOIbKY OH
HAPYIIAET TPEThe YCIOBUE.

Anroputm NetepcoHa

Vcnionb3ys couetatue ujaer 0o4epeiHoCTy ¢ uaeei GJIOKUPYIOIUX U IPeLyIPesKAaIonX
nepeMeHHbIX, rojuianackuil matemaruk Jlexkep (T. Dekker) cras mepBbiM, KTo mpumymast
HpOrpaMMHOE pelleHue mpobaeMbl B3BAMMHOTO UCKJIIOYEHHUs, He TpebyIoliee 4eTKOI ouepes-
Hoctu. O6eyxaenue anropur™a Jlexkkepa npusenero B kuure Jdefikerpor (Dijkstra, 1965).
B 1981 rouy Ilerepcon npuaymas ropasao 6oJiee IpocToii criocod A0CTUKEHUI B3AUMHOIO
UCKJTIOUeHUs, KOTopoe TepeBesio pernerne /lekkepa B pa3psia ycrapesmux. Anroputwm [le-
TEPCOHA MTOKA3aH B INCTUHTE 2.2. DTOT AJITOPUTM COCTOUT U3 IBYX IPOIIELY P, HATUCAHHBIX
Ha ANSI C, a 370 3HaUNT, 4TO /IJIsT BCEX OIpe/IeJIEHHBIX U UCITOJIb3YeMbIX (DYHKITHH JI0JKHBI
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OBITH IIPeOCTaBICHbl (DYHKIMU-TIPOTOTHIILL. HO B 11e/19X 9KOHOMUN MecTa Mbl He OyaeM
[IOKa3bIBaTh IIPOTOTUIIBI HU B 9TOM, HU B IIOCJIEAYIOLIUX IIPUMeEPAX.

JincTtuHr 2.2. PeweHue MNeTepcoHa, no3sonstollee 4oOUTbCA B3aNMHOMO UCKIIOYEHMS

#define FALSE %]

#define TRUE 1

#tdefine N 2 /* konuyecTBO npoueccosB */

int turn; /* 4ba o4vepepb? */

int interested[N]; /* BCe ucCxopHble 3HayeHua pasBHbl © (FALSE) */

void enter_region(int process); /* process umeeT 3HayeHue © unm 1 */

{

int other; /* Homep apyroro npouecca */
other = 1 - process; /* npoTuBocToAwmMin npouecc */
interested[process] = TRUE; /* pemMoHCTpauuAa 3auHTEpecoBaHHOCTU */
turn = process; /* ycTaHoBKka dnaxka */
while (turn == process && interested[other] == TRUE)/* uukn 6e3 WMHCTpyKLUU
*/5
}

void leave_region(int process) /* npouecc, nokuAawwuii KpuTu4eckyw obnactb */

{

interested[process] = FALSE; /* npu3Hak BbixoJa W3 KpuTuUYeckoi obnactm */ }

[Tepen MCIOMb30BaHUEM O0INX EPEMEHHBIX (TO €CTh TIePe/l BXOJIOM B CBOK KPUTHUECKYIO
001acTh) KayKIbII TIPOIlecC BbI3bIBAET (DYHKIUIO enter region, nepejiaBasi il B KauecTBe
apryMenTa cBoii co6cTBeHHbIN HOMep mpoiiecca, 0 win 1. DTOT BBI30B 3aCTaBJISET IPOIIECC
JKJATh, ecain noTpebyeTcst, Ge30MacHOro BXoa B KpUTH4ecKyio obaacts. Ilocse sapepiienus
PaboThI ¢ OOUMME TIePEMEHHBIMU TIPOIIECC, YTOOBI IOKA3aTh 9TO ¥ PA3PEHINTh BXO IPYTOMY
IPOLIECCY, €CJIU eMY 9TO TpebyeTcs, BbI3biBaeT (GYHKIUIO leave_region.

Paccmorpum paboty airopurma. Vi3HayabHO HU OIUH U3 ITPOLIECCOB He HAXOAUTCS B KPUTH-
yeckoii obactu. 3arem niporiecc 0 BhIsbiBaeT pyHKIWIO enter_region. OH IEMOHCTPUPYET CBOIO
3aMHTEPECOBAHHOCTb, YCTAHABJIMBAS CBOI 3JIEMEHT MacCHBA M TIPUCBANBAs TIePEMEHHOI (urm
sunauenue 0. TTockosbKy 1porece 1 3anHTEPeCOBAHHOCTH BO BXOJE B KPUTHYECKYIO 00J1acTh
He TposiBII, GYHKINS enter region TOTYAC JKe BO3BpAINaeT yrpasieHue. Temeps, eciu mpo-
1iecc 1 BBI3OBET (GYHKIINIO enter region, OH 3aBUCHET JI0 TEX TIOP, TTOKa interested[() | e moryamnT
3Hauenne FALSE, a 3To Tpon3oiIeT TOMBbKO B TOM ciIydae, ecy mpoiiecc () BBI30BeT ByHKITNIO
leave_region, 4ToGbI BBIHTH U3 KPUTHYECKOI 001aCTH.

Tenepb paccMoTpUM cirydali, Korga oba mporecca NpakTUYECKU OJHOBPEMEHHO BbI3bIBAIOT
dyuxumio enter region. Ob6a oHn GyIyT COXPAHATh CBOH HOMEp IPoIlecca B epeMeHHON
turn. B pacuer Gepercs 1ociesnee coxpaneHue, MOCKOJIbKY TepBoe OyaeT Iepernucalo
u yrpaueno. [Ipeamonoxnm, uro mportecc 1 coxpaHui CBOI HOMep TIOCTeTHUM U {111 TMEeT
snauenue 1. Korna o6a npouecca nob6epyrest 10 oneparopa while, npouecce 0 He BBITOJHAT
€ro HI OHOTO Pasa 1 BOIJET B CBOIO KpUTHYECKYIO 00acThb. IIporece 1 BOiaeT B LMK U He
OyJeT BXOAUTD B CBOIO KPUTHYECKYIO 00J1acTh [0 TeX 1oP, noka mnporuecc 0 He BbIiigeT 13
CBOEI KPUTHIECKON 00JIACTH.

Komanpa TSL

A Tenepb gaBaiite pacCMOTPUM IPEAJIOKEHIE, [/ peai3alii KOTOPoro tpedyercs He-
GoJIbIIIast IOMOIIb CO CTOPOHBI 000pyA0BaHUst. HeKoTopble KOMIIBIOTEPDI, B 0COOEHHOCTH Te,
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KOTOpBIE Pa3pabaThlBAINCh C MPUIIETIOM Ha PabOTy HECKOJBKUX IIPOIECCOB, PACIIOJIATAIOT
KOMaHI01

TSL RX,LOCK

(TSL — Test and Set Lock, To ectb mpoBepb 1 ycTaHoBU OJIOKMPOBKY ), KoTopas paboraer
caenyommm obpasom. OHa cunThIBaeT coiep:kumoe caosa namati lock B peructp RX, a o
aJ[pecy TaMsTH, OTBEJIEHHOMY JIJis1 lock, 3aTiuchiBaeT HeHyJieBoe 3HaueHue. [Ipu 9ToM rapaH-
TUPYIOTCS HEAEJMMOCTD OIePalMii YTEHKsI CJIOBA U COXPaHeHUe B HEM HOBOTO 3HAYEHMS —
HUKAKOH JPYTOH IPOIece He MOKET MOJIYYUTh TOCTYII K CJIOBY B TAMSITH, TOKa KOMaH/a He
3aBepuuT cBoIo paboty. IleHTpaibHbIi Ipotieccop, BuiotHsomuit komauny TSL, biokupyer
IIMHY TIAMSTH, 3alipelias APYTiM HEeHTPAIbHBIM IIPOIECCOPaM A0CTYII K IIAMSTH JI0 TeX 110,
HOKa He OyleT BbIIIOJHEeHA 9Ta KOMaH/1a.

Cremyer 3aMeTUTh, 4TO GJIOKUPOBKA IMINHBI TTAMATH CYIIECTBEHHO OTINYAETCS OT 3alpeTa
Ha IIpepbIBanusA. Ec/iy IPU BBITIOJHEHUH YTEHNA CJI0OBA TAMSTH C TOCJeYIONEel 3a1ChIo
B HETO 3allPEeTUTh IIPEPLIBAHUS, HIYTO He IOMEIIaeT BTOPOMY LEHTPaIbHOMY IIPOILECCOPY,
MOAK/IIOYEHHOMY K IITHHE IaMATH, IOJIYIUTh OCTYII K CIOBY MEKIY YTEHIEM 1 3aIIHChIO.
[Tosryuaercst, 4To 3ampeT IpepbiBaHuii Ha mporeccope 1 He OKasbiBaeT aOCOJMIOTHO HUKA-
KOTo BosjeiicTBus Ha 1poreccop 2. IlepekpbiTh Iponeccopy 2 A0CTYI K MaMsTH, II0Ka
mporneccop 1 He 3aBepPUINT BHIIOTHEHNE KOMAaHIbI, MOKHO TOJIBKO OZHUM CIIOCOOOM — 3a-
GJIOKMPOBAB IIMHY, a AJIsI 9TOTO TpebyeTcs crnenuanbioe 060pyaoBanue (B OCHOBHOM JIJIst
ATOrO UCIIOJIb3YETCs JIMHUS IIIMHBI, CUTHAJ HA KOTOPOI OJIOKMPYET IUHY, UCKJIoUasd K Heil
IOCTYII BCEX IIPOIIECCOPOB, KPOME TOT0, KOTOPBHIIT ee 3a0J0KNPOBAI).

Yrobbl 3azeiicTBoBaTh KoMaHay TSL, Mbl BOCIIOJIb3yeMcs 001Ieil iepeMennoii lock, 103Bo-
JIFIOMIEN CKOOPAMHUPOBATH KocTyn K o0miel namsitu. Korna lock umeer snauenue 0, mo6oii
IIPOIIECC, UCTIOJIB3YsT KoMaHy T.SL, MOKeT yCTaHOBUTD ee 3HaueHue B 1, a 3aTeM IPOU3BOIUTh
oreparvy YTEHUS UK 3aTicH ¢ 001Iiell mamsaThio. Kora mporiecc 3aBepIiuT aTH OTlepariii,
OH BO3BpallaeT nepeMenHoi lock snadenue 0, UCII0/b3Yst OOBIYHYIO KOMAHILY move.

Kaxk ke Bociomb30BaThCs 9TOM KOMAH/IOM A5 TPeIOTBPAIeH s OTHOBPEMEHHOTO BX0/1a
JIBYX IIPOIIECCOB B MX KPUTHYECKKEe obsacT? Pelerue mpogeMOHCTPUPOBAHO B JINCTHH-
re 2.3. B HeM moKazaHa MoOAIIPOrpaMMa, COCTOSIINAS U3 YeThIPpeX KOMaH I, HalliCcaHHas Ha
BBIMBILIIIEHHOM (HO TUIIOBOM) si3bike accemOiiepa. [lepBas koMaH1a KOIMPYeT MpeskHee
3HaueHue mepeMeHHol lock B peructp, a 3ateM pucBanBaeT eil sHavenue 1. 3aTeM Tpesk-
Hee 3HaueHHe CPaBHUBAETCS ¢ HyJeM. Ecin OHO HeHyJIeBoe, 3HaUUT, OJIOKMPOBKA yiKe
Obljla ycTaHOBJIEHA, [T0ITOMY IIPOrPaMMa IIPOCTO BO3BPaIlaeTcs B caMOe Hadajo U I0-
BTOPHO IIPOBeEPsieT 3HaYeHre TlepeMeHHO. PaHo Win mo31HO 3TO 3HAYeHUE TTPEBPATUTCSI
B 0 (Korza mpoiiecc, HaXOAMBIIUICS B CBOEH KPUTHUECKON 06JaCTH, 3aBEPIIUT B HEll
paboTy ¥ IPOM30IAET BHIXO/ U3 HOAIPOrPAMMbI € YCTaHOBKOU OiokupoBku). CHaTHE
GJIOKUPOBKH OCYIIECTBJIAETCS AOBOJBHO MPOCTO: IIPOrPAMMe JOCTATOYHO IIPUCBOUTH
nepeMeHHOI lock HyeBoe 3HaueHue. /[t aTOro He HYKHBI HUKaKWe CIelnraabHbIe
KOMAaH/Ibl CHHXPOHU3AIIHH.

Tenepb CyTh OAHOTO U3 pelIeHuii Ipo6IeMbl KpUTHYECKUX 00/1acTell mposcHuaack. Ilepern
BXOZIOM B CBOIO KPUTHUYECKYIO 00JIACTh IIPOIECC BHI3bIBAET (PDYHKIIUIO enter_region, KOTopast
BXOJIUT B IIUKJI aKTUBHOTO OKUJIaHUsI, [IOKa He Oy/IeT CHsATa OJIOKMPOBKA, 3aT€M OHA yCTa-
HaBJIMBaeT GJIOKMPOBKY U BO3BpalllaeT yIIpaBIeHne. 3aBepiuus paboTy B KPUTHIECKOI 06-
JIACTH, TIPOIECC BbI3bIBaeT (PYHKIMIO leave region, KOTOPas IpUCBanBaeT repeMeHHoll lock
HyJsieBoe 3HaueHue. Kak 1 BO BceX penteHusix mpobieMbl KpUTHUECKUX 00acTel, YTo0b!
aTOT €110c00 3apaboTal, MPOTIECCH AOJKHBI CBOEBPEMEHHO BBI3bIBATH (DYHKIMHU enter region
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u leave_region. Eciiv kakoii-HUOY /b 13 TIPOIIECCOB HE BBIIIOJHKUT 3TO YCJIOBUE, B3AMMHOE UC-
Kiouenne He cpaboraer. VIHbIMU cI0BaMM, KpUTUYECKHE 00JacTh paboTaIOT, TONBKO €CIn
TIPOIIECCHI B3AUMOIEHCTBYIOT.

JluctuHr 2.3. Bxoa v BbIXo4, U3 KPUTUYECKON 061acTu

C MCNOSIb30BaHNEM KOMaHabl TSL

enter region:
TSL REGISTER, LOCK
CMP REGISTER, #0
INE enter_region

KonupoBaHue lock B perucTp c npucBoeHuem enn 1
6bi710 M 3HadveHue lock HynesbM?

€C/In OHO 6blI0 HeHy/eBbIM, 3Ha4uUT, 670KMpOBKa
yXe yCTaHOBNEHa W HYXHO BOWTU B LMWK

BO3BpaT ynpaBieHWA Bbi3biBawliei Nporpamme;

BXO4 B KpUTUYeCKyw 06iacTb ocCylwecTB/eH

RET

leave region:
MOVE LOCK,#0 | npucsoeHne nepemenHoit lock HyneBOoro 3HadeHus
RET | BO3BpaT ynpaBneHus Bbi3biBaKleENd Nporpamme

AnprepratuBoil komauae TSL cay:xut xomanna XCHG, ocyliecTBASIONAas aTOMaPHBIHT
00MEH COZIEePKUMOTO ABYX 06JIacTell IaMATH, HAIIPUMEpP PErkcTpa 1 CJI0Ba naMsatu. MoKHO
3aMETHTh, UTO KOJI, TIOKA3aHHBIN B IUCTUHTE 2.4, TIPAKTUYECKU TAKOU Ke, KaK U B PEMICHUN
¢ ucnosbzoBanueM Komauael TSL. Komanna XCHG ucnionb3yeTcs st HU3KOYPOBHEBOI
CUHXPOHM3AINU BCEMHU TIEHTPATbHBIMU MIpolieccopamu cemeiicTra Intel x86.

JiuctuHr 2.4. Bxop v BbIXon, N3 KpUTMYECKOW 061acTun

C ncnonb3oBaHnem komanapl XCHG

Enter_region:
MOVE REGISTER,#1
XCHG REGISTER, LOCK
CMP REGISTER, #0
INE enter_region

nomeweHne 1 B perucTtp

0bMeH COoAepXuMMoro perucTpa u nepemeHHow lock
6bi10 M 3HadveHue lock HynesbM?

€C/In OHO 6blI0 HeHy/eBbIM, 3Ha4uUT, 670KMpOBKa
yXe yCTaHOBNEHa W HYXHO BOWTU B LMWK

BO3BpaT ynpaBieHWA Bbi3biBawliei nNporpamme;
BXOA B KpUTUYeCKyw 06sacTb ocCylwecTB/eH

RET

leave region:
MOVE LOCK,#0 | npucsoeHne nepemenHoit lock HyneBOro 3HadeHus
RET | BO3BpaT ynpaBneHus Bbi3biBalKle#d Nporpamme

2.3.4. NMpuocTtaHOBKAa U aKTUBU3aUus

N anropur™m Ilerepcona, n pemenwne, ucnombaytomiee koMauay TSL nim XCHG, BnosHe pa-
60TOCIIOCOOHDI, HO Y HUX €CTh OJIMH HEOCTATOK — HEOOXOAUMOCTD IPEOBIBAHUS B PEKUME
akTUBHOTO OkuJanus. [lo cyTu aTu pelnreHus cBOAATCA K CJAEAYIONEMY: KOT/a IIPOIleccy
TpebyeTcst BOWTH B KPUTHUYECKYIO 00JIaCTh, OH TIPOBEPSIET, paspelier Ju 3TOT BXoj. Ecim
BXOJI 3alIpellieH, IIPoIecc IIPOCTO BXOAUT B KOPOTKUH 1IUKJI, 05KU/iast pa3peleHusl.

ITOT TOJXO/T HEe TOJTBKO MPUBOAUT K ITyCTON TpaTe MPOIIECCOPHOTO BPEMEHH, HO U MOJKET
UMETh COBEPIICHHO HEOXUaHHbIe 3(deKThl. PaccMOTpUM KOMIIBIOTED € IBYMS TIPOIlec-
camu: H ¢ BBICOKOII cTereHblo mpuopuTeTa u L ¢ HU3K0# cTeneHbto npuopurera. [IpaBuia
[JTAHUPOBAHUSI UX PabOTHI TIPEYCMATPUBAIOT, 4TO H BBITIOJIHSIETCS cpasy JKe TOoce BXOo/a
B COCTOSIHME TOTOBHOCTHU. B ompesieieHHbINT MOMEHT, KOT/Ia L HaXOAUTCA B KPUTUYECKON
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obactu, H BXOANUT B COCTOSIHIE TOTOBHOCTU (K IIPUMEPY, TOCJIE 3aBEPIIEHUs ONepaIun
BBO/Ia-BBIBO/IA). Teniepb H BXOIUT B PesKUM aKTUBHOTO OKUIAHN, HO TIOCKOJIBKY, TIOKA BBHI-
nmosHsAeTcs Tporiece H, Bomosinenne L He mranupyetcs, y L He ocTaeTcs MaHCOB BBIATH 13
cBOei KpuTHYeckoii obactu, nostoMmy H npebbiaer B Geckonedtnom tukie. Ha nmopobnyio
CHUTYAIMIO MHOT/IA CChLIAIOTCS KaK Ha MPOOJEeMY HHBEPCHH IPUOPHUTETA.

Tenepb pacCMOTPHM HEKOTOPBIE TPUMUTHBLI B3AUMOJAEHCTBHA ITPOIECCOB, KOTOPbIE GJIOKH-
PYIOT paboTy, OKa UM He Pa3peliaeTcst BXOAUTb B KPUTHUECKYIO 00JIaCTh, BMECTO HAIIPACHOM
TpaThl BpeMEHNU TIEHTPAIbHOTO Mpolieccopa. IIpexacraButensiMu mpocTeineit mapbl TAaKUX
NPUMUTUBOB ABJSAIOTCA sleep n wakeup. CucteMHbIN BbI3OB sleep GJIOKUPYET BbI3bIBAIOIINI
€ro MpoIecc, KOTOPbIi PHOCTAHABIMBAETCS 0 TeX 0P, 0K €ro He akTUBU3UPYET APYTroi
npoiiecc. AKTUBU3UPYIOIINIA BBI3OB wakeup MCIIONb3yeT OMH apryMEHT — aKTUBU3UPYEMBbIi
nporiecc. J{oMoNHUTENbHO U sleep 1 wakeup NCIONb3YIOT e1le OMH apIyMEHT — aJIpec HaMsITH,
UCIOJIb3YeMOH JIJIsl COOTHECEHMSI BHI3OBOB sleep ¢ BbIzoBaMu wakeup.

3apauya nponsBoguTens n noTpedurtens

B kauectBe ipuMepa PUMEHEHHs 9TUX IIPUMUTHBOB PACCMOTPUM 3124y TIPOU3BOUTEINST
U moTpeduTeNs (TakKe U3BECTHYIO KaK 3aja4a orpanudentoro oydepa). [[sa nmpoiecca
UCIosb3yioT obuuii 6ydep GurcupoBanuoro pasmepa. OAUH U3 HUX, IPOU3BOAUTEb,
nomentaer nudopmanuio B Oydep, a Apyroii, morpedburenn, ussaekaer ee orryaa. (MoxHO
TaK/Ke PACIIMPUTD MPOOJIEMY 10 M IIPOU3BOANUTENEH U 7 ToTpebuTesiell, Ho Mbl OyjieM pac-
CMaTPUBATh TOJBKO CJIydYail ¢ OJAHUM IIPOM3BOAUTEIEM 1 OAHUM MOTPEOUTENEM, TIOCKOJIbKY
TaKoe JOIyIIeHNe YIPOIIAET pelieHue. )

[Tpo6ieMbl BOSHUKAIOT B TOT MOMEHT, KOT/Ia TPOU3BOAUTEIIO TPEOYETCST IOMECTUTh HOBYIO
3al1Ch B yrKe 3ano/iHeHHbiil Gydep. Perenre 3axiodaercs: B 6GJIOKMPOBAHUY TIPOU3BOAUTEIST
JIO TeX TI0p, TIOKa MOTPeOUTEIb He U3BJIEYET KAaK MUHMMYM OJIHY 3aIlich. TakiKke, eciu 110-
TpeOHTEI0 HYKHO U3BJIeUb 3anuch u3 Oydepa u oH BUauT, 4to 6ydep myct, oH 610Kupyercst
JI0 TeX 0P, TI0Ka IIPOU3BOAUTENb HE TIOMECTUT YTO-HUOY b B Oydep U He aKTUBU3UPYET
9TOro HOTPeOUTE IS,

Ha HepBbeI B3IJIAL 3TOT IMOJIXO/T BBITVIAAWUT JOBOJIbHO ITPOCTBIM, HO OH ITPUBOJUT K TOﬁ Xe
Pa3HOBUHOCTU COCTSI3aTEJbHON CUTYaAIlMM, KOTOPAsi HaM y’Ke BCTpPeuaysach B IpUMepe
¢ KaTajioroM ciyJepa. [ljist orcieskuBanus KoJaumdectsa samnceil B 6ydepe Ham morpedyercst
nepemennas count. Eciim MakcuMaibHOe KOJIMUECTBO 3aITUCEl, KOTOPOE MOJKET CO/IEPKATHCS
B Gydepe, pasHo N, To iporpaMma pOU3BOANTEIS I0JKHA CHaYa/Ia IIPOBEPUTD, He UMeeT
s count 3nadenvie N. Eciin nepementast uMeer Takoe 3Ha4eHUe, TPOU3BOIUTEIb JIOJIKEH 3a-
GJIOKMPOBATDH CBOE BBIIIOJHEHKE, a €CJIU He UMEET, IIPOU3BOIUTE/b JOJIKEH JOOABUTH 3aII1UCh
U YBEJIMYUTD TIOKa3aHUE CUCTINKA COUNL.

[Tporpamma morpedbuTess paboTaeT CX0KUM 00Pa3OM: CHAYa/Ia IIPOBEPSIET, HE SBJASETCS I
3HaueHue count HyJieBbiM. Ec/in OHO paBHO HYJIIO, IPOIiece GJIOKUPYET CBOE BHINOJHEHME,
a ecJIM He PaBHO HYJIIO, OH M3BJIEKAET 3alliCh ¥ YMEHbIIAET 3HaueHne cuerynka. Kaskabiil
U3 [IPOIECCOB TaKKe [POBEPSET, He HYKHO JIM aKTHBU3MPOBATH APYIOil MIPOIIECe, U eCn
HY’KHO, IIPOBOJMT 9Ty aKTUBKU3aLKIO. [TporpaMMbl IIPOU3BOAUTEIS 1 IOTPEOUTES TOKA3AHbI
B JIUCTHHTE 2.5.

YTo0BI BBIPA3UTH BBIZOBHI sleep n wakeup na aspike C, MbI TIOKa)KeM MX B BUJIE BBI3O-
BOB OubaMoTeunbIx mponenyp. OHM He SABIAIOTCA 9acThIo cTaHAapTHOI 6ubmorexu C,
HO, TT0-BHIMMOMY, OBLIN OBI ZOCTYIHBI Ha JTI000i cucTeMe, NMEOIIell 5TH CUCTEMHbIE
BBI3OBEL
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Jinctuur 2.5. 3agava nponsBoauTens U NoTpebutens ¢ daTtanbHOW COCTA3aTeNbHON
cuTyaumen

#define N 100 /* KonM4yecTBO MecT AnsA 3anuceil B bydpepe */
int count = 9; /* konuyecTtBO 3anuceit B bydepe */

void producer(void)

{
int item;

while (TRUE) { /* 6eckoHe4yHoe noBTOpeHue */
item = produce_item( ); /* reHepauua HoBon 3anucu */
if (count == N) sleep( ); /* ecnu 6ydep nonoH, 3abnokupoBaTbcs */
insert_item(item); /* nomewexue 3anucu B bydep */
count = count + 1; /* yBenuyeHue c4yeTuyuka 3anucei B bydepe */
if (count == 1) wakeup(consumer); /* 6bin nu 6ydep nyct? */
}

}

void consumer(void)

{
int item;

while (TRUE) { /* beckoHe4yHoe noBTopeHue */
if (count == 0) sleep(); /* ecnu b6ydep nycT, 3abnokupoBaTbca */
item = remove_item( ); /* un3Bne4yb 3anucb u3 bydepa */
count = count- 1; /* yMeHblieHWe cyeTyuKa 3anuceit B bydepe */
if (count == N - 1) wakeup(producer); /* 6bln nu 6ydep nosoH? */
consume_item(item); /* pacneyaTka 3anucu */
}

}

He nokasaHHble B JIMCTUHTE MIPOIELYPHI insert item W remove_item 3aHUMAIOTCS TTOMellle-
HueM 3anceii B 6ydep 1 U3BJIeyeHreM X OTTy/1a.

Bepuemcs Tenieps k cocTsizaTenpHo cutyarmu. [[prantoii ee mogBaeHNs MOXKET CTaTh CBO-
GOHBII IOCTYTI K CYUeTUHKY count. Kak creIcTBIE MOKET CITOKUTHCS CIIELYIONIast CUTYaTHsL.
Bydep nyct, 1 morpebuTesib TONbKO YTO CUMTAJ TIOKA3aHUSA COunt, YT00bl YBU/ETD, YTO €ro
3HaueHue paBHO (. B aTOT caMbIii MOMEHT IJIAHUPOBIIUK PEITaeT BPEMEHHO TIPUOCTAHOBUTD
BBINOJIHEHHE IIpoliecca oTpeOuTe s i BO3OOHOBUTD BINOJHEHHE [IPOLiecca IIPOU3BO/IM-
tesist. [IpousBoANTENb TIOMEIIAET 3aich B Gydep, yBeamunBaeT 3HaUCHNE CUETUNKA COUnt
U 3aMevaert, uTo Ternepb oHo paBHo 1. [IpuHIB BO BHUMAaHNE, 4TO TOJIBKO UTO CUETUYNK UMEJT
HyJIeBOE 3HAUEHIE, TIPH KOTOPOM MOTPEOUTENb TOJKEH HaXOMUThCS B 3a0JJOKHPOBAHHOM
COCTOSIHUY, [IPOU3BOAUTEb BHI3BIBACT IIPOIEAYPY wakeup, 4ToObI aKTUBU3UPOBATD BbI-
[OJIHEHKE IPoLiecca NoTpeduTeIs.

K coxasmenuio, ¢ TOYKM 3peHUsT JJOTUKHU IIPOrPaMMbI IIOTPeOUTENb He HaXOAUICs B Oe3nei-
CTBYIOTIEM COCTOSTHUM, TIO9TOMY CUTHAJ Ha aKTUBH3aInio OyzaeT yrpadeH. Koraa mopoiiaer
ouepezib BO30OHOBUTD BBIITOJHEHIE IIPOLIEcca IOTPEOUTE s, OH IIPOBEPUT PaHee CUNTAHHOE
3HAYEHME CYETYMKA, ONPEAEIIUT, YTO OHO ObLI0 pasHo 0, U CHOBa IepeiieTr B 3a6JI0KUPO-
BaHHOE COCTOsIHUE. PAHO MJIM TI03HO IIPOM3BOAKUTEND 3aII0AHUT Oydep 1 ToxKe 1epeiiger
B 3a6JI0KMpOBaHHOE cocTostHIe. V1 06a mpoiiecca BaayT B BEUHYIO CIISTUKY.

CyTb BO3HUKIIIEH TPOGJIEMbI 3aKII0YaeTCs B yTpaTe BbI30Ba wakeup B OTHONIEHUN IIPOIIECCa,
KOTOPbIii He HAXOAMUTCS B COCTOAHMU OJOKUPOBKH 110 cOOCTBEHHOMU BoJie. Eciin Obl 9TOT BbI-
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30B HE yTpayrBajIcs, To Bee Obl paboTasio JOJKHBIM 06pa3oM. BeicTpo yerpanuTh npobiemy
MO3BOJIUT U3MEHEHNE MIPABIIL 3a CYeT J00aBIeHUs K KapTUHE COOBITUI OUTa OKUAAHUS
aKTHBU3AIMU. JTOT OUT yCTaHABINBAETCS, KOT/a B OTHOIIEHUH ITPOIECCA, KOTOPBIN He Ha-
XOIINTCS B COCTOSTHUM O€3/IeHICTBISI, BRI3BIBAETCS IIPOIENypa wakeup. 3aTeM, KOT/Ia MPOIIECC
HOIIBITaeTCs 3a0I0OKMPOBATHCS MIPU YCTAHOBJIEHHOM OMTE OKUAAHUST aKTHBU3AIIN, 9TOT
OUT CHEMaeTcs, HO IIPoIlece He GIOKUpPYeTcsa. BUT okupanns akTUBH3AUI CTaHOBUTCST
CBOEOOPA3HON KOIIMIKOM, XpaHseld curaaibl akTuBusauu. [lorpeburesb cHUMaeT OGUT
OKMIaHUS AKTUBU3ALMY B KaxK0H UTepaiuy UKJIa.

XoTs B HallleM POCTOM IpUMepe OUT OKUIaHUSA AKTUBU3AIMK CIIacaeT I0J0KEeHue, He-
TPYAHO CO3/IaTh TaKKe IPUMeEPDI, Iie (GUIyPUPYIOT TPU U GoJiee Tpolecca, A1 KOTOPbIX
OIHOTO OGUTA OKMIAHUS AKTUBU3ALMHI SBHO HEJ0CTATOYHO. MOJKHO BHECTH APYrHe PABKU
1 100aBUTH BTOPOI OUT OKUAAHUS aKTHBU3ALMY, a MOXKET ObITh, 8 1 32 Takux GuTa, HO,
B TIPUHIIATIE, TPOBIEMa OCTAHETCST HEPEIIEHHOTA.

2.3.5. Cemadopnl

Curyarus mamennaach B 1965 romy, Korma JleiikeTpa TpeiosKnI NCIOTbh30BaTh METOUIC-
JIEHHYIO [IePEMEHHYIO JUUISL TI0JICYeTa KOJIMYeCTBA aKTUBM3ALIUH, OTJIOKEHHBIX Ha Oy Iyliee.
OH IPeTIOKUI YUPEAUTh HOBBII THII TIepeMeHHoll — cemadop (semaphore). 3HaueHue
cemadopa MoeT ObITh paBHO 0, 4To OyIET CBUETEIbCTBOBATH 00 OTCYTCTBUM COXPAHEHHBIX
AKTUBU3AIMN, MM UMETh KaKoe-HUOY /b TI0J0KUTEIbHOE 3HAUEHUE, eCJU OKUIACTCS He
MeHee OJJHOI aKTHUBU3AIUMN.

JlelikeTpa mpeiosKII KCIOIb30BaTh JIBe ONepaium ¢ ceMadopaMu, KOTOpble ceiiyac 0ObIYHO
HasbIBAIOT down 1 up (0060011eHYs sleep 1 wakeup coorBeTcTBEeHHO). Oniepartyst down BHISICHS-
eT, oTJinyaercs Jiu 3uaderne cemacopa ot 0. Eciiit otiinyaercst, oHa yMEHBITIAET 3TO 3HAUEHIE
Ha 1 (TO ecTb UCHOJIb3YET OJIHY COXPAHEHHYIO aKTUBH3AIINIO) U IIPOAOJIKAET CBOIO PAbOTY.
Ecsin 3nauenne pasHo 0, mporiecc MprocTaHaB/INBAETCSI, HE 3aBepIast B 3TOT Pa3 Olepalnio
down. V1 mpoBepKa 3HAYEHNSI, 1 €TO N3MEHEHME, 1, BO3MOKHO, TPHOCTAHOBKA TIPOTlecca 0Cy-
IIECTBJISTIOTCS KAK €IMHOE U HeJIETMMOe aTOMapHoe JieiicTBHe. TeM caMbIM rapaHTHPYeTCs,
YTO C HAUYAJIOM ceMa(OpPHOI ortepaIi HUKAKOH JPYToii MPOIecc He MOKET TOJYYUTh JIOCTYII
K ceMaopy 10 TeX TIOp, TTOKA OTepaIist He OyeT 3aBepiieHa Win 3abI0KpoBaHa. AToMap-
HOCTb S1BJIsteTCst aGCOIOTHO HEOOXOAMMBIM YCIOBUEM JIJIsl PElieH st TPoGJIeM CUHXPOHU3AIMI
U UCKJTIOYEHUS COCTSI3ATEIbHBIX CUTYaIUid. ATOMapHbI€e JIeHCTBUS, B KOTOPBIX IPYIIa B3au-
MOCBSI3aHHBIX OIepaliii OO0 BBINOJIHETCA Oe3 KakuX-1100 IpepblBanuii, 1u6o Boob1e He
BBIIIOJIHSETCST, TIPHOOpesin 0coOyI0 BaKHOCTD 1 BO MHOIHMX JAPYTUX 00JacTAX MH(DOPMATUKHY.

Onepanmst up yBeamunBaeT 3HadeHue, ajpecyemoe cemadopom, va 1. Ecan ¢ atim cema-
(hopoM CBsI3aHBI OJIMH WK O0JIee TIPUOCTAHOBJIEHHBIX MPOIECCOB, CIIOCOOHBIX 3aBEPIINTD
paHee HavyaTble Orepalun down, CUCTeMa BLIOUPAET OMH 13 HUX (K IPUMEPY, IIPOU3BOJIbHBIM
06pa3oM) 1 MO3BOJISIET MY 3aBEPIINTD ero onepaiito down. TakuM 06pasoMm, TTocJie mpume-
HEHUST OTIEPAIIHN 4P B OTHOIIIEHUH ceMadopa, € KOTOPBIM ObIIN CBSI3aHbI IPHOCTAHOBJIEHHBIE
Ipolecchl, 3HaueHne cemadopa Tak U OCTAHETCS] HYJIEeBbIM, HO KOJNYECTBO ITPUOCTAHOB-
JIEHHBIX TIpo1ieccoB yMeHbIMTcd Ha 1. Onepanus yBeanueHust 3HaueHns cemagopa Ha 1
1 aKTUBU3AI[MU OJTHOTO 13 IIPOIECCOB TakXKe sBJsteTcst Hemeanmon. Hu ofun u3 mpoieccos
He MOJKeT ObITh 3a0IOKMPOBAH [PU BHIMOJHEHUU ONEPAIIUH Up, PABHO KAK HU OJUH U3 [IPO-
[[ECCOB HE MOXKET ObITh 3a0JIOKUPOBAH TIPU BBIIIOJHEHUN wakeup B IPEABILYIICH MOJIEN.

Mesx 1y mpodrM, B IepBOHAYAIbHOM BapuanTe cBoeil paborst Jleiikcrpa BMecTo down v up
ucnosnb3oBas uMena Pu V coorserctenHo. Ho B HUX He GBLIO HIKAKOTO MHEMOHUYECKOTO
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CMBICJIA IS TEX, KTO He TOBOPUT IMO-TOJUIAHACKH, Ia 1 JJIsI TeX, KTO TOBOPUT, CMBICI OBLT
ezBa yioBuM — Proberen (ibitatbes) u Verhogen (oiHUMATD BbILIE), II0ITOMY BMECTO HUX
MbI OyzieT ynorpebssts down v up. Briepbie OHM ObLIN NIPEACTABIECHBI B A3bIKE TIPOTPAM-
muposanus Algol 68.

PewieHue 3agaun npousBoguTtena-noTpedutens
Cc nomMmoLubio cemadopoB

B siucture 2.6 okasaHo, Kak ¢ MOMOIIbI0 ceMadopoB pelnaercst mpodiieMa yTpaueHHbIX aK-
TuBusai. UToOBI 3aCTAaBUTh UX KOPPEKTHO PabOTaTh, OUeHb BAKHO, YTOOBI UX PeaT3aIlust
[peycMaTpuBaia HeleIuMbIi pekuM paboTsl. Brioste ecrectBerto ObL10 Obl peasin3oBaTh
oreparuu up u down B BUJIE CHCTEMHBIX BBI30BOB, YTOOBI OTIEPAIIHOHHAST CHCTEMA Ha BPEMST
TecTupoBaHust ceMadopa, OGHOBJIEHNSI €r0 3HAYEHUSI 1 TPUOCTAHOBKHU TIPOIlecca MpU He-
06XOINMOCTH KPATKOBPEMEHHO 3arpeliiajia Bee mpepbiBanist. [[0CKOIbKY BCe 3TH IeHCTBISE
3aHUMAIOT TOJBKO HECKOJIbKO KOMAH]I, 3aITPET Ha TIPEPHIBAHUS HE MPUUUHUAT HIKAKOTO BPE/A.
Eciii UCToib3y0TCst HECKOTBKO 1EHTPAIBHBIX TPOIIECCOPOB, KaskAbli ceMadop M0JKeH
ObITH 3alUIIEH IEPEMEHHOIT [ock, a [JIst TapaHTUH TOTO, YTO ceMadop B OTAEIBHO B3SATHIIL
MOMEHT BPEMEHH 3a/I€iiCTBYETCSI TOJIBKO OJIHUM LEHTPAILHBIM TIPOLIECCOPOM, UCTIOJIB3YETCST
komana ISL nim XCHG.

Hyxuo ycBouts, uto ncnonbzoBanue 1.SL nan XCHG ang npemynpeskaeHNs OMTHOBPEMEH-
HOTO JIOCTYTIA K ceMa(hopy HECKOIBKUX EHTPATBHBIX TIPOIECCOPOB B KOPHE OTJIUYAETCS OT
peKMMa aKTUBHOTO OKUIAHUST TIPOM3BOANTEIEM WITH TTOTPEOUTEIEM MOMEHTA Oy CTOTITEHHUST
wim HanosiHeHust Oydepa. Onepatyst paboTbl ¢ ceMadopoM 3aliMeT JIMIIb HECKOJbKO MUKPO-
CEKYH/]I, a OJKUIaHUe TIPOU3BOIUTEIS WITH TIOTPEOUTEST MOSKET OBITH CKOJIh YTOHO JTOJTHM.

B arom pemnenuu ucionbayores Tpu cemadopa: OJUH U3 HUX HasbiBaercs full n npenna-
3HAYEH JJISI [10/ICYeTa KOJMUECTBA 3alI0JJHEHHBIX MeCT B Oydepe, Ipyroii HazbiBaeTcs empty
W IpeAHasHayeH [ 1oJcyeTa KOJMYecTBa IyCThiX MecT B Oydepe, TpeTuil HasblBaeTcs
mutex, OH TIPeJIOTBPAIIAECT OJHOBPEMEHHBIN JOCTYIl K Oydepy IPOU3BOAMTENS U HOTPeOH-
tenst. Cemadop full nswavambro pasen 0, cemacdop empty N3HAYATBHO PaBeH KOJTUIECTBY
MecT B 6ydepe, cemadop mutex nsHavaiabHo paBeH 1. Cemadopbl, HHUIMATH3UPOBAHHbIE
3nadenueM 1 U uCHoIb3yeMble IBYMsI MU OOJIee MPOLEecCaMu [Jisk UCKIIOYEHUsT UX OJIHO-
BPEMEHHOTO HAaXOKIEHUs B CBOMX KPUTHUECKUX 00JIACTAX, HA3bIBAIOTCS IBOUYHBIMU Ce-
Macdopamu. BanmHoe MckIoueHre TapaHTUPYETCST B TOM CJIydae, eCii KaK/IbIi poiiece
COBEpIIaeT Olepaliio down HeNOCPEACTBEHHO MIePejl BXOAOM B CBOIO KPUTUYECKYIO 00J1acTh
7 OTIEPAITHIO Up CPasy JKe MOCTe BHIXO/A 13 Hee.

Terepb, KOTIA B HAIIIEM PACTIOPSIKEHUH UMEETCST XOPOITUN TTPUMUTHB B3aUMOIEACTBUS
MIPOIIECCOB, JlaBaliTe BePHEMCs Ha3ajl U 3aHOBO PACCMOTPUM I0OCJIE[0BATEIbHOCTD TIpe-
phIBaHUI, MoKazaHHyIO B TabJ. 2.2. B cucreme, ucioipayoineii ceMadopbl, €CTECTBEHHBIM
€1ocoOOM CKPBITh IPEPBIBAHNUSI CTAHET UCIIOAb30BaHue ceMadopa ¢ MCXOAHBIM HYJIEBbIM
3HAYEHUEM, CBSI3AHHBIM C KaX/IbIM YCTPOICTBOM BBO/Ia-BbiBOzIa. Cpasy ke 1OCJIe 3a1rycKa
yCTPOHCTBA BBOAA-BbIBO/IA YIIPABJSIONIMIT IIPOIIECC BHINOJHSIET Oliepanuio down B 0T-
HOIIIEHUN CBSI3AHHOTO € 3TUM YCTPoiicTBOM cemadopa, 1P 3TOM HEMe/IJIEHHO [TePeX0/Is
B COCTOSIHME 3a0I0KMPOBAHHOCTH. 3aTeM IIPU OCTYIIEHUU PEPbIBaHKs ero 00paboTunK
BBIMIOJIHSIET OMEPAIMIO Up B OTHOIIEHUU CBSI3AHHOTO € yCTPOiicTBOM ceMacopa, KoTopast
MEPEBOIUT COOTBETCTBYIOINIUI TIPOIECC B COCTOSIHUE TOTOBHOCTH K TIPOOJIKEHUIO BbI-
nosnenust. B a1oit Mogenun mar 5 us tabu. 2.2 COCTOUT U3 BBIIOJHEHUS OLEPALUU UD
Hajl ceMadopoM yCTPOICTBa, ¢ TeM 4TOOBI Ha iare 6 TJIAHUPOBIIUK MOT 3allyCTUTH TIPO-
rpaMmy, YIIPaBJsIiollyo yCTpoiicTBoM. Pagymeercsi, eciin K 9TOMY MOMEHTY OYIyT TOTOBBI
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K BBIIIOJIHEHUIO CPa3y HECKOJIBKO [IPOLECCOB, INIAHMPOBIIUK MOKET BHIOPATH CJIEAYIOUIUM
LI BBITIOJIHEHMS OoJiee BaxHbIN mporecce. 11o3:ke B 9TOM TJ1aBe Mbl elle PacCMOTPUM He-
KOTOPbBIE aJITOPUTMBbI, UCIIOJIb3yeMble I paOOTHI IJIAHUPOBIIUKA.

B npumepe, npuBeAeHHOM B JiicTUHTE 2.6, ceMadopbl UCIIOAb3YIOTCS ABYMsI PasIMIHBIMU
criocobamu. Pazjmuust aTux cioco6oB HACTOIBKO BaKHBI, 4TO TPEOYIOT HOTIOJHUTEILHOTO
pasbsacuenust. Cemadop mutex UCTIOIb3YETCs IS OPTaHU3AIMN B3AUMHOTO UCKITIOYCHUS.
Ero npepnasHauenyie — rapaHTUPOBATH, YTO B KasK/IBIN OTAEABHO B3ATBI MOMEHT BPEMEHH
K 6ydepy 1 COOTBETCTBYIOIIMM TEPEMEHHBIM UMEET JOCTYII 110 YTEHUIO WU 3ATTUCH TOJIb-
K0 ouH mporecc. OprannsyeMoe B3aMMHOE MCKIIOYEHUE TTPU3BAHO MPETOTBPATUTD XA0C.
B creyomenm paszesie Mbl MI3yYnM B3aMMHOE UCKJTIOYEHUE U CTIOCOOBI €70 TOCTUKEHHS.

Jlnctuur 2.6. 3agayva nponsBoauTENs U NOTPEBUTENS, peLlaemMasi C MOMOLLbIO
cemadopos

#define N 100 /* KonuyecTtBo mecT B bydepe */
typedef int semaphore; /* Cemadopbl — 3TO cneumanbHas pasHOBUAHOCTb
Le/IoO4NCNEeHHON nepemMeHHon */
semaphore mutex = 1; /* ynpaBnseT AOCTYynoMm K KpuTu4deckoi obnacTtu */
semaphore empty = N; /* nopcuuTbiBaeT nycTble mMecTa B bydepe */
semaphore full = 0; /* noacuuTbiBaeT 3aHATble MecTa B bydepe */
void producer(void)
{
int item;
while (TRUE) { /* TRUE — KOHCTaHTa, paBHaa 1 */
item = produce_item( ); /* reHepauus 4Yero-Hubyab AnA MOMEWEHUA B
Gydep */
down (&empty); /* yMeHblieHMe c4eTyuKa MyCcTbiX mMecT */
down (&mutex); /* Bxop B KpuTu4eckyw obnacTtb */
insert_item(item); /* nomeweHune HoBoW 3anucu B bydep */
up (&mutex); /* NOKMHYTb KpUTMUYecKyw obnacTtb */
up(&full); /* VHKpeMeHT c4YeT4yMKa 3aHATbIX MecT */
}
}
void consumer(void)
{
int item;
while (TRUE) { /* 6ecKOoHeYHbln uukn */
down(&full); /* yMeHblleHMe cYeTyuKa 3aHATbIX mMecT */
down (&mutex); /* BXOA B KpuTUYHeckyw obnactb */
item = remove_item( ); /* wn3BnedeHue 3anucu u3 bydepa */
up (&mnutex); /* BbIXOA M3 KpUTu4eckol obnactu */
up (&empty); /* yBenu4eHue cyeTyMKa MyCTbIX MecT */
consume_item(item); /* paboTa c 3anucbi */
}
}

Jlpyrue cemadopbl UCIONB3YOTC Jist cuaxponusanuu. Cemabopsl full u empty HyKHBI 115t
TapaHTUM HACTYIUIEHUA WJIW HEHACTYIJIEHUS T€X MW MHBIX KOHKPETHBIX IMOCJJIe10BaTe b~
HocTelt coObITUi. B aHHOM citydae OHUM TapaHTHPYIOT, YTO TIPOU3BOAUTE D IPUOCTAHOBUT
CBOIO paboTy npu 3anoaHeHHOM Oydepe, a ToTpeduTe b IPUOCTAHOBUT CBOIO PaboTY, ecin
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srot Oydep omycreer. i ceMadOPbI HCIIOJIB3YIOTCS COBCEM He TaK, KaK Ipu 06eciedeHn i
B3aMMHOTO UCKJIIOYCHUS.

2.3.6. MbloTekchl

MHor/a npu HeBOCTPeOOBAHHOCTH BO3MOKHOCTEN ceMadOpoOB B KAY€CTBE CYETYNKOB HCIIOJb-
3yeTcs UX yIpoIlleHHasl BEPCUsl, Ha3bIBaeMasi MbIOTEKCOM. MBIOTEKCHI CIIPABJISIOTCS JINIIID
C yIpaBJieHeM B3aMMHBIM MCKJIIOYEHUEM J0CTyIa K OOIIUM pecypcam uiau GpparMeHTam
koxa. I[Tpoctora n 5 GHeKTUBHOCTD peanusaliy MbIOTEKCOB JEIAeT UX OCOOEHHO TIOJIE3HBIMU
IS COBOKYITHOCTH TIOTOKOB, 1[EJIMKOM PEAIM30BAHHBIX B [T0JIb30BATEIHCKOM TIPOCTPAHCTRE.

MbIOTEKC — 9TO COBMECTHO MCIIOJIb3yeMasl lepeMeHHast, KoTopasi MOKeT HaXO/UThCA B O/]-
HOM U3 JIBYX COCTOSIHUIL: 3a6JIOKMPOBAHHOM Ui He3absokupoBaHHoM. Ciie[0BaTeNbHO,
JUIST UX TIPEJICTABJIEHUS HY/KEH TOJIBKO OJIMH OWT, HO Ha MIPAKTUKE 3a4aCTYIO UCTIOIb3YETCs]
1[eJI0€ YHCJIO0, TPU HTOM HyJIb O3HAYAET He3a0JOKHPOBAHHOE, & BCE OCTAJIbHBIE 3HAUCHUST —
3a6JI0KMPOBaHHOE coCTOsTHUE. [[J1s1 PABOTHI ¢ MBIOTEKCAMMU UCTIOIB3YIOTCS [BE TIPOTIE/LYPBI.
Korza notoky (uim mporieccy) HeoOXO/IMM JOCTYI K KPUTHIECKOH 00IaCTH, OH BBI3bIBAET
npotenypy mutex lock. Ecau MbOTEKC HAXOAUTCS B HE3a0JOKMPOBAHHOM COCTOSIHUH
(03HAYAIONIEM [OCTYIHOCTDh BXOJA B KPUTHYECKYIO 00JIACTH ), BBI30B ITPOXOIUT YIAATHO
U BBI3BIBAIOIIIT TOTOK MOKET CBOOOIHO BOWTH B KDUTUIECKYIO 00JIACTb.

B 10 ke BpeMst, ecii MBIOTEKC YoKe 3a0JI0KUPOBaH, BbI3bIBAIOIINIT TOTOK GJIOKMPYETCS /10 TeX
0P, MOKa [OTOK, HAXOJAAIMIICSA B KPUTUUECKON 00JIaCTH, HEe 3aBEPIIUT CBOIO paboTy U He
BbI3OBET TIporeaypy mutex_unlock. Eciim na MbloTekce 3a0J10KHPOBAHO HECKOJIBKO IOTOKOB,
TO TIPOM3BOJBHO BBIOMPAETCST OJIMH W3 HUX, KOTOPOMY Pa3peIIaeTcst BOCIOMb30BAThCS 3a-
GJIOKMPOBAHHOCTBIO APYTUX IOTOKOB.

Buarogapst MCKJIIOYMTEIbHOM TIPOCTOTE MBIOTEKCOB OHU JIEFKO MOTYT ObITh PEaJ30BaHbl
B TTOJTH30BATEITHCKOM TPOCTPAHCTBE TIPU yCI0BUM A0CTymHOCTH KoMauabl T.SL nmn XCHG.
B smcrunre 2.7 nokasan ko npoueayp mutex lock v mutex unlock, npenHasHadeHHbIX JJ1st
UCIIOJIb30BAHUSA B COBOKYITHOCTH [IOTOKOB, paOOTAIOIIKX B [10JIb30BATENBCKOM IIPOCTPAHCTBE.
Perenue, B koropom uctosibdyercst komanga XCHG, 110 cyTu, HU4eM He OTJIUYaeTCsI.

Jinctuur 2.7. Peannzaumsa mutex_lock n mutex_unlock

mutex_lock:

TSL REGISTER,MUTEX KOMUWpoBaHWe MbTEKCa B perucTtp u ycTaHoBKa
ero B 1
6bl1 1M MbIOTEKC HY/NeBbiM?
eC/in OH 6bin Hy/NeBbIM, 3HAYUT, He 6bin
3a610KMPOBaH, NO3TOMY HYXHO BEpHYTb

I

|
CMP REGISTER, #0 |
|
I
| ynpaBnenue Bbi3biBatwern nporpamme
I
|
I
|
I
|

JZE ok

CALL thread_yield MbHOTEKC 3aHAT; MNYyCTb MJAHWPOBWMUK
BO306HOBUT paboTy Apyroro nortoka
MOBTOpHaA MOMbITKa

BO3BpaT ynpaB/ieHUA Bbi3biBallWen Mporpamme;
byneT ocywecTBleH BXOA B KPUTUYECKYH

obnacTb

JMP mutex lock
ok: RET

mutex_unlock:
MOVE MUTEX, #0 | coxpaHeHue B MbiTekce 3HayeHus 0
RET | BO3BpaT ynpaBneHus Bbi3biBaKle#d Nporpamme
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Koz nipouienypsot mutex lock noxosx na kou enter region B iuctunre 2.2, HO ¢ OAHOIL cylie-
crBeHHOM pasuuneil. Koria npouepype enter region He ynaercst BONTH B KPUTHYECKYIO 00-
JIACTh, OHA MIPOJIOJIFKAET IIOBTOPHOE TECTUPOBAHME 3HAUEHMUST TIepeMeHHOM [ock (BBITIOIHSAET
akTHBHOE Oykuganue). [1o ncredeHnn onpeaeseHHOro BpeMeH | IIAHUPOBIIUK BO30GHOBJISAET
paboty Kakoro-HuOyb APyroro npoiecca. Pano nim mosaHo Bo3o6HoBsgeTCS paboTa npo-
1iecca, yaepsKuBaroIero OTOKMPOBKY, M OH ee 0CBOOOKIAET.

[Tpu pabore ¢ norokamu (B IIOJB30BATEIBCKOM IIPOCTPAHCTBE) CKAALBIBAETCS HECKOIBKO
WHast CUTYaIlUs], CBSI3aHHAs C OTCYTCTBUEM TaiiMepa, OCTaHABJIMBAIONIEr0 PAOOTY CAUIIKOM
JIOJITO BBITIOJIHSTIONIErocst Tipoitecca. CiieoBaTesibHO, ITOTOK, MBITAIONIIICS BOCIIOIb30BATHCS
GJIOKMPOBKOT, HAXO/ISICh B COCTOSTHUN aKTHBHOTO OKUIAHWS, BOM/IET B GECKOHEUHBIN TTHKII
U HUKOI/JA He 3aBJjajgeeT OJOKMPOBKOM, OCKOJIbKY OH HUKOT/A He MO3BOJUT HUKAKOMY
JPYrOMY IOTOKY BO30OHOBHUTD BINOJIHEHNE U CHATH OJOKUPOBKY.

Bot B aTOM 1 3aK/I04aeTCs pasHuiia Mesky enter region u mutex lock. Korma nocientsist us
9TUX IPOIELYP He MOKET 3aBJIaeTh OJIOKMPOBKOM, OHA BbI3bIBAET Npouenypy thread yield,
4yTOOBI YCTYIUTH IIEHTPAJbHBIN MIPOIIeccop Apyromy noToky. CiaepoBarenbHO, akKTUBHOE
okuIanne orcyTeTByer. Korza notok B ouepesoil pa3 Bo30OHOBUT CBOIO paboTy, OH CHOBa
MIPOBEPSIET COCTOSTHIIE OITOKUPOBKH.

[Mockoubky npotenypa thread yield nipencrasisier oGOl BCEro JIMIIb BbI30B IJIAHKMPOBIINKA
MIOTOKOB B MOJIb30BATEIbCKOM MPOCTPAHCTBE, OHa paboTaeT o4eHb GhicTpo. CliemoBaTebHo,
mn mutex._lock, nu mutex unlock me TpeGyIOT HIKaKWX BBI30OBOB sIpa. Braromapst nux ucmomib-
30BaHMIO MMOTOKHM, pabOTaIONINE Ha MOTb30BATENBCKOM YPOBHE, MOTYT CHHXPOHU3MPOBATHCS
IEJIMKOM B IIPOCTPAHCTBE MOJIb30BATENS C UCIIOAb30BaHUEM IIPOIELYD, A/ PeaTu3alin
KOTOPbIX TpebyeTcs coBceM HeOOIbINas IPYIIa KOMaH/I.

PaccMoTpenHas paHee cucteMa MbIOTEKCOB COCTaBJIsieT OCHOBY Habopa BbizoBoB. Ho npo-
rpaMMHOMY 0GecIiedeHrIo Beeria TpebyeTcst 4To-To GoJIbliee, U IIPUMHUTHBLI CHHXPOHU3AIIUT
371ech He uckaodYenne. Hampumep, nHOTIa COBOKYITHOCTH TIOTOKOB TIPEIJlaraeTcsl BBI30B
npouenypbl mutex_trylock, koropas 6o oiageBaeT OJ10KMPOBKOM, 1100 BO3BPALIAET KO/
0TKa3a, HO He BBI3bIBAET OJIOKUPOBKY. DTOT BBI30B IPUAAET MOTOKY BO3MOKHOCTb THOKO
peliaTth, 9YTO eaTh AAJIbIIIe, €CJIU eCTh aTTEPHATUBBI TPOCTOMY OKUIAHUIO.

Jlo cux TI0p ocTaBajach elne oAHa CJAerka 3aMaJdnBaeMas HaMu pobJieMa, 0 KOTOPOit
BCE K€ CTOUT YHOMSHYTh. IloKa peub UAET 0 COBOKYIIHOCTH TIOTOKOB, PEATN30BAHHBIX
B II0JIb30BATEIbCKOM IIPOCTPAHCTBE, MPOOIEM C COBMECTHBIM AOCTYIIOM HECKONBKUX II0-
TOKOB K OZHOMY M TOMY K€ MBIOTEKCY HE BO3HHKAET, IOCKOIBKY IIOTOKH BBIITOJIHIIOTCSI
B 0011eM aZipecHOM TIpocTpancTBe. Ho B GOMbITMHCTBE IPEAbIAYIINX PELIeHIIT, HapUuMep
B anroputMe Ilerepcona u cemadopax, ObLIO HEBBICKa3aHHOE MPEAIIOI0KEHIE, YTO He-
CKOJIBKO IIPOIECCOB UMEIOT JOCTYII [0 KpaliHeil Mepe K KaKoMy-TO 00beMy 00MIel mamMsTu,
BO3MO’KHO, BCETO JIUIh K OJHOMY CJIOBY MAMSITH, HO BCE JKe UMetoT. Eciiu y npoieccos
paso0IeHHbIe afPECHbIE TPOCTPAHCTBA, O YeM Mbl HEM3MEHHO YIIOMUHAIW, TO KaK OHU
OyIyT COBMECTHO MCIOJIb30BATh MEPEMEHHYIO (urn B anroputMme lleTepcona, ujim ceMa-
dbopbl, man obumit Gydep?

Ha aror Botmpoc ectb aBa orBera. Bo-1epBbiX, HEKOTOPbIE OOIINE CTPYKTYPhI JAHHbBIX, Ha-
npuMep ceMadopbl, MOTYT XPAHUTLCS B sIIPE ¥ OBITH JOCTYIIHBI TOJBKO Y€PE3 CUCTEMHDIE
BbI30BbL. Takol MOAX0[ TI03BOJISIET YCTPAHUTD TIPOGIeMy. Bo-BTOPBIX, GOJIBIIUHCTBO CO-
BPEMEHHBIX orepalinoHHbix cucreM (Briodas UNIX u Windows) nperaraior mpoieccam
€110c00, TO3BOJISTIONIII HCIOIBb30BATh HEKOTOPYIO YaCTh UX aJPECHOTO MPOCTPAHCTBA CO-
BMECTHO C IDYTUMHU IIpolieccaMi. B aToM ciryyae [I0IyCcKaeTcss COBMECTHOE UCIIONb30BaHNE
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OydepoB ¥ APyruxX CTPYKTYP AaHHBIX. B Xyziiem ciaydae, KOrja HeT OCTyla HU K 4YeMy
JIPYTOMY, MOKHO BOCIIOJIb30BaThCs 00IIMM (hailioM.

Ecsu siBa wiiu Gosiee mpoliecca COBMECTHO MCIIOJIB3YIOT BCE CBOM aJlPECHbIE TIPOCTPAHCTBA
Wiy uxX OOJIBIINE YaCTH, PA3INYUE MEKLY TIPOIIECCAMU U TOTOKAMU HEMHOTO Pa3MbIBAETCS,
HO BCE PaBHO NPUCYTCTBYET. [[Ba mpoiiecca, UCIob3yole 001iee aJpecHoe MPOCTPAHCTBO,
BCE PaBHO UMEIOT PA3JIMYHbIE OTKPBITHIE (haliJIbl, aBapUIiHbIE TAHMEDDI U JIPYTHe TIPUCYIITIE
rpoleccaM OTJNYUTEbHbIE CBOICTBA, a BOT JIJIsI TIOTOKOB B paMKaXxX OJIHOTO IpoIlecca 3T
cBolicTBa sBIs0TCS 00IMMU. VI HUKY/Ia HE IeThCst OT TOr0 00CTOSATENbCTBA, YTO HECKOJIBKO
[IPOLIECCOB, UCIIOIB3YIOIUX 001Iee aipecHoe IPOCTPAHCTBO, HUKOTAA He OYIyT CTOJIb XKe
a(hbeKTUBHBIMY, KaK MOTOKU, PEATH30BAHHbIE HA TIOJH30BATENBCKOM YPOBHE, TIOCKOJIbKY
K yIIPABJIEHUIO TIPOIIECCAMU HEU3MEHHO MTPUBJIEKAETCS SIIPO.

®dbloTekcsl

C pocToM Trapasteu3Ma OueHb BaxKHOe 3HAUeH e JJTsI TPOU3BOANTENLHOCTH TIPHOOPETAIOT
sddexTuBHAA CMHXPOHM3AIMA U 6J0KUpoBKa. CrmH-0I0KNPOBKH 061a1a10T OBICTPOTON
IIPU HEJOJTOM OKUAAHUM, HO €CJIH OKUAAHNE 3aTSHETCsT, OHU OyIyT TPaTUTh IIMKJIBI IIEH-
TPaJBbHOTO MPOIIECCOPa BIYCTyIO. IIpr BEICOKOI KOHKypeHInn 6omee 3(pheKTHBHBIM petre-
nueM OyneT GJIOKIPOBaTh MPOIECC M MO3BOJINTD SIAPY pasOJOKUPOBATh €T0, TOMBKO KOTIa
6moxupoBKa Gyzer ceobonna. K coxkanenmo, BosHukaeT o6paTHas mIpob/ieMa: 9T0 XOPOIIO
paboTaeT B yCIOBHUAX BEICOKOI KOHKYPEHIIUH, HO €CIM KOHKYPEHIINS ¢ CaMOro Hadasa He-
BBICOKQ, IIOCTOSIHHBIC MEPEKIIOUEHH B PEKUM SIIpa OOXOSATCS CAUIIKOM J0POTo. XyxkKe
TOTO, TIPEACKA3aTh KOJIUYECTBO KOHKYPEHTHBIX OJOKUPOBOK MOXKET ObITh BEChMA HEJIETKO.

OIHNM U3 MHTEPECHBIX PENIEHNH, IBITAIOMNXCS 0OBEIMHATD BCE CaMOe JIydIlee U3 000MX
MMUPOB, SIBJISIETCS TaK Ha3bIBaeMBII (PbIOTEKC, MK fast user space mutex, — GBICTPBII MBIOTEKC
B II0JIb30BaTeILCKOM IpocTpancTie. DBI0TEKC OTHOCUTCS K cBoiicTBaM Linux, pearnsyommm
OCHOBHYIO GJIOKMPOBKY (BO MHOTOM IIOXOKYIO Ha MBIOTEKC ), HO M30€TalolM BhIIla e ST
B PEKIM sI/[Pa JI0 BOSHUKHOBEHUSI B 9TOM PeaibHOU HafoOHOCTH. [T0CKOJIBKY TIepeKIoueHme
B PEXKUM SI7Ipa U 0OPaTHO OOXOAUTCS CIUIIKOM JIOPOTO, IPUMEHEHUE TAKOI TEXHOJIOTHH CYIIe-
CTBEHHO MOBbINIAET IPOUZBOAUTENBHOCTD, DBIOTEKC COCTONT U3 ABYX YacTeii: CIysKObI spa
U T10/1b30BaTeIbcKOM Gubmorexu. Ciryskba sapa IpeaoCTaBIseT «0Uepeib OKUAAHNS», T10-
3BOJISAIONLYIO OKU/AT CHATHA OIOKMPOBKY HECKOJIBKIM miporieccam. OHu He Gy/IyT 3aItyTieHsbl,
OKA I/IPO He PasGIOKUPYeT UX ABHbIM 00pa3oM. YToObI POIIECC MOTIaJl B OYepelb OKUAAHUS,
Tpebyercst (0BOJBHO HOPOro OOXOISIIMIICS) CUCTEMHBIN BbI30B, Yero ciepyeT usberarh.
3aro Ipy OTCYTCTBUM KOHKYPEHINN (BIOTEKC pabOTaeT MOJTHOCTBIO B MOIb30BATENBCKOM
npocTpancTBe. [0BOpST KOHKPETHEE, IPOIIECCHI COBMECTHO HCIIOIB3YIOT OOIIYIO EPEMEHHYIO
GJIOKMPOBKH, SBJIIONIYIOCS BEIMBIILIEHHBIM Ha3BaHIeM /IS BRIPOBHEHHOTO 32-pa3psiIHoro
LEJIOYKMCIIEHHOTO 3HAYEHM ST, KOTOPOE CIIYKUT B KauecTBe OJIOKMPOBKIL.

[IpearoIoxKNM, YTO NCXOAHOE 3HaYeHne OIOKMPOBKM PABHO 1, M IO 9TUM MOApasyMeBa-
ercs, 4To GsokupoBKa cBoboaHa. [ToToK 3axBaThiBaeT GJOKMPOBKY, IPOBO/IS aTOMapHOEe
«yMeHbIIEHNE Ha eANHUIly U TECTHpOBaHme» (aToMapHble GyHKIUH B Linux cocrosr us
BCTPOEHHOT0 acceMOIEPHOTO KO/Ia, 3aKII0YEHHOr0 B QYHKINH sA3biKa C, 1 OIIpeie/IeHb B 3a-
rOJIOBOYHBIX (paiiax). 3areM IOTOK aHAJIM3UPYET Pe3yJILTaT, BICHI, OblIa i1 OJIOKMPOBKA
cBoboana. Eciu ona Oblia B He3aO0JOKUPOBAHHOM COCTOSIHUM, BCE 0OXOAUTCS OJ1ar0noIydHO
U Hall OTOK YCIENIHO 3aXBaThiBaeT OJOKUPOBKY. Ho eciii GI0KMPOBKA YIEPKUBACTCS
JPYTUM MOTOKOM, HAIIl IOTOK BBIHYK/IEH 5K/aTh, B TakoM ciryuae Gubmnorexa Gppiortexca He
obpalaeTcs K CIMHY, a UCIIOJIb3yeT CUCTEMHbII BBI3OB JIIs1 TIOMEIIEHHUS IOTOKA B OYepe/lb
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OKMJIaHKUA B IPOCTPAHCTBE sA/pa. ECTh Ha/IeK/1a Ha TO, YTO 3aTPAThl HA EPEKIIOYEHIE B Pe-
KM si[pa Teliepb ONPaBaHHbI, IIOCKOJIbKY OTOK Bee paBHO ObL1 Obl 3a610KMpoBan. Kora
HOTOK, 3aXBaTUBIIUN GJOKUPOBKY, BBIIIOJHUT CBOIO 3ajiady, OH 0CBOGOIUT OJIOKUPOBKY,
IPOBOJST aTOMAPHOE YBEIMIeHNE Ha eNHIILY U TECTUPOBAHNUE U MPOBEPSIS PE3YJIBTaT, 4TO-
GBI YBUZIETD, €CTH JIN IIPOIIECCHI, 3a0TOKMPOBAaHHBIE HA OYEPENN OKMAAHNS B IIPOCTPAHCTBE
sapa. Eciu TakoBbIe IMEIOTCS, OH JACT SPY IIOHSITD, YTO OHO MOKET Pa3OI0KIPOBATh OIUH
WJIM HECKOJIbKO TaKKX IIPOLIECCOB. EC/IN ske KOHKYPEHIIMs OTCYTCTBYET, PO BOBIEKATHCS
B paboty BooO1IIE He OyIeT.

MbloTekchbl B nakete Pthreads

[Maxer Pthreads npemnocrasisier psig GyHKIMIL, KOTOPbIe MOTYT GbITh UCIOJIb30BAHbI [IJIsI
CHHXPOHU3aMK TOTOKOB. OCHOBHBIM MEXaHU3MOM SBJISIETCS UCIIOJIb30BAHNE TIEPEMEH-
HBIX — MBIOTEKCOB, IPEIHA3HAYEHHBIX /IS 3aIUThl KaK/I0i KpuTrudeckoi obsactu. Kaskuas
Takas mepeMeHHast MOJKeT ObITh B 3a0JI0KUPOBAHHOM WJIH He3a0JOKMPOBAHHOM COCTOSTHUMN.
[ToToK, KOTOPOMY HEOOXOANMO BOITH B KPUTHYECKYTO 00JIaCTh, CHAUaJIa MbITaeTcs 3a0JI0K1-
pOBaTh COOTBETCTBYIONINI MbIOTEKC. ECIIN MBbIOTEKC He 3a0JI0KMPOBaH, TOTOK MOKET BOHTH
B KPUTHYECKYIO 00J1aCTh GECIIPENITCTBEHHO 1 3a0JI0KUPOBATH MBIOTEKC B OZIHOM HEIEIUMOM
JEHCTBUY, He 03BOJIAA BOUTH B Hee PYIUM MOTOKaM. Ec/in MbIoTeKC yike 3a0J0KUPOBaH,
BBI3BIBAIOIIUI TTIOTOK OJIOKMPYETCS [0 TeX HOP, oKa He pa3bJoKupyercs MbloTekc. Eciun
PasbIOKMPOBKU OJHOTO U TOTO K€ MbIOTEKCA OKMIAIOT HECKOJIBKO MOTOKOB, BO3MOKHOCTD
BO30OHOBUTD PaboTy U 3aHOBO 3a0JIOKMPOBATH MBIOTEKC ITPEIOCTABJISIETCS TOJILKO OJHOMY
U3 HUX. DT OJIOKMPOBKU He ABJAIOTCS 06s13aTebHbiME. COOJII0/IEHTE TIOPSIKA UX UCTIO b-
30BAHUS MOTOKAMHE BCEIIEJIO BO3JIOKEHO Ha MIPOTPAMMHUCTA.

OcCHOBHBIE BBI30OBbI, CBI3aHHbIE C MbIOTEKCAMM, ITOKa3aHbl B Ta0u. 2.6. Kak u oskuganocs,
MbBIOTEKCHI MOTYT CO3/[aBaThCA U YHHYTOKATHCS. BbI30BbI, OCYIIECTBIISIONIME TH OII€PaLIUH,
Ha3BIBAIOTCS, COOTBETCTBEHHO, pthread mutex init u pthread mutex destroy. MbioTeKch
TakKsKe MOTYT ObITh 3a0JIOKMPOBAHBI BBI3OBOM pthread mutex lock, KOTOPHIN TIbITaeTCS 3a-
BJIaJIETh OJIOKUPOBKOM 1 OJIOKMPYET BBITIOJHEHKE TOTOKA, €CJIM MBIOTEKC YiKe 3a0JI0KMPOBaH.
EcTb TakKe BbI30B, MCTIOJIb3YEMbIil IS TIOMBITKY 3a0I0KUPOBATH MBIOTEKC U 63y CIIENTHOTO
BBIXO/Ia C KOZOM OITMOKH, €CJIN MBIOTEKC yrKe GBI 3a0JJ0KUPOBAH. ITOT BHI30OB Ha3bIBAET-
ca pthread_mutex_trylock. Ou 1103BOJISIET OTOKY OPraHU30BaTh 9P (HEKTUBHOE aKTHUBHOE
OKU/IAHUE, €CJIU B TAKOBOM BOZHUKHET He0OX0ANMOCTh. 1 HakoHer, BbI30B pthread mutex.
unlock pazbiokupyer MbIOTEKC U BO30OHOBJISIET PabOTY TOJIBKO OJHOTO MOTOKA, €CJIU UMe-
eTcs OfiuH 1 6oJiee MOTOKOB, OKUAAIOIINX Pa3OJOKUPOBaHUA. MbIOTEKCHI MOTYT UMETh
TaKsKe aTprOYThI, HO OHU MCIIOJIb3YIOTCS TOJIBKO JJIst PEIIEHUS ClIeNUaIM3MPOBAHHDIX 3a/1au.

Ta6nuua 2.6. Pag BbioBoB nakeTa Pthreads, MMeoLyX OTHOLLIEHME K MbIOTEKCAM

Bbi30oB 13 notoka OnucaHune

pthread_mutex_init Co3spaHune MbloTekca

pthread_mutex_destroy YHMYTOXEHME CYLLEeCTBYIOLLErO MblOTEKCA
pthread_mutex_lock OsnageHue 610KMPOBKOI M BIOKMPOBaHME NOTOKa
pthread_mutex_trylock OsnageHure 6710KMPOBKOI UMM BbIXOA, C OLLIMOKOM
pthread_mutex_unlock Pas6nokupoBaHune

B monosnenue k Mbiotexcam maker Pthreads npepsiaraer Bropoil MexaHusM CHHXPOHK3A-
[} — YCJOBHbBIE epeMeHHbie. MbIOTEKChI XOPOIIH [IJIsI PA3PEIIeHUsT MU GJOKUPOBAHMS
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NOCTYIa K KPUTUYECKOIT 06JacTh. YCJIOBHbIE [IepeMeHHbIE TI03BOJISIIOT OTOKaM GJIOKH-
POBAThCS [10 BHITIOJHEHUSI KOHKPETHDBIX YCJIOBUI. JTU /[BA METO/IA TIPAKTUYECKHU BCEr/a
ucnoab3yloTes BMecre. Tenepb gaBaiite 6osiee NPUCTAIbLHO B3IJITHEM Ha B3aMMOJEHCTBIE
[IOTOKOB, MBIOTEKCOB U YCJIOBHBIX TIePEMEHHBIX.

B xauecTBe mpocToro npumepa elie pa3 pacCCMOTPUM CIleHapUil ITPONU3BOUTESA-TIOTPe-
GuTesIs: OIMH MTOTOK YTO-TO TIoMelaeT B Oydep, a APyroi aTo 4To-TO M3 HEro U3BJIEKAET.
Ecimi npousBoautesnb o6Hapy KUy oTcyTcTBUE B Oyhepe cBOOOAHBIX MECT, OH BBIHYK/IEH
GJIOKUPOBATBCS 10 TEX 110D, OKA OHK HE MOABATCS. MbIOTEKChI IPEAOCTABJISIOT BO3ZMOK-
HOCTb [IPOU3BOUTH IIPOBEPKY aTOMApPHO, Ge3 BMEIIATEILCTBA CO CTOPOHbI APYTUX IIOTOKOB,
HO 0OHAPYKKB, 4TO Oydep 3aIoIHeH, IPOU3BOAUTENb HY/KAAETCA B crocobe OJI0KMPOBKU
¢ nocseayioniei akTupusanueii. IMEHHO 9TOT ¢niocob U NPeAoCTaBIsSeTCsa YCAOBHBIMU
TTepeMEHHBIMU.

HawnGoJee BaskHbIE BHI3OBDI, CBSI3AHHbIE C YCIOBHBIME TEPEMEHHBIMH, TIOKa3aHbl B Ta0JL. 2.7.
CoryracHO BallliiM BO3MOKHBIM OKH/IAHWSIM, B Hell TIPe/ICTaBJIeHbI BBI30OBBI, TTPEIHA3HAYEH-
HbI€ IS CO3/IAaHUST U YHUUTOKEHUST YCJIOBHBIX IEPEMEHHBIX. Y HUX MOTYT OBITH aTPUOYTHI,
IS YIIPABJIEHUsT KOTOPBIMHE CYIIECTBYET P/ APYTHX (HE TTOKA3aHHBIX B TaOJIUIIE) BHI30BOB.
[lepBUYHbIE OTIEPAIINK HAJl YCIOBHBIMHU MEPEMEHHBIME OCYIIECTBIISIOTCS ¢ TIOMOIIBIO BbI-
30B0B pthread_cond_wait v pthread_cond_signal. Tlepsblii u3 HUX GJIOKUPYET BBI3bIBAIOINIT
[OTOK [0 TeX MOp, MOKa He OYEeT IMOJIydeH CUTHAJ OT [PYroro moToka (HCIoJIb3yoIero
BTOPOI BbI30B). Pasymeercst, 0CHOBAHUs Uit OJIOKUPOBAHUS U OKUIAHUS He SIBJISIIOTCS
YaCThIO IPOTOKOJIA OKUIAHIIL 1 OTIIPABKY CUIHAJIOB. 3a0JI0KMPOBAHHBII IOTOK 3a4aCTyIO
OJKUJIAET, TOKA CUTHAJM3UPYIOMIUH TOTOK HE COBEPIIUT OIPE/IeJIeHHYI0 paboTy, He 0CBOOO-
[T KAKUEe-TO PECYPChl WM HE BBIIOJHUT KaKue-HUOyb Apyrue aeiictBust. TOJbKO moce
9TOTO 3a6JOKUPOBAHHBII MMOTOK MPOJIOJIKAET CBOIO paboTy. YCJIOBHBIE TEPEMEHHBIE TI0-
3BOJISTIOT OCYIIECTBIISITH 3TO OKUIAHUEe U GIIOKMPOBAHNE KaK HeJIeTMMBbIe oTrepaliini. Boi3os
pthread_cond_broadcast ncrionb3yercss B TOM CJydae, €CJiu eCTh IIOTEeHI[MaIbHASA BOZMOK-
HOCTH HAXOJUTHCS B 320 IOKMPOBAHHOM COCTOSTHIU U OKUIAHUH OJTHOTO U TOTO JKE CUTHAJA
Cpasy HECKOJIBbKUM MOTOKAM.

Ta6nuua 2.7. Pap Bbi3oBoB naketa Pthreads, nmetowmx oTHOLLEHWE
K YC/TOBHbIM NEPEMEHHbBIM

BbI30B U3 NOTOKa OnucaHue

pthread_cond_init CospgaHue yCrnoBHOM NePeEMEHHOM

pthread_cond_destroy YHUYTOXEHME YCNIOBHON NepeEMEHHON

pthread_cond_wait BnoknpoBka B OXnaaHum curHana

pthread_cond_signal CurHannaunpoBaHue gpyromy noToKy 1 ero akTMem3awms

pthread_cond_broadcast CurHannanpoBaHne HeCKOJIbKMM NMOTOKaM 1 akTMBU3auus BCEX aTUX
NOTOKOB

VesoBHbIE TlepeMEeHHbIE M MBIOTEKChI BCET/Ia UCTIONb3YI0TCA BMecTe. CxeMa [JIs O[HOTO TI0TO-
Ka COCTOUT B OJIOKMPOBAHUM MBIOTEKCA, 2 3aTEM B OKUJIAHUU HAa OCHOBE 3HAYEHUS YCJIOBHOI
NepeMEeHHOI, eCJIM TTOTOK HE MOKET TOJTyYHTh TO, 9TO eMy Tpedyercs. Co BpeMeHeM ApyToii
[OTOK IOIACT €My CUTHAJI, U OH CMOJKET IPOJOJIKUTh paboty. Beizos pthread cond wait
OCYIIECTBIIETCS HeleMMO U BBIIOIHSAET pa3bIOKIpOBaHue YAePKUBAeMOTI0 MbIOTEKCa
KaK OJIHY HEJETUMYIO 1 HETIPEPhIBAEMYIO orepanuio. [10 9Toil IpUYnHe MBIOTEKC SBJISETCS
OJIHUM U3 €0 apryMeHTOB.
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Tax:xe CTOUT 3aMETUTD, YTO YCJIOBHBIE TIepeMeHHbBIE (B OTJIMUYre OT ceMadopoB) He 3a1IOMU-
Hatorcs. Ecsi curnast otipasiieH yCJIOBHOM IepeMeHHON, U3BMEeHEHUS 3HaYeHUI KOTOPOIl He
OKUZIAET HU OJIUH U3 IOTOKOB, CUTHAJ TepsteTcst. UToObl He OTepsATh CUIHAJL, IIPOrPAMMUCTBI
JOJIKHBL 00paIarth 0co60e BHUMAaHUE.

B kavecTBe mpuMepa MCII0JIb30BAHNS MBIOTEKCOB M YCJIOBHBIX TIEPEMEHHBIX B JINCTUHTE 2.8
MOKa3aHa 0YeHb TTPOCTAs 33/[a4a TIPOM3BOIUTEIISI-TIOTPEONTESIST, B KOTOPOU MCIIOJIBb3YETCST OINH-
eauHCTBeHHbI Gydep. Korma npoussoauress sanouassier Gydep, To Hepejl TeM Kak MPOM3BeCTH
CJIELYTOTIYIO 3AITHCh, OH JIOJIKEH JK/IATh, TIOKA TTOTPEOHTEND He ormycTomuT atoT Gydep. Touno
TaK ke, KOTZia MOoTPeGUTe b U3BIEUYET 3aIUCh, OH JOJDKEH JKIATh, TIOKA TIPOU3BOUTEb HE IIPO-
n3BeJIeT IpYTyIo 3anuch. [Ipu Beeil cBoell peiesibHOM TPOCTOTE 3TOT IIPUMeEp WILTTIOCTPUPYET
paboTy OCHOBHOTO MexaHuaMa. O1nepaTop, MPUOCTAHABIMBAIOIIUN PaboTy MOTOKA, TIPEKIIE
Y4eM MTPOJIOJLKUTH €10 paboTy, 0JUKeH YOSINTHCST B BBIOJTHEHUH YCIOBHSI, TOCKOJIBKY TIOTOK
MOJKeT OBbITh AKTUBHPOBAH B pesyJisrare nocrymienus curiaia UNIX wim 1o gpyroil mpudute.

Jlnctunr 2.8. lcnonb3oBaHne NOTOKOB AJ1 PELLUEHNS 324324 NPON3BOANTENS-
notpebutens

#include <stdio.h>
#include <pthread.h>
#define MAX 1000000000 /* KonuyecTtBo npoussoaumoro */
pthread_mutex_t the_mutex;
pthread_cond_t condc, condp; /* ucnonb3yetcAa AnAa curHanusauumm */
int buffer = 0; /* 6ydep, ucnonb3yembiii Mexay npovusBoauTenem u
notpebutenem */
void *producer(void *ptr) /* npou3BoACTBO AaHHbIX */
{ int i;
for (i= 1; i <= MAX; i++) {
pthread_mutex_lock(&the mutex); /* nonyyeHue MUCKJIWYUTENBHOIO
poctyna kK bydepy */
while (buffer != @) pthread_cond_wait(&condp, &the_mutex);

buffer = i; /* nomeweHue 3anucu B bydep */
pthread_cond_signal(&condc); /* akTuBM3auua noTpedbuTena */
pthread_mutex_unlock(&the mutex); /* ocBoboxaeHue pocTyna k bydepy */
}
pthread exit(0);
}
void *consumer(void *ptr) /* noTpebneHue paHHbIX */
{ int i;
for (1 = 1; i <= MAX; i++) {
pthread_mutex_lock(&the_mutex); /* nonyyeHue MCKJIYUTENBHOIO
pocTtyna kK bydepy */
while (buffer ==0 ) pthread_cond_wait(&condc, &the_mutex);
buffer = 0; /* un3BneyeHue 3anucu u3s bydepa */
pthread_cond_signal(&condp); /* akTuBu3auua npousBoauTensa */
pthread_mutex_unlock(&the_mutex); /* ocBoboxaeHue pocTtyna K bydepy */
}
pthread exit(0);
}

int main(int argc, char **argv)

{
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pthread_t pro, con;
pthread_mutex_init(&the mutex, 0);
pthread_cond_init(&condc, ©);
pthread_cond_init(&condp, 9);
pthread_create(&con, @, consumer, 0);
pthread_create(&pro, 0, producer, 0);
pthread_join(pro, 0);
pthread_join(con, 0);
pthread_cond_destroy(&condc);
pthread_cond_destroy(&condp);
pthread_mutex_destroy(&the mutex);

2.3.7. MoHuTOpbLI

Ecau Bbl mymaere, uto Gaarogapst cemadpopam U MbIOTEKCaM OpraHU3al[isl B3aUMOJIEH -
CTBUS TIPOIIECCOB KAKETCS BeChbMa MPOCTON 3a/1aueif, TO BBIKUHBTE 9TO U3 TOJIOBHI. [1pu-
CMOTPHUTECH K HOPSIIKY BBIIOJHEHUS olepaiuii down 1epeji BCTaBKoii 3anuceil B Oydep
WK yajenneM samuceil us Oydepa, nokazanHomy B auctuire 2.6. lonycTum, 4To aBe
poreAypbl down B Kojie IPOU3BOAMTE S ObLIM IIePeCTaBJeHbI MECTaMM, YTOOBI 3HAYEHIE
mutex ObLIO YMEHBIIEHO 110 YMEHbIIEHUS 3HaUeHus emply, a He nocjae Hero. Eciu 6bl
Oydep ObLIT 3aII0JIHEH 110]] 3aBA3KY, IPOU3BOAUTENb ObLI Obl 3a0JJ0KUPOBaH, a 3HAYCHKE
mutex 6b1710 61 yeTarosaeHo B 0. CireoBaTeIbHO, IPU CJIEAYIONIEH TOMBITKE TOCTYa
npousBoauTesisi K 6ydepy o ocyiecTsisi 661 down B OTHOIEHUY mutex, KOTOPBII Tereph
umeert sHauene 0, u takxke 60kupoBa 661 ero. Ob6a mpoiiecca HaXOAUAUCH ObI B 3a6JI0KN-
POBAHHOM COCTOSTHUU GECKOHEYHO JI0JIT0, HE TI03BOJIsIst YTO-1b0 ciaeaarb. Takas Herpu-
SITHASI CUTYallUs Ha3bIBAECTCS B3aUMHON OJIOKHPOBKOIA, K €€ JeTalbHOMY PacCMOTPEHUIO
MBI BepHeMCcH B TJiaBe 6.

O cymuiecTBoBaHUY 9TOH IPOGIEMBI OBLIO YIIOMSHYTO, 4TOOBI IIOKA3aTh, HACKOJIBKO aKKY-
PaTHO HYKHO OTHOCUTBCS K MCIHOJIb30Batuio cemadopos. OiHa Maso3aMerHast ommbKa —
u Bce OyzleT OCTaHOBJIEHO. JTO HATIOMUHAET MIPOrPaMMKPOBAHUE Ha acceMbJiepe, HO 371eCh
CHUTYaIMsI LI XYIKe, IOCKOJIbKY OMMOKI KACAIOTCSI COCTA3ATEbHBIX CUTYaI[Uil, B3AUMHBIX
GJIOKUPOBOK U UHBIX (POPM HEPEACKA3yeMOro ¥ HEBOCIIPOM3BOAUMOTO TOBEICHUSI.

Yro6b1 06s1eryuTh Harrcanue 6e30mubouHbIxX mporpamm, bpury Xauncen (Brinch Hansen)
B 1973 rony u Xoap (Hoare) B 1974 roy npeioKuu BBICOKOYPOBHEBBIN CTHXPOHU3AIN -
OHHBII TIPUMUTHUB, HA3BAHHBII MOHHTOPOM. VX MIPEJIOKEHYSI, KAK Mbl YBUIUM JIAJIbIIIE,
MaJIO OTJIMYAJIICH APYT OT Apyra. MOHUTOP HpeacTaBisieT cOO0H KOJIEKIUIO IEPEMEHHBIX
U CTPYKTYP MAHHBIX, CTPYIITTUPOBAHHBIX BMECTE B CIEIHATBHYIO PA3HOBUIAHOCTD MOIYJIST
WM makeTa npoieayp. IIporeccsl MOryT BbI3bIBaTh JIIOObIE HEOOXOAUMbIE M TIPOIIELYPbI,
UMEIOIINECs B MOHUTOPE, HO He MOTYT MOJIYYUTh HEMOCPEICTBEHHDBIN AOCTYI K BHYTPEH-
HUM CTPYKTYPaM JIaHHbIX MOHUTOPA U3 [IPOLELYP, OObABIECHHDIX 3a IIPeeaMi MOHUTOPA.
B smcrunre 2.9 nokasan MOHUTOP, HaMCcaHHbIH Ha BooOpaskaemoM s3bike Pidgin Pascal.
SA3pix C 371€Ch HE TIOIOU/IET, TIOCKOJIBKY MOHUTOPBI SIBJSIOTCSI TOHSTUSIMU $13biKa, a C TaKUMU
HOHATHAMU He 00J1a/1aeT.

JInctuur 2.9. MoHuTOop

monitor example
integer i;
condition c;
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procedure producer();

end;
procedure consumer();
end;

end monitor;

VY MOHHUTOPOB MMEETCsI BEChMA BasKHOE CBOWCTBO, TTO3BOJISIONIEE YCIENTHO CIIPABISTHCS CO
B3aMMHbIMU NCKJ/IIOYCHUAMU: B ]IIO6OI>’I MOMEHT BpEMEHUN B MOHUTOPE MOKET 6bITb AKTUBCH
TOJIBKO OZIMH TPOLECC. MOHUTOPHI ABJIAIOTCS KOHCTPYKIMEH sI3bIKa TPOrPaMMUPOBAHNST,
HOTOMY KOMIIUJIATOP OCBeIOMJIEH 00 UX 0COOEHHOCTSIX U CII0cobeH 00padaThiBaTh BHI3OBbI
IPOILIEAYP MOHNTOPA HE TaK, KaK BBI30BBI BCEX OCTANBHBIX Mporexyp. OGBIYHO MPH BHI30BE
IPOIIECCOM TIPOLIEAY P MOHUTOPA MEPBIE HECKOIBKO KOMAH] IIPOIEAYPHI OCYIIECTBIIIOT
IPOBEPKY Ha TEKYIIee IPUCYTCTBHUE aKTUBHOCTH IPYTHX IIPOLECCOB BHYTPH MOHUTOPa. Ec/m
Kakoli-HHOYIb APYToii mporecc GyAeT akTUBEH, BRI3BIBAIONIMIA ITporece GyAeT IPHOCTaHOBIEH
JI0 TeX TI0P, TIOKA APYTroi MPOIEece He 0CBOOOAUT MOHUTOP. EC/IM MOHUTOD HUKAKUM JAPYTUM
MPOIIECCOM HE UCTIOJIB3YETCs1, BBI3BIBAIOIINIT TPOIECC MOKET B HETO BOWTH.

Peanmzatus B3anMHOTO NCKITIOYEHNUS TIPU BXOJIE B MOHUTOP BO3JIaraeTcs Ha KOMITHJISTOP,
HO 9allle BCEeTOo A 9TOTO MCIOIb3yeTCS MbIOTEKC U ABOWMUHBIH cemadop. [lockoabky
obecrieueHNEM B3aWMHOTO MCKIOUEHUS 3aHUMAETCST KOMITUISITOP, & He TIPOTPAMMHUCT,
BEPOSITHOCTB TOTO, YTO GY/IYT MOMYIIEHBI KaKie-TO HEMPaBUIbHbIE AEHCTBUSI, CTAHOBUTCS
ropasjio MeHbiie. B jio60M cirydae TOT, KTO CO3/IaeT MOHUTOP, HE JI0JIKEH 3HATH, KAK UIMEHHO
KOMITUJIITOP 0OecrieynBaeT B3auMHOE UCKJoueHue. J[0cTarouHo JIUIIb 3HATE, YTO MOCTIE
[PEeBPAIIEHUsT BCEX KPUTHUECKUX 06J1acTell B IIPOIie/ly Pbl MOHUTOPA HUKAKHE JIBa [IPOIecca
He OYLyT BBINOJHSTH KO/l CBOUX KPUTUYECKUX 0OJIACTEll B OJIHO ¥ TO JK€ BPEMSL.

XO0TsI MOHUTOPEL ¥ 00€CIEYNBAIOT IIPOCTOII CIIOCO0 TOCTHKEHNS B3aHNMHOIO NCKIIOYEHNS,
Kak MbI BUJEJIU paHee, 9TOro HeJoCTaTouHo. HaM TakKe HysKeH CIoco0, I03BOISIONUI
3a6JI0KMPOBATH MPOIIECCHI, KOTOPbIE HE B COCTOSIHUU TIPOJOJIKUTH CBOIO paboty. B ciyuae
C pellleHreM 3aj1aui IPOU3BOAUTENA-IOTPEOUTEIISI IPOIIE BCErO OMECTUTh BCE TECThI HA
3aI0JIHEHHOCTD U OTYCTOIIEHHOCTh Oydepa B MPoIeypbl MOHUTOPA, HO KAK TOT/IA TPOU3-
BOJIUTENh JOJIKEH 3a0I0KUPOBATHCA, OOHAPYKUB, uTO Oydep 3aoIHEH 10 0TKa3a?

Jlng penrerst 970l mpoGieMbl HY;KHO BBECTH yCJIOBHbIE IIEPEMEHHBIE, a TAKKE [IBE TPOBO-
JUMble HaJl HUMU oliepaiuu — wait u signal. Korpa npoieypa MoHUTOPa OOHAPYKUBAET
HEBO3MOKHOCTD TIPOJIOJIKEHHS CBOeli paboThl (HAIPUMED, POU3BOAUTEb OOHAPY KU, UTO
Oydep 3ar0JIHEH), OHA OCYIIECTBJSIET ONEPAINIO Wail B OTHONIEHIH KaKOi-HUOY b yCIOB-
HOW TIepeMeHHOM, cKaxeM, full. 1o nelicTBre IpusbIBaeT npoiecc k 6aokuposanuio. OHo
TaKsKe MO3BOJISIET BOWTH B MOHUTOP APYTOMY MPOIIECCY, KOTOPOMY PaHee STOT BXOJ OBLI 3a-
npetier. Mbl yzKe BCTPEYaIUCh € YCIOBHBIMY IEPEMEHHBIMU U € 9TUMU OllePALIUAMHE, KOT/Ia
paccmarpubanu naker Pthreads.

ITOT APYroii mpolecc, HAIlPpUMep IIOTPEOUTEb, MOKET aKTUBU3UPOBATH PabOTY CBOETO
[PUOCTAHOBJIEHHOTO TIAPTHEPA, OCYIIECTBHUB OIIEPAIIHIO Sighal B OTHOIIEHUU YCIOBHOII Tiepe-
MEHHOMW, UBMEHEHUsT 3HAUEHMs KOTOPOil 03KUAAeT ero napraep. YtoOsl B MOHUTOPE B OJIHO
U TO JKe BPeMsl He HaXOAMJIMCh CPasy JiBa aKTUBHBIX MPOIECCca, HaM HeOOXO0AUMO TIPABIUIIO,
Hpe/InuchiBaoliee AajbHelilee pa3BuThe COOBITUI TOC/IE OCYIECTBIIEH s Ollepainy signal.
Xoap MpenyosKuI MO3BOJUTH TOTBKO UTO aKTUBU3NPOBAHHOMY TIPOIECCY TPUOCTAHOBUTD
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pabory apyroro npoiecca. bpunu XaHceH npeiosKil pa3peruThb pobiemy, oTpeGoBan
0053amenvi020 N HEMEJIEHHOTO BbIXO0Ia U3 MOHUTOPA TOTO TIPOLIECca, KOTOPbIN OCYIeCTBIII
onepaluio signal. InpiMu cioBamu, oriepanus signal mnoyxHa GurypupoBath TOJbKO B Kaue-
CTBe 3aBepUIAolIeii onepanuy B IIPOIeLype MOHUTOPA. Mbl BOCIIO/Ib3yeMCs IPEIOKEeHeM
Bpunya Xamcena, OCKOJIbKY OHO TIPOIIE 110 3aMbIC/Iy ¥ peaiusaiuu. Eciu onepayst signal
OCYIIECTBJISETCS B OTHOIIEHUU YCJIOBHOM IIepeMeHHON, n3MEeHEeH KOTOPOH 0K1AaI0T
Cpasy HECKOJIbKO IIPOILIECCOB, aKTUBU3UPOBAH OyAeT JUIh OAUH 13 HIX, OPEAeIAeMbli
CHCTEMHDIM ILJIAHUPOBIIUKOM.

B pesepse ecTb elie 0HO, TPEThe pellieHne, KOTopoe He ObLIO TPEJ0KeH0 Hi X0apoM, Hit
Bpuruem XatceHom. CyTb €T0 B TOM, YTOOBI TO3BOJUTH CUTHATTM3UPYIONIEMY MPOIECCY TIPO-
JIOJIKATD CBOIO PabOTY 1 IO3BOJKTD OKMAAIOIIEMY TIPOLIECCY BO3OOHOBHUTDH PabOTy TOIBKO
TTOCJIe TOTO, KaK CUTHATU3UPYIOMIHI MTPOIIeCC MTOKIHET MOHUTOP.

YcioBHBIE TIepeMeHHbIe He SBISIOTCS cueTunkaMu. OHM He aKKyMYJIUPYIOT CUTHAJIBL JIJTsT
MOCJIEYIONIETO UCTIOIb30BAHNUS, KaK 3TO JlesaoT ceMabopsl. [Toatomy, eciii curHas 06-
pabaThiBaeT YCJIOBHYIO TIEPEMEHHYT0, U3MEHEHHSI KOTOPOH HUKTO He OKHIAET, 9TOT CUTHA
Tepsercs HaBceraa. VIHBIME ciioBaMu, omieparust wait 10JKHA TIPeIIeCTBOBATD OTIePaIiiny
signal. 1o MPaBUIIO 3HAYUTENBHO YIIPOIIAeT peanusaruio. Ha npakruke mpobieM He BO3HM-
Kaer, MOCKOJIbKY KyJIa [POIILE, €CIIU OHALOOUTCSI, OTCJIEAUTD COCTOSHUAE KaxK/IO0T0 Ipolecca
¢ epeMentbiMu. [Ipottecc, KOTOPBIN MOT ObI IIPH IPYTUX YCIOBUSAX OCYIIECTBUTH OTIEPAIUIO
signal, MOKeT YBUJIETD, B3TJISTHYB Ha IEPEMEHHDIE, YTO B HEl HET HEOOXOUMOCTH.

CxeMma pelreHust 3ala4i MPOU3BOIUTENSI-TTIOTPEOUTESI ¢ UCIOTB30BAHIEM MOHUTOPOB
IoKasata Ha BooOpaskaemoM s3bike Pidgin Pascal B smcrunre 2.10. 31ech npenmyiiecTsa
ucnosb3oBanus Pidgin Pascal mposiBiistioTest B €ro mpocToTe M TOYHOM CJIEI0OBAHUI MOJIEIN
Xoapa — bpunua Xancena.

Jiuctuur 2.10. Habpocok peLleHns 3aaayn Nponus3BoanTeNS-noTpedunTens ¢ MOMOLLbIO
MOHMTOPOB. B nto60oin MOMEHT BpeEMEHU MOXET OblTb akTUBHA TOSIbKO OJHa NpoLeaypa
MoHuTOopa. B 6ydepe cogepxumtca N mect

monitor ProducerConsumer
condition full, empty;
integer count;

procedure insert(item: integer);
begin

if count = N then wait(full);

insert item(item);

count := count + 1;

if count =1 then signal(empty)
end;

function remove : integer;

begin
if count =0 then wait(empty);
remove = remove item;

count := count - 1;

if count = N- 1 then signal(full)
end;
count := 0;

end monitor;
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procedure producer;
begin
while true do
begin
item = produce item;
ProducerConsumer.insert(item)
End
end;

procedure consumer;
begin
while true do
begin
item = ProducerConsumer.remove;
consume item(item)
end
end;

Mosker co3gaThCs BIleYaTJeHre, YTO ONepaluu wailt 1 signal TIOX0KU Ha onepaiuu sleep
U wakeup, KOTOPbIE, KaK MbI BUIE/IH PaHee, IPUBOAAT K (haTaJIbHOMY COCTOSTHIIO COCTSA3ATE b
Hocti. KoHeuHo ske, OHU O4eHb TI0XO03KH, HO € OZHOI BechMa CyLIeCTBEHHON pasHulieil: sleep
u wakeup Tepriei HeyIaqy, KOTAa OMH IPOIIECC TIBITAJICS 3a0JI0KUPOBATHCS, & APYTOi — €ro
AKTUBU3UPOBaTh. [IpU UCIIOIb30BAHUI MOHUTOPOB TaKas CUTYalUs UCKII0YeHa. ABTOMATH-
yeckast OpraHu3aliist B3AUMHOTO MCKJIIOYEHKs B OTHOLIEHUH [IPOLELYP MOHUTOPA FapaHTH-
PYeT Clle/lyIolee: ecld, CKaKeM, IIPOM3BOAUTE/b, BBIIOJIHIS IIPOLIEAYPY BHYTPU MOHUTOPA,
obHapyskurt, uto Gydep Mmoo, oH GyIeT UMeTh BO3MOKHOCTD 3aBEPIIUTD OMIEPAIMIO Wdail, He
UCIBITBIBASE BOJIHEHUI O TOM, YTO IJIAHKMPOBIIUK MOYKET [IEPEKJIIOYNTDCS Ha BBHIIOJHEHIE TIPO-
1ecca noTpedrTelIst elle 10 TOTo, Kak oneparus wait Oyaer 3asepiieta. [Torpeburesio BooOie
He Oy/IeT O3BOJIEHO BOITH B MOHUTOP, TIOKA HE 3aBEPIIUTCS ONEPAIMST Wdil U TIPOU3BOUTEb
He OyJleT IIOMEeYeH Kak HeclocOOHbIH K faibHeHIeMy IIPOI0IKEHUIO PabOThI.

Xotsa Pidgin Pascal siBsisitercst BooOpakaeMbIM sI3bIKOM, HEKOTOPbIE PEATIBHO CYIIECTBY-
[OIIKE SI3BIKK TPOTPAMMHUPOBAHUSI TAKKE MOANEPKUBAIOT MOHUTOPDI, OBITH MOKET, U He
Becerga B hopme, paspaborannoit Xoapom n Bpuruem Xancenom. OfHUM U3 TAKKUX SI3bIKOB
SIBJISIETCST Java — 0OBEKTHO-OPUEHTHPOBAHHBIN SI3bIK, [TOIEP/KIBAIOIIIIA TOTOKU HA YPOB-
He TT0JTh30BaTeJs, @ TAKKE Pa3peIaoninii IPyIIUPoBaTh MeTO/IbI (TIPOIIEYPbI) B KJIACCHI.
[Tpu nobasieHuY K 0ObSIBICHUIO METOAA KJIIOUEBOTO CJI0Ba synchronized Java rapantupyer
cJIeyolnee: Kak ToJbKO OJIMH IOTOK MPUCTYIIAET K BBITTOJHEHIIO 3TOTO METO/IA, HU OJTHOMY
APYTOMY MOTOKY He GyIeT MO3BOJIEHO MPUCTYIIUTD K BBIMOJHEHHUIO JIIOOOTO APYTOro METO/A
5TOr0 0OBEKTA € KIIOYEBBIM CJIOBOM synchronized. Be3 MCoNb30BaHUsT KIOYEBOTO CJIOBA
synchronized rapanTuu 4epe0BaHUsI OTCYTCTBYIOT.

B smictunre 2.11 npuBeeHo pelienue 3agadr pou3BOAUTEISI-IOTPEOUTEIS C UCIIOJIb30Ba-
HIEM MOHUTOPOB, PEAJIM30BaHHOE Ha s13bIKe Java. Pelterue Biioyaer B cebst YeThIpe Kiracca.
Cawmbrit iepBbrit Kmace, ProducerConsumer, co3laeT 1 3alrycKaeT /1Ba TIOTOKa — p 1 ¢. Bropoii
M TPETUH KJIacchl — producer v consumer — COAEPKaT KO VISl IPOU3BOUTESE 1 TTIOTpeduTe-
JISL COOTBETCTBEHHO. VI HaKOHEI, KJIacC our_monitor pejcTasJsier co6oii monutop. OH co-
CTOUT U3 JIBYX CUHXPOHU3UPOBAHHBIX IOTOKOB, KOTOPbIE UCIIOJIB3YIOTCS JIJIsT (DAKTUYECKOTO
HnoMelnieHus 3anuceii B 00umii 6ydep u usBjedeHus ux oTtyaa. B otauuue oT mpeibiiyuero
MpUMepa, 3/1eCh Mbl HAKOHEI[-TO TPUBONM MTOJTHBIN KO/ METOIOB i71Sert U remove.

IToTokn IIPpONU3BO/IUTEJIA U HOTpe6I/ITeJIH (byHKI_II/IOHaJII)HO NJICHTUYHbI CBOUM HBOﬁHHKaM
BO BCEX MPEABIAYIIUX ITPUMEPAX. N IIPON3BOJAUTEJIA UMEETCA 6ECKOHEUHBII IIUKJI, TEHEPU-
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PYIOIIUI IaHHbIE 1 TIOMENIAoNii uX B 001uii 6ydep. ¥ norpeduresist eCTh aHAJIOTMYHbIN
6eCKOHEYHBIIT UK, I3BJIEKAIOIIIIT TaHHbIe U3 00111er0 Gydepa U IPONU3BOASAIINN Hajl HUMU
HEKUe TI0JIe3HbIe IeHCTBUSL.

WHuTepecyroliieil Hac 4acTbO 3TOI MTPOrPAMMBI SIBJISIETCST KJIACC OUr_Monitor, KOTOPBI Co-
nepxut Oydep, yIpapJsolue epeMeHHbIe W 1Ba CHHXPOHU3UPOBaHHBIX MeToza. Korma
[IPOU3BOAUTENb AKTUBEH BHYTPHU METOJA insert, OH 3HAET HABEPHSIKA, YTO HOTPpebUuTEb
He MOJKeT ObITh aKTUBEH BHYTPU METOJA 7emove, 4TO TI03BOJIsIET OOHOBJISATD TIEPEMEHHbIE
u Gyep 6e3 omaceHuit co3aaTh YCIOBUSI JIJIs COCTOSTHUSI COCTS3aTENbHOCTH. B iepeMeHHoit
count OTCJIEKUBACTCS KOJMIECTBO 3anuceil, Haxomsumxcs B 6ydepe. Ona MoKeT IPUHUMATD
siobObie snaverust ot 0 u 10 N — 1 BriountesnsHo. [Tepemennast [o siBJsieTcst MHIEKCOM MeCTa
B Gydepe, oTky1a Gy/IeT u3BJIeUeHA CIEAYIONAs 3aUCh. AHAJIOTHYHO 9TOMY TlepeMeHHast fii
SIBJISIETCST MH/IEKCOM MecTa B Oydepe, Kyzia Oyzier moMeleHa ceayoniast 3amich. Jlomycri-
MO paBeHCTBO [o = hi, KOTOpOe 03HauaeT, uTo B 6ydepe Haxoautces ubo 0, mubo N sarmiceii.
SHavyeHne count yKa3blBaeT Ha CyTh CO3/[aBIIEHCST CUTYaIUH.

CUHXPOHM3UPOBAHHbBIE METO/bI B Java CyNIeCTBEHHO OTINYAIOTCSA OT KJIACCUYECKUX MO-
HUTOPOB: B Java OTCYTCTBYIOT BCTPOEHHBIE YCIOBHBIE TIepeMEHHbIe. BMecTo HUX 5TOT
SI3BIK TIPEJITIATAET JIBe TIPOLIEAYPHI, Wait W notify, KOTOPbIE SABJIAIOTCS SKBUBATEHTaMHU sleep
u wakeup, 32 UCKIIOYEHUEM TOTO, YTO [IPU UCIOJIb30BAHNI BHYTPU CUHXPOHU3MPOBAHHBIX
METOJOB OHM He MOTYT IOIIACTh B COCTA3ATEIbHYIO CUTyalio. TeopeTnaeckn MeTos wait
MOJKET OBITh TIPepBaH, JJIsI Yero, COOCTBEHHO, 1 TIPeAHa3HAYEH BECh OKPYKAIOMIUI €r0 KOZI.
Java tpebyer, uto6b1 06paboTKa UCKIIOUEHWIT TPOBOUIACH B IBHOM Bujie. B Haliem cirydae
HY’KHO IIPOCTO HPEICTaBUTh, YTO UCIIOAb30BaHUE MeToa g0 _to_sleep — 9TO BCETO JIUIID
€1oco6 MPUOCTaHOBKK PaOOTHL

Buaiarogapst aBroMaTusaly B3aMMHOTO UCKJIIOYEHHsE BXO/Ia B KPUTHYECKHE 00JIacTH MOHUTO-
pbl (110 cpaBHEHUIO ¢ ceMahopaMK) MO3BOJSAIOT CHU3UTh YPOBEHb OIIUOOK TIPH MaPaLIe/ b=
HOM ITporpaMMupoBanuu. TeM He MeHee Y HUX TO)Ke UMeeTcst psijl Hesoctarkos. Hepapom 06a
HAIIMX IPUMepPa MOHUTOPOB IIPUBeEIeHbI Ha s3bike Pidgin Pascal, a e na C, kax Bce apyrue
rnpuMepsl B 9Toi Kuure. Kak yKe yoMHUHAI0Ch, MOHUTOPBI SIBJISIIOTCS] TIOHSTUEM sI3bIKA
mporpaMmMupoBanust. KOMIUIATOP T0JDKEH UX PACIO3HATH U KAaKUM-TO 00Pa3oM yCTPOUTD
B3aumuoe uckaiodenue. C, Pascal 1 GOJNBIIMHCTBO APYIUX A3BIKOB HE UMEIOT MOHMTOPOB,
[I09TOMY HE MMEeT CMbICJIa O3KUAATh OT UX KOMITHJISITOPOB peajin3aliii KakKux-HuOy b Ipa-
BHJI B3AUMHOTO MCKJII0ueHMs. U neiicTBUTeIbHO, KaK KOMITMJISITOP CMOKET Y3HATh, KaKkue
POLEAYPbI ObLIN B MOHUTOPAX, 8 KaKKe HeT?

B arux g3pikax Her u ceMadoOpoB, HO UX JIETKO JOOABUTD: HYKHO BCETO JIAIID JOMOJTHUTD
6UGIMOTERY IBYMsI KOPOTKUMHE TIOJIIPOTPAMMaMU Ha acceMbJiepe, 4ToObI TTOJMYIUTh CHU-
cTeMHbIE BBI30BbI up U down. KoMImsitopam Jlaske He HYKHO 3HATD, YTO OHH CYIIECTBYIOT.
Pasymeercs, onepanuonnas cucreMa A0JKHA 3HATh 0 ceMadopax, HO BO BCAKOM cJlydae,
€CJIM y Bac OTeparioHHas CUCTEMA, NCIOJb3Yomast ceMadopsl, Bbl MOXeTe CO3/[aBaTh
0JIb30BaTeNbCKIEe mporpamMMbl uist Hee Ha C nm C++ (uiu gaxke Ha acceMbJepe, ecaiu
BaM HACTOJIBKO HedeM OOJIblie 3aHIThes). JIJIsh MCIOIb30BaHUsT MOHUTOPOB HYJK€EH SI3bIK,
B KOTOPBII OHU BCTPOEHBI.

Jlpyrast 0cOGEHHOCTD, IIPUCYIIas MOHUTOPAM U ceMadopaM, COCTOUT B TOM, YTO OHU Pas-
paboTaHbl A1 penrenus: MpobaeM B3aMMHOTO UCKIIOUEHH TIPU PadoTe ¢ OJHUM MU He-
CKOJIBKIMU TIEHTPATLHBIMI TTPOTIECCOPAMIL, IMEFOTIIMMHE TOCTYT K o61meit mamstr. [Tomernas
cemadopbl B 0OMIyIO TTaMATh 1 3amuiias ux komauaamu TSL nian XCHG, Mbl MOKEM U3-
6exkaTh cocTsI3aTeIbHOIM cuTyarmn. [Ipu mepexojie K pactpeeIeHHONW CHCTEME, COCTOSIIIEH
U3 CBS3aHHBIX I10 JIOKAJBHOH CeTU HECKOJIBKUX IIEHTPAIBHBIX TTPOIIECCOPOB, Y KayKI0TO U3
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KOTOPBIX HUMEETCsl COOCTBEHHAS TTAMATh, 9TU IPUMUTUBbI CTAaHOBATCs Henpuroaabivu. Coie-
ZIyeT clesaTh BBIBOJ, YTO ceMadOPbl MMEIOT CIAUIIKOM HU3KOYPOBHEBYTO TPUPOLY, & MOHU-
TOPbI OECTIOJIE3HBI, 32 UCKIIIOUEHUEM HeGOJIbIIOT0 KOJIMIECTBA A3bIKOB IIPOTPAMMHUPOBAHUSL.
K ToMy sKe HU OIMH U3 IPUMUTHBOB HE MO3BOJISAET OCYIIECTBIIATH MH(OPMAIMOHHBIN 0OMeH
MEKIY MalmuHaMU. 371eCh HY>KHO YTO-TO WHOE.

2.3.8. Nepepaua coobOLLEeHUIT

ITUM IPYTUM CPEICTBOM SBJISETCA Iepeaada COOOUEeHuid. DTOT MeTO B3aUMOACHCTBHS
MIPOTIECCOB MCTIOJIB3YET Ba TIPUMUTHBA, Send U receive, KOTOPBIE, TIOMOOHO ceMadopam 1 B
OTJINYNE OT MOHUTOPOB, SIBJISIOTCS CHICTEMHBIMU BBI30BAMM, & HE KOHCTPYKITUSIMU S3bIKA.
Kak TakoBbie OHU JIETKO MOTYT OBITh TIOMEIIEHBI B GUOIHMOTEYHbIE TIPOIIELYPHI, HATIPHIMED:

send(destination, &message);
NI
receive(source, &message);

[TepBblii BHI30OB OTIIPABJIseT COOOIIEHNE 3aJaHHOMY MOJIydaTeIio, a BTOPOM 110JydaeT co-
oblieHre U3 33/laHHOTO UCTOYHWKA (MU U3 1100020 UCTOUHWKA, ECJU TTOJYYATEeN0 BCe
paBro). Eciut tocTyIHbie COOBIEeH s OTCYTCTBYIOT, OJIYYATElh MOJKET 3a0J0KHPOBATHCST
10 UX TocTyTLIeHust. VIJin ke OH MOKeT HeMEIJIEHHO BEPHYTh YIIPABJIECHUE € KOJOM OITHOKH.

MpoGnembl pa3paboTKu cucTeM nepepadm coooLeHunin

CucreMbl niepeaun cOOOIICHUIT IMEIOT MACCy CIIOKHBIX IIPOOJIeM PpazpaboTKI, KOTOPHIX He
BO3HUKAET [IPU UCIIOJIb30BAHUN ceMadOPOB WU MOHUTOPOB, 0COOEHHO €CJIi B3auMO/Iei-
CTBYIOIIUE TIPOIIECCHI TIPOXO/AT HA PA3JIMYHBIX MAIIUHAX, CBI3AHHBIX MEKY COOOIi 110 CETH.
K niprmepy, coobiiierne MosKeT ObITh yTpaueHo pu epeade 1o cetu. YToObl 3acTpaxoBaThCst
OT yTpaThl COOOIIEHUT, OTIIPABUTE/b U TIOJIYYATENb JOJIKHbL JOTOBOPUTHCS O TOM, YTO KaK
TOJILKO cOOOIIIeH e OY/AET TI0JMyYeHO, TI0JyYaTellb JOJIKEH OTIIPABUTL B OTBET CIIEI[HaIbHOe
noATBep:kAeHue. Ecin 110 nucTeyennu onpesieleHHOro HHTEpBaJa BpeMeHU OTIIPaBUTEb He
MOJIYYHT TIOATBEPKAEHIE, OH OTIPABJISIET COOOIIEHIE TIOBTOPHO.

JNuctunr 2.11. PelweHre 3agayn nponsBoamTens-notTpeburens Ha a3bike Java
public class ProducerConsumer {

static final int N = 100; // KOHCTaHTa, 3ajawwaa pasmep bydepa
static producer p = new producer( ); // co3paHue >sK3emnaApa noToka
// npousBoauTena
static consumer c = new consumer( ); // co3paHue >3K3emnnApa MoToka
// noTpebutens
static our monitor mon = new our monitor( ); // co3paHue >3K3emnnApa

// mMoHuTOpa

public static void main(String args[ ]) {

p.start( ); // 3anyck noToka MpousBoAuTens

c.start( ); // 3anyck noToka noTpebutens

}

static class producer extends Thread {

public void run( ) { // KoA noToka coAepXuTCA B MeToAe run

int item;
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while (true) { // uvMkn npousBoauTena
item = produce item( );
mon.insert(item);

}

}

private int produce_item( ) { ... } // npou3BOACTBO 3anucei
}

static class consumer extends Thread {

public void run( ) { // KoOA MOTOKa COoAepXMTCA B MeToAe run
int item;

while (true) { // uuMkn noTtpebutens

item = mon.remove( );
consume_item(item);

}
}
private void consume_item(int item) { ... } // noTpebneHue 3anucu
}
static class our_monitor { // MoHuTOp
private int buffer[ ] = new int[N];
private int count = 0, lo = @, hi = 0; // CHeTYUKU U MHAOEKCHI
public synchronized void insert(int val) {
if (count == N) go_to_sleep( ); // ecnn 6ydep MonoH, MNpUOCTaHOBKA
buffer [hi] = val; // nomeweHue 3anucu B bydep
hi = (hi + 1) %N; // MecTo Aans chnepytwei 3anucu
count = count + 1; // Tenepb B bydepe nosBunacb ewe oAHa 3anucb
if (count == 1) notify( ); // ecnu notpebuTenb 6bl1 MPUOCTAHOBEH,
// ero HyXHO aKTWBU3UPOBaTb
}
public synchronized int remove( ) {
int val;
if (count == @) go_to_sleep( ); // ecnu bydep nycT, npuoCTaHOBKA
val = buffer [lo]; // w3Bne4deHue 3anucu us bydepa
lo = (lo + 1) %N; // mMecTo u3Bne4veHua cnepymwuwein 3anucu from
count = count - 1; // B bydepe cTano Ha OfHY 3anMUCb MeHblue
buffer
if (count == N - 1) notify( ); // ecnu npousBoauTenb 6blA1 NPUOCTAHOBIEH,

// ero HyXHO aKTWBU3UpPOBaTb
return val;

}
private void go_to_sleep() { try{wait();} catch(InterruptedException exc) {};}

}
}

Terepb paccMOTPUM, YTO HOJIYYUTCS, €CJIU COOOIIeHIe ObLIO YCIIEMHO HOJIYyYeHO, a MO/~
TBEpPsKIEHIE, BO3BPAIIEHHOE OTIIPABUTE0, yTpadeHo. OTHpaBUTe b 3aHOBO TIepeslacT Co-
o0lIeH e, ¥ OHO MPUJIET K TTOJIYYaTesIio TOBTOPHO. BaxkHo, 4T06bI MoJIydaTesib MOT OTINYUTD
HOBOE COOOIIEHNE OT IIOBTOPHO MepeaanHoro ctaporo. OObIYHO 9Ta IIpobiieMa PenraeTcs 3a
CYET MPUCBOEHUST BCEM OPUTHHAJIBHBIM COOOMIEHMSIM TTOCIE0BATEIBHO HYIIUX HOMEPOB.
Ecsu nosydaTesio mpuxoguT coobIenue, Hecylee TOT JKe CaMblil CePUITHBIN HOMEP, YTO
U [IPebILyIIiee, OH 3HAET, YTO ATO ALYOJIUKAT, KOTOPBII MOKHO TIPOMTHOPUPOBaTh, Opramu-
3alUs yCIeNHOW epejadn nHGOPMAIMU B YCJIOBUAX HEHAEKHON TIepeadu cooOeHuil
SBJISIETCSI OCHOBHOM 4acThI0 yUeOHOTO Kypca 10 KOMIILIOTEPHBIM CETSIM.
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Cucreme nepegadu cCOOOIEHUN TPUXOAUTCS TAKIKE PELIaTh BOIPOC O TOM, KaK UMEHOBATh
HPOIECCh, YTOOBI OJIHO3HAYHO YKa3bIBATH IPOIECC B BHI30BAX OTIPABKU — send Win
HoJyueHust — receive. JIJist cucTeMbl mepejiaun cooOIeHIl BasKHa U MpodieMa ayTeH-
THPUKAIUN: KaK KJINEHT MOXKET OTJINYHUTD CBSA3Db € PeasbHBIM (DailJIOBBIM CEPBEPOM OT
CBSI3U C CAMO3BaHIEM?

Ha npyroii ctopone 3TOro crekTpa, Ijie OTIPaBUTEIDb U MOIydYaTesb HaX0AATCS Ha OHON
1 TO¥T JKe MalliHe, KOHCTPYUPOBAHHUE TaKKe He 00X0auTCs Oe3 cepbe3Hbix 1mpobiem. OziHa
U3 HUX Kacaercs TPOU3BOAUTENbHOCTH. KomnpoBaHue cOOBIEHNH 13 OHOTO Mpolecca
B /IPYTOI1 BCer/ia POBOJMTCS MeJJIEHHee, YeM oriepaiini ¢ ceMahopaMu UM BXOJl B MOHUTOP.
Ha noBbrienue adbexTuBHOCTH Tiepepadn coodIeHuil ObLIO 3aTpadyeHo HeMaJIo YCHIIHIL.

PelwieHune 3agaum npousBoguTena-noTpedourena
C NOMOLLbIO Nepeaayn coooLeHnin

Ternepp gaBaiiTe pacCMOTPUM, KaK € MOMOIIBIO TIepeIadr COOOIIEHIIT 1 G€3 NCII0Ib30BAHI
o01el maMsATH MOXKET PeIiaThes 3ajada MpousBoauTesa-norpeburens. Pemerue aToit
3a[a4yr MoKazaHo B ucTrHre 2.12. ByneM nexoauTh U3 IPeIIoI0KeHus, 4TO BCe cO00IIe-
HUS UMEIOT OJIMH ¥ TOT JK€ Pa3sMep U 4TO NepeJaHHble, HO ellle He M0JIyYeHHbIe COOOMIEeH s
Oy(hepusyroTcst aBTOMaTUYECKH CPEACTBAMU ONEPAIMOHHON crcteMbl. B 9TOM pereHnun
BCETO UCToIb3yeTcst N coobIeHn , uTo aHasornyio N MectaM B 6ydepe, opraHn30BaHHOM
B 001eii mamsatu. [Torpe6uresb HAYMHAET € TOTO, YTO MochlaaeT N IycThiX cOoOIeHni
npousBoauTesio. Kak TOJbKO y TTPOU3BOUTEIS TOSIBUTCS 3AIIUCH JIJISI IEPeladn TT0Tpe-
6uresro, OH GepeT MmycToe coOBINeHNE U OTIIPABJISIET €T0 Ha3a/l B 3aIT0JHEHHOM Bue. [Ipu
9TOM 00l1Iee KOJMYECTBO COOOLIEHUH B CHCTEME OCTAETCS IIOCTOAHHDIM, HO9TOMY OHK MOTYT
OBITh COXpAHEHbI B 3aJIaHHOM, 3apaHee U3BECTHOM 0ObeMe TTaMsITH.

JluctuHr 2.12. PelweHne 3agaym NpomM3BoanTeNs-noTpeduntenst C NOMOLLbIO
N coobLeHuni

#tdefine N 100 /* konu4yecTBO MecT B bydepe */

void producer(void)

{
int item;
message m; /* 6ydep coobuweHnir */
while (TRUE) {
item = produce_item( ); /* reHepauua uHbopmauuu ANA nNomeweHus B bydep
*/
receive(consumer, &m); /* oXupaHue noCTynneHua nycTtoro coobuweHua */
build_message(&m, item); /* co3paHue coobweHnAa Ha oTnpaBky */
send(consumer, &m); /* oTnpaBka 3anucu notpebutenwn */
}
}

void consumer(void)
{
int item, 1i;
message m;
for (i = @; i < N; i++) send(producer, &m); /* oTnpaBka N nycTbix
coobweHuin */
while (TRUE) {
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receive(producer, &m); /* nonyyeHue coobuweHusa c 3anucbi */
item = extract_item(&m); /* u3BnedeHue 3anucu U3 coobueHua */
send(producer, &m); /* BO3BpaweHue nyctoro orteeTta */
consume_item(item); /* obpaboTka 3anucu */

}

Ecnn IIPOU3BOIUTE D pa60TaeT 6bICTp66 HOTp€6I/IT€JIH, BCe COO6H_[6HI/I$I B KOHIIE€ KOHIIOB CTa-
HOBATCA 3aII0JTHCHHBIMU, OKH/1asd HOTpe6I/IT€]I$I; ITPOU3BOIUTEID NOJIZKEH 6yI[€T Ba6JIOKI/IpO-
BaTbCs, OKN/asd BO3BPAIll€HUA ITyCTOTO COO6H_[6HI/I$I. Ecmm HOTpe6I/ITeJIb pa60TaeT 6bICTp6€, TO
TOJIy4a€eTcA O6paTHbeI B(b(beKTZ BCeE COO6H.I€HI/IH OIIyCTOIIATCA, 0K 1asd, [IOKa ITPON3BOANTETb
X 3allOJTHUT, 1 HOTpe6I/ITeJIb 32[6JIOKI/IpyeTCH B OJKMJaHUU 3aIIOJTHEHHOI'O COO6H.I€HI/IH.

JoCTyITHO MHOKECTBO BapHaHTOB Iepefadn cooOuennii. [ Hagama pacCMOTPUM CIIOCo0
azpecanuu coobuieHuii. Mo;KHO MPUCBOUTD KasKAOMY IIPOIIECCY YHUKAIbHBIN a/[pec U aape-
coBaThb coobIIeHus mpoeccam. MoKHO TakKe U306pecTd HOBYIO CTPYKTYPY JaHHbBIX, Ha-
3bIBAEMYIO MOYTOBBIM SAIMMKOM. DTOT SAIIMK IIPEACTABIAET 000l MecTo s Oydepusaun
KOHKPETHOTO KOJIMYECTBA COOOIICHUH, KOTOPOEe OOBIYHO YKA3bIBAETCS IIPU €r0 CO3MAHUMN.
[Ipu UCIOAB30BAHUK TTOYTOBBIX ANIMKOB B KaUueCTBE ITapaMeTPOB ajpeca B BbI30Bax send
U receive yKa3bIBAIOTCS IOYTOBbIE SIIMKHY, a He npoliecchl. Koraa mporece npIraeres mociaTh
COO0NIEHNE 3aITOJHEHHOMY OYTOBOMY SAIIUKY, OH MPUOCTAHABIMBAECTCS JI0 TEX MOP, MOKa
U3 TOTO MOYTOBOTO SIUKA He Oy/eT U3BJIeYeHO coobIIeHrne, 0CBOOOKAAs TPOCTPAHCTBO
/I HOBOTO COOOIIEHMUSL.

[Tpu perieHny 3a1a4n MPOU3BOAUTESI-TIOTPEOUTE ST 06a OHU, U TPOU3BOAUTEND 1 TTOTPEOU-
TeJlb, CO3/A/LYT OYTOBbIE SIUKHU, JOCTATOUYHbIE /Jist pasMmentenus: N coobiienwii. [Tponsso-
JIATEJIb CTAHET OTIIPABJISATH COOOIIEHMST, COIEPIKAIINE PEasIbHBIE TaHHBIE, B TOTPEOUTENBCKUIT
[OYTOBBII A1UK. TPy NCIIONB30BaHIK TIOYTOBBIX SNIMKOB MeXaHu3M Oyepusaiun BIoJIHe
[OHATEH: B IOYTOBOM SILIMKE MOJIyYaTeist COAEPIKATCS COOOIEHNSs, TIOCHaHHbIE TIPOIECCy-
MIOJIyYaTesIio, HO €ellle He IPUHSIThIE FM.

JIpyroii KpailHOCTBIO IIPU MCIIOIb30BAHIK MOYTOBBIX AIUKOB ABJSETCS HMOJHBIIA OTKa3 OT
Gydepusanuu. IIpu 5TOM MOAXO/IE, €CJIU Ollepaius send IPOBOIAUTCS 10 OlIePALIUY receive,
[IPOIIECC-OTIPABUTEb OJIOKUPYETCs 10 3aBEPLICHUS OlEPAIlUK Feceive, B 9TO BPeMs CO-
ob1eHre MOJKeT ObITh HEIIOCPEACTBEHHO CKOTIMPOBAHO € OTIIPABUTEIS TTOJIyYaTeio 6e3 uc-
[0JIb30BAHUSA TIPOMEKYTOYHON Gydepusaliuu. A e/ epBoii IPOBOAUTCS OIEPALIUs receive,
HoJryyaresib GJOKUPYeTCs 0 OCYIecTBIeH s onepaiuu send. Takyio crpaTeruio 00bIuHO
HasbiBaloT pangeBy. OHa 1Ipollle B peajinsalinu, yeM cxema ¢ Oydepusaipeii cooduennii, Ho
ABJISETCA MeHee TMOKOIA, ITOCKOJIbKY OTIPABUTEIb U HOJLyYaTelb A0JKHBI paboTaTh B CTPOro
[PeONPeIeJEHHOM PEKIME.

[Tepemaua coobIeHnii MUPOKO UCTOJMB3YETCsT B CUCTEMAX MapasJie[bHOTO [IPOrPaMMI-
poBanusi. B kavecTBe mpuMepa MOKHO TIPUBECTH OOIIEN3BECTHYIO CUCTEMY TIEPEIAYHN CO-
o6menuiit MPI (Message-Passing Interface). Ona Halia mupoKoe IpUMEHeHNE B HayYHbIX
BbIUHCIeHUsIX. Bosiee opoOHbIe cBeieHnst 00 3TOM crucTeMe U3JIokeHbl B Tpyaax Gropp et
al., 1994; Snir et al., 1996.

2.3.9. bapbepbl

[Tocnenuuit n3 paccMaTpuBaeMbIX HAMHM MEXaHN3MOB CHHXPOHU3AINN TTPeTHA3HAYEH ISt
IPYIII TIPOIECCOB, B OTJINYKE OT 33/Ia4l TPOU3BOIUTEIISA-IOTPEOUTEST, B KOTOPOU 3a1efiCTBO-
BaHbI BCETO JiBa poriecca. Hexkoropbie mpriioskeHst pa3buTot Ha (hasbl U CAEAYIOT IPABUILY,
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COTJIACHO KOTOPOMY HU O/INH U3 TIPOIECCOB HE MOXKET MepeiTH K caeayomieil dase, moxa
BCe IPoIecchl He Oy/1yT rOTOBbI epeiiTu K caeyiomieii dase. JloOUThCSA BbITOJIHEHUS 9TOTO
IPaBUJIa MOKHO € TOMOIIBIO 0apbhePOB, TIOCTABJIEHHBIX B KOHIIE Kax /01 (asbl. Korga mpo-
1ecc locturaet Gapbepa, OH GIOKUPYETCS 10 TeX MOP, OKa ATOro Gapbepa He JOCTUTHYT Bee
OCTaJIbHBIE TIPOIECCHI. JTO MO3BOJISET CUHXPOHU3UPOBATH TPYIINLI porieccoB. /leiicTBue
6apbepa TpecTaBaeHo Ha puc. 2.18.

Ha puc. 2.18, a moxasanbl yeTbipe Ipoliecca, IPUOIMKAIONIUXCS K 6apbepy. ITO 03HAYAET,
YTO OHU €llle 3aHSIThl BbIYUCJIEHUSIMU U He JIOCTUTJIN 3aBepllieHns Tekyiieii ¢aspl. Yepes He-
KOTOPOE BPeMsI IEPBBIIL ITPOIIECC 3aKAHYMBAET BCE BEIMHUCIECHN, HEOOXOMMBIE /ISl 3aBepIIe-
Hus nepsoit (asel paboTel. OH BBITIOMHSAET IPUMUTHB barrier, BEI3bIBas 00ObIYHO OUOIMOTEY-
HYIO IIPOIIE/LyPY. 3aTeM 9TOT IIPoIiecce nproctanasauBaercs. Yy Th nossxke 1mepsyio dasy cBoeit
paboThl 3aBEpINAOT BTOPOHA U TPETHI TIPOIECCHI, KOTOPbIE TaKKe BBHITIOTHSIIOT MPUMUTHB
barrier. dta cutyanus mokasana Ha puc. 2.18, 6. 1 HakoHelr, Kak mokasaHo Ha puc. 2.18, g,
KOTJIa MocJIeIHui mporiecc, C, rocTuraet 6apbepa, BCe TMPOIECCHl 0CBOOOKIAIOTCS.

------------------------------------------ ® ®
Mpouecc 1% 3 3
a a a
g ©-8 £|©
© ©
Bpema —» Bpems —» Bpemsa —»
a 6 c

Puc. 2.18. Vicnonb3oBaHune Bapbepa: a — NpoLecc gocturaet bapbepa; 6 — BCe Npouecchl, Kpome
oaHoro, 3a6510kMpoBaHbl Ha 6apbepe; B — NocneaHuin npouecc gocturaet 6apbepa, U Bce NpoLecchbl
npeofoneBaioT 3aT0T bapbep

B kavecTtBe mprMepa 3a1aun, JJist PEIeHns] KOTOPOiT Hy)KHbI 6apbepbl, PACCMOTPUM 0OBIYHYIO
B pU3KKe WU B MAIIMHOCTPOEHU Y 3a/1a4y 3aryxaHust. OOBIYHO 9TO MATPHIIA, COAEPIKAIIAS
HEKOTOPBIE UCXOHbIE 3HAYCHUS. DTU 3HAYCHUSI MOTYT IIPEICTABISATH COOOU Temeparypy
B Pa3HbBIX TOUKAX JIMCTA METAJJIA. 3aMbICEJ MOKET COCTOSITh B OIIPEIEJICHIH CKOPOCTH pac-
IIPOCTpaHeHMs Pa3orpena OT IJIaMeHH, BO3/IEHCTBYIONIETo Ha O/INH U3 €r0 YIJIOB.

Haumnas c TEKYHINX 3Ha‘{eHI/IIL/'I, K MaTpulie /iJid NoJIy4eHu:A €€ CJIeI[yIOH_[eIL/'I BEpCUU IpUMe-
HAETCA Hpeo6pa30BaHI/Ie, COOTBETCTBYIOIIEE, K IPUMEDPY, 3aKOHAM TEPMOJNHAMUKH, YTOOBI
IIOCMOTPETD BCE TEMIIEPATYPHbIE ITOKa3aHUA Y€EPE3 BPpEMA AT. 3arem IIpoIIeCC MMOBTOPAETCA
CHOBa 1 CHOBa, IIPEACTaBJIAA TEMIIEPATypHbI€ 3HAYE€HUA B BUE (byHKL[I/II/I, 3aBHCHIJ.IeI71 oT
BpeMEHUN HarpeBaHusd JUCTa. Co BpeMEHEM aJITOPUTM IIPOU3BOJIUT CEPUIO MATPUIL, KaK/asd
13 KOTOPbBIX COOTBETCTBYET Sa[[aHHOIl/)I OTMETKE BpEMEHU.

Tenepb IMpeaACTaBUM, YTO MaTpUlla UMEET CIAUIIKOM 6oJIbIIINE pa3Mepbl (CKa)KeM, MMWJIJINOH
Ha MI/IJIJII/IOH) " Ui YCKOPEHUA €€ BbIYUCJIEHUA Tpe6yeTCH HCITI0JIb30BaHUE TTapaJlJe/IbHbIX
IponeccoB (BOSMO?KHO, Ha MHOFOHPOHQCCOPHOﬁ MaH_II/IHe). Pasnbie IIpoIecChbl pa6OTaIOT Hal
Pa3HbIMU YaCTAMU MaTPUIbl, BbIYMUCJISAA HOBbIE 9JIEMEHTDBI MaTPUIIbI Ha OCHOBE ITPEKRHUX
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3Ha‘leHHﬁ B COOTBETCTBUU C 3aKOHaMM (bI/ISI/IKI/I. HO HU OAWH IIPOIIeCC HE MOKET HpI/ICTyHI/ITb
K uTepanuu # + 1, oka He 3aBepIIMTCS UTEPAIHSI 72, TO €CTh [I0KA BCE MTPOIIECCHI He 3aBepIiaT
TekyIyio pa6ory. Crocob 10CTHKeHUsT 9TON e — 3aIlPOrPaMMEUPOBATh KasKAbIH MPO-
11eCC Ha BBITIOTHEHWE OTIEPAIINH barrier TOCTe TOTO, KaK OH 3aBEPITUT CBOO YaCTh TEKYTIEN
urepaiyu. Korma Bee mpoieccsl CpassTes co cBoel paboTol, HoBas Marpulia (IIpeocTaB-
JISTIOTAsT BXOIHBIE TAaHHbIE JJIST CIeAYIoNIel nTepannn) Oy/eT 3aBepiiicHa U BCe MPOTECCH
OyayT 0CBOOOKIECHDI /151 Hadalla CJeAyIONel nTeparim.

2.3.10. PaGoTa 6e3 6J10KNPOBOK:
YyTeHue — KonupoBaHue — oGHOBNIeHUue

Cambie OpIcTpbIE OJOKUPOBKU — 9TO OTCYTCTBHE BCAKMX OJOKUPOBOK. BOIIPOC B TOM, MOKHO
JIU Pa3peIinTh OHOBPEMEHHBII IOCTYII JJIsT UTEHUST M 3aITUCH K OOIIINM CTPYKTYPaM JTaHHBIX
6e3 6s0KkupoBKH. Ecii roBOpUTDL B 06IIEM CMBICIIE, TO OTBET, KOHEYHO JKe, OYIeT OTpuila-
tesbHbiil. [IpegcraBum cebe, 4To mpoiecc A COPTUPYET YMCIOBOM MACCUB, B TO K€ BPEMsI
mpotiecc b BerumcIisiet cpeniee 3nadenue. [10ckonbky A mepemernaer 3HaueHus 10 MacCHBY,
mpotieccy b HEKOTOPbIe 3HAYEHUST MOTYT TIOTTACTHCST HECKOJIBKO Pas3, a HEKOTOPBIE He BCTpe-
TUTHCS BOOOIIE. PesysibraT MosKeT ObITh KAKUM YTOAHO, HO, CKOPEe BCEro, HEIIPaBUJIbHBIM.

U teM He MeHee B HEKOTOPBIX CIyYasix MOSKHO MO3BOJIUTH MPOIIECCY, BEAYIIEMY 3aTHCh, 06-
HOBUTD CTPYKTYPY [JaHHbIX, AK€ €CIIU €10 TOJIB3YIOTCsI IPYTHE MPOIECChL. 31eCh Ba)KHO 06e-
CIIEYUTD, YTOObI KAJK[BII CYUTHIBAIOIIIIA [TPOIECC YKTaJ OO CTapyIo, TUGO HOBYIO BEPCHUIO
JIAHHbBIX, HO HE HEKYIO HEIIOHATHYIO KOMOMHAIIMIO U3 CTapOoil U HOBOII Bepcuil. B kauecTse
WJUTIOCTPAIIK PACCMOTPUM JIEPEBO, oKazanHoe Ha puc. 2.19. Yurarenn 06X0AAT 1epeBo OT
KOPHSI /10 JINCTheB. B BepxHeil nmoJjiosune pucyHka pgobasiieH HoBbIi y3en X. [lepen TeM Kak
C/leJIaTh ATOT y3eJl BUJIMMBIM B JIepeBe, Mbl JIOBOJIM €rO0 /IO TTOJIHOI TOTOBHOCTH: MHUIHA-
JM3UpyeM Bce 3HaYeHMs B y3Jie X, BKJIIOUAsI €ro JIoUepHUe yKa3aTe . 3aTeM € TOMOIIbIO
OZIHOIT aTOMapHOII 3amucy peBpaiaeM X B fouepHuii asemenT y3na A. Hecornmacosannyio
BEPCUIO HE CMOJKET CYUTATH HU OJIH YNTATENb. B HUKHEN YacTH PUCYHKA TIOCJIE/I0BATEIHHO
yaansiorest yaiabsl B u D. CHauama Mbl iepeHariesinBaeM JIeBblil JOUepHUI yKazaTesb y3jia A
na y3es C. Bece unraresu, monasiiue B A, MPogoJoKaT cyuThiBanue ¢ yajaa C 1 HUKOT/IA He
yBUIAT y3e1 B uiu D. IHbIMU cJI0BaMU, OHU YBUJISIT TOJIBKO HOBYIO BepcHio. B To Jke Bpemsi
BCE YNTATEJIN, HAXOJSIIIECST B 3TOT MOMEHT B y3Jjie B mwin D, TPOJ0JIKAT YTeHue, CIeyst
yKazaTeJisiM UCXOAHON CTPYKTYPbI JAHHBIX, U YBUIAT CTapyio Bepcuio. Bee Oyzer Xopotrio,
u 610KMPOBKa BooOIIe He oHago6uTes. Yaanenue B u D paboraet 6e3 610KUPOBKHU CTPYK-
TYpPbI JaHHBIX B 0OcHOBHOM 110ToMY, uT0 RCU (Read — Copy — Update, urenune — konupo-
BaHKe — OOHOBJIEHKE) OTesteT (hady yaaneHust OT (asdbl BOCCTAHOBJICHMsI OOHOBJICHMSL.

Ho ectpb u ipobiema. [Toka HeT yBepeHHOCTH B [TOJTHOM OTCYTCTBHY yuTaTesel B B wiu D,
MBI He MOKeM (DaKTHYeCKU OT HUX u30aBuThest. HO CKOJIBKO JKe IOJIKHO MPOJIUTHCS 0K -
nanve? Onay Munyty? /lecsats MUHYT? Mbl BBIHY K/IEHBI JKAATh /10 T€X 1TOP, TIOKA 9TU Y3JIbI
He ocTaBuT nocjaeaauil yntaresnb. RCU 00s13aTesIbHO OTIpe/IesisieT MaKCUMaJIbHOE BPEMS,
B TeYeHKEe KOTOPOTO YUTATEb MOKET YAEPKUBATD CChLIKY Ha CTPYKTYPY AaHHbIX. [To ncre-
YEHUU STOTO CPOKA MAMSITh MOKET OBITH OE30I1aCHO 0CBOOOKAeHA. TOUHEe TOBOPS, YN TATETN
[OJIY4YaloT JOCTYI K CTPYKTYPe MaHHBIX B 00JIaCTH, KOTOPas M3BECTHA KaK KPUTHYECKHI
pasnen urenns (read-side critical section), re MoKeT cogepKaThes MO0 KO, TOCKOJIb-
Ky OH He 3a0JIOKUPOBaH WJIM He NPeObIBaeT B PesKUMe 0KKMIaHus. B 9ToM cirydae u3BecTHO
MaKCHMaTbHOE BPEMSI BBIHYKIEHHOTO OKUIaHUS. A MMEHHO HAMU OTIPEIENSIETCS] OTCPOYKA
(grace period) B Bu/Ie JTF0OG0TO TIEPHUO/Ia BPEMEHH, B TEUEHIE KOTOPOTO U3BECTHO, UTO KK IBII
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Job6asneHve yana:

A A A
X
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&~ PN ¢
C D E C D E C D
(a) ncxogHoe gepeso (6) MHMuManua3auusa yana X  (B) nocne NofHOM HMumanusaumm X
n nogkntoyeHune E k X. noakntoyeHve X K A. Yutarennu,
Ha niobbix Yntatenen, HaxoasLwmecs B 970 Bpems B E,
Haxopawmxca B An E, npo4nTaloT CTapyto BEPCUIO AepeBsa,
3TO HE NOBNUSIET a unTarenu, Haxogsiumecs B A,

nosy4yaT HOBYIO BEPCUIO

YnaneHue y3nos:

A A A
X o X
B B |
[N —
N ¢ RN ¢ ¢
C D E C D E C E
(r) otcoeamHeHune B oT A. (1) oXxmnpaHue NosHom (e) Tenepb B 1 D MOXHO
3amerTbTe, 4TO B B BCe eLe YBEPEHHOCTU B TOM, YTO CMOKOWHO yaanunTb
MoryT 6bITb YnTaTenu. Bce BCe ymTaTenu nokuHynm B n C.
yuTtatenu B B 6yayTt BuaeTh Bornblue gocTyna Kk aTum ysnam
cTapylo Bepcuio, a Bce He OyneT

yuTatenu, HaxoOgaLmMecs
B 9TO BpeMms B A, yBUaAT
HOBYIO BEPCUIO

Puc. 2.19. RCU: BcTaBka y3na B 4epeBo C nocneaylowmnm yaaneHmem BeTeu,
1 BCe 9T0 6e3 6I0KMPOBOK

MOTOK Oy/IET BHE KPUTHUECKOTO pas/iesia st YTEHUs 10 KpaliHel Mepe ofiHOKpaTHO. Econ
HePUOJL OKUIAHS TIEPe]l BOCCTAHOBJIEHHEM Oy/IeT Kak MUHUMYM PaBeH OTCPOUKE, Bee OyneT
xoporio. [TocKoIbKY KO/l B KDUTUYECKOM Pasjielie IJIsl YTEHUs He pa3perieHo 6JI0KUpoBaTh
WJI TIEPEBOJIUTH B PEKUM OXKHMIAHMS, IPOCTHIM KpUTEpreM OyAeT OKUIaHue 10 TeX Top,
IIOKa BCE ITOTOKU HE BBITIOJHIT KOHTEKCTHOE TIePEKII0UEHIE.

2.4. NnaHupoBaHue

Korma koMmmbioTep paboTaeT B MHOTO3a[a9HOM PEKUME, Ha HEM 3a4aCTYIO 3aITyCKAeTCsI Cpa-
3y HECKOJIBKO ITPOIECCOB UJIX NTOTOKOB, IIPETEH/IYIONINX Ha UCIOJIb30BaHHE 1IeHTPATIbHOTO
mpoiieccopa. Takas cuTyalus CKIQIbIBaeTCs B TOM CJIy4ae, eCJId B COCTOSTHUU TOTOBHOCTH
OJIHOBPEMEHHO HAXOSTCs Ba Ujn GoJiee Mpolecca Wik MoToka. Ecim H0CTYIeH TOJIbKO
OJIVIH I[EHTPAJIBHBII IPOIECcCOp, He0OXOAUMO BbIOPATh, KAKOI U3 9TUX MIPOIECCOB Oy/IeT
BBITIOJTHATHCS CIELYTONM. Ta 9acTh omeparimoHHON CHCTEMBI, Ha KOTOPYTO BO3JIOKEH 9TOT
BbIOOP, HA3bIBAETCS IVIAHMPOBUIMKOM, & aJITOPUTM, KOTOPbIi €10 UCTIONb3YETCs], Ha3bIBAETCS
aJTOPUTMOM IIaHMpPOBaHus. VIMEHHO 9Ta TeMa 1 cTaHeT MPeIMeTOM PACCMOTPEHMS B cJie-
NYTOTITUX Pa3fesiax.
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MHuorue oJHOTHTIHBIE BOTIPOCHI, IPUMEHSEMBbIE K TIIIAHUPOBAHUIO IIPOIECCOB, MOTYT ITPIMe-
HSTBCS U K IIJIAHNPOBAHUIO TIOTOKOB, XOTSI CYIIIECTBYIOT I HEKOTOPBIe passinyst. Koraa sapo
YIIPaBJISIET TIOTOKAMH, TIJIAHMPOBAHUE OOBITHO KACAETCST KAK/IOTO U3 TOTOKOB, MTPAKTHYECKH
He pasJinyast, KAKOMY MMEHHO TIPOIECCY OHU MTPUHATIEKAT (MU BCe JKe JIeiast HeOOIbIIme
paszmans ). CHavasma Mbl CKOHIIEHTPUPYEMCST Ha BOTIPOCAX TVIAHUPOBAHMS, TPIMEHNMBIX KaK
K TIpoleccam, Tak 1 K moTokam. Ilocire aToro paccMoTpuM NCKITIOUNTETBHO TIJIAHUPOBAHWE
TTOTOKOB U PsiJl BO3HUKAIOIMINX IIPU 3TOM YHUKAJIbHBIX BOIIPOCOB. A MHOTOsI/IEpPHBIE TIPOIIEC-
COpBI OYIyT PACCMOTPEHBI B rJiaBe 8.

2.4.1. BBepeHue B ylaHMpoBaHue

Ecnu BepHYThCS K TIPEKHIM BpeMeHaM TTAaKEeTHBIX CHCTEM, T/IE BBOJI TAHHBIX OCYIIECTBIISIICS
B (popme 00pa3oB nepdoKapT, HepeHeCeHHbIX Ha MATHUTHYIO JIEHTY, TO aJIFOPUTM IJIaHK-
poBaHus ObLI JOBOJBHO HPOCT: TPeHOBAIOCH BCETO JIMIIb 3AIyCTUTh CJELyIollee 3alaHue,
C nosiBsieHeM MHOTO33/Ia4YHBIX CHCTEM aJITOPUTM TIJIAHUPOBAHUS YCJIOKHUJICS, TTOCKOJIb-
Ky B 9TOM cJiydae 00bIYHO (DUTYPUPOBAJIN CPasy HECKOJIbKO MOJIb30BaTeNeH, 0KUAaBIINX
o6cayxuBanus. Ha HEKOTOPBIX YHUBEPCAIbHBIX MAIIMHAX 10 CUX [IOP MAKETHbIE 3ajlaui
coveTaloTcs € 33Jla4aMy B pesKMe pas/ieIeHnst BpeMeHH, U TVIAHUPOBIINUKY HY’KHO PEIIaTh,
KaKoii 10JKHa ObITh 04YepeHast padoTa: BbIIOJIHEHUE AKETHOTO 3aJaHusl nin odecriedeHme
HHTEPAKTUBHOTO OOIIEHUSI C TI0JIb30BaTeIeM, CUAAIINM 32 TepMuHanoM. (Mexay npounm,
B [TAKETHOM 33/[aHUN MOT COZIEPKATBCST 3aITPOC HA TTOCJI0BATEbHBI 3aITyCK HECKOJIBKUX
MIPOTPaMM, HO B TAHHOM pasjiesie MbI OyIeM MPUAEPKUBATHCST TIPEATIOTOKEHIS, UTO 3aTTPOC
KacaeTcs 3aIyCKa TOJIbKO OJIHOM rporpammbl.) ITockobKy Ha TAKMX MaIIMHAX [TPOIECCOPHOE
BpeMsI sIBJIeTCs Je(UINTHBIM PECYPCOM, XOPOIINH MJIAHUPOBIUK MOXKET CYIIECTBEHHO
MOBJIMSITH HA OIIYTAEMYIO TIPOU3BOIUTENBHOCTD MAIIUHBL U YIOBJIETBOPEHHOCTD TI0JIH30-
BateJist. [ToaTomMy Ha u306peTeHre UCKYCHOTO U 9(D(MEKTUBHOTO aJropUT™Ma IJIAaHUPOBAHUS
OBLIO TOTPAYEHO HEMAJIO YCHIIHIL.

C nogsienneM IepcoHaIbHBIX KOMIIBIOTEPOB CUTYAINS N3MEHUJIACH B IBYX HAIIPABJICHUSX.
Bo-11epBbIX, OCHOBHAsI 4aCTh BpEMEHU OTBOIMIIACH JIUIITb OIHOMY aKTUBHOMY TIpolieccy. Bpsn
JIW CIY9aTOCh TaKoe, YTO MOJIH30BATETh, BBOAWBIINI JOKYMEHT B TEKCTOBBIN TIPOTIECCOP,
OTHOBPEMEHHO € 3TUM KOMIHUJINPOBAJ TTporpamMmy B hoHoBoM pexknme. Korzpa momp3o-
BaTeJib HAGUPAJ KOMaH/Y JIJIsI TEKCTOBOTO TIPOIECCOPA, MIAHMPOBIIUKY HE TIPUXOANIOCH
HATIPSITAThCS, OTIPEIESIS, KaKOM TIPOIECC HYKHO 3ayCTUTh, — TEKCTOBBII TIPOIEccop ObLI
€MHCTBEHHBIM KaHIUIATOM.

Bo-BTOPBIX, € roJlaMu KOMITBIOTEPbI CTAIU PAOOTATh HACTOILKO OBICTPEe, YTO [EHTPATBHBII
[IPOIECCOP MPAKTUYECKHU HIepecTall ObITh AeUIUTHBIM PeCypcoM. BosbmHeTBO Iporpamm
TSI TIEPCOHANTBHOTO KOMITBIOTEPA OTPAHUYEHBI CKOPOCTBIO TIPEIOCTABICHUS TIOJIb30BATEIEM
Bxojstiieit nHbopmarmu (IyreM Habopa TEKCTa WK MEJYKAMU MBI ), & He CKOPOCTBIO,
€ KOTOPOH IIeHTpaIbHBIN TIpoLeccop crocoben ee obpabdorars. [lake 3agaum KOMITHISIINN
[IPOrPaMM, B IIPOIILJIOM TJIABHBIIA OTPEGUTEIb IPOIIECCOPHOTO BPEMEHH, TEePh B GOJIBIINH-
CTBE CJIy4aeB 3aHIMAIOT BCETO HECKOJIbKO ceKyH/I. Jlake mpu oiHOBpeMeHHO#T paboTe IByX
[IPOrPaMM, HATIPHMED TEKCTOBOTO TIPOIIECCOPA U 3JEKTPOHHOIT TaOIUIIbI, BPSI/L JIK NMEET
3HaUYeHUe, KOTOPYIO U3 HUX HYKHO ITPOIIYCTUTH BIIEPE]l, TOCKOJIBKY M0JIb30BATENb, CKOPEe
BCETO, JKET pe3yabraToB oT 0obenx. [109TOMy Ha IPOCTHIX MEPCOHATBHBIX KOMIIBIOTEPAX
[JIAaHUPOBaHHUe He urpaet 0coboil posm. KoHeuHo, CyImecTByOT MPUIOKEHHsT, KOTOPbIE M0~
[JIOMIAIOT TIPAKTUYECKU BCE PECYPCHI IEHTPAJIBHOTO MPOIECCOPA: HATIPUMED, BU3YaTU3AIHS
OJTHOYACOBOTO BHJICO BBICOKOTO Pa3pelieHust P KOPPEKTUPOBKE IIBETOBOM TaMMBbI KasK-
noro u3 107 892 kagpos (8 NTSC) umu 90 000 kazpos (B PAL) Tpebyer BblUuCIUTENBHOI
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MOII[HOCTH [IPOMBIIIJIEHHON KOMIIBIOTEPHOIT CUCTEMbI, HO TIOA00HBIE TIPUIIOKEHMS CKOPEe
SIBJISIIOTCS] MICKJTIOYEHNEM U3 ITPaBUIL.

Korja ske j1eJ10 KacaeTcst ceTeBbIX ¢y K0, CUTYaIUs CYIIECTBEHHO U3MEHSIETCSI. 311eCh B KOH-
KypeHTHYI0 60pb0Y 3a IPOLECCOPHOE BPEMsI BCTYIAIOT YK€ HECKOJIBKO ITPOIECCOB, TI0ITOMY
[JIAHUPOBaHUE CHOBA IIpUOOpeTaeT 3Hadyenne. Harpumep, Koraa neHTpaIbHOMY IIPOLIECCOPY
HYZKHO BBIOMPATh MEK/LY 3aIYIIEHHBIM ITPOIECCOM, COOMPATOIINM €5KeJHEBHYIO CTATUCTHKY,
U OJIHMM W3 TIPOIECCOB, 00CTYKUBAIOIIMX 3aIIPOCHI TI0JIb30BATEJIs, €CIIU IIPHOPUTET OyIeT
cpasy ke OT/IaH [OCJIeHEMY 13 IIPOIIECCOB, M0JIb30BaTEb OYAeT 4yBCTBOBATH ceOsi HAMHOTO
Jiyutiie. MHorne MoGuIbHBIE yCTPOKCTBA, TaKKe Kak cMapT(OHDI (32 UCKJIIOYEHUEM Pa3Be YTo
CaMbIX MOIIIHBIX MOJIETIEH ), ¥ Y3ITbI CEHCOPHBIX CETEH «OOMITIEM PECYPCOB» TAK/KE TOXBACTATh-
CsT He MOTYT. Y HUX BCe €IIe MOKET OBITh MAaJIOMOIIIHBIN TIEHTPATBHBII TIPOIeccop 1 HeOOTb-
o 06beM TaMsITH. Bostee Toro, MOCKOJIbKY OHUM 13 Hanbosiee BaKHBIX OTPaHUUCHUH Ha
ATUX YCTPOUCTBAX SIBJISIETCSI PECYPC AKKYMYJISITOPOB, HEKOTOPbIE IJIAHUPOBIIUKY CTAPAIOTCS
OINITHMU3NPOBATH TTOTPEOIEHIE DJIEKTPOIHEPTHH.

IT1aHUPOBIIUK HAPSITY ¢ BBIGOPOM «IIPABIJIBHOTO» MIPOTIECCa J0JKEH 3a00THTHCS TAKKE 00
abdeKTUBHOI 3arpy3Ke MEHTPAIBLHOTO TIPOIECCOPA, TOCKOJIBKY TIEPEKII0UEHIE MTPOTIECCOB
SIBJISIETCST BEChMa JIOPOTOCTOSIINM 3aHsATHeM. CHavasra IOJKHO TPOM30NTH TIEPEKITI0UeHITE
U3 TT0JIb30BATEIBLCKOTO PEXKUMA B PEKUM SIIPA, 3aTEM COXPAHEHO COCTOSTHUE TEKYIIEro TPo-
1ecca, BKJII0Yasi COXPaHEHUE ero PErMCTPOB B TabJIMIE TIPOIECCOB UL UX ITOCIELYIOMei
HMOBTOPHO# 3arpy3kn. Ha HEKOTOPBIX CHCTEMAX JIOJKHA OBITh COXpaHEHA TaKKe KapTa
mamsiTi (HarpuMep, TpU3HaKy oOpalienusi K crpanuiaM namsiti). Ilocie aToro 3amycka-
eTCst AJITOPUTM TJIAHUPOBAHUS JIJIsT BBIOOPA CJIEAYIONIETO MPOIecca. 3aTeM B COOTBETCTBUN
€ KapToil IIaMsITH HOBOTO MPOTIECca T0JIKeH ObITh Mepe3arpyskeH OJI0K yIPABIEHUsI TAMSITBIO.
W HakoHell, HOBBIIA IPOTIECC J0JIKEH ObITh 3amyiieH. B1o6aBok KO BeceMy IepeuncJeHHOMY
HEePEKITIOYEHE MTPOIECCOB 00ECIIEHNBAET BECh KA [TAMSITH, 3aCTABJISIS €70 JIBAK/IbI [HHA-
MHUYECKH TIepe3arpysKaThbCs U3 OIePaTUBHOIN MaMATH (II0CJIe BXO/A B SPO ¥ TOCJIe BBIX0/1A
13 HeTO). B uTore cmIkoM yactoe epekaIiodeHre MOKET OTIIOTHTD CYIIECTBEHHYIO 00
MPOIECCOPHOTO BPEMEHH, UTO HABOJUT HA MBICJIb: 3TOTO HYKHO M30€rarh.

MoBepeHue npouecca

Ha puc. 2.19 nokasano, 4To NpakTU4YeCKu y BCEX MPOIECCOB MUKW BBIYMCJIUTENbHON aK-
TUBHOCTHU YePEIYIOTCS C 3arrpocaMi (JIFICKOBOTO MJIM CETEBOTO) BBOJIA-BBIBO/IA. 3a4aCTYIO
HEeHTPaJIbHBIN IIPoIieccop HEKOTOPoe BpeMs paboTaer 6e3 0CTaHOBOK, 3aTeM [TPOUCXOIUT
CHUCTEeMHBIHN BBI3OB JIJI UTEHU AAaHHBIX U3 (hafiyia uianm g ux 3anuch B ¢aitn. Koraa cu-
CTEeMHBII BBI30B 3aBEPIIAETCS, IIEHTPAJIbHbIIA IIPOLIECCOP BO30OHOBIISAET BEIYMCIICHUS 10 TEX
10D, I0Ka €My He II0HaZ00ATCs JOIOJIHUTEIbHbIE JAHHbIE WU He TT0TpeOyeTcs 3alncarh
JIOTIOJTHUTE/IbHbIE IaHHbIe HAa JAUCK U T. /1. Clle/lyeT 3aMeTUTh, YTO HEKOTOPBIE OllepaIlun
BBO/Ia-BBIBOJIa CYMTAIOTCS BhruncjeHusimu. Harpumep, Kor/ia eHTpaibHbIi TIPOIECCOP KO-
EPyeT OUTHI B BUAEOIAMSITh, 4TOOBI 0OHOBUTH U300pasKeHUE HA HKPAHE, TO OH 3aHUMAETCSI
BBIUMCJIEHNEM, a HE BBOJIOM-BBIBO/IOM, TIOCKOJIBKY TIPH 9TOM 33/IeiiCTBOBAaH OH caM. B aToM
CMBICJIE BBOJI-BBIBOJI [IPOUCXO/HT B TOM CJIydae, KOTJIa IPOIECC BXOIUT B 3a0JOKUPOBAHHOE
COCTOsIHUE, OKUJIasT, [I0Ka BHEIIHEE YCTPOHUCTBO 3aBEPIIUT CBOIO padoTYy.

ITo moBoxy n306pakenst Ha puc. 2.19 ciieyer 3aMeTuTh, 4TO HEKOTOPbIE TIPOLECCHI, KaK TOT,
YTO MoKa3aH Ha puc. 2.19, @, TpoBOASAT OCHOBHYIO YaCTh CBOETO BPEMEHHM 32 BBIUNCJIEHUSIMU,
a JIpyrHue, KaK TOT, YTO MMOKazaH Ha puc. 2.19, 6, 0CHOBHYIO 4acTh CBOETO BPEMEHU OKU/Ia-
10T 3aBeplUIeHUsI ollepalluii BBoJa-BbIBoJa. IlepBble mpoliecchl Ha3bIBAIOTCS IPOLIECCAMHU,
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Puc. 2.20. MNrkun akTMBHOIro NCNosib30BaHUs LEHTPabHOMO NPoLeccopa YepenyTes ¢ nepnogamMmm
OXnpaHus 3aBepLUeHns onepauuii BBoaa-BblBOAA: @ — MPOLLECC, OrPaHNYEHHbI CKOPOCTbIO
BblYMCNEHMIA; 6 — MPOLLECC, OrPaHMYEHHbI CKOPOCTbIO PaboThl YCTPOWCTB BBOAA-BbIBOAA

OTpaHUYEHHBIMU CKOPOCTHIO BHIYMCIIEHHH, 2 BTOPble — MPOIeCCaMl, OTPAHHYEHHBIMH
CKOPOCTBIO PaGOTHI YCTPOICTB BBOAA-BbIBO/A. [1POIECChI, OTPAHUYEHHBIE CKOPOCTHIO
BbI‘lHCJIeHI/Iﬁ, 06bI‘-IHO HUMEIOT ITPOAOJIZKUTE/IbHBbIE TTNKU BbI‘{I/IC]II/ITe]IbHOﬁ AKTUBHOCTHU WU,
COOTBETCTBEHHO, HEYACTBIE EPUOIbI OKUAHMST BBOAA-BBIBO/A, A TIPOIECCHI, OTPAaHUYEH-
HBIE CKOPOCTBIO PAGOTHI YCTPOICTB BBOAA-BBIBOJIA, UMEIOT KOPOTKHE TIEPUOIbI AKTUBHOCTH
HEHTPAIBHOTO TMPOIECCOPA U, COOTBETCTBEHHO, I0BOJILHO YACTHIE TIEPUOBI OKUTAHUSA BBO-
na-soiBojia. CoreyeT 3aMeTHTh, YTO KIOYEBBIM (DAKTOPOM 3/1€Ch ABJSAETCS TIEPUOJ TUKOBOM
AKTUBHOCTH TIEHTPATILHOTO MPOIIECCOPa, a He MPOIOJIKUTENBHOCT AKTUBHOCTH YCTPOICTB
BBO/IA-BBIBOJA. [IpOIecchl, orpaHnYeHHbIE CKOPOCTBIO PabOThI yCTPOHCTB BBOA-BBIBOJIA,
CUMTAIOTCS TAKOBBIMU TOJIBKO ITOTOMY, YTO HE 3aHUMAIOTCST TPOJIOJKUTENBHBIMY BBIYUCTIE-
HUSIMU B [IPOMEKYTKAX MEXK/IY 3allPOCaMU BBOJA-BBIBO/IA, 4 HE OTOMY, YTO OHU TJIABHBIM
06pa3oM 3aHATHI TPOIOJIKUTENBHBIMI 3alIPOCAMK BBOJA-BBIBOJIA. 3AITPOC HA YTeHue GI0Ka
JIAHHBIX C INCKA 3AaHUMAET OJIHO U TO K€ BPEMs HE3aBUCUMO OT TOTO, MHOTO HJIM MAJIO Bpe-
MEHH YXOJUT Ha UX 00paboOTKY MOCJIe Oy YeHUs.

CTONT 3aMeTHTD, 9TO YeM OBICTPEE CTAHOBATCS IEHTPaIbHbIe MPOIECCOPHI, TeM GOJIbIIE
MPOIECCHI OTPAHUYMBAIOTCS CKOPOCTBIO PpadOThl yCTPONCTB BBOAA-BBIBOAA. ITO CBI3AHO
¢ 6oJiee OBICTPBIM COBEPIIEHCTBOBAHUEM IIEHTPAJILHBIX [IPOLIECCOPOB 110 CPABHEHUIO C COBEP-
IIEHCTBOBAHNEM JUCKOBBIX YCTPOHCTB. [[09TOMY IIIaHMpOBaHIE TPOIECCOB, OTPAHITIEHHBIX
CKOPOCTHIO PabOTHI YCTPOICTB BBOAA-BLIBO/IA, B OYy1IIEM, CKOPee BCero, Iprobperet OoJiee
BaskHY10 poJib. OCHOBHOIT 3aMbIces OYIET 3aKII0UAThCA B HEMEJIEHHOM TIPEI0CTABICHUH
IIaHCa FOTOBOMY K BO30OHOBJIEHUIO PaGOTHI IIPOIECCY, OTPAHNYEHHOMY CKOPOCTBIO PaGOTHI
YCTPOICTB BBOMA-BBIBOMIA, C TEM, YTOOBI OH MOT BBIZIATh 3aIPOC K AUCKOBOMY YCTPOMCTBY
U HOAIEPKATD €ro 3arpy:KeHHOCTh. Ha puc. 2.4 Mbl BUAEIN, YTO JAJEKO HE MHOTHM IIPO-
1eccaM, OrpaHIIeHHBIM CKOPOCTEIO pabOTHl YCTPOMCTB BBOAA-BBIBO/A, YAAETCS IOJTHOCTHIO
3aHATH BPeMsI IIEHTPATBHOTO MTPOIECCOPA.

Korpa nnaHuposatb?

KirtoueBbIM BOTIPOCOM TIJIAHWPOBAHUS SIBJISIETCSI MOMEHT NPUHSATHS peltenns. Oka3biBaeT-
cs1, CYTIECTBYIOT pasHOOOpasHble CUTYAIlUK, TPEOYIONIIe BMEIATEIhCTBA TIAHNPOBIITIKA.
Bo-11epBbIX, 1IpU CO3[aHUU HOBOTO MPOIiecca HeOOXOAUMO IPUHSTD PelleHre, Kakoii 13
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IIPOIIECCOB BBIOIHATH, POAUTENbCKUI nin godepauii. [TockonbKy 00a 1mporecca HaxoasT-
Csl B COCTOSTHUU TOTOBHOCTH, BIIOJIHE €CTECTBEHHO, UTO TJIAHUPOBIIUK OJIKEH TTPUHSATH
pelienue, To eCTh BIIoJHEe 000CHOBAHHO BHIOPATh BbIIOJHEHHE JTUOO0 POAUTENBCKOTO, TUOO0
JIOUepHero rpoiecca.

Bo-BTODBIX, TJIAHUPOBIIKK J0JIKEH MPUHSITH PEIeHHe, KOT/Ia TIPOIECC 3aBepiraeT paboTy.
[Tpottecc GoJiblie HEe MOKET BBINOJHATHCSA (IOCKOJIbKY OH YK€ He CYIIECTBYET), [I09TOMY
HY’KHO BBIOPATh KaKOH-HUOY/Ib MPOIIECC U3 YUCJIA TOTOBBIX K BBIIOJIHEHUIO. Eciiu rotoBbie
K BBITIOJTHEHUIO MIPOIIECCHI OTCYTCTBYIOT, OOBITHO 3aITyCKAETCSI TTPEIOCTABIISIEMBIN CHCTEMOT
XOJIOCTOH TIPOIIECC.

B-TpeTbux, Kor/a mpoiiecc GIOKUPYETCsT B 0KUIAHIHT 3aBEPIIIEHNUST OTIEPAINH BBOJIA-BBIBO/IA,
Ha cemadope WK 110 KaKOi-HUOY b IPYTOii IPHYUHE, /s BBITOJHEHUS J0JIKEH ObITh BhIOPAH
KaKOW-TO Ipyroi mpoiiecc. MIHOTA B 9TOM BBIOOPE UTPAET POJIb IPUYMHA OIOKUPOBAHIS.
Hampumep, ecimm mpotiece A urpaeT BaXHYTO POJIb 1 OKHAJAET, TIOKA Tporiecc b He BoIHeT n3
KPUTHYECKON 00JIACTH, TO TIPEOCTABIEHIE OYEPEAHOCTH BBITIOIHEHUSI TIporieccy b 11o3BouT
HTOMY MPOIECCY BBIUTU M3 €r0 KPUTUYECKOU OOJIACTH, YTO JACT BO3MOKHOCTD ITPOIOJIKUTE
paboty mporieccy A. Ho cJI0KHOCTD B TOM, UTO IIAHUPOBIIUK 0OBIYHO He 00JIa1aeT HeoOX0-
JMMO¥ nHdopMalneii, Mo3BOJISIONIEN yUecTb JAHHYIO 3aBUCUMOCTb.

B-uerBepThbIX, IIAHUPOBLIMK T0/KEH IIPUHATDH PElleHNe IPU BO3ZHUKHOBEHIH IIPePhIBaHUs
BBOJIA-BbIBOZA. EC/IM IpepbIBaHue MPUIILIO OT YCTPOMCTBA BBOAA-BbIBO/IA, 3aBEPIINBIIETO
CBOIO PaboTY, TO KAKOK-TO TIPOLIECC, KOTOPBIiA ObLI 3a0JI0KUPOBAH B OKUIAHUY 3aBEPIIEHUST
orepanuu BBOJA-BbIBOJIA, TEIEPh MOKET ObITh TOTOB K BO300HOBIEHNIO paboThl. Inanu-
POBIIUK JIOJKEH PEIUTh, KaKOi MPOoIece eMy 3allyCKaTh: TOT, 9YTO TOJBKO UTO TIEPeltet
B COCTOSTHME TOTOBHOCTH, TOT, KOTOPBII OBLI 3aITylleH 3a BPEMS TIPEPHIBAHUS, MM KaKOIi-
HUOYb TPETUI Ipoliecc.

Ecsm anmapatubiii Taiimep o6ecrieduBaet nepruogndeckue mpepbiBaHust ¢ 4acToToit 50 miiu
60 Tt uitu ¢ Kakoii-HUOYAb APYTON YaCTOTOM, IIAHMPOBIIUK M0JIKEH IIPHHUMATH PEIIEH ST
[PU KaXKIOM IIPEPBIBAHUY 110 TalMepy WJIM IPU KaskA0M k-M nipepbiBatuu. [To peakiuu Ha
MIPEPLIBAHNS 110 TalMEPY aJITOPUTMBI IJTAHUPOBAHUS MOXKHO PA3Ie/IUTh Ha JIBE KaTETOPUN.
HenpuoputeTHblii aTOpUT™ [IAHIPOBAHUS BHIOWPAET 3aITyCKaeMBII TTPOIIECC, & 3aTeM MPO-
CTO JIA€T eMY BO3MOKHOCTD BBITIOJIHSITHCSI 10 TEX TOP, TIOKA OH He 3abJ0KUpyeTcst (B 0KH-
mauuu TuGo 3aBEpPIIEHNUsT OMePAIlnU BBOAA-BBIBO/IA, JIHOO IPYTOTO MPOIECca), WK JI0 TeX
OP, MOKa OH JI06POBOJILHO He 0OCBOGOAUT IEHTPAIBHBIN Tpoteccop. Jlaske eciu mporiece
Gyzier paboTarh B TeUEHNE MHOTHX YaCOB, OH He OyJIeT IPHOCTAHOBJIEH B IPUHYIUTEIBHOM
nopsiike. B pesyJibrate Bo BpeMst IPEPhIBAHIN 110 TAliMEPY PEIICHUS TIPUHUMATBCS He OYIyT.
[Tocuie 3aBepienust 06pabOTKY TPEPHIBAHUS 110 TaiiMepy paboTy BO30GHOBUT paHee 3airy-
MIEHHBIT TIPOTIECC, ECIIU TOJIBKO KaKOH-HIOY b 1Ipotiecc 60Jiee BBICOKOTO YPOBHS HE OKUIAI
TOJIBKO YTO UCTEKIIeH 3a/IeP>KKU 110 BPEMEHHU.

B oTsinyme oT 9TOro NPUOPUTETHDIH aJITOPUTM IJIAHUPOBAHKS IIPELYCMaTPUBAET BHIOOD
npolecca 1 IIpefocTaBIeHne eMy BO3MOKHOCTU PaboTaTh 10 HCTEYEHUST HEKOTOPOTO CTPOTO
OIIPEIEJIEHHOrO IIeproga BpeMeHu. Eciin 1o OKOHYaHKs 9TOro eproja OH Bee ente Oyaer
paboTaTh, MIIAHKUPOBIIUK IIPHOCTAHABIUBAET €r0 paboTy U BHIOMPAET [JIsI 3aIlyCKa IPYTroi
npoitecc (ecyam ecTb AOCTYIHBIH /st aToTo Tpotiecc). OcytiecTBieHne IPUOPUTETHOTO
QJITOPUTMA [LIAHKMPOBAHUST TPeOYeT HAIMYKS IIPEPBIBAHUIL 110 TaliMepy, BO3HUKAIOIIUX 10
OKOHYAHWUH OIPEIeJIeHHOTO ePUo/ia BPeMeHH, YT0ObI BEPHY T YIIPABJICHUE [IEHTPAIbHBIM
ITPOIIECCOPOM TIJIAHUPOBITNKY. Ecsi ipeppiBanms 1o TaiiMepy HeZIOCTYITHDI, OCTAETCS NI
WCITOJIH30BATh HETIPUOPUTETHOE TIJITAHNPOBAHME.
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KaTteropumn anropuTMoB niiaHUMpoBaHUS

HeyauBuTeabHO, 4TO B PasiMuHBIX YCIAOBUAX OKPYIKAIOIIEH cpeibl TPeOYIOTCS pasHble
AJITOPUTMBI IJIAHUPOBAHUSA. DTO 0OYCIOBIEHO TEM, YTO PasJHdYHble C(hepbl TPUIOKEHUN
(¥ pa3HbIe TUTIBI OTICPAITMOHHBIX CUCTEM ) TIPETHA3HAYCHBI [ PEIIeHN PA3HBIX 3a/1a4.
WupiMu croBamM, TpeiMeT OTITUMU3AINN 715 TTAHUPOBIIKA HE MOKET COBIAIATh BO BCEX
cucteMax. [Ipu aToM cTouT pazinyaTh TPU Cpesibl:

4 IaKeTHYIO;
4 UHTEPaKTHUBHYIO;
4 PpeasbHOTO BPEMEHH.

B makeTHBIX crcTeMax He OBIBAET TOJIb30BaTEEH, TEPIETUBO OKUAAIOININX 32 CBOMMMU
TepMHHAJIaMU OBICTPOrO OTBETAa Ha CBOM KOpPOTKuUii 3arpoc. [ToaToMy A1 HUX 3a4acTyio
TpreMJIeMbl HETIPUOPUTETHBIE AJITOPUTMbBI UJIW TIPUOPUTETHBIE AJITOPUTMBI C JITTUTETbHBIMU
[epuoiaMu JIJIsl KaKJI0ro rpoltecca. Takoll oaxo/ coKkpalaeT KoJM4ecTBO IepeKIiodeHu i
MESK/TY TIPOTIECCAM, TIOBBITIAST TTPH STOM TTPOU3BOANTETBHOCTD PAOOTHI crcTeMBI. [lakeTHbIE
AJICOPUTMBI HOCAT BechbMa OOIIUIT XapaKTep M 4acTo HaXO[AT IPUMEHEHUE U B IPYIUX CH-
TyaIlusx, o3TOMY MX CTOUT U3YUUTh Jaxe TeM, KTo He paboTaer B cepe KOpIopaTUBHBIX
BBIYMCTICHUH C MCTIOTb30BaHNEM YHIUBEPCATbHBIX MATITHH.

B cpene ¢ monb3oBaresisivi, paboTAOMIUMU B UHTEPAKTHBHOM PEXKIME, TPUOOPETAET BaK-
HOCTH IIPUOPHUTETHOCTD, yAE€PKUBAIOIIAs OT/IETbHBIN MTPOIIECC OT 3aXBaTa IEHTPAJIBbHOTO
[IpoIIeccopa, JHUIIAOIIEro PU HTOM JOCTYIa K cayxk0e Bcex Apyrux mpoieccos. Jaxe npu
OTCYTCTBUU IIPOIECCOB, CKJIOHHBIX K GECKOHEYHOIT paboTe, OIUH 13 IPOIECCOB B CiIydae
POrPAMMHON OMOKK MOT Gbl HABCET/[A 3aKPBITh JOCTYI K paboTe BCeM OCTAIbHBIM PO-
teccam. Jljist peynpeskieHust TaKoro moBeeH st He0GXO0AMMO MCII0JIb30BaHUE TPUOPUTET-
Horo anroput™a. 1o/ 3Ty Kareropuio NozNaaanT N CepPBEPHI, IIOCKOJIbKY OHU, KaK TIPAaBUJIO,
06CIYKUBAIOT HECKOJIBKIX BEYHO CIiemanux (yAaJeHHbIX) mosb3osareeil. [Toxb3oBaresu
KOMIIBIOTEPOB TIOCTOSTHHO TIPEOBIBAIOT B COCTOSTHUH JIHKOF CIIETTKH.

B cucTtemax, orpaHUYeHHBIX YCIOBUSIMH PEaTbHOTO BpeMeHHU, KaK HU CTPAHHO, TIPHOPU-
TETHOCTh MHOT/IA He TPeOYeTCs, IOCKOJIbKY MIPOIECCHl 3HAIOT, YTO OHU MOTYT 3aIlyCKaThCs
TOJIBKO Ha HEIPOOJUKUTEIbHBIE TIEPUOIbI BPEMEHM, 1 3a4aCTYIO BBIIIOIHSAIOT CBOIO paboTy
JTOBOJTIBHO OBICTPO, @ 3aTeM OMOKMPYIOTCS. B oTiiume OT MHTEPaKTHBHBIX CUCTEM B CHCTEMAX
peasbHOrO BPEMEeHM 3aIlyCKAIOTCS JIUIIb Te TTPOrPaMMBbl, KOTOPBIE TIPeIHA3HAYEHBI JIJIST CO-
JleficTBUA oTIpe/iesIeHHON TPUKJIAHOM 3a/aue. VIHTepaKTUBHBIE CUCTEMbI UMEIOT YHUBEP-
CATBHBIN XapaKTep W MOTYT 3ayCKaTh TIPOU3BOIBHBIE TPOTPAMMBI, KOTOPBIE HE BBITIOTHSIIOT
COBMECTHYIO 33714y WJIN /1a’ke, BO3MOKHO, BPEAT APYT APYTY.

3apaum anroputMa niaHMpoBaHuUs

YT06bI CO3ATh AJATOPUTM IJIAHUPOBAHMUS, HYKHO MMETh HEKOE IIPEJICTABIEHIE O TOM, C YEM
JIOJIKEH CIIPAaBUTBCA TOJKOBBIHM anroput™. HekoTopble 3a/1aun 3aBUCAT OT CPe/ibl OKPYKEHUS
(makeTHas, MHTEPAKTUBHASA WU PEATHHOTO BPEMEHM ), HO eCTh U TaKue 33/1a4i, KOTOphie
JKeJIaTeJIbHO BBIIIOJIHUTD B JIIOOOM ciiydae. BOT HEKOTOpbBIE 3a/1auu aJlrOpUTMa IJIaHKPOBA-
HUSsT, KOTOPBIX CJIEYET MPUAEPKUBATHCS TIPU PA3INIHBIX 0OCTOSTENBCTBAX M KOTOPBIE HAM
BCKOPE TIPEAICTOUT PACCMOTPETh:

4 Bce cucremsr:

*  PaBHOAOCTYMHOCTb — TPEAOCTaBIeHNE KaKAOMY TIPOIleCcCy CIpaBeIInBON 10U
BPEMEHN TIEHTPATTLHOTO TIPOIECCOPa;
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* HNPUHYXKIEHHNE K OHpelIeJIeHHOIL/,I IMOJINTUKE — Ha6JIIOlIeHI/Ie 3a BBIIIOJIHEHUEM YyCTa-
HOBJIEHHOI ITOJIMTUKH;

e famanc — TIoAAEPIKKaA 3arpy’KEHHOCTH BCEX COCTAaBHBIX yacTell CUCTEMBI.
4+ IlakeTHbIE CHCTEMBI:
¢ TIPpOM3BOJUTEJbHOCTb — BbIIIOJIHEHNE MaKCUMAJIbHOT'O KOJTMYECTBaA SEIZ[aHI/Iﬁ B 4Hac;

*  060pOTHOE BPEMST — MUHUMU3AIINST BPEMEHN MEKITY MPeICTAaBIeHUEM 3a1aull 1 ee
3aBEPIIEHUEM;

°  HUCIOJIb30BaHUE [EHTPAJIBHOTO MPOIECCOPA — MOJIEPIKKA TOCTOSIHHOM 3arpysKeH-
HOCTH TIPOIIECCOPA.

4 UHnrepaKTUBHBIE CHCTEMBI:
*  BpeMs OTKJINKA — OBICTPBII OTBET HA 3aIIPOCH;
*  IIPOIMOPIHOHAIBHOCTD — OIIPaBIAaHNE ITOJTH30BATEbCKUX HAZEK]T,
4 CucreMbI peajJibHOTO BpEMEHH:
*  cobuojieH e TIPeIeIbHBIX CPOKOB — MPEAOTBPAIleHIe TOTEPH TaHHBIX;

¢ TPEeaCKa3zyeMOCTb — IMPeAoTBPpalleHne YXy/AIIEeHNA Ka4veCTBa B MyJIbTHMeZ[HfIHLIX
CUCTeMax.

PaBHOMOCTYTHOCTD BaskHa TPH JTIOGBIX 00CTOSITEbCTBaX. COTIOCTABUMBIE TTPOIECCHI TOJKHDI
HOJTy4aTh COIIOCTABUMBIN YPOBeHDb 00cTy kuBatust. HeclpaBeuInBO IPEOCTABIISATD OHOMY
mpoiieccy 60JIbIle BpEMEHH IEHTPAIbHOTO MPOIIECCOPA, YeM JAPYroMY, 9KBUBAJICHTHOMY
emy npoieccy. Pazymeercs, pasjmuHble KaTeropuu MpoIeccoB MOTYT 06pabaThiBaThCs
no-passomy. CpaBHUTE, K IPUMEPY, yIIpaBJeHue cucTeMaMy GE30I1aCHOCTH U BBIINOJHEHKE
pacyeToB 1o 3apabOTHOI TIaTe B KOMITBIOTEPHOM IIEHTPE aTOMHOMN 3JIEKTPOCTAHIIH.

K paBHOIOCTYITHOCTH UMEET HEKOTOPOE OTHOIIEHHE U IPUHYK/IEHIE K CUCTEMHOM TIOJIUTHKE.
Ecyu siokasibHas MOJIMTHKA 3aKII0YAETCS B TOM, YTO [IPOIECCEI, KOHTPOJIUPYIoiiue Oe30mac-
HOCTb, JI0JIKHBI TI0JTy4aTh BO3MOKHOCTH BO30OHOBJIEHUST CBOEH pabOTBI Cpasy Ke, KaK TOJIbKO
B 9TOM BO3HUKHET HEOOXOANMOCTb, IaKe €CJIM IIPU HTOM pacyeT 3apaboTHOM MJ1aThl 3aj1ep-
SKUTCS Ha IOJMMHYThI, IJIAHUPOBIIUK A0JIKEH 00€CIeYUTh OCYIECTBAEHIE 9TON OJUTHKH.

Jlpyroii obuieit 3azaueii siBjisteTcst ojIepskaiie MaKCUMaJIbHO BO3MOIKHOI 3a/1eficTBOBAH-
HOCTH BCEX COCTABHBIX YaCTell cucTeMbl. Ec/u 1eHTpaIbHbIi POIECCOpP U BCe YCTPOicTBa
BBOJIa-BBIBO/Ia CMOTYT OBITh MIOCTOSIHHO 33/IeHCTBOBAHBI, TO OyAET TPOU3BEIeH OOBITHI
00beM PaboThl B CEKYHJLY, YeM IIPH IIPOCTOE KaKuX-H1OyAb KOMIOHeHTOB. K mpumepy,
B TIAKETHON CUCTEMe TIAHUPOBIIKMK YIIPABJISIET TEM, Ube 33j[aHNe TIOMECTUTD B MAMSITh 711
BoinosTHeHUsE. OTHOBPEMEHHOE pasMelleHre B MTaMsITH YacTHU IIPOIECCOB, OTPAHUYEHHBIX
CKOPOCTBIO BBIUMCJICHUT, M 4aCTH MPOIECCOB, OTPAHMYEHHBIX CKOPOCTHIO PabOTHI YCTPOICTB
BBOJIa-BbIBOJIA, Oy/IeT GoJiee pasyMHBIM PEIIEHUEM, YeM 3aTPy3Ka W BBITIOJIHEHIE CHaYaia
BCeX Sa]IaHI/II'jI, OFpaHI/I‘IeHHbIX CKOpOCTbIO BbI‘{I/ICJIeHI/II;,I, a 3aTeM, Kor/la uX BLIIIOJIHEHUE
3aBEPINNTCS, 3aTPY3Ka 1 BHITIOJTHEHUE BCEX 3a/TaHUH, OTPAHNIEHHBIX CKOPOCTHIO PabOTHI
YCTPOICTB BBOJA-BbIBOA. Ec/i MCTIOMB3YyeTCs TOCTAENHSS U3 9TUX CTPATETWH, TO TIPH 3a-
IyCKe TPOIECCOB, OTPAaHUMYEHHBIX CKOPOCTHIO BHIUMCJIECHIIT, OHU OYAYT COCTSZATHCS 3a WC-
0JIb30BaHIE IIEHTPAIBHOTO TPOLIECCOPA, a JMCKOBOE YCTPOICTBO OYAET IPOCTauBATh. 3aTEM,
KOI'/Ia J1EJI0 OI/IET 10 BBIOJIHEHUS 3aJaHni, OrPaHMYEHHBIX CKOPOCTHIO PAOOTHI YCTPOUCTB
BBO/Ia-BBIBO/IA, OHU BCTYIISIT B OOPHOY 3a AMCKOBOE YCTPONCTBO, a TIEHTPATBHBIN MTPOTIECCOP
6yzet mpocTanBaTh. JIydlie 3a cueT pasyMHOTO COUETAHNUST TIPOIECCOB TTOIEPKUBATD B Pa-
6OTaIOIEM COCTOSTHUN CPa3y BCIO CHCTEMY.
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PyxoBoauTesn KpyIHBIX BEIYUCIUTETHHBIX IIEHTPOB, B KOTOPBIX 3aITyCKAETCS MHOXKECTBO
[AKETHBIX 3a/IaHKH, [IPU OLIEHKE IPOU3BOMTENBHOCTH CBOEI cUCTEMbI 00BIYHO OEPYT B pac-
9eT TPU MOKa3aTest: TPOU3BOAUTENLHOCTD, 0O0OPOTHOE BPEMST M CTETIEHD 3a/1€HICTBOBAHUS
IeHTpaJbHOTO TIpoiieccopa. IIpou3BOANTEIBHOCTD — 3TO KOJWYECTBO 3aaHU, BBITIOJN-
HeHHbIX 32 oauH Yac. C yueToM Beex 06CTOSATeNbCTB BbinoaHeHre 50 3aanuii B yac cuura-
eTcsl IyYIIMM [ToKasaTesieM, 4yeM BoinosHernne 40 3aganuii B uac. OG0POTHOE BpeMsi — 9TO
CpeIHeCTaTUCTIYECKOE BpeMsI OT MOMEHTA Tiepe/iauil 3a/[aHMs Ha BBITIOJHEHUE 0 MOMEHTA
3aBeplIeHns ero BbIoJHeHU. VM uamepsiercs BpeMs, 3aTpaurBaeMoe Cpe/HeCTaTuCTuye-
CKUM I10JTb30BaTe/IeM Ha BbIHYKIEHHOE OKU/IAHUE BBIXO/HBIX JAHHBIX. 3/I€Ch I€HiCTBYET
MPaBUJIO: YeM MEHbIIIE, TEeM JIyYIlle.

AJITOPUTM TJIAHUPOBAHUA, TOBOAAIIIIN 10 MAKCUMYMa IIPOM3BOAMTENbHOCTD, He 00g3aTe b
HO Oy/IeT CBOAUTD K MUHUMYMY 000poTHOE BpeMs. Harpumep, eciiu B3siTh cOYeTaHue KOPOT-
KMX ¥ JIJIMHHBIX 3aaHU, TO IJIAHUPOBLIMK, KOTOPBIA BCEr/a 3alryCKajl KOPOTKIE 3aaHusl
U HUKOT/[a He PaboTall ¢ IVIMHHBIMU, MOJKET JI0CTUYb BEJIUKOJIEITHO TIPOU3BOAUTEIBHOCTH
(BBIITOJTHUTL MHOXKECTBO KOPOTKUX 3a/IaHUI 3a OJIMH Yac), HO 32 cUeT Kpaliie HU3KOTO I10-
KasaTesist 000POTHOTO BPEMEHU IS JTMHHBIX 3a7aHuil. [Ipu BbIAEPKUBAHUY TOCTATOUHO
BBICOKO# CKOPOCTH MOCTYIJIEHUST KOPOTKUX 3alaHul 3aITyCK JIMHHBIX 3aJaHUHA MOKET
BOOOIIE HUKOT/[a He COCTOSIThCS, IOBOJIA CPefHee 0O0POTHOE BPEMsI 10 OECKOHEYHOCTH IIPU
JOCTUKEHUU BBICOKOTO [OKA3aTeJIst [IPOU3BOAUTENbHOCTH.

B kauecTBe [10Ka3aTeJIs B IIAKETHLIX CUCTEMaX YacTO UCIIOJIb3YeTCs cTelleHb 3a/ielicTBOBaHUs
LIEHTPaJILHOTO IIPOLieCCcopa, HO 9TO He CaMblil JIy4Iuil IIoKka3aresb. B peficTBurensuoctu
3Ha4YeHue UMeeT TO, CKOJIbKO 3a/[aHMil B Yac BBIIOJIHAET cucTeMa (IIPOU3BOAUTEILHOCTD)
U CKOJIBKO BPEMEHU 3aHMMaeT TI0Jy4eHre Pe3yibraToB 3aganust (06oporHoe Bpems). Mc-
MIOJTb30BAHME B KAUECTBE TIOKA3aTeIst CTENEeHN 33/IeHCTBOBAHHOCTH TIPOIECCOPa HAIOMITHACT
OIEHKY MAIIUH 10 TI0Ka3aTesio, CKOJIBKO 000POTOB B Yac JIEJIAIOT UX JBUTATENH. B TO ke
BpeMst MH(POPMAITUS O TOM, KOT/[a 33/IefiCTBOBAHHOCTD TIEHTPAJIBHOTO MPOIECCOPa OCTH-
raet 100 %, npuroguTcs sl opeiesieHnst MOMEHTA HAPAIIMBAHUSL €TI0 BBIYUCINTETbHON
MOIIIHOCTH.

JIJIst MHTEPAKTUBHBIX CHCTEM OoJIblilee 3HaUeHKe NMEIOT Apyrue 3agaun. Hanbosee BaxkHOI
13 HUX SABJSAETCS CBe/leHe K MUHIMYMY BPEMEHH OTKJIMKA, TO €CTh BPDEMEH! MEK/Y BbI-
Jladeil KOMaH/bl ¥ ToJrydeHreM peaysbraTta. Ha mepcoHabHBIX KOMITBIOTEPAX, NMEIOTNX
3arryieHHble (hOHOBBIE MTPOIECChI (HATIPUMED, YTEHUE U3 CETH AJIEKTPOHHOI TIOUTHI 1 ee CO-
XpaHeHue ), T0Jb30BATETbCKNH 3aITPOC Ha 3AITyCK ITPOTPAMMBI MJIH OTKPBITHE (haiiia J0KeH
umerh npuopurer Hax GoHOBOIN paboToii. [lepBoouepeHoil 3aycK BCeX MHTEPAKTUBHBIX
3aPOCOB Oy/IeT BOCIPUHUMATHCS KaK XOPOIIUH YPOBEHD 00CITYKIBAHUSI.

B onpezieniennoii crerenu K 9STUM CHUCTEMaM OTHOCUTCS U 33/1a4a, KOTOPYIO MOYKHO Ha3BaTh
MPONOPIHOHANBHOCTBIO. [0/Ib30BaTE/IIM CBOMCTBEHHO MPUKUIBIBATH (M 3a4aCTYIO HEBEP-
HO) TIPOJIOJKATENLHOCTD TE€X MM MHBIX coObITHil. Korma 3ampoc, paccMaTpiuBaeMblil Kak
CJIOKHBII, 3aHMMAET JIOBOJIBHO ITPOJIOJIKUTEbHOE BPEMSI, [T0JIb30BATE/b BOCIIPUHUMAET 3TO
KaK IOJKHOE, HO KOT/Ia 3aIIPOC, CYUTAIOIIMIICS IPOCTBIM, TAKKE 3aHIMAaeT HEMAJIO BpEMEHH,
10JIb30BATE/Ib BHIPAJKAET HEOBOJILCTBO. Harpumep, eciv 110 e/ YKy Ha 3HAUKe UHUIUUPY -
eTCs BRIKJIabBanme Buieo oobemom 500 M6aiiT na obmaunenii cepsep, uro sanumaet 60 c,
10JIb30BaTE b, HABEPHOE, BOCIIPHMET 3TO KaK JIOJIZKHOE, TOCKOJIBKY OH HE O3KUJIAET, UTO BUIICO
OyJeT repeato 3a 5 ¢, U 3HAET, YTO JIJIsk 9TOT0 HY5KHO BPEMSL.

Ho KOTrZa IMoJIb30BaTe/Ib HIECJIKA€T Ha 3HAYKeE, KOTOprfI VHUIIMUPYET Pa3pbiB COEANMHEHNA
¢ 00JIauHBIM CEPBEPOM II0CJI€ OTIIPABKU BU/I€0, Y HETO COBEPIHICHHO MHbIE OKWUIaHW . Ecim
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orepanus He 3aBepinaetcs nocie 30 ¢, Toab30BaTEIb BPSJA JIM CMOJYUT, a rocjie 60 ¢ oH
Gyzer npocto B3bereH. Takoe moBejieHe GYeT COOTBETCTBOBATH OOBIYHBIM T10JIb30BATE/Ib-
CKUM TIPEJICTABIECHIAM O TOM, YTO Ha OTHPABKY GOJIBIIOr0 00beMa JaHHBIX 1Pe0noiazaemcs
3aTpaTUTh HAMHOTO OOJIbIIE BDEMEHH, YeM Ha Pa3pPbiB COeANHEHNsI. B HEKOTOPBIX Caydasx
(KaK v B 9TOM) IJIAHUPOBIIMK HE MOKET MTOBJIUATH HA BPEMST OTKJIMKA, HO B IPYTUX CIyYasixX
OH MOJKET 9TO C/IE/IaTh, 0COOEHHO €CJIM 33/[ePKKa 00y CIOBIEHA HEBEPHBIM BHIGOPOM Ouepe/-
HOCTH BBITIOJIHEH WS TIPOIIECCOB.

B oranume or WHTEPaKTUBHBIX CUCTEM CUCTEMbBI PEAJIbHOTO BPEMEHU UMEIOT APpyrue CBOII-
CTBA, & 3HAYUT, U JIPYTHE 3aa49M IJIaHupoBanust. OHU XapaKTepPU3YIOTCsl HAIMYNEM KPaiiHUX
CPOKOB BBITIOJTHEHUsI, KOTOPbIE 00513aTe/IbHO WK 10 KPAllHEN Mepe JKeJaTeJbHO BbIIep-
sKUBaTh. Hanmpumep, eciim KOMIIBIOTED YIPaBJISET YCTPOICTBOM, KOTOPOE BBIIACT JTAHHbIC
¢ OTpe/IeJIEHHON CKOPOCTHIO, OTKA3 OT 3aIycKa mporecca c6opa JaHHbIX MOJKET TIPUBECTH
K morepe uHbopMmaiwu. [ToaToMy riIaBHbBIM TPEOGOBAHHEM B CUCTEMAX PEATBHOTO BPEMEHH
sBIsieTCst cobutoienue Beex (nim GoJibIeii yacTi) KpalHuX CPOKOB.

B HEKOTOPBIX cUCTEMaX PeabHOr0 BpeMEeHH, OCOOEHHO B MYJbTUMEIUHHBIX CHCTEMAX,
CYIIECTBEHHYIO POJIb UTPAET MPEACKAZyeMOCThb. Pefikie cirydan HecoO0IeHUsT KpalHUX
CPOKOB HE MPUBOJAAT K COOSAM, HO €CJIU ayJUOIPOIIECC MTPEPHIBAETCS TOBOJIBHO YACTO, TO
KAueCTBO 3BYyKA PE3KO YXY/IIAETCS. ITO OTHOCUTCS U K BUIECOTIPOIIECCAM, HO YETOBEUECKOe
yX0 60Jiee UYBCTBUTEJIBHO K CJIYYaiiHBIM UCKaKEHUSAM, YyeM 1J1a3. YTobbl u3bexaTh Hog00HOM
POOJIEMBI, TITTAHUPOBAHIE TTPOIECCOB JIOJIKHO OBITh UCKIIOUUTEIBHO MTPEICKA3yEeMbIM 1 0~
CTOSTHHBIM. B 2T011 ry1aBe Mbl PACCMOTPUM aJITOPUTMbI TIJTAHUPOBAHUS TTPOIECCOB B ITAKETHDIX
U MHTEPAKTUBHBIX cucTeMax. [[1aHupoBaHue MpoIeccoB PEATbHOTO BPEMEHHU B 3TOM KHUTE
He pacCMaTpHUBaeTCs, HO JIOTOJHUTEIbHBIN MaTepual, Kacaloluiics MyJIBTHMEANHHBIX o1le-
PAIMOHHBIX CHCTEM, MOKHO HAlITH Ha BeO-caiiTe KHUTH.

2.4.2. NnaHnpoBaHMe B NaKeTHbIX CUCTEMAX

Tenepn maBaiite mepeiiziemM OT OOUIIX BOMPOCOB ITAHUPOBAHUS K CHEIUATN3UPOBAHHBIM
anroputMaM. B aTom paszesie OyyT pacCMOTPEHDI aJITOPUTMBI, HCIIOJIb3y€EMbIe B TAKETHBIX
CUCTEMAX, a B CJIEAYIOIINX pas3/ieslax Mbl PACCMOTPUM allOPUTMBbL, UCIIOJIb3YEMbIE B UHTE-
PaKTHUBHBIX CUCTEMax U CUCTeMax peajbHoro BpeMenu. CieyeT 3aMeTHTb, YTO HEKOTOPbIE
AJITOPUTMBI UCIIOIb3YIOTCS KaK B IMAKETHBIX, TaK U B MHTEPAKTUBHBIX cucTeMax. Mbl pac-
CMOTPUM UX UyTb L1O3KeE.

MepBbIM NpULLEeNn — NepBbIM 06CNyXeH

Hageproe, HaunpocTeimmM 13 BCex aJrOpUTMOB IJIAHUPOBAHUSA OYAeT HEPUOPUTETHDI
AJITOPUTM, CJIEYIONMIT IPUHIIUILY «IIEPBBIM IPUILE] — HEPBbIM 00cayskeH>. [Tpu ucnoJib-
30BaHUM 3TOTO AATOPUTMA IIEHTPATBHBIH MPOIECCOP BBIZEISETCS TpoTieccaM B TIOPSAKE
MOCTYTIEHUS UX 3apocoB. [1o cyTu, ncmonb3yeTcst oHa 0ueperb TPOIECCOB, HAXOMATIINXCS
B COCTOSTHUU TOTOBHOCTHU. KoT/Ia paHO yTPOM B cHCTEMY M3BHE TIOMAIAET MTEPBOE 3a/IaHIIeE,
OHO TYT >Ke 3aIyCKAaeTCs Ha BBIIIOJIHEHUE U TT0JIy4aeT BO3MOKHOCTD BBITIOJHATLCS KaK Yro/l-
HO 1osiro. OHO He MPEPHIBAETCS 110 MPUYMHE CJIUNTKOM MTPOOJIKUTETLHOTO BBITOTHEHS.
Jlpyrue 3ajanusi 110 Mepe MOCTYIIEHHsI TOMEIIAIOTCs B KOHeI[ odepesiu. [Ipu 6JI0KupoBKe
BBITIOJIHAEMOTO TIPoIlecca CJAEAYIONIMM 3allyCKaeTcs MePBLIH MTPoliece, CTOANNN B OUepe/ii.
Kor/a 3a6/10KUPOBaHHBIIA [TPOLIECC TIEPEXOAUT B COCTOSHIE TOTOBHOCTH, OH, OA00OHO TOJIb-
KO YTO MTOCTYIUBIIIEMY 3aJIaHUIO, TTOMeIaeTcsl B KOHEI[ 0YePeIH, TTOCsIe BCeX OKUIAIOTINX
TIPOIIECCOB.
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CunbHOU CTOPOHON 9TOTO AJTOPUTMA SABJISIETCS TTPOCTOTA €r0 TOHUMAHUS U TaKas Ke
MPOCTOTA €ro MPOrpaMMUPOBaHus. Ero cripaBelsinBOCTb CPOJHU CIIPABEITUBOCTH Pac-
mpeiesieHnst [e(UITUTHBIX OMIETOB Ha CIIOPTUBHBIE WJIN KOHIIEPTHBIE 3PEJUINA WA MECT
B OYepe/id Ha HOBbIe aiihOHBI TEM JIHOJSIM, KOTOPBIE 3aHSLJIN OY€ePe/lb C JBYX YaCOB HOYU.
[Tpu ncnosb30BaHNM ATOTO AJITOPUTMA OTCIIEKUBAHKE TOTOBBIX TIPOIIECCOB OCYIIIECTBIISIETCST
C TIOMOIIBIO EJMHOTO CBA3AHHOTO CIIMCKA. BBIOOD CIIeAyIOIEro BhIIOJHIEMOro IIpolecca
CBOZINTCS K M3BJIEYEHUIO OJIHOTO IPOIECCca U3 Hadasa ouepean. JlobaBienne HOBOTo 3ajanus
W PasbIOKMPOBAHHOTO MTPOIIECCa CBOAUTCS K IIPUCOEIMHEHIIO €r0 K KOHILy odepean. Yto
MOJKET OBITH TIPOIILE TSI BOCTIPUSITHSI U PeasTi3aiim?

K coskasieHuro, IPUHITKIT <IIEPBBIM MIPUIIIET — TIEPBBIM 00CIYKEH» CTpaaaeT U CyIecTBEH-
HBIMU HeocTaTKaMu. [IpeinonoKmm, 4To NCIOJIb3YIOTCS OJIUH TIPOIIECC, OTPAHMYEHHBII
CKOPOCTBIO BBIYMCJICHIH, KOTOPBIN BCAKUH pa3 3amyckaercs Ha 1 ¢, 1 MHOXKECTBO ITPOIECCOB,
OTPaHUYEHHBIX CKOPOCTHIO PabOThl YCTPONCTB BBO/A-BbIBO/IA, HEBHAUNUTENBHO UCIIOJIb3Y-
IOMIMX BPEMSI IIEHTPAIBHOTO TIPOIECCOPA, HO KAXK/IbI 13 KOTOPBIX HOJIKEH OCYIIECTBUTD
1000 cunTbiBaHMii ¢ ANUCKA, TIPEIK/IE YeM 3aBePIIMTh CBOIO paboty. IIpoliece, orpaHnyeHHbIi
CKOPOCTbIO BBIUNC/IEHMI, paboTaeT B Teuenue 1 ¢, a 3aTeM MepexognT K YTeHNIo 6JI0Ka JJaH-
HBIX C UCKa. Termepn 3amyCcKaioTcst BCe TPOIIECCh BBOJIA-BBIBO/IA U TIPUCTYIIAIOT K YTEHUTO
MAHHLIX ¢ Aucka. Korma mporiecc, orpaHUYeHHbBIN CKOPOCTHIO BBIYUCIEHUH, TIOJTydaeT CBON
6JIOK JAaHHBIX C JIMCKa, OH 3allyCKaeTcs elne Ha 1 ¢, a 3a HUM HellpephIBHOI Yepeoii caeayroT
BCe TIPOIIECCHI, OTPaHWYEHHBIE CKOPOCTHIO PAabOTHI YCTPOICTB BBOIAa-BHIBOIA.

B urore KaxIplil 1poiiece, OrpaHYeHHbII CKOPOCThIO PAGOTHI YCTPOUCTB BBOIA-BBIBO/IA,
CUMTBHIBaeT OAuH OJIOK B CEKYH/LY, U 3aBeplierue ero paborei 3aiimer 1000 ¢. Ecau ucnoib-
3yeTcs aJITOPUTM IJIAHUPOBAHUS, BBITPY KAIONINI 1IPOIIECC, OTPAHMYEHHBIH CKOPOCTHIO
BbrymcyeHui, Kaxabie 10 Mc, TO IPOIecChl, OTPAaHUYEHHbBIE CKOPOCTHIO PabOThI YCTPOUCTB
BBOJIa-BbIBOJIA, 3aBepiiaiorces 3a 10 ¢ BMecto 1000 ¢, npu aToM 0c060 He 3amesas paboTy
IIPOIIeCcca, OrPAHNYEHHOTO CKOPOCTBIO BBIYUCTICHUI.

CHavana camoe KOpoTKoe 3ajaHue

Tenepb paccMOTPUM JIPYTON HEMPUOPUTETHBIH AJITOPUTM JIJISI TAKETHBIX CUCTEM, B KOTOPOM
IIPEAIIOJIATaeTCs, YTO CPOKM BBIITOJHEHNS 3aJaHnil M3BeCcTHBI 3apaHee. K npumepy, B ctpa-
XOBOH KOMITAHWHM JIIO/IM MOTYT ZIOBOJIbHO TOUHO MPe/ICKa3aTh, CKOJIbKO BpeMeHH 3aiimMeT
BoinosHenre nakera u3 1000 MCKOBBIX 3asABJIEHHUIA, IIOCKOJIBKY 110100Hast paboTa BbIIOJIHS-
eTcs exxeHeBHO. Kora B 00k1MIaHNY 3aITyCKa BO BXOJISTIEN Ouepeat HaXOAUTCS HECKOTIBKO
PABHO3HAYHBIX 110 BAKHOCTHU 33/[aHUT, TJIAHMPOBIINK BEIOUPAET CHAYAJIA CAMOE KOPOTKOE
3ajanue. PaccMoTpuM nzobpakeHue, mpuBeieHHoe Ha puc. 2.21. 31ech mpeacTaBieHbl
yeTbipe 3ananus: A, B, Cu D co cpokaMu BBITIOSTHEHUS 8, 4, 4 1 4 MUHYTBI COOTBETCTBEHHO.
Ecyu ux 3amyctuThb B 9TOM MOPsiike, 000POTHOE BpeMsI [Jis 3aJaHus A cocTaBuT 8 MUH, 1115t
B — 12 vy, s C — 16 mun n st D — 20 MuH 1ipu cpejiieM BpeMenn 14 MuH.

8 4 4 4 4 4 4 8
A B C D B C D A
a 6

Puc. 2.21. lNpumep nnaHMpoBaHus, KOraa nepBbiM BbIMOMHAETCS CaMOe KOPOTKOE 3afaHune:
a — 3anyck 4YeTblpex 3aflaHunii B UICXOAHOM nopsake; 6 — 3anyck 3Tux 3aAaHunii B nopsiake,
KOrga camoe KOPOTKOE U3 HUX BbIMOMHAETCS MEPBbIM
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Teriepb paccMOTPUM 3aITyCK ATUX YETHIPEX 33/IaHUI, KOT/IA TIEPBbIM 3aITyCKAETCST CAMOe KO-
potkoe us Hux (puc. 2.21, 6). Teneps okasaTen 060POTHOTO BPEMEHH COCTABISIOT 4, 8, 12
n 20 My ipu cpezieM BpeMenn 11 Mmun. ONTUMAIBLHOCTD AITOPUTMA, TIPH KOTOPOM TTEPBBIM
BBITIOJIHSIETCS] CAMOE KOPOTKOE 3a/[aHIe, MOJKHO JI0Ka3aTh. PAacCMOTPUM IIPUMED C YEThIPbMS
3aJaHUSIMU, BBITIOTHSIEMBIME 3a BpeMs 4, b, ¢ u d cootBeTcTBeHHO. [lepBoe 3amanme Gyaer
BBITTOJTHEHO 32 BPEMSI @, BTOpoe — 3a BpeMst a + b u T. 11. CpeHee 060pOTHOE BPEMSI COCTABUT
(4a + 3b + 2¢ + d) /4. OueBUIHO, UTO BPEMSI @ OKA3bIBAET HAUOOIIbIIIEE BJMSHIE HA CPEIHIN
MOKa3aTeJib 10 CPABHEHHIO CO BCEMU OCTAJIbHBIMU BPEMEHHBIMU 1TOKA3aTeISIMU, TI09TOMY 3TO
JOJIKHO OBITH cCaMOe KOPOTKOE 3ajlaHue. 3aTeM 10 HapacTalolleil T0JKHbL UATH b, ¢ 1 Ha-
KOHell d KaKk caMoe TIPOIOJDKUTEIBHOE, KOTOPOE OKA3bIBAET BJIMSIHIE JIUIIH 32 CYET CBOETO
co6CTBEHHOTO 0GOPOTHOTO BpeMeHU. AHAJIOTHYHbIE aPTYMEHTbI TOYHO TaK JK€ IIPUMEHUMBI
K JII000MY KOJIMYECTBY 3ajlaHuid.

Citeftyer 3aMeTUTD, YTO AJITOPUTM, OCHOBAHHBIN HA BBITIOJIHEHUH TIEPBBIM CAMOTO KOPOTKOTO
3aJ[aHUsI, ONITUMAJIEH TOJIBKO B TOM CJIyYae, €CJIM BCe 3a[aHMs TOCTYITHBI OJTHOBPEMEHHO.
B kauecTBe mpumMepa MPOTUBOIIOIOKHON CUTYAIlUU PACCMOTPUM IISITh 3aanuii ot A no E
co cpokamu Bbinosinenusi 2, 4, 1, 1 u 1 coorBercTBenno. Bpems ux nocrymienus 0, 0, 3, 3
u 3. TlepBoHavaabHO MOKET OBITH BEIOPAHO TOJBKO 3a4aHue A niv 3aganue B, a ocrajibhbie
TPU 33/[aHUST K TOMY BPEMEHH ellle He MOCTYIISIT. VICob3yst IpaBuiio, o KOTOPOMY HIEPBBIM
BBIIIOJIHSIETCSI CAMOE KOPOTKOE 3a/laHue, Mbl Oy/1eM BBIIIOJIHATH 3a[aHus B CJIeAyIOIeil ode-
pennocti: A, B, C, D, E — ipu cpefiieM BpeMeHU OKUIaHns, paBHOM 4,6. Pazymeercs, nx
3anyck B caeyiomiem rnopszake: B, C, D, E, A — npuses Obl K Cpe[iHeMY BPEMEHN OKIIaHus,
paBHOMY 4,4.

anOpMTET HavuMeHbLueMy BpeMeHU BbIMOJIHEHUSA

[IpuoputeTHOl Bepcueil aaropuTMa BBITIOJTHEHNS TIEPBBIM CaMOTO KOPOTKOTO 3aJJaHU
SBJIAETCS AJITOPUTM MIEPBOOYEPETHOTO BBITIOJNHEHNS 33/1aHNs ¢ HAUMEHBIINM OCTaBIIUMCS
BpeMeHeM BbINOJIHeHus. [1pu rcrnonb3oBanny aTOro ajaropuTMa IIaHIPOBIIUK BCET/a Bbl-
GUpaeT MPOIECC € CAMBIM KOPOTKMM OCTABIITUMCST BDEMEHEM BBITIOJTHEHNUST. 311€Ch, TaK JKe
KaK ¥ Mpesk/ie, BpeMs BBITIOJHEHNS 3alaHN HyKHO 3HaTh 3apanee. [Ipn mocryniennn
HOBOTO 3a/[aHVsI BBIIIOJIHSETCS CPABHEHUE OOIIETO BPEMEHH €0 BBITIOJHEHUST C OCTABIIH-
MUCST CPOKAMHW BBITIOJTHEHNS TEKYTUX TPOTIeCCOB. ECam /1151 BBITIOTHEHNST HOBOTO 3a/IaHUS
TpebyeTcst MeHbllle BpeMeHH, YeM [IJIsT 3aBEPIIEHUsT TEKYIIETO MPOIECCa, ITOT [TPOLECC TPH-
OCTAaHABJIMBAETCS U 3AIYCKAETCSI HOBOE 3aHue. DTa CXeMa MO3BOJISIET OBICTPO OOCTYKUTh
HOBOE KOPOTKOE 3a/laHue.

2.4.3. NMnaHupoBaHue B UHTEPaAKTUBHbIX CUCTEMaX

Tenepb Z[aBafITe PaCcCCMOTPUM HEKOTOPbIE AJITOPUTMbI, KOTOPbIE MOT'YT OBITH UCIIOJIb30BaHbI
B UHTEPAKTUBHbBIX CUCTEMAaX. OHu yacTo MNPpUMEHAOTCA Ha IEPCOHAJIbHBIX KOMITbIOTEPAX,
CEpBEpax U B APYIUX Pa3HOBUAHOCTAX CUCTEM.

Linknunyeckoe nnaHupoBaHue

OI[HI/IM N3 CaMbIX CTapbIX, IPOCTHIX, CIIPpaBEAJUBbIX U HaI/I6OJIee 4aCTO UCITOJIb3yEMbIX
CUMUTAETCST ANTOPUTM IIMKIMYECKOTO IIaHupoBaHusa. KaxkmoMy mporeccy HazHadaeTcst
oTIpeieJIeHHbIIl MHTEPBAJ BPEMEHU, HA3bIBAEMbIi €0 KBAHTOM, B Te€UeHHE KOTOPOrO eMY
IIPE/IOCTABJISIETCS] BO3MOKHOCTD BbITIOJIHEHMI. Ec/in mpoliece K 3aBepIieHio KBaHTa Bpe-
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MEHH BC€ €Ille BBIMOJHSAETCS, TO PECYPC EHTPAIBHOTO IPOIeccopa y HEero oToéupaercs
U [IepeiaeTest APyroMy mpoiieccy. Pazymeercst, eciiu mpoliece nepexoinT B 3a0J0KUPOBAHHOE
COCTOSIHME WJIM 3aBepIIaeT CBOIO paboTy /10 UCTEYEHUsT KBaHTa BPEMEHH, TO TIepeKIoye-
HUe [EHTPAJIBHOTO MPOIEeCCOPa Ha JPYTOi MPOIECC IIPOUCXOAUT UMEHHO B ATOT MOMEHT.
AJITOPUTM IIUKJINYECKOTO IJIAHUPOBAHMS HE TIPECTABIISIET CJI0KHOCTH B peanusamuu. Ha
puc. 2.22, a ToKa3aHo, YTO OT MJIAHWPOBIINKA TPEOYETCS BCETO JIMITh BECTH CIUCOK TIPO-
1IeCCOB, TOTOBBIX K BBIIOJTHEHWIO. Korza mpoitecc rcyepriaet cBOI KBAaHT BpeMEHH, OH, KaK
MOKa3aHo Ha puc. 2.22, 6, MOMENAeTCs B KOHET[ CITHUCKA.

Cnegytowmni
npouecc

Tekywui
npouecc

TekyLimni
npoyecc

Puc. 2.22. Uuknuyeckoe naaHMpoBaHue: a — CrNncok NpoLeccoB, HAX0OALMXCA B COCTOSHUN
rOTOBHOCTW; 6 — TOT e CMMUCOK MOC/e TOro, Kak NpoLecc B ncyepnan cBo KBaHT BPeMEHM

EnnHcTBEHHOE, YTO MTO-HACTOSIIEMY MTPE/ICTABIISIET MHTEPEC B IUKJINYECKOM TIJIaHMPOBA-
HUU, — 3TO MPOIOJIKUTENBHOCTD KBAaHTA BpeMenu. [lepeksiouenie ¢ 0/{HOTO TIpollecca Ha
IPYroi TpeGyeT OIpeeJIeHHOIO KOJINYEeCTBA BPEMEHH JJIst BHITIOJHEHUS 3a/la4 a IMUHUCTPHU-
POBaHUsSI — COXPAHEHWS U 3arPy3KH PETUCTPOB M KapT MaMATH, OOHOBJIEHHS PAa3IUnIHBIX
TabJInI ¥ CIKMCKOB, cOpoca Ha JMCK U Hepe3arpys3Ky Kalla aMATh U T. A. [Ipeanonoxmum,
4YTO MepeKII0UeHne NMPOoIecca, Ui MepeKIIoYeHne KOHTEKCTa, KaK ero NHOT/IAa Ha3blBaIoT,
3aHuMaeT 1 Mc, BKJIIOYast IIEPEKII0YeHIE KapT MaMsTH, COPOC Ha JUCK U IIepe3arpysKy Kalia
u T. 1. Takske mpenosoKuM, 4TO 3HaYeHe KBAHTa BDEMEHU yCTaHOBJIEHO Ha 4 Mmc. [Ipu
TaKUX IlapaMeTpax HACTPOHUKHU MocJie 4 MC 10JIe3HON paboThl IIEHTPAILHOMY TIPOIECCOPY
[IPUJIETCS 3aTPATUTD (TO €CTh IOTePsATH) 1 MC Ha TepekIoderue mpoiecca. Takum o6pasom,
20 % mpOIIeCCOPHOTO BPEeMEHH OY/IET BRIGPOIIEHO Ha aIMIHUCTPATHBHBIE U3IEP/KKH, a 9TO,
BHE BCSIKOTO COMHEHMSI, CJIUIITKOM MHOTO.

Yr0o6b1 TOBBICUTH 9(DPEKTUBHOCTD UCIIOIB30BAHNUS IIEHTPATHHOTO TIPOIIECCOPA, MBI MOYKEM
YCTAaHOBUTb 3HAYEHNE KBaHTA BpeMeHu paBHbIM, ckaxkeM, 100 mc. Tenieps Tepsietcst Bcero 1 %
BpeMeHnu. Ho mocMoTpum, uTo MOIy4uTCs Ha CEPBEPHON cCUCTeMe, eCJIM 3a 04eHb KOPOTKOe
BpeMst K Hell moctymut 50 3apoCcoB, UMEIOIIUX MUPOKULT pasbpoc cTereHr BocTpebOBaH-
HOCTH TIEHTPATHLHOTO MPOTIECCOpa. B CIMCOK rOTOBBIX K 3aMyCKy MPOIECCOB Gy/IET TIOMEIEHO
50 mporteccos. Ecim ieHTpasbHBII IIPOIIECCOp MPOCTAMBAET, IIEPBBIN U3 HUX OyeT 3alryiieH
HEeMe/IJIeHHO, BTOPOI He CMOJKET 3aIyCTUThes, Toka He nctekyT 100 mc, n . 1. Ecam mpest-
MI0JIO’KUTD, YTO BCE IIPOIIECCHI MOJHOCTBIO BOCIIOIb3YIOTCS CBOMMM KBaHTAMU BPEMEHH, TO
CaMbIil HeBE3YUHil MOCIIE/IHIIT TIPOIIECC MOJKET IIPEObIBATH B OKUIAHUY B TEYEHUE D C, IIPe-
JKJIe YeM MOJTy4YHT [MIAHC Ha 3aIlyCK. MHOTHM MOJIb30BaTeIsIM pab0Ta CHCTEMBI [IPHU HSATHCE-
KYHZTHOM O’KHJIAaHWM OTBeTa HAa KOPOTKYIO KOMAH/Ty TIOKQKEeTCsI CUIIKOM MeJIEHHOH. JTa
CHUTYaIMsI OJIyYUT 0CO00 HEraTUBHYIO OKPACKY, €CJIU HEKOTOPBIE U3 3alIPOCOB, PA3MEIIEH-
Hble GJIIKe K KOHILY O4epein, TpeGyIOT BCETO JIUIIb HECKOIbKO MUJLIMCEKYH] IIPOIIECCOPHOTO
Bpemenn. Ecaiit KBaHT BpeMeHH OyIeT KOpoue, KA4eCTBO UX 0OCTYKUBAHUS YIIYUIITATCS.

Jlpyrast 0cOGEHHOCTb COCTOMT B TOM, Y4TO €CJIM 3HaUeHUE KBAHTA BPEMEHN YCTAaHOBJIEHO 00JIb-
VM, YeM cpejiHee BPeMsi 3a/IeHICTBOBAHHOCTH TIEHTPAJIILHOTO TIPOIECCOPA, TIePEKITIOUEH e
npoiiecca He OyAeT IPOUCXOANTD CAUIIKOM 4acTo. BMECTO 5T0ro GOJIBITMHCTBO IPOIECCOB
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GyJLyT BBIIOJIHATD ONEPAIUIO GJIOKUPOBKH TIepel HCTeYEHUEM KBaHTa BPEMEHH, BbI3bIBAIOIIM
nepeKIoYenye mpoiieccoB. Vckimodenre MpUHYINTEILHOTO TPEPLIBAHS TIOBBITITAET TIPOU3-
BOJIUTETHHOCTD, TOCKOIBKY TIEPEKITIOUEHIE TIPOTIECCOB TIPOMCXOANT TOTBKO TTIPU JIOTHIECKOH
HEeO0OXOAMMOCTH, TO €CTh KOTJIA TIPOLIECC OJIOKUPYETCS U He MOKET HPOAOJIKITL PadoTYy.

W3 atoro ciezyer, 4TO yCTaHOBKA CJAUIIKOM KOPOTKOTO KBAHTA BPEMEHU PUBOJUT K CJIUIII-
KOM YaCTbIM [1E€PEKJIOYEHUSIM TIPOIIECCOB U CHUZKAET 9P (HEKTUBHOCTD MUCIIOIb30BAHNUS TIEH-
TPAJIBHOTO MPOIECCOPA, HO YCTAHOBKA CIMIITKOM JVTMHHOTO KBAHTA BPEMEHH MOKET IIPHUBECTH
K CJIMIIKOM BSIJIOH Peakiny Ha KOPOTKUE MHTEPAKTUBHBIE 3aIIPOCHI. 3Aa4acTyIO Pa3yMHbIM
KOMIIPOMICCOM CUMTaeTcst KBaHT Bpemenu B 20—50 Mmc.

MpuoputeTHoe NnaHupoBaHue

B nukimyeckom miaHUPOBAHNN SIBHO ITPOCJIEKNBAETCS TIPEATIONIOKEHIE O PABHO3HAYHOCTU
BCEX IIPOIECCOB. 3a4acTyIo JII0AH, 06JIa/Ialole MHOTOII0JIb30BATEIbCKUMU KOMIIbIOTEpa-
MU ¥ paboTaoliyue Ha HUX, MMEIOT Ha 9TOT CYeT CoBeplieHHo uHoe MueHue. K npumepy,
B YHUBEPCUTETE NEPAPXUS TIPUOPUTETHOCTH IOJ;KHA HUCXOIUTD OT JIeKaHa K (pakyIsTeTaM,
3areM K podeccopam, cekperapsiM, TeXHUYECKUM PabOTHUKAM, a YK€ MOTOM K CTYIeHTaM.
Heo6xoauMocThb yuera BHEITHUX (haKTOPOB IIPUBOAUT K IPHOPUTETHOMY ILIAHUPOBAHUIO.
OcHoBHas Uzes MPoCcTa: KAKIOMY MTpoTleccy MPUCBauBaeTCs 3HAUCHUE TPUOPUTETHOCTH
U 3aITyCKAeTCs TOT MPOIIECC, KOTOPBIN HAXOMUTCS B COCTOSHUN TOTOBHOCTU W MMeeT Hau-
BBICIIIWI TPUOPUTET.

Jlaxe ecsii y 1epcoHAIbHOTO KOMITBIOTEPA OJIMH BJiajieiell, Ha HEM MOTYT BBITTOJIHSITHCS
HECKOJIBKO TPOTIeCCOB Pa3Holl cTerenn BaxkHoctu. Hampumep, honoBOMY TIpoiieccy, OT-
HPaBJISIONIEMY 9JIEKTPOHHYIO OUTY, A0JKEH ObITh HazHaueH OoJjiee HU3KUIT IIPUOPUTET, YeM
IIPOIIECCY, BOCIIPOU3BO/ISIIIIEMY HA dKpaHe Buieo(husibM B PeabHOM BPEMEHU.

YT06bI IPEAOTBPATUTH OECKOHEUHOE BHINOJHEHNE BEICOKOIIPUOPUTETHDIX MPOIECCOB, I11a-
HUPOBIIUK JIOJIDKEH MOHMIKATh YPOBEHD MTPUOPUTETA TEKYIIETO BBIIOJHIEMOTO MPoIecca
¢ KaKIBIM CUTHAJIOM TaliMepa (TO eCTh ¢ KaXKIbIM €TO TIpepbiBanueM ). Ecim aTo feficTBre
MIPUBEJIET K TOMY, 4TO €r0 TIPUOPUTET YIIAJIET HUXKE TPUOPUTETA CIEYIOINIETO TI0 ITOMY I10-
KasaTeJlio [poliecca, NPOU30HAET epekiiouerne mporeccos. MoKHO BbIOpaTh U APYTYIO
AJIBTEPHATHBY: KaXKIOMY TIPOIIECCY MOKET OBITh BBIETECH MAKCUMAIbHBIA KBaHT JIOTYCTH-
MOTO BpeMeHH BblosiHenus. Korga kBant BpemMery Oyer ncuepiian, Iane samycka Oyaer
MIPEIOCTABJIEH IPYTOMY TIPOIIECCY, IMEIOTEMY HAUBBICIIHIT TPUOPUTET.

[IpropuTeTsl MOTYT IPHUCBAWBATLCS TIPOTIECCAM B CTATHYECKOM MJIN B TMHAMITYECKOM pe-
skume. Hampumep, Ha BOEHHBIX KOMITBIOTEPAX MPOIIECChl, THUTTUUPOBAHHBIE TeHEPATAMI,
MOTYT HAaUMHATH CBOTO paboTy ¢ TipropuTeToM, paBHBIM 100, TpoIIecChl, THUITMUPOBAHHBIMI
MOJIKOBHUKAMU, — C TPHOPUTETOM, paBHBIM 90, Maitopamu — ¢ mpuoputeroM 80, KanmuTa-
Hamu — 70, nefiteHanTamu — 60 1 Tak fajee BHU3 110 TabeJn O paHTaX. A B KOMMEPYECKOM
KOMITBIOTEPHOM IIEHTPE BHICOKOIIPUOPUTETHBIE 33a1aHust MOTyT ctouTh 100 mos1mapos B vac,
3a/IaHKsI CO CPEIAHUM IIPUOPUTETOM — 75, a 3aanust ¢ Hu3kuM ripuroputerom — 50. B UNIX-
cucTeMax ecTh KOMaH/a nice, MO3BOJISIIONIAs 10JIb30BATENI0 [0OPOBOJIBLHO CHU3UTD MIPU-
OPHTET CBOETO IPOIECCa, YTOOBI YIrOAUTH APYIUM TI0JIb30BATEIISIM, HO €10 HUKTO HUKOTIA
He TI0JTb3yeTCs.

HpI/IOpI/ITeTbI TaKKe€ MOTYT ITPpUCBanBaTbCA CHCTEMOI1 B JAMHAMHWYECKOM PEXUME C 11EJIbIO /10~
CTUIKEHUA OlIpeIeJIEHHbIX CUCTEMHDBIX 3a/1a4. K IIPpUMEDPY, HEKOTOPbIE ITPOIECCHI UCITBIThIBAIOT
CyHIECTBEHHbIE OI'PaHUYEHUS 110 CKOPOCTU pa6OTbI YCTPOﬁCTB BBO/la-BbIBO/la U IIPOBOJAT
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GOJIBIIYIO YaCTh CBOETO BPEMEHN B O;KMAAHUY 3aBEPUICHNS Olepanuii BBoga-Beipoga. Kak
TOJIBKO TAKOMY TIPOLIECCY MOHALOOUTCS LEHTPAJIbHBII IIPOIIECCOP, OH T0JIKEH ObITh TIPEI0-
CTaBJIeH HEMe/JIEHHO, YTOOBI IIPOIIECC MOT IPUCTYITUTD K 06paboTKe CleAyIONIero sampoca
Ha BBOA-BBIBOJL IaHHBIX, KOTOPbIii 3aTeM MOKET BBIITOJHATHCS MaPaJIEIbHO € APYTUM MIPO-
1[ECCOM, 3aHSATBIM BbIYMUCIEHUAMM. EC/IU 3aCTaBUTh IIPOIECC, ONPAHUYEHHDII CKOPOCTHIO
PaboThI yCTPOICTB BBOIA-BbIBOA, 0JITO 5KAATh [IPEAOCTABICHNS EHTPAILHOTO IIPOIECCOpa,
9T0 OyZIeT 03HAYaTh, YTO OH 3aHMMAET OIEPATUBHYIO IIaMATh HEOIpaBAaHHO 10ro0. I[Ipo-
CTOIi A/ITOPUTM YCIIEITHOTO 00CIYKUBAHUS IIPOLIECCOB, OTPAHMYEHHBIX CKOPOCTHIO PabOThI
YCTPOMCTB BBOJA-BBIBOJIA, IPEAYyCMAaTPUBAET YCTAHOBKY 3HaueHus npuopurera B 1/f, rioe
J — BTO YaCTh MOCJAEHEr0 KBAaHTa BPEMEHH, HCIIOJIB30BAHHOTO 3TUM TIpolieccoM. TIporecc,
UCIIOIb30BABIIMIL TOJMBKO 1 MC U3 OTIyIIeHHbIX eMy 50 MC KBaHTa BpEMEHH, JOJIAKEH Oy -
yuth puopureT 50, B TO BPEMS KaK MPOIECE, MPOpaboTaBIInil 10 GJOKUPOBKHU 25 Mc, 10-
JIYYUT TIPUOPKTET, PABHbII 2, & IPOIECC, UCIIONb30BABIIMIT BeCh KBAHT BPEMEHM, [TOJYYUT
TIPUOPUTET, PaBHBIT 1.

3audactyio ObIBaeT yI06HO IPYIIIUPOBATH IPOIECCHI MO KJIACCAM IIPUOPUTETHOCTH ¥ HC-
110JIb30BATh IPUOPUTETHOE IJIAHNPOBaHWE IPUMEHUTEJIbHO K 9TUM KJjlaccaM, a BHYTPHU
Ka’K/I0TO KJIacca MCI0JIb30BaTh IIUKJINYecKoe Tianposanue. Ha puc. 2.23 nokazana cucrema
C YeTBIPbMS KJIaCCaMU TTPUOPUTETHOCTU. AJITOPUTM TIJIAHUPOBAHUS BBITVISIIUT CIIELYIONUM
06pa3oM: eCJii €CTh TOTOBBIE K 3aITyCKY MPOIECCH ¢ KIACCOM IPHUOPUTETHOCTH 4, CJIEy€eT
3aIlyCTUTb Ka)kK/[blil 13 HUX HA OJ[MH KBAHT BPEMEHH 110 IIPUHITUITY IIUKIMYECKOTO IIJIaHH-
POBaHUsI, IPU HTOM BOBCE He GECTIOKOSICh 0 Kaccax ¢ Gosee HU3KUM mpuoputeroM. Korma
KJIacC € YPOBHEM ITPHOPHUTETA 4 OIyCTeeT, B ITUKINIYECKOM PEKIIME 3aIyCKAIOTCS ITPOIECCHI
¢ kiaccoM npuopurerHocTr 3. Ecain omycreror oba Kiacca, 4 1 3, B IUKINYECKOM PEKUME
3aITyCKA0TCS TPOIECCHI C KJIACCOM MTPUOPUTETHOCTH 2 1 T. /. Ecaim mpropuTeTshl KaKMM-TO
00pas3oMm He Oy/IyT yTOYHSTCSI, TO BCE KJIACCHI ¢ H0Jiee HU3KUM YPOBHEM [IPUOPUTETA MOTYT
«yMepeThb TOJIOTHON CMEPTBIOS.

Mpouecchl,
roToBbl€ K 3anycky

3aronosku
ouepenew

MpuopuTer 4 —D—D—D (Camblii BbICOKMI NpUOpUTET)
MpuopuTtet 2 —D

MpuopuTeT 1

(Camblii HU3KUIA NpUOPUTET)

Puc. 2.23. A}'IFOpI/ITM NJaHNpPoOBaHUA ONa 4eTblpex KiacCoB NPMOPUTETHOCTU

Ucnonb3oBaHue HECKOJIbKUX oYepenen

OpHoit U3 caMbIX paHHUX cucTeM TpropuTeTHoro ianuposanus 6puta CTSS (Compatible
Time Sharing System — coBmecTuMasi cucTemMa pasjieleHrs BpeMeHn), paspaboTaHHas
B MaccauyceTcKOM TeXHOJIOMMYeCKOM UHCTHTYTE, KoTopast paboTasa Ha Mamutae IBM 7094
(Corbato et al., 1962). CTSS crpanana ot npobeMbl 04eHb MeJIIEHHOTO MePEKII0YeHus TIPO-
11eCCOB, TIOCKOJIbKY Mariuta 7094 Oblia criocobHa coziepsKaTh B OlEPATUBHOM ITaMSITH JIMIIb
onuH nporecc. Kaskaoe nepexiiodyerye 03Hadano copoc TeKyero mpolecca Ha AUCK U CUu-
TBIBAHME HOBOTO Iporiecca ¢ aucka. Pazpaborunku CTSS GicTpo monsin, uto s dexTnBHee
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ObLI0 ObI BPEMsI OT BPEMEHHU BbIJIEJIATH TIPOIECCAM, OTPaHIMYEHHBIM CKOPOCTBIO BHIUMC/IEHUIA,
GoJiee CyIIecTBEHHbIE KBAHTbI BDEMEHHU, BMECTO TOTO YTOObI CUIIKOM YaCTO BbIIEJISATh UM
HeGoJIbIIINe KBAaHTbI BpeMeHH (4T0ObI COKPATUTh OOMEH JaHHBIMHE ¢ IUCKOM). B TO ke Bpemst
HPeA0CTABIEHIE BCEM IPOLIEccaM OOJIbIINX KBAHTOB BpeMeHU 0GepPHETCH YBEeIMYEHNEM BpeMe-
HU OTKJINKA, O YeM MBI y/Ke YITOMIHAIN. PazpaboTanKu IPUHSIIN PEITEHNE YIPEIUTD KIaCChI
npuoputetoB. [Ipotieccrl, oTHOCAIIMECS K HAWBBICIIEMY KJIacCy, 3allyCKaINCch Ha 1 KBaHT
BpPEMEHU, TIPOIIECCHI CIEYIONIETO TI0 HUCXOATIEH Kilacca — Ha 2 KBaHTa BPEMEHH, TIPOIIECCHI
CJIeIyTOIero Kiacca — Ha 4 KBaHTa BpeMeHU U T. 1. Kak ToJIbKo mporiece UCmoib30Bajl BCe
BbI/IeJICHHbIE €My KBaHTBI BpeMEHH, €ro KJIacC ITOHMKAJICSL.

B kauectBe mpuMepa paccCMOTPHM TPOIECC, KOTOPBIH HYKEH /IS BBIYUCACHII TTPOI0JI-
skuTesibHOCThIO B 100 kBanTOB Bpemenu. CHadasma emy Oyjer Bbijesier 1 KBaHT BpeMeHHu,
mocJie 4ero oH OyJIeT BRITPYsKEH Ha UCK. B cienyioniuit pa3 eMy mepes BBITPY3KOil Ha JAUCK
OyIoyT BbIIeJeHbl 2 KBaHTa BpeMeH. [Ipu mocenyonux 3aryckax on Oy/Ier moayvaTh 4,
8, 16, 32 u 64 xBaHTa BpeMeHM, XOTs U3 PUHAIBHBIX 64 KBAHTOB OH JIJISI 3aBEPIIEHUS CBOECH
pabotb ucnosbayer Juiinb 37. Bmecto 100 06MEHOB TaHHBIME € ICKOM, KOTOPbIE OTPeOo-
BaJIUCH OBl TIPY UCTIOJIB30BAHUH [IUKJIMYECKOTO AJITOPUTMA, TOTPEGYETCs TOMBKO 7 (BKIIOYAst
HauvaJIbHYIO 3arpy3Ky ). bosiee Toro, o Mepe norpyskeHust nporecca B ouepe/ib IPHOPUTETOB
oH OyJIeT 3aIycKaThCsl BCe peske U peske, coeperast BpeMsl [IEHTPAILHOTO IPoIieccopa st
KOPOTKHMX MHTEPAKTHBHBIX IIPOIECCOB.

Yro6b1 ybepeub PoIlece, HYKAAOMUNCS B IIUTENbHOI paboTe PU IIEPBOM 3aITyCKe, HO
MOTOM CTaBIIMI MHTEPAKTUBHBIM, OT IOCTOSIHHBIX «HaKa3aHWil», GbljIa BbIOpaHa CIeLyonas
HOJINTUKA: KOTJIA HA TepMUHAJIe HAOUPAJICS CUMBOJI BO3BpaTa KapeTku (HaKMMajach KJia-
BuIa Enter), npottece, IpUHAJIEKAIINIT TEPMUHAILY, TIEpEeMeIaJIcs B Kace ¢ 6oJiee BbICO-
KUM [IPUOPUTETOM, TIOCKOJIBKY IIPEIIONATANOCh, YTO OH COOMPAJICS CTaTh HHTEPAKTUBHBIM.
B oamH npexpacHbIil 1€Hb HEKWIT ITOJIb30BATEb, B YbUX HHTEPECAX PadoTall IPOLECC, CHIBHO
OrpaHUYEHHBIN CKOPOCTBIO BHIYMCIEHUIT, OOHAPYKUJL, YTO, GE3YMHO TIPOCUKUBAS BPEMS
3a TePMUHAIOM 1 OeCIIopsiIouHO HaGUpPasi CUMBOJI BO3BpaTa KapeTKu KasK/ble HECKOJIbKO
CEKyH]I, MOXKHO OYKBaJbHO TBOPUTD Uy/ieca co BpeMeHeM oTkInKa. OH pacckasai 06 aToM
CBOUM JIPY3bsIM. A OHM PACCKA3aJIi CBOUM JIPY3bsiM. MOpaJib 9TOI HCTOPUY TAKOBA: TIOHSITh,
YTO MOJIYYUTCS U3 33JlyMAaHHOTO, HA MPAKTUKE KyJa CJIOKHEe, YeM YCBOUTH CaM ITPUHITHIT
uzen.

BbIGop cneaylowmm caMmoro KOpoTKoro npouecca

[TockombKy TipesiocTaBieHne TIEPBOOYEPEIHOTO 3AMTyCKa CAMBIM KOPOTKUM 3a/[AHUSIM [TPUBO-
IUT K MUHUMU3AIUHU CPEHETO BPEMEHU OTKJIMKA JJIsT ITAKETHBIX CUCTEM, ObLIO ObI HETLIOXO
BOCIIOJIB30BATHCST ATUM K€ TIPUHITUIIOM U JUUISI HHTEPAKTUBHBIX ITporieccoB. U oTuacTu aTo
BO3MOKHO. OOBIYHO HHTEPAKTHBHBIE [IPOIECCHI CIIEAYIOT CXEME, ITPU KOTOPOil 0KMAAETCST
BBOJL KOMaH/Ibl, 3aT€M OHA BBLIIIOIHACTCS, OKUAAETCS BBOJ CJeAYIONIell KOMAH/bL, 3aTeM
BBIIIOJIHACTCS 9Ta KOMaH/a U T. 1. Ecii BblnoHeHe KasK10i KOMaH/Ibl pacCMaTPUBATDh Kak
OT/IE/IbHOE <«3aaHues, TO Mbl MOKEM MUHUMU3UPOBATh 001I[ee BPeMst OTKJINKA, 3aIlyCTUB
[EePBOil BBIOJIHEHNE CaMOI KOPOTKON KoMaH/bl. [IpobJjieMa cOCTOUT B OTIPEIeIEHUH TOTO,
KaKOIl M3 HaXO/SAINXCS B COCTOSTHIUM TOTOBHOCTH IIPOIECCOB SIBJISIETCS CAMBIM KOPOTKHM.

OauH U3 METOJIOB 3aKJI0YAeTCs B OLleHKe [IPeJbIAYIero IOBeACHUS U 3allycKe [polecca
C CAaMbIM KOPOTKHMM BBIYMCJIEHHBIM BPEMEHEM BbITIOTHEH M. [IpeinonoskuM, 4To /17151 Kakoro-
TO TePMHUHAJIA OI[eHKA BPEeMEH! BBITTOJTHEHMS OJTHON KoMaH bl cocTasisteT 1. Teneps npes-
MOJIOKKM, UTO CJIEAYIONIast OleHKa 3TOro BpeMeHn coctasisieT T,. Mbl MokeM 0OHOBUTD
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HAIIl pacyeT, B3sIB B3BEIICHHYIO CYMMY 9TUX JBYX umces, T0 ectb aly + (1 — a)T,. Boibupas
3HAYEHUE @, MBI MOJKEM PEIIUTH, CTOUT JIU TIPH OIlEHKe TIpotiecca GhICTPO 3a0bIBATH €70
TIpeABIAYIINE 3aTyCKN NN HY>KHO 3alIOMUHATh X Hazoaro. [Ipu a = 1/2 Mb1 momyyaem
CJIeIYIONIYIO TOCTIe/I0BATETHHOCTD BEIYUCICHUI:

Ty, T,/2+T/2 T/ 4+ T,/4+T/2; To/8+T/8+T,/4+T;/2.

[Tocse Tpex HOBBIX 3aITyCKOB 3HAUNMOCTD 1;, TPW HOBOH OTIeHKe cHIKaeTcs o 1/8.

TexHosioTHsT BBIYUCAEHUS CJIEAYIONIETO 3HAUEHUSI B CEPUU IIYTEM pacyeTa B3BEIIEHHON
CYMMBbI TEKYIIIETO U3MEPEHHOI'O 3HAYECHUA U TIPEAbLAYIINX BI)I‘—II/IC]IeHI/Hl/)I NHOrZla Ha3bIBaA€TC
pacrnpezieJleHHeM o cpokaM faBHoctu. OHa MPUMeHseTCsl BO MHOTUX CUTYaIlUsIX, IJle Ha
OCHOBE MPEABIAYIIMX 3HAYeHUI HY KHO BblJIaBaTh Kakue-HUOY/Ib pejckasanus. Pacipee-
JIEHHE TI0 CPOKAM JIABHOCTH 0COGEHHO MIPOCTO peanusyercs npu a = 1/2. Bee, 4To 11pu 910M
HY’KHO, — 100aBUTh HOBOE 3HAYEHHE K TEKYIIeil OlleHKe U PasieinTh cyMMy Ha 2 (3a cuer
c/IBUTA BIIPABO Ha OAUH OWT).

MapaHTUpoBaHHOE NnaHupoBaHue

CoBepliieHHO UHOM TIO/IX0/1 K IIJIAHUPOBAHUIO 3aKJII0YAETCS B IPEIOCTABIEHUH TI0JIb30BaTe-
JISIM peasibHbIX 00€eIanmnii OTHOCUTELHO IPOU3BOANTENLHOCTH, a 34TEM B BBITIOJHEHUHT 9THX
obemanuit. OxHo U3 00eImaHnil, KOTOPOE MOKHO JaTh ¥ MPOCTO BBIIOJIHUTD, 3aKII0YAETCS
B CJIE/LYIONIEM: ECJIM B IIpoLiecce paboThbl B CUCTEME 3aPErUCTPUPOBAHbI 72 [10JIb30BaTeIeH, TO
BbI TIOJTyunTe 1/71 0T MOIITHOCTH [EHTPAJIBLHOTO MTPOIeCCOpa. AHATIOTUYHO 3TOMY B OJIHOIIOJb-
30BaTEJNbCKOI CHCTEME, IMETOITIEH 72 PaGOTAOIINX TIPOIIECCOB, TIPH MTPOUYKMX PABHBIX YCIOBHUSIX
KaKIbIN U3 HUX 10Ty9uT 1/71 0T 061IIer0 Ync/ia MPOIeCCOPHBIX IUKIIOB. DTO MIPEICTABIISIETCS
BIIOJTHE CITPABE/JIUBBIM PEICHIEM.

Y1o6bl BBINOJIHUTD 9TO 0O€IaHKe, CUcTeMa J0JKHA OTCJAEKNBATD, CKOJIBKO IIPOIIECCOPHOTO
BpPEMEHU 3aTPavueHo Ha KayK/IBII TIPOIIECC C MOMEHTA €TO CO3IAHUS. 3aTeM OHa BBIYUCISIET KO-
JIMIECTBO MTPOIIECCOPHOTO BPEMEHU, Ha KOTOPOE KAXK/IbII M3 HUX MIMEJI IIPABO, 8 UMEHHO BPEMS
€ MOMEHTa ero CO3/IaHMs, JieJieHHoe Ha 1. [IocKosIbKy Takyke M3BECTHO M KOJIMYECTBO BPEMEHN
IEHTPAJIBHOTO TIPOIIECCOpPa, y>Ke MOJyYeHHOEe KaxK/IbIM IIPOIIeCCOM, HETPYIHO TOJACYUTATD
COOTHOIIIEHUE U3PACXO/I0BAHHOTO U OTITYIIEHHOTO BPEMEHH IIeHTPasIbHOTO 1porieccopa. Co-
ornotrerue 0,5 03HAYAET, YTO MTPOLECC MTOJTYYMII TOJIBKO [OJOBUHY OT TOTO, YTO JOJIKEH ObLI
[OJIy4YUTh, @ cooTHOLIeHUE 2,0 03HAYAET, YTO MPOIECC MOJIYYHII BABOE GOJIbIIE BPEMEHH, YeM
TO, Ha KOTOPOE OH uMel 11paBo. COrJIacHO aJlfOPUTMY, TIOCJIe 9TOrO OY/IET 3allylieH MPoIece
€ CaMbIM HU3KHUM COOTHOILIEHHEM, KOTOPbIN Oyz1eT paboTaTh JI0 TeX HOp, IOKA €10 COOTHOLIEHUE
He [IPEBBICUT COOTHOMIEHUE ero OJIMKAIIero KOHKypeHTa. 3aTeM /s 3aIlyCcKa B CJISLY 0Ny 0
ouepe/ib BLIOUPAETCs 9TOT HPOLECC.

JloTepeiiHoe nnaHupoBaHue

Brinaua nosb3oBare M o6eIanmii ¢ MoCIeyIONIM UX BBITOJTHEHNEM — Hesl HEILIoXast, HO
peannsoBaTh ee Bee ke Hesterko. Ho ecTb u gpyroii, 6oiee MpocToil B peansauy aJlTOPUTM,
KOTOPBIIT MOKHO UCIIOJIb30BATD JIJISI TIOJIYUEHHUSI CTOJIb 5Ke [PEICKA3yeMbIX Pe3yibratos. OH
HasbIBaeTCsl JoTepeiHpM mianuposanueM (Waldspurger and Weihl, 1994).

OCHOBHas HJiest COCTOUT B Ppasz/iaue MPOIeccam JOTePEHbIX GUIIETOB HA JIOCTYI K Pa3ITIHBIM
CHCTEMHBIM pecypcaM, B TOM YHCJie K TPOI[eCCOPHOMY BpeMeHH. Koria MiaHnpoBInKy Hy K-
HO MIPUHUMATD PEIIEHKE, B CYYAHOM MOPsIIKE BBIOGUPAETCSI JIOTEPEHHBII GUItet, u pecype
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OTJaeTcst mporieccy, obuagaoniemMy aTiM OnsetoM. [IPUMEHUTENTHHO K TIJTAHUPOBAHKIO [IPO-
I[ECCOPHOTO BPEMEHU CUCTEMA MOJKET TIPOBOJIMTH JIOTEPEIHBIN PO3BITPHIIT 50 pa3 B CEKYHLY,
U KK/IBIH obeuTesb GyieT oyyaTh B KadecTse mpu3a 20 MC IPOIECCOPHOTO BPEMEHH.

[Tepedpasupyst [Txxopmxa Opyaiiia, MOKHO cKasaTh: «Bee poiiecchl paBHbI, HO HEKOTOPbIE
U3 HUX PaBHEE OCTATBbHBIX>. Bosee BaKHBIM Ipotieccam, 4ToObI MOBBICUTD WX IMAHCHI HA
BBIUTPBILI, MOTYT BbIIABATHCS JONOJIHUTEbHBIE Ouetsl. Eci ectb 100 HepasbirpaHHbIX
GUIIETOB U OJIVH U3 IIPOIIECCOB 00JIAAET ABAIIATHIO U3 HUX, TO OH OyzeT mMeTh 20 %-Hyio Be-
POSITHOCTD BBIMTPBINIA B KaXKIOH Jorepee. B KOHEUHOM cuere OH TOIyduT 0Koso 20 %
IIPOIIECCOPHOTO BPpeMeH!. B oTyinyne oT IPHOPUTETHOTO IJIAHUPOBAHUS, T/I€ OUE€HD TPYIHO
CKa3aTh, 4TO HA CAMOM JIeJie O3HAYAET TIPUOPHTET €O 3HaYeHHeM 40, 37eCh IeHCTBYET BIIOTHE
OTIPe/IEJIEHHOE MPABKJIO: POIECC, UMEIOIIUT T0ITIO U3 f GUIIETOB, TIOTYYUT NPUMEPHO f T0J1ei
paccMaTpuBaeMoro pecypea.

V noTepeitHoro MIaHupOBaHUs €CTh P MHTEPECHBIX CBOMCTB. Hampumep, ecm mosiBuTcst
HOBBIIi IIPOIIecC U eMy GY/IET BBIAEIEHO HECKOJIBKO OMJIETOB, TO YKe TIPU CJAELYIONIEM JIO-
TepeiiHOM PO3BITPBIIIE OH MOJYYUT MIAHC Ha BBHIMIPBILI, IPONOPLUOHANbHbII KOJINYECTBY
HOJIY9EHHBIX OMIeTOB. VIHBIMU CJIOBaMI, TOTEPEHOE MITaHNPOBAaHNE O4eHb OBICTPO PEaru-
pyeT Ha u3MeHeHre 0OCTaHOBK.

BsauMozeiicTByolme mporecchl MOTYT 110 sKeJaHuio oOMeHnBarbest Guneramu. Hanpumep,
KOr'/[a KIIMEHTCKUH TIPOIECC OTIIPABJISIET COOOIIEHNE CEPBEPHOMY MPOLIECCY, a 3aTeM OJIOKU-
pyercs, OH MOKET IIepeaTh BCe CBOM OGUIIETHI CEPBEPHOMY ITPOLIECCY, YTOOBI IOBLICUTD €10
maHchl ObITh 3alyleHHbIM caeayomum. Koraa cepsep 3aBepiuinT ¢Boio paboTy, OH BO3Bpa-
1maet OUIeThl, YTOObI KJIMEHT MOT BO30OHOBUTH CBOIO paboTy. DaKTHYeCKH IIPU OTCYTCTBUN
KJIMEHTOB cepBepaM OMIeThl BOOGIIE He HYKHBI.

JloTepeiiHoe MIIaHNPOBAHIE MOJKET OBITH HCIOJIB30BAHO IS PENIEHUSI TTPOGIIEM, ¢ KOTOPBIME
TPYIHO CIIPABUTHCS IPYTUMHU METOZIaMU. B KkayecTBe 0JIHOTO U3 TPUMEPOB MOKHO IIPHBECTU
BH7IeOCEePBEP, B KOTOPOM HECKOJIBKO TIPOIECCOB MPEIOCTABIISIOT CBOUM KJIHMEHTAM BUIEOIIO-
TOKM, UMEIOIIIe Pa3HyIo YacToTy KaapoB. [IpeanosoxuM, 4To mpolieccaM Hy>KHBI CKOPOCTH
10, 20 u 25 xagpoB B cexyuuay. Pacupenessisa stum mporeccam 10, 20 u 25 6usetoB coot-
BETCTBEHHO, MOKHO aBTOMATHUYECKY PA3IEIUTD IPOIIECCOPHOE BPeMs IPUMEPHO B HYKHOI
nporopiu, To ectb 10 : 20 : 25.

CnpaBeAnMBoe nnaHnposaHue

Jlo cux 1Iop MbI IIpe/oarajiy, YTo KaxK /bl npoiiecc (purypupyer B JIaHUPOBAHUN CaM 110
cebe, 6e30THOCUTENFHO CBOETO BiIajiesblla. B pesyibraTe, eciu moJib3oBaTesb 1 3amyckaer
9 mporieccoB, a TOTB30BaATENb 2 3aycKaeT 1 mpoitece, To TPH IMUKIMYECKOM TIJIAHUPOBAHITHI
WJIN TIPW PaBHBIX MPUOPHUTETAX MoJb3oBaTe b 1 mosmyunut 90 % mporeccopHOro BpeMeHH,
a 1oJb3oBaresb 2 — ToJbKo 10 %.

Yro6bl n3bexkaTh HOZOOHON CUTYALMH, HEKOTOPbIE CHCTEMBI IIepe]] IIaHUPOBAHUEM Pa-
6oTbI Hpolecca 6epyT B pacyer, KTo SBJSETCS ero BiafesblieM. B 9Toil Mogenu KaxkaioMy
OJIb30BATETIO PACTIPEAEAETCS HEKOTOPAs A0S ITPOL[ECCOPHOTO BPEMEHH 1 IIAHUPOBIINK
BBIOMPAET TPOIIECCHI, COOIIOAAsA 9TO pacipenenerue. Takum 00pasoM, eCiu KaxkaoMy U3
JBYX 1I0JIb30BaTesieli Ob110 obeiano 1mo 50 % IpoieccopHOro BPeMEHM, TO OHU €ro I10JIy4ar,
He3aBHCHMO OT KOJMIECTBA MMEIONMINXCS Y HUX TIPOIIECCOB.

B kauecTtBe ipuMepa paccCMOTPUM CUCTEMY C JIBYMsI TIOJIb30BATENSIMU, KAKIOMY M3 KOTOPbBIX
oberano 50 % 1poreccopHoro BpeMeHu. Y [epBoro MoJIb30BaTelst YeTbipe mpoiiecca, A, B,
Cu D, a 'y BTOPOTO TIOJIb30BaTeA TOTBKO OUH Tporiece — E. Ecan ncmomb3yeTces K-
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YeCKoe IJIaHnpoBaHMe, TO BO3MOKHAS ITOCJTIEA0BATC/IbHOCTD IJIAHUPYEMbBIX IIPOIECCOB,
COOTBETCTBYIOIIAsA BCEM OTPAHUYCHUAM, 6leeT NMETDb cneayloumﬁ BUI.

AEBECEDEAEBECEDE...

Ho ecs iepoMy 10JIb30BaTEIIO PEAOCTABIEHO BIBOE OOJIblIee BPEMs, YeM BTOPOMY, TO
MBI MOKEeM TIOJIYYUTD CIIELYTONLYT0 OCAeI0BATETbHOCTD!

ABECDEABECDE...

Pasymeetcs, cymecTByeT Macca ApYyruxX BO3MOKHOCTEN, UCIOJIb3YeMbIX B 3aBUCHUMOCTH OT
IIPUMEHSIeMbIX ITOHSATUH CIIPaBe/IJTMBOCTH.

2.4.4. NMnaHvpoBaHMe B cCUCTEMAX peaJsibHOro BpeMeHu

CucreMbl peaJibHOTO BPEMEHHU OTHOCSITCSI K TOMY Paspsijly CUCTEM, B KOTOPBIX BpeMsI UTPAeT
0YeHb BaKHYIO POJib. OOBIYHO OJHO WJIM HECKOJIBKO (DU3NYECKHUX YCTPOICTB, He UMEIOIINX
OTHOTIIEHUSI K KOMITBIOTEDY, TEHEPUPYIOT BXO/[HbIE CUTHAJIBI, & KOMITBIOTED B OIPe/IeIeHHbIi
[IPOMEKYTOK BPEMEHH JI0JIKEH COOTBETCTBYIONIMM 00pa3oM Ha HUX pearrpoBath. K npume-
PY, KOMIIBIOTED B IIPOMTPbIBATE]IE KOMITAKT-AMCKOB M0JIydaeT OMThI OT IIPUBOJA U JOJIKEH
[pPeBPAIaTh UX B MY3bIKY 32 O4€Hb KOPOTKUI MTPOMEKYTOK Bpemenu. Ecyiu BbramcieHust
3aHUMAIOT CJMIIKOM MHOTO BPEMEHM, My3bIKa IPUOOPETET J0BOJLHO CTPAHHOE 3BYYaHUe.,
Jlpyrumu cucreMaMu peajibHOTO BPEMEHHU SIBJISTIOTCS CHCTEMA OTCJICKUBAHUS TTADAMETPOB
MaryreHTa B MajaTe MHTEHCUBHON Teparuy, aBTOMMJIOT BO3AYIITHOTO CyIHA, YCTPOICTBO
yIIPaBJIEHNUsT IIPOMBITIIEHHBIMU POOOTaMI Ha aBTOMATU3MPOBAHHOM IIpeAnpusituu. Bo Beex
ATUX CJAyYasX MMOJIyYeHre BEPHOTO Pe3yJIbTaTa, HO C 3a103/IaHueM, 3a4acTyi0 TaK ke Hellpy-
eMJIEMO, KaK U HEIOJIyYeHUe ero BooO1Ie.

CucreMbl peasbHOro BpeMeHH OObIYHO AEJIATCS Ha 3KECTKHE CHCTEMbI PEeabHOI0 BpeMEHH
(CUCTEMBI JKECTKOTO PEATIbHOTO BPEMEHH ), B KOTOPBIX COOJII0/ICHIE KPATHIX CPOKOB 00s13a-
TeJIbHO, U THOKHE CHCTEMbI PEAJbHOTO BPEMEHH (CUCTEMbI MATKOTO PEAIbHOTO BPEMEHN ),
B KOTOPBIX HEPETYJISAPHbIE HECOOIONEHMs KPAalHIX CPOKOB HEKeIaTeJbHbI, HO BIIOJIHE
JOTIYCTUMBL. B 000MX C/Iydasx PesKUM PeabHOTO BPEMEHU JOCTUIAeTCs 3a CUeT pasjeie-
HSI TIPOTPAMMBbI Ha HECKOJIBKO TTPOIECCOB, TIOBEJIEHHE KaKI0TO M3 KOTOPBIX BIIOJTHE TP/
CKa3yeMo U 3apaHee M3BECTHO. ITH MPOIECCHI ABJIAIOTCS, KaK MPABHJIO, OBICTPOTEYHBIMHE
U CIIOCOOHBIME YCIIEIIHO 3aBEPIIUTD CBOIO PaboTy 3a cekyH ty. [Ipr oOHAPYKEHUN BHEITHETO
COOBITHS TIJTAHUPOBIIKK J0JKEH TaK CIVIAHKMPOBATH PaboTy IPOIECCOB, YTOOBI ObLIM CO-
GJIIOIEHBI BCE KPATHIE CPOKL.

Co0ObITHS, Ha KOTOPbIE JOJIKHA PEArnpoBaTh CUCTEMA PEANbHOIO BPEMEHU, MOTYT ObITh
OIpe/Ie/ICHbI KaK MepHoAMYecKHe (IPOUCXOISIINE PEryJISPHO) WM alleproandeckue (11po-
HCXOMSAIINE HETpeacKasyeMo). Bo3MoKHO, cucTeMe IPUIETCS PearnpoBaTh Ha HECKOJIBKO
MEPUOANYECKIX TIOTOKOBBIX COOBITHIA. B 3aBuCHMOCTI OT BpeMeHn, HeoOX0AUMOTO Ha 0Opa-
GOTKY Kask10r0 cOObITHS, ¢ 00pabOTKON BeeX COOBITHII cHCTEMa MOKET JIasKke He CIIPABUTHCS.
Harrpumep, ecim NpOMCXOAUT 7 TIEPUOIMICCKIAX COOBITHI, COOBITHE i BO3HUKACT € TIEPUOOM
P, 1 nist 06paboTKH Kakaoro cobbTrs Tpebyercs C; CEKyHJI MIPOIECCOPHOTO BPEMEHH, TO
nocrymaomas nHGopMaIus MoKeT OBITh 06paboTaHa TOIBKO B TOM C/Iydae, eCJIH
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Cucrema peasibHOTO BPEMEHH, OTBEYAIOIIasl STOMY KPUTEPUIO, HA3bIBAETCsI ITIAHUPYEMOIA.
ITo 03HAYAET, YTO Takas cucrema (haKTUIeCKU MOKeET ObITh peanusosana. [Iponecc, ne or-
BEYAIOLINI 9TOMY TECTY, He MOKET ObITh ILJIAHUPYEMbIM, IOCKOJBbKY 00I1Iee BpeMst HeHTPasIb-
HOTO IpoIeccopa, TpebyeMoe IIPoIecey, B COBOKYITHOCTH OOJIbIIE TOTO BPEMEHH, KOTOPOE
STOT IIEHTPAIbHBII ITPOIIECCOP MOKET IIPEIOCTABUTD.

B kauecTBe nmpuMepa paccMOTPUM MHOKYIO CUCTEMY PeaibHOTO BPEMEHHU C TPEMsI TIePUOIN-
yeckuMu cobbrtrsiMu ¢ iepuogamut 100, 200 u 500 mc coorsercrBento. Eciu Ha 06paboTKy
KasK/[0ro U3 aTux cobbiTuii Tpedyercs, coorsercrserno, 50, 30 u 100 Mc npoieccopHoro
BpeMeHH, paboTa cucTeMbl MOKET ObITh CIIAaHUPOBaHa, MocKoibKy 0,5 + 0,15 + 0,2 < 1.
Ecim Gyner goGasiieHo yerseproe coObiThe ¢ mepuogoM 1 ¢, To cucrema GyaeT coXxpaHsaTh
IJIAaHUPYEMOCTD JI0 TeX MOop, MoKa Ha 06paboTKy 9TOro cobbiTus He norpedyercs 6osee
150 mc porteccopHoro BpeMenu. B 3ToM BbIUMCIEHUN TI0/IPA3yMEBAETCsI, YTO UBJIEPHKKU HA
TepeKTIoYeHNe KOHTEKCTA HACTOJIBKO MaJIbI, UTO MU MOKHO TTPEeHEOPEUb.

AJITOPUTMBI TIAHUPOBAHMS PAGOTHI CHCTEM PEATbHOTO BPEMEHU MOTYT OBITH CTaTHYe-
CKUMU UM frHaMnudecKnMu. [1epBolif 13 HUX TpeaycMaTpuBaeT IPUHITHE PElleHui 110
MIJIAHIPOBAHUIO ellle 0 3aIlyCKa CHCTEMBI, 2 BTOPOH — X MIPUHSTHE B PeaTbHOM BPEMEHH,
[OCJIE TOTO KaK HAuHeTCsl BBITTOJMHeHHe nporpaMmbl. CTatnueckoe maHupoBaHue pabo-
TAeT TOJBLKO IPU YCJIOBUY TIPEIBAPUTEIHHOTO 00IaJaHysI JOCTOBEPHON nHbOpMAaIei
0 BBIIIOJHIAEMON paboTe 1 0 KpallHUX CPOKaX, KOTOPbIe HYKHO COOMIOCTH. AJITOPUTMBI
JQMHAMIYECKOTO TIAHUPOBAHS MOLOOHBIX OrpaHUYeHNiT He UMeIOT. VI3ydyeHue KOHKPeT-
HBIX aJITOPUTMOB MbI OTJIOKUM JIO TJIaBbl 7, Tjie OyAyT PacCMOTPEHbI MYJIBTHMEIUNHbIE
CHCTEMBI PeaJIbHOTO BPEMEHHU.

2.4.5. Monutuka u mexaHn3mabl

[lo cux 1op HerslacHO T10/Ipa3yMeBajIoCh, UTO BCE TIPOIIECCHI B CUCTEME TIPUHA/IIIEKAT PA3HbIM
[OJIb30BATEJISIM ¥ T09TOMY KOHKYPUPYIOT B 60pbOe 3a IPOIIecCOPHOE BpeMst. XOTsI 3a4acTyio
9TO U COOTBETCTBYET JEHCTBUTEILHOCTH, MHOTA OBIBAET TAK, YTO Y OJHOTO IIPOIECCA €CTh
MHOKECTBO JI0UePHUX MPOIIECCOB, 3aMyIIEHHbIX T10/] €ro yipasjenueM. Hamnpumep, mpo-
[[ECC CUCTEMbI YIIpaBJieHnst 6a30ii JaHHBIX MOKET UMETh MHOKECTBO JI0YEPHUX IIPOIECCOB.
Kasxaprii n3 Hux Mozker paboTaTh HaZ CBOUM 3allpocoM Win 061aaarh cnennGuiecKumMm
BbINOJIHsAEMbIME (QYHKIMAMU (pa3bop 3arpoca, Z0CTYII K AUCKY | T. /1. ). BIiojiHe BO3MOKHO,
YTO OCHOBHOI TIPOLIECC BETMKOJIEITHO PasOUPAETCst B TOM, KAKOI U3 €ro I04ePHUX MTPOLECCOB
Hanbosiee BaskeH (MM KPUTHYEH 110 BPEMEHK BBIIOJIHEHUs ), a KAKOW — HauMeHee BajKeH.
K coskasenuio, Hu OJIUH U3 paHee PACCMOTPEHHDBIX TJIAHUPOBIIUKOB He BOCIIPUHUMAET
HUKAKUX BXOJIHBIX JAHHBIX OT MOJb30BATENCKUX TIPOIECCOB, KACAIOMIUXCS TPUHSITHUS Pe-
IIEHWIT TI0 TTAHUPOBAHUIO. B pe3yssraTe 9TOro MIaHUPOBITUK TOBOJIBHO PEIKO IPUHUMAET
HAWJTYYIITHE PEIIeHUs.

Pernenie 910it 1po6JIeMbI 3aKJIIOYAETCST B YKOPEHUBIIEMCST TIPUHITATIE PA3/IEIEH s MEXaHH3-
Ma 1 oJUTUKY Iwianuposanus (Levin et al., 1975). 1o o3Hayaer Hasuune Kakoro-HuGy1b
criocoba TTapaMeTpU3aIiy AITOPUTMA [LIAHUPOBAHUS, TIPEY CMATPHBAIOIETO BO3MOKHOCTD
TIOTIOJTHEHMST TAPAMETPOB CO CTOPOHBI MTOJIb30BATEIBCKUX TpotieccoB. PaccmoTpuM ertie pas
HpUMEp UCIOJIb30BaHus 6a3bl JaHHBIX. [IPEOIoKIM, 9TO SIPO PUMEHSIET AJITOPUTM TIPH-
OPUTETHOTO TJIAHUPOBAHUS, HO IPEIOCTABJISIET CUCTEMHBII BbI30B, C TIOMOIIBIO KOTOPOTO
MIPOIIECC MOXKET YCTAHOBUTb (MM UBMEHUTD ) TPHOPUTETHI CBOUX JIOUEPHUX TIpoIteccoB. Ta-
KUM 00Pa3oM POJIMTETBCKHUIA TIPOIECC MOKET BCECTOPOHHE YIIPABJISITD TIOPSIIKOM ILTAHHPOBA-
HUsT pabOTBHI JIOYEPHIUX TIPOIECCOB, JIAKE ECITU CaM TIJTAHUPOBAHNEM HE 3aHUMAETCSI. 3/1eCh MbI
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BU/IUM, UYTO MEXAHU3M HAXOJMTCS B sI/[PE, & TIOJIMTUKA YCTAHABJINBAETCS T10JTb30BATEIbCKIM
nporteccoM. KiroueBoii njeeti 3/1echb SABISETCS OT/e/IeHre TTOMUTUKN OT MeXaHu3Ma.

2.4.6. NnaHupoBaHMne NOTOKOB

Korz[a €CTb HECKOJIbKO ITPOIECCOB N Y KaK/0Tr0 — HECKOJIbKO ITOTOKOB, ¥ HAaC MOABJIACTCA
ZlBa YPOBHS TapaJljieIn3Ma: IIPOHECChl U ITIOTOKHU. HJIaHI/IpOBaHI/Ie B TaKNX CUCTEMaX B 3HaA-
YUTEJIbHON CTeIeHU 3aBUCHUT OT TOr'0, Ha KaKOM YPOBHE IMOAAEPKUBAIOTCA ITIOTOKNU — Ha
110JIb30BaTEJIbCKOM, Ha YPOBHE SA/I[pa NJIKX Ha 0b6onx YPOBHIX.

Cragasa paccMOTPUM MTOTOKU HA YPOBHE MoJib3oBaTes. [[0cKoIBKY AP0 0 cyIiecTBOBAHNN
[IOTOKOB He 3HAET, OHO PaboTaeT B 00BIYHOM PEKUME, BRIOUPast IPOLIECE, CKaxkKeM, A, 1 riepe-
naeT mpoiieccy A ympaBJiieHUe [0 UCTEYEeHUs eTo KBaHTa BpeMeHH. [[TannpoBIIK TOTOKOB
BHYTpHU TIpoiiecca A peraet, Kakoil MOTOK 3amyCcTUTh, — ckaskeM, Al. V3-3a oTcyTcTBUS
TalMEepPHBIX MPEPBIBAHUN /IJIT MHOTO33[a9HBIX TTOTOKOB 3TOT MOTOK MOXKET MPOIOJIKATD
paboTy, CKOJBKO eMy MmoHago0ouTcst. ECii OH TIOTHOCThIO M3PACXO/IyeT BeCh KBAaHT BPEMEHH,
OTBEJIEHHbII TIPOIIECCY, SIAPO BLIOEPET ISt 3aIlyCcKa IPYyroil mporecc.

Korza nipottecc A GyzieT HAKOHEI[-TO CHOBA 3aITyIiieH, TIOTOK A1 Takke BO30GHOBUT paboTy.
OH TPOJIOJIKUT PACXOIOBATH BCE OTBEIEHHOE Mpolieccy A BpeMst, TIOKa He 3aKOHYHUT pabo-
ty. Ho ero menpyxeaobHOe MOBeeHNEe HUKAK HE OTPA3UTCs Ha APyrux mpoieccax. Ouu
[OJIyYarT TO, YTO IIAHKPOBIIUK MOCYUTAET UX J0JIeH, HE3ABUCUMO OT TOTO, YTO IIPOUCXOHT
BHYTPH TIporiecca A.

Tenepb paccMOTpUM CJTy4daii, KOTA TTOTOKH Mpoliecca A BBITOJIHSIIOT HEMTPOAOJIKUTENBHYTO
OTHOCHUTEJIBHO JI0JIM BbIAEJEHHOTO MPOLECCOPHOro BpeMeHu paboty, Harpumep padoTy
MPOIOKATENLHOCTBIO 5 MC TIpH KBaHTe BpeMeHn 50 mc. CirenoBarebHO, KK 13 HUX
3alyckaeTcs Ha HeGOJIbIIOI epro/] BpeMeHH, BO3BPallasd 3aTeM LEeHTPAJIbHBII POLECCOp
[JIAHUPOBIUKY MTOTOKOB. [Ipu aTOM, 1epe/ TeM Kak siipo TepeKJTIoIrTCs Ha rnpoiiecc B,
MOJKET MOJIYIUThCS CeyIolas mocaenoBaTebHocTh: Al, A2, A3, A1, A2, A3, A1, A2, A3,
Al. Dra curyanus rokasaHa Ha puc. 2.24, a.

Mpouecc A Mpouecc B Mpouecc A Mpouecc B
Mopsigok 3anycka \ \ /
npoLeccos \ * *
'S
1
2. Cuctema nogaepxku | El
MCMOMHEHNS Mporpamm
BbIGMpPaeT NoToK
1. Aopo BbIGMpaeT npolecc 1. Aapo BbIGMpaeT NoTok %
BosmoxHo: A1, A2, A3, A1, A2, A3 BoamoxHo: A1, A2, A3, A1, A2, A3
HesoamoxHo: A1, A2, A3, A1, A2, A3 Takxke BoamoxHo: A1, A2, A3, A1, A2, A3
a 6

Puc. 2.24. Bo3MOXHbIN BapnaHT MNIaHNPOBaHNS NOTOKOB: @ — HA YPOBHE MOb30BaTeNs C KBAHTOM
BpemMeHun 50 Mc 1 noTokamu, padoTaloLmmm no 5 Mmc npu paboTe LeHTpanbHOro npoLeccopa
B Npenenax aToro kBaHTa; 6 — Ha YPOBHe siapa C TEMU Xe XapakTepucTnkamm
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AJTOpUTM NJIAHUPOBAHUS, UCTIOJIb3YEMBIH CUCTEMOH TO/IEPIKKN UCITOTHEHUS ITPOTPAMM,
MOZKeT ObITh JTI0OBIM U3 PaHee pacCMOTPeHHbIX. Ha mpakTike HanboJIee IMMPOKO PACIIPOCTPa-
HEHbI IUKJINYECKOE U MTPHOPUTETHOE TUIAHMpOBaHue. EMHCTBEHHBIM OTpaHITYeHneM OyeT
OTCYTCTBHE TAaliMEPHOTO IPEPBIBAHMS B OTHOIIEHUH TIOTOKA, BBITIOTHAEMOTO CJUIITKOM JI0JITO.
Ho mockosibKy MOTOKH B3aUMOJIEHCTBYOT, 0OBIYHO 3TO HE BBI3BIBAET TIPOOJIEM.

Terepb pacCMOTPUM CUTYAIMIO C TIOTOKAMU, PeaTu30BaHHbIMU HA YPOBHE si/ipa. 3/eCh
KOHKPETHBbII1 3aIyCKaeMblil TOTOK BbIOMpaeTcs AipoM. EMy He HYKHO yYUTHIBATh IPUHA/-
JIESKHOCTD 9TOTO TIOTOKA KOHKPETHOMY TIPOIIECCY, HO €CJIH MOHAM0OUTCS, TO OH MOKET 9TO
caenarh. [TOTOKY BblaessIeTCs KBaHT BPEMEHH, 110 KCTEeYeHUN KOTOPOro ero pabora mpu-
ocranasauBaercs. Ecim Boigenen ksant 50 Mc, a 3anyiieH OTOK, KOTOPbIi GJOKUpyeTcs
yepes 5 M¢, TO 04€PEAHOCTD OTOKOB Ha NEPUOJ MPOAOJIKUTENbHOCTHIO 30 MC MOKET ObITh
caenytomeit: A1, B1, A2, B2, A3, B3, 4T0 HEBO3MO>KHO MOJTYIUTH MTPU TAKUX MTapaMeTpax Ha
MOJTh30BATEILCKOM YPOBHE. JTa CUTYaI[Us YaCTUYHO MMOKa3aHa Ha puc. 2.24, 6.

[ToTroxu Ha ypoBHE TIOTH30BATENS M TOTOKY HA YPOBHE SI7Ipa PA3JINYAIOTCS B OCHOBHOM TIPOU3-
BOANTENHHOCTBHIO PabOTHI. J{JIsT TlepeKITFoUeH ST TOTOKOB, PeaTM30BAHHbIX HA YPOBHE TI0JIH30Ba-
TeJist, TpebyeTCst b HeOOJIBIIOE KOJIMYECTBO MAIMHHBIX KOMAH/L, a [/ HOTOKOB Ha yPOBHE
spa TpebyeTcs MOJIHOE KOHTEKCTHOE IePEKIIoUeH e, CMEHA KaPThI IIAMSITH U aHHYIMPOBaHUe
K9IITa, YTO BBITIOTHSIETCST HA HECKOJIBKO TIOPSIKOB MeTeHHee. B To ke BpeMst MOTOK Ha YPOBHE
sIIpa, 3a0I0KNPOBAHHDIN HA OTIEPAIN BBOA-BbIBOJIA, HE BHI3BIBAET TPUOCTAHOBKY BCETO IIPO-
1iecca, Kak IOTOK Ha ypoBHe 11osib3oBaTesis. [TockobKy s/1py U3BecTHO, YTO Ha IepeKioyenne
C MOTOKA U3 Tpoliecca A Ha IIOTOK U3 Tpoliecca B 3aTpaurBaetcst O0JIbllie BPEMEHH, YeM Ha
3aIlyCK BTOPOIo MOTOKA U3 mpoiecca A (13-3a HEOOXOAUMOCTH U3MEHEHUST KapThl TaMSITU
1 00eCIIEHNBAHMS KIIIIA [TAMSITH ), TO OHO MOYKET YUECTh OTU CBEICHUS [IPK IPUHSATUM PELICHUSL.
K mpumepy, ecsint B3STh iBa pAaBHO3HAYHBIX BO BCEM OCTAIBHOM TTOTOKA, OINH 113 KOTOPBIX TTPH-
HAJIJIEKUT TOMY HIPOLIECCY, Y€l ITOTOK ObLI TOJIBKO YTO 3a0JI0KUPOBAH, @ BTOPOIl IPUHAJIEKIAT
JPYTOMY TIPOLIECCY, TIPEANIOUTEHNE MOKET ObITh OTAAHO IIEPBOMY IIOTOKY.

JIpyroii BasKHBII (haKTOP 3aKIIOUAETCSA B TOM, UTO MOTOKH, PEaU30BaHHbIE HA YPOBHE T10JTb-
30BaTeIsd, MOTYT UCIOIb30BATh IJIAHMPOBIIMK MOTOKOB, YUUTBIBAIOIMI 0COOEHHOCTH IIPH-
noxennst. PaccMoTpum, K mpumepy, BeO-cepsep, mokasaHHbi Ha puc. 2.6. [Tpeanonosxum, uto
pabounii MOTOK OBLT TOJIBKO 4TO 3a0JIOKMPOBAH, a MIOTOK ANCIIETYEPa U Ba pabounX IIOTOKA
HaXOJSATCS B COCTOSIHMM TOTOBHOCTH. Kakoii U3 II0TOKOB 10J15KeH ObITh 3aIlyIleH CJIeLy oM ?
Cucrema HoaepsKK1 UCTIOJNHEHUs TIPOTrpaMM, BJiajieioliasd uHbopMaiuei 0 ToM, YeM 3aHHu-
MaIOTCs BCe OTOKM, MOKeT 6e3 Tpy/a BbIOpaTh CJAELYIONIM /IS 3allyCKa AUCIIETYep, YTOObI
TOT 3aIlyCTUJI CJIeyoluii pabounii nporiecc. ITa cTpaTerus A0BOAUT 10 MaKCHMYyMa CTeleHb
napajuieJiu3Ma B Cpefie, Te pabodre MOTOKK 4acTo GJIOKMPYIOTCS Ha AMCKOBBIX OlEpPallUax
BBOZIa-BbIBO/A. KOr/la HOTOKK peairsoBatbl Ha YPOBHE /Ipa, CaMO PO HUKOIAA He Oyjaer
o6anaTh nHpOpMaLKEii, YeM 3aHUMACTCS KaKIbIH MOTOK (XOTS UM MOT'YT OBITh IIPHUCBOECHDBI
pasuble npuoputersl). Ho B 11€I0M IJIAHUPOBIIUKHI TTIOTOKOB, YYUTBIBAIOIIIE OCOOCHHOCTH
NPUIOKEHNH, MOTYT JIyUIIle MOACTPOUTHCS MO/ IPUIOKEHUE, YEM SZPO.

2.5. Knaccunyeckue 3agaum
B3auMoaencTBus npoLeccos

B nmuteparype 1o onepanioHHBIM cUCTEMaM MOKHO BCTPETUTh MHOKECTBO UHTEPECHBIX
npobJeM UCIIOIb30BAHKS PA3JUYHBIX METOAOB CUHXPOHU3AIMH, CTABIINX IIPEAMETOM
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IMIUPOKUX ANCKYCCHUI 1 aHaIn3a. B maHHOM pasiesie Mbl pacCMOTPUM HarOO0Iee U3BECTHBIE
pobIeMBbl.

2.5.1. 3apaya obeparowmnx punocodos

B 1965 roxny [leiikcTpa chopMyarupoBall, a 3aTeM Pemru npodaeMy CMHXPOHU3AIUHI, Ha-
3BaHHYI0 UM 3a7a4yeil obegaomux Guaocodos. C Tex mop Bce n3obperaTesn 04epeaHoro
MIPUMUTHBA CHHXPOHU3AIUHU CUNUTAIIN CBOMM JIOJITOM TIPOJIEMOHCTPUPOBATH €10 HANJIYYIITHe
KayecTBa, I0Ka3aB, HACKOJILKO 2JIEFaHTHO C €ro MOMOIIBIO pelaeTcs 3a1ada 0oejaonmx
dunocodos. CyTs 3amaun 10BOIbHO TIpocTa. I19Th hrmocodoB cuagT 3a KPyTIbIM CTOJIOM,
U Y KaX/I0TO U3 HUX €CTh TapeJiKa CliareTTu. JTU CIIareTTH HACTOJIbKO CKOJIb3KHE, YTO €CTh
UX MOJKHO TOJIBKO JIBYMsI BUJIKaMU. MKy KasKIbIMU JIBYMsI TAPEJIKAMU JIEKUT OJTHA BUJIKA.
Buernnuit Buj crosia nmokasan Ha puc. 2.25.
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Puc. 2.25. O6en Ha dakynsTeTe punocodbun

/Kusub unocoda cocTONT M3 YepeAYIONNXCA TIEPUOIOB pHeMa TN U PA3MBITILICHUH.
(970 MoNOKEHNe U3 paspsAga abCTpakIUi gaxe B oTHONIEHNH GUI0cOoPOB, HO BCA UX
ocTajibHast esTeJbHOCTD K 3ajiade He oTHOcUTCs.) Korna dunocod cranoButest rosiozex,
OH CTapaeTcs MO0YEPesHo B JI0OOM MOPSIKE 3aBJIaleTh IPaBoii U JIeBoii Buikamu. Ecin
€My YIaCTCsI B3SITh JIBE BIJIKH, OH HA HEKOTOPOE BPEMST TPHUCTYIIAET K €]I€, 3aTeM KIaaeT 0be
BUJIKH Ha CTOJI U TIPOAOJIKAET padMbiniieHus. OCHOBHOI BOTIPOC COCTOUT B CJEAYIOIIEM:
MOKHO JIU HAITMCATh MPOTPAMMY I KasKI0TO (pustocoda, KOTOPHIA TeHCTBYET MPEAIo-
JlaraeMbIM 00Pa3oOM ¥ HUKOT/IA [P 9TOM He MOoMNajiaeT B cocTostHue 3apucanusa? (MoskHO
3aMETUTb, 4TO HOTpe6HOCTb B IBYX BUJIKAX BbITVIAAUT HECKOJIbKO MCKYCCTBEHHO. MO}KGT
OBITh, CTOUT TIEPEKIIOUNTHCS C UTATbAHCKON HAa KATAWCKYIO KYyXHIO, 3aMEHUB CIIAreTTH PU-
COM, a BUJIKW — TTAJIOUKAMM JIJIST €7Tb1?)

B suctunre 2.13 nokaszano camoe mpocToe pelienue 9Toi 3agauu. [pouenypa take fork
JKIET, IOKa BUJIKA He ocBoboauTces, u Gepet ee. K coxkanenuio, 3To peiienue omubodHo.
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TotmyctuM, uTo Bee msith GuocodoB oHOBPeMEHHO 6epyT JieByio oT cebst Busiky. Torma
HUKTO U3 HUX HE CMOKET B3SITh [TPABYIO BUJIKY, YTO IIPUBEJET K B3ANMHOI GJIOKMPOBKE.

JluctuHr 2.13. OwmboyHoe pelleHne 3agayn obeparowmx punocodos

#tdefine N 5 /* konuyectBo dunocodos */

void philosopher(int i) /* i: Homep ¢unocopa (oT @ po 4) */

{

while (TRUE) {
think( ); /* dunocod pasmblunseTt */
take_fork(i); /* bepeT neByk Bunky */
take_fork((i+1) % N); /* 6epeT npaByw BUNKY; */
/* % - onepaTop AeneHua no moaynkw */

eat(); /* ecT cnareTtTtu */
put_fork(i); /* KnapeT Ha cTon neByw BUAKY */
put_fork((i+l1) % N); /* KnapeT Ha CTon npaByk BUAky */

}

Mosxro 6e3 0co60To Tpy/1a MBMEHUTH MPOTPAMMY TaK, YTOOBI TTOCTE TIOMIYYEHUS JIEBOH BUITKH
IporpaMMa TIPOBepPsAIa IOCTYITHOCTD TPABOH BUJIKK. Ecoin aTa Buska HeocTymHa, humocod
KJTaJIeT Ha MECTO JIEBYIO BUJIKY, OKHJIAET KAKOE-TO BPEMsI, a 3aTeM TTOBTOPSAET BECh MPOIIECC.
ITO MpeVIOKEHKE TaKKe OMUGOUHO, HO y3Ke 10 Apyroil puunte. [Ipu HeKoTopoii foie He-
BeseHus Bee (procodbl MOTYT MPUCTYNNTD K BHIMOJHEHUIO aITOPUTMA OJIHOBPEMEHHO U, B35TB
JIEBbIE BUJIKU U YBUJIEB, UTO MPABblE BUIKU HEIOCTYIIHbI, ONSATH OHOBPEMEHHO TIOJIOKUTh
Ha MECTO JIeBbIe BUJIKH, ¥ TaK 10 OeckoneunocTu. [logo6Hast curyaiust, mpu KOTopoii Bce
HpOrpaMMbl GECKOHEYHO PAOOTAIOT, HO HE MOT'YT JI0OUTHCSI HUKAKOTO [IPOrPECca, Ha3bIBAETCsI
rOJIOIAHUEM, WJIV 3aBHCAHUEM Tpolecca. (ITa CUTYyalus Ha3bIBACTCS TOJOJAHUEM JAKe
B TOM CJIydae, eciii mpobJieMa BOSHUKACT BHE CTEH UTAJIBSTHCKOTO M KUTAHCKOTO PECTOpaHa. )

MoskHO TToyMaTh, YTO CTOUT TOJBKO 3aMEHUTH OJMHAKOBOE s BceX (hImocodoB BpeMs
O’KHMJIAaHUS TIOCJIE HEYTAYHON MOTIBITKY B3STh IIPABYIO BUJIKY Ha CJIy4allHOE, U BEPOSITHOCTD,
4TO BCE OHM OY/YT TOITATHCS Ha MecTe XOTs Obl B TedeHue yaca, OyJeT 04eHb Majia. JTo
MIPABUJIbHOE PACCYysKIEHUE, M TPAKTUYECKH /IJIsT BCEX ITPUJIOKEH M TTOBTOPHAS TTOTIBITKA Ye-
pe3 HEKOTOPOoe BpeMst He BbI3bIBaeT 1pobJeMbl. K iprMepy, eciiu B Oy JIsspHOM JIOKaIbHOM
ceru Ethernet siBa KoMIIbI0TEpPa OJIHOBPEMEHHO OTIIPABJISIOT TIAKET AAHHBIX, KAXK/IbIil U3 HUX
BBUKHUIAET CIYYAHBIN OTPE30K BPEMEHM, a 3aTeM TOBTOPSIET MOMLITKY. 1 Ha MpakTuKe 3TO
pelierne Heroxo paboraer. Ho B HEKOTOPBIX MPUJIOKEHUAX MOKET OTAaBATHCS HPE/IIO-
YyTeHUe PelleHnIo, KOTopoe cpabaTbiBaeT Beeraa M He MOKET IIPUBECTH K OTKA3y 110 IIPUYrHe
HeyIayHOU Yepe/ibl CyYallHbIX Yrcesl. BCHOMHUM 0 cucTeMe yipaBieHus 6e3011acHOCTbIO
ATOMHOU 9JIEKTPOCTAHIINU.

B mporpammy, mokasannyio B auctunre 2.13, MOXXHO BHECTH yJIydllleHNe, TO3BOJIAIONIEE
u36eKaTh B3aUMHOI GJIOKMPOBKY U 3aBUCAHUSL. [[JIsT 9TOTO HYKHO 3allUTHTH [STh OTepa-
TOPOB, CJIEIYIONTHX 32 BEI30BOM think, mBonunbiM cemadopom. Ilepes TeMm Kak O6path BUJIKH,
¢buocod 10/KEH BHITIOIHUTD B OTHOIIIEHUH [TEPEMEHHON mutex oreparuio down. A mociie
TOTO KaK OH MOJIOKUT BUJIKM HA MECTO, OH JIOJKEH BBITTIOJHUTD B OTHOIIICHUN TIE€PEMEHHON
mutex onepario up. C TEOPETUIECKON TOUKHU 3PEHUS ATO BIIOJHE A0CTATOUYHOE PElleHNUE.
Ho ¢ nmpakTryeckoii — B HEM He YYTEH BOIPOC TIPOU3BOAUTEIBHOCTH: B KAXK/IbIil MOMEHT
BPEMEHHU MOKET eCThb CIIAreTTH TOJbKO OnH dhusocod. A pn HAIMYUK MSITH BUJIOK OJTHO-
BPEMEHHO MOTYT eCTb CIIareTTH aBa (usocoda.
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Peuienue, npejcrasientoe B iuctunre 2.14, He BbI3bIBACT B3aUMHOI GJIOKUPOBKU ¥ JIOITY -
CKaeT MaKCUMYM TTapajiiein3Ma JIJIs TPOU3BOIBHOTO yncia ¢pumocodos. B nem mcmonnay-
€TCST MacCHB State, B KOTOPOM OTCJICKUBACTCS, UeM 3aHIMaeTcs hrmocod: ecT, pa3MbIIIISeT
WJTN TIBITAETCS TTOeCThb (TIBITaeTCs B3ATh BUJIKN ). [lepeiiTt B cocTosiHMe TTprieMa i (husio-
cod MOXKET, TOJTBKO €CITU B 3TOM COCTOSTHUH He HAaXOAUTCS HI OJIuH 13 ero cocezeil. Cocenn
dunocoda c HomepoM i onpezensiorces Mmakpocamu LEFT u RIGHT. InbiMu cioBaMH, eciu
i paBeH 2, To LEFT pasen 1, a RIGHT paseH 3.

Jinctunr 2.14. PeweHne 3agayn obepaoimx d¢unocodon

#tdefine N 5 /* konuyecTtBo ¢unocodos */
#tdefine LEFT (i+N-1) %N /* Homep neBoro cocega anA i-ro ¢éunocopa */

#tdefine RIGHT (i+1) %N /* Homep npaBoro cocepa gna i-ro
déunocopa */

#tdefine THINKING 0 /* ¢unocod pasmblunseTt */

#define HUNGRY 1 /* dunocod nbiTaetcAa B3ATbL BUAKM */

#tdefine EATING 2 /* ¢unocop ect cnarettn */

typedef int semaphore; /* Cemadopbl — 0CO6bIN BUA LIeSIOYUCNEHHbIX

nepemeHHbix */

int state[N];
semaphore mutex = 1;

semaphore s[N];

void philosopher(int i)
{
while (TRUE) {
think();
take_forks(i);
eat();
put_forks(i);

}

void take_forks(int i)

{

down (&mutex);
state[i] = HUNGRY;
test(i);
up (&mutex);
down(&s[i]);

b

void put_forks(i)
down (&mutex);
state[i] = THINKING;
test(LEFT);

test (RIGHT);

/* mMaccuB ANA OTC/EXMBAHUA COCTOAHUA
Kaxgoro ¢unocodpa */

/* B3aumMHOe uCKJ/I4eHue BXOAa B
KpuUTuyeckyw obnactb */

/* no opgHomy cemadopy Ha KaxAoro
dunocopa */

/* 1 - Homep ¢unocoda (oT © mo N-1) */

/* 6ecKkoHeuYHbln uukn */

/* dunocod pasmbiwnaet */

/* 6epeT ABe BUAKM unau bnokupyetca */
/* ecT cnarettu */

/* KnapeT obe BuAKM Ha cTon */

/* 1 - Homep ¢unocoda (oT © mo N-1) */

/* BXOA B KpuTU4deckyw obnactb */

/* 3anucb ¢akTa cTpemneHua éunocoda
noectb */

/* nonbiTKa B3ATb ABe BuUakKU */

/* BbIXOA U3 KpuUTU4HecKkoi obnacTtu */
/* 6nokupoBaHue, ecnum BWJIKU B3SATb He
ypanocb */

/* 1 - Homep ¢unocoda (oT © mo N-1) */

/* BXxop B KpuTUYeckyw obnactb */

/* ¢unocod Haenca */

/* npoBepka roTOBHOCTU K efe cocepa
cnesa */

/* npoBepka roTOBHOCTU K efe cocepa
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cnpaBa */
up (&nutex); /* BbIXOA U3 KpuTU4eckoi obnactu */
void test(i) /* i - Homep ¢unocoda (oT @ mo N-1) */
{
if (state[i] == HUNGRY && state[LEFT] != EATING && state[RIGHT] != EATING) {
state[i] = EATING;
up(&s[i]);
}
}

B nporpamme ucnonbayercs Mmaccus ceMadopoB, 110 04HOMY ceMadopy Ha Kaxka0ro Gpuio-
coda, MoaToMy roJoAHbIH Hrocod MoKeT OIOKUPOBATBCS, €CJIM Hy/KHASE €My BUJIKA 3aHsTa.
O6paruTe BHUMaHUE HA TO, YTO KK IIPOIECC B KAYECTBE CBOEH OCHOBHOM MPOTPAMMBI
3arycKaer npoueaypy philosopher, Ho ocrajbhble TIpoleaypsl: take_forks, put_ forks u test —
5TO OOBIYHDBIE TIPOLELYPDI, & HE OTAEAbHDIE IPOIECCHL.

2.5.2. Sapaya yuTartenen u nucarenemn

3anaua obegaomumx GuaocodoB XOPOIa AJIsS MOAENNPOBAHUS IIPOLECCOB, KOTOPBIE COPEB-
HYIOTCS 32 MCKJIIOYUTENbHBIN JOCTYI K OTPAHUYEHHOMY KOJIMYECTBY PECYpPCOB, HAIIpUMED
K yCTpPOHCTBaM BBOJa-BbIBOZA. Jpyras obiien3BecTHas 3a/a4a KacaeTcst YuTaresieil u mu-
careseii (Courtois et al., 1971). B ueii Mmogenupyercst goctyi k 6aze manubix. [IpegcraBum,
K TIPUMepY, CHCTeMY GPOHUPOBAHUS aBHAGUIIETOB, B KOTOPOU €CTh MHOKECTBO COPEBHYIO-
IIIIXCST TIPOTIECCOB, JKEMAMOTINX 0OPATUTHCST K HEll JIJIst YTEHUs 1 3alicy. BIosiHe 101y cTHMO
HAJIMYIe HECKOJIBKIX MPOIECCOB, OHOBPEMEHHO CYMTHIBAIOIINX HHMDOPMAIHIO U3 6a3b!
JaHHbBIX, HO €CJIM OJMH Ipoliecc 06HOBJsIeT 6a3y AaHHBIX (IIPOBOAUT ONEPAIMIO 3AIIUCH ),
HUKAKOU JPYTOil MPOIecc He MOKET MOJYYHUTh JAOCTYI K 6a3e MaHHBIX JaKe JJIsT YTEHS
nHbopmarnu. Borpoc B ToM, Kak co3/1aTh IporpamMMy /7Tt unTateseil n mcaresneii? OqHo
13 pelliennii oKa3aHo B auctunre 2.15.

B aToM peliieHN ePBBII YUTATEIb [JIs1 Oy YEHUS I0CTYIA K Oa3e JaHHbIX BBIIOIHSIET B OT-
Homenun cemadopa db orepariuio down. A Bee CIIeYIONIIe YUTATEH TPOCTO YBEIMINBAIOT
3HaUeHUe cYeTInKa 7¢. Kak TOJIbKO YnTaresin mpeKkpamaior cBoio paboTy, OHU YMEHBIITAIOT
3HaUEHHNe CYeTUHMKA, & TOCJAeTHNN 13 HUX BBITOJIHSIET B OTHOIIEHUH ceMadopa OTepariio
Up, O3BOJIsIst 3a6JOKMPOBAHHOMY MTHCATEJIIO, €CITH TAKOBOI IMEETCsT, TPUCTYIUTD K paboTe.

B npencraBierHOM 371€Ch PEIIEHUH €CTh O/THA TOCTOIHAS YIIOMUHAHUS HEJJOCTATOYHO OYe-
BUziHAsA 0COOEHHOCTD. [lOIyCTHM, 4TO KaKOH-TO YMTaTe b yoKe MCIOoJIb3yeT 0asy AaHHbIX
U TYT MOSIBJISIETC ellle OAuH yrTaTesib. [TocKoIbKy oHOBpeMeHHast paboTa AByX YnTaTesiei
paspeliieHa, BTOpOii yuTateib onyckaercs K 6ase ganHbix. [1o Mepe mosiBJIeHUs K Hell MOTY T
OBITh JIOMYIIEHBI U IPYTHE JOMOJHUTEIbHbIE YATATE/IH.

Tenepb AOIIyCTUM, UTO ITIOABUJICA ITNCATEb. OH MoKeT He TIOJIYYUTD JOCTYIIa K 6ase JTAaHHDBIX,
TIOCKOJIbKY IHCATeN JOJIKHbBI UMETDH K Hell UCKJIIOYNTEbHBIN JOCTYII, ITIO9TOMY ITHCaTeb
IIpMOCTaHaBJUBAET CBOIO pa60Ty. [Tos:xe mogBasIOTCS U Apyrue 4nuraTtejiu. ﬂOCTyH 110~
ITIOJIHUTEJ/IbHBIM YUTaTEJIAM 6y/:[eT OTKPBIT /10 T€X I10P, ITIOKa 6y/:[eT AKTUBEH XOTs Obl OJIMH
quTaTeJib. BCJIBZICTBI/IG aTOI CTpaTeruu, 1moKa NpoA0JKaeTCAa HallJIbIB '{I/ITaTe]IE‘IL/'I, BCE OHU
6y[[yT 1TOJIy49aThb JOCTYII K 6ase 1Mo Mepe CBOETO HpI/I6I)ITI/I${. [Tucarenn 6yH€T IIPUOCTaHOBJIEH
J0 TEX 1TOP, IOKa HE OCTAHETCA HU OJHOTO YUTATEJIA. Ecnu nosbiil ynraTenn 6yZ[€T HpI/I6bI-
BaTb, CKa’KeM, KaK/bI€ 2cu Ka)K[IbeI quTaTeJib 3aTPAaTUT Ha CBOIO pa60Ty 1o 5 C, IIucaTesib
AOCTYyTIa HUKOI'Ia HE TOJKIETCA.
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YT06bI IPEOTBPATUTH TAKYIO CUTYAIIUIO, IPOrPAMMY MOKHO CJIETKA U3MEHUTh: KOT/a IIH-
careJib HAXOAUTCA B COCTOSTHUM OKU/IAHMS, TO BHOBb PUOBIBAIOIINIT YMTATE/Ib HE OJTydaeT
HEME/ITIEHHOTO JIOCTYTIA, a TPUOCTAHABIMBAET CBOIO PabOTY M BCTAET B OUEPE/Ih 3a TTHCATEIIEM.
I[Tpu aTOM TIHICATEIb IOJKEH JHOKAATHCS OKOHYAHUST PA0OThI TEX YUTATENIEH, KOTOPbIE ObLIH
AKTUBHBI TIPU €ro NPUOBITUH, U HE JIOJIKEH NePeKuaTh TeX yuraTesiell, KoTopbie MpUObIBAIOT
mocye Hero. HemocTaTok aToTo permenns 3akaiovaeTcs B CHIDKEHUH TIPOU3BOAUTETHHOCTH
3a cYeT MEHBINNX MOoKa3aTe el mapajeabHocTr B pabote. Kyprya ¢ coaropamu (Courtois
et al., 1971) npencraBuiu perienue, gamoliee npuopuTet mucaressim. [logpobHOCTH ITOTO
peleHust MOKHO Y3HATh U3 UX CTAThH.

JIucTuHr 2.15. PeweHne 3agayun yntatenenm n nucatenen

typedef int semaphore; /* HanparuTe cBoe BoobpaxeHue */
semaphore mutex = 1; /* ynpaBnaeTt pgoctynom K 'rc' */
semaphore db = 1; /* ynpaBnseT AOCTynoMm kK 6a3e paHHbIX */
int rc = 0; /* KONMYeCTBO YMUTAKWMUX WU Xenarwlmx

4yuTaTb npoueccos */

void reader(void)

while (TRUE) { /* 6ecKkoHeuYHbln uukn */
down (&mutex); /* nonyyeHue MCKAWYMTENbHOrO Aoctyna kK ‘rc’ */
rc =rc + 1; /* Tenepb Ha opHoro 4utaTtena 6Gonbwe */
if (rc == 1) down(&db); /* ecnu 3To nepsblii YuTaTenb... */
up(&mutex); /* 3aBeplieHne UCKIYUTENbHOro AO0CTYyna
K ‘rc’ */
read_data_base( ); /* pocTyn K AaHHbIM */
down (&mutex); /* nonyyeHue MCKAWYMTENbHOrO Aoctyna kK ‘rc’ */
rc = rc - 1; /* Tenepb Ha OAHOroO 4uTaTena MeHbuwe */
if (rc == 0) up(&db); /* ecnm 3To nocnepHuii yuTatenb... */
up (&mnutex); /* 3aBepweHune UCKYUTENbHOro goctyna K ‘rc’
*/
use_data_read(); /* HekpuTuyeckas obnactb */
}
}

void writer(void)

while (TRUE) { /* 6eCcKOHeYHbIn umkn */
think_up_data( ); /* HekpuTuyeckas obnactb */
down(&db); /* nonyyeHue uckaw4MTENbHOro goctyna */
write_data_base( ); /* obHoBneHue AaHHbIX */
up(&db); /* 3aBeplweHne UCKYUTENbHOrO Joctyna */
}

2.6. UccnepoBaHus, NOCBSALLEHHbIE
npoueccam v NOToOKam
B rnaBe 1 MbI paccMOTpeU PsIZl TEKYTTUX UCCIIEIOBAHUI, TIOCBSIIIIEHHBIX CTPYKTYPE Olepa-

[UOHHBIX CUCTEM. B 9T0l 1 TOCIeAyI0IUX T1aBax paccMOTPUM GoJiee Y3KOHATPABJICHHbIE
HCCTIeI0BaNN, HAYMHAToMHecs ¢ mporieccoB. Co BpeMeHeM CTaHeT MOHSITHO, YTO HEKOTOPBIE
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HPeIMEThI UCCIIEI0BAHU Jiydiiie Pa3pabOTaHbI 110 CPABHEHKIO ¢ APYTUMU. BOJIBIIMHCTBO Hc-
cJIeIOBaHUIT OOBIYHO HAITPABJIEHBI HA M3yYeHHE HOBBIX TEM M He OTHOCSITCSI K TEMaM, KOTOPbIe
NCCIIENYIOTCS yoKe He O/INH JIECSITOK JIeT.

[Mousitue mporiecca siBJisier co60il IPUMEP AOBOJIBHO XOPOIIO pazpaboTaHHol Tembr. IIpak-
TUYECKH KayKilas cucteMa 00J1alaeT HEKUM MTOHSITHEM TIPOLIecca Kak KOHTeHepa, IipejiHa3Ha-
YEeHHOTO JIJIS1 TPYIIITMPOBKH B3aNMOCBSI3aHHBIX PECYPCOB, TAKUX KaK a/[peCHOE TIPOCTPAHCTRO,
MTOTOKH, OTKPBITHIE (Dailibl, TpaBa 0CTyNa K 3alUIEHHBIM pecypcaM u T. 1. [pynmuposka
OCYIIECTBJISIETCST B PA3JIMYHBIX CUCTEMAX HEMHOTO 110-PAa3HOMY, HO 3TH Pa3IndKsi HOCIT YUCTO
TexHudecknit xapakrep. OCHOBHAsI W/ies yKe TIPAKTUYECKU He BbI3bIBAET CIIOPOB, U HOBBIX
MCCJIEIOBAHUIT TIO TEME MTPOIECCOB TPOBOJNTCST COBCEM HEMHOTO.

ITo cpaBHEHUIO ¢ MPOIECCaMU TIOTOKHU SABJSIIOTCS GoJiee HOBOIT Meel, HO OHU TOXKE YIKe
JIOBOJIBHO JIOJITO paccMaTpuBaioTes. TeM He MeHee BpeMst OT BpEMEHU BCe €llle TTOSIBJISIOTCS
CTaTbH, MOCBAIICHHBIE TOTOKAM, K IPUMEPY O KJIACTePU3alNK IIOTOKOB Ha MYJIBTHIIPOICC-
copubix cucremax (Tam et al., 2007) nam 0 TOM, KaK XOPOIIO COBPEMEHHbIE OIIEPAIIMOHHBIE
crcteMbl Bpojie Linux MacirabupyroTest Py HAJTMYHE MHOKECTBA TIOTOKOB 1 MHOKECTBA
anep (Boyd-Wickizer, 2010).

OjiHa U3 KOHKPETHBIX 06JIacTell MCCAeJOBAaHUN OTHOCUTCS K 3allCH 1 BOCIIPOU3BEAEHUIO
BhinosHerus 1porecca (Viennot et al., 2013). Bocipoussegenue 1mossosisier paspadoTynkam
BBIIIOJIHATH 00paTHOE OTCJAEKMBAHUE TPYAHO 0OHAPYKUBAEMbIX OIIMOOK, a CHelHaIICcTaM
110 6e30MaCHOCTH — PACCIIEA0BATH UHIMIEHTDL.

AHasiornyHbIM 06Pa30M MHOTHE COBPEMEHHbIE UCCJIEI0BAHKS B COO0IIECTBE Pa3paboOTYNKOB
OllepPAIlMOHHBIX cUCTEeM C(POKYCHPOBAHbI HA BOIIPpocax Ge301macHocT. MHOrOUHCIEHHbIE
MHIIUAEHTBI TOKa3aJIM, YTO [0JIb30BaTE/IN HYKAAI0TCs B GoJiee HA/IeHKHOI 3alUTe OT 3JI10Y-
MBIIILJIEHHUKOB (2 MHOTA 1 OT camux cebst). OnH U3 MOAX0I0B 3aK/II0YAETCS B OTCIEKIBA-
HUU U TIATETHHOM Pa3rpaHUueHy B ONePAIlHOHHON crucTeMe MH(MOPMAIIMOHHBIX TTOTOKOB
(Giffin et al., 2012).

IInanupoBanue (Kak B OHOTPOIIECCOPHOM, TaK U B MYJIBTUIIPOIIECCOPHOI cUCcTEME) TO-
IPEKHEMY SIBJISIETCST TeMOM, OJIM3KOI 1 0POTOI cepIIly HEKOTOPBIX rccaenosareneil. Hexo-
TOPBIE UCCIIe0BAHHbIE TEMbI 3aTParuBaioT aHeprocheperarolee MiIaHuPOBaHue Ha MOOUITbHBIX
yerpoiicrax (Yuan and Nahrstedt, 2006), nuianuposatue ¢ yuerom runepriorodHoctd (Bulpin
and Pratt, 2005) u nuanuposatue ¢ ussectbiM cmenierneM (Koufaty, 2010). C yesmyennem
KOJIMYECTBA BBIUYMCJIEHUI HA HEJOCTATOYHO MOIIIHBIX, OFPAHMUYEHHBIX TI0 JIEKTPOITUTAHUIO
cMapT(oHAX HEKOTOPbIE MCCIEA0BATENN IPEJIAraloT IIPU JI0OOM YI0OHOM Cllydae IepeHo-
cuThb npotiece Ha Gostee MotHbI 06aunbiii cepsep (Gordon et al., 2012). Oxnako HeMHOTHE
COBPEMEHHBIE CHCTEMHBIE PAa3pabOTUNKN OECTIENTBHO CAOHSIIOTCS TIETBIMU JIHSIMH, 3a7TaMbIBast
PYKH M3-3a OTCYTCTBUSI TIOIXO/ISIIIETO JITOPUTMA IIJIAHUPOBAHUS TOTOKOB, TIO3TOMY JIAaHHBIH
TUII UCCIIEI0BAHUN GOJIbIIIE TIPOTATIKMBAECTCS] CAMUMIE UCCJIEA0BATE/SIMU, YEM BbI3HIBAETCS
MHTEHCUBHOCTBIO CITpoca. B 11es1oM 1porieccsl, MOTOKK ¥ IJIAHMPOBAHUE YiKe He SIBJSIOTCS,
KaK Mpesk/ie, aKTyaJbHBIMU TeEMaMU UCCe/IoBaHui. BpeMeHa akTUBHBIX UCCIEIOBAHUM YiKe
MIPOIIJIHY, U UCCIIEZIOBATENN TIEPEKITIOYIINCEH HA TAKHME TEMBI, KaK yITPaBJIeHue 3JIeKTPOIUTa-
HEEM, BUPTYaIu3aius, 06Ja4tble BIYUCIEHUS U GE30IIaCHOCTb.

! O1HAKO 3TO COBEPIIEHHO HE O3HAYAET, UTO JIAaHHBIE TEMbI HE CMOTYT CHOBA CTaTh AKTYaJbHBIMHU,
HANpPUMEp U3-32 KaKUX-J1M00 3HAYUMbIX U300pETEHUIT B aliapaTHOM 00eCIIeUeHUH, TOSBJICHUS
HOBBIX CTPYKTYP MPOIECCOPOB UM 0OHAPYKEHUS KAKUX-JIKOO0 elle He PACCMATPUBABIIMXCS
C JIOJIKHBIM YPOBHEM JIeTATIU3AIIUY YaCTHBIX 3ajiad. — [Ipumey. peo.
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2.7. KpaTtkue BbIBOAbI

Yrobbl CIVIaIUTDb BINAHNIE HpeprBaHHfI, oreparuoOHHbIE CUCTEMBI ITPEIOCTABIAIOT KOHIIETI-
TYaJbHYIO MO/I€JIb, COCTOAIIYIO U3 ITapaJJIEJIbHO 3allyCKA€MbIX ITOCJIEIOBATC/IbHBIX ITPOIEC-
COB. HpOHeCCbI MOTYT CO34aBaTbCA U YHUUYTOKATHCA B JTUHAMWYECKOM DEKUME. Y kaxmoro
IpoI1iecca eCcTb coOCTBEHHOE aJipecHoe IMpoCTPaHCTBO.

HekoTopbiM PUIIOKEHUSIM BBITOIHO B PAMKAX OJIHOTO TIPOIECCA UMETh HECKOJIBKO TIOTOKOB
yIpaBjieHust. DTH MOTOKU UMEIOT HE3aBUCUMOE TIJIAHUPOBAHUE, W KaXK/IbIil U3 HIUX UMEeT
COGCTBEHHBIII CTEK, HO BCE TIOTOKM, TIPUHAJIEKAIINE OIHOMY TIPOIIECCY, UCTIOJIb3YIOT 00Iiee
ajipectoe pocTpaHcTBO. II0TOKKU MOTYT ObITH PEAIM30BAHbL B IIPOCTPAHCTBE M0JIb30BATEIS
WJIM B TPOCTPAHCTBE SIZIPa.

[Ipotieccer MOTYT B3aMMOICHICTBOBATH IPYT C IPYTOM, UCTIOJIB3Ys COOTBETCTBYIOITHE TIPH-
MUTHUBDBI, K KOTOPBIM OTHOCATCS ceMadOpbl, MOHUTOPDI WK COOOIIEHUSA. DTH IPUMUTUBDI
HCTIOJIB3YTOT, YTOOBI HCKIIOUNTH OJIHOBPEMEHHOE TIPeOBIBAHIIE JIBYX MTPOIIECCOB B UX KPUTH-
4ecKUX 06JIaCTsIX, TO €CTh VISl IIPEOTBPAIIEHHSI CUTYAIluH, IPUBOsIIel K xaocy. [Iporecc
MOJKET HAXOAUTHCS B paboTaIoIieM, FOTOBOM K paboTre iy 3a0JI0KMPOBAHHOM COCTOSIHUU
U MO’KeT U3MEHATh COCTOSIHNE, KOT/la OH caM WJIM JIpyTHe IPollecchl 3aJeHCTBYIOT OJNH
13 MPUMUTUBOB B3aUMOJIEHCTBUS TIpolleccoB. B3anMoelicTBre MOTOKOB UMEET CXO/IHBIM
XapakTep.

[IpUMUTHBbBI B3AUMOJEHCTBHS TPOLECCOB MOIYT UCIIOJIb30BATLCS 1JIs PELICHNS TAKNAX 3a/a4,
KaK «IIPOU3BOUTENb — NOTPeOUTEb>, «obeaatorye puaocodbi» U «auTaTeh — MUCATENb>,
Ho paske npu MCTIOJIb30BAHUY 9TUX IPUMHUTHBOB HYKHO COOJIOAATH 0COOYIO OCTOPOKHOCTh
BO usbexaHue oMMOOK 1 B3aUMHBIX OJIOKHPOBOK.

Brio n3yueHo MHOKECTBO aJTOPUTMOB TJIaHUPOBaHuA. HekoTopble U3 HUX, HAIPUMED
QJIITOPUTM TIEPBOOYEPETHOTO BBITIOJHEHUSI CAMOTO KOPOTKOTO 3a[aHMUSsI, UCIOJIb3YIOTCS
MIPEMYIIECTBEHHO B MAKETHBIX cucTeMax. /[pyrue ske MoJy4Yusan pacipocTpaHeHne Kak
B TIAKETHBIX, TAK M B MHTEPAKTUBHBIX CUCTEMAaX. B ymncie aTUX aJropuTMOB IIMKINYECKOe
U IPUOPUTETHOE IJIAHUPOBAaHUE, MHOTOYPOBHEBBIE OUYepe/N, TAPAHTHPOBAHHOE, JIOTepeii-
HOE U CIIpaBe/ITMBOE MJIaHnpoBanre. HekoTopblie CUCTEMBI TIPOBOISIT YETKYIO IPaHb MEKILY
MEXaHU3MOM M MOJUTUKON TIJIAHUPOBAHUS, YTO TTO3BOJISIET T10JIb30BATESIM YIIPABJISATh
AJITOPUTMOM TIITAHUPOBAHUS.

Bonpochobl

1. Ha puc. 2.2 mokasaHbl TPH COCTOSTHUS MTPOIIECCOB. TeopeTHuecKk Mpu TPeX COCTOSTHUSIX
MOJKET OBbITh LIECTD TIEPEXOO0B, 110 JIBa U3 KaXKI0ro cocTosinus. Ho mokazaHbl TOJIbKO
yeThIpe repexojia. Bo3aMoKHBI 11 Takue 00CTOATEIbCTBA, IPU KOTOPHIX OCYIIECTBUMBI
OJIVH WK 06a U3 TPOIYIEHHBIX IEPEXOI0B?

2. TlpemmmonoxRuM, BaM HY:KHO pa3paboTarh HOBYIO KOMIIBIOTEPHYIO apPXUTEKTYPY, KOTO-
past BMECTO MCIOJIb30BAaHUSI ITPEPhIBAHMI OCYIIECTBJISIET allllapaTHOE TepeKIIoueHIe
nporeccoB. Kakue cBefiennst HeoOX0MMMBI IIEHTPATbHOMY mpoiteccopy? Onwmmmre
BO3MOXKHOE YCTPOICTBO allllapaTHOTIO II€PEKJIOYEHUS IIPOLIECCOB.

3. Ha Bcex HBIHE CYIIECTBYIOINX KOMITBIOTEPAX XOTSI Obl YacTh 06PabOTUNKOB MpephIBa-
Huit Harcana Ha accembuepe. [Touemy?
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10.

11.

12.

13.

Korna B pesysibraTe 1IpepbiBaHMs WK CUCTEMHOTO BbI30BA YIIPABJIEHUE TI€PEAeTC s
OlIepaIMOHHO cHUcTeMe, CIIOb3YeTCs, KaK PaBUJIO, 00J1aCTh CTeKa sipa, OT/AeJIeHHAS
OT cTeKa TTpepeiBaeMoro mpoiiecca. [Touemy?

Y KOMIIBIOTEPHOI CHCTEMBI JOCTATOYHO MECTa, YTOOBI XPAaHUTh B OCHOBHOI ITaMsITH
ATh porpamm. [losoBrHY cBoero BpeMeHM 3T1 IIPOrpaMMbl ITPOCTAUBAIOT B OXKUIAHUN
BBO/Ia-BbIBOZIa. Kakas /10J151 IIPOI[ECCOPHOTO BPEMEHH IIPU 9TOM TPATHTCS BILYCTYIO?

¥ xommbiorepa umeercs 4 T6aiit oneparuBHoit mamsitu, 512 M6aiit u3 KOTOPbIX 3aHU-
MaeT olepalmoHHas cucremMa. Bee mporieccer, umeroliye (s IPOCTOTHI) O/INHAKOBbIE
XapaKTEePUCTUKH, 3aHUMAIOT etite 256 Mobaiit. Kakum Oyzer 1o1ycTumMoe BpeMst O5Ku/a-
HUSI BBO/Ia-BBIBOJIA, €CJIN 11€JIb 3aKJII0UACTCA B 33/1e1iCTBOBAHUM BPEeMEH! 1IeHTPAJILHOTO
mporieccopa Ha 99 %?

Heckonbko 3aganuii MOryT ObITh 3aIlyIIEHbI HAPaJIEJbHO U CMOTYT 3aBEPLIUTH paboTy
ObICTpee, YeM TIPH MOCIeI0BATEIbHOM 3aIrycKe. [IpemonoKuM, 4To 1Ba 3a[aHusl, Ha
Kaxk[0e U3 KOTOPbIX Tpebyercst 10 MUH IIPOIECCOPHOTO BPEMEHH, 3aITyCKAIOTCSI OJIHO-
BpeMeHHO. CKOJIbKO BPeMEHU IIPOUJIET /10 3aBEPIIEHUsT BTOPOrO U3 HUX, eC/id OHU Oy-
YT 3aIyHIEHbI [IOCJE0BATENBHO? A CKOJIBKO BPEMEHU IIPOMJIET, €CJIM OHU 3AITy IICHBI
napaieabHo? TIpu 9TOM IPEeAIoIOKUM, YTO Ha OKUIaHKMEe 3aBEPLUICHUS Ollepalii
BBO/Ia-BbIBO/IA 3aTpaumBaeTcs 50 % BpeMeHH.

[IpescTaBsre cebe MYJIBTHITPOrPAMMHYIO CHCTEMY CO CTEHEHBIO 6 (TO eCTh UMEIOILYIO
B TIAMSITU OJTHOBPEMEHHO 1IIECThb MporpaMm). IIpeanomoxum, 4To Kaxaslii mpoiiecc
nposoaut 40 % cBOEro BpeMeHU B OKUIAHUU BBOJA-BbIBOjA. Kakum Gy/ier mporeHT
HCII0JIb30BaHUS BPEMEHHU IIEHTPAILHOTO IIpolieccopa?

[IpexncraBbre, 4TO BBI IbITaETECh 3arpy3uTh 13 VuTtepuera daiin pasmepom 2 THaiit.
@aiis foctynen u3 Habopa 3epKATbHBIX CEPBEPOB, KAXK/IBINA N3 KOTOPBIX MOJKET OT/IaTh
1oHa60p (HailsIoBBIX OANTOB; TIPE/ITOTIOKNM, 4TO 33/[AHHBII 3aITPOC OMPEIEIISIET CTAPTO-
Bble 1 puHuUITHbIE GaiiThl (haiina. OOGbsCHUTE, KAK MOKHO BOCIIOJIB30BATHCSI IIOTOKAMI,
4TOObI YMEHBIIUTH BPEMsI 3aTPY3KU.

B TexcTe r71aBBI YTBEPIKIATIOCH, UTO MOJIENb HA PUC. 2.8, @ He MOIXOAUT 71t (haitIoBOTO
cepBepa, UCIOIb3YIONIEro KaIll B OllepaTuBHOM maMsaTu. [louemy? MoskeT Jin KasKIblii
MIPOIIECC UMETH COOCTBEHHBIN KATIT?

ITpu pasBeTBJIEHUU MHOTOIIOTOUHOTO IIPOIIECCca BO3HIKAET IpodjeMa [Py KOIMPOoBa-
HUW B IOUEPHUH TIPOIECC BCEX TIOTOKOB POANTEIBCKOTO TIpotiecca. [IpeamnomoxnM, 9To
OJIMH M3 MCXOHBIX MOTOKOB HAXOUTCST B COCTOSTHUH OKH/IAHWSI BBO/IA C KJIABHATYPHI.
Tenepb Ki1aBUaTypHOTO BBOJA OYyAyT OKUAATD [ABa IMOTOKA, 110 OJHOMY B KasKIOM
mporecce. Moxker Jiut 1og06Has MpobiemMa Koria-imb0 BOSHUKHYTH B O[IHOIIOTOYHBIX
nporeccax?

Ha puc. 2.6 nokazan MHOTOMOTOYHBIN BeO-cepsep. Ec/n e IMHCTBEHHBIM CII0COO0M ITPO-
YyKTaTh AaHHbIe U3 (ailia ABageTcss OObIYHBII GIOKUPYIONIHMI CHCTEMHbII BHI3OB read,
TO KaKKe OTOKY ObLIK MCIOJIb30BaHbI 1151 BeO-cepBepa — peajn30BaHHbIe Ha YPOBHE
MTOJTh30BATEJIST UJTU PEaTM30BaHHbIe Ha ypoBHe sinpa? [louemy?

B TexcTe rraBbl MBI OIMCAIN MHOTOTIOTOYHBIN BeG-cepBep, OKa3bIBast, TOYEMY OH JIy4-
111e, YeM OJHOTIOTOUHBIN cepBep U cepBep Ha MAIITHE ¢ KOHEYHBIM YNCJIOM COCTOSTHIH.
Cy1iecTBy10T i Kakue-HuGyib 00CTOSTENbCTBA, IPH KOTOPBIX MPEIOYTEHIE MOKET
OBITH OTIAHO OHOMOTOUHOMY cepBepy? IIpuBenuTe npuMep.
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B 1261 2.4 Habop PerucTpoB yIOMSIHYT B KAYECTBE 9JIEMEHTA, IIPUCYIIEr0 KasKI0OMYy
TIOTOKY, a He KaxkaoMy Tpotieccy. [louemy? Beap y Mammnbl, B KOHEYHOM CYETE, TOTBKO
OJIH HaOOP PETUCTPOB.

3aueM TOTOKY 00POBOJIBHO OTKA3bIBATHCS OT IIEHTPAILHOTO TIPOIIECCOPA, BHI3bIBAs
npouenaypy thread_yield? Benp B oTCyTCTBHE TIEPUOAMYECKNX TalIMEPHBIX ITPEPbIBAHMIA
OH MOKeT BoOOIIe HUKOT/Ia He BEPHYTh cebe MEHTPATbHBII TTPOLIECCOP.

Mosket Jii IOTOK OBITH IIPHOCTAHOBJIEH TAMEPHBIM IIpepbiBanrem? Eciu ma, To mpu
KaKUX 00CTOSITEIbCTBAX, & €CJIU HET, TO oYeMy?

Hy:xHo cpaBHUTB uTeHne (haiiia ¢ NCIOTb30BAHMEM OIHOTIOTOYHOTO ¥ MHOTOIIOTOYHOTO
(aiinoBbIx cepsepos. Ecin mannbie HAXOAATCA B MOOIOUHOM KITIE, TO HA MOJydeHNe
3ampoca, ero MCIeTYEPU3aInio U BCIO OCTATbHYI0 00paboTKy 3arpaunBaercs 15 mc.
Eciu He06X0IMMO BBITIOJTHUTH OTIEPAIIUIO YTEHUS C IUCKA, YTO TIPOUCXOJIUT B KAKIOM
TPEThEM CJIyuae, TO Ha BCe 9TO TPeOYeTCst IOTPATUTh JOIIOJHUTEIbHBIE 75 MC, B Teue-
HIE KOTOPBIX MOTOK MpHOcTaHaB nBaeTcst. CKOJBKO 3aPOCOB B CEKYH/Y COCOOEH
o6paborarh cepBep, ecii OH PaboTaeT B OAHOMOTOYHOM peskiMe? CKOIBKO TAaKUX JKe
3aIPOCOB OH MOJKET 06paboTaTh B MHOTOIIOTOYHOM PEKUME?

B yem zakisoyaerca camoe G0JIbInoe NPpENMYIIECTBO OT peaan3daliin ITIOTOKOB B 1OJIb-
30BaTe/IbCKOM HpOCTpaHCTBe? A B ueM 3aKJIFOYAETCSI CaMBbIii CepbeSHbeI HeZ[OCTaTOK?

B smcTutre 2.1 cospanue mOTOKOB U COOOIIEHUS, BBIBOANMbIE IOTOKAMU, YEPELYIOTCS
B IpoU3BoJbHOM nopstake. CyliecTByer jiu criocod 3a4aTh CTPOrM HOPSIOK: CO31aH
noToK 1, moToK 1 BBIBOAUT cOOOIIEHKE O CYIIECTBOBAHUM TIOTOKA 1, CO3/1aH MOTOK 2,
HOTOK 2 BBIBOJUT COOOIIEHIE O CYIIECTBOBAHMK T0TOKA 2 U T. 1.7 Ecau cyiectByer, To
KaK OH peajusyercs? A ecsn HET, TO HoYeMy?

PaccmarpuBas NCIIOIb30BaHKE B IIOTOKAX IJIOOANTBHBIX IEPEMEHHBIX, Mbl IPUMEHILIN
npouenypy create_global njist BbljieJieHUsT yyacTKa NAMATH He MO 3HaYeHue caMoil
TIepeMeHHOM, a 1o/l XpaHeH!e yKa3aTess Ha 3Ty TepeMeHHy0. SABJseTcs 1 9To feii-
CTBHE HEOOXOAMMBIM ¥ MOTYT JIM IIPOLELYPbI TaK K€ YCIEeUIHO paboTaTh ¢ CAMUMU
3HAYEHUSIMU TIePEMEHHBIX ?

PacemoTpuM crcteMy, B KOTOPOI TIOTOKM PEATI30BAHDI TIETMKOM B ITOIH30BATEIBCKOM
TIPOCTPAHCTBE, a CHCTeMA TTOZIEP:KKN NCITOMHEHMS TporpamMM 1 pas B CeKyH/Iy MoTyJaeT
TafiMepHoe mipepbiBanue. [IpeamonoxnM, TaitmepHoe TpepbIBaHNE TTPONCXOANT B TOT
CaMBIif MOMEHT, KOTZ[a KaKOH-TO MIOTOK BBITTOTHSIETCS B CCTEME TTOICPKKU MCTTOTHE-
HUst iporpaMm. K BO3HUKHOBEHHIO KaKOit TPOBIEMbI 9TO MOKET iprBecTr? MoskeTe Jin
BbI IIPEJIOKUTD CIIOCO0 paspelieHust 9TOM IpodaieMbl?

ITpeAnooKUM, 4TO Y OTEPAIUHOHHON CUCTEMBI OTCYTCTBYIOT CPECTBA, OA00HbIE
CHCTEMHOMY BBI3OBY select, UTOOBI y3HATH 3apaHee, MPUBEET JIU K OJIOKUPOBKE CUUTHI-
BaHWe MHGOpMaIK 13 daiiya, KaHaTa MK yCTPOICTBA, HO OHA JIOMTYCKAET YCTAHOBKY
aBapUIHOTO TaiiMepa, PEPHIBAIETO 3a0JOKUPOBABIINECS CUCTEMHBIE BBI3OBBI.
MO3KHO JI B TAKUX YCJIOBUSX PEATH30BATh HAGOD MOTOKOB B M0JIb30BATEIBCKOM IIPO-
crpatcrse? O6ocHyliTE.

Byner su penienvie akTUBHOTO OXKHMJAHUSI, UCHOJIb3YIOIIEe TIEPEMEHHYIO (UM
(cMm. puc. 2.17), paGoraTb, KOI/ia JBa IpoLecca 3alylleHbl Ha MYJIBTUIIPOLECCOPHOI
cucreMe ¢ 06IIelt MaMsIThIO, TO €CTh Ha CUCTEME, T/IE /IBa TEHTPATbHBIX TIPOTIECcOpa
COBMECTHO MCIIOAb3YIOT OOIILYIO ITaAMATH?
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Byzner sin nokasannoe B mcrunre 2.2 penienue Ilerepcona, mo3Bosioniee JoOUThCs
B3aMMHOI0 UCKJIIOYEeHHUs, paboTaTh IPU IPUOPUTETHOM IJIAHUPOBAHUK TIPOIECCOB?
A xaxoB GyeT OTBET MTPU HETTPUOPUTETHOM TTAHUPOBAHNH?

Mozker siut mpo6ieMa HHBEPCUH TPHOPUTETOB, PACCMOTPEHHAsT B pasjedie «IIpuoctanos-
Ka U aKTMBU3AIUA», IIPOSIBUTHCS B [I0TOKAX, PEaTM30BAHHBIX Ha YPOBHE II0JIb30BATE/IA?
[Touemy na nm noyemy Her?

B pasnene «[IproctanoBka v akTUBU3aIst> OblIa ONMCAHA CUTYAIIUs, BOSHUKAIOIIAST
¢ nporieccoM H, UMENMM BHICOKUIT IPUOPUTET, U TIPOIECCOM L, UMEIOIIUM HUBKUIi
[PUOPUTET, KOTOPAst IPUBOIUT K GECKOHEYHOMY 3allMKINBaHUIO poriecca H. Boswu-
KaeT JIM TaKasi e mpobemMa, ecii BMECTO TPHOPUTETHOTO UCTIOIB3YETCs IINKINIECKOe
anuposanue? Obocuyiire.

Kakue crexu cymecTByioT B cucTeMe, UMEIOIIEei OTOKH, PEeaJ30BaHHbIe Ha [0JIb30-
BATEJIbCKOM YPOBHE: 110 OJIHOMY CTEKY Ha TOTOK WJIU 110 OJIHOMY CTEKYy Ha [poiecc?
OTBeTbTe Ha TOT JKe BOIIPOC MIPU YCIOBUH, YTO MOTOKK Peajin30BaHbl HA YPOBHE A/pa.
O6ocHyiite oTBeT.

OG6buHO B TIpoIiecce pa3paboTKu KOMITbIOTEPa ero paboTa CHauala MOJEIUPYETCsT
[IPOrpaMMOoii, KOTOpasi 3aIyCKAeT CTPOro IO OHOI KoMamjie. Takum cyrybo mociiemo-
BaTeJIbHBIM CIIOCOOOM MOIEIUPYIOTCS [a’ke MHOTOIIPOIIECCOPHDIE KOMITBIOTEPLL. Mo-
JKET JIU [IPU OTCYTCTBUU OJIHOBPEMEHHBIX COOBITHI, KAK B IAHHOM CJIy4ae, BOBHUKHYTh
coCTsI3aTesIbHasl CUTyalus?

3aj1aua MpOU3BOIUTEIST U TIOTPEGUTENISI MOSKET OBITh PACIITMPEHA [JIS KCTIOIb30BAHUST Ha
CHCTEMAX € HECKOJIBKUMU TIPOU3BOAUTEISIMU U TIOTPEOUTEISIME, KOTOPBIE 3AIIUCHIBAIOT
naHuble B 00muil 6ydep (WM CIUTHIBAIOT UX U3 HETO). [IpeAnoIoKuM, 4T0 KasKIblit
[IPOU3BO/IUTEIb U OTPEOUTEIb 3aITyIIleH B COOCTBEHHOM 10TOKe. Byser jim perenue,
pe/cTaBIeHHoe B iucture 2.6, pabotarh Ha TAKUX CHCTEMaX?

PacemotpuTe ciemytotiee pereHre 3ajaui B3aUMHOTO NCKIIOYEHNS, 3aTParnBaomei
nBa miporiecca, PO u P1. Ilpeamonoxum, 4To IepeMeHHas turn MMeeT UCXOTHOe 3Have-
uue 0. Kon mpotiecca PO mokazan gasnee:

/* [Opyron kop */

while (turn !=0) { } /* Do nothing and wait. */

Critical Section /* . . . */

turn = 0;

/* [Opyron kop */

[lns mpotecca P1 3ameHuTe B MOKAa3aHHOM BBIIIe Koje 3HayeHnue () 3HaueHuem 1.
Omnpeziesnre, OTBEYAET JIN PEIIEHIE BCEM TPEOYEMbBIM YCIOBHAM JIJIST PENTEHUST 3aaui
B3aMMHOI'0O UCKJJIIOYEHMS.

Kak B onepariuoHHOU cricTeMe, CIIOCOOHOM OTKITIOUATH TIPEPhIBAHNUST, MOKHO PEATTI30-
BaTh ceMahophI?

JlaiiTe KpaTKOE OIMCaHKE TOrO, KAk MOTYT ObITh PeaJM30BaHbl ceMadOpbl B OlIE€paIiy-
OHHOW cucTeMe, CII0COOHON GIOKMPOBATH MPEPHIBAHNSL.

Ecsin B cricteMe MMeeTCst TOJIBKO /IBa MPOIIECCA, €CTh JIH CMBICJ B HCIOJIB30BaHUM (a-
pwepa /it ux cunxponuzanuu? [Touemy na niaum nouemy ner?

MoryT Jint IBa MOTOKA, MPUHAAIEKAIINE OHOMY U TOMY K€ MPOIECCy, OBITh CHUH-
XPOHUBUPOBAHBI € TTOMOIIBIO ceMadopa, PeaTu30BaHHOTO B SIIPE, €CJIU ITU TTOTOKU
peaysn3oBaHbl Ha ypoBHE siipa? OTBETHTE HA TOT K€ BOIPOC MIPUMEHUTETBHO K T10-
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TOKaM, peajn30BaHHbIM Ha YPOBHE 0JIb30BaTe s, [Ipe/nonaraercs, 4To K cemadopy
He UMEIOT JIOCTYyIIa HUKaKUe APYrie MOTOKU Jo0bIX Apyrux nporeccos. ObocHyiite
CBOM OTBeET.

36. Ilpu cMHXpPOHU3ANNN BHYTPU MOHUTOPOB UCIIOJb3YIOTCS YCJIOBHBIE ITIepEMEHHbBIE
U J[Be CllenuajbHble onepanun — wait u signal. Bosee obmiasg popMa CHHXPOHU3AIH
MPEATOIaraeT UCIOJAb30BaHNE OJHOTO IIPUMUTUBA — waituntil, KOTOPbII B KauecTse
HapameTpa UCIOJIb3yeT IPOU3BOJIbHBII OyJieB npeauKaT. MoKHO, HallpUMep, COCTaBUTh
CJIeyloliee BbIpasKeHue:

waituntil x < @ ory + z < n

Tenepnb npumnTuB signal 6osibiiie He HyKeH. ITa cXeMa, HECOMHEHHO, siBisieTcst GoJiee
YHUBepCcaJbHOH, yeM cxema Xoapa 1 bpnnua Xancena, Ho TeM He MeHee OHa He HC-
nosb3yercs. [Touemy?

Ilonckaska: HOHYMaﬁTe O €€ peajin3alunu.

37. B pecropanax GbICTPOro 06CIyKUBAHKU €CTh YEThIPe KaTeropuu 00CIyKIBAIOILETO
TepcoHasa:

e pabOTHUKY, IPUHUMAIOIIUE 3aKa3bl KIUEHTOB;

* [IOBapa, FOTOBSIIUE €1Y;

e pabOTHUKH, YIIAKOBLIBAIOLIKE e/Y;

* KacCHpBI, BBIJIAIONINE YITAKOBKY C €10 KJINeHTaM 1 IPUHUMAIOIINe OT HUX JIEHBIH.

Kaskoro paboTHIKA MOKHO PACCMATPHBATh B KAUECTBE B3AUMOIEHCTBYOIIETO MOCTIE-
JI0BaTeJIbHOTO T1poriecca. Kakyto ¢hopMy B3anMoeHiCTBHS IPOIIECCOB OHU UCTIOJIB3YIOT?
Csstxute aTy Moziedtb ¢ mporieccamu B UNIX.

38. IIpeamonoRuM, 4TO y HAaC €CTh CHCTEMA TIepeavn COOOTIEHNH, MCTOb3YIOTIAsT TOUTO-
BbIe AIUKN. [Ipy OTIIpaBKe COOOLIENNs B TIEPENONHEHHBII AIUK MU MPU MONBITKE
U3BJIeYb COOOIIEHNE U3 IIyCTOro AlKa Ipolecce He Ouokupyercs. Bmecro aroro emy
BO3Bpalaercs Koz omubku. IIpolece pearupyer Ha Koz OIUOKHI IIOBTOPHOM HOIIBITKOIA,
MPEANPUHUMAEMON /IO TEX TOP, ToKa He Oy/IeT TOCTUTHYT ycrex. IIpuBeseT jim takast
CXeMa K COCTSI3aTeTbHOM CUTYaITH ?

39. Kommnbiorepst CDC 6600 moryT o6pabarbiBath A0 10 poeccoB BBOAa-BbIBOA OIHO-
BPEMEHHO, UCITIOJIb3YsI HHTEPECHYTO (hOPMY ITUKIMYECKOTO ILIAHUPOBAHUST, HA3bIBAEMYIO
pacmpeiesienreM npoiieccopa. [lepekiiouete mpoIeccoB MPOUCXOUT TTOCIIE KaXKI0M
KOMaH/[bl, TI09TOMY KoMan/a 1 mpuxoaut ot mporiecca 1, komanga 2 — ot mporecca 2
u T. 1. [lepekiroueHe mporecca OCyIIeCTBISIETCsT ClIeUalbHbIM 060PYIOBaHNUEM,
U M3JEeP’KKU PaBHBI HYJ0. EC/IM B OTCYTCTBUE COCTSI3aTEIbHOI CUTYAIIUU TIPOIECCY
JUIst 3aBepiieHns paboThl Tpedyercst T CeKyH I, TO CKOJIBKO BpEMEHH eMy TIOHaZI00uTCs,
ecJIu pacipeiesieHue IpoIeccopa ObII0 UCII0JIb30BAHO B OTHOIIEHUH 7 ITPOIIECCOB?

40. Paccmotpurte ciemytomunii Ko Ha si3bike C:

void main( ) {
fork( );
fork( );
exit( );
}

CKOJIBKO JIOUEePHUX TTPOIECCOB CO3IAETCS BO BPEMS UCIIOJHEHWS 9TOM MMPOTPAMMBI ?
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41.

42.

43.

44.

45.

46.

47.

HpI/I IMUKJINYECKOM IIJIaHUPOBAHUUN O6bI‘IHO Be/IeTCs CIIMCOK BCeX SaHyH_IeHHbIX 1Ipo-
11eCCOB, M KAXK/IBIN ITporiecc (hUTypupyeT B HEM TOJIBKO OJUH pas. UTo mponsoiizer, ecim
[IPOLIECC BCTPETUTCA B CIUCKE ABaKAbI? MoOsKeTe Jii Bl IPULYyMaTh JI00YIO IPUUMHY,
10 KOTOPOH 9TO MOKET MTPOU3OUTH ?

MosxHo 11 TTyTeM aHam3a NCXOHOTO KO/A OTIPENIETNTD, K KaKOH KaTeTOpuy OTHOCUTCS
mpoliecc: K ImpoiieccaM, OTpaHNYeHHBIM CKOPOCTHIO BBIYMCJIEHUH, WU K IIPOIIeccaM,
OrpaHMUYEHHBIM CKOPOCTHIO PaboThl YCTPOICTB BBOA-BBIBOAA? Kak 5T0 MOXKeT ObITh
OTIpeiesIEHO B TIPOITECCe BLITIOTHEHUS TPOTPAMMBI ?

O6'b$ICHI/IT6, KaK 3HaQ4Y€HMNE KBaHTa BPEMCHU 1 BPEM:A IEPERJIIOYECHNA KOHTEKCTA BJIUAIOT
APYT Ha ApyTa B aJITOPUTME MUKJINYECKOTO TJIAaHNPOBAHWA.

Vsmepenus, IpoBe/ieHHbIe B KOHKPETHOI crcTeMe, oKasaiu, 4TO BpeMs padoTbl
CPeHeCTaTUCTUYECKOTO MIPOLIEcca 10 TOro, Kak oH Oy/eT 3a0JI0KUPOBaH Ha ollepaliui
BBO/1a-BbIBO/IA, paBHO . Ha mepexJsiouenne npoieccoB yXoAuT BpeMs S, KOTopoe
TepseTcs BiycTyo. Hammmmre dopmyny pacueta apHeKTUBHOCTH NCTIOJIb30BAHUS
IIEHTPATBHOTO TIPOTeccopPa AJIs IMIKJINYECKOTO TIJIAHNPOBAHUS ¢ KBAHTOM BpeMeHn Q,
MPUHUMAIOIIUM CJIe/IyTOlIe 3HAYeHUS:

a) Q=

6)Q>T,

B)S<Q<T,

Q=35

n) Q=0.

B coctosnnm roToBHOCTH K BBITTOJTHEHUTO HAXOATCS TIATh 3afannil. [Ipeamosaraemoe
BpeMsI UX BBINTOJIHEHUS cocTaBiisieT 9, 6, 3, 5 u x. B kakoil mocjie/oBaTeJIbHOCTH X

HY?KHO 3aIlyCTUTb, 4TOObI CBECTH K MUHUMYMY cpejHee Bpemst otkanka? (Orser Oyaer
3aBUCETH OT X.)

[Tt makeTHBIX 3a1aHUIA, OT A 10 E, TOCTYTAIOT B KOMIBIOTEPHBIH IIEHTP MPAKTUICCKU
OJHOBpeMeHHO. Bpems ux Boinosnenns npubausuresnsio cocrasiaser 10, 6,2, 4 u 8 mun
cootBeTcTBeHHO. VX (paHee orpejieieHHbIe) TPUOPUTETHI UMEIOT, 3HaYeHust 3, 5, 2, 1 u 4
COOTBETCTBEHHO, TIPUYEM D SIBJISIETCST HauBbICITUM Tipuoputetom. Onpesiesiure cpeHee
060pOTHOE BPeMsT 1151 KasKI0T0 U3 CJIE/IYOIIUX aJITOPUTMOB ILJIAHUPOBAHUS, UTHOPUPYS
MIPU 9TOM U3JIEPKKH HA TIEPEKITIOYEHIE ITPOIIECCOB:

a) IS ITUKJINYECKOTO TIJIAHNPOBAHMS,
6) U1 IPUOPUTETHOTO MIJIAHKMPOBAHUST;

B) /LTSI TIJTAHWPOBAHMS TTO TIPUHITAITY <TTEPBBIM TIPUTIIET — TEPBBIM 06CTyKeH> (B TIO-
panxe 10, 6, 2, 4, 8);

F) MU TUTAHUPOBAHUA 110 IPUHIUITY «CHAaYaJIa BBITTOJTHAECTCA CaMO€ KOPOTKOE 3a/laHNE» .

B cnygae a npeamonaraeTcs, 4To crucTeMa MHOT03a[auHast ¥ KXKIOMY 33JaHIIO TOCTaeT-
s CIIpaBe/IJIMBast 10JIs1 [IPOLIECCOPHOTO BpeMeHH. B ciiydasx 6 — 2 npemoiaraercs, 4To
B KaK/[blil MOMEHT BPEMEHHU 3aI1yCKAEeTCsI TOJILKO O/[HA 3a/1a4a, paboTalowIast 10 CBOEro
3aBepineHus. Bee 3a1anns orpaHUYeHbl TOJTBKO CKOPOCTHIO BEIYUCICHUTA.

IIporeccy, sanyienHomy B cucreme CTSS, i 3aBepienust Heo6xoaumMo 30 KBaHTOB
Bpemenn. CKOJIBKO pa3 OH J0JIKeH OBITh epeKadaH Ha JAUCK, BKIIOYast CAMbIIA T€PBbIii
pas (mepes TeM, KaK OH OBIT 3aITyTIeH ) ?
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53.
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ITpencraBbre cebe crucTeMy peajbHOTO BPEMEHU C JBYMS TOJOCOBBIMU BbI30BaMU
¢ MEPUOAMYHOCTDHIO, PABHON 5 MC JIJIST KAK/IOTO M3 HUX, CO BPEMEHEM I[eHTPaJbHOTO
MIPOIECCOPA, 3aTPAYMBAEMOTO HA KAK/IBIN BBI30B, PaBHBIM 1 MC, ¥ ¢ OJIHUM BU/IEOTIO-
TOKOM C TePUOIMYHOCTHIO, PAaBHOU 33 MC, CO BpeMeHEM IIeHTPAJIbHOTO TTPOIeccopa,
3aTpPauMBaEMOTO Ha KasK/IbIi BbI30B, paBHbIM 11 Mc. MOKHO Jint cristaHupoBaTh paboTy
TaKOM CHUCTEMBI?

MozxHo it 1106ame K yCJOBUIO Hpel[bll[y]llel‘;l 3a/lavM €elle OJAuH BUJAEOIIOTOK, COXPpaHAA
IIpH 9TOM IIPUTOJHOCTH CHUCTEMBI K H]IaHI/IpOBaHI/IIO?

[l ipejickazanust BpeMeHU BBITIOJIHEHUST UCIIOJIb3YETCs aJITOPUTM PACIIPe/IeIeH ST
o cpokaMm faBHOCTH ¢ a = 1/2. [Ipeapiayime deTbIpe 3HAUEHNST BDEMEHU OT CaMOTO
MO3/[HETO /10 caMoTo HegaBHero coctabsin 40, 20, 40 u 15 mc. Kakum 6ymer nmportos
HA CJIe/IYIOIIee BPEMST BBITTOJHEH S ?

I'm6kas crcreMa peajbHOrO BPEMEHU MMEET YeThIpe EPUOANIeCKH BO3HUKAIOIIIX
COOBITHS € EPUOAAMU JLJIS KaKa0T0, cocTasstionmu 50, 100, 200 u 250 mc. Ipearno-
JIOKUM, YTO 9THU YeThipe coObITHs TpebyIoT 35, 20, 10 Mc U X IPOIECCOPHOTO BpeMeH!
COOTBETCTBEHHO. YKAKUTE MAKCUMAJIbHOE 3HAUEHUE X, TIPU KOTOPOM CUCTEMA BCE €llle
MO/IIAETCS TIAHUPOBAHUIO.

ITpumenute K 3azade 06epaonmx GriocoGoB CIeAyOMUN TIPOTOKOI: KaK/IbIi YeTHBIT
umocod mepen TeM, Kak B3ITh TY BUJIKY, KOTOPast IEKUT CIIpaBa, Beera 6epeT Ty BUJI-
KY, KOTOpasi JIEXKUT cJieBa OT HeTO, a KK HedeTHBIN duocod mepesn TeM, Kak B3ATh
JIEBYIO BUJIKY, Beera GepeT Ty BUJIKY, KOTOpast JIEKHT ciipaBa oT Hero. Obecrieyur jiu
JIAHHBIH TPOTOKOJT TIPOBE/IEHNE OTIEPAIINH, HE BBI3BIBAIONIEH B3aUMHOM GJIOKMPOBKM?

Cucreme peasbHOTO BpeMeHU HeoOX0auMo 06paboTaTh jiBa TOJOCOBBIX TeIeOHHBIX
PasroBopa, Kask/Ablil 13 KOTOPBIX 3amycKaeTcs Kaxapie 6 Mc u sanumaet 1 Mc mpo-
[[ECCOPHOTO BPEMEHU TIPU KAXKIOM UCIOJIB30BAHUY MPOIIECCOPA, M OJUH BUICOTIOTOK
€O CKOPOCTBIO 25 KaJIPOB B CEKYHILY, T/ie KaKIbIH Kaap TpeGyer 20 MC mpo1eccopHoro
spemenu. [lopaercs i aTa cucTeMa MIaHUPOBAHUIO?

Paccmotpute cucremy, B KOTOPOIl JKeJIaTeJIbHO Pa3/leIuTh MOJUTUKY U MEXAHU3M
IJIAHUPOBAHMUS TOTOKOB, PeaJM30BaHHbIX HA ypoBHe sijpa. [Ipesiokure cpencrsa st
JIOCTVIKEHUST DTON I[EJIH.

[Touemy B perennu 3azaun obenaomux Gunocodos (eM. mucrtunr 2.14) B porenype
take_forks niepemenHoii coctosinus state npucsoeHo snauenne HUNGRY?

Pacemorpum tipontenypy put_forks B mucrunre 2.14. IIpeanionoxKuM, 4To epeMeHHo
state[i] 6v110 ipucBoeHo 3Hauenne THINKING nocie NByX BBI3OBOB test, a He nepeo
numu. Kak 910 n3MeHenue moBJIuseT Ha pelieHre?

3ajaua yuTareseil u nmucareseil MoKeT ObITh ChOPMYIUPOBaHA HECKOJIBKUMHU CITOCO-
GaMM B 3aBUCHMOCTH OT TOT'0, TIPOIIECC KAKOW KaTErOPUHU U KOT/IA H0JIKEH 3aIlyCKAThCS.
Onuimre B TOUHOCTU TPU PA3JIMUHbIEe PA3HOBUIHOCTH 33141, B KayK/I0N N3 KOTOPHIX
npernoyTenue otaaeTcs (UIn He OTAAeTCsT) KaKOH-HUOYIb KaTerOpUn MpoIeccoB.
Ompenenute A7 KOKAON Pa3HOBUIHOCTH, UTO TIPOU3ON/IET, KOT/IA IYUTATEID NN THCa-
TeJIb TIePEiIeT B COCTOSIHUE TOTOBHOCTH K IOCTY Iy K 6a3e MaHHbIX, U 4TO IPOU30ILIET,
KOT/[a TIPOIIECC 3aBEPIIUT UCIIOIb30BaHUE Oa3bl TaHHbIX.

Hanuimure crienapuii 060104K1, TPOU3BOAAIILEH (haiil, cogepKaninii mocaea0Baresb-
HbIC YKCJIA, TOSBJISIONINECS 32 CUET CYNTBIBAHUS TOCJETHETO Yncaa u3 Qaiiia, mpu-
GaBJIeHMsI K HEMY e[UHUIIBI 1 [00ABIEHUST TOJYYUBILEr0oCsT YrcIia K (ailuny. 3amycrure
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59.

60.

61.

62.

63.

64.

OJIMH 9K3EeMILISIP clleHapHsi B (POHOBOM PeXXUMe UM OJINH HK3EMILISIP B IPUOPUTETHOM
peskuMe, 4TOObI KK/ U3 9TUX 9K3EMILISIPOB UMEJI JIOCTYI K OJHOMY 1 TOMY K€
(aiiny. Yepes kakoe BpeMs POSBUTCS COCTsA3aTe/bHast cutyanus? Uro sgech Oyaer
SABJIATHCS KPUTHIECKOH o6macThio? Vsmenure cuenapuii, 4Tobbl n3bekaTh cOCTs3a-
TENbHON CUTYAIIH.

IMoackaska: 11t 6JIOKMPOBKU (halisia JaHHBIX BOCIOJIb3YITECH BhIpakeHueM [n file file.
lock.

[TpencraBbre, 4TO y Bac €CTh OMEPAIMOHHAS CUCTEMA, [TPEIOCTABIISIONIAsT ceMahOpPBI.
Cospaiite cucremy coobuienuii. Hanuumure mporeaypbl A1 OTIPABKA U HOJTyYEHUs!
coobuieHuii.

Pemmnre 3aady obenaornux Gpuirocodos ¢ MOMOIIBIO MOHUTOPOB, HCHOJIB3YSI KX BMECTO
cemaopoB.

[Tpenmnomnoxum, uro nekuit yuusepcurer B CIITA perni mpoieMOHCTPUPOBATH CBOIO
MO TKOPPEKTHOCTD, TPUMEHUB N3BeCTHYIO N0KTpuHYy Bepxosuoro cyma CIIIA «Ot-
JIeJIeHHBIN, HO PaBHBIM — 110 CyTH HEpaBHBIN» He TOJBKO K PACOBOH, HO U K TI0JIOBOM
MPUHAJJIESKHOCTH, TIOJIOKUB KOHEI[ YCTOSIBIIEHCS MPAKTUKe Pa3/leJIbHbIX [y IEBbIX
JUIST MY3KUMH U SKEHIIUH B cBoeM Kamiryce. Ho ycrynast Tpaguiinu, yHUBEPCUTET BbI-
Hec pelleHye, 4To eCJiv B Iy1IeBON HaXOUTCS JKEeHIIMHA, TO Ty/[a MOXKET 3alTH Jpyrast
JKEHIIMHA, HO He MY)KUITHa, 1 Hao60poT. CHMBOJ Ha CIBUKHOM MHIMKATOPE Ha JIBEPH
JIyIIEBO 1TOKA3bIBAET TPU BO3MOKHBIX COCTOSIHUSI:

a) cBOGOJIHO;
6) mymeBas 3aHATa JKEHIITHAMY;
B) [ylIeBas 3aHATa MyKIMHAMI.

Hanummunre Ha n11060M n36paHHOM BaMi A3bIKe IIPOrPaMMUPOBAHKS CJIEAYIONIIE TIPO-
eIy Phl: LIS KEHIITUHBL, JKeJaloniel BOUTH, — woman_wants_to_enter; 1Jist My>KUUHBbI,
JKeJIalolero BOUTH, — man_wants_to_enter; s >KEHIIUHBI, BBIXO/SIIENH U3 ylle-
BO#t, — woman_leaves; N7Ist My;KIMHDI, BBIXO/AIIETO U3 AYIIEBOH, — man_leaves. 1lpu
3TOM MOZKHO MCIIOJIb30BATh KaKMe YTOJHO CYETYMKHU U TEXHOJIOTUU CUHXPOHU3AIINH.

[Mepenumiure nporpaMmy, usobpaxkennyio Ha puc. 2.17, aus yupasienust 6ojiee yeM
JIBYMSI IIPOL[ECCAMU.

Hamnumure peneHne 3ajaun MPOU3BOAUTENST — TIOTPEOUTENST, B KOTOPOM HCTIOJIb3Y-
10TCs TIOTOKK 1 061mii 6ydep. Ho 11pu aToM 18t 3ainThl 001Iel CTPYKTYPBI JAHHBIX
He MoJIb3yliTech ceMadopaMu UJIH APYTUMU IPUMHUTHBAMU cuHxpoHusaiuu. I[Ipocto
JlaiiTe KaxkJ0My MMOTOKY BO3MOKHOCTb UMETh K HUM ITPOU3BOJIbHBIN focTyil. [lJis
YIPaBJIEHUS YCIAOBUIMU TIEPETIOTHEHNS W OMYCTOIIEHUS UCTOTb3yUTe TPUMUTUBEI
sleep n wakeup. TlocMoTpuTe, CKOJIBKO TIPOIAET BPEMEHHU 10 BO3HUKHOBEHUS COCTSI-
3aresibHON cutyaruu. K mpumepy, MOKHO c/ieJiaTh Tak, 4TOObI TPOU3BOIUTEN b BPEMsI
OT BPeMEHU BBIBOANJI Kakoe-H1OyAb 4ncio. He Hy:KHO BBIBOAUTH G0OJIee OAHOTO YKCIIa
B MUHYTY, TOCKOJBKY OTIEPAIINH BBO/IAa-BBIBO/IA MOTYT TOBJUATH HA BOSHUKHOBEHME
COCTSI3aTEJIbHOTO COCTOSTHUS.

Jlist npuzanmst poiteccy 6oJiee BHICOKOTO YPOBHSI IPUOPUTETA OH MOKET OBITh TOMe-
IIeH B IUKJINYECKYIO ouepeb GoJiee 0aHOro pasa. Toro xe adekra MOKHO T0OUTHCT
3aIlyCKOM HECKOJIbKUX DK3EMILISIPOB IPOrPAMMBI, KasKbIil 13 KOTOPBIX Oy/1eT paboTaTh
B IpyTOH YacTu mmyJa AanHbIX. CHavasa HAMUIITATE TTPOTPAMMY, TPOBEPSIONIYIO CITH-
COK YMCeJ Ha UX NPUHAJIEKHOCTD K IIPOCTBIM YncaM. 3aTeM paspaboTaiite MeToI,
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65.

66.

MO3BOJIAIONINI HECKONBKUM 9K3EMILISIPAM MPOTPaMMBI 3aITyCKaThCsT OJHOBPEMEHHO
TakuM 00pa3oM, YTOOBI HUKAKHE [[BA 9K3EMILIIPA HE PAOOTAIM C OAHUM U TEM KE YNC-
JIoM. MOKHO 11 (haKTHYeCKN YCKOPHUTH Mepebop CIMCKa IyTEM 3aIlyCKa HECKOJTBKUX
KOIIHIT TIPOTpaMMBI? YUTHTE, 9TO PE3YJIBTaThl OyAyT 3aBUCETH OT TOTO, YEM EIIle 3aHAT
BamI KommbioTep. Ha mepcoHaIbHOM KOMIIBIOTEDE, 3aIly CTUBILEM TOJIBKO OIHY KOIIHIO
5TOH IPOrpaMMBI, y/IyYIIEHNS OKUAATh He IPUXOAUTCS, HO Ha CHCTEME C IPYTHMIE IIPO-
neccaMu OyZIeT BO3MOKHOCTD 3aXBaTUTh TaKMM 00pa3oM 6oJee CyIMeCTBEHHYIO 9acTh
IIPOLECCOPHOTO BPEMEHHU.

Ilesb aTOTO YIIPAKHEHUS 3aKII0YACTCS B PEATU3AINN MHOTOTIOTOYHOTO PEIICHI [T
OTIpeZIeJICHUST TOTO, SIBJISETCS JIM 3aJaHHOE YUCIIO COBepIieHHbIM. Hucesno N aBisercs
COBEPIIEHHBIM, €CJIM CYMMa BCEX €T0 JIeIUTeIeH, MCKIIIoYast caMo 3TO YUCI0, paBHa N
(TpuMepamMu MOTYT TTocay>kuTh yrca 6 n 28). Ha Bxoze 3agaercs mesoe uncao N. Ha
BbIXOJIe Oy/IeT 3HAUEHNE true, eI YHCIIO SIBJISIETCS COBEPIIIEHHBIM, iH false, ecain oHO
TaKOBBIM He siBJisiercsi. OcHOBHas iporpamma Oy/ieT yutarh ynciaa N u P u3 KOMaHIHON
crpoku. ucia ot 1 10 N OyayT Ie/uThCst MKy 9TUME TOTOKAMI, YTOOBI JIBa TOTOKA
He paboTasu ¢ OMHUM U TeM Ke 4ucsioM. JIJist Kax0ro 4rcia B 9ToM Habope MOTOK
OyleT OIPeesIsATD, SIBJACTCS JI YicyIo geautesieM yuciaa N. Eciu oHO TakoBbIM sIB-
JISIETCSI, TO ATO YKCJI0 A0baBsgercs Kk 00meMy 6ydepy, XpaHsiemy aeauTen uncaa N.
Poauresnbckuil mporiece 0sKUIaeT, oKa He 3aBepiiar paboTy Bce MoTOKU. Bocioibayii-
TECh COOTBETCTBYIONIMM ITPUMUTHBOM CHHXPOHN3AINU. 3aTeM POIUTEIbCKUI TTOTOK
OTIpeIETISieT, ABJISETCS I BBEICHHOE YHUCJIO COBEPIIEHHBIM, TO €CTh SBJISETCS JIM OHO
CYMMOII BCEX JieTUTeIell, a 3aTeM BhIJIAeT COOTBETCTBYIONIUI OTYET.

IIpumeyanue: BbIYUCIeHIE MOXKHO YCKOPUTD, OFPAHUYUB KOJMUYECTBO YNCEJ, IIPOBO/IST
mouck ot 1 10 KopHs KBapaTHOTO U3 N.

Cospaiite porpaMmy JJLs oZcYeTa YaCTOTLL OSIBJICHUS CJI0B B TeKeToBOM (haile. Tek-
croBbii (aiin genurcs Ha N cermentoB. Kaipiii cerMmeHT 06padaThiBAETCS OTAEIbHBIM
IIOTOKOM, KOTOprfI BbIBOJIUT HpOMe}KyTO‘-IHbeI CUYETUHMK YaCTOThI IJIs CBOEI'0 CerMeHTa.
OCHOBHOI IIPOIIECC OKUAAET OKOHYAHST PAOOTHI TOTOKOB, 3aTEM OH BBIUKCJISIET CBOJI-
HbI€ /ITaHHbIC YaCTOTBI ITOABJICHNA CJIOB Ha OCHOBE BbIBO/IOB OTZE/IbHBIX ITOTOKOB.



Fnaea 3
YnpaBneHne namMaTblio

[TamsaTe ipegcTaBisieT co60it OUeHb BaKHBIH pecype, TpeOYoIIHii YeTKOTO YIIPaBIeHUSI.
HecMmoTpst Ha TO 4TO B HalllK AHU 0ObEM MAMATH CPEIHEro JOMAIIHEr0 KOMIIbIOTEpPA B Jie-
CATKHU ThICSY pa3 npessbiinaeT pecypekl IBM 7094, 6biiiero B Hauaie 1960-X rogos cambiM
GOJIBITM KOMITBPIOTEPOM B MUPE, PasMep KOMITbIOTEPHBIX ITPOTPAMM pacTeT ObICcTpee, 4eM
006beM maMsT. 3akoH IlapkuHcoHa MOKHO nepedpazupoBarh CJAeAYIOUUM 00pa3oM:
«IIporpamMMbl yBeJIMUNBAIOTCSI B Pa3MePax, CTPEMSICh 3aNIOJHUTD BCIO TTAMSTh, IOCTYITHYIO
JIUIS1 X pas3Melienusi>. B aToil riiaBe Mbl pacCMOTPUM, KaK OTlepalliOHHbIe CUCTEMbI CO3/Ia-
10T U3 NaMATH abCTPAKIMK U KaK OHU 9TUMU a0CTPAKIUAMU YIIPABJISIOT.

B ujeasie Kax/0My IIPOrpaMMUCTY XOTEJIOCH Obl IMETh MIPEJI0CTABIEHHYIO TOJIBKO eMy He-
OrpaHUYEHHYIO TI0 00BEMY U CKOPOCTH PAGOTHI TAMSITh, KOTOPAst K TOMY K€ He TEPSIET CBOETO
COJEPIKUMOTO IIPU OTKJIIOYEHUH TIUTaHus. Pa3 y/k Mbl TaK pa3MeyuTalIiCh, TO 104eMy Obl He
c/iesIaTh TaMATh ellle U coBceM JiemeBoii? K cokanenuio, CyTecTByIoNie TeXHOTOTUN TTOKA
He MOTYT JIaTh HaM KejiaeMoro. MoskeT GbITh, CIOCO0 CO3aHUsT TAKOH ITaMATH yIacTCs U30-
OpecTy IMEHHO BaM.

Torma yem ke HaM TpUAETCs JOBOJIbCTBOBaThesi? Co BpeMeHeM Obliia pa3paboTaHa KOH-
LElKs HePapXuM MaMITH, COTJIACHO KOTOPOH KOMIIbIOTEPHI 00JIa/1al0T HECKOJIbKUMU
MerabaiiTaMu 04eHb OBICTPOAEHCTBYIOINIEH, TOPOTON U HHEPrO3aBUCUMON KaII-TIaAMSITH,
HECKOJIbKMMU TurabaiiTaMu maMsiTH, Cpe/lHell Kak Mo CKOPOCTH, TaK W 110 TleHe, a TaK-
JKe HECKOJIbKMUMU TepabaiiTaMil TaMsITH Ha JIOBOJHLHO MEJJIEHHDIX, CPABHUTEIBHO Jie-
MIEBBIX AMCKOBBIX HAKOIHMTENSAX, HE TOBOPS YK€ O CMEHHBIX HAKOMHTENSX, TAKUX KaK
DVD u ¢aem-ycrpoiicrea USB. IIpeBpaTuth 9Ty Hepapxuio B aOCTPaKIMIO, TO €CTh
B yIOOHYIO MOJIEJIb, & 3aTE€M YIIPABJISTH 9TON abCTpaKiineil — U ecTh 3a1a4a OIePAIOHHON
CUCTEMBI.

Ta gacTpb onepaImoHHON CUCTEMBI, KOTOPAsl YIIPaBJSeT nepapxueil maMaTH (MK ee 9acThIo),
HA3bIBAETCSI MEHE/PKEPOM, WK ucneryepoM, namsiti. OH 1pe/iHa3HaveH JiJisl IefCTBeH-
HOTO yTIPABJIEHUsI TAMSTHIO U JIOJIKEH CJIE/IUTH 32 TeM, KAKUE YaCTH TTaMSITH UCIIOJIb3YIOTCS,
BBIIEJIATD ITAMATH [IPOLECCaM, KOTOPbIe B HEll HYKAAIOTCH, 1 OCBOOOKAATD [AMATH, KOT/Ia
IPOLIECCHI 3aBEPIIAT CBOIO paboTYy.

B a70ii riaBe OyayT paccMOTPEHbI HECKOJIBKO Pa3HbIX MOJENel YIIpaBieHus MaMAThIO,
HAYMHASI C OYeHb MTPOCTHIX U 3aKAHYMBAsSI BeCbMa M301PeHHbIMU. [T0CKO/IBbKY yTIpaBJene
K3IL-NAMSTBIO CAMOT0 HUAKHETO YPOBHST OOBIYHO OCYIIECTBJSAETCS Ha allllapaTHOM YPOBHE,
OCHOBHOE BHUMaHue OyzIeT y/Iel1eHO IPOrPaMMKUCTCKOI MOZIE/IN OllepaTUBHOM IaMsATH U CII0-
co6am a(hPEeKTUBHOrO yIpaBJIeHus ee UCIOIb30BaHueM. Bee, 4To kKacaercst aGeTpakiuii,
CO3/IaBAEMBbIX JIJIs1 9HEPTOHE3aBUCHMOTO 3alIOMUHAIOIIETO YCTPOUCTBA — JINCKA, U yIIPABJIe-
HUS TUMU abCTPaKIUsIMU, OYAET TEMOIT caeyomieil riasbl. HauneM ¢ MICTOKOB U B IIEPBYIO
o4epesib PACCMOTPUM CaMYIO IIPOCTYIO U3 BO3MOKHBIX CXEM, a 3aTE€M IIOCTEIIEHHO OyIeM
[EePEXOIUTh K M3Y4eHUIO Bce HoJiee CII0KHbBIX.
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3.1. NamaTb 6e3 ncnosb3oBaHna abcTpakunmn

[Tpocrefimmeii abcTpakimeil TaMsITH MOKHO CYMTATh TIOJTHOE OTCYTCTBHE KaKOH-1n60 ab-
crpakiuy. Panane yauBepcaibable Manmubl (10 1960 roga), panHre MUHU-KOMITBIOTEPBI
(mo 1970 rona) u panHue nepconanbubie KoMmibioTepsl (0 1980 roxa) He ucmosb30BaIN
aberpakiy mamaTi. Kasxkaas mporpaMma mpocTo Buzesa (pusnueckyro mamsath. Korga mpo-
rpamMMa BBITTOJIHSJIA KOMAH/TY

MOV REGISTER1,1000

KOMIIBIOTEP HPOCTO IepeMelian cojpepxxumoe dusndeckoil sueiiku mamsatu 1000
B REGISTER1. Takum 06pa3oM, MOZIETh TaMSATH, MIPeIOCTaBIsieMast TIPOrpaMMUCTY, Obliia
npoctoil husnueckoil naMsiTbio, HabopoM aapecos ot 0 10 HEKOTOPOTO MAKCUMAaJIbHOTO
3HAYEHMS, T/Ie KOKIBIN a/[pec COOTBETCTBOBAJ sTUeiiKe, cojiepsKalleil Kakoe-TO KOJNYeCTBO
6ut (006bIUHO 8).

I[Ipu TakUX yCIOBHAX COAEPKaHKE B IAMATH CPasy ABYX pabOTAIONIMX IIPOrPaMM HE MIPe/-
CTaBJISLIOCh BO3MOKHBIM. EC/i1 1iepBasi porpamMma, K IipuMepy, 3alichiBala HOBOE 3HaueHne
B a4eiiky 2000, To 0Ha TeM caMbIM CTHpa/a TO 3HaYeHue, KOTOPOe COXpaHsia TaM BTOpast
nporpamma. PaGora craHoBUIACh HEBO3MOMKHOM, 1 06€ IIPOrpaMMbl TPAKTHYECKU CPA3Y Ke
nasanu cOoil.

Jlaxke B yCJIOBUSIX, KOT/Ia B KAYECTBE MOJIEJN MMaMsITH BBICTYIAeT cama (huanyeckas ra-
MSITh, BO3MOKHbBI HECKOJIBKO BADUAHTOB UCIIOIB30BAHUS TTAMSITH. TpU U3 HUX MOKa3aHbI
na puc. 3.1. Onepanuonnas cucrema moxet (puc. 3.1, @) paameniaTbcs B HUKHEN 4acTH
aJIpecoB, B OlepaTUBHOM 3aroMuHaiolem ycrpoictse (O3Y), uin, mo-a1pyromy, B naMstu
¢ npousBoJbHbIM g0cTyIoM — RAM (Random Access Memory). OHa MOKeT pa3MenaThes
TaKKe B MOCTOAHHOM 3arioMuHatonieM ycrpoiicrse (I13Y), wiu, unaue, B ROM (Read-
Only Memory), B Bepxuux aapecax namsitu (puc. 3.1, 6). Vliu ke apaiiBepbl ycTpoiicTs
MOryT ObITh B BepXHUX ajpecax mamsatu, B 113V, a ocranbhas yactb cucteMbl — B O3V,
B camoM Hm3Y (puc. 3.1, 8). [lepBag Mmomennb mpeske NCIOTH30BAMACH HA YHUBEPCATHHBIX
MAaIllMHAX U MUHU-KOMITBIOTEPAX, a Ha JAPYTUX MAITUHAX — JI0BOJILHO Pejiko. Bropast Mojesb
ucnoJib3oBanach Ha HeKOTOpbiX KIIK u Berpoennbix cucremax. TpeTbst MOJIENb UCTIOJIB30-
BaJlach Ha PaHHWX TIEPCOHATBHBIX KOMITbIOTEpax (HampuMep, Ha TeX, KOTopbie paboTann
oz ynpasiaeaneM MS-DOS), rae yactb cuctemsl, pa3meniasiiasics B [13Y, HazpiBamach
6a3oBoii cuctemoit BBoma-BoiBosia — BIOS (Basic Input Output System). HemocraTok
Mozesieit, n300paskeHHbIX Ha puc. 3.1, a 1 6, 3aKJI0YAETCS B TOM, YTO OMIMOKA B [IPOrpaMme
[I0JIb30BATEJISI MOKET 3aTEPETh ONEPAIMOHHYIO CUCTEMY, U, BO3MOJKHO, C BEChMa T1aryOGHbIMU
TTOCJIE/ICTBUSIMH.

EnuHCTBeHHEIH c110c06 TOOUTHCS XOTh KaKOI-TO Mapa/LleIbHOCTH B CHCTEME, He HMeIoIeil
abCTpaKIMii HaMSTH, — 9TO 3aIyCTUTh POIPAMMY € HECKOJbKUMU HOTOKaMK. IT0CKOIbKY
HPEIIONATAETCs, YTO BCE UMEIOIIMECS B IIPOLECCE MOTOKU BUAAT OJMH 1 TOT e 00pa3 MaMATH,
UX NPUHYIUTEIBHOE TPUMEHEHNE TIPOOIEMBI He COCTaB/IAET. XOTS 9Ta Ues BIIOIHE PaboTo-
c11oco6GHa, OHa He Halllla HIMPOKOTO MIPUMEHEHNS, HOCKOJIBbKY JIOIAM 3a4acTy0 HEOOXOAUM
OIHOBPEMEHHBIH 3aITyCK He CBA3aHHbIX JPYT € IPYTOM IIPOTPAMM, 2 3TOTO aGCTPAKIHS TOTOKOB
He obecriednBaet. bosee TOro, CTOIb MPUMHUTUBHbIE CUCTEMBI, He 0OecriednBaionie abeTpak-
LI TTAMATH, BPSI/I JIX MOTYT IPEIOCTABUTH aOCTPAKINIO TOTOKOB.

Tem He MeHee ke B OTCYTCTBHE aOCTPAKIIUI MAMSITU OJIHOBPEMEHHbIIT 3aITyCK HECKOJIb-
KHUX TIPOTPaMM BIIOJIHE BO3MOsKeH. [[J1st 9TOro oneparmontas cuctema JI0JKHa COXPAaHUTD
BCe COfIepsKMMOe TTaMsTH B (haiiie Ha JIUCKe, a 3aTeM 3arPy3UTh U 3aITyCTUTh CJIEYIONTYTO



216

Masa 3. YnpasneHue namsiTblo

OxFFF...
OrepaLnoHHas Hpaiisepel
cncTema YCTPOWCTB
& M3y B MN3Y
[Mporpamma
nonb3oBaTensi Mporpamma
nonb3oBaTtens
[Mporpamma
nonb3oBaTensi
OnepaunoHHas OnepauuoHHasi
cuctema cuctema
B O3Y B O3Y
0
a 6 8

Puc. 3.1. Tpu npocTbix cnoco6a opraHnsaumum namsaTi NPU HANMYUK ONEPaLIMIOHHON CUCTEMbI Y OLHOO
NnoIb30BATENBLCKOro NpoLecca (CywecTBYIOT 1 Apyrne BapmaHTbl). [py TakoM yCTPONCTBE CUCTEMBI
namsT NPOLLECChI, Kak MPaBmio, MOTYT 3anycKaTbCsl TOJIbKO Mo 0AHOMY. Kak Tonbko Nonb30BaTesb Ha-
6epeT kKoMaHy, ornepaLVoHHas CUCTeMAa KONMUPYET 3anpPOLLIEHHYHO MPOrpaMmMy C Aucka B NamMsiTb, Mocre
yero BbINOMHSET 3Ty Nporpammy. Korga npouecc 3aBepluaeT cBoto paboTy, onepaunoHHas cuctema
oTobpaxaeT CMMBOJ NpUINaLLIeHns 1 OXnaaeT BBOAA HOBOM KOMaHAbl. 10 nofiydeHnn KomaHabl oHa
3arpyxaeT B NamsiTb HOBYIO NMPOrpaMmy, 3anncbiBasi €e noBepx NepBon NPOrpaMmmbl

mporpamMmy. [lockobKy 0THOBPEMEHHO B MAMSTH MPUCYTCTBYET TOJIBKO O/lHA TIPOTPAMMa,
KOH(IIMKTOB He BO3HUKAET. JTa KOHIIETIIINSI Ha3bIBAETCS 3aMEHOI IaHHBIX (MJIN CBOITITHTOM )
u GyZleT pacCMOTPEHA 9y Th MO3Ke.

[Tpy HAIMYUK HEKOTOPOI'O CHEUANBLHOTO AOTIOJHUTEIBHOIO 060PYA0BAHUS HOSBIISETCS
BO3MO’KHOCTD HapalJieJIbHOTO 3allyCKa HECKOJIbKUX IPOrpaMM Jaske 6e3 UCIoIb30BaHIs
csonmira. Ha panrux mozensx IBM 360 ara npo6iema pelnaiach CepyionmM oOpasom:
HaMATh Aeausach Ha 610ku 110 2 KOalT, KaskgioMy 13 KOTOPBIX MPUCBAMBAJICS 4-OMTHBII
3AIUTHBIN KJIIOU, COJEPKAIIMIICS B CIIEIUATbHBIX PEMUCTPAX 32 MPEeJaMU IEHTPATIHHOTO
mpotteccopa. MatmHe ¢ 06beMoM TaMsaT 1 MOailT HyKHO GbLIO UMETh JIUIIh 512 Takmx
4-OUTHBIX PETUCTPOB, U BCE XPaHUJIMILE KJIIodeil 3aHnMaino B utore 256 6aiit mamsatu. Cio-
BO cocrostaust iporpammbt (Program Status Word (PSW)) rakike comep:kaio 4-OUTHBII
Kou. Arnapartaoe obecriederie IBM 360 miepexsarhiBasio JH0OYIO TOMBITKY 3aITyIIEHHOTO
IIPOIIeCca MOJIYIUTh JOCTYII K MAMSITH € KJIIOUOM 3allUThI, OTJUIAONUMCS OT Kiioya PSW.
[TockoIbKY M3MEHUTH KJIIOYHU 3AIIUTHI MOTJIA TOJIBKO OTIePallMOHHAs CUCTEMA, T10JIb30Ba-
TEeJIbCKUE MPOIECChI OBLIN 3alIUIIEHBI OT BMEIIATEIbCTBA B paboTy APYT ApyTa U B paboty
caMoIi OTepalimoOHHON CUCTEMBI.

TeMm HE MeHee 5TO pellieHIe UMEJIO CePbe3HbIN HEeIOCTATOK, MMOKa3aHHbIH Ha puc. 3.2. 31ech
M306paskeHbI [IBE MPOrPaMMBI, Kask/ast 13 KOTOPhIX nMeer oObeM 16 Kbaiit. OHu mokasa-
Hbl Ha puc. 3.2, a u 6. IlepBas U3 HUX 3aKpallieHa, YTOObI MOKA3aTh, YTO Y HEe MHOM KJIIOY
naMsITH, Heskesin y BTopoit. [lepBag nmporpaMMa HadYMHAeTCs ¢ Tepexoia Ha STUeiKy maMsTh
¢ azipecoM 24, B KOTopoii copepskutcs komanza MOV, Bropast mporpaMma HauMHAETCs ¢ Tiepe-
X0/1a Ha AYEHKY MaMATH ¢ azpecoM 28, B KOTopoi cofepskutca komanga CMP. Komanmbr,
He UMeIoTIHe OTHOIIEHUST K PACCMATPUBAEMOMY BOTIPOCY, HA PUCYHKe He 1oKazanbl. Kora
JIBE TIPOTPAMMBI 3aTPYIKAIOTCS IPYT 32 JIPYTOM B MAMSITh, HAYWHAs ¢ stueiiku ¢ agpecom 0,
MBI [TOJIy4aeM CHUTYAINIO, OKA3aHHYIO Ha puc. 3.2, 6. B 9ToM npumepe Mbl TPE/IIoIaraem,
YTO ONEPAIMOHHAST CUCTEMA HAXOAUTCS B BEPXHUX a/[PECAX TAMSITH 1 TIOTOMY He TIOKa3aHa.
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[0 ]aore4

CMP 16412
16408
16404
16400
16396
16392
16388
JMP 28 | 16384

[ 0o ]16380 [0  ]16380 0 16380

ADD 28 CMP__ |28 ADD 28

MOV 24 24 24
20 20 20

16 16 MOV 16

12 12 12

8 8 8

4 4 4

JMP24 |0 JVP28 |0 JVMP24 | 0

a 6 8

Puc. 3.2. Nnnioctpaumsa npobnemMbl nepeMeLLeHns: a — nporpamma oo6bemom 16 K6anT;
6 — elle ogHa nporpammMa o6bemom 16 K6ainT; B — ABe nporpamMmebl, nocienoBaTesibHO
3arpyXeHHble B NamsTb

[Tocusie 3arpy3ku porpaMMbl MOTYT OBITH 3aIlylleHbl Ha BbitoJHeHUE. [T0CKOJIbKY y HUX
pasHble KJIIOYU [TaMsITH, HU OjiHA U3 HUX He MOJKET HaBpeAuTh Apyroii. Ho npobiema nmeer
unyto npupozy. Ipu armycke nepBoii nporpammbl OyeT BoiliosiHeHa komaraa JMP 24 u, kak
U OJKUJIAJIOCE, OCYIIECTBIIEH TIEPEXO/] K IPYToi KoMaH/e. Jta mporpamMma Oy/IeT yCIelHo
paborars.

Ho nocste Toro Kak nepBasi mporpaMma mpopaboTaet J0CTaTOuHO J0JIT0, OTIEPAIIMOHHASI CU-
cTeMa MOJKET IPUHSTH PellieHne Ha 3allyCK BTOPOil IPOrpaMMbl, KOTopast Obliia 3arpysKeHa
Hajl IepBoii porpaMMoil, HaurHasi ¢ azpeca 16 384. [lepBoii uctosHsieMoii KoMaHI0ii OyeT
JMP 28, ocytuectsiisttonast nepexoz K komatzae ADD 1epBoii HporpaMMbl BMECTO TOTO, YTOObI
nepeiitu kK npeanonaraemoit komanae CMP. Ckopee BCEro, 310 IPUBEAET K cOOI0 TPOTrPaMMbl
Ha TIepBOI JKe CeKyH/Ie.

B narnoM cirydae cyTb pobJIeMbl COCTOUT B TOM, 4TO 00€ POrPaMMBbI CCBLIAIOTCS Ha abCo-
JIOTHBIH azipec (HU3NUECKON MaMsITH, YTO COBEPIIEHHO HE COOTBETCTBYET HAIITMM JKEJTAHUSIM.
Hawm myskHO, 4TOObI KasKiast IporpaMma CChliajach Ha 3aHUMaeMblil €10 Habop aipecos.
[laBaiiTe BKpaTIle paccCMOTpUM, Kak 3To jsocturaercsa. Ha IBM 360, nanpumep, B mpoliecce
3arpy3Ku OYKBAJIbHO Ha JIETY OCYIIECTBIISIIACH MOANMDHUKAIINS BTOPOU TIPOrPAMMBI, [IPH STOM
HCIIOJTb30BAIACH TEXHOJIOTHSI, M3BECTHAsI KaK cTaTHyeckoe mepemenienne. Ona paborana
crelyroumM o0pasoM: Kora porpaMma sarpyskajach ¢ aapeca 16 384, B ipoliecce sarpysku
K KasKAOMY aJpecy B IIporpaMme npubaBJisioch moctosiHoe snadenue 16 384 (cienosa-
TesbHO, MHCTPYKIHS «JMP 28» cranosnsace nncrpykiueil «] MP 16412» u . 1.). Ilpn
BCell HCIpaBHOCTU PABOTHI ITOTO MEXaHNU3MA OH ObLJI HE CAMbIM YHIUBEPCAIBHBIM PEIIEHUEM,
U K TOMY JKe 3aMelJIsLI 3arpy3Ky. BoJjiee TOro, aTo pelnenne TpedOBAIO TOTOJTHUTETHHON
unbopMmanuu 060 BCeX UCTIONHIEMBIX IIPOrpaMMaX, COOOIIAIOINIEH, B KAKIX CI0BaX COIep-
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JKaTCH, a B KAKUX He CoflepsKaTcs mepeMelniaeMbie agpeca. B pesyisrare yero 28 na puc. 3.2, 6
JIOJIZKHO OBLIIO TI0/IBEPTHYTHCS [IePEMENIeHNIO,  HHCTPYKIIUS BPO/Ie

MOV REGISTER1, 28

Koropast momeraer yucio 28 8 REGISTER1, nosukia Gbliia octaThest HerponyToil. Hysken
ObLI KaKOi-HIOY b CII0c00, TIO3BOJISIIONIIT COOOIUTD 3arPy34YHKY, KAKOe 13 YUCE OTHOCHT-
s K aIpecy, a Kakoe — K KOHCTaHTe,

W nakoHelr, Kak 0OTMEYaJOCh B TJaBe 1, B KOMIIBIOTEPHOM MUPE UCTOPUM CBOMCTBEHHO
MOBTOPSIThC. XOTsI IpsiMast ajipecariust (U3n4ecKoil maMsITH, K COKaJIeHHI0, 0CTaaach
B IIPOIILJIOM, B YCTapEBIINUX YCTPOUCTBAX MAMSITH YHUBEPCAJbHBIX KOMITHIOTEPOB, MUHU-
KOMIIBIOTEPOB, HACTOJIBHBIX KOMIILIOTEPOB, HOYTOYKOB 1 cMapT(hOHOB geuiiut abcTpakiuii
11aMATHU — BIIOJIHE O6bI‘IHO€ ABJIeHNE BO BCTPOEHHBIX CUCTEMAX U CMapT-KapTax. B Haly IH1
YCTPOIiCTBA BPOJIE PAJAMONPUEMHUKOB, CTUPAJIbHBIX MAIINH U MUKPOBOJIHOBBIX T1€Yeil 3a-
HoJIHeHbI TIporpaMMHbIM obectiedeHreM (B I13Y), 1 B OOJIBIIMHCTBE CIy4aeB UX MPOrpaMMbl
UCIIOJIb3YIOT aJipecalinio K abcoMoTHOM naMsaTu. Bee 910 Herioxo paboraer, oCKOJIbKY Bee
[POrPaMMbl U3BECTHBI 3apaHee, U M0JIb30BATeIN He MOTYT 3allyCKaTh Ha ObITOBBIX YCTPOIi-
CTBaX Kakue-HUOYIb COOCTBEHHbIE IPOrPAMMBbI.

C]IO}KHbIe oTiepalnioHHbIe CUCTEMbI HpI/ICyTCTByIOT TOJIBKO B BBICOKOTEXHOJIOTMYHBIX BCTPO-
eHHBIX ycTpoiicTBax (Hanpumep, B cMaprdonax), a 6oJiee IpocTbie yCTPOUCTBA UX HE UMe-
10T. B HEKOTOPBIX CIydasix y HUX TOXKE eCTh OllepaIllMOHHAsI CHCTEMA, HO 3TO BCETO JIUIIb
O6nbMoTeKa, CBI3aHHAs ¢ IPUKJIAJHON IIPOrPaMMOii, KOTOpas IPEA0CTABIAET CHCTEMHbIE
BbI3OBbI /I BBIITOJHEHU Ollepaliii BBOJA-BbIBOJIA U APYTHX 0OIIUX 3a1a4. IIpocTbiM npu-
MEPOM IOITYJISIPHON ONEPaIMOHHON CUCTEMBI, TIPEACTABIISIONIEH OO0 OUBINOTEKY, MOKET
MOCJTY;KUTH €-COS.

3.2. AGcTpakuusa naMaTu: aapecHble NPoCcTpaHCcTBa

B xoneuynom cuete npenocTaBieHre GU3NIECKON MAMSTH IIPOIecCaM NMeeT Pl Cephes-
HBIX HEJOCTATKOB. BO-1IEPBBIX, €CJIH MOJIB30BATEIbCKUE TPOrPAMMbI Oy T 06paIaThCst
K KaxxIoMy OailTy TaMsITH, OHU JIETKO MOTYT IIPEJHAMEPEHHO I CIyYaiiHO UCTIOPTUTH
OIEPAIIMOHHYIO CHCTEMY, PA3IPOOUTD €€ KOJI 1 IOBECTH JI0 OCTAHOBKU PaboTHI (B OTCYTCTBIE
CIIEIMAJIBHOTO AIaPATHOrO 06eCedeHusT HAo[00Ke KIIOYEBbIX CXeM U GJIOKHPOBOK Ha
IBM 360). dra mpobieMa MpUCYTCTBYET Jlaske MIPU 3aITyCKe BCETO JIUIIb OJHO MOIb30Ba-
TEJbCKOHN ITporpaMMBbl (IIPUJIOKEeHU ). BO-BTOPBIX, IIPU UCIIOJIb30BAHUH 9TON MOJEIN J10-
BOJIBHO CJIOKHO OPraHU30BaTh OJIHOBPEMEHHYIO (TI00YEPE/IHYT0, €CIIM UMEETCST JIUIIb O/INH
HEHTPAJIbHbIIT 1poLieccop) paboTy HECKOJIbKUX porpaMm. Ha 1epcoHanbHbIX KOMITbIOTEPaX
BIIOJIHE €CTECTBEHHO HaJIMUNe HECKOJIBKIX O/IHOBPEMEHHO OTKPBITBIX IIPOrpaMM (TEKCTOBBIN
HPOLECCOP, ITPOrPaMMa JIEKTPOHHOI 1104ThI, BeO-Opaysep), ¢ OAHOIl 13 KOTOPIX B AaHHBIN
MOMEHT B3aHMO/IEHICTBYET TIOJTb30BATENb, 8 PA6OTA IPYTHX BO30OGHOBJISIETCST IETIKOM MBITITH.
Tak Kak 3TOr0 TPY/HO JAOCTHYD TIPU OTCYTCTBUU aBGCTPAKIMH HA OCHOBE (DU3HUECKON TTaMsITH,
HY>KHO UTO-TO TIPEITPUHIMATD.

3.2.1. MNoHATHME apapecHOoro NPocTpaHCcTBa

Yro0bl JOIYCTUTH OJHOBPEMEHHOE Pa3MelleHKe B IIaMATH HECKOJIbKUX MPUJIOKEHNI 6e3
CO3/IaHMUSI B3AUMHBIX [IOMeX, Hy’KHO PELIUTb JBe POOJIEMbI, OTHOCAIIMECS K 3all[UTe K repe-
MereHnio. [IpuMUTIBHOE peleHne mepBoil 3 aTHX MPOOIEM MBI yiKe paccMaTpUBaIN Ha
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npuMepe IBM 360: ygacTku mamMsATH TOMeYaInch 3allIUTHBIM KJII0YOM, U KJII0Y BBITIOTHSIE-
MOTO MPOIECCA CAMYATICS € KIIOYOM KaKI0TO BBIOPAHHOTO CJIOBA TAMSITH. DTOT MOAXO/] HE
pelia; BTopoit Tpo6JieMbl, XOTsI OHA MOTJIa GBITh PEllleHa TyTeM TTePEMEIEHNUsT TIPOTPaMM
B ITPOI[ECCE VX 3arPY3KHU, HO HTO OBLIO CIUIITKOM MEJJIEHHBIM U CJIOKHBIM PEITEHIEM.

Bosiee nopxopsiiee perierrie — NpUAyMaTh [IJist IIAMSATH HOBYIO aGCTPAKIIUIO: a[pecHOe
npocTpaHcTBO. Tak jke Kak MOHSATHE [POolecca Co34aeT CBOeOOPasHbIl abCTPaKTHBII 11eH-
TPaJIbHBII TTPOIECCOP JIJIsI 3aITyCcKa IPOTPaMM, MTOHITHE aJIPECHOTO TPOCTPAHCTBA CO3/IAET
cB0€0OPa3HyI0 aGCTPAKTHYIO AMITh, B KOTOPOI CYIIECTBYIOT IPOrPaMMbl. ApecHoe
HOPOCTPAHCTBO — 9TO HAOOP AIPECOB, KOTOPbIH MOKET ObITh UCIIONb30BAH ITPOLECCOM JIJIst
obpalleHust K TaMsTh. Y KaKI0ro Ipolecca nMeeTcs CoOCTBEHHOE a/IPECHOe IPOCTPAHCTBO,
HE3aBUCHUMOE OT TOTO a/[PECHOTO MTPOCTPAHCTBA, KOTOPOE TIPUHA/JIESKUT APYTUM HIPOIECCaM
(32 UCKJIIOYEHNEM TeX 0COOBIX 0OCTOATEILCTB, IPU KOTOPBIX IIPOLIEeccaM TPeGYeTCcs COBMECT-
HO€ UCIIOJIb30BAHUE UX A/[PECHBIX TPOCTPAHCTR).

[TousTre apecHoOro MPOCTPAHCTBA UMEET BeEChbMa YHUBEPCAIIBHBIN XapaKTep U MOsIBJISIET-
¢ BO MHOKeCTBe KOHTeKCcTOB. Bozbmem Temedonnnie HoMmepa. B CIIIA n MHOTHX ApPyTUX
cTpaHax MECTHBIH Te1eOHHbBII HOMEp COCTOUT OOBIYHO U3 CeMU3HAYHOTro Yyncaa. [Toaromy
aZipecHoe MPOCTPAHCTBO TesechoHHBIX HoMepoB mpoctupaetcs ot 0000000 1o 9999999, xots
HEKOTOpbIe HOMEPA, K rpumepy Te, uro Haunnaorces ¢ 000, e ucnosb3yiores. C poctom
KOJIMYecTBa cMapT(HOHOB, MOJIEMOB 1 (haKCOB ITO MIPOCTPAHCTBO CTAJIO CIUIIKOM TECHBIM,
a B 9TOM CJIydae HeoOXOIMMO HCII0JIb30BaTh GoJibIie nudp. AIpecHoe IPOCTPAHCTBO MOPTOB
BBOJIa-BbIBOJIA MTpolieccopa x86 npocrupaercs ot 0 o 16 383. IIporokon IPv4 obpaiaercs
K 32-pa3psilHbIM HOMEPAM, TI0ITOMY €r0 aJPeCHOe MPOCTPAHCTBO mpoctupaercs ot 0 1o
232 — 1 (onATH-TaKU ¢ HEKOTOPBIM KOJUYECTBOM 3aPe3ePBUPOBAHHBIX HOMEPOB).

AJipecHO€e IPOCTPAHCTBO He 00SI3aTEBHO JOJKHO ObITh YncoBbiM. Habop HHTEpHET-10Me-
HOB .COM TaKJKe SIBJISIETCS aJ[PECHBIM TPOCTPAHCTBOM. DTO aiPECHOE IIPOCTPAHCTBO COCTOUT
U3 BCEX CTPOK JUIMHOI OT 2 110 63 CUMBOJIOB, KOTOPbIE MOTYT ObITh COCTaBJIEHbBI 13 OYKB,
1udp u aeducos, 3a KOTOPBIMU CJIEyeT Ha3BaHUe JoMeHa — .com. Terepp BaM T0JBKHA
CTaTh IIOHSITHOI cama 1/iest, B KOTOPOIl HeT HIYero CJOKHOTO.

HeMHOTO0 C107KHee TOHSITh, KaK Kask/[0i IPOrpaMMe MOKHO BbIIIEJUTh COOCTBEHHOE aIPECHOE
MIPOCTPAHCTBO, MOCKOJIBbKY ajipec 28 B OJ{HOM ITporpaMMe o3HadaeT HHoe (pU3ndecKoe MecTo,
ueMm azpec 28 B pyroii mporpamme. Jlajsee Mbl pACCMOTPHM IIPOCTOH CII0CO0, KOTOPBII panee
ObIJT pACTIPOCTPAHEH, HO BBIIIEN U3 YIIOTPEOJIEHHSI C MOSIBJIEHUEM BOBMOKHOCTEH pasmMeliie-
HISI HA COBPEMEHHBIX [EHTPATBHBIX MTPoIieccopax 6osiee CJA0KHBIX (1 60JIee COBEPIIEHHbIX)
CXEM.

Ba30BbIli 1 OrpaHUYNTESIbHbIN PErncTpbl

B npocTom perieHnn UCIOIb3yeTcs BeCbMa ITPUMUTHUBHASL BEPCUsSI IUHAMHYECKOTO Tepe-
pacupenenenust mamstu. [Ipu aToM ajipecHoe IPOCTPAHCTBO KAXK/OTO MPOIIECca MPOCTO
TTpoennpyeTcs Ha Pa3andHble YacTu (pusmdeckoil mamaTn. Kiaccudeckoe perienme, Mpu-
MeHenHoe Ha ManrHax o1 CDC 6600 (1iepsoro B Mupe cynepkomiibiorepa) 10 Intel 8088
(cepama mepoit mogenu IBM PC), 3akmiogaeTcss B ocHAIIEHNN KaxKAOTO TIEHTPATBHOTO
poleccopa AByMs CIIelHabHbIMK allllapaTHbIMK PETUCTPAMU, KOTOPble 0OBIYHO HAa3bIBa-
10TCs1 6A30BBIM 1 OrPAHUYMTENbHBIM perrcTpamMu. [Ipy UCIoab30BaHUM 9TUX PETUCTPOB
[IPOrPaMMBbI 3arPYKAIOTCS B MOCIEA0BATENLHO PACIIOIOKEHHbIE CBOOOAHBIE 00J1aCTI HAMATH
6e3 MoaubUKAINN aJpecoB B mpoiecce 3arpy3ku (cM. puc. 3.2, ¢). Ilpu 3amycke mpoiecca
B 6a30BBII PErUCTp 3arpysKaeTcst GU3NYECKUN aipec, C KOTOPOTO HAYMHAETCS Pa3MelleHIe
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IIPOTPAMMBbI B ITAMSITH, @ B OTPAHUYUTEJIbHBIN PETUCT] 3arpysKaeTcs JJTHA mporpaMmbl. Ha
puc. 3.2, 6 TipH 3aITyCcKe [ePBOI IIPOTPaMMBbI Ga30BBIMU U OTPAHUYUTETBHBIMU 3HAYEHUSIMI,
3arpysKaeMbIMU B 9TH allllapaTHble perucTpbl, OyayT coorBerctBento 0 u 16 384. Tlpu 3a-
IyCKe BTOPOI porpaMMbl Gy/1yT MCIOIb30BaHbl 3Hauenust 16 384 u 32 768 coorBercrBeH-
Ho. Eci HerocpecTBeHHO HaJl BTOPOU OYIET 3arpyskeHa U 3aIrylieHa TPeThs TPOTpaMMa,
nmetornast o6bem 16 Kbaiit, 3HaueHMsIMU 6Ha30BOTO 1 OTPAHUYUTEILHOTO PETHCTPOB OYIyT
32 768 n 16 384 cooTBETCTBEHHO.

[Tpu KasKIO# CCHITKE TPOTIEcca Ha MAMSITD C TIETbI0 U3BJICUEHNST KOMAH/IBI MJTH 3aITHCH CJIO-
Ba JIAHHBIX anmapaTypa IMeHTPaTbHOTO TPOIeccopa Mmepe/l BHICTABIECHIEM aipeca Ha TIHE
HaMsATH J00aBIISET K aApecy, CreHePUPOBAHHOMY IIPOLIECCOM, 3HaYeHe Ga30BOr0 PErucTpa.
OnHOBpEMEHHO anmapaTypa MPOBEPSIET, He PaBEH JIN MpeiIaraeMblii apec 3HAYeHUT0 OTpa-
HUYUTETBHOTO PETUCTPa WJIH He TIPEBBITIAET JIM OH 9TO 3HaUeHNUe (B 3TOM CJIydyae reHepupy-
eTCs OTKA3 U JIOCTYII TIpephiBaeTcst). Eciu B3sATh MepBYIO KOMAH/LY BTOPOI MTPOTPaMMBI (CM.
puc. 3.2, 8), TO MIPOIIECC BBITOTHSIET KOMAHITY

JMP 28
HO amnTiapaTtypa paCCMaTpUBaAET €€ KaK KOMaHZy
JMP 16412

[09TOMY TIEPEXOJL OCYIIECTBISAETCS, KaK U OKUAAN0Ch, Ha kKoManay CMP. 3uauenus 6aso-
BBIX M OTPAHUYUTENbHBIX PETMCTPOB IIPU BBHIITOJTHEHIMN BTOPOU IIPOTpaMMBbl Ha puc. 3.2, 8
MTOKa3aHbl Ha puC. 3.3.

16384
OrpaHnunTenbHbIN |I| 32764

perucTp

CMP 16412
16408
16404
16400
16396
16392
16388

16384 JMP 28 | 16384

0 16380

BasosblIn
peructp ADD |28

MOV 16

JMP24 | 0

Puc. 3.3. [1na npenoctaBneHns Kaxaomy npoLEeCCy OTAENbHOIO apecHoOro NPoCTpaHCcTBa
MOFYT UCMOJIb30BaTbCs 6a30BbI U OrPaAHUYUTENbHBIA PErNCTPbI

WcnosbszoBanue 6a30BOro u OrpaHUYUTEJTbHOI'O PETUCTPOB — ITO HpOCTOfI c1ocob IIpe/1oCTaB-
JIEHU KaK/I0MY HIpoIeccy CcOOCTBEHHOTO 3aKPbITOTO a/[p€ECHOTO MPOCTPAHCTBA, ITOCKOJIbKY



3.2. AGCTpakums NamMaTn: aapecHble NPOCTPaHCTBA 221

nepes oOpaleHreM K IaMsITH K KaxK/I0OMy aBTOMaTUYeCKU CTeHEPUPOBAHHOMY apecy 100aB-
JiieTcst 3HadeHre 6a30BOro perucTpa. MHorue peajimsaliy npeiycMaTpUBaIOT TaKyIo 3alUTy
6a30BOT0 U OTPAHMYUTEBHOTO PETHCTPOB, TIPU KOTOPOU M3MEHUTh UX 3HAYEHUS MOJKET TOJIBKO
onepannonHas cucrema. Vimenno tak 6u11 yerpoen komibiorep CDC 6600, B otsinue oT KoM-
nbioTepos Ha ocHose Intel 8088, y KOTOpPBIX He ObLIO Jaske OrpaHUYKMTEIHHOTO perucTpa. Ho
Y TIOCJIETHNX OBITIO HECKOJIBKO Oa30BBIX PETHCTPOB, MO3BOJISIONINX, K TPUMEDY, PeaTn30BaTh
He3aBUCUMOE ITepeMellieHIe TeKCTa 1 TAHHBIX POTPaMMBbI, HO He TIPEIJIAraloiinX KaKoi-1u60
3AIUTHI OT CCHLJIOK 32 TIPEIEITBI BBIIETIEHHO TTAMSITH.

HenocraTkom nepemenieHuii ¢ HCoJib3oBaHneM Ga30BbIX U OTPAHMYHUTENbHBIX PETHCTPOB
SIBJISIETCST HEOOXOANMOCTD TIPUMEHEHST OTIEPATIHIT CTOKEHNST U CPABHEHMSI K KaKIOH CChITKe
Ha gueiiky mamaT. CpaBHEHUE MOKET OCYLIECTBIATHCS JOBOJIBHO ObICTPO, HO CJHOKEHIE
SIBJISIETCS CTUIIKOM MEJJIEHHOU olepaliueil n3-3a 3aTpaT BPEMEH! Ha BCIIOMOTATeIbHBIN
CUTHAJ TIEPEHOCA, €CJIN, KOHEYHO, HE UCITOIb3YIOTCS CIIeIIUATbHBIE CYMMAaTOPHI.

3.2.2. CBONUHI

Ecain y koMIbioTepa 00beM TTaMsITH JI0CTATOY€EH JIJIsT PA3MEIEeHNsT BCEX MPOIECCOB, TO BCE
PACCMOTPEHHBIE 0 CHX TIOP CXeMbI OY/IyT B TO#T nim HHOU crernieHn paborocnocobusl. Ho Ha
PAKTUKE CYyMMAapPHbIIT 00beM OMepaTHBHON MaMsITH, HEOOXOIMMBbIIT /7S Pa3MEIIeHUsT BCEX
MIPOIIECCOB, 3aYACTYIO 3HAYUTEIBHO TIpeBbInaeT numeionuiics oobem O3Y. Ha 06brambix
Windows-, OS X- wiau Linux-cucreMax mpu 3amrycKke KOMIILIOTEPA MOTYT OBITh 3aIlyIEHbI
50—100 mu 6osee mporeccos. Hampumep, npu ycranoBke npuiioskennss Windows 3agactyio
BBIJIAIOTCST KOMAH/IbI, YTOOBI TIPH MOCIEAYIONIUX 3AITyCKaX CUCTEMBI 3aIyCKAJICS MPOIIECC,
eIMHCTBEHHOM 3a/1a4eil KOTOPOTo Gblia ObI IIPOBEPKA HATNYNSA OOHOBJICHUA JIJIs1 DTOTO TIPH-
nosxkenust. Takoli iportece 3anpocTo MoskeT 3auaTh 5—10 Mbaiit mamari. OcrainbHbie GOHO-
BbI€ TIPOTIECCHI TPOBEPSIIOT HATIMYIE BXOJSIIEN TTOUTHI, BXOSIIIX CETEBBIX TOIKIIOUEHNH
u MHOTOE Jipyroe. U Bce 9710 elne 10 TOro, Kak OyeT 3amyIieHa mepBasi moJb30BaTeIbeKast
mporpamma. CoBpeMeHHbIE COTH/IHBIE M0Jb30BATE/IbCKUE TPUKJIAIHbIC TPOTPAMMBI BPOJIE
Photoshop moryT sanpocro tpe6GoBath npocto ais anycka 500 MoailT namsitu, a npu Ha-
vasie 00pabOTKU JIAHHBIX 3aHUMATh MHOXKeCTBO rurabailt. CiieioBaTebHO, MOCTOSTHHOE
coJiepsKaHe BCeX MPOIECCOB B MaMATH TPeOyeT OrPOMHBIX 00EMOB 1 HE MOKET OBITH 0CY-
MIECTBJICHO MTPU IeDUITITE TAMSITH.

C rogamu JJist IPEoJIoJIeHUsI IePErpy3Ku IaMsATH ObLIM BbIPaOOTAHbI [BA OCHOBHBIX MO/I-
xoma. CaMbIif TPOCTOM U3 HUX, Ha3bIBA€MbINI CBOMMHTOM, 3aKJIOYAETCSI B pPa3MelleHn
B [IAMSATH BCETO MPOIECca HEeJMKOM, ero 3arycke Ha HEKOTOpPoe BpeMsi, a 3aTeM cOpoce Ha
mick. besaeiicTByioniue npouecchbl GOJBIIYIO YaCTh BPEMEHU XPAHATCS Ha JAUCKE 1 B He-
pabodyeM COCTOAHMK He 3aHUMAIOT IIPOCTPAHCTBO OIEPATUBHON HaMsATH (XOTS HEKOTOPbIe
13 HUX TIEPUOANYECKI aKTHBU3UPYIOTCS, YTOOBI TPOJIETAaTh CBOFO paboTYy, TIOCJIE YETO OTSITh
MIPUOCTAHABIUBAIOTCS ). BTOPOII MOX0/1 HA3bIBAETCS BUPTYATIbHON MAMSTBIO, OH ITO3BOJISIET
MporpaMMaM 3aIyCcKaThCs JJasKe B TOM CJIydae, eCJId OHU HaXO/ISITCS B ONEPATUBHON TTAMSITH
b yactTuuHo. /laee B 9TOM pasjiesie Mbl PACCMOTPUM CBOIIMHT, & B MOCJIEAYIONINX Pa3-
Jesax OyzeT paccMOTpeHa U BUPTyasibHast aMTh.

PaboTa crucTeMbl ¢ MCIIOIb30BAHIEM CBOIIMHTA [TOKa3aHa Ha puc. 3.4. VI3Haua/ibHO B IIaMsI-
T IPUCYTCTBYET TOJBKO ITPOIECC A. 3arem CO3/IaI0TCA WU TTOABJIAIOTCA B IIaMATU Iy TEM
CBOIIMHTA C /IMCKa ITPOIECChI Bu C.Ha puc. 34, Z 1ponecc A 3a cYeT CBOIIMHTa BbIT'DY/KaA€TCA
Ha JUCK. 3aTeM TOsIBISIeTCS Ipoiecc Du BbII'PYKAECTCA U3 [TaMATU ITPOIECC B. 1 HaKOHEll,
CHOBaA ITOABJIAETCA B ITaMATU ITPOIIECC A. HOCKOJIbe Tenepb mpolecc A HaXO/IUTCA B IPYTrOM
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MecTe, CoIepsKAIIecs B HeM aJ[peca JI0JIKHbI ObITh IIePeCTPOEHBI IGO0 TPOrPAMMHBIM Iy TEM,
[IPU 3arpysKe B IPoIecce CBONUHTA, J1O0 (CKOpee BCero) alapaTHbIM IIyTeM B IIPOIeCce
BBITIOJIHEHUST TIpOTpaMMbl. K mipumepy, /it 9TOro cjrydasi XOpOoIIo TOA0NUIYT MeXaHU3Mbl
6a30BOTO 1 OTPAHIMUNTETHHOTO PETHCTPOB.

Bpems —»

A A A
OnepaunoHHas OnepauuoHHas OnepaunoHHas OnepauuoHHas
cuctema cuctema cuctema cucTema
a 6 8 2
Bpema —»
C C C
B
- ]
D D D
OnepaunoHHas OnepaunoHHas OnepauuoHHas
cucrtema cuctema cucrtema
o] e K

Puc. 3.4. /13meHeHus B BblAENEHUN NAMSTU MO MEPE MOSIB/IEHMS NMPOLLECCOB B NaMSATH
1 BbIFPY3KN UX N3 Hee (HeNcnosb30BaHHbIe 061aCTV NaMaATY 3aLLTPUXOBaHbI)

Korma B pesyJibraTe CBOIMHIA B IIAMSATH CO3AAI0OTCSI HECKOJIBKO CBOOOAHBIX 00JIacTei, X
MOKHO OObEIUHUTD B OZIHY OOJIBIIYIO 32 CYET [ePeMEIleHUsI TIPY TIEPBOM JKe BO3MOKHOCTH
BCEX MPOIECCOB B HIKHUE a/ipeca. JTa TEXHOJIOTHS U3BECTHA KaK YIUIOTHeHue namsti. Ho
3a4acTyIO OHA He BBITIOJIHAECTCS, TOCKOJbKY OTHUMAET JIOBOJIBLHO MHOTO IIPOI[ECCOPHOTO
spemenu. K npumepy, Ha Mariune, ocHarienHoi 16 Téaiit namsaTu, ciocoOHO CKOIMPOBAThH
8 GaiiT 3a 8 He, Ha YIJIOTHEHUE BCEro 0ObeMa aMsiTi MOKeT YiUTu 0KkoJ10 16 c.

Cront moGecoKOUTBCST 0 TOM, KaKOiH 00beM MaMsITH HY’KHO BBIJETUTD TIPOIECCY MPH €T0
CO3JIAaHHMY FJIU 3arpy3Ke B Ipoliecce cBolnHra. Ecii coszaBaemblil IIpoIiecc MMeeT BIIOJIHE
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OTIpe/IeIEHHBIN HEM3MEHHBII 00BEM, TO BbIIEJIEHNE YIIPOIIAETCS: OlePAIlnOHHAsA CUCTEMA
[IPEIOCTABJISIET IPOIECCY CTPOTO HEOOXOANMBbIIT 0GBEM ITaMSATH, HU GOJIbIIIE HU MEHbIIIE.

Ho ecam cermeHT IaHHBIX TIPOTIeCcca MOXKET Pa3pacTarbes, K IPUMepY, 3a CYeT AMHaM1ye-
CKOTO pacrpe/ieJIeHusT TaMsITH, KaK BO MHOTHX I3bIKaX IIPOTPAMMHUPOBAHUS, TO KasK/ast
OIBITKA Pa3pacTaHust IIPOIiecca Bbi3biBaeT pobieMy. Eciiu K BbIIeJIEHHOMY [TPOCTPAHCTBY
HaMsITH IIPUMbBIKAET CBOOOIHOE MECTO, TO OHO MOKET OBITh PACIIPEEJIEHO [IPOLEcCy U OH
CMOJKET PACUIMPSATHCS B IIPe/ieJiaX 3TOTO CBOOOAHOIO POCTPAHCTBA. B TO e BpeMst, eciin
[aMsTh, BblJEJEHHas TIPOIECCY, IIPUMbBIKAET K HaMsTH JIPYToro Impoiecca, To Jnbo pas-
pacTaioluiics mpolecce A0JxKeH ObITh IiepeMelieH Ha ¢BOOOIHOE POCTPAHCTBO TTaMATH,
JOCTaTOYHOE JIJIst €ro pasMelieHust, J1iubo oauH uik GoJiee IpoIeccoB cOPONIeHbl Ha IUCK
IIyTEeM CBOIMHIA, 4TOOBI 06Pa30BaAJIOCh JOCTATOUHO CBOOOIHOTO IPpocTpatcTBa. Ecan npo-
ece He MOJKET PaspacTaThCst B MaMsITH U 00JTaCTh CBOIIMHTA Ha JIMCKE YIKe 3aTl0JTHEHa, TO
poIieccy MPUAETCS TPUOCTAHOBUTD CBOIO PaboTy /10 TEX TOP, TIOKa He 0CBOOOIUTCS He-
KOTOPOE MPOCTPAHCTBO MaMITH (UJIH K€ ITOT MPOIIECC MOKET OBITh YHUUTOKEH ).

Ecam npennonaraercst, 4To G0JIBIIMHCTBO MPOLECCOB 110 MEPE BbINOJHEHK OyAyT paspac-
TaThCs, TO, HaBepHOe, OyAeT Jydlle pacipeaeasTb HeOoIbIIOH 00beM HOIOTHUTENbHON
HaMSTH TIPU KayKI0M 3arpysKe u3 00J1acTH CBOIIMHTA Ha ANCKE B IAMSTD UJIK [IepeMelIeHIN
mpoitiecca, YTo6bI COKPATHTD MOTEPH, CBSIBAHHBIE CO CBOITMHTOM N TIEPEMEIIEHIIEM TIPO-
1[ECCOB, KOTOPbIE HOJIbIIE He TOMEIIAIOTCS B OTBEAEHHON nM naMsitu. Ho cBonuHry Ha ek
JIOJIZKHA TIO/IBEPTraThCsl TOJIBKO PEAIbHO 33/1eiCTBOBAHHAS MTAMsITh, KOTUPOBAThH IIPU 3TOM
ellle U JIOMIOJIHUTEILHO BBIIEJIEHHYIO TaMsITh OyIeT CJAMIIKOM pacrouuTesbho. Ha puc. 3.5, a
oKaszata KoH(pUrypaiust naMsTH, B KOTOPOIl IIPOCTPAHCTBA JJIs paspacTaHust ObLIN Bbi-
JIeJIEHBI JIBYM TTPOIECCAM.

Mecto gnsa pocta ~ [-----~ YT
4 } MecTo ans pocta

1cnonb3ayercs B-nporpamma

B-gaHHble
B [encrenTensHo

A-cTek
Mecto gns pocta [ -————_ v
T 7\ } MecTo ans pocTa
A-OaHHble
A LencTButensHo
MCnonb3yeTcst A-nporpamma
OnepaunoHHas OnepauuoHHas
cuctema cuctema
a 6

Puc. 3.5. BoigeneHve namst: a — nof, paspacTalomninest CErMeHT JaHHbIX;
6 — nop, pa3pacTaloLLMIACs CTEK Y CErMEHT AaHHbIX

Ecim IIpOIECChl MOT'YT UMETD /IBA pa3pacTalomiuXCA CETMEHTA, K IIPUMEPY CETMEHT JaHHbIX,
HCHOHbSyeMbIﬁ B KaueCTBe IMHAMWYECKHN BbIHeHHeMOﬁ n OCBO60>KZI&€MOﬁ TMaMATH JIJIA T1epe-
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MEHHDBIX, 1 CeTMCHT CTEKa /1JIsd O6bI‘IHbIX JIOKQJIbHBIX ITEpEMEHHDBIX 1 aJ[pECOB BO3BpaTa, TO
npejJiaraeTcs aJbTepHaTUBHAS CTPYKTypa pacipeesaenus namstu (puc. 3.5, 6). Ha atom
PHCYHKE BUIHO, 4TO Y KasKA0I0 M300pakeHHOro IPOoIiecca B BEPXHUX aJpecax BblIeIeHHOM
eMy MaMsSITH UMEeTCsI CTeK, PACTYIINI BHU3, ¥ CPA3y HaJ[ TEKCTOM MPOTPAMMbI — CETMEHT
JAHHBIX, PACTYIINI BBEPX. Pasmessaionias nx maMsiTh MOKET UCTIOTb30BAThCsT OOOMMMU CeT-
MeHTaMu. Ec/in 0Ha MCCAKHET, IPOLECC A0JIKEH ObITh TIepeMelleH B ¢CBOOOIHOE IPOCTPAHCTBO
JIOCTaTOYHOIO pasMepa (WM JKe IIepeMelleH U3 HaMATH B 00J1acTh CBOIMHIA) [0 TeX 1I0p,
HOKA He OYIET CO3/[aH0 J0CTATOYHOE 110 pasMepy CBOOOHOE TPOCTPAHCTBO, JTUHO OH J0JLKEH
ObITH YHUYTOKEH.

3.2.3. YnpaBneHue cBoOOAHON NaMATbIO

Eciiu mamaTh pacrpesessiercs: B JMHAMUYECKOM PEKUME, TO YIPABJIATH HTUM JIOJIKHA OTIe-
paruoHHas cucrteMa. B o0uimx ueprax, CyniecTByoT JBa Crocoda OTCIeKMBAHNS UCTIOB30-
BaHUsI AMSTH: OUTOBbIE MATPUIILI U CIIMCKU CBOOOLHOTO IPOCTPAHCTBA. Mbl pACCMOTPUM
9THU JIBa METO/A B 9TOM U cJeytolieM paszienax. B rimase 10 pacupenenurenn namsatu buddy
u slab, ucrosbdyempie B Linux, 6yayT paccMoTpenst 6oJiee moapo6Ho.

YnpaeneHne namsaTbiO C MOMOLLbIO GUTOBbIX MaTpuUL,

[Tpu ncnoIp30BaHNM OUTOBBIX MATPHUI] HAMSITH JEJIUTCA HA eJMHUYHbIE OJIOKH Pa3MEPOM OT
HECKOJIbKMX CJIOB JI0 HECKOJIBKUX KUI06aiT. C Kayk/IbIM eIMHUYHBIM OJIOKOM COOTHOCUTCS
oivH 6UT B GUTOBOI MaTpHIle, KOTOPbIHA copep:kuT 0, ecan equHudHbIi 610K cBoOOAeH, U 1,
ec/i oH 3anaT (uau HaoGopor). Ha puc. 3.6 mmokasanbl 4acTh HaMSATH U COOTBETCTBYIOIIAS
eit GuToBasT MaTPHUIIA.

BaskHbIM BOIIPOCOM ISt paspaboTYrKa ABJISETCS pasMep eAnHUYHOTO OsloKa namMsaTu. Yem
MeHblie 6JI0K, TeM GoJiblie burtoBas Marpuiia. Ho gake ¢ Takum HEOOJIBIINM eANHUYHBIM
6JIOKOM ITaMATH, pa3Mep KOTOPOTO paBeH 4 Oaiita, a1a 32 6ut namatu nonagoburcest 1 6ur
marpuibl. [TaMarh, cocrosmas us 32n 6uT, OyAeT UCIO0Ab30BaTh 72 OUT MATPUIIbI, TAKUM
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Puc. 3.6. HYacTb namsTu € NsSThio NpoLeccamun 1 TpemMsi CBOOOAHbIMU NPOCTPAHCTBaAMU, EANHUYHbIE
610KM NaMATY pasneneHbl BEPTUKaNbHbIMU LUTPUXaMU: @ — 3aLUTPUXOBaHHbIE 06/1acTn
(koTopbiM cooTBeTcTBYET O B GUTOBOI MaTpuLEe) SBNSIOTCS CBOOOAHBIMU; 6 — COOTBETCTBYHIOLLLAS
OuToBas MaTpuLa; B — Ta Xe camas uHbopmaLums B BUae cnmcka
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obpasom, butosas MaTpuia saiimer aunib 1/32 mamsaru. Ecin Boibpan 6osiee 00beMHbBIN
eIMHUYHBIN OJI0K MaMsATH, OUTOBast MaTpuIia Oy/ieT MeHbliie, HO TOr/ia B nocjeaHeM Oj0Ke
poliecca, ecjiv OH He OyzIeT B TOUHOCTH KpaTeH pa3Mepy eMHUYHOT0 6JI0Ka, OyAeT BILyCTYIO
TePATHCS JOBOJIBHO CYIMIECTBEHHBII 0GHEM MaMSITH.

BuroBas Marpuila peoCcTaBIIsieT JOBOJIBHO MPOCTOH CIOCO6 OTCIEKUBAHUS CIIOB TTAMSITH
B (PUKCHPOBAHHOM 00'beMe MaMsTH, TIOCKOJIbKY ee pasMep 3aBUCUT TOJILKO OT pa3Mepa Ha-
MSATH 1 pazMepa eIMHUYHOro 6J10Ka amsat. OcHoBHas pobJeMa 3aK/II049aeTcsl B TOM, 4TO
[P PELICHNH TIOMECTUTD B IIAMSTh IIPOLIECC, 3AHUMAIOIIIA & eIMHIUYHBIX GJIOKOB, UCIIETYED
[AMSTH J0JUKEH UCKaTh B OUTOBOI MaTpuIie HEIIPEPhIBHYIO MOCAE0BATEIbHOCTD HYJIEBbIX
6uToB. ITorck B 6MTOBOI MaTPHILE MOCJIEI0BATEIBHOCTH 3aaHHON JIJIMHBI — JI0BOJBHO ME/I-
JleHHas omneparius (TOCKOJIbKY TTOCTe0BATEIbHOCTD MOKET TTepeceKaTh TPAHUIILI CJIOB B Ma-
TPUIIE), U HTO OOCTOATENBCTBO CJYKUT APIYMEHTOM IIPOTUB IPUMEHEHMT OUTOBBIX MATPHUIL,

YnpaBneHue namsTbio C MOMOLLbIO CBA3aHHbIX CITUCKOB

[ pyruM croco6oM OTCIIeKMBAHUS TTAMSITH SIBJISIETCS] BE/IEHIE CBSI3AHHBIX CIIMCKOB Pac-
[Pe/IeIEHHBIX 1 CBOOOHBIX CETMEHTOB TTAMSITH, TJle CEFMEHT JIUO0 COAEPKUT MPoIece,
JI00 SIBJISIETCS Iy CTHIM IPOCTPAHCTBOM MESK/LY JBYMSI TIPOIIECCAMU. YUACTOK [TAMSITHU, U30-
OGpakeHHbII Ha puc. 3.6, @, IpejcTaBJeH Ha puc. 3.6, 6, KaK CBS3aHHBIN CIIUCOK CETMEHTOB.
Kaskas 3amich B crincke XpaHut 0003HAYEHUE, COMEPIKUT CerMEHT «bipy» — hole (H) wiu
mporecc — process (P), azpec, ¢ KOTOPOro CerMeHT HauuHaeTCs, €ro JAJINHY U yKa3aTellb Ha
CJIe/IyIONIYIO 3allUCh.

B sToM mpumepe CrircoK CerMeHTOB COCTABJIEH OTCOPTUPOBAHHBIM 110 ajapecam. [Ipenmy-
MECTBO TAKOU COPTUPOBKU 3aKJIIOYAETCS B TOM, YTO MIPU 3aBEPIIEHUN TIPOIIECCA UTTH €TO
CBOIMHTE Ha JIUCK YIPOIIAETCst OGHOBJIECHIE CIIMCKA. Y 3aBEPIIMBINETOCS MPOIECCa €CTh,
KaK MpaBwJIo, Ba cocelia (32 UCKIIIOYEHNEM TeX CJIydaeB, KOT/[a OH HaXO/UJICS B BEPXHUX
WJTV HUKHUX aZipecax MaMsaTh ). DTUMH COCEISIMH MOTYT OBITh JIMOO MTPOIIECCHI, IUOO MyCThie
[IPOCTPAHCTBA, M3 Yero MOKHO COCTaBUTD YeThipe KOMOMHAIMY, TOKa3aHHble Ha puc. 3.7.
Ha puc. 3.7, a obuoBenue cimcka Tpebyer samensl P na H. Ha puc. 3.7, 6 u 6 nse 3anucu
00BEUHSIOTCS B OJIHY, M CIIMCOK CTAHOBUTCS Ha OJHY 3aiuch Kopoue. Ha puc. 3.7, 2 06b-
eJIMHSIOTCS TPU 3aINCH, ¥ U3 CITUCKA YAJSIOTCS YKe JIBE 3aITUCH.

ITocKOIbKY 3amuch B TabJIUIIE MPOLECCOB, OTHOCAIIANCA K 3aBePIIAIOIeMyCs poreccy, 6y-
JIET, KaK [IPAaBUIIO, YKa3bIBaTh Ha 3alIUCh B CIIMCKE MMEHHO /I 9TOTO TIPOIIECCa, BO3MOKHO,
ynobHee OyeT BeCTH He OZHOCBSA3HBIN CIIMCOK, KaK MOKa3aHo Ha pUC. 3.6, 6, a ABYCBA3HDIN
crmcok. Takas cTpyKTypa 00JIeTYUT MOUCK MPEABbIAYINEH 3alUCH U OIIPEIEICHIE BO3MOK-
HOCTH OObeIMHEHUSL.

[o 3aBeplueHns X MNocne 3aBepLueHna X

| A | x | B |cramsues | A ] 8 |
| A | x ) crawoemres | & |
V] x | B | cranosures [ 7] 8 |
V] x ) cranosurea | 7]
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Korpa mporteccs! 1 mycTbie TIPOCTPAHCTBA COIEPKATCA B CIIMCKE OTCOPTUPOBAHHBIMU TIO
aJipecam, TO JIJIsI BBIJIEJIEHUS MMaMsTU CO3/[aBAeMOMY TIpolieccy (MU CYIIeCTBYIONIEMY
MPOIIECCY, 3aTPY;KAEMOMY B Pe3yJibTaTe CBOTIMHTA C AWCKa) MOTYT OBITH MCITOJTb30BAHBI
HECKOJIBKO anTopuTMOoB. [Ipeanonoxnm, 4To nucrnerdyep maMsaTH 3HAET, CKOJIBKO TaMATH
HYKHO BbIIeJINTh. [IpocTelnmii airopuT™M Ha3bIBaETCs «MepBoe noaxozsiiees. /Jlucneruep
MaMATH CKAaHUPYET CITUCOK CETMEHTOB JI0 TeX TIOP, TOKa He HalIeT IMyCcToe MPOCTPAHCTBO
HOAXOJIAIIEr0 pasMepa. 3arteM IIyCcToe POCTPAHCTBO PasOMBAETCs Ha JBE YACTH: OHA JIJIs
npoiiecca 1 OJfHa /IJIsi HEUCIIOJb3YEeMOU MaMsITH, 32 UCKIIOYEHUEM TOTO CTATUCTUYECKHT
MaJIOBEPOSITHOTO CIyYasi, KOT/Ia TIPOIeCC B TOYHOCTHU TIOMEIIAETCS B ITyCTOE MTPOCTPAHCTBO.
«IlepBoe mogxostIIIee> — 3TO OBICTPBIN AITOPUTM, TTOCKOJIBKY TTOWCK BEETCST C HANMEHD-
IIUMU 3aTPaTaMy BpeMeHH.

HesnaunTesnpHoli Bapualiyieii JIroputma «1epBoe MOAXOISIIees SBISETCS aTOPUTM «Cie-
nyioiee noaxozsnees. O paboTaer Tak e, Kak 1 «IIePBOE TOAXO/AIIEE>, 32 UCKITIOYEHH-
€M TOT0, YTO OTCJIEKUBAET CBOE MECTOIIOIOKEHNE, KAK TOJIBKO HAXOUT TOAXO/ISIIEe TyCTOe
mpoctpancTBo. [Ipu cieyionem BbI30Be /IJIsI TOMCKA ITyCTOTO MPOCTPAHCTBA OH HAYMHAET
MOUCK B CITUCKE C TOTO MeCTa, HA KOTOPOM OCTAHOBWJICS B TIPOIIJIBIN Pas, a He MPUCTyHaeT
K [IOUCKY C CAMOTO Havasa, Kak mpu paboTe aJifOPUTMA <IEPBOE IMoAXosees. Mojemu-
poBanme paboTHI aTTOPUTMA «CJEMyolee MOAXO/sIIee>, BhimoaHeHHOe Baiicom (Bays,
1977), mokasaso, 4To ero MPOU3BOAUTEIBHOCTD HECKOJIBKO XYsKe, YeM aJITOPUTMa <IIepPBOe
TIO/IXO/ISITIEE> .

Jlpyroii XOpo1Io U3BECTHDII U IUPOKO UCIIOJIb3YEMbIil AJITOPUTM — «HanOoJIee MOAX0/1s-
mee». [Ipu HeM TONCK BeIETCsT 110 BCEeMY CIHMCKY, OT Hayasia /1o KOHI, 1 BBIOMPAETCs Han-
MEHBIIIee COOTBETCTBYIOIIEE MYCTOE MPOCTPAHCTBO. BMeCTO TOTO uT06bI paséuBaTh GOJIBIIOE
[[yCTOE TPOCTPAHCTBO, KOTOPOE MOKET MTPUTOUTHCS YyTh TTO3KE, AITOPUTM «Hanboee
HOJIXOISIIIIEE> TIBITAETCS TOBICKATH IIYCTOE TIPOCTPAHCTBO, OJIM3KOE O pasMepy K HeoO-
XOJUMOMY, YTOOBI HAMIYYIITHM 00Pa30M COOTBETCTBOBATH 3aIPOCY M MMEIOTIUMCST Y CThIM
IIPOCTPAHCTBAM.

B kauecTBe npuMepa aJropuTMOB <IIEPBOE HMOAXOIAIEe> 1 «HarboIee IOAX0AsIIee> Bep-
HeMmcst K puc. 3.6. Ecim He00X0a1M0 IPOCTPAHCTBO B IBa eJMHUYHBIX OJI0KA, TO, COTIACHO
AJIITOPUTMY «IIEPBOE MOAXOJIsAIIee>, OYIET BBIIEJIEHO MyCTOE MPOCTPAHCTBO, HAYMHAIOIIEECS
c azgpeca 5, a COIJIACHO aJITOPUTMY «HauboJiee oAXosIees, OyIeT BbIAEJICHO IyCToe MpPo-
CTPaHCTBO, HAUYMHaTOTIeecs ¢ aapeca 18.

AunropurMm «HarboJiee MOAXoAAIIee» paboTaeT MeJICHHEee, YeM «II€PBOe MOAXOIAIIees, [10-
CKOJIBKY TIPH Ka’K/I0M BBI30BE OH /IOJKEH BECTH MOMCK TI0 BceMy cIuicKy. Kak HU cTpaHHO,
HO €ro MpUMeHEHNe MPUBOAUT K H0JIee pacTOUUTENTbHOMY UCIIONB30BAHUIO TTAMSITH, YEM HC-
MTOJTb30BAHIE AITOPUTMOB <IIEPBOE MOAXO/ISIIEE M «CJIEAYIONIee OIXOASIIees, TOCKOIbKY
OH CTPEMUTCSI 3aII0JHUTD AMSITh, OCTaBJIsks HeOOIbIIMe OeCIoIe3HbIe 1y CThIe IPOCTPAHCTBA.
B cpegHeM pu MCIOJIb30BAHUN aJITOPUTMA «IIEPBOE TIOAXOIAIIEe» 00pasyIoTcs boJiee Tpo-
TSKCHHBIE TTYCThIE TTPOCTPAHCTBRA.

ITpu nonbITKe 060iTH IPOGIEMY PazbUEHHs IPAKTUYCCKN TOUHO IOAXO/IANMX IPOCTPAHCTB
[aMATH Ha IaMATh, OTBOAUMYIO HOJ IIPOIECC, ¥ HeGOJIbIIIE [TyCThIE IIPOCTPAHCTBA MOKHO
NPUIATH K Uiee aITOPUTMA «<HAaUMeHee MOAXOISIIEe», TO eCTh K HEM3MEHHOMY BHIGODY ca-
MOT0 GOJIBIIIOTO TIOAXOAIIETO MYCTOTO IIPOCTPAHCTBA, YTOOBI BHOBL 00Pa3yOIIeecst IyCTOe
IPOCTPAHCTBO OBLIO JOCTATOYHO OOJIBIIUM IS JAJIbHEHIIEro HeIoab3oBanms. Mogeanpo-
BaHHe T0Ka3aJI0, 9TO IPUMeHeHHe aTOPUTMa «HauMeHee TTOAXOIANIee» TakKe JaNeKo He
camast JIydInast ujiesl.
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Pabora Bcex yeThipex aJrOpUTMOB MOKET ObITh YCKOPEHA 32 CYET BEAEHUST OTAEIbHbIX
CIUCKOB JIJIST TIPOIECCOB | IyCTBIX IpocTpaHcTB. [Ipu aToM Bee ycnims aTux ajJroputMon
COCPEZIOTOUNBAIOTCS HA TPOCMOTPE CIIUCKOB IYCTHIX TPOCTPAHCTB, & HE CIHICKOB ITPOIIECCOB.
HensbexHOIi [IEHOI 32 3TO YCKOPEHHE PACTIPE/IETEHIS TAMSITH CTAHOBHTCST JIOTIOJHUTETBHOE
YCJIOJKHEHHE U 3aMe/IJIEHHE MTPOIIELYPhI ee 0CBOOOKAEHYST, TOCKOJIBKY OCBOOOIMBIIIICS Cer-
MEHT JIOJKEH OBITh Y/IaJIeH U3 CITUCKA TPOIECCOB U BHECEH B CIIMCOK MYCTBIX POCTPAHCTB.

Ecum 11 po1ieccoB M MyCThIX TIPOCTPAHCTB BEAYTCS PasHble CIIUCKH, TO JJist GoJiee Obl-
CTPOro OOHapY KeHUst HarnboJIee TTOAXOAAIIMX CBOOOAHBIX MECT CIICOK MYCTBIX IIPOCTPAHCTB
JIOJIZKEH COPTHPOBAThCA 110 pasMepy. Korza npu pabore airopurma «HanboJee MoAXosiees
HOMCK IIYCTBIX IIPOCTPAHCTB BEAETCS OT CAMBIX MAJIEHBKHX 10 CAMBIX GOJIBIINX, TO TP 00HA-
PY’KEHUU TTOAXOISATIETO TIPOCTPAHCTBA CTAHOBUTCS MTOHATHO, YTO HAWICHHOE TPOCTPAHCTBO
SABJISIETCS HAUMEHDBIINM, B KOTOPOM MOKET ObITh BBINOJHEHO 3aJaHKe, CIeA0BATEIbHO, OHO
1 ecTh HanbosTee moaxosee. JaabHeHImii MONCK, Kak TPU CUCTEME, CTOIb3YIONIEN OMnH
CIIHCOK, yKe He noTpebyercs. IIpu UCIoMb30BaHUH CITUCKA ITYCTHIX IIPOCTPAHCTB, OTCOP-
THUPOBAHHOTO 110 Pa3Mepy, aJITOPUTMbBI «I[IEPBOE MOAXOAIIEe> U «HanboJIee TOAXOIsIIees
paboTaloT ¢ OAIMHAKOBOU CKOPOCTBIO, & AJITOPUTM «CJIEYIOIIEE TOAXO/AIIEE> TEPSIET CMBICIL.

Korza crmcok mycTbix mpocTpaHCTB BEAETCA OTAEIBHO OT CIIMCKA IPOLECCOB, MOKHO TIPOBE-
cTH HeGOJIBIITYIO ONITUMHU3AIINI0. BMecTo TOro uTo6b! co3/1aBaTh OTAETbHBIN HAOOP CTPYKTYP
JAHHBIX 7SI OOCTYKUBAHUS CITUCKA TTYCTHIX MPOCTPAHCTB, KaK 9TO CeaHo Ha puc. 3.6, 6,
MOJKHO XpaHUTh MH(POPMAIIMIO B CAMUX IIYCTHIX MPOCTPAHCTBAX. B MepBOM CJIOBE KasKI0To
[IYCTOTO IIPOCTPAHCTBA MOJKET COIEPKATLCS PAa3Mep ITOT0 MPOCTPAHCTBA, & BTOPOE CJIOBO
MOJKET CJIY’KUTh yKa3aTeJeM Ha CJeAYIONYIO 3aliCh. DJIEMEHTBI CIIUCKA, MOKa3aHHOTO Ha
puc. 3.6, 6, 17151 KOTOPBIX TpeGyoTes Tpu cjioBa u ogud 6ut (P/H), 60Jiblie He HyKHbI.

Ellie o1H a1ropuT™ pacipeIeseHns HaMsaTi Ha3bIBaeTCsl <ObICTPO HCKOMOE TIOAXOASIIEe> .
Ero ncnosp3oBanme mpeaycMaTpuBaeT BeJieHNe OT/IeIbHBIX CITMCKOB JIJIsI HEKOTOPBIX Hau-
6oJiee BOCTPEOOBAHHBIX UCKOMbBIX pazMepoB. K npumepy, y Hero Mosker ObiTh TabJuia U3
7 3armcei, B KOTOPOH MepBasi 3alKCh SBJSIETCS yKa3aTesJeM Ha BEPIIUHY CITUCKA ITYCThIX
pocTpaHcTB pasMepoM 4 Kobaiit, BTopast — ykasaTesieM Ha CIIMCOK ITyCThIX IPOCTPAHCTB pas-
Mepom 8 KGaiit, TpeTbst — yKasaTesieM Ha CIIMCOK IYCTBIX IPOCTPaHCTB pasMepoM 12 Koaiir
u 1. 1. [Tycrbie npoctpancTBa pasmepom, ckaxem, 21 Kb6ailt Moryt GbiTh nomenieHbl Ju6o
B CIIMCOK IyCTBIX IIpocTpaHcTB pasmepoM 20 Koaiit, 1160 B crieluaibHbIi CIIMCOK IyCTBIX
MIPOCTPAHCTB C HEYETHBIM PABMEPOM.

[Tpu ucHoJIB30BaHUN AJTOPUTMA «OBICTPO UCKOMOE TIOAXO/SAIIEE» MTOUCK IIYCTOTO MPO-
cTpaHcTBa TPeOYeMOro pasMepa BBIIIOJIHSAETCS UCKIIOYUTENbHO OBICTPO, HO B HEM UMEETCsI
HEZIOCTATOK, IPUCYTINN BCEM CUCTeMaM, COPTUPYIOIINM ITyCThIe TPOCTPAHCTBA TI0 pa3Mepy,
a IMEHHO KOT/[a TTPOIIECC 3aBEePITaeTCs NN BBITPY-KAeTCSA TPOIETy POl CBOITMHTA, CAUTITKOM
MHOTO BpEMEHH TPATUTCS Ha TO, YTOObI OIIPEAEIUTh, MOAKHO JI BBICBOOOKIAEMOE ITPOCTPAH-
CTBO OOBEMHUTD ¢ coceHUMU. Ec/in He IPOBOAMTH OObeJMHEHNE, TO AMSATH O4eHb OBICTPO
OKaKeTcst pasOoMTON Ha OOJIBIIOE KOJIMYECTBO HEOOIBIIKX 110 PasMepy IyCThIX (pparMeHTos,
B KOTOPBIX HE CMOTYT TTOMECTUTBCS TIPOIECCHI.

3.3. BuptyanbHas namatb

B To Bpemst Kak it co3anus abCTpakiiy apecHOro IPOCTPAHCTBA MOTYT ObITh MCIOJIb-
30BaHbl 0a30BbIE U OIPAHUYUTENbHbIE PETUCTPBI, HYKHO PEIIUTD ellle OJHY IPObJIeMy:
yIIpaBJeHUsT PECyPCOEMKUM TIPOrpaMMHbIM obeciiederreM. HecMoTpst Ha ObICTpBIiA pocT
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06BeMOB aMsATH, 00BEMBI, TPEOYIOLIUECsT TPOTPAMMHOMY 00ECIIEYEHHIO, PACTYT HAMHOTO
6bicTpee. B 1980-e rozibl MHOTHE yHUBEPCUTETI paboTanu Ha MamnHax VAX, uMeromux mna-
MATb 00beMOM 4 MOaiiT, 110/1 yIIpaBJIeHHeM CHCTEM ¢ PaszieJieHueM BPeMeHH, KOTOPBIE OIHO-
BPEMEHHO 00CIYKUBAJIM € ecATOK (boJiee Ui MeHee yI0BIeTBOPEHHBIX ) I0JIb30BaTe el
Teneps kopnopaius Microsoft pekoMeHyeT UCIo0Ib30BaTh Kak MUHUMYM 2 TOaiiT namsiti
nist 64-pazpsimaoit Windows 8. TeHmeHIINST K MCTTONB30BAHUIO MYJIBTUMEINA TIPETbSIBIISIET
K 06beMy TTaMsITH eliie HoJiee BeCOMbIe TPeOOBAHIL.

ITocsreicTBISI TAKOTO Pa3BUTHST BHIPA3UIIMCH B HEOOXOIMMOCTH 3aITyCKa MPOrpamMM, 00beM
KOTODBIX He TI03BOJISIET UM TIOMECTUTHCSI B TAMSITH, [IPH TOM KOHEYHO K€ BO3HUKAET MOTPed-
HOCTH B CHCTEMAaX, TTOJIEPKUBAIOIINX HECKOJIBKO OJTHOBPEMEHHO 3aITyIIIEHHBIX MTPOrPaMM,
Kask/last 13 KOTOPBIX TIOMEIIAETCST B TIAMSITH, HO BCE BMECTE OHU MPEBBIIIAIOT UMEIOIIUIICST
06beM namsatu. CBOIMHT — He CJUIIKOM TIPUBJIEKATEBHBIN BHIOOP, TTOCKOIBKY OOBIYHBII
muick ¢ uarepoeiicom SATA obsagaer MHKOBOI CKOPOCTHIO MEPeIadl TAHHBIX B HECKOJIBKO
coTeH MerabaiiT B CEKYHIY, a 9TO 03HAYAET, YTO CBOMUHT porpaMmbl o6bemom 1 THailt
3afiMeT CEKYH/IBI, 1 €Il CTOJIBKO JKe BPeMEH! OY/IeT MOTpaueHo Ha 3arpysKy ApYyroil mpo-
rpammbt B 1 T6aiit.

ITpo6JieMbl IPOrpaMM, MPEBBIIAIOIINX 110 00bEeMY pasMep UMEIOLIEHCs TaMATH, BO3HUK/IHI
elle Ha 3ape KOMIIbIOTEPHOM 9pbl, IIPaB/a, IPOABUINCH OHU B TAKUX Y3KUX 00JIACTAX, KaK
pellieHre HAYYHBIX U MPUKJIAAHBIX 3324 (CYI[ECTBEHHbIE OOBEMbI ITAMSITH TPEOYIOTCS
JUTST MOJIE/TMPOBAHUST BOBHUKHOBEHUST BeesleHHOM WK [laske /U1 aBUACUMYJISITOPA HOBOTO
camosiera). B 1960-e rozpl 66110 NPUHATO pelieHre pa3duBaTh IPOrPaMMbl Ha HEGOJIBIIIIE
4yacTu, Ha3bIBaeMble oBepJesiMu. [Ipu 3arycke mporpamMMbl B MaMsITh 3arpysKajicst TOJIBKO
AIMIHUCTPATOP OBEPJIENHON 3arpy3Ku, KOTOPBIN TYT Ke 3arpyskKajl U 3aIlycKaj oBepJieit
¢ nopsiakoBbiM HoMepoM 0. Korzia aToT oBepJieii 3aBepiiraji cBO0 paboTy, OH MOT' COOOIIUTh
AJIMUHUCTPATOPY 3arPy3KK OBepJieeB 0 HeoOXOAUMOCTH 3arpy3ku oBepJiess 1 iubo Bbilie
osepiest 0, HAXOAAIIErocst B aMsATH (eCIu JIs Hero ObLJIO 0CTATOYHO IPOCTPAHCTBA), IMO0
noBepx oBepuiest 0 (ecsu maMsITu He XBataso). HekoTopbie oBepJieiinbie CUCTEMbI IMETTH JI0-
BOJIBHO CJIOKHOE YCTPOUCTBO, O3BOJISISI MHOJKECTBY OBEPJIEEB OJIHOBPEMEHHO HAXOIUTHCS
B mamMsTh. OBepJien XpaHWJINCh Ha JMCKE, U WX CBOITHHT C INCKa B MAMSITh U 0OPATHO OCy-
HIECTRJISAJICS [IMUHUCTPATOPOM 3arPy3KH OBEPJIEEB.

Xotst cama paboTa 1o CBOIUHTY OBEPJIEEB C IUCKA B MTAMSITh U 0OPATHO BBITIOJTHSLIACH
OTEPAIIMOHHON CHCTEMOIT, pasbreHne TPOrpaMM Ha YaCTH BBIMOJHSIOCH TPOTPAMMHUCTOM
B PYYHOM peskuMe. Pasbuenne 60X mporpaMm Ha HeGOIIITIE MOy IbHBIE YaCTH GBLITO
OYEeHb TPYA0EMKOIL, CKyYHOHU U He 3aCTPax0BaHHOIT 0T ook paboToii. [Ipeycners B aTOM
Jiesie YIaBaioch JAJIEKO He BeeM mporpaMmuctaM. [Ipoliio He Tak MHOTO BPEMEHH, 1 ObLI
HPUyMaH CIoco0, MO3BOJISIONIIIT BO3JIOKUTD 3Ty paboTy Ha KOMIIBIOTED.

Nzo6perentpiii meton (Fotheringham, 1961) cran ussecren Kak BUPTyajibHas IAMSTb.
B ocHOBE BUPTYasbHO# MAMSTH JIEKUT UJIES, 9TO Y KaK/0H TPOTPaMMbl MMEETCS COOCTBEH-
HOE aJIPeCHOE IPOCTPAHCTBO, KOTOPOE PazOMBAETCS HA YUACTKH, HA3BIBAEMbIE CTPAHULAMH.
Kaskast crpaHuIia mpeactaBiasier coG0i HelPEPBIBHBIN UATIA30H a/[PECOB. DTU CTPAHUILBI
0TOOpaKaIOTCs Ha (PUBUIECKYIO MAMSTD, HO JIJIS 3aIlyCKa TPOTPAMMBI OIHOBPEMEHHOE MTPH-
CYTCTBUE B TIAMSTH BCEX CTPaHUI[ HeoOsi3aTenbHo. Korma mporpaMMa cChaeTcst Ha 4acTh
CBOETO aJ[PECHOTO MPOCTPAHCTBA, HAXOSAIIEr0Cs B (hU3UYECKOIT TTAMSITH, armaparHoe obe-
criedeHre OCYIIECTBIIsIET HeoOxXoanMoe oTobpaskerue Ha jety. Kora mporpamMma cebliaeTcest
Ha 4acTh CBOETO aJiPECHOTO MPOCTPAHCTBA, KOTOPOE He HAX00umcs B GU3NICCKON MaMsITH,
OIEPAIMOHHASL CCTEMA TIPELYTPEKIACTCS O TOM, 4TO HEOOXOAMMO MOIYYHUTh HEIOCTAIOILY IO
YaCTh U OBTOPHO BBITIOJHUTH TIOTEPIEBIIYIO HEYIauy KOMAH/TY.
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B HeKOTOPOM CMBIC/IE BUPTYaJbHAs AMSITh sABJIsieTCst 0000IIeHneM ujien 6asoBoro 1 orpa-
HUYUTENLHOTO PErncTpoB. Y nporueccopa 8088 ObL10 HECKOIBKO OTAENbHBIX OA30BBIX PErH-
CTPOB (HO He OBIJIO OTPAHUYUTENHHBIX PETUCTPOB) 7SI TEKCTA 1 JAHHBIX TIPOrpaMMbl. [1pu
HCIIOTb30BAHU Y BUPTYQJIBHON TTAMSITH BMECTO OT/IEJIBHOTO TIEPEMETIEHNST TOIHKO CETMEHTa
TEKCTa WJIM TOJIbKO CErMEHTa IAHHBIX TPOrPAMMbI Ha (PUBHUECKYIO TTAMSITh B CPABHUTETHHO
HeGOMBIMIX OI0KAX MOKET OBITh OTOOPAsKEHO BCE AJ[PECHOE TIPOCTPAHCTBO. Peanusarus
BUPTYAJIbHOII ITaMsITH OYJIET MOKA3aHa Jajiee.

BupryasnbHast 1aMsaTh HEIJIOX0 paboTaeT U B MHOTO3a/la4HbIX CUCTEMaX, KOT/a B IIaMsATH
OTHOBPEMEHHO COZIEPIKATCS COCTaBHBIE YacTU MHOTHX mporpamM. [loka mporpamma xaet
CUMTBIBAHMS KAKOI-11M60 cOOCTBEHHOMN YaCTH, IIEHTPAIbHBII IIPOIIECCOP MOKET ObITh OTAAH
ZIPYTOMY TIPOTIECCY.

3.3.1. CtpaHuyHas opraHu3auua namaTm

BosbmmHeTBO crcTeM BUPTYATbHOM TAMATH NCTIOJIB3YIOT TEXHOJIOTHIO MO/l Ha3BaHUEM CTpa-
HUYHAsA opraHu3anus naMsta (paging), K OMICaHmio KOTOPOI MBI cefiuac u mpuctynmm. Ha
JIE06GOM KOMITBIOTEPE TIPOTPAMMBI CCHIITAIOTCST Ha HaGop azpecos namsitu. Korga mporpamma
BBITIOJTHSIET KOMAH/LY

MOV REG, 1000

OHa OCYTIECTBJSAET KOMUPOBAHNE COJAEPKUMOTO gueitkn mamatu ¢ aapecom 1000 8 REG
(1 Ha06OPOT, B 3aBUCUMOCTH OT KOMIIbIOTEPa). Ajipeca MOTyT FeHePUPOBATHCS € UCIIOJIb-
30BaHUEeM MHAEKCHOU aapecannu, 6a30BbIX PEFMCTPOB, CETMEHTHBIX PETUCTPOB U APYTUMU
crocobamu.

Takue creHepUPOBAHHBIE TIPOTPAMMHBIM CITOCOOOM a/ipeca Ha3bIBAIOTCS BUPTYaJIbHBIMH
azipecaMy, IMEHHO OHU 1 (JOPMUPYIOT BUPTyaJlbHOE aipecHoe npoctpancTBo. Ha xom-
TIBIOTEepax, He NCIOb3YIONNX BUPTYalIbHYTO TaMATh, BAPTYaJIbHBIE aJ[peca BBICTABJISIOTCS
HETI0Cpe/ICTBEHHO Ha IITITHE MaMSTH, YTO TPUBOUT K YTEHNIO NJTH 3aIFCH CT0Ba (PU3NIeCKON
aMSATH ¢ TaKAM ke azpecoM. [Ipm ncrmosp3oBaHNN BUPTYaTbHON MTAMSITH BUPTYAJIbHbIE
ajipeca He BBICTABJISTIOTCS HATIPSIMYTO Ha MIMHE TaMATH. BMecTo 3Toro oHM OCTYTIAIOT B JAMC-
neruep nmamsrd (Memory Management Unit (MMU)), kotopbiii oTo6paskaeT BUPTyaibHble
azpeca Ha azpeca pusmueckoit mamsatu (puc. 3.8).

Ouenb pocToit mpuMep paboThl TAKOrO 0TOOpakeHus mokasan Ha puc. 3.9. B stom npu-
Mepe y Hac ecThb KOMIIbIoTep, TeHepupyfontuii 16-paspsaanbie aapeca, ot 0 u o 64K — 1. 10
BUpTYyasbHble agpeca. Ho y aToro kommnbiorepa ectb ToabKk0 32 Kbaiit husnyeckoii naMsru.
11 XOTs JIs1 HEro MOKHO HaIMCaTh NPporpaMMbl o0beMoM 64 KOaiit, 1emKkoM 3arpysuTh
B IIAMSITh U 3aITyCTUTD TAKUE TPOTPAMMBI HE MTPE/ICTABJSIETCS BO3MOKHBIM. Ho TIoJTHBII 1y-
GJIIKAT COIEPIKUMOTO HAMSITH BCEH IIPOrpaMMBbL, BILIOTH 10 64 KbaiiT, MoskeT pasMerarbest
Ha JIUCKe, TI03BOJIsIs BBOJUTD €€ 110 YaCTsIM 110 Mepe Ha0OGHOCTH.

BupryanbHoe afpecHOe IPOCTPAHCTBO COCTOUT U3 GI0KOB (DUKCUPOBAHHOTO Pa3Mepa, Ha-
3bIBaeMbIX crpanuiaMu. CoOTBETCTBYIONIE OJOKHU B (DU3MIECKOI TAMATH HA3BIBAIOTCS
cTpaHnyHbIMU Giokamu. CTPaHUIBI U CTPAHUUHbBIE GJOKU UMEKOT, KaK MPABUIIO, OJHA-
KOBBIE pa3Mepbl. B Hamem npumepe ux pazmep cocrasisier 4 KOailT, HO B peasbHbIX CH-
cTeMax MCIOJIb3YIOTCS pasMepbl cTpanul] ot 512 6aiit no 1 ['6aiit. IIpn Hammunu 64 Kbaiit
BUPTYaJIbHOTO apecHoro mpocrpancTsa u 32 K6aiiT pusnyeckoii maMsTi Mbl [0JIy4aeM
16 BUPTYaIbHBIX CTPAHUIL U 8 cTpaHUYHBIX 0JI0K0B. [Teperoc nHbOPMAIIUT MEKILY OIle-
paTI/IBHOfl IMaMATbIO U TUCKOM BCeEr/ia OCYIIECTBJIAECTCA 1IEJIbIMU CTPAaHUIIAMU. Mmuorue
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LleHTpanbHbIn npoLueccop nepenaet

Brok BUPTYarbHbI afpec AucneTyepy namsatu

npoueccopa

LleHTpanbHbIn |

npoLieccop
A/ ﬂmcnemep MNamsate KOHTE;?anep
& navsatm A

X

[ucnetyep namaTh nocbinaet
unanyecknin agpec B namaTb

LvHa

Puc. 3.8. PacnonoxeHune n npegHasHayeHne aucnetyepa namaTn. 34eCb OH NokKa3aH B COCTaBe
MWKPOCXEMbI LLIEHTPasIbHOroO NpoLeccopa, kak 3To Yyalle Bcero u 6biBaeT B HaLwWM AHW. Ho noruyeckun
OH MOXET pa3mMellaTbCqa 1 B OT,EI,eﬂbHOI?I MUKpOcCxemMe, Kak 6b110 B npowsaom

[POLECCOPBI MOZIEPKUBAIOT HECKOJIBKO Pa3MEPOB CTPAHUILL, KOTOPBIE MOTYT OBITh CMEIITAHBI
M TI0Z00PaHbI 110 YCMOTPEHUIO OTIePaIMOHHON crctembl. Hanpumep, apxurekrypa x86-64
HOAZIEPAKUBAET cTpaHuIbl pasmepoM 4 Kobaiit, 2 Mo6aiit u 1 T6alit, mosToMy s NOJIb30Ba-
TETbCKUX TIPUITOKEHII MOKHO MCITOJIB30BaTh CTPAHUIIBI pasMepoM 4 Kéaiit, a st siapa —
onny crpanuity pasmepom 1 T'6aiit. [Touemy uHOrIa JTydiiie UCIOIB30BATH OAHY OOJIBIITYIO
CTPaHHUILY, @ He MHOTO MaJIeHbKUX, Oy/IeT 0OBSICHEHO TIO3KE.

Ha puc. 3.9 npunaTsl caeayronme obo3navenus. nanason, momeuernsii 0K—4K, osnauaer,
YTO BUPTYaATbHbIE WK (DU3UIECKUE IPECca ITON CTpaHuIbl cocTasistior ot 0 10 4095. /lna-
nazon 4K—8K ccrrmaercs ma agpeca ot 4096 1o 8191 u 1. 1. Kaxkmas cTpanuiia comep:kuT
ctporo 4096 axgpecoB, KOTOpbIe HAYMHAIOTCS ¢ Yncel, KpaTHBIX 4096, 1 3akaHUYNBAIOTCS
YUCTAMU HA eIUHUILY MEHbIIe Yucest, KpatHbix 4096.

K mpumepy, korjia mporpaMma MmbelTaeTcs HOJMYIUTh T0CTYII K azpecy 0, ncrosbayst KOMaHLy
MOV REG, 0@

JIACIIETYEPY TTAMSITH TTOChLIAETCST BUPTYaubHbIi ajzipec 0. [lucreryep BUINUT, 4TO HTOT BUP-
TyasbHbII agpec nonazaet B crpanuiry 0 (ot 0 10 4095), KoTOpast B COOTBETCTBUM CO CBOMM
oTobpaxeHreM TIpeacTaBieHa crpanndibiv 6;10koM 2 (ot 8192 10 12 287). CooTBeTcTBEHHO,
oH Tparchopmupyercs B agpec 8192, KOTOPbIN U BbICTaBJsieTCs Ha MiMHy. [TaMaTh BooO1e
HE 3HAET O CYIIECTBOBAHUU JUCIIETYEPA U BUIUT TOJHKO 3AIPOC HA YTEHUE UJIH 3ATKCD 10
azpecy 8192, koropsiii u BoinoJHser. Takum o6pazom aucreryep maMsTu 3HHEKTUBHO
CIIPaBJISIeTCst ¢ 0TOOPasKEHUEM BeeX BUPTYaIbHBIX azipecoB Meskiy 0 u 4095 na pusnveckue
anpeca ot 8192 mo 12 287.

AHanornyHo aTOMy KOMaH/a
MOV REG, 8192

addexTUBHO npeobpasyercs B
MOV REG, 24576

MOCKOJIbKY BUPTYyasibHbiil anpec 8192 (B BupryanbHoil crpanuile 2) oTobpaxkaercs Ha
24 576 (B dusuveckoii crpanuiie 6). B kauecTBe TpEThETO TTPUMEpPa BUPTYAIBHBIN agpec
20 500 orcrout Ha 20 6aiiT OT HaYAIA BUPTYAIbHOI CTPAHUIILL 5 (BUPTYyaIbHbIE aJpeca OT
20 480 110 24 575) n orobpazkaercs Ha pusndeckuii aapec 12 288 + 20 = 12 308.
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BuptyanbHoe
apecHoe NpoCTPaHCTBO
60 — 64K X
56—60K | X }Bpryaanaﬂ
50— 56K X cTpaHuua
48 — 52K X
44 — 48K 7
40— 44K X
36 —40K 5 Anpec
30 36K X dusnyeckon namsTn
28 — 32K X 28—32K
24 —28K X 24—28K
20 —24K 3 20—24K
16 —20K 4 ) 16 —20K
12—16K 0 \ 12—16K
8— 12K 6 8—12K
4—8K 1 > 4—8K
0—4K| 2 M }\OK—4K

CTpaHu4HbIN
6rnok
Puc. 3.9. Casb Mexay BMpTyasibHbIMM agpecamMmn 1 agpecamm Gusn4eckom namsatm, nosyyaemas
C nomolLLbio Tabnunupl cTpaHuy,. Kaxaas cTpaHuua HaunMHaeTcs ¢ afpecoB, kpaTHbix 4096,
1 3aBepLuaetcs Ha 4095 agpecos Beilwe, NoaToMy 4K-8K Ha camoM fene o3HavaeTt
4096-8191, a 8K-12K o3HavaeT 8192-12 287

Cama 1o cebe Bo3MOKHOCTb 0TOOpakeHus: 16 BUPTyaJibHbBIX CTPAHMI] Ha 8 CTPaHUYHBIX
GJIOKOB 3a CYET COOTBETCTBYIOLIEH HACTPOITKY TabJIKIL AUCIIeTYEpa IAMITH He PELIaeT po-
6J1eMbl IPEBBINIEHNsT 0ObeMa BUPTYaJIbHON TTaMATH Hal 00beMOM (hU3UUECKO TTaMSITH.
[TockoJIbKY B HallleM PACIOPSIKEHUU TOJBKO 8 PUBNYECKUX CTPAHUYHBIX GJOKOB, TO Ha
(bu3MUeCKyIO TAMATh MOTYT OTOOPasKaThCsl TOJNBKO 8 BUPTyalbHBIX cTpanuil (puc. 3.9).
OcTasbHbIe, OTMEUEHHBIE Ha PUCYHKE KPECTUKAMH, B UNCJIO 0TOOpakaeMbIX He TIOTaIaioT.
Peasibroe 060pyIoBaHue OTCIEKUBAET IPUCYTCTBUE KOHKPETHBIX CTPAHUIL B (PU3UYECKOIT
[aMITH 32 CYET OMTa MPUCYTCTBUSA-OTCYTCTBHSL.

A 4gTO IIPpOUCXOJUT, €CJIH, K IIPUMEDPY, IPOIr'PaMMa CCbLJIA€TCA Ha HeOTO6pa>KaeMbIe ajipeca
C ITIOMOIIbIO KOMaH/Ibl

MOV REG,32780

KoTopast obpaiiaerca K 6aiity 12 BHyTpr BUPTYyanbHON cTpaHuUIlbl 8 (KOTOpas HauMHAeTCsa
canpeca 32 768)? /lucneryep naMsiTh 3aMedaeT, 4TO CTpaHuIia He 0ToOpakeHa (II0CKOJIbKY
OHa HA PUCYHKE ITOMeYeHa KPECTUKOM ), U 3aCTaBJISIET TIeHTPAJIbHBII TIPOIECCOp MepeaTh
yIpaBJieHHe OlepalMoOHHON crcTeMe. DTO CUCTEMHOE IIPEPbIBAHKEe HAa3bIBACTCs OUIMOKOM
orcyrcrBus crpanunbl (page fault). OnepanronHas cucreMa BIOUPAET PEAKO UCIIONb3Y-
eMbIii CTPaHUYHbIH OJOK U cOpachiBaeT €ro COAEPKMMOe Ha JAUCK (€CIM OHO elle He TaM).
3arem oHa u3BJIEKaeT (TaksKe € AUCKA) CTPAHUILY, Ha KOTOPYIO OblLa CChLIKA, U IOMEIIAET ee
B TOJIBKO YTO OCBOOOAMBUINICS CTPAHUYHDLIA 010K, BHOCUT U3MEHEHUS B TaOJIUIIbI M 3aHOBO
3aIyCKaeT MPePBAHHYI0 KOMAHITY.
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K npumepy, eciiu orepaiuoHHasi CUCTEMa PEIIUT BBICEIUTD COAEPKUMOE CTPAHIMYHOTO 6J10-
Ka 1, ona 3arpy3uT BUPTYaIbHYIO CTPAaHUITy 8 HaumHas ¢ ¢pusmdeckoro aapeca 4096 u BHeceT
JIBa U3MEHeHUsI B KapTy jucierdepa nmamsitu. CHavasa B 3a1Kch O BUPTyasibHON cTpanuiie 1
Oy/ieT BHEeCeHa IOMETKA O TOM, YTO 9Ta CTPaHMIIa He 0ToOpakeHa, YToObI Ipu JI000M Gy ryiieM
oOpallleHUH K BUPTYaJIbHbIM aipecaM B ananazore ot 4096 10 8191 BbI3bIBaIOCHh CUCTEMHOE
MpepbIBaHMe. 3aTeM KPECTHUK B 3aMTHCH, OTHOCSIIIEICST K BUPTYaJIbHON cTpaHuiie 8, 6yaer us-
MeHeH Ha 1udpy 1, T09TOMY P TIOBTOPHOM BbITIOJHEHUH [IPEPBAHHOM KOMAH/IbI TPOU30I/IET
orobpaskerue BupTyaibHoro aapeca 32 780 na dbusudeckuii axpec 4108 (4096 + 12).

Terepb paccMOTPUM BHYTPEHHEE YCTPOICTBO AUCIIETYEPA TTAMSITH, YTOOBI TOHSITh, KaK OH
paboTaeT 1 oveMy MBI BBIOPAJIH pa3Mep CTPaHUIIBI, KpaTHBIN cremern urcsa 2. Ha puc. 3.10
moKa3aH mpuMep BupTyaiabHoTo aapeca 8196 (0010000000000100 B aABoWYHOI 3anmuch),
0TOOPaKEHHOTO € UCIOJNb30BAHUEM KaPThI AKCIETYEepa naMsaTh ¢ puc. 3.9. Bxopsuuii
16-pas3psHbIil BUPTYQJIBHDINA afpec AeTUTCs Ha 4-OMTHBII HOMep cTpaHullsl 1 12-6utHoe
cMetrienvie. Boiesisist 4 6uta o HoMep CTpaHuIlbl, Mbl MOKeM nMeTh 16 crpanmuir, a ¢ 12 6u-
TaMU [0l CMelleHrne MosKkeM ajipecoBarth Bee 4096 Gaiit BHYTPU CTPAHUIIBL.

HOMep CTPaHUIIbI NCITOJIb3YETCA B KQ4E€CTBE MH/IEKCAa BHYTPN TaﬁJII/II.lbI CTPaAHUIL JIJIA IOy -
YE€HUA HOMEDPA CTPAHUYHOT O 6]IOK3., COOTBETCTBYIOIIETO BHpTyaJIbHOfI CTpaHMUIIE. Ecan 6ut

dusnyecknin agpec
| 1| 1|0|0|0|0|0|0|0|0|0|0| 1|0|0| Ha Bbixoge (24580)
A
15| 000 0
14| 000 0
13| 000 0
12| 000 0
11 111 1
10| 000 0
9| 101 1
Tabnuua 8| 000 0 12 GUTOB CMeLLEeHUS
CTpava,bl_> 71 000 0 KOMMpYTCS NPSIMO
13 BXOOHbIX AaHHbIX
6| 000 0 B BbIXOAHblE
5 011 1
4| 100 1
3| 000 1
2 110 [ 1P 110 |
1| 001 1
but
0| 010 | 1 [*Trpucyrcrans-
OTCYTCTBUS
BupTyanbHas ctpaHuua 2
MCMOMb3yeTCst Kak MHAEKC
B Tabnuue ctpaHuy,
BupTyanbHbin agpec
[o[o][1]o]o[o[o]o]o[o]o]o]0[1]0]0] Ha Bxone (8196)

Puc. 3.10. lpeobpasoBaHue gucneT4epomM NaMaT BUPTyanbHOro agpeca B GrU3nyeckuia
ans 16 ctpaHuy, no 4 Kbéant
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HpI/ICyTCTBI/Iﬂ'OTCyTCTBI/IH YCTaHOBJIEH B 0, TO BbI3bIBA€TCA CUCTEMHOE IIPpEPbIBaHUE. ECHI/I
6ut ycraHossieH B 1, u3 tabsuipl crpanuil 6epercst HoMep CTPaHUYHOro GJI0Ka, KOTOPBIT
Komupyercs B crapiine 3 6uta BBIXOAHOTO peructpa BMecte ¢ 12-GUTHBIM CMelleHueM,
KOTOPOE KONMPYETCs B HEM3MEHHOM BU/IE U3 BXOJISIIEr0 BUPTYAJIbHOTO ajipeca. Bmecte
onuu hopMupyioT 15-paspsiinbiii husuueckuii aipec. 3areM 3HaYeHUEe BHIXO[HOTO PETUCTPA
BBICTABJISIETCST HA MIMHE MMAMSITU B KauecTBe (hU3UUECKOTO a/[peca.

3.3.2. TaGnuubl cTpaHny

[Ipu mpoCTOi pearnsari OTOOPaKEeHNE BUPTYAJIBHBIX a/[PeCOB Ha (DU3MUECKHE MOKET OBITh
CBEJIEHO K CJIE/IYIONIEMY: BUPTYAJIbHBIN ajipec JIeJUTCS Ha HOMEP BUPTYAJIbHON CTPAHUIIBI
(crapruune 6uthr) u cMenietne (Miazaimue 6urer). K npumepy, pu 16-paspsiatoi anpecanun
u pasmepe crpanuil 4 Kbaiir crapiinue 4 6uta MOTYT OIPeesATh OfHY U3 16 BUPTyaIbHBIX
crpanuil, a miagmue 12 6ut — cmemntenue B 6aiirax (ot 0 10 4095) BHYTpU BHIGPaHHON
crparuiibl. Ho /1St CTPAHUIIBI TAKIKE MOKHO BBIIEJIUTD 3, WJIN 5, WM KaKoe-HUOY/ b IPYyToe
KOJIMYeCTBO GUTOB. Pazsimutble BApUAHTbI BbIIEICHUS [IOAPA3yMEBAIOT PA3JIUYHbIE Pa3MEPbI
CTPaHMIL

Homep BUpTYa/IbHOIT CTPAHUIIBI UCIIOIB3YETCS B KAYECTBE MHIEKCA BHYTPU TaOJIUIIBI CTPa-
HUII, KOTOPbIIl HY’KEeH JJIs IOMCKA 3aIIUCH JIJIST HTOI BUPTyaibHO cTpanuilbl. 13 3amucu
B TabJuile cTpaHull GepeTcst HoMep CTpaHUYHOro 6J10Ka (ecau TakoBoii nmeercs ). Homep
CTPAHUYHOTO OJIOKA TPUCOCAUHSIETCS K CTAPIIUM OUTaM CMELIEHs], 3aMeHsist CoO0il HoMep
BUPTYAJIbHOI CTPaHUIIbL, 4TOOBI c(hOPMUPOBATH (PUBUYECKUH ajlpec, KOTOPBIH MOKET ObITh
MOCJIaH K MTaMSITH.

Taxum 06pas3om, TipepHasHaYeHNEe TAOUIIbI CTPAHUIL 3aKJIIOYAETCS B OTOOPAsKEHIN BUPTYaAIb-
HBIX CTPaHMUI[ Ha cTpaHryHbie 6J0KK. C MaTeMaTHYeCKON TOUKK 3PeHUst TabJIIA CTPAHUI] —
9TO (DYHKIIMS, B KOTOPOI B KAYeCTBE apryMeHTa BbICTYIIAET HOMEP BUPTYaIbHOM CTPAHUIIDI,
a Pe3yJITaToOM siBJisieTcst Homep usudeckoro 6j1oka. [Ipu UCrosib30BaHUU pe3yJibraTa dTO!
(yHKIMYN TI0JIE BUPTYAJIbHOW CTPAHUIIBI B BUPTYAJIbHOM a/[pece MOKHO 3aMEHUTb T10JIEM
CTpaHr4HOro 6JI0Ka, (POPMHUPYS TAKUM 00pa3oM azipec PU3MIECKON aMsTH.

B nannoii rimase Hac uHTEpeCyeT TOJLKO BUPTYa/IbHAs IIAMATD, a He IT0JIHas BUPTYaInu3alius.
VupiMu cI0BaMu, HaM IOKa He JI0 BUPTYaJIbHbIX MallliH. B riiaBe 7 OyjeT moKa3aHo, 4To
Kak/[ast BUPTyaJbHas MalimHa TpebyeT coOCTBEHHOM BUPTYaIbHOMN [TAMSTH, a B Pe3yJIbTaTe
opranusaius TabJUIbl CTPAHKIL CTAHOBUTCSI FOPA30 CIOKHEE, IPU 9TOM IIPUBJIEKAIOTCS
TeHeBbIE WJIN BJIOKEHHbBIE TAOIUIIBI CTPAHUIL, U HE TOJBKO 3T0. Ho Kak Mbl YBUINM Jajiee,
naxe 0e3 TaK¥MX 3ara/[09HBIX KOHMUTYPAIHii MOKAYKa U BUPTYAJTbHAS TAMSITH OCTAIOTCSI
JIOBOJIBHO CJIOKHBIMU TEXHOJIOTUSAMH.

CTpyKTypa 3anucu B Tabnuue cTpaHul

MasaiiTe mepeiizem oT 00LIEro pacCMOTPEHMS CTPYKTYPbI TaOIMIbI CTPAHKIL K HOAPOOGHOCTIM
OT/eIbHON 3anucy B 910ii Tabsmue. Tourbiil opMaT 3alMCK CUIIBHO 3aBUCUT OT KOHCTPYK-
LMK MAIIMHBI, HO BHJI IPUCYTCTBYIOIIEH B Hell nH(pOPMAIMN IPUMEPHO OJMHAKOB JIJIs BCEX
mamnH. Ha puc. 3.11 nokasan nipumep sanucu B Tabauiie ctpanuil. Pasmep Bapbupyercst ot
KOMIIBIOTEPA K KOMIIBIOTEPY, HO 00bIYHO OH cocTaBsieT 32 Gura. Hanbosiee BasKHbIM SBJILETCS
nosie romepa cmpanuunozo 6ioxa (Page frame number). B koHedHoM cueTe 11e/1b CTPaHYHOTO
0TOOPaKeHUs U COCTOMT B BbIAaue 9Toro 3HaueHust. CAeayIomuM 110 3HAYMMOCTH SABJISIETCST
ouT npucymemeus-omcymemeus. Eciv oH ycTaHOBJIEH B 1, 3a111Ch UMEET CMBIC/I U MOKET ObITh
UCIIOJIb30BaHa. A ec/ii OH ycraHoBsieH B 0, TO BUPTyalibHast CTPaHUIA, KOTOPOI IIPUHALJIEKUT
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9Ta 3alliCh, B JIAHHBIA MOMEHT B [TaMsiTh oTcyTcTByeT. OOpaliieHne K 3armicy TabJmiibl CTPaHMII,
Y KOTOPOii 9T0T 6UT ycranosseH B (), BBI3bIBAET OITHOKY OTCYTCTBHSI CTPAHUIIBL.

Buthl 3auwumst coobIIAIOT 0 TOM, KAKOTO poja A0CTYI paspeliieH. B mpocreiiiieii popme 510
noJie coctouT u3 1 6uta co sHaueHuem 0 JJIsT YTEHUSI-3aMTUCH ¥ 3HaUYeHUEM 1 TOJIBKO st
yrenus. IIpu Gojiee CI0KHOM yCTpoiicTBe MMeercss 3 OUTa, 110 OJHOMY I PaspelieHust
YTeHwus:d, 3allMCH U UCITOJTHEHUA CTPAHUIIbIL.

Butbl Moduurayuu v ccoliku OTCIEKUBAIOT PEKUM MCIIOJAb30BaHust cTpaHuibl. Korga
B CTPAHUILY OCYIIECTBIISIETCS 3AIIUCh, allllapaTypa aBTOMATUYECKU YCTaHABIUBAET OUT MOOU-
puxayuu. IToT GUT VMeeT 3HAYEHIE, KOT/Ia OMlePaIlMOHHAsT CHCTEMA PEITaeT PereHepUPOBATh
cTpaHMYHBIH 610K, Ec/m coepakammasicst B HeM CTpaHHUIA NOoABepraaach MoguuKau (To
ecTh SABJISIETCS] UIBMEHEHHOI), ee HyKHO cOPOCUTh 00paTHO Ha AUCK. Eciu e oHa He To-
Beprajach MojuduKkaiuu (To eCTh SIBJSETCSI HEU3MEHEHHOIT ), OT Hee MOYKHO OTKa3aThCsl,
TTOCKOJIBKY €€ MCKOBast KOMUsI He yTPaTiia akKTyaJbHOCTH. DTOT OUT MHOT/IA HAa3hIBAETCS
OUTOM U3MEHEHUSI, TIOCKOJIbKY OH OTPAsKAET COCTOSIHUE CTPAHUIIBL.

BnokunposaHue
KaLa MameHenne  lpucytcTBue/oTcyTcTBUE

y ¥ v

Homep ctpaHunyHoro 6rnoka

X

ObpaweHne 3awwuta

Puc. 3.11. TunuyHas 3annuce Tabnunubl CTpaHuL,

BuT cebuiku yctaHaBanBaeTcst IpU 0OPAIEHIH K CTPAHUIIE KaK JIUTSl YUTEHUST, TaK W JIJIst 3aTi-
cu. OH IPU3BaH MOMOYb OTIEPAIIMOHHOI CUCTEME BIOPATh BBICEJISIEMYIO CTPAHUILY [TPU BO3-
HUKHOBEHUH OUTMOKY OTCYTCTBUS cTpaHulibl. CTpaHMIIbI, K KOTOPBIM He ObLI0 0OpalleHuii,
SABJSAIOTCS OOJIee MPEANoYTHTEeIbHBIMU KaH1IaTaMK, 4eM BOCTPeOyeMble, U 9TOT OUT Urpaer
BayKHYIO POJIb B PSI/Ie aITOPUTMOB 3aMEIIEHHsI CTPAHHUIL, KOTOPbIE OYIYT PACCMOTPEHBI JIajiee
B 9TOI1 TJIaBe.

nu HaKOHEII, OCTaBINNCA OUT TT03BOJISIET 6JIOKI/IpOBaTb KOIIMPOBaHNE CTPAHUIIbI. ITa BO3-
MOKHOCTDb aKTyaJibHa [JId TEX CTPaHUIl, KOTOPbIE 0TO6pa>KaIOTC$I Ha pETUCTpPbI yCTpOﬁCTB,
a He Ha aMsTh. Ecin ofepaloHHasd CUCTEMaA BOILJIA B IUKJI OKUJaHUA OTKJ/IMKA KaKOIro-
HI/I6yI[I) yCTpOfICTBa BBO/Ja-BbIBO/Ia Ha TOJIBKO YTO BbIJAHHYIO €10 KOMaH/ly, O4€Hb BaKHO,
YTOOBI allltapaTypa nNpooJizKajia U3BJICYEHNE CJI0OBA N3 YCTpOﬁCTBa, a HeE NCII0JIb30BaJIa CTapyo
KOIINIO, ITOTIaBIIYIO B K9III. Bﬂaroaapﬂ ITOMY 6I/ITy K9IINPOBaHUE MOKET ObITH OTKJIIOYEHO. Te
MallInHbI, Y KOTOPbIX €CTb OT/IEJIbHOE ITPOCTPAaHCTBO BBO/Ia-BbIBO/Ia 1 KOTOPbIE€ HE NCITOJIb3YIOT
BBO/I-BbIBO/L C 0T06pa>KeHI/IeM JaHHOTI'O ITPOCTPAHCTBA B ITaMATb, B 9TOM oure ne HYX/IalOTCA.

3aMeTbre, UTOo ajIPec Ha JIUCKE, KOTOPbIl UCIIOJIb3YETCsT sl XPAHEHUS CTPAHUILBL, B TabJIu-
1e crpanuil He purypupyer. [Ipuunna npocra. B tabauiie cTpaHuIl COAEPKUTCSA TOIBKO
Ta uHMOPMAIKsI, KOTOpas Hy:KHa 060PYI0BAHUIO, YTOOBI EPEBECTH BUPTYATILHBIN ajipec
B pusuueckuiil. MHbopmaryst, Heo6xoaumast orepaonHoil cucteMe st 06paboTku omm6-
KU OTCYTCTBUSI CTPAHUIIBL, COACPIKUTCS B TabJIMI[AX TIPOrPAMMHOIO 0OeCIeYeHUsT BHYTPU
onepaionHoi cucrembl. O60PYI0BAHUE B HUX HE HY/KAACTCSL.

Hepe/:[ 6oJiee F]Iy6OKI/IM TIOIrpysKEHUEM B BOITPOCHI peaJIn3allun CTOUT €1I€ pa3 OTMETUTD, YTO
B [IPUHIUIIE BUPTYyaJibHaA [TaMATb CO3/1a€T HOBYIO a6CTpaKHI/IIO — aJ[peCHOE TPOCTPaHCTBO,
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KOTOpOE siBJIsteTcst abCTpakiineil (pU3n4ecKoii maMsiTH TOUHO TaK 5Ke, KaK IIPOIECC SBJISAETCS
aberpaknueil pusmyeckoro mporeccopa (I[ITY). BupryanbHas maMsaTh MoKeT ObITh pea-
JIM30BaHa 3a cyeT pasdreHrs BUPTYalbHOTO aZpecHOro MPOCTPAHCTBA Ha CTPAHUIILL M OTO-
OpaskeHUsT KasKI0i CTPaHUIbl HA KaKOH-HUOY b CTPAHUYHBIN OJI0K (DU3MUYECKON MaMsITh
WK cojiepsKanust ee (BPEMEHHO) B HEOTOOpaKeHHOM cocTosiiuu. [109TOMYy B 9TOU TJiaBe
pedb MIeT B OCHOBHOM 00 abGCTPaKIIMK, CO3JAHHON OIIePAlMOHHON CHCTEMOM, 1 0 TOM, KaK
9Ta abCTPaKIIUs YIIPABJISAETCS.

3.3.3. YckopeHue paboTbl CTPaHUYHOW OpraHu3auum namaTm

[Toce Toro Kak MBI pacCMOTPETN OCHOBBI BUPTYAThHON MAMATH U CTPAHWUYHON OPTaHU-
3alliy, HACTAJIO BPEMs YriIyOUThCS B TOAPOOHOCTU BO3MOKHBIX BAPUAHTOB Peajiu3alliu.
B 10601t crctemMe co CTpaHUYHOI opraHu3aIieil maMsaTH HeoOXOANMO PacCMOTPETh JIBa
OCHOBHBIX BOTIPOCA.

1. OrobpaxkeHue BUPTYAIbHOTO ajipeca Ha (GU3UUECKU JIOTKHO OBITh GBICTPBIM.

2. Eciu mpocTpaHCTBO BUPTYAIbHBIX a[PECOB CJAUIIKOM OOIUIHMPHOE, TaOJIUIA CTPAHUIL
OylleT UMeTh BeCbMa COJIMHBIN pasMep.

[TepBblil IYHKT SIBJISIETCST CIIEICTBUEM TOTO, 4TO OTOOPAsKEHUE BUPTYAIbHOI MaMsITh Ha (Hu-
3UYECKYIO JI0JKHO OCYIIECTBISITHCS TP KaKI0M O0paIiieHin K mamsiti. Bee KoMaH/Ibl B KO-
HEYHOM CYeTe JIOJKHBI TIOCTYIATh U3 MaMsITH, U MHOTHE U3 HUX CChIJIAIOTCS HA ONEPAH/IbI,
KOTOpBIE TaKKe HaxoasaTcs B maMsTu. CireloBaTesIbHO, TIPU BBITIOJTHEHNN KasK/I0H KOMaH/[bl
HEe0oOXO0IMMO 06pAIaThest K TabJIiIle CTPAHUIL O/I1H, Ba Wi GoJiee pas. Ecaiu BoIoHeHME
KOMaH/[bl 3aHUMAET, CKaykeM, 1 He, TO IOKCK B TabJuIie cTpaHull, 4ToObI He CTaTh rJIaBHbIM
Y3KUM MECTOM, JI0JIKeH ObITh IIpousBesieH He GoJiee yeM 3a 0,2 He.

Bropoit myHKT caenyer u3 (akTa, 9TO BCe COBPEMEHHbBIC KOMITBIOTEPBI UCIOJIB3YIOT KaK
MUHUMYM 32-paspsiiHble BUPTYAIbHbIE a[peca, HO Bee 6osiee 0OBIYHBIMU 17T HACTOTbHBIX
KOMIIBIOTEPOB 1 HOYTOYKOB CTAHOBSTCS 64-pa3psinHble anpeca. [Ipu pasmepe cTpaHuUIIb, CKa-
xkeM, 4 Kbaiit 32-paspsiiHoe apecHoe IPOCTPAHCTBO MMeeT 1 MJTH CTpaHull, a 64-paspsiiHoe
AJ[PECHOE ITPOCTPAHCTBO UMEET HAMHOTO OOJIbIIE CTPAHMIL, YEM BaM MOKET HOHATOOUTHCSL.
[Tpu 1 MJIH CTpPAaHUI] B BUPTYAJIbHOM aJPECHOM MPOCTPAHCTBE TabJIHIIA CTPAHUIL JOJKHA
cozepxkarb 1 MutH 3anuceil. Takike cieyeT IOMHUTD, YTO KasKIAOMY TIporieccy Tpebyercst
coberBeHHas Tabsuia cTpanul] (MOCKOJIbKY Y HETO COOCTBEHHOE BUPTYalbHOE aipecHoe
TIPOCTPAHCTBO).

[Torpe6HOCTD B 00MIUPHOM U OBICTPOM OTOOPAsKEHIN CTPAHUIL SIBJISIETCS BEChMa CYIIle-
CTBEHHBIM OTPaHUYEHNEM Ha IyTH CO3/[aHus KoMIbIoTepoB. [Ipocreiinas KOHCTPYKITUS
(110 KpaiiHell Mepe, KOHIIETTYyaJbHO) COCTOUT B MCIOJIh30BAHUI OJHON TabIUIIbI CTPAHMIL,
cocTosIIell 13 MaccuBa OBICTPOAEHCTBYIONINX AITIAPATHBIX PETUCTPOB, UMEIOIIEH 110 O/HON
3aIMCH [T KKIOH BUPTYATbHOM CTPAHUIIBI, IIPONHAEKCUPOBAHHOI 110 HOMEPY BUPTYaJTh-
Hoit ctpanuie! (cM. puc. 3.10). ITpu 3amycke nporecca onepannoHHast CUCTeMa 3arpysKaer
perucTpbr TabIUIENl CTPAHUI[ HTOTO MPOIECCa, KOTOPast GepeTcst U3 KOMUH, XPaHsIeicst
B OTIEPaTUBHON TaMsATH. BO BpeMsi BbINOJHEHUs TIpoliecca TabJIuile CTPAaHKIl He HY/KHBI
HUKaKue JIOTIOJTHUTEIbHBIE CCBIITKN Ha MaMsITh. [IpenMyinecTBaMu 3TOro MeTo1a sIBJISTIOTCS
POCTOTA ¥ OTCYTCTBUE KAKUX-THO0 0OpAllleHHii K MaMsTH BO BpeMsi oTobpakenus. Ero
HEJ0CTATOK — B YPE3MEPHBIX 3aTparax Ipu GOJIBLUIOM padMepe TabJUIbl CTPAHUIL, YTO
3a4acTyIo IIPOCTO HelpakTu4Ho. Ellle OMH HEAOCTATOK 3aKJII0YAETCS B HEOOXOAUMOCTH
3arpys3Ky Beeil TabIUIbl CTPAHUIL TIPU KAXKIOM MEPEKITIOUEHUI KOHTEKCTA, YTO TIOJTHOCTHIO
yObET IIPON3BOAUTENBHOCTD.
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JIpyroii KpaitHOCTBIO SIBJISIETCSI KOHCTPYKIIMSL, TIPH KOTOPOM Best TabJIkia CTPAHKIL MOJKET
IIEJTUKOM HAaXO/IUThCS B OMEPaTUBHON mamsaTu. [Ipu aToM ammapaTtype HY:KHO UMETb JIUIITh
OJIMH PErUCTP, YKa3bIBAIOIIMIA Ha Hada/10 TabInIbl cTpaHull. Takas KOHCTPYKIIMS [T03BOJISET
0TOOPaKEHMIO BUPTYAJIbHOU aMATH Ha (PU3MYECKYIO MEHSTHCS TIPH HEePEeKJI0YEHIH KOH-
TEKCTA IyTeM Tlepe3arpy3Ku BCETo JIMIIb OJIHOTO PErucTpa. 3/1eCh, Pa3yMeeTcsl, ecTh U He-
JIOCTATOK, TOCKOJIBKY JIJIST CUNTHIBAHUS 3aMTACER TaOIUIIBI CTPAHUIL BO BPEMST BBITIOTHEHUST
KayK/101i KOMaH bl TPeOYeTCst OJ[HO MJIM HECKOJIbKO 00pallleHnui K MaMsITH, 4TO CYIIeCTBEHHO
3ameiseT pabory.

Bydepbl ObiCTpOro npeobpasoBaHns agpeca

Temnepb paccMOTPUM HMIMPOKO UCHOJIB3YEMYIO CCTEMY, TPU3BAHHYIO YCKOPUTD CTPAHUYHYIO
OPTaHU3aIMIO TAMSTH 1 00pabaThiBaTh GOJIBIIE BUPTYAIbHBIE aJPeCHbIe TPOCTPAHCTBRA,
OTTAJKUBAsACh OT IIpesKHell cxeMbl. OTIPaBHOI TOYKOU 115t OOJIBIIMHCTBA ONTUMUBKUPY-
IOIIMX TEXHOJIOTHIA SIBJISETCS CoJlepsKaHue TabJuIlbl CTPaHuULl B IaMsTh. TloTeHImanibHo
Takas KOHCTPYKIIMS OKa3bIBaeT CUJIbHOE BJIMSIHUE Ha TIPOU3BOIUTENIBHOCTD. PaccMoTpnM,
K TIPUMEPY, OMHOOANTHYIO KOMAH/LY, KOITUPYIOTIYIO OMWH PETHCTP B APyToi. IIpm oTcyTeTBUN
CTPAHUYHON OPraHU3alMU 9Ta KOMaH/a OCYIECTBIIsIeT JUIb OAHO oOpalleHre K HaMsTh
IUIsT U3BJIEYEHUsI caMOil KoMaHbl. [Ipu CTpaHUYHON OPraHU3AIUH TAMSATH TTIOHAL00UTCS
KaK MUHUMYM €llle 0ZHO oOpallieHue K MaMsTH JJIs J0CTyIIa K Tabuuiie crpanull. [IocKoabKy
CKOPOCTb BBINOJIHEHUS OOBIYHO OTPaHYeHa CKOPOCTHIO, C KOTOPOM HEHTPAJIbHbIN IIPOIIECCOP
MOJKET U3BJICYb UHCTPYKIMIO M JaHHBIE U3 [TAMSITH, HEOOXOAUMOCTD OCYIIECTBJICHUS TPU
Ka)KI0M 0OpallleHUH K IIaMATHU ABYX 0OpalleHuil CHUKAeT IIPOM3BOAUTENbHOCTD BABoe. [Tpu
TaKUX yCJIOBUAX MCTIOIB30BATh CTPAHUYHYTO OPTAHN3AIINIO TTAMATHA HUKTO He CTaHeT.

Pa3paboTyrKy KOMIILIOTEPHBIX CHCTEM ObLIM 3HAKOMBI ¢ 9TOI IPoGIeMOil MHOTO JIeT U Ha-
KOHEI[ IIPULyMaJIH PellieHre, KOTOPOe OCHOBBIBAJIOCH Ha TOM HaGJIIOAEHUHU, YTO GOJIBIIMHCTBO
[POrPaMM CKJIOHHBI OOJIBIIIMHCTBO CBOMX 00paIleHUH HATIPABJISITH K HEGOJIbIIOMY KOJIIYe-
CTBY CTPaHMLL, a He Ha000pOT. [109TOMY MHTEHCUBHOMY YTEHUIO [IOABEPraeTCs JUIb HeOOIb-
s 4acTh 3anuceid TabJIMIbl CTPAHMIL, @ OCTAIbHAS YaCTh IIPAKTUYECKH HE MCIIOJIb3YeTC s,

Haiinennoe perienne cocTosAI0 B OCHAIEHUH KOMIIBIOTEPOB HEOOJIbIIIM YCTPORCTBOM ISt
oTobpaskeHust BUPTYalbHBIX aApecoB Ha (usuyeckre 6e3 MpocMoTpa TabJUIbI CTPAHHUIL.
CocrosiHue 9Toro ycrpoiicTsa, Ha3BaHHOTrO Oy(depoM ObICTPOro Npeodpa3oBaHus agpeca
(Translation Lookaside Buffer (TLB)), koTopoe HHOIzA ellle Ha3blBalOT aCCOIMATUBHOMN
naMAThIO, 10Ka3aHo B TabJ1. 3.1. 3ayacTyio 9T0 YCTPOICTBO HAXOAUTCS BHYTPHU JKUCIIETYEPA
HAMSTH ¥ COCTOUT U3 HEOOJIBIIOro KOJMYecTBa 3amuceil. B jaHnoM nipumepe ux 8, HO Ux
KOJIM4eCTBO peiko npesbimaer 64. Kaxaas sanuch cogepkut mHbopManuio o6 0xHON
CTpaHMIlE, BKIIOYAIONIYIO HOMEP BUPTYAJIbHON CTPAHUIbL, OUT, yCTaHABINBAIONIIUICS TIpU
MOJMMUKAIMN CTPAHUILBI, KOJI 3alUThI (paspelieHne Ha YTeHue, 3a11Ch U BbIIIOJHEHUE)
n husnuecKuil crpaHuYHbII 610K, B KOTOPOM PACIIONOKEHA CTPAHUIIA. ITHU TIOJIS UMEIOT
TOYHOE COOTBETCTBHE TI0JISIM B TabJIkIle CTPAHMIL, 32 MCKJIIOYeHneM HOMepa BUPTYalbHOM
CTPaHUIIbI, KOTOPBIi B TabJIKLe CTPaHKLL He HysKeH. Eie ouH OUT 0Ka3bIBaeT 3a1eiHCTBO-
BAHHOCTD CTPAHUILBI (TO €CTh UCIIOJIb3YETCs OHA UJTH HET).

[Tpumep, kotopsiii Mor 661 chopmuposars TLB, nokazauupiii B Tabsr. 3.1, — 310 KUKIU-
YecKU# TpoIiece, 3aHIMAaIomnuil BUpTyanbubie cTpanuiisl 19, 20 u 21, moatomy ux 3anucu
B TLB nMeloT Koibl 3a1UThI, pa3peniaioniie ytenne u ucrnoanenne. OCHOBHbIE TaHHBIE,
UCIIOJIb3YEeMbIe B 9TOT MOMEHT (CKaskeM, 0O6pabaThiBaeMblii MACCUB), 3aHUMAIOT CTPAHUI[bI
129 1 130. Crpanura 140 comep:XKUT UHAEKCHI, NCTIOIb3yeMbIe TIPU BBIYUCIEHUSX, TTPOU3BO-
JIUMBIX C 7IeMeHTaMu MaccuBa. M HakoHerr, cTek 3anuMaeT ctpanutel 860 u 861.
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Tabnuua 3.1. Bydep ObicTporo npeobpasoBaHnsa agpeca, UCNoNb3yeMblii A1 YCKOpeHus
CTPaHN4YHOIo gocTtyna K namMaTu

3apeiicteoBaHa | BuprtyanbHas U3meHeHa 3auwmueHa CTpaHW4HbIN
cTpaHuua o6nok
1 140 1 RW 31
1 20 0 R X 38
1 130 1 RW 29
1 129 1 RW 62
1 19 0 R X 50
1 21 0 R X 45
1 860 1 RW 14
1 861 1 RW 75

Tereps pacemorpum pabory TLB. Korja aucrierdepy maMsiTi MpeqoCcTaBiisieTcst st Ipeod-
pasoBaHusT BUPTYAJIbHbIH ajipec, antaparypa cHadasa IIPOBEPSIeT, He COIEPIKUTCS I HOMED
ero BUpTyasnbHol ctpanniisl B TLB, onnoBpeMeHHO (TO eCTh MapaiyieIbHO) CpaBHUBAS €T0
3HauYeHue co BceMu 3anucsamu. s atoro norpebyercs crenuaibHoe 000pyA0BaHue, Me-
fomeecs1 y Beex auctierdeposn namsati ¢ TLB-Gydepamu. Ecou Gyzer HaiieHo coorsercrsie
1 OUTBI 3aIUTHI He OY/yT HPENATCTBOBATD AOCTYILY, HOMEP CTPaHUYHOIO OJI0Ka Oy/IeT B3ST
HenocpezacTBerto 3 TLB, 6e3 oOpainenus k Tabiune crpanui,. Ecin HoMmep BUPTyaubHON
cTpanuIlel mpucyteTByer B TLB, HO KOMaH/a TIBITaeTCs OCYIECTBUTD 3alIUCh B CTPAHUILY,
[peIHA3HAYEHHYO TOJIBKO JIJIst YTEHVsT, TEHEPUPYETCS! OIMMOKA 3alIUTBL.

Hac unrepecyer, 4To ke MpOU30HET, ecii HOMEP BUPTYaJIbHON CTPAHUIIbI He OyeT HaiijieH
B TLB. /lucneryep namMsaT 0OHAPYKMBAET €r0 OTCYTCTBUE U OCYIIECTBISACT OOBIYHBIN 110-
WCK B TaOJIUIE CTPAHUIL. 3aTeM OH BBICETSIET OHy 13 3amuceil B TLB, 3ameHsist ee TOIBKO
YTO HallIGHHOM 3a11CbI0 U3 TabJKIbl cTpaHull. [1oaToMY, eciin BCKope aTa cTpaHuia oyuer
BocTpebOBaHa CHOBA, TO BO BTOPOM pas oHa yuke Oyzer naiizena B TLB. Korza sanuch yaass-
ercst uz TLB, 6ur Mmoaudukaim Konupyercs 00paTHoO B TabIKILy CTPAHMIL, HAXOASILYIOCS
B mamsTh. /Ipyrie 3HaUeHMsI, 3 UCKIIOUEHNEM OHUTa CCBITIKH, TaM yske MpucyTeTByioT. Korma
TLB zarpyskaercst u3 TabJIHUIIbI CTPAHULL, BCE TI0JIsT OEPYTCST M3 AMSITH.

MporpammHoe ynpasnexHune oypepom TLB

[0 cHX TIOp MBI ITPEINIOIATATIH, YTO KAK/IAsI MAITNHA CO CTPAHIYHOM BUPTYAJIbHOM TTAMSITHIO
uMeeT TabJIMIbl CTPAHUIL, Paclio3HaBaeMble armapatypoii, mmoc TLB. ITpu takoii KoHCTpyK-
uu yrpasietnne TLB u o6paborka TLB-0umboKk 0CyIecTBAseTCs NCKIOUUTEIBHO 060-
pyzoBaHueEM auctieTyepa maMsti. [IpeppiBanms, mepesaroniye ypaBieHe OrepannoHHONn
CHUCTeMe, TIPOUCXOJISIT, TOJIHKO €CJIN CTPAHUIIA OTCYTCTBYET B TAMSITH.

B GbLiibie BpeMeHa Takoe MPe/IioIoKeHIe BIIOJIHE COOTBETCTBOBAJIO AeiicTBuTebHOCTH. Ho
muorue coppeMmennbie RISC-marunbl, Briaodas SPARC, MIPS u (teneps y:ke crasuine
ucropueit) HP PA, ocyiiecTBIIslioT MpakTHYECKN BCe YIIPaBJI€HNE CTPAHUIIAMU ITPOTPAMM-
HbIM 0OpaszoM. Ha aTux mamunax sanucu TLB 3arpyskaiorcest onepainnoHHoil cucTeMoi
saBHbIM 00pasom. Korza nysxnas samuch B TLB orcyTerByer, aucnerdep naMsitu, BMECTO
TOro 4T0ObI 0OpAIATHCA K TAOJMIAM CTPAHMIL IJISA TOUCKA ¥ M3BJICUEHUs CBEIeHUIT O Hy K-
HOIt cTpanuie, pocto reHepupyer TLB-ommbky 1 nogGpachiBaeT mpobiieMy olepainoHHONR
cucteMe. CucTemMa 0KHA OTBHICKATH CTPAHUILY, yAAAUTh 3anuch n3 TLB, BHecTn HOBYIO
3al¥Ch ¥ TIepe3anyCTUTh KOMaH/Y, BBI3BaBINYIO OMMOKYy. 1 pasymeercst, Bce 9TO TOJIK-
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HO OBITH CJIEJIAHO C UCIIOJIB30BAHMEM MUHUMYMa KOMaH/I, IOCKOJIbKY OIIHMOKA OTCYTCTBUS
sarmucu B TLB cayyaercs HaMHOTO yaiie, 4eM OMmuOKa OTCYTCTBUST CTPAHUIIBI B TaOJIHIIE.

Kak Hu cTpanno, Ho npu ymepeHuo Gosbimom TLB (ckaxkewm, 64 3amcu) nporpaMMHoe
yipasiieHue aTuM 0yhepom oKasbiBaeTcs BIoJHe 3((MEKTUBHBIM CPEACTBOM CHUMKEHUST
KOJINYECTBA OMMUOOK OTCYTCTBUST HYKHOIT 3anucu. OCHOBHBIM IIPEMMYIIECTBOM TaKOTO
VIIPABJIEHUST SIBJISIETCSI CYIIECTBEHHOE YIIPOIIEHHE JUCIIETYEPA MAMSITH, OCBOOOK/IAIONIEE
GOJIBIIYIO TIIOTIA/b MUKPOCXEMBI IIEHTPATBHOTO HPOIECCOpa MO/ KA 1 Apyrue hyHKIHO-
HAJIbHBIE Y3JIbI, CIOCOOHDIE TIOBBICUTD IPOU3BOAUTEIBHOCTD. [IporpaMMHOe yrpaBJieHue
TLB paccemorpeno B pabore Uhlig et al., 1994.

g ymydienus Mpons3BOAUTETbHOCTH Ha MaIIMTHAX, OCYHIECTBIISAIONIAX ITPOTPAMMHOE
yrpasienne TLB, B 1aBHue BpeMeHa ObLin pa3paboTaHbl pasindHble cTpaTernu. B ogHoM
M3 TIOJIXO/IOB TPUJIAralich YCUIUS Kak 0 COKPAIIEHNI0 ONMTUOOK OTCYTCTBUS HY/KHBIX
samuceil B TLB, Tak 1 110 yMEHbLUIEHUIO U3JEPIKEK MIPY BO3SHUKHOBEHUM 9TUX OINOOK
(Bala et al., 1994). MHorma 11 coKpallieHust KOJIUYecTBa OMMMUOO0K OTCYTCTBUS HYKHBIX
3anuceil B TLB onepaiinonHas cucreMa MOKeT BOCIIOJIb30BATbCI CBOE UHTYHUITUEH 15
olIpejiesIeHus TOro, KaKue U3 CTPaHMIL, CKopee Beero, OyayT BOCTpeGOBaHbl B CJIELYIONLY IO
ouepejib, ¥ 3apaHee 3arpy3unTh Kacaiomuecst ux 3anucu B TLB. Hanpumep, korma kiueHT-
CKHIT TIPOTIECC OTIPABJISIET COOBIIEHNE CEPBEPHOMY MPOIIECCY Ha TOW JKe caMOil MallTiHe,
BBICOKA BEPOSITHOCTD TOTO, UTO CepBep BCKOPe Takke Oyaer 3aaeiictBoBan. Pacnosaras
STUMM CBEJECHUSIMU BO BpeMst 00pabOTKI CHCTEMHOIO IIPePhIBaHUsl, 3aHUMAOIIET0Cs OT-
npaBKoii (send), cucTeMa MOKET 3a0/IHO C 9THM TIPOBEPUTD, IPUCYTCTBYIOT JIK B KapTe
oToOpakeHust CTPaHUIIBI KOJA, IaHHBIX U CTeKa cepBepa, U 0TOOPa3UTh UX A0 TOTO, Kak
MOSBATCS TIPEANOCHUIKHI I BO3HUKHOBeHUs ommnbku TLB.

OG6bruHbIi crIOCO6 almapaTHON Wiu nporpaMMHuoil 06paboTku omnbku TLB 3akiouaercst
B [Iepexojie K TabJIHIE CTPAHUIL U OCYIIECTBIEHIH OMePAIlii MHAEKCAIIUY [IJIsT OTIPEIeICHIST
MEeCTOTIOJIOKEH S 3aTpeboBaH Ol cTpaHuilbl. [IpoGaeMa BbIIOJHEHKS 9TOTO HOMCKA IPO-
TpaMMHBIM CHOCO6OM COCTOUT B TOM, YTO CTPAHUILbI, CO/AEPIRalIlIe Ta6JII/IL[y CTpaHUIl, MOT'YT
orcyrcTBoBath B TLB, uTo MOXKeT cTarh NpuYnHoil fonorHuTe babix TLB-omubok B mpo-
necce 06paboTku. OT 9TUX OMMOOK MOKHO U30ABUTHCA 3a CYET MCITOJIb30BAHKS OBOJIBLHO
6osbmioro (Hanpumep, 4 K6aiit) mporpammuoro kamma sanuceii TLB B pukcuposantom
MecTe, CBeJIeHUs O CTpaHuile KOToporo Beerja cojepskarcst B TLB. IIpu nepBoii nposepke
MIPOTPAMMHOTO K3TIIa OMEePAIIOHHAS CUCTEMA MOKET CYIECTBCHHO COKPATUTD KOJTMIECTBO
TLB-ouubox.

[Ipu ncrop3zoBarmY TporpaMMHOTO yipaBiaeHns T LB BajKHO TOHATH Pa3HUITY MEKIY pas-
JIMYHBIMU BUAAMU OIIMOOK OTCyTCTBIA 3aruceil. [lporpaMmuast ommoKa OTCYTCTBHS ITPOVIC-
XOJIUT, KOT/la CTPAHMIa, K KOTOPOI uaet obpaiieHue, orcytctsyet B TLB, Ho nmpucyTcTByer
B namsaTy. [l ee yerpanenus tpebyercs b ooHossenne TLB u He TpeGyercs BbloiHe-
HIE olepalii BBOAa-BbIBoAa ¢ oOpaiienueM K aucky. O6bI4HO yeTpaHeHue IporpaMMHOI
otmnbku orcyrerBust Tpedyer 10—20 ManTMHHBIX KOMAH U MOKET ObITh 3aBEPIIEHO 32 He-
CKOJIbKO HaHOCEKYH/I. B oTsinume ot Hee anmaparHast oluMOKa OTCYTCTBHS IIPOMCXONT, KOT-
Jla caMa CTPaHMIIA OTCYTCTBYET B TaMATH (1, padyMeeTcs, 3amich o Helt oTcyTeTByeT B TLB).
Jlist mostydenust crpatutibl rpebyercst odpaiieHue K IUCKY, 3aHUMAIOIIee B 3aBUCUMOCTH OT
UCIIOJIb3YEMOTO JANCKA HECKOJIBKO MUJUIMCEKYH/I. AnliapaTHas omnbka oTeyTeTBust oOpaba-
TBIBAETCs IOYTH B MUJUIMOH pa3 MejJIeHHee, 4eM TporpamMHias. [IpocMotp orobpaskenust
B Mepapxuy TabJIUI] CTPAHUI] HAa3bIBAETCS MPOCMOTPOM Tadmil cTpanun (page table walk).

DaxTrueckn JeJia 06CTOAT €IIIE XYIKE. Omubka OTCYTCTBHA HOCUT HE TOJIBKO IIPOTPaAMM-
HBIN WJIN aHHapaTHbeI XapaKTep. HE‘KOTOprG OInOKH OTCYTCTBUA UMEIOT 110 CPABHEHUIO
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C APYrUMU OMUOKAMU OTCYTCTBUsE GOJIbIIE IPOTPaMMHbBIN (1u GoJibliie anmapaTHbIii)
xapakrep. Hanpumep, npu npocmMoTpe Tabiuiibl CTPaHuI] HysKHast cTpaHuila B TabJuile
CTPaHMUIL IIPOIIECCa OTCYTCTBYET, U IPOrPpaMMa, TAKUM 00PasoM, CTAJIKUBAETCS ¢ OITMOKON
OTCYTCTBUSA CTPAHUIIBI. B 1aHHO cUTyaIuu cymecTBYIOT TPU BO3MOKHOCTHU. Bo-TiepBhIX,
cTpaHuIa (haKTHYECKI MOKET HAXOAUTHCS B TAMSITH, HO OTCYTCTBOBATh B TAOJIUIIE CTPAHMUIT
mporiecca. Hampumep, cTpaHuiia MOKET OBIT B3sITa ¢ AWCKA APYTUM TIpoiieccoM. B Takom
cilyyae Hy;KHO BMECTO HOBOTO 0OpallleHUs K AUCKY IIPOCTO COOTBETCTBYIOUIMM 00pasoM
0T00Pa3UTh CTPAHUILY B TaOJIUIAX CTPAHUIL. DTO CKOpee MPOrpaMMHas OMMOKa OTCyT-
CTBUSI CTPAHUIIbI, U3BECTHAS KaK Jierkas omuOKa OTCYTCTBUS CTPpaHUIbI (Mminor page
fault). Bo-BTopbIX, eciiu cTpaHuily HY;KHO OpaTh ¢ [IMCKa, 9TO OYIAET CYUTATHCS CEPbE3HON
oOKON OTCYTCTBHUSA CTPAHUIIBL. B-TpeTbux, BIOJHE BOBMOKHO, YTO IIPOrPaMMa [POCTO
obparuiach 1o HeBepHoMmy ajapecy u B TLB Boobiie He Hy:KHO 106aBISTh HUKAKOTO OTO-
Opaskenus. B TakoM ciydae orepainnoHHast cucTeMa 0ObIYHO [PEKPAlaeT BhIOJHEH e
[IPOTPaMMbI C BblJladell OIMOKH cermeHTanuu. V1 ToibKo B 9TOM cJydae porpamma Jeii-
CTBUTEIHHO ZIeTaeT 9YTO-TO HeMPaBUIbHO. Bo BcexX 0CTambHBIX Cydasx 1MeHoH HeKOTOPOi
[OTEPU MPOU3BOAMTEILHOCTH BCE aBTOMATHYECKN UCIPABJIAETCss 000pYI0BAHUEM U/ WIIN
OTIePAITMOHHON CHCTEMOTA.

3.3.4. Tabnuubl cTpaHuy, aNsg 60NbLLUNX 00bEMOB NamMaTn

Bydepst TLB MOryT uciiosib30BaThCs [IJist yBEIUYEHUsT CKOPOCTH IIPE0OPA30BAHISI BUPTY -
AJIBLHBIX aJIPecOB B (hU3MUecKre PU OOBIYHOI CHCTeMe XPaHeH st TaGJIUIbI CTPAHUIL B TTAMSI-
ti. Ho 31uM 1ipo6JieMbl He ncyeprbiBaioTest. BogHUKAOT PO ieMbl 00CIyKUBAHUST OY€HD
GOJIBIIIX BUPTYaJIbHBIX al[PECHBIX TIPOcTpaHcTB. asee OyayT paccMOTpeHs iBa crocoba,
[IO3BOJISIONIIE CIIPABUTHCS C ITUMU MTPOOJIEMaMU.

MHoroypoBHeBbie TabnLbl CTPaHUL,

B kauecTBe 11epBOro moAxo/a paccCMOTPUM UCIIOIb30BAHNE MHOTOYPOBHEBOMN TaOIUIIBI CTpa-
HUII, TPOCTO MPUMeEP KOTOPOIi Tokasan Ha puc. 3.12. B ero jieBoii yactu (Ha pparmeHTe a)
nokaszan 32-paspsiIHblil BUPTYaIbHbIi ajgipec, pazbursiii Ha 10-6utHoe nose PT1, 10-6urHoe
nosie PT2 u 12-6urHoe nosie cMmernenust. II0CKOIbKY Mo cMelenne oTBeaeHo 12 6ut, crpa-
HuUIB! UMEOT pasmep 4 K6ailT u nx obniee KommuecTBo coctaBsieT 2%,

CekpeT MeTo/Ia MCII0Jb30BaHUsI MHOTOYPOBHEBON TaOJIMIIBI CTPAHKIL 3aKII0UAETCS B OT-
Kase OT IIOCTOSTHHOTO XPaHeHUsI BeeX TabJIUIL CTPaHuIl B maMsaTu. B yactHocTH, BooOIIe He
JIOJIKHBI XPAHUTBCS Te TabJIMIbI, B KOTOPBIX HET HEOOXOAUMOCTH. IIpeonoKmum, K Iipumepy,
uro nporeccy Tpebytores 12 MbaiiT: HukHue 4 MOaiiT naMsaTt — J1JIst TEKCTa IPOrPaMMbl,
ciepyione 4 MOaidT — st JaHHbIX U BepxHue 4 MOaiiT — jjist creka. Mexay BepxHei
rpaHuileil JaHHBIX ¥ JHOM CTeKa 0OpasyeTcst OrpOMHast HEUCIIOIb3yeMas JbIpa.

Ha puc. 3.12, 6 nokasano, kak paboraer aByxypoBHesas Tabiuia crpanuil. Ciesa 1o-
kasaHa TabJIMIa CTPaHUIl BEPXHEro ypoBHs, cojepxamiasa 1024 zanucu, COOTHOCAINECS
¢ 10-6utnbiM tosiem PT1. Korza aucneryepy maMsTu npejoCTaBisieTcst BUPTYaJbHbIN
azipec, To cHavasia oH u3BJekaeT nose PT1 u ncmonb3yeT ero sHavenne B Ka4ecTBe MH-
JieKca Uit TabJuIbl cTpaHull BepxHero yposhst. Kaxaas us atux 1024 sanuceii 8 Tabiuie
CTPaHUIl BEPXHEr0 YPOBH IpeacTaBidgeT 4 MOaiT, HoCKoJIbKY Bee 4-rurabaiitioe (1o
ecTb 32-paspasHoe) BUPTYAJIbHOE afpecHOe IPOCTPAHCTBO ObLI0 pa3dUTo Ha hparMeHTbI
1m0 4096 Gaiir.
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Tabnuua cTpaHuLy
BTOPOTO YPOBHS
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Puc. 3.12. MHoroypoBHeBas Tabnvua ctpaHul: a — 32-pa3psaHbiii aapec ¢ ABYMS NossMun
Tabnuu cTpaHuy; 6 — AByXypoBHEBas Tabnmua cTpaHuL,

W3 3ammcu, MecTo KOTOPOIT OTIpe/IesIsieTCsT Iy TeM HHAEKCUPOBAHSI TAOJIHUIIBI CTPAHUIL BEPX-
HETo yPOBHsI, U3BJIEKAETCST A[[PEC WU HOMEP CTPAHNYHOTO OJI0KA TAOJIHIIBI CTPAHUI] BTOPOTO
ypoBHs. 3amuck 0 TaGJUIbI CTPAHUIL BEPXHETO YPOBHS yKa3blBaeT Ha TaOJIHUILY CTPAHUIL
JUTST TEKCTa IPOTPaMMBI, 3arich 1 — Ha TabJINILy CTpaHUIL IS TaHHBIX, a 3amuch 1023 — Ha
tabuuity crpaHull st creka. JIpyrue (3aKkpalienHbie ) 3aucu He UCronb3yiores. [Tose PT2
Terepb UCIOJIb3YETCsT B KaYeCTBE MH/IEKCA Ha BBIOPAHHYIO TaOJIUILY CTPAHULL BTOPOTO YPOBHS,
[peIHa3HAYCHHOTO [IJIs TIOMCKA HOMEPa CTPAHUYHOTO OJIOKA st CaMOil CTPAHUIIBL.

B xadectBe mpuMepa pacemoTpuM 32-pa3psaaabiii Bupryanbubiit agpec 0x00403004
(4 206 596 B mecsaTuaHOM hopmare), KOTOPHIH cooTBeTcTBYeT 12 292-My 6aiiTy BHYTpH
06JIaCTH ITAHHBIX. DTOT BUPTYAIbHLIN ajipec cootBerctByer PT1 = 1, PT2 = 2 u cmemnienne
paBHoO 4. /lucnieryep maMsTH cHavaja ucrosnbsyer PT1 st obpalieHust o WHIEKCY K Ta-
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GJriile BEPXHEro YPOBHsI M U3BJIEKAET 3alUCh 1, KOTOpast COOTBETCTBYET ajipecam oT 4 Mobaiit
10 8 Mbaiit — 1. 3arem on ucniosnbzyer PT2 s obpaiienust o nHAeKCy K TabJiuiie CTpaHull
BTOPOT0 YPOBHsI, 4TOObI HATH U U3BJIEYb 3alIUCh 3, KOTOPAsk COOTBETCTBYET ajfpecaM OT
12 288 10 16 383 BHyTpH cBOEro parmenTa pasMepoM 4 Mbaiit (To ecTb COOTBETCTBYET
aGecomoTHbiM agpecam ot 4 206 592 10 4 210 687). ITa 3anuch COAEPKUT HOMEDP CTPAHUY-
HOTO 6JIOKA TO# CTPAHUIIBI, KOTOPAst COMEPKUT BUPTYanbHbIi agpec 0x00403004. Econ sTa
CTpaHUIIA HE IIPUCYTCTBYET B AMSATH, TO OUT IIPUCYTCTBUS-OTCYTCTBUS B 3AIIMCH TaOJIMIbI
cTpaHuIl OyZeT UMEeTh HyJIeBOE 3HaUEHWE, YTO BBI30BET ONMUOKY OTCYTCTBUSI CTPAHMUILBL.
EcJin crpaHuia mpucyTCTBYET B AMSITH, TO HOMEP CTPAHUYHOTO GJIOKA, B3SATHII 13 TaOJIUIIbI
CTPaHUIL BTOPOTO YPOBHSL, 00BEAUHSIETCSI CO cMeleHueM (4) st oCTpoeHust GU3ndecKoro
ajipeca. ITOT ajipec BBICTABJISICTCS HA IIMHY W OTIIPABJISICTCS K OJIOKY [aMSITH.

B ornomennu nuzobpakenust Ha prc. 3.12 ciemyer OTMETUTD OfHY HHTEPECHYIO I€Talb. XOTsI
AJ[PECHOE MIPOCTPAHCTBO COAEPIKUT HOJIee MIJLIMOHA CTPAHUIIL, (DAaKTHIECKH BOCTPEOOBAHBI
TOJIBKO YETBIPE TaOJIUIIBL: TAbJIMI[A BEPXHETO YPOBHsI 1 TaOJIUIIBI BTOPOTO YPOBHSI [IJIsT AMSITU
ot 0 10 4 M6aiir — 1 (a1 Tekcra mporpammbr), ot 4 Mobaiit 1o 8 Mbatit — 1 (/s 1anHbIx)
u st Bepxuux 4 MOaiiT (BbiIeIeHHBIX TI0/] CTEK). BUTBHI IIPUCYTCTBUSA-OTCYTCTBUS B OCTaJIb-
ubix 1021 3aricu TabuIbl CTPAHULl BEPXHETO YPOBHSL YCTAHOBJIEHBI B HYJIb, 4TO IIPH JII0OOM
oOpallleHuK K HUM BbI30BET OIINOKY OTCYTCTBUS CTPAHUIIbL. [IpU BOSHUKHOBEHUM 9TON
OIUOKY OTIEPATIMOHHAS CHCTEMA TIOUMET, Y4TO TTPOIECC MIBITAETCSI OOPATUTHCS K TOM TTaMSITH,
obpaliieHre K KOTOPO He MPEIOIAraioch, U IPEAIPUMET COOTBETCTBYIOIIE MEPDI, HATIPHU-
Mep TOILIET MY CUTHAJ WM YHUUTOKHUT 3TOT TPOItecc. B JaHHOM IpUMepe MbI BHIOPaIIH
JUUTST Pa3fIMYHBIX Pa3MepOB OKPYTJIEHHbIE 3HaYeHns 1 pa3mep nosst PT1, pasuslii pasmepy
nosist PT2, HO B peaslbHBIX crCTeMax, KOHEYHO, BO3MOSKHBI U JIpyTHe 3HAYEHSI.

Cucrema, mokasanHas Ha puc. 3.12, B KOTOPOI HCHOJIb3yeTCs ABYXypPOBHEBast TabJIMIa CTpa-
HHUII, MOKET ObITh PacIIpeHa /10 TPEX, YeTbipex u GoJiee yposHeil. JlonosHuTe bHble yPOBHU
npuaaoT el 66JbiIyio rubkocts. Hanpumep, 32-paspsaanbiii npoueccop Intel 80386 (Bbiiry-
mennbiil 8 1985 romy) criocoben ObL1 agpecoBarth 10 4 [OalT maMsATH, UCIOIb3Ys IBYXYPOB-
HEBYIO TabJIMILy CTPAHUII, KOTOPas COCTOMT M3 KaTalora CTPAHMIL, YbH 3alIUCH YKa3bIBAIOT
Ha TaGJIMLbI CTPAHULL, KOTOPbIE, B CBOIO 04EPE/ib, YKA3bIBAIOT Ha (haKTUYECKKEe CTPAHUYHbIE
6ui0ku pasmepom 4 Koaiit. Kak B karasore, Tak u B TabJIuIax cTpaHuil copepskutcs mo 1024
3alliCH, YTO B IEJIOM, Kak u Tpebyercs, gaet 210 - 210 212 = 232 g ipecyeMbix HaliTOB.

Cuycrs 10 sier ¢ Boiyckom 1poreccopa Pentium Pro Gbli BBe/ieH elie 0JiH yPOBeHb: Tab-
JIdIa yKasaTtesieil Ha Katajoru crpanuil. Kpome Bcero mpouero, Kax/iast 3aiuch B Kax/10M
ypOBHE repapxuu tabiui] ctpanull Oblia paciumpena ¢ 32 10 64 pa3psiioB, 4TO MO3BOJISLIO
ajipecoBaTh TAMSTh 3a TpeaeaaMiu 4-rurabaiiTHON rpaHuilbl. II0CKOMIBKY UMETOCh BCETO
4 zamcn B TabJIMIlEe yKa3aTe el Ha KaTaJloru cTpaHuIl, 512 samuceil B Ka/KIOM KaTajaore
cTpanuil 1 512 3anuceil B Kax0i TabIUIE CTpaHUIL, 06U 00beM BO3SMOMKHOI aapecye-
MOM mamMsITi ObLI TO-TIPEKHEMY OTpaHIUYeH MaKCUMalbHbIM 3HaueHueM 4 ['6aiit. Koraa ke
K ceMeiicTBy X86 Gblia jmobaBieHa H0JKHAsA 64-paspsiaHas moaaepxkKka (M3HaYaIbHO 9TO
6110 ceano komianueit AMD), ZOIOJHUTENbHBIN YPOBEHb M0cHo ObLIO Obl Ha3BAThH
yKasarejieM TabJIMIbl yKa3aTe el Ha KaTaJoru CTPAHUIL. DTO BIIOJIHE BIIUCATIOCH Obl B MAHEPY
MPUCBAMBAaHUs HA3BAHUI ITPOU3BOAUTENISIMU MUKPocxeM. K cuacTbio, 9TOro He Pon30IILio.
U1 umu GbL1 BBIOPaH aJIbTePHATUBHbIN BAPUAHT «CTPAHUYHOE 0OTOOpasKeHue ypoBHst 4» (page
map level 4) — koneuno, uMs He camoe OPOCKOe, 3aTO KOPOTKOE 1 boJiee noHATHOE. B s11060M
cilydae, Ternepb 9TU MPOLECCOPDI UCIIOIB3YIOT Bee 512 3anuceii Bo Beex Tab/iMIlax, BbiIaBas
o0beM azpecyeMoit mamstu 2° - 29+ 29 29 212 = 28 Gajiros. Oru Morun Obl JOGABUTD U elle
OJIMH YPOBEHD, HO, BOBMOKHO, TIOyMaJIn, uto 256 T6aiit moka 6yeT 10CTaTOTHO.
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UHBepTUpOBaHHbIE TaGnULbI CTPaHUL,

AJTBTepHATUBA TIOCTOSTHHO PACTYIIUM YPOBHSIM UEPAPXUU CTPAHUYHON ajipecariuy Ha3bl-
BAETCS] MHBEPTHPOBAHHBIMH TAOJIUIIAMH CTPAHMI. BriepBble OHU MCIIOIB30BAIUCH TAKIMUI
nporieccopamu, Kak PowerPC, UltraSPARC u Itanium (kortopsle nxoria Ha3biBasu Itanic,
MOCKOJIBKY YCIIEX, Ha KOTOPBIN B CBSI3M € MX BBIXOJOM Hajiestrach Kommanust Intel, Tak u He Obit
JOCTUTHYT). B TaHHOM KOHCTPYKITII UMEETCST OTHA 3aTIHCh /TSI KAyKIOTO CTPAHWIHOTO OT0Ka
B PeasIbHOM MaMsITH, a He O/[HA 3aITUCh HA KAK/YIO CTPAHUILY B BUPTYAJIbHOM a/[PECHOM TIPO-
cTpaHcTBe. Hampumep, mpu UCTIOIb30BaHUM 64-Pa3psIHBIX BUPTYAJIbHBIX aJIPECOB, CTPAHUI]
pasmepoM 4 KbaiiT u onepatuBHoil namaTu pasmMepoM 4 [GaiiT nHBepTUPOBAHHbIE TaOJIUIIbI
TpeboBamm Toabpko 1 048 576 sanmceit. B kax/0i 3a11cu OTCIEKMBAETCS, YTO UIMEHHO Ha-
XOUTCS B CTPAaHUYHOM GJI0Ke (ITPOLece, BUPTYyajbHast CTPAHKIIA).

XoTs MHBEPTUPOBAHHBIE TAOIMIIBI CTPAHUI] 9KOHOMST 3HAUNTEIbHOE KOJIMYECTBO TPOCTPAH-
CTBa, 110 KpaifHell Mepe B TOM cJiydae, KOT/Ia BUPTYaJbHOE a/[peCHOE TPOCTPAHCTBO HAMHOTO
obbeMHee (HU3NYECKOI TaMATH, Y HUX €CTh OJIMH CEPbhe3HBIN He0CTATOK: IPeodpa3oBaHme
BUPTYaJIbHBIX aJIPECOB B (hU3MUECKIEe CTAHOBUTCSI HAMHOTO cJioskHee. Kora mpoiiece n
obpaiiaercst K BUPTyaJabHOU CTPAHUIIE P, allllapaTypa yiKe He MOXKET HalTu (PU3MIecKy1o
CTPaHMUILY, UCIIOJb3Ys P B Ka4eCTBE MHAEKCAa BHYTPH TaOJUIIbI CTpaHuil. BMecTo aT0T0 OHa
JIOJIKHA TPOBECTH MOUCK 3anucu (7, p) 10 BCell MHBEPTUPOBAHHOM Tabmuie crpanuil. bosee
TOr0, 3TOT MOUCK [OJIKEH OBITH MPOBEIEH MPU KayKI0M 00pAIIEHUN K TIAMSITH, & He TOJbKO
IpH OIKOKAX OTCYTCTBUS CTPAHULIBL. Bpsiz Ji MOKHO IPU3HATH IPOCMOTP TaOIMIIbI pasMe-
pom 256 K zanuceit npu KasaoM oOpaIieHny K HaMsTH CIOCOO0M CEIaTh Balll KOMITbIOTED
caMbIM OBICTPOIEHCTBYIOLIMM.

Perenue a1oil gusieMmbl coctout B ucnosbzoBaiun TLB. Eciu B atom Oydepe MoKHO
OyeT XpaHUTh WHGOPMAIHO 000 BCEX MHTEHCUBHO UCTIONB3YEMBIX CTPaHUIIAX, TTpeobpa-
30BaHUE MOKET IPOUCXOAUTD TaK jKe ObICTPO, KaK M IIPU MCIIOJIb30BAHKN OOBIYHBIX TaOJIKIL
ctpanuil. Ho mpu otcytcTBum Hy:kHoi 3amucu B TLB mporpamMma fomxHa TPpocMOTPETh
MHBEPTUPOBaHHYIO Tabuily crpaHuil. OJHUM U3 IPUEMIIEMBIX CIIOCOOOB OCYIIECTBIEHS
9TOrO IOKCKA SBJISETCS Be[leHHe XaIl-Tab M Ibl, CO3JaHHON Ha OCHOBE BUPTYAJIbHBIX /[PECOB.
Ha puc. 3.13 mokaszamno, uTo Bce HAXOAAIINECS Ha TaHHBIIT MOMEHT B TAMSTH BUPTYaJIbHbIC
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Puc. 3.13. ConocTaBneHne TpaauLMOHHOM TabnunLbl CTPaHWUL, C UHBEPTUPOBAHHOM
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CTPaHUIIbI, UMEIOTIE OJINHAKOBBIE XIIII-3HAYEHUSI, CBA3BIBAIOTCS B O/IHY 1lenouky. Ecin
Y X2UI-TabJIMIbl CTOJIBKO K€ CTPOK, CKOJIBKO (DU3UUYECKUX CTPAHUIL Y MALIMHBI, CPEAHSISA
1enovka OyAeT IJIMHOI BCEro JIMIb B OAHY 3aIlKCh, I03BOJISIS CYIIECTBEHHO YCKOPUTD OTO-
Opaskenue. Kak tosbko Oyzaer Haiigen Homep crpanuuHoro 6soka, 8 TLB Gyner BBesena
HOBad Mapa 3HaueHuil (BUPTYaIbHOTO, PU3UIECKOTO).

MuBeprupoBatHbie TabJIMIbI CTPAHUI] HAIILIU IIUPOKOE IPUMeHeHUe Ha 64-pa3psiiHbIX
MalrHaX, IOCKOJIbKY Jiaske IPU OueHb GOJIBIIMX pasMepax CTPaHKIl KOJUYECTBO 3alucei
B 00BIYHBIX TabJKIIAX CTPaHUIL Oy/AeT At HUX IPOcTo ruranTckuM. K iipumepy, 1ipu pasmepe
crpanuil 4 Moaiit u 64-paspsiHbIX BUPTYaJbHBIX ajpecax noHagoources 242 sammnceil B Ta-
Gunite crpanui, JIpyrue noaxomasl k pabore ¢ 60JblnMu 00beMaMi BUPTYaIbHON IaMATH
MOKHO Haiitn B pabore Tamnypu (Talluri et al., 1995).

3.4. AAroputMbl 3aMeLLEeHUs CTPpaHuL,

[Tpu BO3BHUKHOBEHUU OMIKMOKU OTCYTCTBUSI CTPAHUIIBI OlEPAIIMOHHAS CUCTEMA J0JIKHA
BBIGPATDH BhICEISIEMYIO (YAQISEMYIO U3 AMSITI) CTPAHUILY, 4TOOBI OCBOGOAUTD MECTO JIJIsT
3arpyskaeMoii cTpaHulibl. Ecam nmpeanasHadenHas /71l y/lajdeHns CTPAaHHIA 38 BPEMsI CBOETO
HAXOJK/JEHVsI B AMSITH [IPeTepIiesia N3MeHeH s, OHa JIOJIKHA ObITh [epericata Ha JINCKe,
4TOGBI TPUBECTU UCKOBYIO KOIMIO B aKTyasbHOE cocTostHue. Ho ecain cTpaHuiia He usMe-
Hsl1ach (HAIpuMep, OHA COZIepsKaja TeKCT IIPOTPaMMBI ), IFICKOBAsT KOS He yTpaTniia CBoei
AKTYaJIBHOCTH U TIepe3amich He Tpebyercs. Torma cunTbiBaeMast CTPAHUIA TPOCTO THIIIETCST
TTOBEPX BBICEIISIEMOH.

Ecsm 661 1ipu Kayk/10ii o1OKe OTCYTCTBUS CTPAHUIIBI MOKHO ObLJIO BEIOUPATH VIS BbICEJIe-
HUSA IPOU3BOJIBHYIO CTPAHUILY, TO IPOU3BOAUTEILHOCTD CHCTEMbI Obljia Obl HAMHOTO BBIIIIE,
ecJi Obl BBIOOD T1aziasl Ha peako BocTpedyemyio crpanuity. [1pu yaaneHnn MHTEHCUBHO UC-
TOJTb3YEMOT CTPAHHUIIBI BBICOKA BEPOSITHOCTD TOTO, UTO OHA B CKOPOM BPEMEHH OY/IET 3arpy-
JKEeHa OITSATh, YTO TIPUBE/IET K JIUITHUM n3epkkaM. Ha BEIpaboTKy airopuTMOB 3aMeIIeHIUsT
CTpaHwuIL 6BIJIO TTOTPAYEHO MHOKECTBO YCUJIMIA KaK B TEOPETHUECKOM, TaK M B 9KCIIEPUMEH-
TasbHON obacTax. Jlajmee Mbl pacCMOTPUM HEKOTOPbIE 13 HanboJiee BasKHBIX aJITOPUTMOB.

Cremyer 3aMeTUTD, 9TO MpoOJIeMa «3aMelleH s CTPAHUIl> NMEET MECTO U B APYTUX 00Ia-
CTAX IPOEKTUPOBAHM KOMIIBIOTEPOB. K mpumMepy, y GOIbIINHCTBAa KOMIIBIOTEPOB NMEETCSI
GoJiee OIHOTO Kallla TAMSTH, COAEPKAIIKX MOCJAeIHIE UCIOIb30BaHHbIe 32- i 64-0aiiTHble
6s10ku naMsTi. TIpy 3aI0IHEHUY K311 HYKHO BBIOpATh yaajseMble 6I0KU. DTo mpobiema
B TOUHOCTH [IOBTOPSIET IPOOJIeMY 3aMeIleHIs CTPAHUIL, 3a UCKJIoUeHeM 60jiee KOPOTKOTro
BpeMeHH (BCe IOJIKHO ObITh C/IeJIaHO 32 HECKOJIBKO HAHOCEKYH/I, & He MUJLIMCEKYH]T, KaK [PH
3amenteHuu crpanui). [IpuanHoil HeoOGxoanMocTH 60sIee KOPOTKOTO BPEMEHU SIBJISIETCSI TO,
YTO HeHalileHHbIe OJOKK Kallla 6epyTCsl U3 OllepaTUBHOI maMsATH Ge3 3aTpar BpeMeHH Ha
MOKCK 1 €3 3a/Iep/KEK Ha PaCKPYTKY AUCKA.

B kauecTBe Broporo npumepa MOsKHO B3sITh BeO-cepBep. B kalire maMsaTu cepBepa MOKET co-
JIEPKaThCST HEKOTOPOE KOJIMYECTBO YacTo BocTpebyeMbix Beb-crpanuil. Ho pu 3amosHenu
K9IIIa aMsITH 1 00pallleHiU K HOBOU CTPaHUIIE 0JIKHO ObITh IPUHSTO PEIIEHUE O TOM, KaKyIO
BeO-CTPaHUILy HY/KHO BBICEJHUTD. 3/1ECh UCIIOJIB3YIOTCS TE JKe IIPUHIIUIIBL, YTO U 1Ipu paboTte co
CTPaHUI[AMU BUPTYAJIbHOM IAMSITH, 32 UCKJIIOYEHUEM TOTO, YTO BeO-CTPAHUIIbI, HAXOSIIINECS
B K3llle, HUKOT/IA He MOJ[BEPTAIOTCsT MOANMUKAINH, TI09TOMY Ha JINCKe BCET/IAa MMEETCs UX
CBeKasd KOTIHS. A B CHCTEME, NCTIOTB3YIOMIEH BUPTYATbHYTO TTAMSATh, CTPAHUIIBI, HAXOASAIINECS
B OIEPaTHBHON ITaMATH, MOTYT ObITh KaK U3MEHEHHBIMMU, TAK U HEU3MEHEHHBIMU.



244 MmaBa 3. YnpasneHue namsTbio

Bo Bcex paccmaTpuBaeMbIxX Jlasiee aIroOpuTMax 3aMelieHus CTPAHUIl CTAaBUTCS BIIOJIHE
olpeieJIeHHbII BOIIPOC: KOT/a BO3HUKAET HEOOXOMMOCTD yAaJeHUs CTPAHUIIbI U3 [TAMSITH,
JIOJIZKHA JI 3Ta CTPpaHuIa ObITh OJHON M3 TeX, YTO IPUHALJIEkKAT [IPOLEeCCy, B paboTe KOTO-
POTro MPOK30IILIa OMIMOKA OTCYTCTBUSA CTPAHUIIBI, UJIM 3TO MOKET ObITh CTPAHKIA, IPUHAL-
Jlekarias IpyroMy mpoiieccy? B mepBom cirydae MBI 4eTKO OTpaHUIMBAEM KasKIBIN TIPOTIece
(pUKCPOBAaHHBIM KOJUICCTBOM MCTIOIB3YEMBIX CTPAHUIT, @ BO BTOPOM TaKWX OTPAHUICHITH
He HakJaabiBaeM. Bo3MOKHbI 06a BApHAHTa, a K 9TOMY BOIIPOCY MbI €11I¢ BEPHEMCSL.

3.4.1. ONnTUManbHbLIA ANIFOPUTM 3aMeLLEeHNA CTPaHUL,

Hawnmyumimmii anropiT™ 3aMereHnst CTPAHKIL HECTIO/KHO OTACATh, HO COBEPITEHHO HEBO3MOJK-
HO peajin30BaTh. B HeM Bce PONCXOAUT cieayonM obpasoM. Ha MOMEHT BOSHUKHOBEHUS
OIMMOKU OTCYTCTBUST CTPAHUIIBI B TAMSITH HAXOAWTCS OTIpeie/ieHHbIN Habop crpanuil. K He-
KOTOPBIM M3 9TUX CTPAHUI] OYAET OCYIIECTBIAThCS oOpalleHne OYKBaJIbHO U3 CJAEAYIONIX
KoMaH/[ (9T KOMaH/IbI cojiepskaTcst Ha crpanuiie). K apyrum crpanuiiam obpaiieHust MoxKeT
He 6biTh 1 yepes 10, 100 wiu, BosmosxHo, gaxe 1000 komana. Kaxaas crpanuia Moxer
OBITH TIOMEUYeHa KOJNIECTBOM KOMaH/I, KOTOPbIE JAOJKHBI OBbITh BHIIIOJIHEHBI 10 IEPBOTO
obpalleHns K CTpaHuILe.

OnTuMaibHBII QJITOPUTM 3aMEIIEH s CTPAHUIL TJIACKT, YTO J0JKHA ObITh yilajeHa cTpa-
HHUIIA, UMEIOIIast TOMETKY ¢ HanOOIbIINM 3HadyeHneM. Eciin kakasi-To crpaHuiia He Gyaer
UCIIOJIb30BAThCS Ha MPOTSKEHUHU 8 MIIH KOMaH[I, a Ipyras Kakasg-HuOyb cTpaHuIia He Oyaer
MCIIOJIb30BAThCA Ha NMPOTSKEHUN 6 MJIH KOMaH/I, TO yAaJeHue epBoil 13 HUX IIPUBEIET
K OIIHOKE OTCYTCTBUS CTPAHUIIBL, B Pe3yJibTate KOTOPOl oHa Oy/IeT CHOBa BbIOpaHa C IICKa
B CaMOM OTAaJeHHOM GymytieM. KoMIbroTephl, Kak ¥ JIFOAHN, MBHITAIOTCS TT0 BO3MOKHOCTH
MaKCHUMaJIbHO OTCPOYMTH HEIIPUSATHDBIE COOBITHUSI.

EauncTBeHHOi 1po6IIeMOii TAKOTO aJIrOpUTMa SBJISAETCA HEBO3MOKHOCTD €0 Peaiu3allii.
K ToMy BpemeHu, Korja IpousoiieT omnbKa OTCYyTCTBIS CTPAHUIBI, Y ONIEePAIIMOHHOM CU-
crembr He OyzieT crocoba y3HaTh, KOraa Kaskaasi 3 CTpanuil Oyzer BocTpeboBata B CJELyI0-
it pas. (ITogobHas cutyaiys HaboAaIaCh U paHee, KOI/ia Mbl PACCMAaTPUBAJIK aJITOPUTM
[JIAHUPOBAHKS, BLIOMPAIOIINI CHAYAIa cCaMOe KOPOTKOE 3a/laHKe, — KaK CUCTeMa MOJKET
OTIpeJIesINTh, KaKoe M3 33/laHnii camoe KopoTkoe?) Tem He MeHee IIPU IPOTOHE TIPOTPAMMBbl
HA CUMYJISITOPE U OTCJICKUBAHUU BCeX 00palleHuil K CTpaHUIaM HOABJISETCS BOSMOKHOCTD
peasn30BaTh ONTUMAJBHBIN AJTOPUTM 3aMeIeHusT CTPAHUIL TIPU 8MOPOM TIPOTOHE, BOC-
MOJIb30BABINCH uH(bopMaIueil 06 oOpaleHin K CTpaHuaM, COOPAaHHON BO BPEMSI nepe0zo
MIPOTOHA.

Takum 06pa3oM MOSBISETCS BO3MOKHOCTD CPABHUTH MPOU3BOAUTEIHHOCTD OCYIIECTBU-
MBIX AJITOPUTMOB € HAWJIYYIINM 13 BO3MOXKHBIX. Ecim omeparnonHas cucreMa 0CTUTaeT
MPOM3BOJMTETBHOCTH, CKaKeM, Ha 1 % Xy’Ke, 4eM Y OITUMAIBHOTO aJITOPUTMA, TO YCHUIIHUS,
3aTpadyeHHble Ha TIOUCKHU OOJIee COBEPIIEHHOTO AJITOPUTMA, HAIyT He bostee 1 % yirydieHus..

Yr06b1 n36€KaTh JTIOOON BO3MOKHOIT Ty TAHWIIBL, CJIEYET YSICHUTD, YTO TIOJ00HAs PErucTpa-
1151 0OpaIlenuii K cTpaHmIiaM OTHOCUTCS TOJILKO K OJHOIT ITporpaMMe, IIPOIIeIIeli OleHKY,
U TOJIBKO TIPH OJHOM BIIOJIHE OIpeeeHHOM HabOope BXOAHBIX JaHHbIX. Takum oGpasom,
[OJIyYeHHbII B PE3yJIETaTe HTOTO aJTOPUTM 3aMeIeHNs CTPAHUI] OTHOCUTCS TOJIBKO K 9TOM
KOHKPETHOI1 IIporpaMMe U K KOHKPETHBIM BXOAHBIM JaHHBIM. XOTS 9TOT METOI, 1 IIPUMEHSI-
eTCsI LIS OI[eHKH aJITOPUTMOB 3aMeIeHNsI CTPAHUII, B PEabHBIX CHCTEMaX OH OeCIIOIe3eH.
[laee Mbl GyIeM paccMaTpUBATh Te aITOPUTMbI, KOTOPBIE 0elCmEUmensHo MOJTEe3HbI JJIsT
peasIbHBIX CUCTEM.
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3.4.2. AnropUTM UCKJIIOYEHNA HeJaBHO
MCNOJIb30BaBLUENCS CTPaHULbI

YTOOBI TTO3BOJIUTH OTEPAIIIOHHO CHCTEME OCYIIECTBUTH cOOP MOJIE3HON CTaTHCTUKY BOC-
TPeOOBAHHOCTU CTPAHULL, OOJIBITUHCTBO KOMIIBIOTEPOB, UCIOAb3YIOINX BUPTYAJbHYIO
maMsiTh, UMEIOT JIBa OuTa cocTOsTHUS, R U M, CBA3aHHBIX ¢ KaKIoi cTpaHuieil. bur R
YCTaHABJIUBAETCS [IPU KaXKOM 00palieHuu K cTpanuiie (IIpy YTeHUH Wi 3anucu). but M
YCTAHABJINBAETCS, KOT/IA B CTPAHUILY BEIETCS 3aTUCh (TO €CTh KOT/Ia OHA MOAU(UIIUPYETCS ).
AT GUTHI, KaK MOKa3aHo Ha puc. 3.11, IPUCYTCTBYIOT B KaK/0M 3amucy TabIUIbl CTPAHMIL.
BaskHO ycBOUTD, 4TO 9TH OUTBI JOJZKHBI OOHOBJISATHCS TIPU KasKIOM 00palleHIK K TTaMSITH,
[09TOMY HEOOXOAMMO, YTOObI UX 3HAYEHMs YCTaHABINBAIUCH annapaTtHoil yactoio. ITocse
ycTaHoBKU OuTa B 1 OH coXpaHsieT 9To 3HaYeHue /10 TeX 110p, ToKa He OyueT cOpolleH ore-
PaIlMOHHON CHCTEMOTA.

Ecou y arnmapatypbl HeT TakuxX OMTOB, OHU JI0JIKHBI OBITH CO3/IaHbI HCKYCCTBEHHO € TIOMO-
IIbI0 MEXAHU3MOB OTIE€PAIIMOHHOI CUCTEMbI OITUOKU OTCYTCTBYSI CTPAHUIIBL ¥ TIPEPhIBAHUS
taitmepa. IIpu 3aiycke 1poliecca Bce 3alicu B ero Tabjimie CTPaHuIl IOMeyaioTcst OTCyT-
CTBYIOIMMU B amMsATH. Kak ToJIbKO npousoiiger obpalietue K crpaHuiie, BOSHUKHET OG-
Ka OTCYTCTBHS CTpaHuIlbl. Torza onepaiuoHHas cucreMa ycraHaBausaer OuT R (B cBoux
BHYTPEHHUX TabIMIax), U3MEHsET 3aluch B TabJIMIle CTPaHKIL, YToObI OHA yKasblBaja Ha
MPABUJIBHYIO CTPAHUILY, C peXKUMOM focTyma ToabKo 17 uyTennss (READ ONLY), u epe-
3amycKaeT KoMaHay. Ecau BocaecTBUH CTpaHUIa MOANMUITNPYETCs, BO3HUKAET Apyras
onmbKa CTPaHULbI, HO3BOJIAIONIAS OIIEPAIIMOHHON cucTeMe yCTaHOBUTL OUT M U UBMEHUTD
PeKnM JI0CTyTIa K cTpanniie Ha yTenne-3anuch (READ/WRITE).

buter R 1 M MOTYT MCTIOTB30BATHCS /71T CO3/IAHUS CIIEAYIONIETO TPOCTOTO AITOPUTMA 3aMe-
menus crpanuil. [Tpu 3amycke mpoiecca 06a CTpaHuYHbIX OUTa I BCEX €r0 CTPaHUIL yCeTa-
HaBJIWBAIOTCS OTIepaIlMOHHOM crcteMoii B 0. BpeMs ot BpeMeHu (HampuMep, TP KaxKIOM
HpepbiBaHuU 10 Taiimepy) 6uT R cOpacbiBaeTcs, 4TOObI OTJIMYNUTH T€ CTPAHKIIBI, K KOTOPHIM
B IocJjIeiHee BpeMs He ObLIo 0OpalleHnil, OT TeX, K KOTOPbIM Takue oOpaleHus ObLIu.

[Ipy BO3HUKHOBEHHMHU OIIMOKM OTCYTCTBUS CTPAHUIIBI OTIEPAIMOHHAsE CUCTEMA [IPOCMATPUBa-
€T BCe CTPaHMIbl U Ha OCHOBE TEKYIMX 3HAYEHUIT IIPUHALJIeKAIMX UM OuToB R u M nesr
WX HA YeTBIPE KaTEeTOPUL:

1. Kuacc 0: B ocsiezinee BpeMst He GbLI0 HU 0OpaliieHui, Hi MOANMUKAIHIA.

2. Kiacc 1: oOpamienuii B mocjiennee BpeMsi He ObLI0, HO CTpaHuIa MOAM(pUIUPOBaHa.
3. Knacc 2: B mocegnee BpeMst ObLn oOparienus, Ho MoAndUKanni He ObLIO.

4. Knacc 3: B ocseiHee BpeMst ObLIH 1 OOpalleHnsT, 1 MOAU(DUKAIIH.

XoTs Ha MepBbIN B3V CTpaHUI Kacca 1 ObITh HE MOKET, HO OHU MOSBJAIOTCA B TOM
cilydae, ecJii y CTpaHuIl kiacca 3 6uT R cOpachiBaeTest [0 IPEPhIBAHUIO OT TaiiMepa. ITu
npepbiBatus He cOpachBaioT GUT M, TOCKOJIbKY COAEPIKAIIAsICA B HeM MH(POPMAIIs HE0O-
XOJIUMA JIJIS TOTO, YTOOBI Y3HATH, HY/KHO MIEPEIUCHIBATD CTPAHUILY, XPAHSILYIOCS Ha JIUCKeE,
uym Het. Copoc 6ura R 6e3 coOpoca 6ura M v IPUBOAUT K BOSHUKHOBEHUIO CTPAHUIL KJracca 1.

ANTOPUTM MCKIIOUEHNST HelaBHO Mcmosb3oBasineiicss ctpanniiel (Not Recently Used
(NRU)) ynaznsieT mponsBOJIbHYIO CTPAHUILY, OTHOCSIIYIOCS K CAMOMY HU3KOMY HEITyCTOMY
KJ1accy. B aToT asnroputM 3ajoxkeHa ujes, CyTb KOTOPOH B TOM, YTO JIydIlle YaJIuTh MOJIH-
(UIIPOBAHHYIO CTPAHUILY, K KOTOPOII He OBLIO 0OpaliieHuil 0 KpailHell Mepe 3a TOCTIeIHIH
TAKT CUCTEMHBIX 4aCOB (0OBIYHO 9TO BPEMsI COCTABIIsIET OKOJIO 20 MC), YeM yIaJIUTh HHTEH-
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CUBHO HUCITOTb3yeMyIo cTpaHuIly. [y1aBHas npusiexkaTesbHOCTh anroputMa NRU B ToM, 4TO
€ro HETPY/IHO TIOHATh, CPABHUTEIBHO MMPOCTO PEATU30BATh U I0OUTHCS OT HETO TIPOU3BOIN-
TEJLHOCTH, KOTOPast, KOHEYHO, He OITUMAJIbHA, HO MOKET ObITh BIIOJIHE IIPHEMIEMA.

3.4.3. AnropuTtm «nepBomn NnpuLuia, Nnepeom 1 ywuna»

JlpyruM HI3K03aTPATHBIM aITOPUTMOM 3aMeTttieH s cTparuil sBiseTcs anroputM FIFO (First
In, First Out — «1epBbIM HPUILIES, IEPBLIM YIes» ). YToObI IIPOUJUIIOCTPUPOBATD €ro paboTy,
PaccMOTPUM CyTIEPMApKET, Y KOTOPOTO BITOJIHE JIOCTATOUHO TOJIOK JIJIST ITPE/ICTABIEHNS KaK Pa3
k pasmmunbix TOBapoB. 1 BOT 0HAK/IBI KAKASA-TO KOMIAHWS PEACTABJISIET HOBBINA yA00HbII
HPOAYKT — OBICTPOPACTBOPUMBIH, OIYYEHHbIH B pe3yJibraTe CyOJIUMaIMOHHO CYIIKU HATY-
PaJIbHbIIT HOTYPT, KOTOPbINA MOKET OBITh BOCCTAHOBJIEH B MUKPOBOJIHOBOIT neun. OH cpasy ke
HPHOOPETAET TIOMYJIAPHOCTD, II09TOMY Halll 3a0UTBII 10/ 3aBA3KY CylIePMapKeT J0JKEeH 13-
GABHUTBCS OT OIHOTO CTAPOTO MIPOYKTA, YTOOBI 3AIIACTICH HOBBIM.

Mo:KHO, KOHEUHO, HAWTH CaMBbIil 3a7TeKasbIil ToBap (TO €CTh UTO-HUOYIb, 4eM TOPTYIOT YIKeE
JIET CTO ABA/IIIaTh) U N36aBUTHCS OT HETO Ha TOM OCHOBAHUU, YTO MM ysKe OOJbIIe HUKTO
He uHTepecyeTcs. B pealbHOCTH cyliepMapKeT BeIeT CBSI3AHHBIN CITUCOK BCEX TIPOAYKTOB,
HUMETOIIMXCS HA TEKYTIUI MOMEHT B ITPOJIAKe, B OPSI/IKE UX TocTyTieHust. HoBblii ipoyKT
TOTIAJIAeT B KOHEIl CIUCKA, a IIPOJAYKT U3 CAMOTO HAavyaJla CIIUCKA YAAJIseTCsl.

Jlnst anropuTMa 3aMerenns CTPAHUI] MOKHO BOCIOJIB30BATHCS TOH ke njeeir. Oneparu-
OHHasd CUCTEMa BEJIET CIIMCOK BCEX CTpaHUI], HaXOAAIUXCA Ha I[B_HHbII?I MOMEHT B ITaMATH,
IIPUYEM COBCEM HEIaBHO IIOCTYIUBINNE HAXOJATCA B XBOCTE, IOCTYIUBIINE PaHbIIIe BCeX —
B TOJIOBE CrUCKa. [Ipy BOSHUKHOBEHUHU OIMTMOKU OTCYTCTBUST CTPAHHUIIBI YASIETCS CTPAHUIIA,
HAXOJISITIASICST B TOJIOBE CITMCKA, a K €r0 XBOCTY 00aBJIsieTcst HoBast cTpaHuia. [IpuMenu-
TesbHO K Marazuny npunnun FIFO MoxeT npuBecTH K y/1aJleHUIO BOCKA IS ATTUJISIINN
YCOB, HO OH TaKKe MOJKET IPUBECTH U K YAQJIEHUI0 MyKH, COJIN Nau MacJia. [IpumennTersHo
K KOMITHIOTEPAM MOYKET BO3HUKHYTb Ta JKe MPobieMa: camMast crapast CTPAHHUIIA BCE el MOKET
npuroanTbes. Iloatomy npunimn FIFO B yncTom Bujie NCIiob3yeTcst I0BOJIBHO PEKO.

3.4.4. AnropnTtMm «BTOPOM LLUAHC»

ITpocroii mogudukaimein anropurma FIFO, uckaovaomneil npobiemy yaaneHus 4acTo
BOCTPeOYEeMOM CTpaHUIIbl, MOJKET CTaTh IpoBepKa Gurta R camoii ctapoii crpanuiisl. Ecin
€ro 3HaYeHKe PABHO HYJIIO, 3HAYUT, CTPAHUIIA HE TOJILKO CTapast, HO U HeBOCTpeOOBaHHasl,
MO3TOMY OHa TYT ke yaausercst. Eciu 6ur R nMeer 3HaveHue 1, oH cOpachiBaeTcs, a crpa-
HUI[A TIOMEIAETCST B KOHEI[ CIIUCKA CTPAHUI] U BPEMsI €€ 3aTPy3KH OOHOBJISIETCSI, KaK Oy/ITO
OHA TOJIBKO YTO TIOCTYIUJIA B TIAMSTh. 3aTeM TIOUCK TIPOJI0JIKAETCSI.

JleiicTBUE 9TOTO AJIrOPUTMA, HA3BAHHOTO «BTOPOIi AHC», MoKa3aHo Ha puc. 3.14. CtpaHuiipl
c Ao H cozep:Rarcs B CBS3aHHOM CITMCKE OTCOPTUPOBAHHBIMU TI0 BPEMEHU UX TTOCTYIIIIEHUST
B ITAMSITh.

[TpeanosoKuM, 4To OMMUOKA OTCYTCTBUS CTPAHUI[BI BOSHUKJIA Ha oTMeTKe BpemeHu 20.
Cawmoii ctapoii ABIsIeTcs cTpaHuiia A, BpeMs MOCTYTIIIEHUST KOTOPOH COOTBETCTBYET HAauaTy
nporecca u pasho 0. Eciv 6ut R gist crpanuiisl A cOpolieH, crpanuiia Jaubo yaausercs 3
HAMSTH C 3aIUCDHIO HA AUCK (€C/IM OHA U3MEHEeHHast ), TMO0 IIPOCTO yaassiercs (ec/i OHa He-
usMmenenHtas ). Ho eciim 6ut R ycTaHOBIIEH, TO A TIOMEINAETCs: B KOHEIL CIIMCKA U €€ «BPeMs
3arpysku» nepexsiodaerca Ha rekyiiee (20). Takoke npu atom cOpacbiBaercs 6ut R. A nouck
MOJIXOJISATIEN CTPAHUIIBI IPOJIOJIKAETCS CO CTPAHUIIBI B.
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Ctpanuua,
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Puc. 3.14. [elicTBME anropntma «BTOPO LLUAHC»: @ — CTPaHULLbl, OTCOPTUPOBaHHbIE B nopsaake FIFO;
6 — CMMCOK CTPaHUL, NPV BO3HMKHOBEHMM OLLUNGKN OTCYTCTBUS CTPaHKLbI, MokadaTtesne Bpemenn 20
1 YCTaHOBJIEHHOM B CTpaHuLe A 6ute R; Yncna Hag, CTpaHnLaMm — 3To BPeMsi, KOraa oHu 6blnv 3a-

rpy>XeHbl

AJTOPUTM «BTOPOI TAHC» 3aHUMAETCST TOMCKOM paHee 3arpy>KeHHOH B TTaMATh CTPAHUIIBI,
K KOTOPOU 3a TOJIBKO YTO TIPOLIE/IIIN WHTEPBAI BpeMEHH TaiiMepa He ObLI0 06palieHil.
Ecaiu obparieHust ObLIH KO BCEM CTPAHUIAM, TO aJITOPUTM «BTOPOU IIAHC» TPEBPAIAETCS
B nipoctoii anroput™ FIFO. IIpencraBum, B 4acTHOCTH, UTO y BCEX CTPaHUIL Ha puc. 3.14, a
6ut R ycranosien. OriepaliioHHast CHCTEMA TO0YEPE/IHO TIEPEMENIAET CTPAHUIIBI B KOHEI
CIKCKa, ouuiasi OuT R 1pu Kask/oM J00aBJIeHUN CTPAHUIIBI K KOHILY CIIHCKA. B KoHIe
KOHIIOB OHa BO3BpAIaeTcst K cTpamuiie A, y Kotopoii 6ut R Tereps y:xe coporien. U torma
crpannia A Bbicessiercst. TAKUM 00pasoM, aJITOPUTM BCET/a 3aBEPIIAET CBOIO paboOTYy.

3.4.5. AnropnTtm «4yachbl»

[Tpu Bceit cBOEil IOTHYHOCTU AJITOPUTM «BTOPOIL TAHC» CJAUNIKOM Hea((heKTUBEH, 1Mo-
CKOJIBKY OH MOCTOSIHHO MepeMelaeT CTPAHUIIBI B CBOeM citucke. Jlyudrie comep:karb Bce
cTpaHnYHble 6JOKK B IIUKJIMYECKOM CIIMCKe B Bue yacos (puc. 3.15). Crpeska ykasbiBaer
Ha CAMYIO CTapyIo CTPAHMUILY.

Q
Korga npovcxoguT cTpaHnyHoe

npepbiBaHVe, NoBepseTcs cTpaHnLa,
Ha KOTOpYIO yKasblBaeT cTperka.
IEl MpeanpuHumaemMble 4enNCTBUSA

3aBUCSHT OT 6uTa R:

R=0: cTpaH1ua BbIrpyxaetcs

IIl R=1: 6uT R cbpacbiBaeTtcs, cTpenka
OBWXeTCH Brepes

Puc. 3.15. Anroputm «yachbl»
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[Tpu BO3HUKHOBEHKUH OIIMOKK OTCYTCTBISI CTPAHUIIBI IIPOBEPSIETCS Ta CTPAHUIIA, HA KOTOPYIO
yKasbiBaeT crpesika. Ecin ee 6ut R umeer snavenue 0, cTpaHuila BbICEISIETCs, Ha €e MECTO
B «1udepbiaTe» BCTaB/IeTCS HOBAsA CTPAHKIA U CTPEJIKA [EePeABUTaeTC BIIEPe]] Ha OAHY
nosunuio. Eciu sHauenne 6uta R paBHO 1, To OH cOGpachIBAeTCsT M CTPEJIKa TiepeMenaeTcs
Ha CJIEYIONLYI0 CTPAHUILY. ITOT MIPOIIECC TIOBTOPSIETCS 10 TEX TI0P, TIOKa He OyieT HalieHa
crparuta ¢ R = 0. HeyamBuTtepHO, 9TO 3TOT aJITOPUTM HA3BIBAETCS <YACHI»>.

3.4.6. AnropnTtm 3amMeLL,eHUss HaMMeHee
BOCTpPeOOBaHHO CTPaHNLbI

B ocHoBe HENI0X0T0 TPUOJIMKEH ST K ONTUMATBHOMY QJITOPUTMY JIEKUT HAGTIO/EHIE, YTO
CTPAHUIIbI, HHTEHCUBHO MCIOJIb3YeMble HECKOJIBKIUMU TTOCJAETHUMEI KOMAaHAAMU, OYYT,
CKOpee BCEro, CHOBA BOCTPEGOBAHBI CJEAYIONIUME HECKOJbKUME KoMaHAaMu. 1 #Hao60-
pOT, JI0JITO€ BPeMst He BOCTPEOOBAHHBIE CTPAHUI[BI HABEPHSIKA €IIIe JIOJITO TaK M OCTAHYTCSI
HEBOCTPEOGOBAHHBIMU. JTa MBIC/Ib HATAJIKMBAET HA BIIOJIHE PEAJIU3YEMbIil aJlTOPUTM: IIPU
BO3HUKHOBEHUH ONMTHOKI OTCYTCTBUST CTPAHUI[BI HYKHO H30aBUTHCS OT TOW CTPAHUIIBI, KO-
TOpast IVIUTEIbHOE BPeMst He Obliia BOCTpeboBaHa. JTa CTPATETHS HA3BIBAETCST 3aMellleHHeM
HanMeHee BocrpeGoBanHoi crpanuip (Least Recently Used (LRU)).

Teopernuecku peanuzosath asiroput™ LRU BriosHe BO3MOKHO, HO €10 TPAKTUYECKas peasiu-
3aIUsT IAeTCsT HeJIerko. JIJIst ero ToTHON peannsaliii HeoOXOMMO BECTH CBSI3aHHBIN CIIMCOK
BCEX CTPaHWII, HAXOAAIINXCS B MAMsITH. B Havajie 9TOro Cnmcka J0JukKHa ObITh TOJBKO Y4TO
BoCTpebOBaHHas CTPAHUIIA, a B KOHIle — HanMeHee BocTpeboBattast. CJI0KHOCTb B TOM, 4TO
9TOT CIIMCOK JI0JIKEH OOHOBJIATHCS IIPH KaxKI0M oOpalieHuu K naMaTu. [ljis nmomucka crpatu-
I[bl B CITHCKE, €€ yIAJIEHUs U3 HEr0O U TTOCJIE/YIOIIETO epeMEIeH s 9TOW CTPAHUIIBI BIIEPE]]
noTpebyercsi JOBOJbHO MHOTO BPEMEHM, [IasKe eCJIM 9TO OYeT BO3JIOKEHO Ha alllapaTHOEe
obecniedenne (eCu IPEAIONOKUTD, YTO TAKOe 000PYA0OBAHUE MOKHO CO3/ATh).

CyutectByioT u gipyrue criocoObl peasuzanuu LRU ¢ ucosib3oBanueM CreruaibHoro 06o-
pynoBanus. CHauasa pacCMOTPUM CaMblii TIpocToil 3 HuX. /17151 ero peanmsaiinn anmapatHoe
obecrieyenne He0OXOAMMO OCHACTUTD 64-paspsianbiM cyeTdnkoMm C, 3HaueHre KOTOPOro
ABTOMATUYCCKU YBEJMUMBAETCS TTOCJIe KaKI0M KoMaHbl. KpoMe aTOro Kaskaas 3ammch
B TabJIuIle CTPAHUI] JI0JKHA UMETh JOBOJIBLHO OOJIBIIOE T10Jie, YTOOBI COIAEPIKATH 3HAUCHIIE
aToro cuerduka. ITocie Kasoro obpaiieHus K HaMsTh Tekyliee 3Hadetnue cyerdnka C co-
XpaHAeTCA B 3aMCK TaOJUIIBI CTPAHULL, OTHOCSIIENCS K TON CTPaHuIle, K KOTOPO OBLIO 3TO
obpamtenye. IIpy BOSHUKHOBEHUU OMIMOKK OTCYTCTBUS CTPAHULBI OllEPALlMOHHAS CUCTEMa
MIPOBEPSIET BCE 3HAYEHMST CUeTUYHKa B TabJIMIE CTPAHUIL, YTOOBI HANTI HaMEHbIIIee U3 HUX.
Ta crpanuiia, K Ybeil 3aIIMCH OTHOCUTCS 3TO 3HAYEHME, U OyAeT HauMeHee BOCTPeOOBaHHOIL.

3.4.7. MopenupoBaHue LRU B nporpammHoM o6ecneyeHuun

[Ipu Bcelt mpUHIIUTTHATBLHON BO3MOXHOCTHU peanusannu aaroputma LRU Bpsax mm Haii-
JeTCsT MallHa, obJianaoinas HysKHbiM 00opynoBanuem. CKopee BCero, HaM MOHAT00UTCsT
pelienue, KOTopoe MOKET ObITh peajin30BaHo B IiporpaMMHoM obectiedernu. OHO 13 BO3-
MOJKHBIX PellleHnil Ha3blBaeTCsl aJITOPUTMOM Heyactoro Bocrpedosanust (Not Frequently
Used (NFU)). [l;1s1 ero peanusanuu MOTpeGyeTcst TPOrPaMMHBII CYETINK € HAYaThHBIM
HYJIEBBIM 3HAUEHWEM, CBSI3aHHBIN ¢ Ka)KI0M cTpanHutieil. [Ipu KaskaoM mpepbhIBaHUM OT
TaliMepa olleparoHHasl CUCTeMa CKaHUPYeT BCe HAXOSANIMeCs B TaMITH CTPaHUIbL. [liis
KasK/I0M CTPAHUIIBI K CYeTYUKY Ao0aBsieTcs 3Havenue 6ura R, pasroe 0 win 1. Cuerynku
HO3BOJISIOT IPUOIU3UTENBHO OTCJIEANTH YacTOTy oOpalleHuil K Kaxkaoil crpanuie. Ipu
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BO3HUKHOBEHUU OHIMOKHI OTCYTCTBUSA CTPAHUIIBI /IJISI 3aMEIIEeHNA BbI6I/IpaeTC${ Ta CTpaHUIIa,
4yeil cueTUYnK UMeeT HauMeHblllee 3HaUeHHe.

Ocuonast pobiiema npu uctosb3oBanuu ajaropurma NFU 3akiiodaercs: B TOM, 4TO OH
[IOXO’K Ha CJIOHA: HUKOT/Ia HUYero He 3abbiBaeT. K mpumepy, ipu MHOTOTIPOXOHON KOMIIH-
JISIIIUU T€ CTPAHUIIBI, KOTOPble MHTEHCUBHO MCIIOJIB30BAJIMCH MIPU ITEPBOM TTPOXO/IE, MOTYT
COXPAHSTh BBICOKHE 3HAYEHUST CYETUNKOB M IIPH TOCaeaAyonux npoxoaax. Makruueckn
€ecJI Ha [ePBbIii IPOX0/] 3aTpayrBaeTcs GOJIbIIE BPEMEHH, YeM Ha BCe OCTaJIbHbIE TPOXO/Ib,
TO CTPaHMUIIbI, COAEPIKAIINE KO/ IS TTOCIEAYIONUX TIPOXOI0B, MOI'YT BCerja uMeTh GoJiee
HU3KHE TTOKA3aTeIN CIeTYNKOB, YeM CTPAHUIIDI, MCTIOIb30BABIIIECS TIPU TTEPBOM TTPOXOJIE.
BeaiencrBue aToro onepaiontas cucreMa Oy/IeT 3aMeliaTh HysKHbIe CTPAHHI[bl BMECTO TeX,
HaIOOHOCTD B KOTOPBIX yiKe OTTaA.

K cuactbio, HeGosbinas moaudukanus anropurma NFU 1o3Bossier 10B0IbHO GJIM3KO TIOA0WTH
k umuTaiuy anroputma LRU. Mogndukarms coctonT 3 Ayx yacteil. Bo-mepBbIx, eper m1o0-
OaBJIeHMEM K CUETYMKAM 3HAUEHMsI OUTa R MX 3HAYeHMe CABUTAETCS Ha OJMH Pa3psi/l BIPaBO.
Bo-BTOpbIX, 3HaYeHre 6uTa R 106aBIsSeTcs K caMOMy JIEBOMY, a He K CAaMOMY IIPaBOMY OUTY.

Ha puc. 3.16 mnokasano, kak pab6otaer MOAN(MUIIMPOBAHHBIN aJTOPUTM, U3BECTHBIN KaK aJ-
roput™ crapenus. [1peanosoKmum, uTo 1mocjie MepBoro MpepbiBaHus oT TaiiMepa 6ut R mas
crpanui ot 0-if 10 5-if nmeet 3HaveHus coorBercTBento 1,0, 1,0, 1 u 1 (s crpanuiier 0 oHo
pasHo 1, nng crpanutisl 1 — 0, oy ctpanuts 2 — 1 u 1. 1.). IHBIME ctoBaM#, MEXKIY Tpe-
pbIBaHUSIMU OT TaiiMepa, cooTBeTcTBYOIMMU TakTam 0 1 1, G110 oOpalieHe K cTpaHiiaM
0,2, 4 1 5, B pesysbraTe KOTOPOro uxX 6uThbl R ObLIN yCTAHOBJIEHDI B 1, 2 Y OCTAIILHBIX CTPAHHUI]
uX 3HayeHue ocranoch pasibiM 0. ITocsie TOro kak ObLIN CMENIEeHbI 3HAYEHUS IECTH COOT-
BETCTBYIONNX CYETUNKOB U CJIeBa BCTABJIECHO 3HaUeHMe 6uTa R, OHU TIpHOGpes 3HAUCHYS,
mokasaHHbIe Ha prc. 3.16, a. B yeThIpex ocTaBmmMXcst cTOIOMAX TTOKA3AHBI COCTOSTHUS TITIECTH
CYETUYHMKOB TIOCJIE CJIEAYIONINX YEThIPEX MIPEPhIBAHUIT OT TaliMepa.

Butbl R ansa i Butbl R ans i Butbl R ans i Butbl R ans i Butbl R ans
ctpanHuy 0-5, cTtpanuy 0-5, | ctpanuy 0—5, | cTtpanuy 0-5, | cTpanuy 0-5,
TakT 0 E TakT 1 E TakT 2 E TakT 3 E TakT 4
[1[of1]of1]1]} [1]1]ofo[1]o] i [+]t]o]t]o]t] } [1]e]o]o]1]o] } [o]1]1]o[o[o]
CtpaHuua i i i i
0 | 10000000 | i | 11000000 |i | 11100000 |i | 11110000 |i | 01111000
1 | 00000000 | i | 10000000 | i | 11000000 |§ | 01100000 | i | 10110000 ‘
2 | 10000000 | i | 01000000 | i | 00100000 | i | 00100000 | i | 10001000 ‘
3| 00000000 | i | 00000000 | i | 10000000 | i | 01000000 | i | 00100000 |
4 | 10000000 | i | 11000000 |§ | 01100000 | i | 10110000 | i | 01011000
5| 10000000 | i | 01000000 | i | 10100000 | i | 01010000 | i | 00101000 |
a ' 6 ' 8 ' 2 ' o]

Puc. 3.16. Anroputm ctapeHust ABAsSieTCs NporpaMMHon mogensio anroputma LRU. 3aeck nokasaHsl
LIECTb CTPaHML, B MOMEHTbI NATY TAMEPHbIX MPEpbIBaHNA, 0603HA4YEHHbIX OykBamMun OT a A0 4
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[Tpu BOBHUKHOBEHUH OIIMOKU OTCYTCTBUSI CTPAHULIBI YAAJISIETCS Ta CTPAHKIIA, Yeil CYeTIMK
uMeeT HauMeHbliiee 3Haverre. OUEeBUIHO, YTO B CYETYMKE CTPAHUIILI, K KOTOPOU He GbLIO
obpaliieHunil 3a, CKajkeM, YeThipe TPEPhIBAHKS OT TailMepa, Oy/IeT YeThIpe BEAYIIX HYJIS,
U TI03TOMY 3HAUYEHHE ee CUeTINKA Oy/IeT MEHBIITNM, YeM CUETUNKA CTPAHUIIBI, K KOTOPOH He
6bLI0 0OpallleHIil B TEYEHKE TPEX IPEPhIBAHUN OT TaliMepa.

Aror anroput™ oramdaercs ot anroputMa LRU asymsa ocobennoctsMu. PacemoTpum crpa-
Hutbl 3 1 5 Ha puc. 3.16, 0. Hu K ofHO# 13 HUX 3a [[Ba TIpEPbIBAHUS OT TaiiMepa He OBIIO
HE OIHOTO 00paieHus, Ho K 06erM ObLIo oOpallieHre 3a IpepblBaHue OT TaiiMepa, npeiie-
cTByIoIIee 9TUM ABYM. B coorsercTBru ¢ asropurmoM LRU, eciu crpanuiia 0JKHA ObITh
yIaJieHa, TO MblI JI0JUKHBI BBIOPATh OJHY M3 9TUX IBYX cTpaHuil. IIpobiemMa B TOM, 4TO MbI
He 3HaeM, K KaKOH 13 HUX 06paIasich B TOCAETHIOn 0Yepeb MEKIY TakToM 1 1 TakToM 2.
ITpu 3anucu TOJIBKO OAHOTO OUTa 32 MHTEPBAJ MEKLY ABYMSI [IPEPHIBAHISIMU OT TaiiMepa Mbl
YTPATUIIN BO3MOKHOCTD OTJIMYUTD GoJiee paHuee obpaiiietue ot 6oJiee moszHero. Bee, 4To Mbt
MOJKEM CZIeJIaTh, — YIAIUTh CTPAHUILY 3, IOCKOJIBKY K CTPaHHKIE 5 TakKe ObLIo oOpalieHue
JBYMsI TAKTAMU paHee, a K cTpaHuile 3 Takoro obpaiienus He ObLio.

Bropoe paznuune mexxay airopurvom LRU u aqroputMom crapenust 3aKJI04aeTCs B TOM,
4YTO B aJITOPUTME CTapEHUA CUHETYUK UMEET OrpaHNYeHHOE KOJIMYECTBO 6I/IT (B JaHHOM IIpH-
Mepe — 8 6UT), KOTOPOE CY/KaeT MPOCMaTPUBAEMBbIil UM TOPU30HT MPOIILIOTo. IIpeanooKmm,
YTO y KQK/I0W U3 JIBYX CTPAHUI] 3HAUEHIE CUETUYNKA PABHO HYJI0. Bee, 4To Mbl MOKeM clie-
JIaTb, — 9TO BbI6paTb O]IHy 13 HUX ITPOU3BOJIbHBIM 06p8.30M. B ﬂeﬁCTBHTeHbHOCTH BITIOJIHE
MOJKET OKa3aThCsl, UYTO K OJHOIM M3 3TUX CTPAHUI TIoCIeaHee obpaiieHne ObI0 9 TaKTOB
Hazaj, a Ko Bropoit — 1000 takToB Hazax. U 370 06CTOSITETHCTBO YCTAHOBUTH HEBO3MOKHO.
Ho na npakTtuke 8 6UT BIIOJIHE JOCTATOYHO, €CJIU MEK/LY TIPEPhIBAHUSAMIE OT TaiiMepa mpo-
xomut puMepHo 20 mc. Eciu k crpanuiie ne 6610 obparnienuii B tedenue 160 mc, To oHa,
HABEPHOE, yIKe He TaK BajKHAa.

3.4.8. Anroputm «pabounit Habop»

[Ipu ucrosib30BaHNN 3aMEIEHMsI CTPAHUIL B IIPOCTeliiieit (hopmMe Mpoiiecchl HAUMHAIOT CBOTO
paboTy, He ¥MesT B TTaMSITH BOOOIIEe HUKAKUX CTpaHuil. Kak TOJBKO IEHTPATBbHBIN MPOIEccop
HOTIBITAETC U3BJIEYb [EPBYIO KOMAH/LY, OH I10Jy4aeT OlIUOKY OTCYTCTBHSI CTPAHKIIbI, 3aCTaB-
JISTIONIYIO OIePAIlMOHHYIO CUCTEMY BBECTH B ITaMSATh CTPAHUILY, COEPIKAIILYIO IIEPBYIO KOMAH/TY.
OO6BIYHO BCKOPE 32 THM CJIEIYIOT OMUOKN OTCYTCTBUS CTPAHMIL C TJI0OATBHBIMHU TIEPEMEHHBI-
MH 1 cTeKoM. Yepes HeKOTOpoe BpeMs TIPOLIECC paciiojiaraeT GoJIbIINHCTBOM HEOOXOAMMBIX
eMy CTPaHUIL ¥ IIPUCTYIAeT K paboTe, CTAIKUBAsICh ¢ OIIUOKAMU OTCYTCTBYSI CTPAHUIL OTHO-
CUTEJIBHO PEJIKO. DTa CTPATerus Ha3bIBACTCsI 3aMelleHneM cTpanmil o TpeGosanuio (demand
paging), IIOCKOJIbKY CTPAHUIIbI 3aIPYsKAIOTCS TOJABKO 110 Mepe HalOOHOCTH, a He 3apaHee.

Pasymeercs, HeTpyiHO HaIlMCaTh TECTOBYIO IIPOrPaMMY, CUCTEMATUYeCKU YUTAIOIYIO BCe CTpa-
HUIBI B OTPOMHOM aJIPECHOM ITPOCTPAHCTBE, BBI3BIBASI IIPH OTOM TAKOE KOJIMYECTBO OITHOOK
OTCYTCTBUS CTPAHULL, YTO JJIst UX 06pabOTKHU He XBaTHUT IamsTh. K cyacTbio, G0JIbIIMHCTBO
[POLIECCOB Tak He paboTaroT. OHU IIPUMEHSIOT JIOKAJIBHOCTb OGPAIEHHIA, 03HAYAOIIY 0, UTO
B TedeHwe 0601 (hasbl BHITOIHEHNUS TIPOTIECC 0OPAIIAETCST TOIBKO K OTHOCUTEBHO HEOOb-
IIT0H YacTH CBOMX cTpaHuIl. K mpumepy, mpy KaxK10M ITPOX07ie MHOTOITPOXO/IHOTO KOMITHIIATOPA
obpaliieHue UeT TOIbKO K YaCTH UMEIOIIIXCST CTPAHMUIL, TPUYEM BCSIKHUNA Pa3 K WHOM.

HaGop crpaHuil, KOTOPbIii TIPOIECC MCIIOIb3YET B JaHHbI MOMEHT, U3BECTEH KaK pado4Mit
Ha6op (Denning, 19684; Denning, 1980). Eciii B naMsiTh HaxoauTcs Bech pabounii Habop,
nporiecc OyeT paboTarh, He BbI3bIBasA MHOIOYHUCIEHHBIX OIIMOOK OTCYTCTBHS CTPAHMUIL, IOKa
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He TiepeiieT K Apyroii hasde BBIOTHEHUS (HATIPUMeEP, K CAeyIoNneMy TPOXOLY KOMITHIISTO-
pa). Ecii 06beM 0CTYIHOI MaMATH CJMIIKOM MaJl LIS Pa3MelleHns Bcero pabodero Habopa,
[IPOLIECC BBIZOBET MHOKECTBO OMIMOOK OTCYTCTBHUSI CTPAHUIl U OyaeT paboTaTh MeIJIeHHO,
[IOCKOJIbKY BBINOJHEHHE KOMaH/[bl 3aHUMAET BCETrO HECKOJIbKO HAHOCEKYH/I, & CYUUThIBAHUE
cTpaHulilbl ¢ gucka — 06braHo 10 Mc. Ecain oH GyeT BbIIOJIHATD OHY WU ABE KOMaH/Ibl 32
10 Mc, TO 3aBepiIeHre ero paboTh 3aiiMeT 1eIyI0 BeuHocTh. O IporpaMme, Bbi3bIBaIOIIEH
oumOKy OTCYTCTBUS CTPAHUIIBL YEPE3 KaK/Ible HECKOJIbKO KOMaH/, FOBOPSIT, YTO OHA IPO-
oykcosbiBaet (Denning, 19686).

B MHOT03a1a49HBIX CHCTEMAX ITPOIECCHI IOBOIBHO YacTO cOPAChIBAIOTCS Ha MCK (TO €CTh BCe
UX CTPAHUIBI YAAMSIOTCS M3 MAMSITH ), YTOOBI aTh BO3MOKHOCTD APYTUM IIPOIIECCAM BOC-
TOJIb30BATHCS CBOEN OYEPEIO IOCTYIIA K IIEHTPaJbHOMY ITpoIleccopy. BosHuKaeT Bompoc: 4To
JIeJ1aTh, KOI/Ia IIPOIIECC BO30OGHOBIISAET ¢BOIO paboTy? C TeXHUYECKON TOYKHM 3peHIs HUYEro
Jes1ath He Hy»kHo. I[Tporiecc mpocto GyAeT BbI3bIBAaTh OIMOKM OTCYTCTBUS CTPAHMIL 0 TeX 10P,
oKa He OyeT 3arpykeH ero pabounii Habop. [TpobemMa B TOM, UTO HaIMINE MHOTOUMCTICHHBIX
OMmuOOK OTCYTCTBHUS CTPAHUI TIPU KAXKI0I 3aTrpysKe mpollecca 3aMeisieT paboTy, a TakKe
BBI3BIBACT ITYCTYIO TPATy 3HAYNTEILHON 4acTi pabouero BpeMeH! IeHTPAIbHOTO IIPOLECCOPA,
[IOCKOJIBKY Ha 00pabOTKy OIEePaIllMOHHON CHCTEMON OHON OMIMOKU OTCYTCTBUST CTPAHUI[BI
3aTPauMBaETCA HECKOJIBKO MUJLIMCEKYHI TIPOIIECCOPHOTO BPEMEHH.

[T09TOMY MHOIUE CHCTEMbI 3aMEIIEHMsI CTPAHUIL TIBITAIOTCS OTCIEKUBATh pabounii Habop
KaKJIOTO TIPOTiecca 1 06eCIieunBaTh ero IMPUCYTCTBUE B MAMSTH, TIEPE]] TEM KaK MO3BOJIUTh
npoieccy Bo300HOBUTH paboTy. Takoil moaxo1 HasbIBAETCS MOJEbIO pabouyero HaGopa
(Denning, 1970). Ou 6bw1 pazpaboTat JJist CYIECTBEHHOTO COKPAIIEHUST KOJMYECTBA OIIO0K
OTCYTCTBUSI CTPAHUIL. 3arpyska CTpaHuIl 0o mozo, Kak Ipolieccy Oy/eT Mo3BOJIEHO BO30OHO-
BUTDH paboTy, HA3BIBAETCS TAKIKe ONepeskaloleil moakaykoi crpanui (prepaging). Coexyer
3aMETHUTB, YTO CO BpeMeHeM pabounii Habop U3MEHSIETCS.

JTaBHO TIOAMEYEHO, UTO GOJIBIIUHCTBO IPOrPAMM HEPABHOMEPHO 0OPAIIAETCSI K CBOEMY aJIpec-
HOMY IIPOCTPAHCTBY: UX OOpAIeHHs] CKIOHHBI IPYIIMPOBATHCA Ha HEOOIBIIOM KOJMYECTBE
crpanuil. OGpaletne K aMsaTi MOKET ObITh M3BJICYCHIEM KOMAH/Ibl WU JAHHbBIX UJIHA CO-
XpaHeHHeM JaHHbIX. B m060i MOMEHT BpeMeHU £ CYIECTBYET HeKUii Habop, COCTOSAIMIT U3
BCEX CTPAHMUIL, UCTIOJIb3YEMbIil B k CaMbIX HOCJEHUX OOPAIEHUI K TaMsATH. ITOT Habop,
w(k, t), n aBasierca pabounm Habopom. Tak Kak Bce HepaBHUE OOpANIEHNsT K HAMATH JJIs
k> 1 06s13aTeTbHO TOKHBI GBLII 00PAIIAThCS KO BCEM CTPaHHIIAM, NCTIOIb30BABITAMCS TSI
(k= 1)-ro oOpamenns K maMsaTH, TO €CTh K MOCTeAHEN 1, BO3MOKHO, EIIE K HEKOTOPBIM CTPa-
numaM, @(k, t) BISETCS MOHOTOHHO HeyGbIBaromeil (pynkmueii ot k. [To Mepe pocTa 3HA9EHMST
k snauenue Gpynxun w(k, t) ZOCTUTaeT CBOETO Mpe/ea, ITIOCKOIbKY IIPOrpaMMa He MOKET
o6pamaThbcsl K KOJIMYECTBY CTPAHUII, IPEBLIIIAIOIIEMY [0 00heMY UMEIOIIEecs afpecHoe IIpo-
CTPAHCTBO, a KasK/asl OTIENbHO B3SATas CTPAHUIIA OYAeT UCHIONb30BAThCSI JIUIb HEMHOTHMI
nporpammamu. Ha puc. 3.17 nokasaHo, uto pagmep pabouero Habopa sisJisiercs hyHKImel ot k.

ToT dakT, 4To GOIBITMHCTBO IPOrPaMM IIPOU3BOIBHO 0OPAIIAETCS K HEOOMBIUIOMY KOJIIYE-
CTBY CTPaHMUII, HO CO BpEMeHEM 5TOT HaOop MEeIIEHHO U3MEHSIETCs, 00bICHIET Hada bHbIIT
OBLICTPEI B3JIeT KPUBOI rpaduKa, a 3aTeM, IpU OOJIBIINX 3HAYEHUSX k, CyIIeCTBEHHOE 3a-
MeJJIeHne 9TOro Basera. K mpumepy, porpamma, BbIIOJHAIONAS UKL, [IPU 9TOM 3aHUMa-
IO1IIas J{BE CTPAHMUIIBI U UCIIOJIBb3YIOIIAs JAHHbIE, PACIIONOKEHHbBIE HA YeThIPEX CTPAHUIAX,
MOJKeT 0OpamaThest KO BCeM IMeCTH cTpaHuiaM Kakasie 1000 koMaH I, HO caMble MOCTIeHNE
o0OpallleHust K HEKOTOPBIM APYTUM CTPAHUIIAM MOTYT COCTOSAThCA 3a 1 MJIH KOMaHI 10 9TOTO,
B nportecce (hasbl MHUIMATU3ANUH. Barogapst TaAKOMy aCHMIITOTHYECKOMY MTOBEIEHUIO CO-
nepskruMoe pabodero Habopa HeUyBCTBUTEIBHO K BIOPAaHHOMY 3HAUEHUIO .
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w(k, t)

k

Puc. 3.17. Pabouuii Habop — 3T0 HAbOp CTpPaHUL,, MCMOJIb3YEMBbIX NMPY Kk CamblX NOCNEAHUX
obpalleHuii. 3HavyeHne GyHkUMK w(k, t) aBnseTcsa pasmepom pabdoyero Habopa B MOMEHT BpeMeHU t

MHuave roBopst, CyLIECTBYET MIMPOKUIL IMAlla30H 3HAYEHMIA £, 1711 KOTOPOro pabounii Habop
ocTaercss HensMeHHbIM. [TOCKOJIbKY CO BpeMeHeM padounii Habop U3MEHSeTCS MeJIEHHO,
MOSIBJISIETCS] BO3MOKHOCTD BLICTPOUTD PA3yMHbIE MTPETIONIOKEHUS O TOM, KAKUe CTPAHUI[BI
HOHAZ00SITCS TPU BO30OHOBJIEHIH PabOThI IPOrPAMMBI, OCHOBBIBASICH HA TOM, KAaKOB ObLI ee
pabounii Habop 1pu HOCIeqHEl TPHOCTAHOBKE ee PaboThL. OIepesKaloNias MoAKaYKa CTPaHHIL
KaK pa3 U 3aKJI0YaeTCsl B 3arPy3Ke 9TUX CTPAHULL IePe/l BO30GHOBIEHUEM TIPOIECCa.

Jlnst peanusanuu Mozenu pabodero Habopa HE0OXOIMMO, 9TOOBI OlepalioHHasd CUCTEMA
OTCJIeKUBAJIA, KAKHE UMEHHO CTPAHUIBI BXOAAT B pabounii Habop. Ilpu Hajimdum Takoi
uHMGOPMAIUY TYT K€ HAIPAITMBAETCS BO3MOKHBIN aJTOPUTM 3aMEICHUS CTPAHUIL TIPU
BO3HUKHOBEHUHU OIIUOKY OTCYTCTBUS CTPAHUIIBI HYKHO BBICEJIUTH Ty CTPAHMUILY, KOTOPasI He
oTHOCUTCsI K pabouemy Habopy. [Jist peasimsanuu o00HOTO aIrOpUT™Ma HaM HeOOXOIUM YeT-
KU criocob orpejieJieHust TOro, Kakie IMEHHO CTPaHUIIbI OTHOCATCS K pabouemy Habopy. [To
onpezesennio pabounii Habop — 310 HAOOP CTPAHUIL, UCIIONb3YEMBIX B # CAMBIX IIOCJIEHUX
obOpatenuii (HEKOTOPbIE aBTOPHI MCIIOIb3YIOT TEPMUH <k CaMbIX MOCAEIHNX CTPAHNYHBIX
obpaiienuii», HO TO JeJio BKyca). [l peayusanuu go060ro ajropurma pabodero Habopa
HEKOTOPBIE 3HAYEHNS R JOJKHBI OBITh BBIOPAHBI 3apaHee. 3aTeM I0C/Ie KaKI0r0 0OpaieHms
K IIaMSATH OTHO3HAYHO ONPEIENIIETC M HaOOP CTPAHMUII, NCIOIb3YEMBIIT ITPU CAMBIX TOCTIE/-
HHX 2 0OpaIIEeHNsIX K TTaMSITH.

Pasymeercs, aTo onpeenenre pabodero HaGopa He o3HayaeT Hajiuyus 3(hHeKTUBHOrO
c110co6a ero BbIYUCIEHHUST B IIPOIIECCE BBIIOJHEHUS TporpaMmbl. MOKHO 1IpeAcTaBuTh cebe
PErUCTp CO CABUTOM, UMEIOIIUE JUTUHY £, B KOTOPOM IIPU KasK0M OOpaIlleHUH K ITaMSATH €ro
COJZIEP’KUMOE CIBUTAETCS BIEBO HA OJHY TIO3UITUIO 1 CITPAaBa BCTABJSIETCS HOMED CTPAHUIIHI,
K KOTOPOIi ObL710 camoe nocseanee obpamierre. Habop us Bcex B HOMEPOB CTpaHMI| B peru-
CTPE CO CABUTOM U OYIET TPEACTABISITh cOO0H pabounii Habop. TeopeTnaecKu mMpr BO3HUK-
HOBEHUU OINMOKU OTCYTCTBUS CTPAHUIBI COAEPKUMOE PETUCTPA CO CABUIOM MOKET ObITh
CYUTAHO U OTCOPTHPOBAHO. 3aTeM MOTYT ObITh yIaJeHbl MPOAyOJIUPOBAHHBIE CTPAHUIIDL.
B pesyusrare goswken noryantbes pabounit nabop. Ho obciryskuBaHue pericTpa co CABUTOM
1 06paboTKa ero COAEPKUMOro MPpU BOSHUKHOBEHUH OIMMOKU OTCYTCTBUS CTPAHUIIBI OKa-
JKETCST HEJIOTTYCTUMO 3aTPATHBIM JIEJIOM, TIO9TOMY 3Ta TEXHOJIOTHST HUKOT/IA HE UCTIOJIb3YeTCsl.

BwmecTo Hee MCTIOMB3YIOTCS pasanuHble TpUoIkeHust. OIHO 13 YaCTO NCTIOIb3YEMbIX TTPHU-
GIIVKEHUI CBOJINTCST K OTKA3Y OT UEH BBIYUCIICHHUST k 0GpaIieHIH K MaMSTH U UCTIOIb30BAHIIO
BMECTO 9TOTO BpeMeHHU BbinoJiHenus. Hanpumep, BMecTo onpeenenus pabodero Habopa
B KauecTBe CTPaHMII, MCIOJIb30BABIINXCS B TedeHue Tpeabyux 10 MuH obpaiieHuii K ma-
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MSITH, MBI MOJKEM OIIPEJIEUTh €0 KakK Habop CTPAHMUIIL, UCIOJIb3YEMbIX B TEUEHNE TIOCAEIHUX
100 mc Bpemenu BoinosiHeHust. Ha nipakTrike ¢ Takum onpeiesieHeM paboTaTh Topas/io Jiydliie
u mportte. Crie[yer 3aMeTHUTD, YTO JI7IST KasKIOTO TIPOTIECCa BRIYUCISIETCST TOTBKO €T0 COOCTBEH-
HOe BpeMsl BbINoJIHeHUs. TakiM 06pa3oM, eCJiu TIPOLIECC 3allyCKaeTcst BO BpeMs T 1 1noJydyaer
40 MC BpeMeHU IIeHTPaIbHOTo mporeccopa 3a Bpemsa T+ 100 mc, To a71a onpenenrenns pabo-
yero Habopa Gepercs Bpems 40 Mc. VIHTepBa BpeMeHHU [EHTPAIbHOTO [IPOLECCOPa, PealbHO
3aHUMAEMBIIl TTPOIIECCOM C MOMEHTA €T0 3aIyCKa, YaCTO HAa3bIBAIOT TEKYIUM BUPTYAJIbHBIM
BpemeneM. [Ipu aTom npubmkern pabounm HaGoPOM TIPoIlecca SIBJSIETCST HAbOP CTPaHMUII,
K KOTOPBIM OH 00pAIaJICst B T€YEHUE MOCAEAHIX ¢ CEKYH/] BUPTYaJIbHOTO BPEMEHHU.

Tenepb B3r/sHEM Ha aJTOPUTM 3aMellleHUs CTPAHMI], OCHOBAHHBIA Ha pabGoueM Habope.
OCHOBHOI1 3aMbICEJI COCTOUT B TOM, YTOOBI HAITH CTPAaHMILY, HE TIPUHAIEKALLYIO pabodyeMy
Habopy, 1 yaaiauTh ee us mamatu. Ha puc. 3.18 nokaszana yacth Tab/IMIlbl CTPAHMULL, UCIIOJIb-
3yeMoii B Hekoit Matnute. II0CKOJIbKY B Ka4ecTBe KaHIM/IaTOB Ha BHICEICHNE PACCMAaTPUBA-
FOTCSI TOJIBKO CTPAHMUIIBI, HAXOASIINECST B TTAMSITH, CTPAHUIIBI, B HEH OTCYTCTBYIOIIIE, STHM
aJIropuT™MOM UrHopupytorcs. Kaxkaas sanuch cocTont (Kak MUHUMYM ) U3 JIBYX KJIIOUEBBIX
9JIeMEeHTOB MHMOPMAIUK: BpeMeH! (PUOIU3UTENLHOTO) TIOCIEHEr0 NCTIOIb30BAHMSI CTPa-
nuiel 1 6uta R (Referenced — 6ura o6pamtenust). ITycTbiMu GetbIMU TIPSIMOYTOJIBHUKAMU
0003HAYEHbI APYTHUE TI0JIsT, HE HY KHBIE JIJIsl 9TOTO aJIT0OPUTMA, HAIIPUMEP HOMED CTPAHUYHOTO
6s10ka, 6utel 3auThl 1 Out namenenns — M (Modified).
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BuT R (0bpalueHune)
Ve

NHbopmaums {

06 ofHoW cTpaHuue 2084 [1

2003 [ 1

I'Ipvl N3y4eHnn BCcex CTpaHuL

Bpems nocneatero A nposepsetcs 61T R:
ncronbaosarms 1> 1980 |1
573 o ecnn (R==1),
K cTpanuue 6bino v Tekyllee BUPTyarbHOE BPeMs 3anoMyHaeTcs
o6palLeHms 3a AaHHbIN B More BPEMEeHV MOCHeHEro NCnomnb3oBaHus
2014 [1
TakT ecnu (R==0 1 Bo3pacT > 1),
2020 [1 yaansieTcs aTa cTpaHuua
ecnn (R==0 n Bo3pacT < 1),
2032 [ 1
K cTpanmue He Bbino v 3anoOMUHaETCS HAaUMEHbLLEE BPEMS]
obpalleHusi 3a AaHHbIN 1620 K

TakT
Tabnuua cTpanuy

Puc. 3.18. Anroputm paboyero Habopa

Paccmorpum paboty anropurma. [Ipeonaraercs, 4To anmaparypa, Kak ObLIO pacCMOTPEHO
patee, ycranaiuBaet 6uthl R u M. Tak:ke Ipeionaraercs, 4To IMepuonyecKue mpepbi-
BaHUs OT TaliMepa 3aIlyCKaloT IIPOrpaMMy, OUMINAIoNyIo 6uT obpamtenus R. Ilpu kaxnoi
OI_HI/I6Ke OTCYTCTBUA CTPAHUI[bI IPOUCXOJUT CKaHUPOBaHHUE Ta6J'H/ILIbI CTpaHMUIl C IEeJbIO
HAUTHU CTPAHUILY, TPUTOIHYIO JIJIsl yIATeHUs.

HpI/I KasK/1011 06pa60TKe 3alliCU IMMPOBEPAETCA COCTOAHUE 6uta R. Eciu ero smauenue
PpaBHO 1, TEeKyllee BUPTyaJibHOE BPEMA 3alIMCbIBACTCA B 110J1€ BPDEMEHU IMOCJIEIHETO UCITIOJIb-
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30BaHMs TaOJIMIbI CTPAHMIL, TIOKA3bIBAsI, YTO CTPAHUIIA ObLIA NCIIOJIb30BaHA TPU BOSHUKHO-
BeHUM OMMOKK OTCYTCTBUS cTpanulibl. Ec/in obpalienune K cTpaHuIle IPOMCXOANT B TeYeH e
TEKYIEro TakTa BpeMeHH, CTAHOBUTCS TIOHATHO, YTO OHA IIPUHALIEKUT paboueMy Habopy
1 He JBJIAETCS KaHIUAATOM Ha yaaneHue (MpearnosaraeTcs, 9To ¢ OXBAaTBIBACT HECKOIBKO
CUCTCMHBIX TaKTOB).

Eciu 3nauenue R pasro 0, 3Ha4nT, 32 TEKYIMHA TAKT BpeMeHU 00pallleHUil K CTpaHKIe He
ObLJIO ¥ OHA MOJKET OBbITh KaHAUAATOM Ha yiajieHue. UToObl MOHATH, JOJIKHA JIM OHA ObITh
y/laJieHa UJIn HET, BBIYUCJISIETCS ee BO3PACT (TeKylllee BUPTyaibHOe BPEMST 32 BbIUETOM Bpe-
MEHH TIOCJIeJHETO NCITOIb30BAHNS ), KOTOPBII CPaBHUBAETCSI CO 3HAaUeHneM t. Ecoi Bospact
HpeBbIIIaeT 3HaYeHKe ¢, TO CTPAHKIA YKe He OTHOCUTCS K paboueMy HabOpY 1 3aMEHSIETCs
HOBOI crpanuieil. CkaHupoBaHUe IPOAOJIFKACTCS, U IPOUCXOAUT OOHOBJIEHIE BCEX OCTAIIb-
HBIX 3aITHCEN.

Ho ecmn 3navenue R pasno 0, Ho Bo3pacT MeHbIlle WJIW PaBeH ¢, TO CTPAHUIIA BCe eTle OT-
HocuTest K paboyemy Habopy. CTpatuiia BpeMeHHO u3beraeT yaaJeHus, Ho CTpaHnIa ¢ Hau-
GOJIBIINM BO3PACTOM (HAMMEHBIIMM 3HAYEHUEM BPEMEHH MOCJIEIHEro UCIoJIb30BaHMUs)
Gepercst Ha 3aMeTKy. Eciii Oyzer nmpockanupoBata Best TabJsinia CTpaHull U He Oy1eT HaiijeHa
CTpaHWIla — KaHAUAAT Ha yAaJeHKe, 3HAUuT, K paboyeMy Habopy OTHOCATCS BCE CTPAHULIDL.
B Takom ciyydae, ecin Haiiziena ogHa u 6osee crpanuil ¢ R = 0, yiausgercs ofgHa U3 Hux, uMe-
1o11ast HanGoJIbIINIT Bo3pacT. B Xy/1eM ciydae B TeueHUe TEKYIIEro TakTa ObLIo obpalieHie
KO BCeM CTpaHuiiam (U moaToMy y Beex crpanuil R = 1), moaroMy juist yajeHus oiHa 13
HUX BBIOMPAETCS CIydailHbIM 00pa3oM, IIPH HTOM IPEAIIOYTEHNE OTAAeTCsl HeM3MEHEHHOM
CTPaHWUIIE, €CJIU TAKOBAsI UMEETCSI.

3.4.9. Anropuntm WSClock

Basosblii anroput™ pabouero HaGopa CAUIIKOM TPYA0EMOK, MOCKOJIbKY TIPU BO3HUKHOBE-
HUU OMMOKN OTCYTCTBUS CTPAHWILBI /ST ONPEIENEHIS MECTOHAXOKICHUS TTOXO/ATIETO
KaHM/IaTa Ha yAajenne HeoOX0MMO POCKaHMPOBATh BCIO TaOJIMILy CTPaHUIl. YCOBep-
IEHCTBOBAHHBII aITOPUTM, OCHOBAHHBIN HA &JITOPUTME «4aChl», HO TAKKE MCTIOb3Y IO
undopmaimio o pabouem Habope, HazoiBaercss WSClock (Carr and Hennessey, 1981).
Buiarozapsi mpocToTe peanusanuy U Xopoiiei Mpou3BOANUTENBHOCTH OH JIOBOJBHO ITHPOKO
UCIIOJIb3YETCSI HA TIPAKTUKE.

Heobxoumast CTPyKTYpa JaHHBIX CBOAUTCS K IIUKJIMIECKOMY CITHCKY CTPAHUYHBIX OJIOKOB,
KaK B aJITOPUTME «4achl» M KaK MOKa3aHo Ha puc. 3.19, a. VIsHavaibHO 3TOT CIIMCOK ITYCT.
[Tpu 3arpyske mepBoii CTPaHUIIBI OHA TOOABJISIETCS K CITUCKY. 110 Mepe 3arpy3Ku CJIeyOIIX
CTPaHUI] OHU II0IIA/IAIOT B CIIUCOK, POPMUPYS 3aMKHYTOE KOJIbLI0. B ka0l 3a11ucu cozep-
JKUTCST TI0JIE BPEMEHU NOCICOHE20 UCNOIb308aHUs 13 DA30BOTO AJITOPUTMA pabodero Habopa,
a Taxske 6ut R (1okazaHHblil Ha pucynke) u 6utr M (He MOKa3aHHbII HAa PUCYHKE).

Kak 1 B anropurmMe «4achl», IpH KaxKI0i OIMOKe OTCYTCTBH CTPAHUIIBI CHAYa/Ia IPOBEpPs-
eTcs CTPaHmIA, Ha KOTOPYIO YKasbiBaeT crpesika. Ecau 6ut R ycranosien B 1, 3Hauur, cTpa-
HuIa ObLIa UCIIOJAb30BaHA B TeYEHHE TEKYIIETO TAKTa, I09TOMY OHa He sIBJISETCS UealbHbIM
KaHAu1aToM Ha yaajienue. 3areM Out R ycranasausaercs B 0, CTpesKa IepeMeriaercs Ha
CJIEYIONLYIO CTPAHUILY, U AJITOPUTM IIOBTOPsieTcs yike s Hee. CocTosHue, IOy YUBIIEECs
MOCJIe HTON MOCIe0BATEIbHOCTH COOBITUH, MOKa3aHo Ha puc. 3.19, 6.

Terepb TOCMOTPUM, UTO TTOJYYUTCS, €CJIU Y CTPAHUIIBI, HA KOTOPYIO YKA3bIBAET CTPEJIKA,
6ut R = 0 (puc. 3.19, ¢). Eciiu ee Bo3zpacT mpeBbliiaeT 3HaUY€HIe ¢ U CTPAHUIIA HE H3Me-
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1620] 0 1620] 0
2084[ 1 2032[ 1 2084[ 1 2032[ 1
2003[ 1 2020] 1 2003] 1 2020] 1
1980] 1 2014[ 1 1980[ 1 2014]0
1213] 0 f \ But R 1213]0
BpeMﬂ nocrnegHero
MUCnonb3oBaHnA
a 6
1620] 0 1620] 0
2084[ 1 2032[ 1 2084[ 1 2032[ 1
2003[ 1 2020] 1 2003] 1 ‘(/// 2020] 1
1980] 1 2014]0 1980] 1 2014[0
1213[0 2204] 1] Hopas crpammua
8 e

Puc. 3.19. Pa6ota anroputma WSClock: a u 6 — npumep Toro, 4To NpOUCX0oauT, Koroa R =1;
B U I — MpUMep TOro, 4To npoucxoaut, korga R=0

HEHa, OHA He OTHOCUTCS K paboyeMy HAOOPY U ee TOYHAs KOIMHsI MPUCYTCTBYET Ha JIUC-
ke. Torna cTpaHuyHbIi 610K TPOCTO UCTPEGYETCS U B HETO MOMEIAETCSA HOBast CTPAHUIIA
(puc. 3.19, 2). Ho eciiu crpaHuiia u3MEHEHa, ee OJI0K He MOKET ObITh TOTYAC 5Ke UCTPeGOBaH,
MOCKOJIbKY HA JIMCKE HET ee TOUHOi Kormuu. ITo6b n3beskarh mepekioueHust mpoiecca,
3aIMCh HA IUCK MIAHUPYETCS, & CTPEJIKA MEPEMENIACTCs IAJbIIE U AJITOPUTM MPOIOJIKAET
CBOIO PaboTy Ha caeyionieil cTpanuie. B KOHIE KOHIOB I0JKHA MOTIACTLCS CTapast, Heu3-
MEHEHHas1 CTPAHUTIA, KOTOPOH MOKHO OYJIET TYT e 1 BOCIIOJIb30BATHCA.

B npunnume, 3a ouH 060pOT 4ACOBOU CTPEJIKM MOKET ObITh 3al/IAHMPOBAHA OTEPALIUST
JIMCKOBOTO BBOJIA-BbIBO/IA JIJIsl BCEX cTpaHuil. [[Jisi yMEHbIIEHUs IOTOKa 0OMEeHa JaHHbIMI
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C JINCKOM MOJKET OBbITh YCTAHOBJICH JIMMHUT, TO3BOJISIONMIT cOPAChIBATH HA IMCK MAKCUMYM
n ctpanutl. [lo focTHReHNN 9TOTO IUMHUTA HOBbIE 3AITMCH HA UCK TJIAHNPOBATHCS yoKe He
JTOJIKHBL.

A 4TO es1aTh, ecyiu CTPEJIKA TPOUIET MOJHBINH KPYT 1 BEPHETCS] B HAYAJIBHYIO TIO3UIUIO?
Torna ciemyer paccMOTPETH JIBA BAPUAHTA.

1. Bbuia sammanupoBaHa XoTs Obl OIHA 3a1Ch HA JUCK.
2. He 6b110 3a11aHUPOBAHO HY OHOM 3AIMCH HA JHCK.

B mepBoM cirydae cTpeska mpoCcTO MPOJOJIKUT ABUKEHNE, BBIMCKUBAS HEM3MEHEHHYIO
crpanuity. [TockonbKy Gblia 3allaHupoBaHa ofHa Win GoJiee 3amuceil Ha IKUCK, CO Bpe-
MeHEM OJIHA U3 3alicell 3aBePIINTCS, U 3aeiCTBOBaHHAs B Hell cTpaHuIla Oy1eT oMedeHa
HenaMeHeHHON. [lepBas ke HensMeHeHHast cTpaHuIa U OyAeT yaaaeHa. ITa CTpaHuIa He
006s13aTeJIbHO JI0JKHA ObITh 11I€PBOIi 3allIaHMPOBAHHOM, IOCKOJIbKY [paiiBep AUCKA MOKET
U3MEHUTD MOPSIIOK 3AIUCH, YTOObI OIITUMU3UPOBATH IPOU3BOUTENBLHOCTD €0 PAGOTHIL.

Bo BTOpoM ciiyuae Bce CTpaHUIlbl OTHOCITCS K paboueMy Habopy, MHade M0JKHa Oblia ObITh
3amiaHupoBaHa XoTst Obl 0/Ha 3anuck. [Ipu HegocTaTKE AOMOJHUTENBHON HHBOPMaIUu
npocreiiliee, 4To0 MOKHO c/leJlaTh, — UCTPEOOBATH J00YI0 HEM3MEHEHHYIO CTPAHUILY U BOC-
H0JIb30BATLCs €10, Pacrosioskenne Hen3sMeHeHHO CTPaHUIlbl MOJKET ObITh OTCJIEKEHO B IIPO-
necce obopora crpesiku. Eciii HensMeHeHHBIX CTPAHULL He UMEETCsI, TO B Ka4eCTBe JKEPTBbI
BbIOMPAETCS TEKyIas CTPAHUIIA, KOTOPas U cOPachiBAeTCs Ha [AKCK.

3.4.10. KpaTtkas cpaBHUTeJ/ibHas XapaKTepucTuka aJiropuTtMoB
3amMeLleHua cTpaHuy

ToJIbKO UTO MBI PACCMOTPEIN HECKOJBKO PA3JIUYHBIX AJITOPUTMOB 3aMEIIEHUsT CTPAHMIL.
B aTom paszesie gainM UM KPaTKyio CPABHUTEIBHYIO XapaKkTeprcTUKy. CIMCOK pacCMOTpeH-
HBIX AJITOPUTMOB MPEACTaBJIeH B Tabr. 3.2.

Ta6nuua 3.2. CN1coK PaCcCMOTPEHHbIX anropuUTMOB 3aMeLLEHMS CTPaHMLL

Anroputm OcobGeHHOCTU

OnTUMarnbHbIi He MOXeT BbITb peanMaoBaH, HO NoJIe3eH B Kade-
CTBE OLIEHOYHOr 0 KPUTEPUS

NRU (Not Recently Used) — anroputm uckitode- | 9BnseTcsa 40BOSIbHO rpyObiM NpubamxkeHnem

HVS HE4ABHO UCMNONb30BaBLUENCS CTPaHWULLbI K anroputmy LRU

FIFO (First In, First Out) — anroput™m «nepBon MoXeT BbIrpy3UTb BaXKHbIE CTPaHMLbl

npuvLna, Nepso n ywna»

ANroputMm «BTOPOW LLIAHC» FBNSeTCs CyLLLEeCTBEHHbIM YCOBEPLLUEHCTBOBAHN--

em anroputma FIFO

ANropuT™m «yachbl» BrnonHe peanndyemblii anropmtm

LRU (Least Recently Used) — anroputm 3ame- QOyeHb XOPOLLMIA, HO TPYOHOPEaNn3yeMblii BO BCEX
LeHnst HauMeHee BoCcTpeboBaHHOM CTPaHMLbI TOHKOCTSAX a/ifOPUTM

NFU (Not Frequently Used) — anroputm Heva- fBNseTca LOBOIBHO rpyObIM NPUGAMXKEHNEM
CTOro BOCTpeboBaHus K anroputMy LRU
ANropuTt™m cTapeHus BrionHe addeKTUBHBIN anropmutm, ABASIOLLMACS

Henoxnm NpuémxeHnem k anroputmy LRU

Anroputm paboyero Habopa Becbma 3aTpaTtHbIli g peanvsauum anroputm
WSClock BrnonHe ap@ekTrBHbIN anroputm
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OnruMaibHbIi aJITOPUTM yAAJISET CTPAHKILY C CAMBIM OTJAAJEHHBIM MPEACTOSAIIUM 06pa-
menueM. K coxanenuio, y Hac HeT criocoba olpeiesieHust, Kakast 9T0 OyJeT CTpaHuIla, 110-
3TOMY Ha TIPAKTUKE 3TOT aJITOPUTM MCIOJIb30BaThCs He MOXKeT. Ho oH mosie3eH B kKauecTBe
OLEHOYHOT'O KPUTEPUS IIPU PACCMOTPEHUHU JIPYTUX aJITOPUTMOB.

AJITOPUTM UCKJIIOUEHMST HeJJaBHO UCITOIb30BaHHOM cTpanuilbl (NRU) nesnt crpanuiibl Ha
YEeTBIPE KJIACCA B 3aBUCUMOCTH OT COCTOsTHUsI OMTOB R 11 M. 3areM BbIOUpPAeT MPOU3BOIBHYIO
CTPAHUILY U3 KJIacca C CAMbIM HU3KUM HOMEPOM. JTOT aJITOPUTM HETPY/IHO Pean30BaTh, HO
OH CJIMIIIKOM MTPUMUTHBEH. EcTh GoJIee TTOAXOISIIIE aJITOPUTMBbL.

Anroputm FIFO npezrmosaraer oTciekuBatnme mopsiika, B KOTOPOM CTPaHUIIBI ObLIN 3a-
IPYsKEHBI B TIAMST, ITyT€M COXPaHEHUsI CBEeJEHNUIT 00 9TUX CTPAHUIIAX B CBI3aHHOM CITHCKE.
ITO YIpoIaeT yjajeHne caMoii CTapoii CTPaHUIlbl, HO OHA-TO KaK pa3 M MOXET BCe elle
HCI0JIb30BaThes, noaTomy FIFO — Henoaxoasammii BoIGOD.

AnropuTtM «BTOPOI#I MmaHey siBasiercst Moandukarmeii anropntma FIFO u nepen ynasennem
CTPaHUIIBI IIPOBEPSIET, He UCIIOIb3YeTC s JIM OHA B JaHHbIN MOMeHT. Ecsiu cTpanniia Bee elie
HCII0JIb3YETCs, OHA OCTACTCS B IIaMATH. JTa MOANUDUKAINA CYIIECTBEHHO IIOBbIIIAET IIPOU3-
BOJIMTEIBHOCTD. AJITOPUTM «4acChbl» SABJISAETCS TPOCTOH PAa3HOBUAHOCTBIO AITOPUTMA «BTO-
poii mrarcy. OH NMeeT TaKOM JKe MOKA3aTesb IIPOU3BOUTETBHOCTH, HO TPEGYET HECKOJIBKO
MEHbIIIET0 BPeMEHH Ha CBOE BBITIOJIHEHHE.

Ausropurm LRU mipeBocxozieH BO BCeX OTHOLIEHUSIX, HO HE MOKET OBITh peaqn3oBaH 6e3
crienuaabHoro o6opynosanust. Eciiu Takoe 060pyoBaHue HEJIOCTYITHO, TO OH He MOKET ObITh
uctiosnbzosat. Anropurm NFU sisiercst rpy6oii monbITKOM MpubIN3UTHCS K aJITOPUTMY
LRU. Ero Heb3st NpusHaTh yIauyHbIM. A BOT aJlTOPUTM CTapeHust — Kyja bojiee yaaqHoe
npubskenue k anroputMy LRU, koTopoe Kk Tomy ske MOsKeT ObITh 9(pHEeKTUBHO peaninso-
BAHO M CYUTAETCST XOPOIITHM BBIGOPOM.

B aByX mocyeiHUX aJropuTMax MUCIojb3yercst pabounii Habop. Asroput™ pabodyero Ha-
Gopa obecrieunBaeT MPUEMIEMYO TPOU3BOUTEIBHOCTD, HO €r0 Peaausarust 00X0AuTCs
caumikoM goporo. Asroputm WSClock siBiistercst BapranToM, KOTOPBIiT HE TOJIBKO 00e-
CITEYNBAET HEIIOXYTO MTPOU3BOUTENBHOCTD, HO U MOKET OBITh 2(h(HEKTUBHO PeaTu30BaH.

B urore nan6osee IprueMIeMbIMUI aJITOPUTMAMU ABJISIOTCS aITOPUTM CTAPEHM 1 aJITOPUTM
WSClock. Ouu ocHoBanbl Ha LRU u pabouem Habope coorBeTcTBeHHO. O6a 06ectieunBaroT
HEILJIOXYIO IIPOU3BOAUTEIHHOCTD CTPAHUYHON OPraHU3alliK TAMATH U MOTYT ObITh a9 deK-
TUBHO peann3oBanbl. CyIecTBYET TakKe Pl APYTHX XOPOUINX aJTrOPUTMOB, HO 9TH /Ba,
HaBepHOE, UMEIOT HanOOIbIIIee TTPAaKTHIECKOE 3HAYEHME,

3.5. PazpaboTka cucTemMm CTpaHU4YHOM
opraHusauuvm namsaTv

B npesibIy X pas/esiax Mbl 00bSICHIIIH, Kak Pa0OTaeT CTPAHUYHAS OPraHU3aIUsT [TAMSITH,
1 JIaJTN OTIMICaHMe HeCKOJbKUX OCHOBHBIX aJITOPUTMOB 3aMenieHns crpanull. Ho 3Hanms
OJIHUX JIUIITb GHA30BBIX MEXAHU3MOB €l1Ile HeZloCTaTouHO. [[J1st pazpaboTku paboTocnoco6HOi
cucTeMbl HeOOX0IUMO PACIIMPUTD CBOU KPYro30p. ITO MOXOKE HA PA3HUILY MEKIY 3HA-
HUEM TOPSI/IKA MePeBUKEHN Ja/[b1, KOHS, CJIOHA U JIPYTUX MIAXMATHBIX (DUTYP U HaBbI-
KOM Xopolieil urpsl. B ciefyiomumx pasjesnax Mbl pACCMOTPUM JIPYTHe BOIIPOCHI, KOTOPBIM
Pa3pabOTYUKU OEPAIIUOHHBIX CHCTEM JOJIKHBI YICJIATH IPUCTAILHOE BHUMAHUE, YTOOBI
JNOGUTHCS XOPOIIIEii TIPOM3BOANTEIBHOCTH OT CUCTEMbI CTPAHUYHON OPTaHU3AIUHU [TAMSITH.
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3.5.1. CpaBHUTENbHDbIN aHANU3 NIOKaJIbHOMN
n rno6anbHOM NOJINTUKN

B npeabiayumx pasjaenax Mbl PACCMOTPEIM HECKOJIbKO aJIrOPUTMOB BbIOOPA YaaaseMOil
CTPAHUIIbI B CJIy4ae BOSHUKHOBEHUST OIUOKU OTCYTCTBUSI CTPAHKIIBI.

[naBHBIN BOIPOC, CBA3AHHBIN ¢ 9TUM BBIGOPOM (KOTOPBIN MBI JI0 CUX IOP TIIATEIBHO 00-
XO[IUJIA CTOPOHOI): KaK J0JIKHA OBITh pacipeesieHa IaMsiTh MKy KOHKYPHPYIOIIMU
PaBoTOCIIOCOOHBIMU MTPOIIECCAMU?

ITocmotpute Ha puc. 3.20, a. Ha Hem nszobpazkensl Tpu nipoiiecca: A, B u C, cocTaBsiionue
Habop paboTOCIOCOOHBIX MTPOIeccoB. [IPE/noIoKuM, 4TO MpoIece A CTAJIKMBAETCS ¢ OG-
KO OTCYTCTBUSI CTPAHUIIBL. J{0JIKEH I aJITOPUTM 3aMeTleHUsT CTPAHUIL TIOTIBITAThCST HAUTH
HanboJiee TABHO UCIIOJIB30BAHHYIO CTPAHMILY, PACCMATPUBAs JIUIIID IECTh CTPAHUIL, BbIIe-
JICHHBIX HA JIAHHBII MOMEHT TIPOIECCY A, UJIH )K€ OH JIOJIKEH PACCMATPUBATD BCE CTPAHUILI,
umeronecs: B maMsTu? Eciin OH OCyIecTBJIsSIeT MOUCK TOJBKO CPEN CTPAHMUIL, TIPUHA-
JIESKATIUX TTPOIEcCy A, TO CTpaHUIIEH ¢ HANMEHBITNM 3HaYeHNeM Bo3pacTta OyaeT A5, 1 Mbl
HOJIy4MM CUTYaIMIO, II0Ka3aHHyIo Ha puc. 3.20, 6.

Bospact

A0 10 A0 A0
A1 7 A1 A1
A2 5 A2 A2
A3 4 A3 A3
A4 6 Ad A4
A5 3 A5
BO 9 BO BO
B1 4 B1 B1
B2 6 B2 B2
B3 2 B3
B4 5 B4 B4
B5 6 B5 B5
B6 12 B6 B6
C1 3 C1 C1
C2 5 C2 C2
C3 6 C3 C3
a 6 8

Puc. 3.20. CpaBHeHuMe NokanbHOro 1 rnobanbHOro anropuTMoB 3aMeLLeHns CTpaHuL,:
a — ncxoaHas KoHburypaums; 6 — paboTa JIoKasnbHOro afiropuTMa 3aMeLLLeHUs CTPaHMLL;
B — paboTa rnobanbHOro anropMTMa 3ameLLl,eHnst CTpaHuL,

B 10 ke Bpemst, eciu cTpaHuIla ¢ HAMMEHBIITUM 3HAYeHUEM BO3PACTa Y/IA/ISIeTCs] HE3aBUCUMO
OT TOTO, KAKOMY IIPOLIECCY OHA TIPUHAJIEKUT, TO OyaeT BhiGpaHa cTpanuia B3, u Mbl 1101y-
YKM CUTYaIMIO, IOKa3aHHyio Ha puc. 3.20, 6. Asiropury, ubs paboTa okasaHa Ha puc. 3.20, 6,
Ha3bIBAETCS JJOKAJBHBIM aJITOPUTMOM 3aMEIleHUs CTPAHMIL, a AJITOPUTM, Ubst paboTa [OKa3a-
Ha Ha puc. 3.20, 6, Ha3bIBAETCS II00AJTBHBIM ATTOPUTMOM 3aMEIEHUs CTPpaHuIL. JIOKaTbHBIN
AJITOPUTM XOPOIIIO TOAXO/UT JIJIsI BbIIEJIEHUsT KOKIOMY TIpotieccy (hUKCUPOBAHHOI /1011
namaTy. IIpy uCIob3oBaHuK rI0GAIBHBIX aJITOPUTMOB CTPAHUYHbIE GJIOKK PACIIPEIEISTIOT-
ca cpeau paboTOCHOCOOHBIX MPOIIECCOB B JUHAMUYECKOM pesknuMe. I109ToMy co BpeMeHeM
U3MEHSETCST KOJIMUECTBO CTPAHUYHBIX OJIOKOB, BBIIETIEHHBIX KAsKIOMY IIPOIECCY.
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B nesiom riobasbHbIe aIroOpuTMbl paboTaIoT JIy4lile, 0COOEHHO KOraa pasMep pabodyero Ha-
6opa MOKET UBMEHATHCSI B TEUEHHUE KM3HEHHOTO IIUKJIA poilecca. Ecii ucmosbayercst Jio-
KaJIbHBII alTOpUTM, a pabodrii Habop pa3pacTaeTcsl, TO 5TO MPUBOINT K MPOOYKCOBKE JaKe
pu u30bITKE CBOOOIHBIX CTPaHUYHBIX 6J10K0B. Ecsin pabounii Habop cyskaeTcs, JOKaIbHble
AJITOPUTMbI TIPUBOJIAT K HEPAIMOHAILHOMY UCIIOAb30BAHMIO naMsTh. Ec/iu ucnobsyercs
r7106aIbHBIA a/ITOPUTM, CHCTEMA JOJIKHA ITOCTOSHHO IPUHUMATD PEIleHIe O TOM, CKOJIBKO
CTPaHMYHBIX OJIOKOB BBIIEINTD KakA0My Tporeccy. OIHIM U3 CIIoco60B MOKET CTaTh OT-
caesKMBaHNe pazMepa pabouero Habopa Ha OCHOBE TIOKa3aHUil GUTOB BO3pAcTa, HO He (akKT,
YTO 9TOT IIOAXOZ, IPEAOTBPATUT IPOOYKCOBKY. Pabounii Habop MOKET M3MEHATh CBOIT pa3Mep
3a MIJIFICEKYH/IBI, B TO BPeMsI KaK BeCbMa MPUOIM3UTe IbHbIE TIOKa3aTeIn Ha OCHOBE OUTOB
BO3PACTa CKJIAIBIBAIOTCS 32 HECKOJIBKO TAKTOB CUCTEMHBIX YACOB,

JIpyToii oXo/1 3aKII0YAETCs B MCHOJIb30BAHIY AJITOPUTMA BbIJIEJIEHNUST TIPOIECCaM CTPAHUY-
HbIX 6J10K0B. OIMH 13 CIIOCOOOB 3aKJIIOYAECTCS B IEPUOIMYECKOM OIIPEIETICHUN KOJINYECTBA
paboTaOIINX TIPOIECCOB ¥ BbIACICHIN KaKIOMY IIpolieccy paBHOi gouu. Takum oOpasom,
npn Hammanun 12 416 gocTynmHBIX (TO €CcTh He TPUHA/IJIEKAIINX OMePAITHOHHON CICTeMe)
cTpaHnyHbIX 6;10K0B 1 10 TporteccoB Kax/ablil mporiecc noayyaer 1241 crpaHnyHbIil GJI0K.
OcrTaBImmecst mecTh OTOKOB TIEPEXOISAT B PE3EPB JJIST UCTIONb30BAHNS B CTyYae BO3HIKHO-
BEHUsI OIUOKU OTCYTCTBYS CTPAHUIIDL.

XOTs1 3TOT METOJT MOKET MTOKA3aThCs CIIPABEJINBBIM, €/[BA JIM €CTh CMBICJI TIPE/IOCTABIISATD
oIMHAKOBbIE A0JM namMsaTu tporeccy B 10 Kbaiir u npoueccy B 300 Kéaiit. Bmecto atoro
CTPAHUIIBI JIOJKHbI OBITH PACIIPE/IEIIEHDI TPOIIOPIHOHAIBHO 00IIEMY Pa3MePy KaKIOro IPo-
1iecca, uToObl nporecey B 300 Kbaiit 66110 BoizesieHo B 30 pas GoJibliie 610K0B, 4eM [TPOLECCy
B 10 Ko6aiit. HaBepHoe, pasymHo Oy/er JaTh Kaxk/IOMY IIPOIECCY KaKOe-TO MUHUMAJIbHOE
KOJIMYECTBO, YTOOBI OH MOT' 3aIlyCTHThCSI HE3ABUCHMO OT TOTO, HACKOJIBKO MAJIbIM OH OYJIET.
K nprmepy, Ha HEKOTOPBIX MAITUHAX OIMHOYHAS IBYXOIEPaHIHAS KOMAH/IA MOKET HYKIAThCS
He MeHee 4eM B IIeCTH CTPAHUIIAX, IOTOMY UTO Ha FPAHUIAX CTPAHUIL MOJKET OKa3aThCsl BCe:
cama KOMaHJIa, OllepaH/I-NCTOYHNK 1 OTlepan/i-TipueMHuK. [1pu BbliesIeH1 BCero b 1T
CTPAHUIL [IPOTPAMMa, COIEPIKAIAst HOLOOHbIE KOMAH/IbI, BOOOIIE HE CMOKET BBIIOIHSITHCS.

[Ipu ucmosb30BaHUU r106ATBHOTO AJITOPUTMA MOJKET MTOSIBUTHCST BO3MOKHOCTD 3aITyCKATh
KaKJBIH TIpoIlece ¢ HEKOTOPBIM KOJIMYECTBOM CTPAHUIL TIPOMTOPITUOHATIBHO pa3Mepy TIpo-
1ecca, HO Kak TOJIbKO MPOIECCHI OYYT 3alyIeHbl, pactipe/ieJieHIe 0JIKHO THHAMHYECKH
06HOBISATBCsT. OTHUM 13 C1I0COOOB YITPABJIEHHUST PACIIPEIETCHIEM SIBJSIETCS HCIIOJIb30BAHNE
AJITOPUTMA YACTOThI BOSHMKHOBEHHUs OLIMOKH oTcyTeTBust crpanmipl (Page Fault Frequency
(PFF)). On moackasbiBaeT, Korja Hy:KHO YBEJTNYNBATD WJIM YMEHBIITATH KOJUYECTBO BBIJIE-
JIEHHBIX ITPOIIECCY CTPAHMUIL, HO HUYETO HE TOBOPUT O TOM, KaKyI0 CTPAHUILY CJIEYET YAAIUTh
B cilydyae BO3HUKHOBeHUs omubku. OH BCETO JIUIIb KOHTPOJIUPYET Pa3Mep BbIIETEHHOTO
nabopa.

Panee yske roBOpUIIOCH, UTO 1715t O0JIBIIOTO KJIacca alIfTOPUTMOB 3aMEIEHUs CTPAHMIL, BKJIIO-
yast LRU, usBectHO, 4T0 yeM OO0JibIie BbIIEJEHO CTPAHULI, TEM MEHBILE YPOBEHb OMINGOK.
JlanHoe mpearnosoKenre moiokeHo B ocHoBy anroputma PFFE 9To cBoiicTBO mponsLiio-
cTpupoBaHo Ha puc. 3.21.

V3mepenue ypoBHST OITHMOOK OTCYTCTBHSI CTPAHUIL OCYIIECTBISIETCS TIPOCTHIM TTOJICYETOM
KOJITYECTBA OMNOOK B CEKYHLY, MOJKHO TAKIKE B3SITh CKOJIB3SIIIEE CPEHEe 32 HECKOJIBKO TIPO-
meAmux cekyH1. OIHUM U3 IPOCTHIX METOAOB OCYIIECTBIEHUS TOA00HOTO U3MEPEHSI SIB-
Jisietcst pubaBJieHre KOJTNYEeCTBA OMMMOOK OTCYTCTBHSI CTPAHUIL B TEYEHHE TOJBKO YTO MPO-
TIeIIel CeKYHIBI K TeKYIeMy 3HaYeHNIO CKOJIB3SIIIEero CPEeHero 1 JieleHue Pe3yssraTa Ha
nBa. [TyHKTUpHAst TUHESL, 0003HAUeHHAs OYKBOIT A, COOTBETCTBYET HEIIPHEMIIEMO BBICOKOMY
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KonnyecTtBo owmnbok
OTCYTCTBUA CTPaHULbl B CEKYHOY

KonunyecTtBo BblAENEHHbIX CTPaHNYHbIX GrnokoB

Puc. 3.21. YpoBeHb OLMO0K Kak GYHKLMS OT KOIMYECTBA BblAENEHHbIX
CTpaHMYHbIX 6J10KOB

YPOBHIO OIMOOK OTCYTCTBHSI CTPAHUILBI, TOITOMY, YTOOBI CHU3UTD ATOT YPOBEHb, IIPOIIECC,
B KOTOPOM TIPOMCXO/AT OIMMOKH, TTOJayYaeT GOIblne CTPAHMIHBIX O0KOB. [TyHKTHPHAS
JHus, 0603HadeHHast OYKBOi B, COOTBETCTBYET CIMIIKOM HU3KOMY YPOBHIO OIIMOOK OTCYT-
CTBUSI CTPAHUIIB, KOTOPBIH TTO3BOJISIET IPE/TIOIOKUTD, YTO MIPOIECCY BBIACIECHO YPE3MEPHO
MHOTO MaMsATH. B 5TOM cJiyuae cTpaHuuHble GJOKH Y HETO MOTYT ObITh 0TOOpaHbL TakuM
o6pasom anroput™ PFF nbitaercs coxpanuTh Uit Kask10T0 TIPOIecca ypoBEHb MOKAYKU
CTPaHWIL B IIPeIeIaX MPUEMIEMbIX TPAHMUIL,

BaskHO OTMETHUTDH, YTO HEKOTOPbIE AJITOPUTMbI 3aMEIEHUsI CTPAHUIL MOTYT paboTarh Kak
C JIOKQJILHOIA, TaK ¥ ¢ TI00aIbHOI TosnTuKoil 3amentenust. Hanpumep, FIFO mosker 3ame-
HSTb CAMBIE CTAPbIe CTPAHUIIBI BO BCEM MTPOCTPAHCTBE MaMsITH (TII00aTbHBII aJITOPUTM ) UIIH
camble cTapble CTPAHUIIBI, TPUHAJIE)KAIIIe TeKyIeMy poreccy (JIOKaIbHBIN alTOPUTM).
Touno tax sxe anroputm LRU nim npubinskeHus: K ero peajusaiui MOryT 3aMeHsITh Hau-
6oJiee JIaBHO MCIOJIb30BAHHYIO CTPAHUILY BO BCell aMsaATH (TJI06aIbHBINA aJrOPUTM) HIIN
HauboJiee IABHO UCIIOJIb30BAHHYIO CTPAHMUILY, TPUHAJIEKAIILYIO TeKyleMy mpoiieccy (J1o-
KaJIbHbII a7IrOpuT™). B HEKOTOPBIX Ciydasix BBIGOP JIOKAIBHOIL, a He r106albHOIl cTpaTerun
He 3aBUCHT OT aJITOPUTMA.

B 10 jKe BpeMs IS IPYTUX QJTOPUTMOB 3aMEIeHUs CTPAHUIL UMEET CMBICII TOJBKO JIO-
KaJibHast cTpaTterus. B wacTHocTH, anroputMbl pabouero Habopa 1 WSClock obpamiarores
K HEKOTOPBIM KOHKPETHBIM IIPOLIECCAM U JOJLKHBI IIPUMEHATHCS B 9TOM KoHTtekcte. [1o cyTn,
He CyIIecTByeT pabodero Habopa JIs BCell MAIMHBL, 1 IIPU HOIIBITKE BOCIIOIb30BaThCST 00b-
eIMHeHNeM Beex pabounx HabOPOB aITOPUTM YTPATHUT CBOWCTBO JIOKATbHOCTH U HE CMOKET
paborarb ahPEeKTUBHO.

3.5.2. YnpaBneHue 3arpy3Kom

Jlaxke 1ipu caMoM JIydIiieM aJirOPUTMe 3aMeIeHusT CTPAHUIL U OTITUMAJIBHON CUCTEME Pac-
MpEIeJICHNUST CTPAaHWYHBIX OJIOKOB MEXK/Y MPOIECCAMI CUCTEMa MOKET MTPOOYKCOBBIBAT.
Dakrnyecku Korga cymma pabounx HaOOPOB BCEX MPOLECCOB IPEBbILIaeT 00bEM TaMSTH,
MOJKHO OKUIATh IPOOYKCOBKU. OHUM 13 CUMIITOMOB TaKON CUTYaIMHU SIBJISIETCS IOKA3aHe
anroputma PFF, cBueTesibcTByIONEE O TOM, YTO HEKOTOPbIE TIPOTIECCHI HYKAAIOTCS B J10-
HOJHUTEIBHON IIAMATH, HO HU OZIHOMY 13 IIPOLIECCOB HE HY’KeH ee MeHbIIii 00beM. B Takom
cilydae Hy KIATOMIMMCS TIPOIeccaM HEBO3MOKHO MTPEIOCTABUTH AOTIOJHUTENBHYIO TTAMSITh,
He «yHIeMJIAA» ApyTrre IIpo1ecChl. EI[I/IHCTBeHHbIM peasbHbIM pENIEHUEM CTaHET I/I36aBJIeHI/Ie
OT HEKOTOPBIX MTPOIECCOB.
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Hertoxum ¢rioco6oM cokpalieHnst KoJIn4ecTBa COPEBHYOIUXCS 3a 00JIalaHue MaMsIThIO
[IPOIIECCOB ABJsIETCH cOPOC HEKOTOPBIX U3 HUX Ha JAUCK U OCBOOOKIEHUE BCEX YAEPHKH-
BaBIIMXCSI MU CTpaHuil. Hampumep, ouH mporecc MOKeT O6bITh COPOIIEH Ha JINCK, a eTo
cTpaHuYHble GJOKM — MOJEJEHbI MEXKIY IPYTUMU IIPOOYKCOBBIBAIOIUMHE TIPOIECCAMI.
Ecin ipobyKcoBKa [pekpaTuTes, To CUCTeMa HEKOTOPOE BPeMs MOKET I[popaboTarTh B TAKOM
cocrosnuu. Eciiu ona He npekparutcs, norpedyercs cOpoCUTh Ha JAUCK APYTroM Mpolece
U TIPOJIOJKATH B TOM JK€ JIyXe, MOoKa MPoGYKCOBKa He mpekpaTtuTest. TakuMm o6pasom, paxke
NP CTPAHWYHON OPraHM3aliy MaMsITH CBOITMHT MOJKET He YTPATUTh CBOEH aKTyaJbHOCTH,
TOJILKO TeTIePb OH KCIOJIB3YETCs Uit COKPAIEHUS TOTEHIINAIBbHOM MOTPEOHOCTH B TAMSITH,
a He /st HOBTOPHOTO BOCTPEOOBAHUS CTPAHMUIL.

CBOTIMHT MIPOIIECCOB, IPU3BAHHBIN CHU3UTDH HATPY3KY Ha IMaMsITh, HATIOMUHAET JABYXYPOB-
HEBYIO IUCTIeTYCPUIAIINIO, TIPU KOTOPOI YaCTh IPOTIECCOB TIOMETIACTCS Ha JWCK, a [T Pac-
TpefieJIeHNsT OCTABIINXCS TPOTIECCOB UCIIOTB3YeTCs KPAaTKOCPOUHBIH aucteTydep. [lorsaTHo,
9TO TH [[BE UIEU MOKHO COYETATD, BHITPYIKAS OCTATOYHOE KOJUYECTBO IPOIIECCOB, YTOODI
JOCTUYb TIPUEMJIEMOTO YPOBHS OMIUOOK OTCYTCTBUS CTpaHUIbL. Ileproauuecky Kakue-To
TTPOTIECCH 3aTPYsKATOTCS € INCKA, a KaKKe-TO BBITPY’KAIOTCS Ha HETO.

Eute oxamrm GakTopom, TpeOYIOUMM PACCMOTPEHYSL, SIBJISIETCSL CTEIIEHb MHOTO3aJa4HOCTH.
Korza B 0cHOBHOM TaMSATH HAXOAUTCS CTUIITKOM MaJIo TIPOIECCOB, IIEHTPAJILHBIN ITPOTIECCOP
MOKET BeCbMa CYILECTBEHHbIE IIEPUO/IbI BpeMeHu ObITh HemorpyskeH. C y4eToM aToro npu
MPUHATUU PENIEHNS O BBITPY3Ke Mpollecca Hy;KHO TPUHUMATh BO BHUMAaHWE HE TOJTBKO €ro
pasMep 1 ypPOBEHb MOIKAYKN CTPAHUIL, HO U €r0 XapaKTEePUCTUKHU, HAITPUMED OrpaHuyeH JIn
HTOT IPOIECC CKOPOCTBIO BLIYUCJIEHUIT HJIH 5Ke OH OIPaHiYeH CKOPOCTBIO PabOThI yCTPOUCTB
BBO/Ia-BHIBO/IA, M IPUHNMATDH BO BHUMaHNeE T€ XapaKTEPUCTUKN, KOTOPHIMHU 00JIa1afoT
OCTaJIbHBIC TTPOIIECCHI.

3.5.3. Pasmep cTpaHuubl

Pasmep cTpaHUIlbI SIBJISETCSI TEM TTapaMeTPOM, KOTOPBIN J0J5KeH ObITh BBIOpAH OTepalu-
OHHOH cucTeMoii. [axe ecu anmaparypa Obuia paspaboTata, K IPUMEPY, MO CTPAHUI[bI
B 4096 GaiiT, onepanMOHHAsg CUCTEMA MOKET 3aIPOCTO PacCMaTPUBATh mapsl crpanui 0 u 1,
2u 3,4 u5uT. 1. Kak cTpaHuIbl pasmepom 8 Kb6ailT, Bceria BIZIEsAsE UM JIBa TIOCIEI0Ba-
TEeJIbHBIX CTPAHUYHBIX 6J10Ka pasmepom 8192 Gaiir.

OmnpeziesieHre HAMITYUINETO pa3Mepa CTPAHUIIBI TpeOyeT coxpaHeHus HGaaHca MKy He-
CKOJIBKUMU KOHKYpupytomumu (haxropamu. Takum 06pa3zom, abCOMOTHO OIITUMAIBHOTO
penienust He cyiecTByet. Jlyist Havasa Bo3bMeM JiBa (haKTOPA, SIBJISIONIMXCST apTyMeHTaMU
B 10JIb3y HEGOJIBUIOTO pa3Mepa CTPaHuilbl. [IPOU3BOJIBHO B3AThIE TEKCT, JAHHBIE UJIM Cer-
MEHT CTEeKa He 3aT0JIHSAT T[eJI0e YUCJI0 CTPAHUIL. B cpeHeM ToI0BIHA TIOCTIeTHEH CTPAHUITHI
ocraHeTcs He3anoJHeHHOH. OcraBieecst MPOCTPAHCTBO HA ATON CTPAHMUIE TPATUTCS BITY-
CTyI0. DTH TIOTEPU HA3bIBAIOTCSI BHYTPeHHel pparMeHTanueii. Eciii B mamMsiTi # CETMEHTOB,
a pasMep CTPaHUIIbl COCTaBJIsteT p OallT, TO Ha BHYTPEHHIOIO parMeHTaruio Oyaer norpa-
YEHO BILYCTYIO 72p/2 GaiiT. DT cOOOPasKeHUs SBJSIOTCSA aPIYMEHTOM B I10JIb3y HEOOJIBIIOTr0
pasMepa CTpaHUIIBL.

Jlpyroii apryMeHT B 110Jib3y HEOGOJIBIIOr0 pasMepa CTPAHUIIBI BOSHUKAET TIPH PACCMOTPEHUN
[POrPaAMMBbI, COCTOSIIIEH 13 BOCBMU MOCJIEA0BATEIbHbIX HTAIIOB, KasK/[blil pasMepom 4 Koaiir.
I[Tpu pasmepe crpanuibl 32 Kbaiit nporpamme Beerza A0JKHO ObITh BbiieieHo 32 Koaiir.
ITpu crpanuie pasmepom 16 Koaii eii morpedyercst Tosbko 16 Koaiit. A npu pasmepe crpa-
nutbl 4 Kbaiit nin Menblie eii B 060t MOMeHT BpeMeHu roTpebyercst Toybko 4 Koaiir.
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B o6uiem, npu GOJIBIIOM pa3Mepe CTPaHUIbl B ITaMsATH Oyner GoJIbile HEUCII0Ib3yeMOro
IIPOCTPAHCTBA, YeM IIPU MAJIOM.

B 10 ke BpeMst Tipu HEGOBIINX TI0 06BEMY CTPaHUIAX MTOPAa3yMEBAETCST, YTO MPOTPAMMBbI
OyIyT HYKIAThCA B OOJIBIIOM KOJIMYECTBE CTPAHMII, 4 ATO TIPUBEJAET K GOJIBIIOMY PasMepy
Tabaunbl crpanull. IIporpamme pasmepom 32 K6aiit Tpebyercst TOIBKO 4 CTpaHUIIBI 11O
8 K6aiit, Ho 64 crpanuib o 512 Gaiir. Kak npasuiio, Ha AUCK 1 ¢ AUCKA IEPEHOCUTCS Cpa-
3y BCsI CTPAHUILA, IPY 9TOM OCHOBHASI YaCTh BPEMEHM TPATUTCS HA 33JIePIKKU, CBSI3AHHbIE
C TIOUCKOM HY’KHOT'O CEKTOPA U PACKPYTKOM JIMCKa, HOITOMY TI€PEHOC HeGOJIbIION CTPAHUIIBI
3aHUMAET MPAKTUYECKU CTOJILKO JKe BPEMEHH, YTO U IIepeHoc O0bInoi cTpanuibl. s 3a-
rpysku 64 crpanuil o 512 6aift Mosker norpeboBarbes 64 - 10 Mc, a 1151 3arpy3KH YeTbIPex
crpanuir 110 8 Kbaiit — Beero 4 - 12 mc.

Kpome Toro, crpanuiisl HeOOJIbIIOTO pasMepa PacXoAyIoT MHOTO 1EHHOTO IPOCTPAHCTBA
B TLB. IIpeamosioxkum, 4To Balia nporpaMmma uciosbayer 1 MoaiiT nmamsatu ¢ pabounm Ha-
6opom pasmepoM 64 Koaiit. [Tpu crpanuiax pasmepom 4 Kbaiit nporpamma GyzieT 3aHuMarh
Kak MuHUMYM 16 3anuceii 8 TLB. ITpu crpanuiax pasmepom 2 Mo6aiiT 66110 ObI JOCTATOYHO
onnoi sanucu B TLB (Teopernduecku BaMm MoKeT NOTPeOOBATHCS PA3AEIUTh AaHHbIE U WH-
crpykiun). U3-3a nedurmra TLB-3amuceit 1 X 3HAUNMOTO BIUSHUS HA TTPOU3BOIUTEID-
HOCTh TIPUXOUTCS BE3JIE, TAE TOJBKO MOKHO, PACIIIAYMBATHCS MCIOIH30BAHUEM OOJIBIITIX
crpanuil. YTobbI cbasmaHCHPOBATh BCE T KOMITPOMICCHI, OTIEPAIIMOHHBIE CHCTEMbI THOT/IA
HCTIOJIB3YIOT PasHble pasMepbl CTPAHMIL s PasHbIX yacTeil cuctembl. Hanpumep, 60sibiime
CTPAHUIBI [IJIS1 SI7IpA U MEHBIIINE 110 Pa3Mepy CTPAHUIIBI /IS [T0JIb30BATEIbCKIX ITPOIECCOB.

Ha HekoTOpbIX MallliHaX TabJIia CTPAHUI] JOJIKHA ObITh 3arpyskeHa (OMeparnoHHON CH-
CTEMOI1) B anmaparHble PErUCTPBI TIPU Kak/IOM MePEKJII0UeHNH TIeHTPAJIBHOTO TIPOIeccopa
C OZIHOTO TIpolecca Ha APYroi. [lyist aTUX MAIIMH HAJIMYre HeOOMBIINX CTPAHUI] O3HAYAET
yBeJIMYeHIe BpEMEHHU, HEOOXOMUMOTO [IJist 3arPY3KU PETUCTPOB CTPAHUIL P YMEHbIIEHITN
pasmMepa cTpanulibl. bojiee Toro, mpu ymMeHbllIeHUN pa3dMepa CTPAHUI[bI YBeJINYNBACTCS [TPO-
CTPAHCTBO, 3aHUMaeMOoe TabJIuIIell CTPaHUIL.

[Mocientee yTBepsKIeHIIE MOXKET OBITH TPOAHATU3UPOBAHO C MATEMATIIECKON TOUKH 3PEHIISL.
ITycrh cpepHuii pasMep mporecca GyIeT COCTABIATH s GAiT, a pasMep CTpaHUIbl — p Oalit.
Kpowme 3T0ro mpeinonoRuM, 4To Ha KaxKIyIo CTPAaHYHYIO 3aich Tpedyercs e 6aiit. Torma
pUGIM3UTEBHOE KOJIMYECTBO CTPAHMUIL, HEOOXOIMMOE KKIOMY [potieccy, Oy/ieT paBHoO S/p,
4TO 3aiiMeT se/p GallT ipocTpaHcTBa TabJKIb cTpaHull. V3-3a BHyTpeHHEl (hparMeHTaImu
HEHUCII0JI3YeMO€ [IPOCTPAHCTBO TTAMSITH B TTOCJIEHEN CTpanuiie mpoiecca Oyaer paBho p/2.
Takum 06pa3om, obIine u3AepKKU Ha TaOJIUIy CTPAHUI] M BHYTPEHHIOO (hparMeHTaInio
Gy/LyT MOJTyIEHDI 32 CYET CYMMHUPOBAHUSI ITUX J[BYX BEJMUMH:

Wsnepxku = se/p + p/2.

ITepBoe ciraraemoe (pasmep TabIUIBI CTpaHuIl) OyaeT nMeTh GoJiblilee 3HaYEHUe IPU He-
GOJIBIITIOM pa3Mepe cTpaHuIbL Bropoe ciiaraemoe (BHyTpeHHs (pparMenTanyst) OyneT IMeTh
GoJIbIIee 3HAYEHNE ITPU HOIBIIOM pasMepe cTpaHuIbl. ONTHMAaIbHbI BapUaHT HAXOIUTCST
I7ie-To Iocepenune. Eciiu B3sTh nepByo MpOM3BOAHYIO [0 ePEMEHHOIT p U IPHPABHATE ee
K HYJIIO, TO MBI II0JIyYUM ypaBHeHIe

—se/p*+1/2=0.

W3 aToro ypaBHeHUsT MOXKHO BbIBECTU (hOPMY.JLY, AIOILYIO OTITUMATbHBIN pa3Mep CTpaHu-
1Bl (C Y4ETOM TOJIBKO TI0TEPh MaMsITH Ha (PPArMEHTAIMIO U Ha Pa3Mep TaOJIUIIbl CTPAHMUIL).
Pesyuibrar Oy/eT ceayionmm:
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p=+/2se.

st s = 1 Moaiit 1 e = 8 GaliT Ha Ka/1y1o 3a1MCh B TabJIMIIE CTPAHUI] ONITUMAJIbHbBII pas-
Mep crpanuiibl Oyner 4 Ko6aiir. Mimeronyecs B Ipojake KOMIbIOTEPbI UCIIOJIb3YIOT pasMep
crpanuibl ot 512 GaiiT 1o 64 Ko6aiit. Panpiue yaie Bcero ucosib3obajics pasmep 1 Koaiir,
HO ceffuac Jalie BCero BCTpeyaercst pasmep crpanuiibl 4 KoaiT.

3.5.4. PaspeneHne npocTpaHCTBa KOMaHA, U AaHHbIX

V MHOTIUX KOMIIFIOTEPOB MIMEETCS eIIHOE aJpecHOe IIPOCTPAHCTBO, B KOTOPOM, KaK IOKa3aHo
Ha puc. 3.22, a, conepsKarcs v IIPorpaMMbl U AaHHbie. IIpy J0BOJIBHO GOIBIIOM 0GbEME ITO-
0 IPOCTPAHCTBa Bee paboTaeT HOpMaibHo. Ho 3a4acTyio 06beM afpecHOro mpocTpaHcTBa
CJIMIIKOM MaJl, YTO 3aCTaBJIsIeT IPOIPAMMUCTOB KaK-TO BBIKPYUUBATbLCL, YTOOBI IIOMECTUTD
B HEro Bce HeoOXoUMoe.

EnunHoe
afpecHoe NPoCTPaHCTBO |-npocTpaHcTBO D-npocTpaHcTBO
232 232

} Hevcnornb3aosaHHble
CcTpaHuubl
[aHHble
[aHHble
Mporpamma [Mporpamma
0 0
a 6

Puc. 3.22. AgpecHoe NpoCTpaHCTBO: @ — eAnHoe; 6 — OTAesbHbIE aApeCHbIe NPOCTPaHCTBA
komaHz, (1) n ganHbix (D)

OnHo 13 pelienuii, BIiepBble TPUMeHEeHHOe Ha TecTHaaTupaspsianoi mamuae PDP-11,
3aKJII0YAJIOCH B MCIIOJIb30BAHUY OT/IEJbHBIX a/[PECHBIX MTPOCTPAHCTB JIJisl KoMaH [ (TeKcTa
MIPOrPaMMBI) U JIAHHBIX, HA3bIBAEMbBIX [-1TpOCTpaHCcTBOM 1 D-TIPOCTPAHCTBOM COOTBETCTBEH-
Ho (puc. 3.22, 6). Kaxnoe npocrpanctso npoctupaercs or 0 0 HEKOTOPOro MaKCHUMyMa,
06b19HO0 21 — 1 mym 232 — 1. KoOMIIOHOBIMK IOJIZKEH 3HATH O TOM, YTO MCIOJb3YIOTCST OT-
nenbubie [- 1 D-mipocTpaHcTBa, TTOCKOIBKY MPU UX UCIIOJb30BAHUN JIAHHbBIE TIEPEHOCSTCS
Ha BUPTYyaJabHbIN ajgpec 0, a He HAUMHAIOTCS CPasy 1ocJie TPOrpaMMBbl.

Ha xommpioTepax Takoi KOHCTPYKIIMHM CTPAHUYHYIO OPTaHW3AINIO TAMSITH MOTYT UMETh
06a TIPOCTPAHCTBA HE3ABUCUMO JIPYT OT Apyra. Y KaskJ0ro U3 HUX UMEETCs] COOCTBEHHAsT
TabJIuIA CTPAHUI] ¢ COOCTBEHHBIM OTOOPaKEHUEM BUPTYAIBHBIX CTPAHUI] Ha (GU3UYECKUE
crpannunbie 61oku. Korza anmaparype TpebyeTcst U3BJeub KOMAH/LY, OHA 3HACT, UTO JIJIs 9TO-
0 HY3KHO HCII0JIb30BaTh [-IipocTpancTBO 1 Tabsuity cTpanuit aToro I-npocrpancrsa. TouHo
TaK ke oOpallleHre K JaHHBIM JOJIKHO BECTUCH Yepe3 TabJIuily cTpanul] D-1ipocTpaHcTBa.
Kpowme aTux ToHKOCTEH, HAJTMune OTAeabHbIX - 1 D-pocTpancTB He IPUBOIUT K KAKUM-
TO 0COOBIM OCJIOKHEHUSIM [IJIsI OLIEPAIIMOHHON CUCTEMbI U [IPU 9TOM yIBaUBAET JOCTYITHOE
aJIpecHoe TPOCTPAHCTBO.

HOCKOJIbe TENnepb aJipeCHble IPOCTPAaHCTBa CTaJU 6OJILH_[I/IMI/I, Cepbe3Hbl€ IIPO-
6JI€MBI, CBA3aHHbIC C UX padM€paMi, YIIJIU B IIPOIIJIOE. Ho naxe ceromus pasjersienue
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I- u D-nipocTpaHCTB BCTpeyaeTcs A0BOJIbHO YacTo. IIpaBaa, BMeCTO OObIYHBIX a[PEeCHbIX
MIPOCTPAHCTB TEIephb ATO pasziesieHre NCIOab3yeTcsd B Katre L1, KoTOpsIii 10 cux 1mop uc-
MBITBIBaeT /IepUIINT MaMSTH.

3.5.5. CoOBMEeCTHO UCNoJib3yeMble CTPaHULbI

Eiite ogH1M BOIpocom paspabOTKH SIBJISIETCSI COBMECTHOE MCII0Ib30Batue pecypcoB. B 6oib-
HIMX MHOTO33/IA9HbIX CUCTEMAX O/[HOBPEMEHHOE MCIIOJIH30BAHIE HECKOJbKIUMHU TT0JIb30Ba-
TEJISIMU OJTHO 1 TOT JKe TTPOTPAMMBI SIBJISIETCST OOBIYHBIM JETTOM. J{aske OTAETbHDII TOIB30-
BaTeJIb MOJKET 3aIlyCKaTh HECKOJIBKO IIPOrPAMM, HCIIOAb3YIOIIMX OLHY U Ty JKe GUOINOTEKY.
[Tpu sTOM BrIOJIHE OUeBUIHA 9 (HEKTUBHOCTH COBMECTHOTO MCTIOIB30BAHUS CTPAHUII, UTOObI
n36exkaTh OJIHOBPEMEHHOTO TIPUCYTCTBYS B MAMSITH JIBYX KOTIMI OJIHO# ¥ TO¥ JKe CTPAaHMIIbL.
ITpo6sieMa B TOM, 4TO He BCE CTPAHMIIBI MOTYT MCIIOJb30BAThCS COBMECTHO. B yacTHOCTH,
CTPAHUIIBI, TIPETHA3HAUEHHbIE TOJBKO JIJIsl YUTEHUsI, HAPUMEP COJIEPIKAIIIE TEKCT TIPOrpaMm-
Mbl, MOT'YT UCIIOJIb30BATbCS COBMECTHO, a COBMECTHOE UCITOJIb30OBaHWE CTPAaHUIL C JJaHHBIMU
CBSI3AHO C IOTTOJHUTETHHBIMU CJIOKHOCTSIMU.

Ecnu nojyepsxuBatorest otaesbibie [- u D-mipoctpancTsa, 3ajia4a COBMECTHOTO UCTIOJIH30Ba-
HUSI IPOTPAMM CTAHOBUTCSI OTHOCUTEJIBHO TIPOCTOH 32 CYeT HAJIMYMSI OTHOTO MJIN HECKOJIb-
KUX [TPOLIECCOB, UCMIOJIb3YIONIUX OJIHY ¥ TY K€ TabJIMIy CTPAHUIL [ CBOUX [-TIPOCTPAHCTB,
HO pasHble TabJMIbl CTpAaHUIL 1Jist cBouX D-1mipoctpanctB. OObIYHO B pea3alusix, Mojep-
JKUBAIOIIMX COBMECTHOE UCIIOJIb30BAHNE CTPAHMIL TAKMM 00pa3oM, TabJIUIla CTPAHUIL SIBJIs-
eTCsl CTPYKTYPOIl JIAHHBIX, HE3aBUCKMOM OT TabJIMI[BI IPOoLieccoB. IIpu aToM, Kak MoKa3aHO
Ha puc. 3.23, Kax/Iblil Ipolecc B CBOel TabiumIle pollecca MMeeT JiBa yKasaTeJis: OJAUH Ha
TabsMIly cTpanull I-ipocTpancTBa, Apyroii Ha tabuity crpanul D-npoctpancrsa. Korma
IJIAHUPOBIIKK IIPOLECCOB BHIOMPAET 3aIlyCKAEMbIH IIPOIIECC, OH MCIIOJIb3YeT 9TH yKa3aTeln
JUISE OIIPE/IeJIEHI MECTOHAXO0KIEHUS TaOJUL CTPAHMI] M HACTPOIKHM ¢ UX HOMOIIBIO JANC-
metdyepa mamsatu (MMU). IIpoitecchl MOTYT COBMECTHO MCTIOJIb30BATh MPOTPAMMBI (TIJTH
uHoraa 6ubANOTEKN) faxke B OTCYTCTBUE OTAEAbHBIX I- 1 D-IPOCTPaHCTB, HO ISl 9TOTO
UCITIOJIB3YETCs H0JIee CIIOKHBIIT MEXAHU3M.

Korza nBa u GoJtee ipotiecca COBMECTHO HUCIIONB3YIOT OJIMH ¥ TOT JKe KOJI, BOSHUKAET TIPO-
6JieMa COBMECTHO HCIOIb3yeMbix cTpanuil. [Ipeanonoxkum, uto nBa npoiecca, A u B, 3a-
MTyCKafOT PEAAKTOP U COBMECTHO MCIIOIB3YIOT €T0 CTPAHUIIBL. Ecm NIaHpOBINK TPUMeT
pelenye y1aauThb mporiecc A n3 maMsaTH, MoKepTBOBaB BCEMH eT0 CTPAHUIIAMU U 3aITOJTHIB
OIyCTEBIIIME CTPAHUYIHBIE OJIOKHM KAKOH-HUOYb APYTOil IIPOrPAMMOIL, 3TO MIPUBEIET K TOMY,
4TO 1poitecc B crenepupyer 60JIbIIOe KOJTUIECTBO OMUOOK OTCYTCTBHSI CTPAHUIIBI U BEPHET
ATH CTPAHUIIBI HA3a/I.

Tax:ke 1Ipu ocTaHoOBKe TIpoliecca A HeoOX0AUMO UMETh BO3BMOMKHOCTD OIIPEAETITh, KaK1e
CTPaHUIIBI BCE ellle MCIOIb3YIOTCs, YTOObI MX AUCKOBOE IIPOCTPAHCTBO CIyYaiiHO He OKasa-
JI0Ch 0CBOGOKIEHHBIM. [IpocMOTp Beex Tab/IuIl CTpaHMIL It TOTO, YTOObI OIIPEAESUTD CO-
BMECTHOE UCTIOJIb30BaHKE CTPAHUIIBI, — OOBIYHO OUEHb 3aTPaTHAsI OTIEPAIIHsl, TOITOMY JIJIsk
OTCJIESKMBAHUS COBMECTHO UCTIOJB3YEMbIX CTPAHUI] TOHAZOOUTCS CIIEIHaIbHast CTPYKTYPa
JaHHBIX, 0COOEHHO €CJIH MPEIMETOM COBMECTHOTO UCIIOJIb30BAHS SIBJSIETCS OTAEIbHAS
crpanuiia (UK PsiJl CTPAHMIL), & He BCsA TabJIMIa CTPAHMIL,

CoBMeCTHOE UCIIOJIb30BaHUe JaHHbBIX ABJAeTCs OoJjiee CJI0KHON 3a/jaueii, ueM COBMeCTHOe
HCIIOJIb30BaHIE KO/a, HO 1 OHa He sIBJsgeTcsd HeBbImoaHuMou. B vactaocty, B UNIX mocie
CHCTEMHOTO BBI30BA f0rk POANTENBCKIIT 1 IOUEPHUH TIPOIIECCHI BEIHYKIEHBI COBMECTHO HC-
MOJIb30BATh KaK TEKCT ITPOrPaMMbl, TaK U JJaHHbIe. B crucTeMax co CTpaHUYHON OpraHu3alei
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—

Tabnuua
npotecca

R

Mporpamma [OaHHble-1 [aHHble-2

L J
Vo

Tabnuubl cTpaHuL,

Puc. 3.23. [1ga npouecca, COBMECTHO UCMNOb3YIOLLME OAHY U Ty Xe NPOorpaMmmy,
MMetoT obLwme Tabnumubl CTpaHuL,

MaMTH YacTo MPAKTUKYETCS TIPEOCTABIEHNE KaskI0MY 13 TAKUX MTPOIIECCOB COOCTBEHHON
TaGJIMIIBI CTPAHUI] U HAJIMYKEe Yy HUX 0OOMX yKasaTessl Ha OJUH 1 TOT sKe HabOpP CTPaHMUII.
Takum 06pasoM, IPU BBITIOJTHEHNN CHCTEMHOTO BBI30BA f0rk KOIIMPOBAHUS CTPAHUIL HE TIPO-
ucxoaut. TeM He MeHee Bce CTPAHMIIBI C TIaHHBIMU OTOOPAKAIOTCS st KasKI0T0 [polecca
KaK CTpaHUITbI TOTbKO it utennst — READ ONLY.

[Toka o6a mporiecca TOJMBKO YUTAKOT CBOU JAHHBIE, HE BHOCST B HUX U3MEHEHHUIA, 9Ta CUTyalus
MOKET MPOJoJIKaThest. Kak TONbKO Kakoii-HUOYAb U3 IPOIIECCOB OOHOBUT CJIOBO HMAMSITH,
HapyHoieHue 3alluThbl peKUMa TOJbKO JId YTE€HUA IMPUBEAET K CUCTEMHOMY IIPEPbIBAHUIO
OTepaMoHHON cucteMsbl. I1ocsie 9ero aenaeTcst Kous BhI3BaBIIel 9Ty CUTYAIMIO CTPAHUIIBI,
4TOOBI Y KasK/0r0 Mpoliecca UMeJcss cOOCTBEHHBIN ak3eMILsap. Tenepb st 06erx Komuii
ycTanaBiamBaeTcs pexknM utenug-3anucu — READ-WRITE, moatomy cremxyromnue 3anucu
B KasK/LY10 KOIIUIO IIPOMCXOAAT G€3 CUCTEMHOTO IIPEePhIBaHUA. DTa CTpaTerks 03Ha4aeT, 4To
Te CTPAHUI[BI, KOTOPbIE HUKOT/IA He U3MEHSIOTCs (BKJII0Yast BCe CTPAHUIIBI IIPOIPAMMbI), He
HysKIal0Tcst B Konuposanuu. Komnuposatue Tpedyercs TOAbKO A/ TeX CTPAHMIL, KOTOPbIe
HA CaMOM JIeJI€ TIOJ[BEPraOTCsT UBMEHEHVSIM. DTOT TIO/IXO0/l, HA3BAHHBIII KONMMPOBAHUEM MPH
3anucu (Copy on write), MOBBIIIAET IPOU3BOAUTEIBHOCTD 32 CUET COKPALIeHKU 0ObeMa
KOTIMPOBAHUSI.

3.5.6. CoBMeCTHO ucnosib3dyembie 6MbnmotTeku

CoBMeCTHOE UCTIOJIB30BAHIE MOKET OBITD C IPYTON CTENEHBIO CTPYKTYpupoBanHocTu. Eciu
porpaMma OyzieT 3aryieHa ABak/Ibl, TO OOJIBITUHCTBO OTEPAIIMOHHBIX CUCTEM aBTOMATH-
YECKM OPraHU3YI0T COBMECTHOE UCIIOJIB30BAHUE TEKCTOBBIX CTPAHMIL, YTOObI B TIAMSITH ObLJIa
TOJIBKO O7iHa KOTIHs1. TeKCTOBbIE CTPaHUIIbI BCET/[a UCIIOJIb3YIOTCS B PEXKUME TOJIBKO JIJIs uTe-
HUS, 109TOMY [IPOOJIeM He BO3HKMKaeT. B 3aBUCMOCTH OT OlIepallMOHHON CHUCTEMbI KasKIbIi
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TIpOIECC MOJKET IMOJIYyYUTDH CO6CTB€HHyIO YaCTHYIO KOIIUIO CTPAHUIL C JTaHHBIMUW WJIN K€ OHU
MOTYT COBMECTHO HCIIOJIb3OBATbCA N UMETDH IIOMETKY «Tonbko JIJIA YTEeHUA» . Ecim kakoii-
HI/I6y,Zlb TIporecc n3MeHAeT CTPAHUILY JaHHbIX, JJIA HETO 6y[[€T CO3/1aHa 9aCcTHadA KOIInA, TO
€CTb 6y/1€T HCITIOJIb30BaHa KOIIWA, IPpUToAHaA AJIA 3aIlIUCH.

B COBPEMEHHBIX CUCTEMaX NMEETCA MHOKECTBO 60]II)H_[I/IX 6I/I6JII/IOTGK, HCIIOJIb3YEMbIX MHO-
UMM [IPOLIECCAMU, K IPUMEPY MHOKeCTBO OGubJIMOTEK BBOAA-BbIBO/IA U Tpaduueckux Ou-
6morek. Cratnueckast IPUBI3Ka BCEX 9TUX OMOIMOTEK K KAKI0M MCIIOIHSIEMOIT IIPOrpaMmMe
Ha IMCKe cesana Obl X elne 6osee pa3ayThIMI, 9€M eCTh Ha CAMOM JIeJIe.

BMecTo 9TOTO [0J/IKHA MCIIOIb30BATHCsI OOIAsd TEXHOJIOTHS COBMECTHO MCHOIb3yeMbIX
(06mmx) 6ubIHOTEK, KoTOphle B Windows HashIBAIOTCSA AMHAMUYECKHU TOAKII0YAEMbIMU
6ubsmorekamu (Dynamic Link Libraries (DLL)). Yto6bl ciieiaTh Ujieto COBMECTHO UCTIONb-
3yeMoil 6ubsmoTeku GoJiee MOHATHOM, PACCMOTPUM CHAYaJIa TPAJUIIUOHHYIO KOMIIOHOBKY.
ITp1t KOMITOHOBKE MPOTPAMMBI B KOMaH]Ie€ KOMITOHOBIIIUKY YKa3bIBAETCST O/IIH MJIH HECKOJIHKO
00beKTHBIX (hAIOB 1, BO3MOKHO, HECKOJIBKO OMOMMOTEK, Kak, HarnpuMep, B Komane UNTX

1d *.0 -1c -1m

KOTOpast KOMIIOHYeT Bce (aiibl ¢ pacimpenneM .0 (object), umeronuecst B TEKyIEM
KaraJjore, a 3aTeM CKaHupyer JaBe 6ubanoreku, /usr/lib/libc.a u /usr/lib/libm.a. JlxoO6bie
(dyHKIUY, BbI3bIBaeMble B 00bEKTHBIX (halijiax, HO He IPUCYTCTBYIONUE B HUX (HAIIPU-
Mep, printf), Ha3bIBAIOTCS HEONPEAEJeHHbIMUA BHEIHUMHU (PYHKIMAMHA U BHIMCKUBAIOT-
cs1 B 6ubsnmorekax. Ecau oHUM HallZleHbl, TO UX BKJIOYAIOT B UCIIOJHIEMBbIN IBOMYHDBII
(aiisr. JIoOble BbI3bIBaeMble, HO He IPUCYTCTBYIONIME B HUX (DYHKI[UU TaKKe CTAHOBATCS
HeonpeaeJeHHbIMU BHEIHUMU GyHKIMsMu. K npumepy, dynkuuu printf/ tpebyercs
dyHKIMA write, 103TOMY, ecan DYHKIUA write elle He BKIOYEeHa, KOMIIOHOBIIUK Oy/1eT
ee Pa3bICKUBATH W, KaK TOJBKO HAUET, BKIIOUUT B IBOMYHBIHN (daiin. Korma koMmoHoBKA
3aBEPIIUTCS, UCIIONHSEMbII ABOMUYHbBII (Dailj1, 3aluchiBaeMblii Ha JUCK, OYIET COmepKaTh
Bce HeoOXoauMble hyHKIII. VIMerotecst B 6uGIHOTEKE, HO HEBOCTPeOOBaHHbIE (PYHKITNN
B Hero He BKJIOYaloTcs. Korpa mporpaMma 3arpyskaercst B aMsITh U BBITIOJTHSIETCS, B HEH
cojiepsKaTcst Bce HeoOXoAMMbIe eit QYHKIINH.

Tenepb NpeAIoNoKIM, YTO 00bIYHAS IIporpaMma ucioabsyer 20—50 Moaiit dpyHkuuii, or-
HOCSITIUXCST K TpadhuKe U MOJIb30BaTebcKOMY untepdeiicy. CTaTuiecku CKOMIIOHOBAHHbIE
COTHM IIPOIPAMM CO BCEMU ITUMU OMOIOTEKaMy OYIyT TPATUTD BILYCTYIO IPOMAIHbIIA 00beM
JIMCKOBOTO MPOCTPAHCTBA, a TAK)KE IIPOCTPAHCTBA OTIEPATUBHOM MAMSITH, KAK TOJIBKO OHU
Oy/IyT 3arpysKeHbl, MOCKOJbKY Y CUCTEMBI He Oy/IeT criocoba y3HaTh O TOM, YTO OHA MOJKET
UCIIOJIb30BATh 9TH GHOINOTEKN Kak obiue. V1 TyT Ha ClteHy BBIXOST COBMECTHO HCIIOJIb3Ye-
mble 6ubsorexu. Korja iporpaMma CKOMIIOHOBAHA € YYETOM COBMECTHOT'O UCTIONb30BAH M
6u6oTeK (4TO HECKOJIBKO OTJIMYAETCS OT CTATUYECKOM KOMIIOHOBKH ), BMECTO BKJIIOUEHUS
peasibHO BbI3bIBaeMbIX (PYHKIIMH KOMIIOHOBIIMK BKJII0YAET HEOOBIIYIO TIOAIIPOrPAMMY-3a-
TJIYIIKY, KOTOPas B TpoTiecce UCTIOTHEHNS TPUBA3BIBACTCS K BBI3bIBaeMOH pyHKInn. B 3a-
BUCHMOCTH OT CUCTEMbI WJIM OT 0OCOGEHHOCTEH KOHPUTYPALMKE COBMECTHO MCIIOJIb3YeMbIe
OMUOIMOTEKH 3arpysKaloTcs MO0 IIPH 3arpy3Ke MPOrpaMMbl, JMO0 KOIa IPUCYTCTBYIONIIE
B HUX (DYHKI[MU BBI3bIBAIOTCS B MEPBBIN pa3. Pazymeercst, ecii COBMECTHO MCIIOJIb3yeMast
OnbJIMOTEKA YIKe 3arpysKeHa APYroi IIPOrpaMMON, TO HET Hy Kbl 3aIPyKaTh €€ HOBTOPHO —
UMEHHO B 3TOM U 3aKJII0YAETCsT BeCh CMBIC/. Clle/lyeT 3aMeTUTD, YTO MPU 3aTPy3Ke WU UC-
noJib3oBaHuu 0011ell 6ubInoTeKN Best OMOIMOTEKA Pa3oM B MaMsITh He cuuThiBaercst. Ona
3arpysKaercst IIOCTPAHUYHO, [0 Mepe HaL0OHOCTH, TI09TOMY (DYHKIHM, KOTOPbIe HEe ObLIN
BBI3BAHbI, B ONIEPATUBHYIO TTAMSITh HE TIEPEHOCSITCSI.
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Cuenarb ucnosHseMmble (haiiiibl MEHBLIIUMHE 110 00bEMY U COKOHOMUTD POCTPAHCTBO MAMSTH
[IOMOTAET €llle OZHO PEUMYIIECTBO COBMECTHO UCIIOJIb3YeMbIX OUOIMOTEK: eciu (hyHKIHS,
HaxozsIasgca B o0mieil 6ubanoreke, 0OHOBIISETCS C LEJIbIO YCTPAaHEHH OMIMOKH, TO repe-
KOMTIMJIMPOBATD TMTPOTPAMMY, KOTOpas ee BBI3bIBacT, He Hy:kHO. CTapble MBOMYHBIE (Dbl
COXPAHSIOT CBOIO PabOTOCIIOCOOHOCTD. ITO CBOMCTBO IIprOGpeTaeT 0coboe 3HaYECHHE I
KOMMEPYECKOTO TTPOTPAMMHOTO 06eCcTIedeH ST, KO/l KOTOPOTO HE OCTABJSIETCST KINEHTY.
Hampumep, ecn kopriopaiiust Microsoft HaXOIUT ¥ MCIIPABJSIET OMMOKY, BIUSIONIYIO Ha
6e30MaCHOCTD CUCTEMBI B HEKOIT ctangaprHoil 6ubanorexe DLL, nporpamMma oOHOBIIE-
nust — Windows Update — 3arpysut HoByto DLL u 3amMeHuT €to cTapyto 6ubIMoTeKy, U Bce
[IPOrpaMMBbl, UCIIOIb3YoIne Januyio DLL, 6yayT mpu cieayioneM saycke aBTOMaTHIECKN
HCII0JIb30BATh HOBYIO BEPCHIO.

Ho coBMecTHO McII0/Ib3yeMble OMOINOTEKH TIPUILIN K HaM ¢ OAHOH HeGoabIoi mpobiie-
MO, Tpebyioreil petrerst. ITa mpodiemMa mokasana Ha puc. 3.24. 31mech 0TOOpaKeHbI 1Ba
poiiecca, COBMECTHO MCIOJb3yiolue Oubnuoreky pazmepom 20 Koaiit (mipeamnomokum,
4TO KasK/bld ee 610k 3anumaer 4 Kobaiit). Ho 6ubimoreka B Kax0M IIPOIiecce pacioiara-
€TCsI 110 PA3HbIM aJ[pecaMm, Mo-BUAMMOMY, IIOTOMY YTO CaM¥ IIPOTPAMMbI HE COBIIAJIAIOT IO
pasmepy. B mporecce 1 6ubinoreka pasmeniaercs, HaunHas ¢ agpeca 36 K; B nmporecce 2
ee pasMelenue HaunHaercs: ¢ aapeca 12 K. [Ipexamnosoxum, mepBoe, 4To JA0JKHA CIeJaTh
nepsast GyHKIMst Oubinoreku, — repeiitu B Gubmoreke k aapecy 16. Ecim 6ubanoreka He
HCIIOJIb30BAIACH COBMECTHO, OHA MOJKET ObITh IepeMellieHa Ha JIETY B IIPOLIECce 3arpy3Ku, 10-
aToMmy niepexo (B mporecce 1) MoskeT GbITh OCYIECTBJIEH Ha BUPTYaibHblil agpec 36 K + 16,
Cuteptyer 3aMeTUTb, YTO (GUBMUECKUI a[PEC OTIEPATUBHON TAMSITH, 110 KOTOPOMY pa3Meliia-
eTcst 6ubIMoTeKa, He MMeeT 3HaYeHus, TI0Ka BCe CTPAHUIIbI OTOOPAKAIOTCA ¢ BUPTYaJIbHBIX
Ha uanyecKue ajipeca anmnaparypoii aucrerdyepa nmamsstu — MMU.

Ho xak ToJibK0 6ubJIMOTEKA HAYMHAET UCIIOJIb30BATHCSI COBMECTHO, MIepeMeIeH e Ha
JeTy yke paborarh He Oyaer. B KoHIle KOHI[OB, KOT/a TlepBasi (GYHKIIKUS BbI3bIBAETCS

36K

12K

Mpouecc 1 OnepaTtuBHas Mpouecc 2
namsaTb

Puc. 3.24. O6waa 6ubnmnoTteka, ncnonblyemas ABymMs npoLeccamm

mportteccoMm 2 (1o aapecy 12 K), komanza mepexo/ia BBIHY:K/IeHA OCYTIIECTBUTD €TO Ha azipec
12 K + 16, a ve Ha agpec 36 K + 16. B atom 1 3akmouaercst Hebosrbinast mpobaema. OIHNM 13
My Teil ee pelieHus sIBJISIeTCsl UCIIOJIb30BAHKE KOIIMK TP 3aITUCU U CO3/IAHIK HOBBIX CTPAHMUIT
TS KasKJIOTO TIPOIECCa, UCIOJIb3YIOIIET0 0Oy 0 GUOINOTEKY, 1 TIepeMEIieHHe UX Ha JIeTy
BO BpeMs co3manust. Ho ata cxema, pazyMeeTcst, AUCKPEAUTUPYET BCIO 1[€JTb COBMECTHOTO
HCIIOJIb30BaHNs OMOINOTEKN.
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Jlyuiiee pereHue 3aK/I09AETCI B KOMITUJISAIMKE COBMECTHO UCIIOJAb3YeMbIX OMOINOTEK CO
CHeNMAJIbHBIM (PIIa’KKOM JIJIs1 KOMITMJISITOPA, YKA3bIBAIOINM 3TOMY KOMITMJIITOPY HE CO3-
JaBaTh HUKAKNX KOMaH]I, HCIOIB3YIONNX abCOMOTHYIO agpecanuio. BMecTto atoro mpume-
HSTIOTCST JINTITH Te KOMAH/IbI, KOTOPBIE NCHOJIB3YIOT OTHOCUTENbHYIO afpecannio. Harpumep,
MOYTH BCET/Ia eCTh KOMAH/IA, TIPE/ITNCHIBAIONIAS [Tepexo/ Briepe (M Ha3an) Ha 7 6aiiToB
(B KavyecTBe aTBTEePHATUBBI TOM KOMaH/Ie, KOTOpast /IaeT JIJIsT Tlepexojia KOHKPETHBIH aipec).
Ira KoMaHIa PAOOTAET MPABUILHO HE3ABUCHMO OT Pa3MEIIEHsI COBMECTHO MCIIOIb3Y€eMOit
6uGIMOTEKN B BUPTYAJIbHOM aJIPECHOM IIpocTpancTBe. [Ipobiema MoKeT GbITh peleHa 3a
cyeT UCKJII0YeHHs abcoIoTHOI ajipecariu. Ko, HCrnoib3yonmii TOIbKO OTHOCUTEIbHbIE
CMellleH1s, Ha3bIBAeTCSl NHO3UIIMOHHO HE3aBHCUMBIM KO/IOM.

3.5.7. OToGpaxaembie daiinbl

Ha camoM jieJie COBMECTHO UCIOJIb3yeMble OUOIMOTEKH ABJIIOTCS YaCTHBIM cydaeM GoJiee
00111X 06HEKTOB, HA3bIBAEMBIX 0TOOPaKaeMbIMU Ha maMATh aitiamu. Vies cocTouT B TOM,
YTO TPOIIECC MOKET BBIZIATh CUCTEMHBIH BBI30B JI7IsT 0TOOpakeHMs (haiiia Ha KaKyi0-TO JacTh
€r0 BUPTYAJILHOTO aipeCHOTO IPOCTPAHCTBA. B GOJIbIIMHCTBE peayn3aiuii Ha MOMEHT OTO-
OpaskeHMs B TIAMsITh ellle He BBeJeHbl HUKaKUe CTPAHUIIBI, HO IOCKOJbKY MbI HIMEEM JIEJI0
CO CTPaHUIIAMU, OHU TPEOYIOT MTOCTPAHUYHON OPraHU3aIii ¢ UCII0JIb30BAHIEM JUCKOBOTO
(aiina B kauecTBe pe3epBHOro xpanuiuiia. Koraa npoiece BIXOAUT U3 pabo4ero cocrosi-
HUS WK SIBHBIM 00Pa3oM JeMOHTHUPYET oToOpaskeHue (aiina, Bce n3MEeHEHHbIE CTPAHUIIBI
3aMMCHIBAIOTCST 0OpaTHO B (hallyl Ha JUCKE.

OTtobpazkaembie (hailiibl MPEAOCTABIAIOT ANBTEPHATHBHYIO MOJIEJb JIJIsI BBOAA-BBIBO/IA.
BMmecTo ocyiiecTBieH s Onepaliii YTeHus 1 3amicu K haiiay MOKHO 06paIarhest Kak
K GOJIBIIOMY CUMBOJIBHOMY MACCHUBY, HAXOSNIEMYCS B TIaMsITH. B HEKOTOPBIX CUTYaIMsX
[POrPaMMUCTbI HAXO/ST 3TY MOJIeJb OoJiee y10OHOI.

Ecau iBa mtn 6ostee Tiporecca 0JIHOBPEMEHHO 0TOOPAsKAIOTCST Ha OIUH U TOT ke (ail, OHu
MOTYT CBSI3bIBAThCSI TOCPEICTBOM COBMECTHO UCIIOIb3YEMON TaMsITH. 3aIKCh, TPOU3BEIEH-
Hast OJIHUM IIPOIIECCOM B OOMIYIO MAMSITh, CTAHOBUTCSI TYT K€ BUJIHA, €CJIU JPYTOU MPOIIece
CUUTBIBAET JAHHBIE U3 YACTU CBOETO BUPTYAJIbHOTO a[PECHOTO IPOCTPAHCTBA, OTOOPasKEH-
Horo Ha daitn. Takum 06pasoM, JaHHBIH MEXaHU3M IIPEAOCTABJISIET KaHAT MEXKLY IBYMS
nporeccamu, 00J1aJal0NUi BEICOKOI IIPOMYCKHON CIIOCOOHOCTHIO, M OH JOBOJIBHO Y4aCTO
UCIIOJIb3YETCS: UMEHHO B 9TOM KadecTBe (BILIOTH 10 0ToOpaskeHus pabouero daiina). Terepnb
BbI JIOJIKHBI [IOHATH, YTO IPH AOCTYITHOCTH 0TOOpakaeMbIX Ha IaMATh (DaiijioB COBMECTHO
UCIIOJIb3yeMble OGUOIMOTEKN MOTYT BOCIIOJIb30BATHCS 9THM MEXaHU3MOM.

3.5.8. MonuTuka 04UCTKU CTPaHNL,

3amelieHre CTPaHuIL JIydiie BCero paboTaer mpu HAIMIUU TOCTATOYHOTO KOJTMYECTBA CBO-
GOJIHBIX CTPAHUYHBIX OJIOKOB, KOTOPBIE MOTYT HOTPEGOBATHCS [IPU BOSHUKHOBEHUHU OIIUOKH
orcyTeTBuUs cTpanuiibl. Ecim 3anositen u, 6oJiee TOro, U3MEHeH Kax/blii CTpaHUYHbI OJI0K,
TO TIepe/l OMETIEHNEM B HETO HOBOM CTPAHUIIBI CHAYATA IOJKHA OBITH 3aIlicaHa Ha JINUCK
crapast crpanuia. Jlyist obecriedeHnst MOCTaBKU CBOOOIHBIX CTPAHUYHBIX OJOKOB CHCTEMBI
3aMeIeHusI CTPAHMUI], KaK TPABUIIO, UMEIOT (DOHOBBII TIPOTIECC, HA3BIBAEMBII CTPAHUYHBIM
J€MOHOM, KOTOPbI OOJIBIITYO YaCTh BPEMEHU HAXOAUTCS B COCTOSIHUY CIISTYKU, HO TIEPUO-
JIMYECKU TIPOOYIKAAETCS IJIsI TIPOBEPKU COCTOSIHUS TTaMsITH. EcJiu ¢BOOOHO CTUIITKOM MAJIO
CTPAHUYHBIX GJIOKOB, CTPAHUYHBIN JIEMOH HAYUHACT TOAOUPATH CTPAHUIIBL LIS BHITPY3KU,



3.5. Pa3paboTka cUCTeM CTPaHMYHOM OpraHm3aumm naMmsTi 269

UCIIOJIb3Y$1 KAKOU-HUOY b a/ITOPUTM 3aMEIleHUs CTPaHuil. EC/IN 9TH CTPaHMIIbI CO BpeMEH!
CBOEII 3arPy3KH1 TOBEPIINCH NU3MEHEHUIO, OHU 3aIIChIBAIOTCS Ha INCK.

B sio6oM ciryuae mpejbiyiiee cojiepskanne CTpaHuIlbl 3anoMuHaeTcst. Eciiu ojiHa 13 Bbl-
IPY’KEHHBIX CTPAHUIL TOHALOOUTCS OIIATH TePel TEM, KaK ee CTPaHUYHBINA 010K Oyer
Hepercan, OHa MOKeT ObITh BOCCTAHOBJICHA U3 Pe3epBa CBOOOIHbBIX CTPAHUYHBIX OJIOKOB.
CoxpaHeHue MaTepuaioB CTPAHIMYHBIX OJI0KOB YJIydlIaeT POU3BOAUTENLHOCT 110 CPaBHE-
HUIO C MCIIOJIb30BAHUEM BCeil TaMSTH C IOCJIEYOIEeH HOIBITKONH HallTh GJIOK B TOT MOMEHT,
KOT/Ia B HEM BO3HUKAeT HeOOX0AMMOCTh. Kak MUHIMYM, CTPAHUYHBIH IeMOH 00ecrieqnBaeT
YUCTOTY BCEX CBOOOIHBIX GIIOKOB, UTOObI He PUXONIIOCH B CIIEIITKE 3aHCHIBATH UX HA JIUCK,
KOT/[a B HUX BO3HUKHET MOTPEGHOCTb.

Onut 13 crioco60B peau3aruy 9T MOJUTUKI OYMCTKE TIPELYCMATPUBACT UCIIOJIb30BAHUE
4acoB ¢ ABYMs cTpesikamu. [lepesiHsist cTpesika ynpasJisieTcsi CTpaHUYHBbIM JleMoHoM. Korjia
OHa YKa3blBaeT Ha UBMEHEHHYIO CTPAHMILY, 9Ta CTPaHKIia cOPAChIBACTCS HA MCK U [IEPEIHIs
cTpeJika riepemMeriaetcs Biiepesi. Korzia ona ykasbIBaeT Ha YUCTYIO CTPAHUILY, TO IIPOUCXOUT
TOJILKO TIepeMellleH e BIepe/l. 3a/HsIs CTPEJTKA UCTIONb3YETCST JIJIs 3AMEIIEH s CTPAHMUIL, KaK
B CTaHZAPTHOM aJropuT™Me «dachbi». TosbKo Tenepb Giarogapst paboTe CTpaHUYHOIO JeMOHA
MTOBBIIIAETCST BEPOSITHOCTH TOTO, YTO 3/(HsIsI CTPEJIKA TIOMA/IET HA YUCTYIO CTPAHUILY.

3.5.9. UHTepdeiic BUpTyanbHOM NnaMmaTun

IIO CUX TI0P B HallieM IMOBECTBOBAaHUU IIPEAIIONAra/ioCh, YTO BUPTYaJibHad MMaMATH BIIOJIHE
0003prMa TIPOIECCaMU U TIPOrPAMMUCTaMH, TO €CTh BCE, YTO OHU BUJAT, — 3TO OOJIbIIOE
BUPTYaAJIbHOE aJiPecHOE IIPOCTPAHCTBO HA KOMIIbIOTEPE ¢ MaJIoi (MU MeHbIIEH ) 110 06 beMy
dr3nIecKoil MaMATHIO. ITO BEPHO TI0 OTHOIIEHWIO KO MHOTHM CHCTEMaM, HO B HEKOTOPBIX
cHCTeMax MPOrPaMMUCTaM JOCTYIEH KOHTPOJIb HaJl OTOOPasKeHUEM MaMSATH U OHU MOTYT BOC-
0JIb30BATHCS. UM HETPAAUIIMOHHBIME CIIOCOOAMH, 4TOOBI 0GOTaTUTD IIOBEAEHUE IIPOIPAMMBIL.
B atom pasjesie Mbl BKpaTiie pacCCMOTPUM HEKOTOPBIE M3 9TUX BO3MOMKHOCTEI.

OtHMM U3 [TOBOJIOB TIPEAOCTABJIEHIS IIPOrPAMMUCTAM KOHTPOJIS HaJl OTOOPasKeHUEeM HaMsi-
THU SIBJISIETCS Pa3pPelieHne OJHOMY UM HECKOJbKUM [POIECCAM COBMECTHO UCIIOJIb30BATh
OJIHY U TY K€ aMsITh, UHOI/IAa BEChbMa CIOKHBIMU criocobamu. Eciiu nporpaMMUCTbl MOTYT
[pUCBAMBATh UMeHa 06JIACTAM IaMSITH, TO MOSBJSETCS BO3MOKHOCTD OJHOMY IIPOIECCY
MPEZOCTaBUTD APYTOMY TIPOTIECCY MMST 00TACTH TTAMSITH, YTOOBI TOT MPOTIECC MOT TaKKe
orobpaskaThest Ha Hee. Korza iBa (MJTH HECKOJTBKO) TIPOTIECCA COBMECTHO MCTIOMB3YIOT OHN
1 Te JK€ CTPAHUIIBI, TOSIBJISIETCS] BO3MOKHOCTD MCITOJIB30BAHNST OOIIETO BHICOKOCKOPOCTHOTO
KaHaJIa: OJIMH MPOIIECC BEJIET 3aIHCh B OBIIYIO MAaMITh, a IPYTON MPOIIECC CUMTHIBAET U3 HEee
nanuble. CIOKHBIN TPUMEP TAKOTO KOMMYHWKAITMOHHOTO KaHaja onucan /e Bpioiinom
(De Bruijn, 2011).

CoBMeCTHOE NCTTOB30BAHUE CTPAHUIT MOKET OBITH TIPIMEHEHO TaKiKe 7S PeATU3aI[ii BbI-
COKOIPOM3BOAUTENLHON crcTeMbl coobienuii. Kak npasuiio, Koraa nepegaercs coodieHme,
JIAHHbBIE KOMTUPYIOTCS U3 OJTHOTO aJIPECHOTO MTPOCTPAHCTBA B JIPYTOE C CYIIECTBEHHBIMU 13-
nepskKaMu. Eciiu pottecchl MOTYT YIIPaBJIsATh CBOEI TabIuIlell CTpaHuUIl, COOOIIEHNE MOKET
ObITh MEPeato 3a CYET MUCKIIIOYECHIS U3 TaOJIUIIbl CTPAHUILI (UJIU CTPAHMIL), COAEPIKAIeH
coo0lIeHre, U 32 CYeT BKJIOYEHM ee B TaOJIUIly IPUHUMAIOIIEro mpoiecca. B aToM ciryyae
JIOJKHBI KOTTUPOBATLCS TOJBKO UMEHA, & HE BCE IaHHbIE.

Elwie osiHa 1epeoBas TEXHOJIOIHs YIIPABJACHUS HAMSATHIO Ha3bIBACTCS Paclpe/IeIeHHOl na-
MsATbIO coBmecTHoro aocryna (Feeley et al., 1995; Li, 1986; Li and Hudak, 1989; Zekauskas
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et al., 1994). B ee ocHOBe JIE€KUT HjIes1, 3aKII0YAIONIASICS B TOM, YTOObI TIO3BOJINUTH HECKOJIb-
KHM IIPOIECCAM YEPE3 CETEBOE IOAKIIOUEHIE COBMECTHO UCIIONB30BaTh HAOOP CTPAHULL, IPU
9TOM BO3MOKHO, HO He 0053aTeIbHO, B Ka4ecTBe eJIHOr0 001ero JMHeHOTo Arama3ona
azpecos. Korga npomecc obpaiaercs K cTpaHuIe, KOTOPas B JaHHBIII MOMEHT HE MMEET
0TOGPaKEeHMs, Y HErO IIPOUCXOAUT ONIMOKA OTCYTCTBHS CTPAHUIIbL. 3aTeM 06pabOTUMK TOM
OIMIMMOKH, KOTOPBIH MOKET OBITE B SI/IPE WU B TOJH30BATETHCKOM MTPOCTPAHCTBE, OTPEAETSIET
MAIIMHY, COAEPKALILYIO 9Ty CTPAHMILy, M HOChLIAET eil COOOIIeHnE ¢ IPOChOOIT OTKIIOYNTh
oTobpaskeH¥e CTPAHUIIBI U TIEPeciaTh ee 1o ceTu. [To IpubhITHH CTpaHKIlbl OHA 0TOOpaKa-
eTcst, 1 KOMaH/[a, BbI3BaBIIas olMOKYy, epesanyckaercs. Bosee moapobHO pacrpesiesieHHast
HaMsTh COBMECTHOTO ZI0CTYIIa OYET pacCMOTPeHa B riase 8.

3.6. NMNpobnembl peanusauum

PazpaboTumKi crcTeM BUPTYAIbHOI MAMSITU J0JKHBI BHIOPATH KaKne-HUOY /b U3 OCHOBHBIX
TEOPeTUYEeCKUX aJITOPUTMOB, HATIPUMeEP OT/ATh MPEATIOUTEHIe AITOPUTMY «BTOPOH IAHC»,
a He aJITOPUTMY CTapeHWUs], IOKAIBHOMY, a He TJI00aIbHOMY BBIJIEJEHIIO CTPAHUIL U ITPEI0-
CTaBJIEHNIO CTAHMUIIL TI0 3AIMPOCy, a He olepeskaoliell noakauke crpanuil. Ho orn takske
JIOJIKHBI 3HATH O HEKOTOPBIX IPoOJIeMax NPAKTHUECKOil peasusaiuu. B atom paspesne Oyaer
paccMOTpeH psift O6IUX MTPOOJIEM U HEKOTOPBIE CIIOCOODI X PEIIeHUSI.

3.6.1. YyacTne onepauuoHHOM CUCTEMbI B nNpoLecce
nogxKadykm ctTpaHuy

Omnepauyonnas cucteMa 3aHsara paboTol, CBA3aHHON ¢ MOAKAYKON CTpaHMIl, B TEYEHUE
YeThIpeX IEPUO0B BPEMEHH: BO BPEMS CO3AaHMUS IPOIECCA, BO BPEMs BBIIIOJIHEHUS [TPO-
1ecca, 1Py BO3HUKHOBEHUU OIMUOKU OTCYTCTBUS CTPAHUIIBI U TP 3aBEPIICHUH [IPOLiecca.
KpaTko paccMOTPUM KasK/blil 13 9TUX IIEPUOIOB BPEMEHH, YTOOBI IIOCMOTPETD, YTO JIOJIKHO
OBITB C/IeIaHO.

ITpu co3manum HOBOTO MPOIECCA B CUCTEME CO CTPAHMYHON OpraHu3aliueil maMsITH orepa-
[IOHHAS CHCTEMA [OJIKHA OIIPEeJUTh, KakiM OyieT (IepBOHAYaIbHO) 00bEM MIPOTPAMMBI
U JIaHHbIX, 1 CO31aThb /JI1 HUX Ta6JII/I]_Iy CTPpaHMUII. I[]IF{ Ta6JII/IL[bI CTpaHUIl HYKHO BbIJICJINTb
MIPOCTPAHCTBO B MAMATH, a 3aTe€M €€ HYKHO WHUIMAIM3UpoBaTh. [Ipu BITpysKe mpoiecca
TabJIMIla CTPAHUIL He J0JUKHA ObITh PE3UACHTHOM, HO OHA JI0JKHA HAXOAUTHCS B [AMSITU
npu 3amycke npoiecca. Kpome toro, B 06JacTu mMoKauKu Ha UCKe J0JKHO ObITh Bbije-
JIEHO IIPOCTPAHCTBO, YTOObI TIPK BBITPY3Ke CTPAHUIbI ee OblIo Kyzaa roMectuTb. ObacTb
HOAKAYKK TaKsKe J0JKHA ObITh MHALMAIM3MPOBAHA, TyAa A0JKHBI ObITh IIOMELIEHbI TEKCT
HPOrpaMMbl M JaHHble, YTOObI T10CJIe 3allyCKa HOBOIO TIpoIlecca B ¢iydae BO3HUKHOBEHUS
OMIMOKK OTCYTCTBUS CTPAHUIIBI OTTY/A MOIJIM OBITh U3BJIEYEHbI HEJOCTAIOIINE CTPAHUIIDL.
HekoTopbie cCTeMbI TTOAKaYMBAIOT TEKCT HPOTPAMMbI HEIIOCPEACTBEHHO M3 UCIIOJIHSIE-
Moro aiiia, 9KOHOMS AUCKOBOE MTPOCTPAHCTBO U BpeMsI Ha WHUInanu3aimio. M Hakowuer,
urdopMmaius o tabJuie cTpaHull 1 00IaCTH TOJKAYKY Ha JMCKe J0JUKHA ObITh 3alcaHa
B TabJIMIE TIPOIECCa.

Korma npouecc mianupyercs Ha BbioaHenue, gucnerdep mamsaty (MMU) nossken GbiTh
IepesartyIieH moj HoBBIil potiece, a cogepkumoe Gydepa GrIcTporo npeobpasoBaHus ajpeca
(TLB) moskHO ObITH OYUIIEHO, YTOOBI M30ABUTHCS OT CJIENOB PAHEE BBITIOIHSIIBIIIETOCS IIPO-
iecca. Teky1meii 10/pKHA CTAaTh TAOJIUITA CTPAHKI] HOBOTO 1poriecca. OOBIMHO 9TO JIeIaeTCst
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I[IyTeM KOIMPOBAHUS ee CAMOI WJIU YKasaTeJist Ha Hee B KaKOH-HUOY/Ib anapaTHbIil perucTp
(unu peructpbr). UTOOBI yMEHBIIUTD KOJUYECTBO OMIMOOK OTCYTCTBYSI CTPAHULL, B IAMSITh
MOTYT OBITH 3arPysKeHbl HEKOTOPbIE CTPAHUIIBI IPOIECCA MJIU BCE €T0 CTPAHUIIBI (HATIPIMED,
TOYHO M3BECTHO, YTO TIOHAOOMTCSI CTPAHNUIIA, HA KOTOPYIO YKA3bIBAET CUETUMK KOMAH]).

[1py BO3HUKHOBEHNH ONIMOKN OTCYTCTBUS CTPAHMITBI OTIEPAIIOHHAST CHCTEMA JOJKHA CUM-
TaTb JlaHHbIE allllapaTHbIX PETUCTPOB, I1'1"061)1 OIIpeae/INTDb, ‘leﬁ BI/IpTyaﬂbelf/i aJlpec BbI3BaJI
omubky. Ha ocHOBe 3T0il MH(bOPMAIMK OHA JOJIKHA BBIYUCIUTH, KAaKask CTPAHUIA BOCTPE-
GoBaHa, 11 HaliT! ee MeCTO Ha AMCKe. 3aTeM OHA TOJKHA HAiITH /I HOBOI CTPaHMITBI MO/
XOAANIMIA CTPaHUYHBIH Oydep, yIaauB 13 HEro, eciu HeoOX0AUMO, KaKylo-HUOYAb CTapyio
crpanuiy. IToToM OHa KOJIKHA CYUTATh BOCTPEOOBAHHYIO CTPAHUILY B CTPAHMYHbIH OJIOK.
/1 makoHell, OHa JOJKHA BEPHYTH Hazall CYETYNK KOMAHJ, 3aCTABUB €r0 yKa3blBaTh Ha KO-
MaH/y, BBI3BABIIYIO OMMOKY, U IaTh 9TOH KOMaH/Ie BO3MOKHOCTh IIOBTOPHOTO BBITTIOJIHEHNUSI.

IIpu 3aBepIieHUY TIPOLIEcca OllepalliOHHast CUCTeMa J0JIKHA OCBOOOAUTH €ro TabJIILy CTpa-
HHUII, €r0 CTPAHUIIBI ¥ IUCKOBOE IIPOCTPAHCTBO, KOTOPOE 3aHUMAJIN ITH CTPAHUIIBI, KOT/Ia Ha-
XOIMJIUCH Ha JiucKe. Ec/in HEKOTOPbIE U3 ATUX CTPAHUI] COBMECTHO UCIIOJIB3YIOTCS JAPYTHMU
[IPOLIECCaMK, TO CTPAHKIIBI B IAMSITH M HA AUCKE MOTYT ObITb OCBOOOKAEHDI TOJIbKO TOT/A,
Korza OyJieT pekpaiieHa paboTa mocIeAHero UCIOIb3YIOIIEro X mpoiecca.

3.6.2. OOpaboTKa OWNOKM OTCYTCTBUA CTPAHULbI

Hakomnen-to Mbr 106pannch 10 moApoOHOTO OIMCAHKS BCETO, YTO IIPOUCXOANT IIPU BO3HUK-
HOBEHUU OIIMOKHU OTCYTCTBUSA cTpaHuiibl. CKJIaibIBaeTCs CeAyolas MoCJAeI0BaTebHOCTD
COOBITHIA:

1. AnmnapaTHoe npepbiBaHUe NepeaeT yIIpaBJIeHue /[Py, COXPaHsisd B CTeKe 3HAUeHMe
cuerynka Koman. Ha GoJbIIMHCTBE MAIIMH B CHELMAIbHBIX PETUCTPAX EHTPAIBLHOTO
Tpoiieccopa coxpaHseTcs NHGOPMAIN O COCTOSHUHN TeKYTIeH KOMaH/IbI.

2. 3armyckaercs KO/l CTaHAAPTHOI MporpaMmbl Ha acceMmOiiepe, MpeiHa3HAYCHHBIN J1J1s1
COXpaHEHUs PErUCTPOB 00IIEro Ha3HAYEHUST U JAPYTON u3MeHstolelicst mudopmariu,
4TOOBI BAUTUTE €€ OT Pa3PYIIEHUsSI CO CTOPOHBI ONEPAMOHHON CUCTEMbL, JTa CTaH-
JlapTHAs TIPOTPaMMa BbI3bIBAeT ONEPAIMOHHYIO CUCTEMY KaK IIPOIIELY Y.

3. OmepanuonHast CuCTeMa OIPEeEJISIET, YTO TPOU3OIILIA OMUOKA OTCYTCTBUS CTPAHULBI,
U TIBITAETCS OPE/IENTD, KaKasti BUPTYaJIbHasl CTPAHUIIAa BOCTpeOoBaHa. 3a4acTyio aTa
nHpOopMaIns ColepKUTCS B OJHOM M3 allllapaTHBIX PErMCTPOB. B mpoTuBHOM ciryvae
ollepalloOHHas CUCTeMa JIOJDKHA B3Th 3HaUeHUe cueTYNKa KOMaH/l, U3BJIeUb KOMAH/LY
U TIPOBECTH ee Pazbop MPOrpaMMHBIM CIIOCOOOM, YTOOBI OTIPEIETUTD, YTO TIPOUCXO/IHIIO
B TOT MOMEHT, KOT/[a BO3HUKJIA OIHOKA.

4. Korma usBecreH BUPTYaJIbHbII ajipec, BbI3BABIINIL OMIMOKY, CHCTEMA TIPOBOJIUT MPO-
BEPKY ajipeca Ha MPUEMJIIEMOCTb U JIOCTYTA K 3TOMY aJipecy — Ha COIJIACOBAaHHOCTh
¢ cucTeMoii 3amuThl. [Ipn oTpuIaTesbHOM pesyJssraTe MPOBEPKU MPOIIECCY MOChLIA-
€TCs CUTHAJI WJIW JKe OH YHUYTOXKaeTcs. Ecsin ajipec BriosiHe npuemsieM U He BO3HUKIIO
OIIMOKY 3aLUThI, CHCTEMA [IPOBEPSIET, HEe 3aHAT JIU cTpaHuyHbIN 6J10K. Eciiu cBoboHbIE
cTpaHuyHble GJOKH OTCYTCTBYIOT, 3aIlyCKAETCS alTOPUTM 3aMellleHUs CTPAHUIL, YTOOBI
BbIOpATh KaHu/1ata Ha yaajleHue.

5. Ecsiu BBIOpaHHBII CTPAHUYHBIN OJI0K COAEPIKUT U3MEHEHHYIO CTPAHUILY, OHA BKJIIOYAETCS
B IJIaH cOpOca HA JIMCK U TIPOUCXOIUT TIEPEKTIOUEHHE KOHTEKCTA, IPHOCTAHABINBAIONIEE
POITECC, B KOTOPOM MPOU3OIILIA OIIMOKA, 1 TTO3BOJISTIONIEE 3aITyCTHTHCS APYTOMY TIPOIIEC-
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Cy, TIOKA [IePEHOC CTPAHUIIBI Ha ICK He 3aBepiiuTcs. B jmobom cirydae 6J10K omMedaercst
KaK 3aHATHIN, 4T0ObI OH He MOT ObITh 3a/I€HCTBOBAH APYIUM IIPOILIECCOM.

6. Kak T0o/IbKO cTpaHnYHBI 610K ourcTUTCs (IM60 HEMEIEHHO, TMb0 mocjie copoca ero
COJIEP’KMMOTr0 Ha JIMCK), OTIePallMOHHAsT CUCTEMA UIIET aJ[pec Ha JUCKE, TI0 KOTOPOMY
HAXOJUTCA BOCTpeOOBaHHAs CTPAHUIA, U B IJIaH BKJIIOUYAETCS AMCKOBasl ONepalusl,
npenHa3HaveHHas sl ee u3pjederus. [loka cTpaHuia 3arpyskaercs, poIecc, B Ko-
TOPOM MPOU3OIILIA OMUOKA, OCTACTCS PUOCTAHOBJIEHHBIM U 3aIlyCKaeTCsl APYroi
TOJIb30BATEBCKUI TTPOTIECC, €CJIN TAKOBOW MMEETCS.

7. Korma auckoBoe pepbIBaHue TIOKA3BIBAET, YTO CTPAHUIIA MTOIYYEHA, TAGIUIIBI CTPAHMUIIL
OBHOBJISIOTCSI, 4TOOBI OTOOPA3UTD €€ TO3KIIUIO, U GJIOK MOJTyYaeT HOMETKY HOPMaJIbHOTO
COCTOSTHUSL.

8. Kowmana, Ha KOTOPOH MPOM30IILIa OMMNOKA, BO3BPAIIACTCS K TOMY COCTOSTHHIO, B KO-
TOPOM OHA HAXO/MJIACH C CAMOTO Hadajia, U CYETIUK KOMAH][ IIEPEKIII0UAETCST, YTOOBI
YKa3bIBaTh Ha ATY KOMAH/LY.

9. HpOHGCC, B KOTOPOM IIPOM30ILIA OH_[I/I6K3., BKJIIOYAE€TCA B IJIaH, U OllepallMOHHaAd CH-
CT€Ma BO3BpaAIla€T YIIpAaBJE€HUE CTaH[[apTHOﬁ IIporpaMMe Ha aCC6M6JIep€, KOTOpa4d €€
BbI3BaJia.

10. ITa cTammapTHAs TpoTpamMMa mepesarpyskaeT perucTPhl U APYTYIo MHMOOPMAIIIIO O CO-
CTOSIHUM U, €CJIM He TIPOU3O0LILIO OIIMOKH, BO3BPAIIAETCS B IIPOCTPAHCTBO MOJIb30BATEISA
JIJIs1 TIPOJIOJIKEHUST BBITTOJIHEHUSI.

3.6.3. Nepe3anyck KOMaHAbI

Korza niporpamma obpaiiaercst K CrpaHuile, OTCy TCTBYIOIIEH B aMATH, KOMaH/Ia, BbI3BaBILAsT
o1nOKy, OCTAHABJIMBAETCS Ha MOJIYTH, U IIPOMCXOUT II€PeXBAT YIIPaBJIeHHs U lepeiada
€ro onepannonHoi cucreme. [Tocse n3BIEYEH ONEPAIMOHHON CUCTEMOI BOCTPeOOBAHHOMN
CTPaHMIIbI OHA JIOJDKHA [EPE3AITyCTUTh KOMAH/Ly, BbI3BABIIYIO Tiepe/iady yrpasienus. Ho ato
MIPOIIlEe CKA3aTh, YEM CJIENIATh.

YT06bl BHISIBUTH NPUPO/Y AAHHOI MPOOJIEMbI B €€ HauXy/ILIeM BUjle, IIPeAcTaBuM cebe
HEeHTPaJILHBIN [TPOLIECCOp, MMEIOIHIT By Xa[pectble KoMaH ibl, Harpumep Motorola 680x0,
KOTOPBIH IIMPOKO MCIIOJIb3YETCs BO BCTPOEHHBIX crcTeMax. Bo3bMeM, K IPUMepY, TTOKa3aH-
HyI0 Ha puc. 3.25 Komany u3 6 Gaiit

MOV.L #6(A1),2(A0)

Y106kl 1epe3alryCTUTh KOMaH/Ly, OllePallMOHHAs CUCTEMA JOJIKHA OIIPEAEJIUTD, T7le HAXO[UT-
s epBbIi GallT KoMaH/Ibl. 3HaYEHKe CYETYNKA KOMaH/l Ha MOMEHT IIepelaui yIpaBJIeHus
3aBUCHT OT TOTO, KAKOI U3 OllepaHA0B BbI3BaJl OMIMOKY, 1 OT TOTO, KaK YCTPOEH MUKPOKO/I
IEHTPATBHOTO TTPOIIeCCopa.

MOVE.L #6(A1), 2(A0)

|€—16 6ut ——»|
1000 MOVE } Kog onepauuu
1002 6 } MepBbIVi onepaHA,
1004 2 } Bropon onepaHng

Puc. 3.25. KomaHnaa, Bbi3BaBLUIas OLIMOKY OTCYTCTBUS CTPaHULbI
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Ha puc. 3.25 mokazana komanjia, HaunHaommasicst o aapecy 1000, koTopast ocyIecTBseT
Tpu oOpalleHus K ITaMsATH: K CJIOBY CaMON KOMAH/Ibl U K JIBYM CMEIEeHUSAM Ha OTI€PaH/IbL.

B 3aBuCHMOCTH OT TOTO, KAaKO€ M3 3TUX TPeX 06pallleHuil BhI3BAIO OMIMOKY CTPAaHWIIbI, Ha
MOMEHT BO3HUKHOBEHUS OIIUOKY CYETUMK KOMaH [ MoskeT uMeThb 3Hauenue 1000, 1002 niaun
1004. 3auacTyio orepaloHHas CUCTeMa He MOKET OTHO3HAYHO OTIPE/IETUTD, TJle HAUMHAETCS
koMan/a. Eciin Ha MOMeHT o1nbKu cyeTunk KoMan 1 uMeer 3Hadenre 1002, onepaiinoHuoi
CUCTEME HEBO3MOMKHO COOOUIUTD, ABAIETCS JU CI0BO B aueiike 1002 agpecom mamsarTw,
CBsI3aHHBIM ¢ KoMan/o# B sdefike 1000 (To ecTh MeCcTOM, T/ie HAXOAUTCS OTIEPAHT ), NJIN JKe
KOJIOM OTIepAIliH, IPUHA/TIEKAIINM KOMAH/IE.

Jleso MoKeT puHATH ente Gojiee nevaabHbIil 060poT. HekoTopble peskuMbl apecanum mpo-
1ieccopoB 680x0 KCIIOJIb3YIOT AaBTOMHKPEMEHT, 3HAUKT, MOKET [IPOSABUTHCS 0O0UHbII a(hheKT
OT KOMAaH/IbI, KOTOPast I0JKHA YBEJUUNTH 3HAUEHIE OJHOTO MJIN HECKOJIBKUX PETHCTPOB.
Komamibl, MCIIOJIB3YIONINE aBTOMHKPEMEHTHBIE PEKIM, TaKsKe MOTYT BbI3BaTh oluOKy. B 3a-
BUCHUMOCTH OT OCOOEHHOCTEN MUKPOKO/IA MHKPEMEHT MOKET OBITh TPOU3BEIEH 10 00paIleHus
K TTAMSITH, M B TAKOM CJIy9ae OTMepaIiioHHast CUCTEMa Tepe]l TePe3amyCcKoM KOMaH/IbI TO/KHA
HPOrPaMMHbIM CIIOCOO0M YMEHBIIUTD 3HAYeHIe perkcTpa. Vim jke aBTOMHKPEMEHT MOKET ObITh
OCYTIECTBJIEH TIOCTIE OOPAIIEHNST K TTAMSITH, B 9TOM CJIydae Ha MOMEHT Tepeiadrl YIpaBJIeHHst OH
He Oy/IeT BBIIOIHEH 1 CO CTOPOHbI OIEPALMOHHON CUCTEMbI He I0JIKHO ObITh HUKAKIX 0OPaTHbIX
neiictBuii. CyliecTByeT TakKe peskKiM aBTOJAEKPEMEHTa, BbI3BIBAOINIII CXOMHBIE TPOOJIEMBI.
TouHble TaHHbIE O TOM, TIPOBOIUTCS UJIN HE TPOBOAUTCS AaBTOMHKPEMEHT UJIN aBTOJEKPEMEHT
Hepe/i COOTBETCTBYIOMMM 00OPAIEHUEM K TIAMSITH, MOTYT U3MEHSATHCS OT KOMaH/Ibl K KOMaH/[e
U OT OTHO¥ MOJIENTN TIEHTPATILHOTO TIPOTIECCOPa K IPYTOH.

K cuacTtbio, Ha HEKOTOPBIX MalIMHAX Pa3pabOTUMKU HEHTPAIbHbBIX IIPOLECCOPOB IPEA0CTa-
BUJIU PellieHre, KOTOPOE Yallle BCEro BHIPAYKAETCSI B BUJIE CKPBITOTO BHYTPEHHETO PETUCTPA,
B KOTOPBIH TIepe/T BBITTOJTHEHNEM KasK/10i KOMaH/[bl KOMTUPYETCS 3HAYeHUe CYeTUNKA KOMaH/I.
VY 91X MammH TakKe MOKET ObITh BTOPOIl perucTp, COOOMIAIONIIIT O TOM, KAKOI 13 peru-
CTPOB y3Ke TI0/IBEPTCST aBTOMHKPEMEHTY MJIM aBTOJIEKPEMEHTY M Ha KAaKOe MMEHHO 3HAYEeHHUE.
Pacrniotarast nannoii mHdopMaliieit, ornepanuoHHast CUCTeMa MOKET O/JHO3HAUHO YCTPAHUTD
BCE MOCJIe/ICTBUS PabOThl KOMaH/[bl, BHI3BABLICH OIIUOKY, II03BOJISIS [IEPE3aIlyCTUTD ITY KO-
Many. Eciin ata ntbopMaliys He[JoCTyIIHa, OllepalliOHHast CUCTEeMA JI0JIKHA KaKUM-TO 0Opa-
30M UCXUTPUTHCS, YTOOBI OTIPEAEIUTD, YTO IIPOU3OIIIO0 U KaK MOKHO UCIIPABUTH CUTYAIHIO.
[Toxoske Ha TO, 4TO Pa3pabOTUMKK AllIAPATYPbI He CMOIJIM PELIUTD 9Ty IIPOOJIEMY, OILy CTHJIH
PYKH 1 [IEPEIOAKUIIN BCe Ha IIedr pa3paboTYMKOB OnepaliioHHbIx cucteM. CrraBHble pedsTa.

3.6.4. BnokmnpoBka CTpaHu1L B NaMATH

XoTsI B 9T0i1 TJIaBe BBOJI-BbIBO/I MHMOPMAIUN PACCMATPUBAJICS MAJIO, TOT (haKT, 4TO Y KOM-
MBIOTEPA CTh BUPTYAJIbHAS [IAMSITh, HE O3HAYAET, UTO BBOJI-BBIBOJ] OTCYTCTBYET. Bupryasb-
Hast TaMsITh U OTNlepaIliy BBOAA-BBIBO/IA B3aMMOICHCTBYIOT BeChMa TOHKUM oOpa3oM. Pac-
CMOTPUM IPOIECC, KOTOPBIN TOJLKO UTO CJIeJIajl CHCTEMHBIN 3aIIPOC HA YTEHIE U3 KAKOTO-TO
(aiina wiu ycrpoiictsa B Oydep, HaXOASIMIUICS B €10 aIPECHOM [IPOCTPAHCTBE. B oxkumanu
3aBepIICHNST OlIePAIMU BBOIA-BBIBO/A [IPOIIECC IIPHOCTAHABINBAETCS, U pa3peliaeTcst pabora
IPYToro mpoiiecca. B aToM apyrom mpoiecce BO3HUKAET OIMTUOKA OTCYTCTBUSI CTPAHUIIBI.

Ecyii aropuT™ 3aMelieH s CTPaHUIL UMeeT TI0OATbHbINA XapaKTep, TO MOSBJSETCS He-
GOJIBIION, HO HE HYJIEBOII IIAHC, YTO CTPAHUILA, cojiepskaiias Oydep BBOAA-BbIBOIAA, OYIET
BbIOpaHa Ha yHajeHue u3 mamMsiTu. Eciiu yeTpoicTBO BBOAA-BbIBOAA B JAHHBI MOMEHT Ha-
XOZIUTCS B TIPOIleCCe MepPeHoca JaHHbIX B pesKuMe TTPSIMoro poctymna k mamatn (DMA) va
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ATy CTPAHMUILY, TO ee yIaJeHKe IIPUBEAET K TOMY, 4TO YacTh JaHHbIX OyeT 3anucana B Oydep,
KOTOPOMY OHM IIPUHA/JIEKAT, a PYTast 4acTh — 3aMMCaHa MTOBEPX TOIBKO YTO 3arpy>KeHHON
crpanuibl. OJIHO U3 PEleHUH 9TOi TPOOIEMbl COCTOUT B OJIOKUPOBKE B IIAMSITU CTPAHMUII,
3aHSTHIX B OTIEPAIUIX BBOJA-BBIBO/IA, YTOOBI OHU He ObLIK yIaaeHbl. BIOKUPOBKY CTpaHUIIb!
YacTO HAa3bIBAIOT MPHKpeIieHneM (pinning) ee k mamatu. /[pyroe pemienne cOCTONT B ITPO-
BeJIEHUHN BCEX OIepaIiii BBOJIa-BbIBOJIA € MCIIOIb30BaHeM Gydepa sijipa ¢ TOCTIeyoInM
KOMUPOBAaHUEM JIAHHBIX B TIOJTH30BATEIBCKUE CTPAHUIIBI.

3.6.5. Pe3epBHOE xpaHunuwe

PaccMaTpuBasi aJIrOpuTMBI 3aMEIEH s CTPAHIII, Mbl BUJEJIH, KaK BBIOUPAETCST CTPAHUIA
JUISL yIaJieHusl, HO He Y/IeJISIA CJAUITKOM MHOTO BHUMAHUS TOMY, Ky/la OHA TIOMEIIAeTCsI
Ha JIMCKe 1PU BbIrpy3ke. HacTano BpemMsi paccMOTpeTh HEKOTOPbIE BOTIPOCHI, CBSI3AHHbBIE
¢ yupasjieHreM paboToii IMCKOBOIO yCTpoiicTBa.

[IpocTefinmmuii anTOPUTM /71 BBIZICTCHUS CTPAHUYHOTO TIPOCTPAHCTBA HA JICKE TIPeycC-
MATPUBAET HAJIMYUE HA HEM CIIEIUATbHOTO pas/iesia Mmojikauku (CBOIMHIA) WJIH, YTO ellle
JIydIiie, OT/IeJIEHUsT ICKOBOTO YCTPOICTBA OT (hailsIoBol cucTeMbl (4TO6BI cOATaHCUPOBATH
3arpys;KEHHOCTh OllepalusMu BBoAa-BbiBoa). [Tog06HBIM 06pazom paboTaeT GOJBITUHCTBO
UNIX-cucrem. B atom paszesie orcyTerByeT oObidHas (aiijioBas cucteMa, TeM caMbIM UC-
KJIIOYAIOTCS BCe UBJIEPKKU IepeBojia cMeltenus B (aitnax B agpeca 6;10KkoB. Bmecto a10T0
Be3JIe MCIOJIb3YI0TCsI HoMepa 6JI0KOB OTHOCUTEIBHO Havasia pasjea.

[Tpu 3amycke cucTeMbl pas/iesi MOJKAYKU MYCT U MPEACTABJIEH B TAMSITH €/[MHON 3aIUChIO
¢ yKazaHUeM HA4aJbHOTO ajipeca u pazmepa. [lo npocreiiieii cxeme pu 3a1ycKe mMepBo-
TO MpoIecca 3a HUM Pe3epBUPYyeTCs yYacTOK IPOCTPAHCTBA pas/iesia, COOTBETCTBYIONUI
pasMepy 1epBOTO Ipolecca, a ocTaBiasics 06JacTb COKpalaercs Ha a1y Beauuuny. [Tpu
3aIyCKe HOBBIX MPOIECCOB UM BbIJIEJISIETCST YIACTOK pas/iesia MOJAKAUYKN, PABHBIN M0 pa3-
Mepy X OCHOBHBIM oOpaszam. IIpu 3aBepIiieHNN MpOIEeCcCOB MX AMCKOBBIE TIPOCTPAHCTBA
0cBOGOKAAI0TCSL. Pas/ies1 MojKauKy YIpaBJIsieTCsl Kak CIIMCOK CBOOOIHBIX y4acTKOB. Bosee
[pueMJIeMble aJITOPUTMbI OyAyT paccMoTpeHbl B riiase 10.

C KaK[IbIM [IPOIECCOM CBSI3bIBAETCS JAUCKOBBIN apec ero 06JIacTu MOAKAYKHU, TO €CTh TOT
azipec, 110 KOTOPOMY B pasjieJie HOAKaYKU XPAHUTCs ero 06pas. Ita uHdOPMAIKst XPAaHUTCS
B Tabuiie nporeccos. [Ipu 9ToM ylpolaercst BbluMCIeHe apeca 3alliCy CTPaHNIbL: Hy K-
HO JIMIIb NPUGABUTDH CMEIEeHIe CTPAHUIIBI BHYTPU BUPTYaIbHOTO aPECHOTO IPOCTPAHCTBA
K Havyauy obsacru mogkadku. Ho mepes TeM Kak mMpoiece CMOKET HadaTh paboTy, 00J1acTh
CBOIIMHIA J0JKHA ObITh MHUIMAn3upoBata. OuH 13 crioco00B MHUIMATU3AIINY 3aK/II04a-
eTcs B KOMPOBaHUK BCero o6pasa rnpoiecca B 00J1acTh CBOIKMHIA, YTOOBI €10 MOKHO ObLIO
noayuams 1o Mepe HeodbxoauMoctu. JIpyroi cnocod sakaodaeTcs B 3arpysKe BCEro mpolecca
B IAMSITD U Pa3pPelieHIy eMy [0 Mepe HeOOXOMMOCTHU 6blZpYXCAMb CTPAHUIIBL.

Ho ¢ sToit HpOCTOfI MO/ZI€JIbIO CBA3aHa OJHa HpO6JI€MaZ Ppa3MephI IIPOIECCOB IIOCJIE UX 3a-
IIyCKa MOT'YT U3MEHATDHCA. Xors pasMep TEKCTa MPpOorpaMMbl 0OBIYHO He MEHACTCA, 061acTh
JaHHbIX MHOT'/Ia MOJKET PACTH, a CTEK BCET/la CKJIOHEH K DOCTY. CJIB[[OBaTeJIbHO, MOJKeET OBbITh
Jiydnie pe3epBupoBaTh OT/I€JIbHbIE obyacTi IIOIKAYKU JIJId TEKCTa, JaHHbIX 1 CTEKa U /IaBaTb
BO3MOKHOCTb Ka)KZ[OfI 13 9TUX 00JIacTeil COCTOATH HoJIee YeM U3 OJHOI'O /IUCKOBOTO Y4acCTKa.

[[pyraﬁ KpaﬁHOCTb 3aKJII0YacTCA B ITOJHOM OTKa3€e OT KaKOTO-T1O0 IIpeaABapuTEJIbHOTO pac-
IpeaeaeHud, BbIACJICHUN IMCKOBOI'O IIPOCTPaHCTBa AJIA Ka}K[[OI'/JI CTPAHUIIBI ITPKN €€ BBITPY3KE
Ha /IUCK U €T0 NU3bATUN 1TPU O6paTHOI>JI 3arpy3kKe CTpaHUIlbl B ITaMATh. HpI/I 9TOM HaXOJAlIre-
CA B IIaMATHU ITPOIECCHI BOO6H_[6 HE€ IIPUBA3BIBAIOTCA K ITPOCTPAHCTBY CBOIIMHTA. HeI[OCTaTOK
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TAKOro crocoba 3akayaeTcss B HeOOXOAMMOCTH XPAaHEHUs B [IaMsITU JIMCKOBOTO ajipeca,
4TOOBI OTCJEKUBATD Ha AUCKE KAK/IYIO CTPAHUILY. ITH JIBa aJIbTePHATUBHBIX BAPUAHTA 110~
KazaHbl Ha puc. 3.26.

Ounck Ownck
OnepaTuBHas namats OnepaTvBHas mamats  —
) S
Crpanmyp! O6bnacTtb Crpanmupl O6bnacTtb
noAKauKu noAKauku
Tabnuua Tabnuua
cTpaHuL cTpaHuL
6
7
3

a 6

Puc. 3.26. Tabnvua cTpaHul: a8 — 3aMeLleHne CTpPaHuL, Co CTaTUYeCKOoM 061acTbio NoAKAYKMY;
6 — AMHaMNYeckoe pe3epBHOE XpaHeHne CTpaHuL,

Ha puc. 3.26, a nokazana tabsmia crpanuil ¢ BoceMbio crpanuiiamu. Crpanutiisi 0, 3, 4 u 6
HAXO/ISITCS B OLIEPATUBHON MaMsiTH, ctpanuiisl 1, 2, 5 u 7 — na aucke. Pazmep obsacti cBo-
MIUHTA COBIA/IAET 110 Pa3MePY C BUPTYAIbHbBIM a/IPECHBIM IIPOCTPAHCTBOM TIpoiiecca (BoceMb
CTPaHMUIL), a Y KaXK/I0H CTPAHUIIBI €CTh (PUKCHPOBAHHOE MECTO, B KOTOPOE OHA 3aITUCHIBACTCS
IIPU YAQJICHUN M3 OCHOBHOM naMaTu. {1 BBIYMCICHNS 9TOTO aJipeca Hy KHO 3HATh TOJIBKO
0 TOM, T/Ie HAYMHAETCS IPHHA/IIEKAIIAS] TIPOTIECCY 00IACTD 3aMEIEHUsI CTPAHUIL, TTOCKOJTb-
Ky CTPAHUIIBI XPAHATCS B HEll PA/IOM, B IOPs/IKE UX BUPTYAJIbHBIX HOMEPOB. Y CTPAHUIIbI,
HAXO/ISIIeNCsT B TAMSITH, BCET/Ia €CTh €€ KoMl Ha JincKe (3aKkpaiieHHast 00JIacTb), HO 9Ta
KOITHSI MOKET YCTAPETh, €CJIN CTPAHUIIA C MOMEHTA 3arpy3KH TTO/IBepryiach n3Menenmo. Ha
puc. 3.26, a B TaMsITH 3aKpaIleHHBIME 00JIACTSIME [TOKAa3aHbl OTCYTCTBYIOIIIE B HEHl cTpa-
uuibl. CTPaHUIIBI, COOTBETCTBYIOIIIE 3aKPAIIEHHBIM 00JIACTSIM, HA JAUCKE JOJUKHBL OBITH
3aMeHeHbl (B IPUHIUIIE) KOTUSIMU B [TAMSITH, XOTS, €CJIM CTPAHUIIA TTAMSITH JT0JUKHA OBITH
cOpoIieHa Ha IMCK 1 He MOJ[BEPTraiach MOIMMUKAIINK CO BDEMEHH CBOEH 3arpysKH, TO Oy/IeT
HCIIOJIb30BaHa ee IMCKOBas (3aKpallenHas) KOIusl.

VY crpanui, n3obpaxeHHbix Ha puc. 3.26, 6 HeT GUKCUPOBAHHBIX apecoB Ha aucke. I1pu
BBITPY3KE CTPAHUIIBI HA JIETY BHIOMPAETCS ITyCTast AUCKOBASI CTPAHUIIA 1 COOTBETCTBYIOITIM
06pa3oM 06HOBIIsIETCST KapTa Aucka (B KOTOPOU UMEETCST MECTO [IJIsl OJTHOTO JIMCKOBOTO
ajipeca Ha Kax/1yIo BUPTYaJbHYI0 cTpaHully). CTpaHuIa B naMsTH He MMEET CBOeH KOIuu
Ha [UCKe. 3alUCcK CTPAHUI] HA KapTe IMCKa COAepKaT MO0 HeMPaBUIbHBIN apec AUCKa,
6o GUT, TOMEYAIOIINN X KaK HEUCIIOIb3YIONIHeC.

BosMmoxkHOCTh UMETH (pHKCHpOBaHHbeI paszies MOJAKaYKU TPEAOCTABJIAETCA HE BCET/lA.
HaHpI/IMep, MOTYT OTCYTCTBOBATb JOCTYIIHbIE /IUCKOBbBIE DA3/1€JIbI. B Takom CJiyd4ae MOJKET
HCIIOJb30BaATbCA OJIMH UJN HECKOJIbKO 3apaHe€e BbIJICJIEHHbIX (baIL/'IJIOB BHYTpU 00OBIYHO
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daiinoBoit cucrembl. IMenHO Takoil mozxox ucrosbsyercst B Windows. Ho st ymeHbiire-
Hus 00beMa HeOOXOAUMOro JUCKOBOTO IIPOCTPAHCTBA 3/1eCh MOKET ObITh UCIIOJIb30BaHA
onTumusalst. [I0CKOIBKY TEKCT IPOrpaMMbl KayKI0ro TIpotiecca Gepercst 13 KaKoro-HuOyib
ncroHsgeMoTo (aiiia, TpuHaAIeKaIero ¢haijoBoi CuCTeMe, 9TOT UCITOJHIEMBIH (hail
MO’KeT ObITh MCIIOJIb30BaH B KauecTBe 00/1acTu oAKauku. Elle Jiydiie To, 4T0, MOCKOJIbKY
TEKCT IPOrPaMMbl OOBIYHO UMEET CTaTyC « TOIbKO [Is YTE€HMsI», KOT/AA B IIAMATH CTAaHOBUT-
CsT TECHO ¥ CTPAHMIIBI TPOTPAMMBI IOJKHBI OBITh M3 HEe yIaleHbl, OHU MMPOCTO CUUTAIOTCS
VHUUYTOKEHHBIMU U CYUTBIBAIOTCS CHOBA U3 MCIIOJHSIEMOTO (haiiia mo Mepe HajgoOHOCTH.
Taxum ke 06pa3oM MOKHO pabOTaTh U C COBMECTHO UCIIOJIb3YEMbIME OUOIMOTEKAMHU.

3.6.6. PaspeneHne NnoNINTUKN N ME€XaHU3Ma

BasKHBIM HHCTPYMEHTOM, TIO3BOJISTIOIIUM CIIPABUTHCS CO CIIOKHOCTHIO JIIOOOU CHCTEMBI, 51B-
JISIETCS OT/IeJIeHUE MOJIMTUKU OT MEXaHU3Ma. ITOT MIPUHIIUAI MOKET ObITh TIPMEHEH K YIIpaB-
JIEHUIO TIAMSIThIO 32 CUET 3aIlyCKa OCHOBHOI YacTH JIMCIIeTYEPA TTaMITH KaK Mpolecca Ha
yposte 1oJb3oBaresist. [Togo6Hoe pasjienenue BliepBbie ObLIO MPEAPUHATO B cucteme Mach
(Young et al., 1987), Ha KOTOPOIi IIOCTPOEHO JajIbHENIIIee PACCMOTPEHUE TOIO BOIIPOCA.

[Tpocroii mpuMep TOro, Kak MOTYT OBITH PA3/IeJICHbI MOJUTHKA 1 MEXAHI3M, IOKa3aH Ha
puc. 3.27. 3xech cucremMa yrpaBJieHNs MaMsIThIO pasjieJieHa Ha TPU YacTH:

4 HU3KOYPOBHEBYIO TPOTPAMMY yIIpaBieHuA aucterdyepom mamatu (MMU);
4+ 06paboTyrK OMUOKU OTCYTCTBYSI CTPAHUIIDL, SABJISIOUIUNACS YaCThIO S/Pa;
4 BHEIIHIOIO TIPOrPAMMYy CTPAHUYHOI OPraHU3alUK MAMSITH, 3AITYIIEHHYIO B M10JIb30Ba-

TEJbCKOM IIPOCTPAHCTBE.

3. 3anpoc cTpaHuLbl

/\ Ounck

OI'IepaTVIBHaﬂ namMaTb

BHewwHun
R
obpaboTunk

CTPaUU 74 Crpannua
nocTynaet

5. Mecto
CTpaHuubl

ObpaboTunk
avcneTtyepa
namsiTu
6. OTobpaxeHue
CTpaHuLpl

[Nonb3oBaTtensckui
npouecc

MpocTpaHcTBO
nonb3oBaTtens

2. Tpebyemas
cTpaHuua

[ [1. CTpaHnyHoe
npepbiaHue

O6paboTunk

MpocTpaHcTeo J o
npepbiBaHNi

agpa

Puc. 3.27. O6paboTka owmnbKM OTCYTCTBMSA CTPAHMLLbI C UCMOb30BAHMEM BHELLHEN CUCTEMbI
CTPaHWYHOW opraHM3aumumn NamaTn

Bcee torkoct pabotst MM U CKpBITHI B TPOrpaMMe yITPABJIECHUS 9THM JUCIETIEPOM TTAMSITH,
KOJL KOTOPOH SIBJISIETCS] MAITMHO3aBUCUMBIM M JIOJIKEH MTEPEMUCHIBATHCS JIJIST KaK/101 HOBON
1T OPMBbI, Ha KOTOPYIO [IEPEHOCUTCs ortepannontast cucrema. O6paboTdyuk ommbdKu ot-
CYTCTBUSI CTPAHUIIBI SIBJISIETCST MAITMHOHE3aBUCUMBIM KOJIOM M COJIEPKUT OCHOBHYIO YacTh
MeXaHU3Ma CTPAHUYHOI opraHusanuu naMaTi. [loauTika onpezesieHa B OCHOBHOM BHEIII-
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Hell cuCTeMO CTPAaHUYHOHN OpPraHu3alny aMsATH, 3aITyCKaeMoil B BI/IE TTIOTh30BaTEIbCKOTO
rporecca.

[Tpu 3ammycke mpoiiecca yBeJOMIISIETCs BHEIIHS ITpOrpaMMa CTPAaHUYHOM OpraHu3anuy,
4TOOBI yCTAHOBUTH OTOOPaKEHUE CTPAHUIL TIPOIIECCa U BbIJIEIUTh B CIydae HeOOXOAUMOCTH
pe3epBHOe XpaHUJIKIIE Ha Aucke. Bo BpeMst paboThI 1poiece MOKET 0TOOpakaTh B CBOEM
AJIPECHOM MIPOCTPAHCTBE HOBbIE OOBEKTDI, O YEM OISATD K€ YBEAOMJISIETCS BHEITHSISA IPO-
rpamma.

Kak Tos1bKo mporiece HaaHeT paboTy, OH MOJKET CTOJIKHYThCS C OIIUOKON OTCYTCTBUS CTPAHU-
161, O6paboTYUK OUIMOKHU OIPEIeisieT, Kakas BUPTyajbHas CTpaHuIa TpedyeTcst mporeccy,
U OChLIaeT coodIeHne BHENTHEN porpaMme, coobIast el 0 BO3HUKINei mpobieme. 3aTteM
9Ta BHENIHSST POrPaMMa CUMTHIBAET HY/KHYIO CTPAHHUILY C AUCKA 1 KOUPYET ee B pas/elt
COOCTBEHHOTO a/[PECHOT0 MPOCTPAHCTBA. 3aTeM OHa coo0IIaeT 06pabOTUNKY, Ie HAXOAUTCS
crpanuia. ITocse aToro 06paboTunK OMKMOKK yaassieT 0ToOpakeHne CTPAHKILbl U3 aJipeCHOT0
TIPOCTPAHCTBA BHETITHEH TIPOTPAMMBI U TIPOCHUT yTIpaBJsiontyio mporpammy MM U nomectuTnb
ee B Hy’KHOE MECTO a/[PECHOTO IIPOCTPAHCTBA MOJIb30BATE s, 3aTeM M10JIb30BATEIbCKHUIT 1PO-
1[ECC MOKET ObITD IepesallyIieH.

Ira peanusainus OCTABJSET OTKPBITBIM BOIPOC, Ky/a IIOMECTUTD AJTOPUTM 3aMeEIleHUsT
crpanwuil. Kazanoch Obl, SICHO, YTO OH JI0JIZKEH OBITh BO BHEILIIHEH IPOrpaMMe, HO peasin3aliust
TaKOTO TIOAX0/A CTANKUBAETCS ¢ PsagoM podaem. CaMoll IPUHIMITNATEHON U3 HUX SIBJISI-
€TCs1 TO, YTO BHEIIHsIS IPOTrpaMMa yIpaBJieHis CTPAaHUIAMU He UMeeT H0CTyIa K Guram R
u M Bcex cTpaHull, a 9T OUTBI UTPAIOT BAsKHYIO POJIb BO MHOTHX aJTOPUTMaX 3aMelleHus
crpanuil. Takum 06pasoM, J1u60 HeOOXOANM KaKoii-HIOYAb MEXaHU3M I Nlepeayn 9TON
uH(OpMaIMU BBEPX BHEIIHEN IIPporpaMmMe YIIpaBIeHus, OO0 aJIrOPUTM 3aMelleH s CTPAHMIL
JOJIKEeH OBITh TIOMEIeH B sipo. B moceaseM BapuanTe 06paboTUNK OMUOKH COOOIIaeT
BHEIIHE MporpaMMe yIpaBJaeHus, KaKylo CTPaHUILy OH BBIOpAJ JJIst yAaJeHUsI, U TIPEI0-
CTaBJISIET JaHHbIE, TNO0 0TOOpaskast 9Ty CTPAHUILY B aJpPECHOM MPOCTPAHCTBE BHEIIHEN
[IPOrpaMMBbl YIIpaBJIeHust, TUOO0 BKIIOYas UX B coo01ieHre. B 1060M cirydae BHEIIHSISA TPO-
rpaMMa yIpaBJeHus 3alliChIBAET JaHHbIE Ha JHCK.

OCHOBHBIM TIPEMMYILECTBOM TAKOI pealu3aliiy ABJIeTcs: GoJIbIas MOLYIbHOCTD Koja 1 6o-
Jiee BbICOKast cTereHb ThOKocTi. OCHOBHON HEIOCTATOK 3aKJII0UACTCS B JOMOJHUTEIBHBIX
U3JIePIKKaX Ha HEO[HOKPATHbIE TIEPECEUeHHsT IPAHUILBI TT0Jb30BATEIBCKOTO TIPOCTPAHCTBA
U IPOCTPAHCTBA $/IPa, 4 TAKKE B U3JIEPIKKAX HA TEPECHIIKY MEKIY YaCTIMU CUCTEMbI Pas-
JIMIHBIX coobuennii. Cefiuac BOIPOC HOCUT BeChbMa CIIOPHBII XapakTep, HO 10 Mepe TOTO
KaK KOMIIBIOTEPbI CTAHOBATCS Bee OoJiee GbICTPOAEHCTBYIONIMMIE, @ IPOrPaMMHOE obecrieye-
Hue — Bce 6oJiee CI0KHBIM, BEPOSTHO, OOJIBITMHCTBY Pa3padOTYnKOB OyAeT JIydliie MOKepT-
BOBaTh KAKO-TO J0JIEN TPON3BOANTENBHOCTH B TI0JB3Y O0JIee HaleKHOTO MPOrPAMMHOTO
obecrieueHnst.

3.7. CermeHTauuqa

Ilo cux mop paccMarpuBaeMasi BUPTyaIbHAs TaMITh ObLJIa OJIHOMEPHOIA, TOCKOJIbKY B HEll
ajipeca cJIefioBasy ApyT 3a pyrom ot () 10 HEKOTOPOro MaKCUMaJIbHOTO 3HaYeHus1. Ho s
pelieHrss MHOTUX PpoOeM HaJludue ABYX U 00Jiee OTAENbHBIX BUPTYalIbHbBIX aJpPECHbBIX
[IPOCTPAHCTB MOKET OBITh GOJIEe PAIIMOHAIBHBIM BAPUAHTOM, Y€M HAJIUYKE TOJbKO OJHOTO
aJIpecHoro npocrpancTsa. Hanpumep, y KOMIMIATOPA UMEETCS MHOKECTBO TabJInIL, Bbi-
CTPANBAEMbIX B IIPOIIECCE KOMITUJISIIINU, K KOTOPBIM MOTYT OTHOCUTHCSL:
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4 UCXO/HBIN TEKCT, COXPAHEHHBIH /71T TTe4aTh JJUCTUHTA (B MAKETHBIX CUCTEMAX );
4+ Ttabyuia NMeH, cofiepsKanias UMeHa 1 aTprOyThl TePEMEHHBIX;

4+ Tabuumia, coepKaiiast BCe MCII0Jb3yeMble KOHCTAHTDI, KaK [1eJI04NCAeHHbIE, TaK 1 C IIa-
BaIoIell TOYKOI;

4+ siepeBo pa3bopa, B KOTOPOM COAEPIKUTCS CUHTAKCUYECKUI aHAJIM3 IPOrPAMMBI;
4 CTeK, NCIOJIb3yeMBbIH /711 BBI30BOB MPOIIE/Lyp BHYTPH KOMITUJISITOPA.

B mporiecce KOMITUIISTIMT KaK/1asi U3 TIEPBBIX YETHIPEX TaOJIHI[ TIOCTOSTHHO PACTET. A Moce/-
HSIST YBETUUMBAETCSI ¥ YMEHBINAETCS B Pa3Mepax COBEPIEHHO HETPEICKa3yeMbiM 00Pa3oM.
B otHOMEPHOI TTAMSITH 9TUM TISITH TaGJIUIAM JJOJIKHBI OBITH BBIIEJIEHBI TIOCIE0BATETbHBIE
YUACTKU BUPTYAJIBHOTO 3JIPECHOTO MPOCTPAHCTBA, MOKa3aHHbIE Ha puc. 3.28.

BupTyansHoe agpecHoe NpocTpaHCTBO

CTek BbI30BOB T

} CsobogHo
Aﬂpl_?cgogc:g:ﬁ;zi':;mo’ Oepeso [MpocTpaHCTBO, B AaHHbIN
ep ena e kom0 CMHTaKCUYECKOro MOMEHT MCTONb3yeMoe
Ans A ‘I)_I 'ZCT ”:JC:B:‘* Ko aHanusa [EePEeBOM CUHTaKCUYECKOro
pocTp aHanusa
Tabnuua
KOHCTaHT

McxoaHbin TeKCTf

Tabnuua A Tabnvua KoQnpPOBKN CUMBOIOB
KOOMPOBKM pocTurna Tabnuubl
CYMBOOB C UCXOAHBIM TEKCTOM

Puc. 3.28. B ogHOMepHOM aapecHOM NPOCTPaHCTBE C paspacTalommmncs Tabnmuamm
ofHa Tabnunua MOXeT ynepeTbes B APYryto

PaCCMOTpI/IM, YTO MOJTYIUTCA, €CJIN TPpOorpaMMa COAEPKUT HaAMHOTO 60]11)]1166, qeM O6LI‘IHO,
KOJIMYECTBO IIEPEMEHHDBIX, HO BIIOJIHE 00OBIYHOE KOJIMYECTBO BCEX OCTATBHBIX KOMIIOHEHTOB.
Yuactok AIPECHOTO MMPOCTPAHCTBA, BI)I,Z[BJIEHHLIﬁ 1101, Ta6JII/IHy MMEH, MOJKET 3alIOJIHUTbCA
10 OTKa3a, HO AJIA APpYTruX Ta6]II/II_[ MO’KET OCTaThCs OOJIBIIOE KOJIMYECTBO CBO6OI[HOI‘O 1po-
CTPAHCTBA.

Ha camom ziesie 311ech HyskeH crioco6 n3baBuTh POrPAMMUCTA OT HEOOXOAMMOCTH YCMUPEHHST
YBEIMYMBAIONINXCS 1 YMEHBITAIOMINXCS B pasMepax TaOJIUIl aHaJIOTHIHO TOMY, KaK BHPTY-
asbHast MAMSATD yCTpaHsaeT GeCIIOKOMCTBO MO TI0BOLY OPraHU3AIIN IIPOTPAMMBI B OBEDJIEH.

HpOCTbIM nu yHI/IBepCa]IbeIM peH_IEHI/IeM SBJISIETCS HpelIOCTaB]IeHI/Ie MaIIIMHBI C 60]II)H_II/IM
KOJIMYECTBOM COBEPIIIEHHO HE3aBUCHMBbIX aJIPECHBIX ITPOCTPAHCTB, HA3bIBAEMbIX CETMEHTaMH.
Kaxapiit cerMeHT COCTOUT M3 JINHEWHOM MOCTeI0BAaTENbHOCTH aipecoB OT () 10 HEKOTOPOTO
MakcuMyma. JlJInHa KajKIoro cerMenTa MosKeT UMeTb J1ioboe 3Hadenue ot () 10 MaKCHMaIbHO
paspenieHHoro. Pasiimdmbie cerMeHTbl MOTYT ObITh Pa3HO¥ JAJMHBI, KAK 9T0 OOBIYHO U CJIy-
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qaeTcs. KpOMe TOTO, /IJIMHA CerMEHTa MOKET U3MEHATHCA B IIPOIECCE BBITIOJITHEHUA TIPO-
TpaMMBbI. HJII/IHa CcerMeHTa CTeKa MOJKET YBEJIMYUBATDHCA 1PU IMOCTYIIJIEHNW B HETO JaHHbIX
1 YMEHbIIATHCA IPU X U3BJICYEHNUUN U3 HETO.

[TocKOTbKY KasKIblii CErMEHT COIEPSKUT OTAETBHOE aIPECHOE TPOCTPAHCTBO, PA3IMIHBIE CET-
MEHTBI MOTYT PAa3pacTaThCs WK CYKAThCsI HE3aBUCUMO, He BJIMsISI IPYT Ha ApyTra. Ecim crek
B COOTBETCTBYIOIIEM CETMEHTE, JIJIst TOTO UTOOBI BBIPACTH, HYKIAETCST B OTIOTHUTETHHOM
A/[PECHOM ITPOCTPAHCTBE, OH MOXKET €r0 TOIYYHTh, TOCKOJIBKY B €10 a/[PECHOM ITPOCTPAHCTBE
HET HUYero, BO uTo Obl OH MOT' yliepeTbest. Pagymeercst, cerMeHT MOKeT 3all0JIHUTHCS 10
0TKa3a, HO 00BIYHO CErMEHTBI MMEIOT OYeHb OOJIbIIIE PA3MEpPDI, II0ITOMY TAKOE CJIy4aeTcs
Kpaiine pesiko. /luist ykazaHus aapeca B TAKOW CErMEeHTUPOBAHHON, UJTH IBYMEPHO, TTAMSITH,
MporpaMMa JI0JKHA TIPeJIOCTaBUTh a/IPEC, COCTOSIIINI U3 JIBYX YacTell: HOMepa CerMeHTa
u ajzipeca BHyTpu atoro cermenta. Ha puc. 3.29 nokazana cerMeHTUPOBaHHAS TIAMSITh, UC-
[0JIb3yeMast JIJIsi PACCMOTPEHHbBIX paHee TabJauIl KOMIUIsITopa. Ha HeM MOKa3aHbl [5Th
HE3aBUCUMBIX CETMEHTOB.

20K
16K - 16K
12K - 12K 12K 12K
Tabnuua
KOOUPOBKM
CMMBOIIOB 8K I Hepeso
8K - 8K — CuHTakcuyeckoro| 8K —
MexonHbilit aHanusa Crek
TekcT Bbl30BOB
4K |- 4K — 4K 4K
KoHcTaHTbI
0K 0K OK 0K 0K
CermeHTt CermeHTt CermeHT CermeHT CermeHT
0 1 2 3 4

Puc. 3.29. CermeHTMpoBaHHas NamsTb AaeT BO3MOXHOCTb Kaxaon Tabnvue pa3pacrarbes
W CyXaTbCs HE3ABUCUMO OT BCEX OCTasIbHbIX TabmLy

CrouT NOAYEPKHYTh, YTO CETMEHT — DTO JIOrH4ecKuil 00bekT. [IporpaMmucT 3HaeT aTo
U UCIIOJIb3YET €r0 MMEHHO B 9TOM KadecTBe. CerMeHT MOXKET CO/epKaTh HPOLeypY, NIH
MAacCCHUB, WJIN CTEK, WM HAOOP CKAJISIPHBIX [IEPEMEHHBIX, HO OOBIYHO OH HE COAEPKUT CMECH
13 Pa3HOTUITHBIX IAHHBIX.

CermMeHTUPOBAHHAS TAMSITH TTOMUMO YIIPOTIEHHST OGPAIEHUS ¢ PAa3PACTAIOIUMUCS HIIH
Cy/KaIONIMMICS CTPYKTYPAMU JAHHBIX NMEET U APyrue npenmyinectsa. Ecin kammas mpo-
Ie[lypa 3aHUMAEeT OT/IEIbHBIN cerMeHT, uMmest ) B Ka4ecTBe HAYAIBHOTO aPeca, TO KOMIIO-
HOBKA OT/IETbHO CKOMITMJIMPOBAHHBIX ITPOIIEIYP CyIIeCTBeHHO yipoiaercs. [lociie Toro kak
BCE COCTABJISIONIHIE TIPOTPAMMY TIPOIIELYPHI CKOMITHINPOBAHBI U CKOMITOHOBAHBI, B BHI30BE
MPOTIE/TYPbI, OOPAIIEHHOM K TIPOIEYPE, B CETMEHTE 72 OY/IET MCTIOIB30BAH ajIPec, COCTOSIIINI
u3 AByX yacreii (n, 0) u agpecoBanHblii K cyoBy 0 (K TOUKe BX0/1a).
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Ecsm BriocsieictBiy npoiierypa B cerMente 7 Oyer u3MeHeHa U IIePEeKOMITUIMPOBAHA, TO
M3MEHSTH JIPyTHE MPOIEAYPHI yike He mpuaeTcst (TTOCKOJIbKY HadaJ bHbIE agpeca He GyIyT
M3MEHEHBI), flaxke ecyi HoBast Bepcus Oyaer OoJbiie ctapoid. Ilpu ucrnonb3oBany ogHO-
MEPHOM MaMsITH [IPOLIELYPbl KOMIIOHYIOTCSI HEIIOCPEACTBEHHO JAPYT 32 APYIroM, Oe3 Kakoro-
Jr00 a[PECHOro MpoCcTpaHcTBa Mexk iy HuMu. Ciie/loBaTesIbHO, U3MEeHEeHHe PasMepoB OIHOM
MPOTleyPhl TIOBJIUSIET HA HAaYaJIbHbIE aJ[peca APYTruX (He CBSI3aHHBIX C Heil) TMPoIeayp
B ceTMeHTe. A 3T0, B CBOTO OUePE/Tb, TOTPeOYET N3MEHEHHUST BCEX MPOTIENYP, 13 KOTOPHIX BbI-
3BIBAIOTCS JIIOODIE [IePEMEIIEHHbIE TIPOLIELY Pbl, YTOOBI y4ECTh UX HOBbIE HAUa/IbHbIE a[peca.
Ecaiu mporpamMma cofiepsKUT HECKOJIbKO COTEH TIPOIIE/LYP, ITOT MPOIECC MOKET CTATh BEChMa
3aTPATHBIM.

CermeHTalust Takke o0JIerdaeT COBMECTHOE UCMOMb30BAHUE MPOTIEYDP UM JTaHHDBIX He-
CKOJIBKUMHT TIpoTieccaMy. TUTTHIHBIM TPUMEPOM MOXKET TTOCTYKUTh COBMECTHO NCIOJIb3ye-
mast Gubsmoreka. CoBpeMeHHbIe paboune CTaHI[IK, PaBOTAIOIIHE C TIEPEOBBIMUA OKOHHBIMI
CHUCTEMaMM, 334aCTYI0 HCIIOJB3Y0T BechbMa 00 beMHbIe rpadiyeckue GubImoTeK , OTKOMITH-
JINPOBAHHBIE Yy Th JIM HE B KAXK/I0 1TporpaMme. B cerMeHTHpOBaHHOI cricTeMe rpaduyueckue
6ubIMOTEKH MOTYT OBITH TOMEIIEHBI B CETMEHT M COBMECTHO MCIIOJIb30BATHCS HECKOJIBKIMU
HPOTIECCAMH, UCKITI0Yasi IOTPEOHOCTD B CBOEM MPUCYTCTBHH B A/[PECHOM ITPOCTPAHCTBE KasK-
zoro tporiecca. XOTsi COBMECTHO HCIOJIb3yeMble OHOIMOTEKH MOKHO MMETh U B CHCTEMAX,
ITOCTPOEHHBIX TOJIBKO HA CTPAHUYHON OpPraHu3alliy aMsATH, HO B HUX 3TO JIOCTUTAETCS 3Ha-
YUTETHHO CJOKHEe. B cylHoCTH, B 3THX crCTEMax MTO00HOE HCIOIb30BAHUE PEATU3YETCSI
ITyTeM MO/IeJTUPOBAHUS CeTMEeHTaI[NN.

[TocKOMbKY KasKblil cerMeHT (OPMUPYET U3BECTHBINA MPOTPAMMUCTY JIOTHUYECKHIT 0OBEKT,
HarpuMep TIPOIIELYPY, UM MACCHB, VJIU CTEK, Y Pa3HBIX CETMEHTOB MOT'YT OBITh PasHbIE BH/IbI
sanuThl. CErMEHT MIPOIIEAYPbI MOKET OBITh OIPEEEeH TONbKO KaK MCIOJTHIEMBIH, C 3a1pe-
IIEHKUEM TIOTIBITOK 4TO-IMO0 B HEM IIPOYUTATh MU COXPAHUTh. MaccuB 4rce ¢ IaBaionei
TOYKOW MOKET OBbITh ONPEAEIEH I/l YTEHUsI U 3alIUCH, HO HE JIJIsT BbITIOJHEHUST, U MOBITKA
nepeziaTh eMy yipasJenue OyayT oraoienbl. Ilogo6Has 3amuTa BechbMa M0Jie3Ha [P Bbi-
SABJICHUU OMIMOOK [IPOrPaMMUPOBAHUS.

CpaBHeHHUe CTPAHUYHON OPraHU3aIMK TAMSITA U CETMEHTAIUU [IpUBeIeHo B TabJ1. 3.3.

Ta6nuua 3.3. CpaBHeHue CTPaHNYHOW OpraHM3aLmmn NaMmaT U cerMeHTaumum

Bonpoc CTpaHunyHas CermeHTauua
opraHusauus

Hy>XHO N1 NporpamMMucTy 3HaTb, 4To Uc- | HeTt [a

Nob3YEeTCst UMEHHO 3Ta TEXHONOrnA?

CKOJIbKO MMeEeTCSs INHEHbIX aapecHbIX 1 Muoro

NPOCTPaHCTB?

MoxeT nu Bce agpecHoe NpoCTpaH- Ja Ja

CTBO NPEBbLICUTbL pa3Mep dU3nyHeckom

namsaTmn?

MoryT nu pasnuyaTbcs U ObITb OTAENBHO | HeT Ha

3almLLeHbl Npoueaypbl 1 faHHbIe?

MoxHo nn 6e3 ocoboro Tpyaa npegocTa- | Het Ha

BWUTb MPOCTPaAHCTBO Tabnvuam, U3MeHs-
IOLLMM CBOW pa3mep?

OGneryaeTca nu ona nonb3oBartenen co- | Het Ja
BMECTHbI JOCTYN K npouenypam?
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CTpaHun4yHas CermeHTauus

opraHusauus
3ayem 6bina n3obpeTeHa aTa TEXHONO- [na nonydyeHns 6onbLio- | YToObl 4aTb BO3MOXHOCTb
ma? ro JIMHENHOro agpec- pa3buTb NporpaMmbl 1 AaH-
HOro npocTpaHcTBa 6e3 | Hble Ha JIOrMYeckn He3aBUCU-
npruobpeTeHns nonon- Mbl€ aapecHble NPOCTPaHCTBa
HUTENbHO GU3NYECKOW | 1 0BNErYnTb NX COBMECTHOE
namsTn MCMNOIb30BaHME U 3aLUNTY

Bonpoc

3.7.1. Peannsauuna 4ynctom cermeHTauum

Peanuszanus cerMeHTaIum CyIeCTBEHHBIM 00Pa3oM OTJIMYAETCS OT Peau3allii CTPAHNYHOI
Opranu3alu NaMATU: CTpaHUuIlbl UMEIOT CbI/IKCI/IpOBaHHblf/)I pa3Mep, a CErMEHThI €ro HEe UMEIOT.
Ha puc. 3.30, a mokazan npumep (PU3NUECKOi MaMsITH, U3HAYATBHO UMETOIIEl MSITh CErMEHTOB.
Terrepb pacCMOTPHM, UTO TTOJIYIUTCST, ECJTU CETMEHT 1 YAATSIETCSI, a HA €T0 MECTO MTOMETIIAETCST
MEHBINN 0 Pa3Mepy CeTMeHT 7. Y Hac TMOIYINTCS KOHPUTYpaIns MaMsATH, TOKa3aHHasg Ha
puc. 3.30, 6. Mexy cermentamut 7 1 2 OyJIeT HEUCIIOIb3yeMast 00JIaCThb, TO €CTh JbIpa. 3aTeM
cerMeHT 4 3amensieTcs cerMeHToM 5 (puc. 3.30, 8), a cermenT 3 — cermenToM 6 (puc. 3.30, 2).

CermeHr 4 CermeHr 4 < (3K) < (3K)/
(7K) (7K) erMeHT 5 erMeHT 5
(4K) (4K) (10K)
4K
CermeHT 3 CermeHT 3 CermeHT 3 ( )/ c 5
(8K) (8K) (8K) CermenT 6 ermenT
(4K)
(4K)
CermeHT 6
CermeHT 2 CermeHr 2 CermeHT 2 CermeHT 2 (4K)
(5K) (5K) (5K) (5K)
CermeHT 2
3Ky (3K) (BKY/ (5K)
CermeHT 1
(8K) CermeHT 7 CermeHT 7 CermeHT 7 CermeHT 7
(5K) (5K) (5K) (5K)
CermeHT 0 CermeHT 0 CermeHT 0 CermeHT 0 CermeHT 0
(4K) (4K) (4K) (4K) (4K)
a 6 8 2 0

Puc. 3.30. dusnyeckas namsiTb: @ — r — HapacTaHne BHELUHel dparMeHTaLmu;

[ — n3baBneHve OT BHeLLHe dparmMeHTaumm 3a c4eT YrIoTHEHUS

[Tocsie TOro KaKk cucreMa Kakoe-To BpeMsi opaboTaer, aMsITh Pa3ieJuTCs Ha HECKOIbKO
YYaCTKOB, YaCTh U3 KOTOPHIX OYAYT COJEPKaTh CETMEHTHI, a YaCTh — JBIPbL. DTO ABJIEHUE,
Ha3BaHHOE SIBJIEHHEM IIaXMaTHOM TOCKH, 11 BHEITHel (pparMeHTalue, mpuBoIuT K 11y-
¢TOit Tpare naMs Ty Ha AbIpbl. C HUM MOKHO CIIPABUTHCS 3a cueT yrnoTHenus (puc. 3.30, 0).

3.7.2. CermeHTauus CO CTPaHU4YHOM OpraHn3auven namaTm:
cuctema MULTICS

HpI/I GOJIBIIIOM pa3Mepe CETMEHTOB MOJKET CTAThb HeyHO6HO MJIN Ja’Ke HEBO3MOXHO XPaHUTb
X IIEeJINMKOM B OHepaTI/IBHOfl MaMsITH. JTO HaTaJIKUBaeT Ha njaeio npuMeHeHnsda K HUM CTpa-
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HH‘{HOﬁ OpraHu3alinu, lITO6bI HNMETD /1€JI0 TOJIBKO C TEMU CTPAHUIlAMU CEIrMEHTa, KOTOpbIe
HYKHbBI B IaHHBINA MOMeHT. [ToziepskKa CTPaHUYHbIX CEFMEHTOB PeaT30BaHa B HECKOIbKIX
Ba)KHBIX I HAC cucTeMaX. B 9ToM pasjesie Mbl PACCMOTPHUM HEPBYIO U3 TAKUX CHCTEM,
MULTICS. B caexyiomiem pasjese obparumest k 6oJiee coBpeMerHoii cucreme Intel x86 —
BILTOTH 10 X86-64.

Onepannonnas cucrema MULTICS 6bi1a 01HO# 13 caMbIX BJAUSATEIbHBIX M3 KOTAA-IUO0
CO3JIAHHBIX ONIEPAIMOHHBIX CUCTEM, OKa3aBIINX CEPhE3HOE BO3/IENICTBIE HA TaKKe 0BOJIb-
HO-Taku Hecxoxue TeMbl, kak UNIX, apxurtexrypa namsaru x86, TLB-6ydepbl u obaaunbie
BeIuncJenus. Ee co3nanme Hauaioch ¢ uccyienoBarebekoro mpoekta M.1. T, a B peabHyio
JKU3HB OHa ObLta 3amyiena B 1969 roxy. Iocnenusss MULTICS-cucrema, mpopaborasinast
31 rog, Gbia ocranossiera B 2000-m. HeMHOrMM ollepaliiOHHBIM CUCTEMAaM yIAJI0Ch IPO-
JKUTD 0€3 CYILIeCTBEHHbIX M3MEHEHMIT CTOJIb 0JITYIO KU3Hb, HecMOTpst Ha BecbMa IIPOI0JI-
JKUTEJLHOE CYHIECTBOBAHKE OTEePAIlMOHHbBIX crucTeM 1oj HazBanuem Windows, Windows 8
He nMeeT Hudero ooiero ¢ Windows 1.0, 3a uckiiodeHneM Ha3BaHKs 1 TOTO (hakTa, 4TO OHA
Oblia Hancana komanueit Microsoft.

Bouee Toro, uzen, npopadorannbie 8 MULTICS, He yTpatu/im ¢cBoell akTyaabHOCTH U 110-
JIE3HOCTH U B TOM BHUJIE, B KOTOPOM OHU Obliu chopmyJpoBanbl B 1965 rouy, Korma Gblia
onybsmkoBaHa 1epBas crathst (Corbato u Vyssotsky, 1965). IToaTomy MBI ceifuac morpa-
TUM HEMHOTO BPEMEHH Ha PACCMOTPEHME OAHOIO U3 HanboJee MHHOBAIIMOHHBIX aCIIEKTOB
MULTICS — apxutekTypnl BUpTyasnbHoi namatu. [lononmnnrensusie cBefienuss o MULTICS
MO’KHO HaiiTH 110 azipecy www.multicians.org.

Cucrema MULTICS pa6orasna na mamuaax Honeywell 6000 1 nx oromkax u obecriedrBaiia
KK/Iy10 TIPOTPAMMY BUPTYaJIbHO TTaMSATBIO Pa3MEPOM BILJIOTH 710 2'® cerMeHTOB, Kak/IbIil
13 KOTOPBIX ObLI 710 65 536 (36-paspsagHbix) coB AnuHON. UTOOBI OCYIIECTBUTH 9TO, pas-
paboruuku cuctembl MULTICS pemmiiz TpaKTOBATh KasKAbIH CETMEHT KaK BUPTYaJIbHYIO
[AMSITh U Pa30KTh €T0 HA CTPAHUIIBI, KOMOMHUPYSI TPEUMYIIECTBA CTPAHUYHON OpTraHU3aInm
namMsATH (IOCTOSIHHBINA Pa3Mep CTPAHUIIBI U OTCYTCTBUE HEOOXOAUMOCTH XPAHEHUS 11EJI0TO
CerMeHTa B IaMsITH, €CJIM MCITOJIb3YETCSI TOIBKO €T0 YacTh) C TIPEMMYIIECTBOM CerMEeHTAINN
(obJrerueHue MPOrpaMMUPOBAHIS], MOLYIbHOCTH, 3AIUTHI 1 COBMECTHOTO JIOCTYIIA).

Kakmast mporpamma B cuicreme MULTICS ucniosibdoBasia TabJImily CerMeHTOB, B KOTOPOIi
MMEJIOCh 10 OTHOMY JIECKPHUIITOPY Ha KasKAbIi cerMeHT. [TockombKy MoTEeHIMaIbHOE KO-
JIMYECTBO 3alucell B TabJuIle MPEeBbIIIag0 YeTBEPTh MUJJINOHA, caMa TabJIuIa CerMeHTOB
TaKIKe sIBJISIIACH CETMEHTOM U Obljia pa3buTa Ha CTpaHuIlbl. [[eCKPHUIITOP CErMEHTa COEPIKall
WHINKATOP TOTO, HAXOIUTCS JIU CETMEHT B MAaMATH WM HeT. Eciin Kakas-To 4acTh cerMeHTa
IIPUCYTCTBOBAJIA B MaMATH, CHUTAJIOCH, YTO B ITaMATU HaXOJAUTCA BECb CEIMEHT U €T0 Ta-
Gunia crpanuil 6yaer B maMsiT. ECii cerMeHT HAXOAUJICS B MAMSITH, TO €r0 JIeCKPUIITOP
(puc. 3.31, a) comepsxkan 18-paspsanHblil ykasaresib Ha ero tabiuily crpanuil. IIoCKONbKY
HCIIOJIB30BANNCH 24-pa3psainbie (hU3ndecKue ajpeca, a CTPAHUIIbI BEICTPAUBATINCH 10
64-6aiiTHbIM rpaHuaM (IIPEANOJIAragoch, 4To 6 GUT HU3MINX PA3PSIIOB aPeca CTPAHULIBI —
a0 000000), st XpaHeHUsE B I€CKPUNITOPE ajipeca TabJInIbl CTPAHUIL HEOOXOAUMO ObLIO
TOJBKO 18 6uT. [[eCKPUIITOP COAEPIKAN TAKKe PasMepP CErMeHTa, OUThI 3AIUThI U HECKOJIBKO
npyrux noseit. eckpunrop cermenta B cucreme MULTICS nokasan na puc. 3.31, 6. Anpec
CErMEHTA BO BCIIOMOTATEIbHON MAaMATH HAXOIUJICS HE B IECKPUIITOPE CETMEHTA, a B IPYTOi
TabJinIe, UCHOJIb3yeMO 00pabOTYMKOM OITMOKU OTCYTCTBUSI CEIMEHTa.

Kaskziprit cermenT mpezictaBiisii co60ii 0OBIKHOBEHHOE BUPTYAJIbHOE a[PECHOE ITPOCTPAHCTBO
1 OBLIT Pa30UT HA CTPAHUIIBI TOYHO TaK JKe, KaK U HeCETMEHTHPOBAHHASI CTPAHUYHAS TAMSITh,
paccMOTpeHHast patee B 910ii riaBe. OObIYHBIN pazmep cTpaHuilbl Obur paBeH 1024 cioBam
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DeckpunTtop cermeHTa 6

[HeckpunTop cermeHTa 5

DeckpunTtop cermeHTa 4

HeckpunTop cermeHTa 3

[eckpunTtop cermeHTa 2

LeckpunTtop cermeHTa 1

DeckpunTtop cermeHTta 0

CermeHT geckpmnTopos

3anuck cTpaHuubl 2

3anuck cTpaHuubl 1

3anuck cTpanHuubl 0

Tabnuua cTpaHuy onsa cermeHTa 3

|

|

3anuck cTpaHuLbl 2

3anucb cTpaHuub! 1

3anuce cTpaHuubl 0

Tabnuua ctpanuy ans cermeHTa 1

18 9 111 3 3
Agpec Tabnuubl cTpaHuy, OnuHa cermeHTa
B OMnepaTuBHOW NaMsTu (B cTpaHuuax)
A A

Pa3wmep cTpanuubl
0=1024 cnosa

1

1 =64 cnosa
0 = cermeHT pasout

Ha CTpaHuLbl

1 = cermeHT He pas3ouT

Ha CTpaHuUbI

Butbl paznuyHoro
HasHaveHus

BuTbl 3awwmnThI

Puc. 3.31. BupTtyansHas namsate B cucteme MULTICS: a — cermMeHT 0ecKpunTopoB ykasbliBaeT
Ha TabnyLbl cTpaHuL; 6 — AeCKPUNTOp CerMeHTa. Yucna o3HavatoT oJIvHy nonen

(XOTS Pl HECKOJIBKO MEHBINNX 10 Pa3Mepy CerMEHTOB, HCIOTb3YEMbIX CAMOM CUCTEMOM
MULTICS, 1e 6bL1u pa3éuThl Ha CTPAHUIBI WM BCE JKE s SKOHOMUM (DUBNYECKON TTaMATH

ObLIM pa3OUTEI Ha cTpaHuUIb 110 64 coBa).

Anpec B cicreme MULTICS cocrosit u3 1ByX yacTeii: CerMeHTa U a/jpeca BHYTPHU CerMeH-
ta. [locrennuii, B CBOIO OUEpPe/ib, ETUIICS HA HOMEP CTPAHUIIBI U CJIOBO BHYTPU CTPAHUIIBI

(puc. 3.32).

Korma IIporcCxoaunJao O6paH.I€HI/Ie K IIaMATH, BBIITIOJTHAJICS CJIGZ[YIOH.II/HL/.I AJITOPUTM!

1. HOMep CerMeHTa UCIIOJIb30BAJICA IJIA HAXOXKAEHNA JECKPUIITOPpAa CETMEHTA.

2. TIpoBepsiioch, HAXOAUTCS JI TAOJIUIIA CTPAHUIL CerMenTa B nmamsitu. Ecsin tabimia
CTPaHUI[ [IPUCYTCTBOBAJIA B ITAMSITH, OTIPEJIETSIIIOCH ee MecTonosioxenue. Ecim Tabiuna
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B [IAMSATH OTCYTCTBOBAJIA, BO3HUKAJIA OIINOKA OTCYTCTBHs cermenTa. IIpu HapyuieHuu
3al[IThl BO3HUKAJA OMMOKa (TPOUCXONIIO CHCTEMHOE TIPEPhIBAHNE).

3. Msyuwasach 3anuch B TabJuIle CTPAHUIL JIJIs 3AMPAIINBAEMOIT BUPTYAJIbHOM CTPAHUIIBL.
Ecyu crpanuiia He HAXOMJIACH B TIAMSITH, BO3HUKAJIA OIMOKA OTCYTCTBUST CTPAHUIIBL.
Eciu oHa Oblia B maMsiTi, U3 3anucy TabJIUIIbI CTPAHUI] U3BJIEKAJICS aipec Hadasa
CTPpaHUIIbI B OHepaTHBHOfI IHaMATH.

4. K a/Ipecy HadaJjla CTpaHUIIbI HpI/I6aBJIHJIOCb CM€EIIECHNE, YTO JlaBaJjO B pe3yJibTaTe a/[pec
B OHepaTI/IBHOI';I TMaMATH, 110 KOTOPOMY PacCIiojsiarajiocb Hy;>KHO€E CJI0BO.

5 U HaKOHETI, OCYIIECTBJIAIOCH UYTEHNE NJIN COXPaHEHNE TaHHbIX.

AZpec BHyTpU cermMmeHTa

Howmep CwmeLlleHne
Homep cermeHnTta CTpaHmLbl BHYTPW CTPaHULbl
18 6 10

Puc. 3.32. 34-pa3psHbili BUPTyasbHblld agpec B cucteme MULTICS

Iror npolecc mokazad Ha puc. 3.33. UToObl ero ynpocTuTh, Obl OIyIieH TOT (BakT, 4To
CEerMeHT JECKPHUIITOPOB caM 110 cebe MMeJ CTpaHUYHYIO opranusaiiuio. Ha camoM aeJie npo-
HCXO/IIIIO CJIE/IYIONIee: CHAYAIA UCTIOIH30BAJICS PErUCTP (OCHOBHOW PETUCTP JIECKPUTITOPA),
YTOGBI OTIPEAETUTH PACTIONIOKEHNE TaOJIUIIBI CTPAHUIL CETMEHTA AECKPUIITOPOB, KOTOpast
B CBOIO OY€pe/Ib YKa3blBaja HA CTPAHMIIBI CETMEHTA JIeCKPUIITOPOB. Kak TOJIbKO JIeCKPUIITOP
JUIst TpeGYeMOro cerMeHTa HaXoUJICs, TIponucxoauaa aapecanust (puc. 3.33).

BupTyaneHbein agpec MULTICS

Howmep cermeHTa

[HeckpunTop
Howmep Howmep
cermMeHTa CTpaHuLbl
CermeHTt
[ecKpUnTopoB

Howmep CwmelleHne
CTpaHuLbl -
CnoBso
CermeHTt
LEeCKpUNTOPOB
CwmelleHne
Tabnuua CTtpaHuua
CTpaHuL,

Puc. 3.33. lNpeobpasoBaHne COCTOSALLErO U3 ABYX YacTen agpeca B cucteme MULTICS B agpec
B ONepaTMBHOMN NamMaATn
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Kaxk Bbi Tereps yske, 6e30 BCIKOrO COMHEHWsI, IOTalaJIiCh, €CJIU Obl Ha TIPAKTUKE MIPEbIY Ui
AJITOPUTM BBITIOJIHSLICS OIIEPAIIMOHHON CHCTEMO /TSI KasKI0M KOMaH/IbI IIPoIieccopa, paboTa
[IpOrpaMM He OTJirYasach 661 0co00i GbICTPOTOIL. B elficTBUTEIbHOCTH aniapaTypa CHCTeMbl
MULTICS coaepskana BbICOKOCKOpocTHOM Gydep Gbictporo npeodpasosatus aapeca (TLB)
pasmepoMm 16 0B, KOTOPbIii ObLI CIIOCOGEH TPOUBBOAMUTH TIOUCK HTAPAJLIEIBHO 110 BCEM CBO-
UM 3aMTUCSM JIJIS1 33IaHHOTO KJTovua. TOT Mpollece TokazaH Ha puc. 3.34. Korga kommbioTep
OJIyYaJt aJIpec, alapaTypa aJjpecaliui cHadaja MpoBepsiia HaIMure BUPTYAJIbHOTO ajipeca
B TLB. Eciit aToT azipec nmpucyTcTBOBaI B 6ydepe, OHa Mosydasa HOMEpP CTPAaHUYHOTO GJI0Ka
npssmukoMm u3 TLB u dpopmupoBasa pakrrueckuii agpec cioBa, K KOTOPOMY TTPOUCXOIIIIO
obpalieHue, He BBIIOJIHSIA MOUCK B CEIMEHTE JIECKPUIITOPOB MK B TaOJIUIE CTPAHUII.

lNone cpaBHeHus Orta 3annch
CTpaHMIHbIA ncnonb3yertca?
Homep BupTtyanbHas 6ROk
cerMeHTa CTpaHuua BawuTa Bospact

4 1 7 YreHune/3anucob 13 1
6 0 2 TonbKo YTeHne 10 1
12 3 1 YreHune/zanucob 2 1
0
2 1 0 Tonbko BbINOMHEHNE 7 1
2 12 Tonbko BbINOMHEHNE 9 1

-_— 0 | 1 —4

Puc. 3.34. lNpocTenwnii BapmnaHTt TLB B cucteme MULTICS. Ha camom aene Hanuyve ctpanHul,
OBYX pa3MepoB aenaeTt cTpoeHue TLB 6onee crnoxHbIM

B Gydepe GuicTporo nmpeobpazoBaHus ajgpeca XpaHUINCh ajgpeca 16 cTpaHUIl, K KOTOPBIM
[IPOUCXO/IUJIN caMble TocaeHue obpaietust. [IporpaMmbl, y KOTOPbIX pabounii Habop ObL
menbiie pasmepa TLB, xpanuau agpeca Becero pabouero nabopa B TLB, u cienosarenbho, atn
nporpamMmmbl paboTasin s GEeKTUBHO, B IIPOTUBHOM CJIydae nporcxoauia omunbka TLB.

3.7.3. CermeHTauus Co CTpaHU4YHOM OpraHn3auven namMmaTmn:
cuctema Intel x86

[lo mosiBnenns x86-64 BupTyanrbHas maMsaTh B cucTeMe X86 BO MHOTHX OTHOIIEHUSX HATIO-
MuHana mamath B cucteMe MULTICS, Brimfogyast Hammane Kak CETMEHTAITUH, TaK W CTPAHIY-
noit opranuzainun. Ho cucrema MULTICS umesna 256 K He3aBUCUMbBIX CErMEHTOB, KaK/IbIii
1o 64 K 36-paspsiiHbix ciioB, a cuctema x86 mopnep:xuBaer 16 K He3aBuCHMBIX CETMEHTOB,
KaxabIi 10 1 Muapa 32-pas3psgHbIX cioB. XOTs B IMOCTEIHEN CUCTEME MEHBIIE CETMEHTOB,
ux GOJIBINNIT pasMep Ky/la BakHee, MOCKOJIbKY TIPOrPaMMBbl, KOTOPBIM TpebyeTrcs GoJiee uem
1000 cerMeHTOB, BCTPEYAIOTCS JI0BOJIBHO PEIKO, B TO BPEMs Kak MHOTHM TIPOrpaMMaM HeoO-
XOZIUMBI GOJIBIIIKE TI0 pa3Mepy cerMeHThl. UTo jke KacaeTcs X86-64, To cerMeHTaIust C4UTaACTCs
ycTapeBiieil u 60JIbliie He MOAIEPKUBACTCS, UCKII0Yast paboTy B YHACJIEIOBAHHOM PEKUME.,
XOTs1 HEKOTOPBIE OCTATKK CTAPBIX MEXAHU3MOB CETMEHTAIMU B UCXOJIHOM PEXKUME PabOThI
cucteM x86-64 Bce eltie JOCTYIIHbI, TJIABHBIM 00Pa3oM J1J1st 0GeCIiedeH st COBMECTUMOCTH, OHU
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GoJIbIIIe HE UTPAIOT TY JKe POJIb U He TIPeJIaratoT peasibHyto cermentanuio. Ho cucrembr x86-32
JI0 CUX TIOP HOCTABJISIIOTCS 0O0PYI0BAHHBIMHU TI0 HOJIHOM CXeMe, U KIMEHHO TOT LEeHTPaJIbHbIH
nporieccop u OyIeT paccMaTpUBaThCs B JAHHOM pasjieJie.

OcHoBa BUPTYaJIbHON MaMSITH CUCTEMbI X86 COCTOUT UX ABYX TaOIUIL: JOKAJIbHOU TAOIUIIBI
neckpuntopos (Local Descriptor Table (LDT)) u ri106ajbHOi TaGIMIbI 1ECKPUIITOPOB
(Global Descriptor Table (GDT)). ¥ kaxoii nporpamMMer ecTb cooctsenHas tabsmia LDT,
HO rIo6ajibHast TabJIUIA IECKPUIITOPOB, KOTOPYIO COBMECTHO MCIIOJIB3YIOT BCE MPOTPaMMbI
B KOMIIBbIOTEpE, Beero ogHa. B tabmne LDT onmmchIBaioTest CErMEHTDI, IOKAIbHbIE IS KakK-
JIOI ITPOTPaMMBbl, BKJIIOYAsA KOJ STHX MPOTPAMM, UX JaHHBIE, CTEK U T. /1., a B Tabmune GDT
OTIMCBHIBAIOTCST CUCTEMHBIE CETMEHTDI, BKJIIOUAsI CAMY OIEPAIIMOHHYIO CUCTEMY.

Yr0o06bl TOJIYYUTH JOCTYII K CETMEHTY, TIporpamMMa, paboraolias B cucteMe x86, cHavasa 3a-
IPY’KAET CeJIEKTOP [IJIsl 9TOTO CErMEHTA B OJIMH U3 1IECTU CETMEHTHBIX PETUCTPOB MAIIMHBI.
Bo Bpems BeimosHenns nmporpaMmbl peructp CS cOep:KUT CeNeKTOP /IS CerMeHTa Ko/,
a perrctp DS XpaHUT ceJieKTop /I cerMenTa Aanubix. Kaskmpril ceexrop (puc. 3.35) mpez-
cTaBisieT co60ii 16-paspsiHoe 1ejIoe YIcIo.

Butbl 13 1 2

/ \YpOBeHb

0=GDT/1 =LDT ppyeunermposaqHocTn (0—3)

MHpekc

Puc. 3.35. Cenektop cuctembl Pentium

OpuH 13 GUTOB cesleKTopa HeceT MH(GOPMALIMIO O TOM, ABJISIETCS JIU JAHHBINA CETMEHT JIOKAJIb-
HBIM WJIH TI06aIbHBIM (TO €CTh K KaKOW TabJInIe JECKPUIITOPOB OH OTHOCUTCS, TOKAIbHON
nin robasbHoil). Cienyione 13 GUTOB ONPeAEAIOT HOMED 3allUCH B TabJIUIIE AECKPUTITO-
POB, IOITOMY B KayKI0M U3 9TUX TaOJIUIL He MOKET cojepskarbest Oosee yeMm 8 K cerMeHTHbIX
neckpuntopoB. Ocranbhble 2 GUTa UMEIOT OTHOLIEHUE K 3aliuTe U OyAyT PACCMOTPEHDI
nosske. [leckpunrop 0 sampernes. Ero MoskHO 6e3 BCSIKOI OTIACKH 3aTPY3UTh B CETMEHTHBIT
peructp, 4T00bl 0G03HAUUTD, YTO HTOT CETMEHTHBINA PETUCTP B JAHHbI MOMEHT HEJOCTYIIEH.
[TonpiTKa MM BOCTIONIB30BATHCS MMPUBEET K CUCTEMHOMY MTPEPHIBAHUIO.

Bo BpeMs 3arpysKku CeJIeKTOpa B CETMEHTHBIN PErkCTp M3 JOKaJbHON WK TI06abHO
TabGJIMIbl JECKPUIITOPOB M3BJIEKAETCSA COOTBETCTBYIOIMI AeCKPUIITOP, KOTOPBIN, YTOODI
YCKOPUTD K HeMy oOpallieH1e, COXpaHaeTcs: B MUKPOIIPOrPaMMHbIX perucrpax. Kak nmokasano
Ha puc. 3.36, ZECKPUIITOP COCTOUT 13 8 GATOB, B KOTOPBIE BXOAAT Ga30BbII apec cerMenTa,
pasmep u apyras uHGOPMAIIHs.

Yro6bl 06JIErYUTH OTIPeIeIeHIe MECTONOIOKEHUsT IeCKPUIITOPA, ObLII KCKYCHO T10400paH
dbopmar cenexropa. CHauara Ha OCHOBe OHTa 2 ceJieKTopa BHIOMPAETCsI TOKATbHAS UK
riobabHas TabJIUIA IECKPUTITOPOB. 3aTEM CETEKTOP KOMUPYETCsT BO BHYTPEHHUIA paboumii
DETUCTD, U 3HAYEHUSI TPEeX MIaIuX OUToB ycTanapiusatores B 0. HakoHerr, K a10ii Kouu
npubasssiercst aapec ool u3 tabuuty, LDT uin GDT, uTo6bl HOIYYUTh IIPSAMOii yKasaTelib
Ha geckpuntop. Hanmpumep, cenekrop 72 cepliaercst Ha 3anuch 9 B rr00aibHOI Tabiuie
JECKPUIITOPOB, KOTOPasi PaciioyioxkeHa 1o ajapecy B tabauie GDT + 72.

Terepb MPOCIENM HIATH, C TIOMOIIBIO KOTOPBIX Mapa (CeJIeKTOP, CMeIeHIe ) TIPeobpasyeTcst
B usnueckuii aapec. Kak Tosbko MUKpPOIIpOrpaMMa y3HaeT, KaKOH CEerMEeHTHBIN PerucTp
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0: 16-pa3psagHbIN cermeHT 0: CermeHT OTCYTCTBYET B NaMsATH
1: 32-paspsaHblii CErMeHT 1: CerMeHT NpucyTCTBYET B NamMsATL
——— YpoBeHb npuBunermposaHHoctn (0—3)
0: Mpepen B Bawitax 0: Cucrema
1: Mpepen B cTpaHuuax 1: MporpaMMbI-NpUNOXeHNS
Tun cermeHTa 1 3awmTa
YVYY V¥V "
basa24—31  |G|D|0 Tgffg P[DPL|S| Tun Basa 16—23 |4
Baza 0—15 Mpepen 0—15 0
< 326uta »
OTHocuTenbHas
agpecaumsi

Puc. 3.36. [leckpuntop cermeHTa koga B cucteme Pentium.
CermMeHTbl AaHHbIX UMEIOT He3HaYMTEebHbIe OTANYUS

HCIIOJIBb3YeTCs, OHA MOYKeT HATH B CBOUX BHYTPEHHMX PErUCTpax IMOJTHBIN IECKPUIITOP, CO-
OTBETCTBYIONNI 3TOMY cesieKTopy. Ecim cermenT He cytmiectByet (cesekTop pasen 0) mian
B JIAHHBII MOMEHT BBITPY’KEeH, BO3HUKAET CUCTEMHOE IIPepPbIBAHIE.

3aTeM armapaTypa UCIIOJIb3YeT MoJie peea Limit, 4To6bl TPOBEPHUTD, HE BBIXOIUT JIU CMe-
IeHNe 3a TIPeJlesI CEPMEHTa, U B 9TOM CJlydyae Takke BO3HUKAeT CUCTeMHoe rpepbiBanue. [1o
JIOTHKE, [UIS IPEOCTABJICHUS PasMepa CErMEHTa B JIECKPUIITOPE J0JIKHO ObITh 32-pa3psiiiHoe
110J1e, HO JIOCTYITHBI TONBKO 20 61T, IOSTOMY UCIIOJIb3yeTcst Apyras cxema. Eciu none Ghit
(Granularity — crenens geranusanuu) pasto 0, B osie Limit copepKUTcst TOUHBIH pasmep
cermenTa BILIOTh 10 1 M6aiit. Eciin ono pasho 1, To B moste Limit ipeocTaBiasieTcst pasMep
CEerMeHTa B CTpaHWIAX, a He B Galitax. [Ipu pasmepe crpanmi, pasaom 4 Ko6aiir, 20 6utos
BIIOJIHE JI0CTATOYHO JIJIsSi CETMEHTOB PasMepoM 10 2% GaiiT.

HpeI[HOJIOX{I/IM, YTO CEI'MEHT HaXO/IUTCA B ITaMATHU U CMEIIleHY e 11011aJI0 B Hy}KHbIﬁ NHTEpBaJl,
torga cucrema x86 npubasiser 32-paspsanoe 1mose Base (6a3a) B JeCKPUIITOPE K CMeTIe-
HU10, (GOPMUPYS TO, YTO HasbiBaeTCs JuHeiHbIM agpecom (puc. 3.37). [Tose Base pa3buro
Ha TPU 4aCTH, KOTOPbIE PasOpPOCaHbI 110 AECKPUIITOPY [JIsi COBMECTUMOCTH C IIPOLIECCOPOM
Intel 80286, 8 KoTOpPOM 110JIE Base nmeet To/bK0 24 6uta. B cyunoctu, nose Base nossosister
KQ)KJIOMY CETMEHTY HAYMHATHCSI B TPOU3BOJIBHOM MeCTe BHYTPU 32-Pa3psifiHOTO JIMHEIHOTO
AJIPECHOTO TIPOCTPAHCTBA.

OeckpunTop
BasoBbIi agpec| °
L— Mpenen

[pyrue nons

32-pa3psagHbin
NHeWHbIV agpec

Puc. 3.37. Npeobpas3oBaHue napbl «CENeKTOP — CMELLEeHNe» B IMHEHbIN aapec
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Ecim crpannyHast opranusaiius oTkjodeHa (yCTaHOBKOUW GuTa B IJI00aJbHOM YIIPaBJISIIO-
II[eM PETUCTPeE), TUHEHHBIH afipec MHTEPIPETUPYETCS KaK (DU3NUECKUI aJIpec U TTOChLIACTCS
B IIaMSITh JIJIs YT€HU WU 3arnucu. TakuM oOpasom, IIpU OTKJIIOUEHHOM CTPAaHUYHO cXeMe
HAMSTH MBI TI0JIy4aeM YHUCTYIO CXEMY CerMeHTaIK ¢ Ha30BbIM aJPEeCOM KasK0r0 CErMeHTa,
BbIIABAEMbIM €70 JiecKputitopoM. CerMeHTbl He TIPeIoXpateHbl OT HAJIOKEHUS APYT Ha JAPYTa,
BO3MOYKHO, M3-32 CJMIIKOM OOJBIINX XJIOMOT U CAUIIKOM OOJIBIIMX BPEMEHHBIX 3aTPaT Ha
MIPOBEPKY TOTO (DaKTa, YTO BCE OHU JPYT OT JIPYTa OT/IE€JIEHBbI.

C 1pyroii CTOPOHBI, €CJIN BKJIIOUYEHA TT0JIKAYKa CTPAHUIL, JJMHEHHBII a/[pec MHTePIpeT-
pyercs Kak BUPTYaJIbHbINA U 0TOOpakaeTes Ha (DU3HUECKUI a/[Pec ¢ TIOMOIIBIO TabIUIbI
CTPpaHUIl IPAKTUYECKHU TaK K€, KaK B IIPEAbIAYIIUX IIpUMeEPax. EI[I/IHCTBeHHOe peasibHOE
3aTPYIHEHUE 3aKJII0YAETCS B TOM, YTO TIPU 32-Pa3psIHOM BUPTYATbHOM a/ipece M CTPAHUIIE
pasmepoM 4 KbaliT cermeHT MOXKeET cojiepkaTh 1 MIIH CTPAHMUIL, TI09TOMY KCIIOJIb3YETCsT
JBYXYPOBHEBOE OTOOPAKEHUE C I[EJIBI0 YMEHbBIIIEHUsT PasMepa TabJIHIbl CTPAHUIL JIJIsT He-
GOJIBIINX CErMEHTOB.

YV kax1oii paboTarolieil IporpaMMbl €CTh CTPAHMYHBIA KaTaior, coctosamuii us 1024 32-pas-
psamHbIxX 3anuceil. OH pacIooKeH MO aJpecy, KOTOPHIN yKazaH B TT0OATbHOM PETHUCTPE.
Kaskzmas sanuchk B KaTajore ykasbiBaeT Ha TaOJNIly CTpaHUIl, Takxke comepxkantyio 1024
32-paspasHbIX 3alKCH. 3anucy B TabJIMIaX CTPAHMIL, B CBOIO 0Y€Pe/lb, YKa3bIBAIOT Ha CTpa-
HUYHBIE 6JIOKK. DTa cxema TToKasaHa Ha puc. 3.38.

JIHeHbIV agpec

BuTbl 10 10 12
Karanor CTtpaHuua CwmelleHne
a
CTpaHu4HbIV kaTanor Tabrnuvua cTpanuy, CTpaHnyHbIn 6riok
[ X A CnoBo ; L
N N N N BblGpaHHoe
1024
3anucu $
CwmeLlleHne
Katanor A t
# CTtpaHuua
3anucb kaTanora 3anucb B Tabnuue
yKasblBaeT Ha CTpaHuL ykasbiBaeT
Tabnuuy katanora Ha crnoso
A

Puc. 3.38. OTto6paxeHune nMHenHoro agpeca Ha puanyeckuii

3iech TIOKa3aH JUHENHBIH aJipec, pas/eieHHblil Ha Tpu noJist: Kamanoz, Cmpanuua n Cue-
wenue. llone Kamanoz ncriob3yeTcst Kak NHAEKC B CTPAHIYHOM KaTAJIOTe, OTIPEIEIISTIONTN I
PacIoJiosKeHue yKasaTeJist Ha IpaBUIbHyto Tabsuity crpanuil. [lose Cmpanuua ncnosib3yer-
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€S B KaueCTBe MHAEKCA B TaOJIMIE CTPAHUIL, YTOOBI HATH (DU3MYECKUIT aJipec CTPAHUYHOTO
Gsioka. W Hakouell, 4ToObl 10Jy4nTh GU3NYeCKUil ajpec TpebyeMoro Gaiita Uin CI0Ba,
K ajpecy cTpaHu4Horo 6J1oka npubasisiercs noje Cueuenie.

Kaskast 3anuch B absuiie crpanuil umeet pasmep 32 6uta, 20 13 KOTOPBIX COAEP/KAT HOMEP
crpannyHoro 6s1oka. OcrajibHbie OUTBI BKIIOYAOT B ceOst OUTBI 0CTYIIA U OUT U3MEHEHUS
CTPaHUIBI, yCTAHABIMBAEMbIE AllNapaTypPOll sl ONMEPAIMOHHON CUCTEMbI, OUTHI 3aINUThI
U IPyTHE TOJIE3HBIE OUTBI.

Kaskmast rabsuia crpanmil BKodaer B cebst 3anucu it 1024 crpanndHbix GJI0KOB Pa3MepoOM
o 4 Kéaiit, takum 06pasom, ojiHa TabJinia cTpaluil crpasisiercs ¢ 4 Moaiit namsatu. Cer-
MEHT, JIJIMHA KOTOPOro MeHbiie 4 MOaiiT, GyieT UMeTh CTPAaHUYHbII KaTaJIor ¢ eMHCTBEHHON
3allChI0 — yKasaTeJeM Ha ero eAnHCTBeHHYo Tabuity crparul. CieoBaTe/bHO, B Cydae
KOPOTKOI'O CerMEHTa Ha MOAJAEPKKY TabJIUI] CTPAHKIL PACXOLYETCS TOJBKO JIBE CTPAHUIIBI
BMecTO 1 MJIH, KOTOpbIe Oblu Obl HYKHBI B OJJHOYPOBHEBOI TabJInIe CTPAHMUIL.

Yr06b1 M36€KATH TIOBTOPHBIX OOpaleHuii K mamsaTu, cucrema x86, kak u ciicrema MULTICS,
umeet HebGObINOI Gydep O6picTporo peobpasosanusa aapeca (TLB), koTopbiil HAPsAMYTO
oTtob6paskaeT HarboJee YacTo UCIIOJb3yonecss Kombunauu Kamanoz — Cmpanuya Ha
(pusnueckuii agpec crpaHUIHOTO 6J10KA. MexaHusM, moKasaHHbIi Ha puc. 3.38, sageiicTBy-
€TCs1 JIUITb [IPU OTCYTCTBUU TeKyiiell komOGuHanuu B 6ydepe TLB, npu atom cam 6ydep
obHosusiercst. Ecain orcytersue HyskHoi urdopmanuu B 6ydepe TLB Berpeyaercst 10BOJIbHO
PEIIKO, CHCTEMA JIOCTUTAET HETLIIOXOM MPON3BOINTETHHOCTH.

Tak:ke cyielyeT OTMETUTD, YTO 3Ta MOZIEb PabOTAET U B TOM CJy4Yae, KOT/[a HEKOTOPBIE
HPUJIOKEHUS He TPEOYIOT CerMEHTAIlUH, a TIPOCTO JOBOJIbCTBYIOTCS IMHbIM, Pa30UTHIM Ha
CTPaHUIIBI 32-paspsAHBIM aJ[PECHBIM ITPOCTPAHCTBOM. Bce cerMeHTHBIE PETUCTPBI MOTYT
OBITH HACTPOEHBI TEM JKe CAMBIM CEJIEKTOPOM, B JIECKPUTITOPE KOTOPOTO 1oJie Base = 0, a moaie
Limit ycranosiieno Ha MakcuMyM. Toraa cMmelnienye KoMauabl OyAeT JMHEHbIM aJpecoM
1 OyJIeT UCIIOJB30BATHCS TOJIBKO OJTHO aJiPECHOE MPOCTPAHCTBO, YTO MPUBEIET K OOBITHOI
cTpaHUYHOIT opranusanuu mamsiti. Makrdeckn TakuM 06pasoM paboTAIOT BCe COBPEMEH-
HBIE OTIEPAIIMOHHBIE CUCTEMBI JIJIsT KOMITbIoTepa X86. EMMHCTBEHHBIM HCKIIOUeHIEM ObLITa
cucrema OS/2, B KOTOPOI MCIOJIb30BAINCH BCE BO3MOKHOCTH apXUTEKTYPBI IUCIETYEPa
namsitu (MMU) dupmer Intel.

Tax nouemy ske Intel orMerna To, 4To ObLIO BAPUAHTOM BeChbMa HEILIOXON MOJEIH TIaMATH
MULTICS, nonnep:;kuBaeMoii Ha IPOTSKEHUH TIOUTH TPeX AecaTuyeTnii? Boamoxmo, oc-
HOBHOI MpUUIHO# ctamo To, uto Hu UNIX, Hu Windows HEKoOT/Ia He MCMOIB30BAIH 9TOT
BapHUAHT, HECMOTPSI HA €r0 BHICOKYIO 9(h(heKTUBHOCTD, T10 TPUYMHE UCKJIIOUEHHUS CUCTEMHBIX
BBI30OBOB U MPEBPAIEHIS UX B MOJIHUEHOCHbBIE BBI30BBI MPOIEAYP IO COOTBETCTBYIONINM
ajipecaM BHYTPH 3al[UIIEHHOTO CETMEHTA OllepaliMoHHOI crcTeMbl. Hu opnH 13 paszpabot-
yukos 0601 UNIX- uan Windows-cucreMbl He 3aX0Tel MEHATH CBOIO MOZEJb aMATH
Ha HEeYTO IPHUCyIee TOJIbKO X86, Tak Kak 9T0 HapyIInao Obl IEPEHOCHUMOCTh Ha JApyrue
atdopmbl. IToCKOIbKY 9Ta BO3MOKHOCTD OKa3ajach HEBOCTPEOOBAHHOI CO CTOPOHBI IIPO-
rpaMMHOro obecrniedenus, Komianuu Intel Haoe0 TpaTuTh BIYCTYIO IIOMIAAb MUKPOCXEMbI
Ha ee MOIEPKKY U 13 64-Pas3psiiHbIX [IPOIECCOPOB OHa Oblyia yOpaHa.

B KoOHIle KOHIIOB, KTO-TO K€ J0JUKEH MOXBAIUTD Pa3paboTynkos cucteMbl X86. ITpu crob
MIPOTUBOPEYNBBIX 3a/la4aX: PEAJIM30BATh YUCTYIO CTPAHUYHYIO OPraHU3AIHMIO TAMSITH, YUCTOE
CErMEHTUPOBaHME N CTPAHUYHbIE CETMEHTBI U B TO K€ BPEMSI 06eCHe‘-II/ITb COBMECTUMOCTD
¢ 286-M 1porieccopoM, a KpoMe TOTo, C/ieJiaTh Bee 3T0 3P (MEKTUBHO, — Y HUX TOJYUUIaCh
YIUBUTETHHO IPOCTAST U TIOHSITHASI KOHCTPYKITHSL.
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3.8. UccnepoBaHug B 0ONnacTu ynpassieHUs NaMaTbio

TpaaunnoHHOE YIpaBJIeHUE TAMSTHIO, 0COOEHHO ATOPUTMbI 3AMEIIIEHUST CTPAHUIL [JIsI [1EH-
TPAJIbHBIX TIPOIIECCOPOB € OAHUM SIIIPOM, KOTA-TO OBIJIO BeChbMa ILI0JOTBOPHOI 00/1aCThIO
UCCJIe[OBaHMiL, HO, TOX0Ke, OOJIbIIast YaCTh ATUX MCCJIEA0BAHUN, 110 KpallHeil Mepe st
YHUBEPCATBHBIX CUCTEM, B HACTOSIIEE BPEMSI YK€ OTMEPJIA, XOTSI UMEIOTCS 1 Te, KTO C 9TUM
KaTeropuyecku He corsacen (Moruz et al., 2012) wuin cocpeioToYrIcs Ha HEKOTOPBIX PU-
JIO)KEHUSIX, TAKUX KaK ollepaTHBHAsA 00pabOTKa TPaH3aKIMil, KOTOpas UMeeT CIel[Hali3u-
posannble TpeboBanus (Stoica and Ailamaki, 2013). [laske Ha OAHOIPOIECCOPHBIX CUCTEMAX
3aMelleHre CTPaH!Il Ha TBEPOTEIbHBIX HAKOIMTEAX, & He Ha JKeCTKUX IMCKaX BBI3BAJIO
HOBbIE BOIIPOCHI U 110TpeboBasio HoBbIX aiiroputMoB (Chen et al., 2012). 3amenienune crpanmuiy
Ha MHOTOOGEMIAMOIIEN 9HEPIOHE3aBUCHMON MAMSITH Ha OCHOBE (ha30BbIX MEPEXOI0B TAKIKE
OTPe6OBATIO IEPEOCMBICIEHUST TOTO 3aAMEIEHHUS C IEBIO MOBBIIIEHUS TPOU3BOIUTEIBHO-
cru (Lee et al., 2013), a Takske o npuunne 3agepsek (Saito and Oikawa, 2012) niu uzHoca
[IPU CJIUIIKOM HHTeHCHBHOM Hcnosb3oBanun (Bheda et al., 2011, 2012).

B 1iesiom necesieioBaHuS IO 3aMEIEHUTO CTPAHMIL BCE C1Ile TPO/I0/IKAIOTCS, HO COCPEI0TauN-
BAIOTCS HAa HOBBIX BU/IaX cucteM. Hampumep, nHTepec K ypaBieHUIO MaMsIThIo BO3POIHIN
BUpTyasbHble MaiuHbl (Bugnion et al., 2012). K Toii ske obsactit oTHOCUTCs 1 paboTa Jantz
et al. (2013), mo3BoJisIONIAsT TPUTOKEHUSIM OPUEHTHPOBATD CUCTEMY OTHOCUTEIHHO TIPHHSI-
THUS PelieHusi 0 (GU3MIecKOl cTpaHuIle AJIs MOIeP/KKU BUPTYaJIbHON cTpaHuIilbl. Tpedyer
HOBBIX &JITOPUTMOB U ACHEKT 00bEANHEHHST CEPBEPOB B 00JIaKe, UTO BJIUSIET HA 3aMelleHne
CTPAHMUIL U3-32 BOBMOKHOCTH M3MEHEHUSI CO BpeMeHeM TOro 00beMa (hU3HIeCKOil TamMsITH,
KOTOPBIN I0CTYIIEeH BUpTyanbHoil Maine (Peserico, 2013).

HoBoit 001acTbI0 aKTUBHBIX UCCIEIOBAHUIT CTAJIO 3aMeIeHIe CTPAHUIL B MHOTOSIIEPHBIX
cucremax (Boyd-Wickizer et al., 2008, Baumann et al., 2009). Oxxum 13 mo6ysKIa0Imx
(haKkTOPOB SABJISIETCS CTPEMIIEHIE UMETh B MHOTOSIZIEPHBIX CHCTEMAX MHOXKECTBO KaIlIei, co-
BMECTHO HCIOJIb3YEMBIX JI0BOJBHO cioskabiMu myTsimu (Lopez-Ortiz and Salinger, 2012).
TecHo CBSI3aHHBIM € 9TON PAOOTOIT 1O MHOTOSIIEPHOCTH SIBJISIETCS] HCCIIEIOBAHKE 3aMEIIEHNST
crpanuil B NUMA-cucremax, rjie K pa3HbIM YacTsIM [TaMsITH MOJKET ObITh Pa3HOE BPEMsI J10-
cryna (Dashti et al., 2013; Lankes et al., 2012).

Kpome Toro, B He60IbIIINE EPCOHATBHBIC KOMITBIOTEPBI IPEBPATUINCH CMAPT(OHBI U TLIAH-
IIETHBIE YCTPOICTBA, U MHOTHE U3 HUX COPACHIBAIOT CTPAHUI[BI OMIEPATHMBHON MTaMATH HA
«JIUCK», BOT TOJBKO B KQUeCTBE JIUCKA Y HUX BbICTyTaeT duieni-namsth, O HEKOTOPHIX 10-
caenaux paborax uMeercst coodienue ot Joo et al. (2012).

W HakoHeT, To-ITpe;kHEMY CYTIECTBYET HHTEPEC K YIIPABJICHUIO TTAMSITHIO B CUCTEMaX peaJib-
noro Bpemenu (Kato et al., 2011).

3.9. KpaTtkue BbIBOAbI

Ira ryasa OblIa TIOCBAIIECHA UCCIETOBAHNIO BOITPOCOB YIIPABJ/ICHNA ITaMATHIO. Mbr yBuzesnu,
YTO CBOIIMHT WUJIW CTPAaHUYHAA OpraHmn3alud IMaMATH B HpOCTefIIHHX cucreMax BOO6HI€ He
NCIOJb3YIOTCA. HporpaMMa, 3arpy’KenHast B maMsATh, OCTA€TCA B Heit IO CBOETO 3aBEPIIEHNA.
HBKOTOpre OIepamMOHHbIE CUCTEMBI HE IO3BOJIAIOT HAXOAUTHCA B IIaMATH 6omee yeM O/1-
HOMY IIPOIIECCY, B TO BpeMA KaK ApyTue MoAAEPKUBAIOT MHOT03a/IaYHOCTD. ITa MO/Z€eJIb BCe
€IIIe€ PaCIIpOCTPaHEHA Ha HeOOJIBIINX BCTPOEHHBIX CUCTEMAX PE€AJbHOTO BPDEMEHMU.



Bonpockl 291

C.He]IyIOH.II/IM raromM cTtaJi CBOIIMHT. HpI/I €r0 MCIIOJIb30OBaHUMN CHUCTEeMa MOJKET pa6OTaTb
C TAKUM KOJIMYECTBOM IIPOIECCOB, KOTOPOE IMPEBBIMIAET BO3SMOKHOCTHU ITAMATH 110 UX OJHO-
BPEMEHHOMY Pa3MEIIECHUIO. Hpoueccm, JJIA KOTOPBIX HE XBaTaeT MeCTa B IaMATH, IIEJTNKOM
BBITPYJKAIOTCA HAa INCK. CBO6OI[HI)I€ 06J1aCcT! B TaMATH U Ha JANCKE MOTYT OTCJIEKNBATbCA
C IIOMOIIbIO OUTOBOI MaTpHIlbl NJIN CITMCKA CBO60[[HI)IX Y4aCTKOB.

CoBpeMeHHbIE KOMITBIOTEPDI 324aCTYIO MOJIEPKUBAIOT OJIHY 13 (hOPM BUPTYaJIbHON MaMSITH.
B mpocTeiiem Bujie azipecHoe IIPOCTPAHCTBO KaK/I0TO MPOIecca JAeTUTCS Ha OJJUHAKOBBIE O
pasmepy GJIOKH, HazblBaeMble CTPAHUIIAMHE, KOTOPbIE MOTYT Pa3MeIlaThes B JIIOOOM J0CTYII-
HOM cTpaHrnyHOM GJ0Ke B aMsTi. CylecTByeT MHOKECTBO aJITOPUTMOB 3aMEIIEHUs CTpa-
HU1L, HanboJee MOAXOAAIIMME U3 KOTOPBIX SBJISIOTCS aJlrOpUTMbl «cTaperus» 1 WSClock.

Onroro BeIG0pa AITOPUTMA €1ile HEOCTATOTHO, YTOOBI IOGUTHCST OT CHCTEM CO CTPAHUYHON
opraHusalenl maMsTh IIPUeMIeMoil paboThl, HEOOXOAUMO OOPATUTh BHUMAHKE Ha TaKKe
BOIPOCHI, KaK OlpejiesieHie pabouero Habopa, MOJTUTHKA BBIJETEHIS TTAMSITH 1 pa3Mep
CTPaHMIL.

CermMeHTalinst TOMOTaeT B yIPaBJIEHUN CTPYKTYPaMU JIAHHBIX, U3MEHSTIONIMMU CBOH pa3mep
BO BpPeMsI BBITIOJIHEHUS TIPOTPAMMBI, U YITPOIIAET TIPOTECChl KOMITOHOBKU U COBMECTHOTO
nocryna. OHa Takske obsieryaer 1peiocTaBjieHue PasJnyHbIX BUIOB 3alUThl Pa3HbIM Cer-
MeHTaM. VIHOT/Ia cerMeHTaIMst U Pa30UBKa HAa CTPAHUIIBI KOMOUHUPYIOTCS, TIPEIOCTABIISIS
JIBYMEPHYIO BUPTYAJIbHYIO MaMaTh. CerMeHTaIUsA ¥ CTPAaHNYHAS OPTraHU3alns aMATH
noajepxuBaiorTcs tTakumu cucremamu, kak MULTICS u 32-paspsanas Intel x86. Briosme
OYEBMIHO, YTO Pa3pabOTUMKH OMEPAIMOHHBIX CHCTEM TEIePh BPSIL JIU CUIBHO 03a00Y€HbI
cerMeHTaIuei (ITOCKOJIBbKY CHIeJIAId CTaBKy Ha APYTyIo Mozesb naMsTh). Ciie/JoBaTebHO,
MIOXO0JKe, YTO OHA OY€HDb OBICTPO BhIiAET 13 MOIbl. Cellvuac MoAIep/KKa peabHON CerMenTa-
1NN OTCYTCTBYET Jlaxke Ha 64-pa3psmHbIxX Bepcusx x86.

Bonpochobl

1. Mamna IBM 360 nmesna cxemy 6i0kupoBku 610k0B pazmepom 2 Koaiit, paboraiotyio
3a CUET MIPUCBOCHUS KAKIOMY M3 HUX 4-OMTOBOTO KJ0YA U CPABHEHUS TIEHTPAIbHBIM
MPOIECCOPOM KJTI0YA P KAXKOH CCHIJIKE K TTAMSITH ¢ 4-OUTOBBIM KJIIOYOM B CJIOBE CO-
cTosiHUsT Iporteccopa. HasoBuTe iBa HEIOCTATKA 9TOH CXEMBI, He YIOMSTHYTBIE B TEKCTE.

2. bas3oBbIit 1 OTpaHUYNTENLHBIN PETUCTPHI, TOKa3aHHbIe HAa PUC. 3.3, UMEIOT OJITNHAKOBOE
3Hauenue — 16 384. Kax, mo-Batemy, 3To crydaliHOCTD UM OHU BCET/Ia UMEIOT OIHA-
KOBBIe 3HaUeHMsA? Ecyi 3T0 BCEro b CTy9aiiHOCTD, TO TIOUEMY Y HUX B 9TOM IIPUMeEpe
O/INHAKOBBIE 3HAYCHUS ?

3. B cucreme, ncnosb3yiorieil CBOMHT, HEUCIIOJIb3yeMble TPOCTPAHCTBA TUKBUNPYIOTCS
3a cueT yrIoTHeHu:. [IpenonosknM, 4To cylecTByeT IPon3BOIbHOE pa3MelieHne MHO-
JKECTBA «JIBIP» ¥ MHOKECTBA CETMEHTOB JIAHHBIX M BPEMsI UTEHUS UM 3alich 32-pas-
psiHOTO coBa cocTasisgeT 4 He. CKOJIbKO BpeMeHU (ITPUMEPHO) 3aiiMeT yIJIOTHeHNe
4 T6aiit? YTo6bl yIPOCTUTD 3a1a4y, IIPEAIOIOKUM, 4TO CI0BO () SIBJISIETCS Y4aCTHIO
<JIBIPBI», & CJIOBO C CAMBIM CTapIINM Q/[PECOM ITAMITH COAECPIKUT HYKHbIE JaHHbIE.

4. Jlana cucrema IOAKAYKH, B KOTOPOU AMATh COCTOUT M3 CBOOOHBIX YYACTKOB, PACIIOIA-
rafoIMXcs B aMATH B ciefytoreM nopsazake: 10 Moéaiit, 4 Mo6aiit, 20 Mo6aiit, 18 Moaiir,
7 Moaiit, 9 Mo6aiit, 12 M6aiit u 15 Moaiit. Kakue cBoGobie yyacTku GepyTest A
CJIeTYIOTIUX MTOCIEIOBATENIbHBIX 3aITPOCOB CETMEHTA!
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10.

11.

12.

13.

a) 12 Moaiir;
6) 10 Mo6aiiT;
B) 9 Moaiit

110 AJITOPUTMY «IIepBoe HoAxozdlee»? Terepb 0OTBeTLTE HA ATOT K€ BOIIPOC I aJl-
FOPUTMOB «HanbOJIee MOAXOJSIIEE>, «<HANMEHEe MOAXO/SIIEe> U «CJAELYIOIee Mo/l
XOzisIIees.

Yem oTsimvatoTcs ApyT OT Apyra (pusndecKkii 1 BUPTYaJIbHBI afpeca?

Ll KaKI0T0 U3 CJIeMYIONNX AeCATUYHBIX BUPTYAIbHBIX aIPECOB BBIYMCIUTE HOMED
BUPTYAJIbHOI CTPAHUIIBI U CMEIIEHNE TIPUMEHHUTETBHO K CTpaHuIle pasMepoM 4 KoaiiT
u ctpanuile pasmepom 8 Koaiit: 20 000, 32 768, 60 000.

Wcnonbays Tabuuily cTpaHuil, NpUBeAeHHYI0 Ha puc. 3.9, naiite pusuyeckuii aapec,
COOTBETCTBYIONIMI KJKJIOMY U3 CJIE/LYIONNX BUPTYAJIbHBIX a/[PECOB:

a) 20;
6) 4100;
B) 8300.

ITporteccop Intel 8086 He mmMeeT aucneTUepa TAMSITH WIH TOALEPKKI BUPTYaTbHON
namsTu. TeMm He MeHee HEKOTOPbIE KOMITAHUY PaHee TPOJIaBaIid CUCTEMBI, COIEPKATINE
ucxozHble poreccopbl 8086 1 BBIIOIHSIONNE CTPAHUYHYIO oakauKy. Jlaiite o60cHO-
BaHHOE TIPEITOIOKEHUE O TOM, KaK OHH 9TO CIEJIANH.

IMoackaska: mojymaiiTe o TOM, T/ie HY;KHO pagMecTuth auciierdep namsat (MMU).

Kakoii Buj1 anmapaTHoii moyiep:kKn HeoOXO/MM ISt TOTO, YTOOBI paboTasa CTpaHIIHAST
OpraHu3aiys BUPTYaJIbHON ITaMsITi?

KonmpoBanue 1pu 3anicH sIBJISIETCS] UHTEPECHOH Ujleeil, NCIIoIb3yeMOi Ha CePBEPHBIX
cucremax. Vimeer im oHa Kakoii-11b0 CMBIC IPUMEHUTEIBHO K cMapTdhOHaM?

Jlana cienyioriasi nmporpamma Ha sizbike C:

int X[N];

int step = M; // M — 3To Hekas npeponpeAefneHHas KOHCTaHTa

for (int 1 = @; 1 < N; 1 += step) X[i] = X[i] + 1;

a) Kaxue snauenust M u N BBI30OBYT OTCYTCTBUE HaHHBIX B Gydepe GbicTporo mpeod-
paszoBanus gaHHbX (TLB) ms Kak10ro BBIMOTHEHUSI BHYTPEHHETO ITUKJIA, €CJIN
[porpaMma saiyliieHa Ha MaimHe ¢ pasmMepoM crpanuil 4 Kbaiit u TLB emkocTbio
64 sanucu?

6) MiamMeHuTCA /I Balll OTBET Ha BOIIPOC @, €CJIM IMKJI OYAEeT II0BTOPEH MHOTOKPATHO?
O6ocHyiite oTBeT.

O6beM MPOCTPAHCTBA HA MCKe, KOTOPBIN J0JIKEH ObITh JOCTYTIEH JIJIsST XPaHEeHUsT
CTPAHUIL, CBSI3aH C MAKCUMAIbHBIM KOJIMYECTBOM IIPOILIECCOB #, KOJIMYECTBOM OaliTOB
B BUPTYaJIbHOM JIPECHOM ITPOCTPAHCTBE ¥ 1 YUCJIOM OAlTOB B OIIEPATUBHOM MTAMSITH 7.
Boieaure hopmyiry MUHUMAILHO HEOOXOAMMOTO IUCKOBOTO MpocTpancTBa. Hackosbko
3Ta BEJIMUNHA PeaINCTHYHA?

Ecun Boimosinenye nucTpykiny 3anumaer 1 He, a 06paboTka ommbOKU OTCYTCTBUS
CTPAHUI[bI 3AHUMAET JIONIOJHUTENbHO 72 HAHOCEKYH/I, TPUBenTE (hOPMYJIY JIJIST BBIYHC-
Jservst 3hHEKTHBHOTO BPEMEHNU BBITIOJTHEH VST HHCTPYKITUH, ECITU OMUOKH OTCYTCTBHSI
CTPAHUIIBI CJIYIAIOTCS KaK/Ible R MHCTPYKITH.
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14.

15.

16.

17.

18.

19.

20.

21.

Y mamunbl uMeioTcs 32-pa3psiHoe aipecHoe MPOCTPAHCTBO M CTPAHUITBI PA3MEPOM
8 Koaiit. Tabsimia cTpaHuil MMeeT MOJHYIO allapaTHyIo HOMAEPKKY, 1 Ha KaKIyio ee
3aIiCh OTBOANTCS OHO 32-paspsiiiHoe cyioBo. [Ipu 3amycke mpotiecca Tab/IiIa CTpaHuIL
KOITMPYETCs U3 MaMITU B aIlapaTypy MalllWHbl, TP 3TOM HAa KOITUPOBAHUE OIHOTO
cioBa Tparutcs 100 me. Kakast moJist iporieccopHoro BpeMeHu TPaTUTCST Ha 3arPy3Ky
TaOJINIBI CTPAHULL, ECIM KasK bl portece paboraer B Teuerne 100 mc (BKIIOUAs BpeMs
3arpy3ku TabJIMIbl CTPAHUIL)?

[Ipenmnosoxum, 4To y MAITUHbI 48-pa3psiiHast BAPTyaJibHast afipecaiusi u 32-paspsiIHbie
dusnueckue agpeca.

a) Ecaiu pasmep crpanuiipl pasen 4 K6aiit, To ckosibko sanmceit Gyner B tabuiie crpa-
HUII, UMEIOIIEl TOJBKO OMH ypoBeHb? OBGOCHYIITE OTBET.

6) ITpeaonoxmuM, 4To y 910l 5Ke cucteMbl umeercst Gydep ObICTpOro npeobpasoBaHus
agpeca — TLB, y xotoporo 32 3anucu. /lanree mpeAnonoKuM, UTO B IPOTPpaMMe
MUMEIOTCS] KOMAH/IbI, TOMEIAIONINECS Ha OJHY CTPAHUILY, U OHU MOCJIE[0BATEIbHO
CUUTBHIBAIOT 3JIEMEHTHI (hOpMATa ITTITHHOTO T[EJIOT0 YUCJIA U3 MACCUBA, CO/IEPIKAIIETO
Thicstuu crpanuil. Hackonbko apdexrusaa Oyzer TLB B aTOM ciryyae?

Y Bac ectb cjaeaytoume 1aiabie O CUCTEME BHpTyaJIbHOfI IIaMATH:

a) TLB moxer xpanuth 1024 3ammicu u MOKeT ObITh ZOCTYIIEH 32 1 TAKTOBBIN UK
(1 uc).

6) 3ammuch TabIUIBI CTPAHUIL MOKeT ObITh Halizena 3a 100 TAKTOBBIX UKJIOB, UK
100 Hc.

B) Cpezntiee BpeMs 3aMeleHNs CTPAHUITBI COCTABJISIET 6 MC.

Ecaiut cebliky Ha CTpaHuIibl 06¢cayKuBaroTes ¢ momolibio TLB 99 % Bpemenu 1 TOJIbKO
B 0,01 % ciryyaeB BO3HHUKaET OMIHOKA OTCYTCTBUS CTPAHUIIBI, KaKiM OyjieT adderTns-
HOe BpeMsi IpeobpasoBanus ajpeca?

[lomycTum, 94TO B MAIIWHE UCTOTB3YIOTCS 38-paspsiiHasi BUPTyaJbHas aJpecariust
u 32-pazpsigHast huanueckasi apecarus.

a) KakoBo 0CHOBHOE NPENMYIIECTBO MHOTOYPOBHEBOI TaOJIHIIBI CTPAHUI] HA/l OJHO-
YPOBHEBOI?

6) CKOJIbKO GUT I0JIKHO OBITH OTBEIEHO MO/ MOJIE TabJIUIIbI CTPAHUIL CAMOTO BEPXHETO
YPOBHSI U MO/ TT0J1€ TaGJINIIBI CTPAHMUIL CIEYIONEr0 YPOBHS TIPU JIBYXYPOBHEBOIT
tabGauite cTpanul, crpanunax oobemom 16 Kbaiit u sanmmcsx pasmepowm 4 Haiira?
O6ocHyiiTe OTBET.

B pasnesne 3.3.4 yrBep:xaanocs, uto Pentium Pro pacummpser kaskayio 3ammmich B ue-
papxuu TabiuIl cTpaHuil 10 64 paspsiioB, HO MO-MIPEKHEMY MOKET aIPECOBATH TOJIBKO
4 T6aiit namsati. OGbscHUTE, KK JaHHOE YTBEPKACHUE MOKET ObITh HCTUHHBIM, KOT/IA
y 3anuceil TabsmI| cTpaHuil uMeercst 64 paspsiaa?

Komiibiorep ¢ 32-paspsiHbiM aipecoM UCIIOJb3YET ABYXYPOBHEBYIO TabJIMILy CTPAHMUIL.
Buptyasibibie agpeca pasduTbl Ha 9-pas3psiHOe ToJie TaOJIUIbl CTPAHUI] BEPXHETO YPOB-
Hs1, 11-paspsiHoe 1osre TabJIUIIBI CTPAHKIL BTOPOTO YPOBHS U cMellieHne. Yemy paBeH
pasmMep CTPaHUIT 1 CKOJTBKO UX B aJ[PECHOM TTPOCTPAHCTBE?

KomnbioTep nommep:xuBaeT 32-paspsiaHble BUPTYaTbHbBIC aIpeca U CTPAHUIIBI PA3MEPOM
4 K6aiit. [TporpaMma 1 aHHble yMeNaioTcs: B caMoil Maaimeii crpanuie (0-4095).
Crexk pasmeraercs B caMoli crapiieit crpanuie. CKOJIbKO 3anuceil B TabJIuIle CTPaHMIL
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22.

23.

24,

25.

26.

27.

28.

HeOOXOIMMO [IJIsT ATOTO MPOIECCa, ECIIU UCHOIB3YETCsT TPAAUIIMOHHAsT (OTHOYPOBHE-
Bast) crpaHnyHasi cTpykrypa? CKOJIBKO 3amnuceil B Tabiniie cTpaHui] TpeOyeTcs: mpu
JIBYXYPOBHEBOIW CTPAHUYHON CTPYKTYPE, Y KOTOPOI Kaskaas yacth umeeT 10 pa3psgos?

Jlasiee nmokaszana TpacCHPOBKA BBITIOJHEHUs (DparMeHTa IPOTPAMMBbI Ha KOMITbIOTEPE
¢ 512-6aiitHpiMu cTpanunamu. IIporpamma naxozautest o aapecy 1020, u ee ykazarenb
creka nmeet 3Hadenue 8192 (crek pacrer no narnpasieruio k 0). /laiite cTpoKy cCbLIKM
Ha CTPAHWUILY, CTEHEPUPOBAHHYIO 3TOU TTporpaMMoil. Kajkiass UHCTPYKITUS 3aHIMAET
4 Gaifta (1 c10BO), BKIIOYAs HEIIOCPEACTBEHHO yKasaHHble KOHCTaHTbI. O0e CChLIKH,
KaK Ha MHCTPYKIUIO, TAK U HA JaHHbBIE, BEIYUCJISIOTCS] B CTPOKE CCHLIKH.

3arpyska cioBa 6144 B peructp 0.

[Tomerenue 3navenus perucrpa 0 B cTek.

Boi3oB mpotieypsi 110 azipecy 5120 ¢ momenieHneM B CTEK BO3BPAIIAEMOTO ajipeca.
Berunranue HerocpencTBEHHO YKa3aHHOM KOHCTAHThI 16 U3 yKkazaTesis cTeka.
Cpasnenue (hakKTHUECKOTO MapaMeTpa ¢ HeloCPeICTBEHHO YKA3aHHO KOHCTAHTOM 4.
[Tepexon npu paBeHcTBe Ha agpec 5152.

Komrbiorep, y KOTOPOTO MPOIECCHl UMEIOT a/ipecHble mpocTpaHcTBa 1o 1024 crpa-
HUIIbI, XPAHUT TaOJUILBI ctpanuil B mamsATH. Ha urenue ciosa u3 TabJIUILB CTPAHUIL
3arpaunBaercst 5 HC. UTOOBI YMEHBIIUTD 3aTPAThl, B KOMIIBIOTEPE UCIIOJIb3YyeTCst Oy -
dep 6sicTporo npeobpasosanust aapeca (TLB), comepskammii 32 mapbl (BUpTyaibHast
CTpaHuIa, GU3MIECKUI CTPAaHWIHBIH GJIOK ), KOTOPDIH MOKET BBITIOTHUTD MOMCK 3a 1 He.
Kakum 10J15KHO GbITH COOTHOILIEHUE YCIIEHIHbIX oOpatetuii k 6ydepy, 4toObl cpeitue
U3IEPKKU CHU3UIIUCH JI0 2 HC?

Kak MozeT ycTpoHCTBO accoluaTuBHON namstu, Heobxoaumoe Oydepy TLB, 6biTh
peas30BaHo ANMapaTHO U KAKOBO BJIMSHIE TAKOW KOHCTPYKI[MHM HA PACIITUPSIEMOCTb
APXUTEKTYPBI?

Maruna nojiepskuBaeT 48-pa3psi/iHbie BUPTyaibHbie ajipeca u 32-pa3psiiabie (u-
suueckne aapeca. Pasmep crpanuim pasen 8 K6aiit. CKOIBKO JOKHO OBITh 3aInceit
B TabJIMIle CTPAHUIL?

Kommnbiorep ¢ pasmepom crpanniipt 8 Kbaiit, o6bemom onepatnBHoi mamsatu 256 Koaiit
U pa3MepoM BUPTYaJIbHOTO aJpecHOro mpocTpancTsa 64 ThaitT ncroabsyer aus pea-
JIMBAIMK CBOEI BUPTYyalbHON ITaMSATH MHBEPTUPOBAHHYIO Tabauiy crpanul. Kakos
JOJKEH OBITh PasMep Xam-TaOIuIbl, 9TOOb 00ECIIeYNTh CpeiHee 3HAYeHNe AINHbI
XaII-1entoyky Menbiine 17 TIpeanonoxum, 4to pasmep Xam-tabJmibl KpaTeH CTeleHn
yrcia 2.

CryzneHT, u3ydaromiii Kypc KOHCTPYMPOBAHUS KOMITUIISITOPOB, ITPEIOKII TPOodeccopy
[IPOEKT HAIIMCAHKS KOMIIMJIATOPA, MOJIy4YaIONero CIIMCOK CTPaHUYHBIX 00OpalieHuii, Ko-
TOPBIF MOKET UCTIOTB30BATHCA IS PEaTU3aINH OTITUMATHHOTO alTOPUTMA 3aMeTIeHUS
crpanuil. Boamoxkno s ato? [loueMy BO3MOKHO MM HEBO3MOKHO? CyliecTByeT Jin
KaKoii-H1Oy b C110co0, KOTOPbIA MOT ObI IIOBBICUTH d(D(HEKTUBHOCTH CTPAHUYHON MOJI-
KauyKK BO BpeMsi pabOTbI IIPOrPAMMbI ?

[IpeanonosxKuM, 4To HOTOK OOpaleHuil K BUPTYaJbHbIM CTPAHUIIAM COAEPKUT OBTO-
PEHUsT JUIMHHBIX MOCIeA0BaTeIbHOCTEN 0OpalleHnii K CTPaHUIaM, 3a KOTOPBIMU BPEMSI
OT BPEMEHHU CJIEIYIOT TIPOU3BOJIbHbIE 0OpaleHust K crpaHuiiam. K npumepy, cieayronast
mocenoBarensHocTe: 0, 1, ..., 511,431,0, 1, ..., 511,332, 0, 1... COCTOUT 13 MOBTOPEHMIT
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29.

30.

31.

32.

33.

34.

nocseposarebioctu 0, 1, ..., 511, 3a KOTOPOH ciemyer MPOU3BOJIbHOE ObpalleHue
K crpanutiam 431 n 332.

a) [logemy cranpaptusie asroputmel 3amerienus crpanuil (LRU, FIFO, «yacer») ne
cMoryT 3h(PeKTUBHO CIPABJISATHCS ¢ HATPY3KOU 110 paciipe/ie/IeHUIo CTPAHUIL, KOTO-
past OyIeT MeHblIIe, YeM JIJIMHA OCAeJ0BATeIbHOCTI?

6) Ecim atoit nporpamme 66110 Boigeneno 500 cTpaHUMYHBIX GJIOKOB, TO OIMUIIUTE MO/ -
XOJI K 3aMEIIEHII0 CTPAHUII, KOTOPBIH NMes 651 HAMHOTO JIYUIIIyO TIPOU3BOANTETb-
Hoctb, yeM anroputmbl LRU, FIFO unu «uachrs.

Ecau B cucteme ¢ 4eThIPbMS CTPAHUUYHBIMU OJIOKAaMM ¥ BOCEMbIO CTPAHUIIAMU KC-
noJb3yeTcst anroputM 3amertetust crpanuil FIFO, To ¢KobKo omubok oTcyTCTBYs
CTpaHUI] IPOMB0IIET [Jist ocseoBaTeibHocTr obpamternii 0172327103 npu ycnosuw,
YTO YeThbIPe CTPAHMYHBIX OJI0KA M3HAYAIBHO IIYCThI? A TeIephb pelnTe 3Ty 3ajady s
aiaroputma LRU.

PaccMOTpUM T10CI€10BaTeIbHOCTD CTPaHUIL, II0Ka3aHHyio Ha puc. 3.14, 6. Ipemuio-
JI0KKM, 4TO O6uThl R st erpanui; ot B 1o A pasubr 11011011, Kakas crpanuna Oyger
yaJieHa MPU UCIIOJIb30BAHIH aJITOPUTMA «BTOPOIT ITIAHC» ?

Y He6OoJIBIIOro KOMIIbIOTEPA Ha CMapT-KapTe UMEeTCsl YeThipe CTpaHnYHbIX 6J10Ka. Bo
BPEMsI TIEPBOTO TaKTa CUCTeMHBIX yacoB OuThl R pashbl 0111 (y crpanuiter 0 6ut R pa-
Ber 0, y ocrasbibix — 1). Bo Bpemsi 1oc/Iey0ImuX TAKTOB CUCTEMHBIX 4acoB GUThI R
npunumaior 3Hadenus 1011, 1010, 1101, 0010, 1010, 1100 u 0001. Hanumure yeTbipe
3HAYEHMUsI, KOTOPbIE PUMET CYETUYNK MOCJI€ MOCJIEJHEr0 TaKTa IIPU MCII0JIb30BAHUN
AJTOPUTMA CTaPEHU ¢ 8-Pa3pAIHBIM CICTUNKOM.

[IpuBeauTe MPOCTOIT TPUMEP TTOCIEA0BATEIBHOCTH OOPAIIEHIH K CTPAHUIIAM, B KOTOPOM
HepBble CTPAHUIIbL, BBIGPAHHBIE /U1 yIaJeH T, Pa3/InYajIuch Obl /I aJITOPUTMOB 3aMelile-
Hug crpanuil «dacsl» 1 LRU. [Ipeamnosnosxim, 9To mporieccy BbIZIe/IeHBI TPU CTPAHUYHBIX
6JI0Ka 1 CTPOKa 0OpalleHrii CoAEPKUT HoMepa cTpaHuI] u3 Habopa 0, 1, 2, 3.

B anropurme WSClock (cm. puc. 3.19, 8) cTpesika yKasblBaeT Ha CTPaHUILy ¢ OUTOM
R = 0. byner 1 ynanena ata crpannia, ecau ¢ = 400? Byzaer s ona ynanena, ecan
t=1000?

[Ipeanonoxnm, uto anropur™ samemntenns crpanul, WSClock ucnonbsyer snauenue £,
paBHOE JIBYM TaKTaM, U COCTOSIHUE CHCTEMBI IMEET CJICYIONIUI BUJIL:

CtpaHuua OTMeTKa BpeMeHu "4 R M
0 6 1 0 1
1 9 1 1 0
P 9 1 1 1
3 7 1 0 0
4 4 0 0 0

rae tpu durarosbix 6ura, V, R u M, o3nauyaior coorBercrBerno Valid (nipuemiemasn),
Referenced (6buin o6pamienust) u Modified (usmenennas).

a) ITokaxuTe copepKIMMOe HOBBIX 3anuceil Tab bl II0CJIE TOTO, Kak Ha TakTe 10 mpo-
M30IILIO TIpepbIBaHue OT Taitmepa. Jlaiite uM obbsacHenus. (3anucu, He MOABEPTIIn-
ecst U~3MeHEeHNI0, MOKHO OITYCTHTb. )

6) IIpeamnososKumM, 4T0 BMECTO MpepbIBaHus OT TaiiMepa Ha TakTe 10 nmpousoriwia ommb6-
Ka OTCYTCTBUS CTPAHUIIBI, CBSIBAHHAS C 3aIIPOCOM Ha YTeHre cTpanuiib 4. [lokaxuTe
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35.

COIEPKUMOE HOBBIX 3amnuceit Tabuibl. Jlaiite um oObscHenus. (3anucu, He Mo -
BEPTIINECs UBMEHEHUIO, MOJKHO OIYCTHUTh. )

CTyleHT 3asB1JI, YTO «T€OPETHYECKN OCHOBHBIE aJTOPUTMBbI 3aMeIleHHsT CTPAHUI]
(FIFO, LRU, onrtuMaJsibHBII ) WAECHTUYHBL IPYT APYTY, 32 UCKIIOYEHUEM aTprOyTa, 1c-
I0JIB3YEMOTO JIJIsT BBIOOPA 3aMETaeMOi CTPAHUIIBI».

a) Yro asasiercst TakuM aTpubyTom st airoputma FIFO? Anropurma LRU? Onru-
MaJbHOTO aJITOPUTMA?

6) [laiiTe 0OIMIT ANTOPUTM /IS STUX AJITOPUTMOB 3aMEIIEHIS CTPAHMIL.

36. CkoJbKO BpeMEHH 3aiiMeT 3arpyska IIporpaMMbl pasmepoM 64 Koéaiit ¢ aucka, y Koto-

37.

38.

39.

pOTO cpejiHee BPeMsI TIOUCKA COCTABJISIET 5 MC, BPEMST PACKPYTKU — 5 MC, a IOPOKKH
comepsxat o 1 Moaiir:

a) ipu pasmepe crpanuil 2 K6afir;

6) pasmepe crpanni 4 Kbaiit?

Crpanuiisl pasdbpocaHbl [0 AMCKY CydaiiHbIM 00pa3oM, U KOJIUYECTBO [UJIUHIPOB

HACTOJIBKO BEJMKO, YTO MOKHO He IIPUHUMATb B pacyeT BEPOSITHOCTb TOTO, UTO /1BE
CTpaHUIbl OY/IyT Pa3MEIEHbl HAa OJJHOM U TOM K€ [[UJIHH/IPE.

Y KOMIIbIOTEPA UMEETCS YETHIPE CTPAHMYHBIX OJ10Ka. Bpemst 3arpysku, BpeMs mocJies-
Hero obpatieHust u 6uThl R M 1Jist KasK10ii CTpaHUIIbI IIPUBEIEHBI fajiee (BpeMst JaHO
B TAKTaX CUCTEMHBIX YACOB).

CtpaHuua 3arpyxeHa MocnepHee oGpaleHne R M
0 126 280 1 0
1 230 265 0 1
2 140 270 0 0
3 110 285 1 1

Kakast crpanuna Gyzer yaajaeHa mpu UCIoIb30BaHUH aJITOPUTMA:
a) NRU;

6) FIFO;

B) LRU;

T') «BTOPOII TaHC» ?

[Tpearmomnoxum, 4to gBa mpouecca, A 1 b, COBMECTHO MCIIOJIB3YIOT CTPAHUILY, OTCYT-
cTBYIOILYIO B TamsaTu. Eciim nipoitecce A noreprut omubKy Ha o01ieii cTpaHulile, 3aluch
B TabJmmile cTpaHuIl porecca A 1oykHa GbITh 0OHOBJIEHA, TTOCJIE TOTO KaK CTPAHUIA
Gy/IeT CYNTAHA B TAMSITh.

a) IIpu kakux ycaoBusx 0OHOBIEHME TAOINIBI CTPAHMUIL IJIsI TTpoliecca b 10/IKHO ObITh
3a/1epsKaHo Jaxke IIPU TOM, 4TO 06paboTKa OIMUOKK OTCYTCTBHS CTPAHUIIBI ITPOIECCa
A npuBeieT K OMEHIEHHI0 COBMECTHO UCIIOJIb3YeMOil cTpaHuIbl B TaMsATh? O0b-
SICHUTE,

6) KakoBa noreHnuaibHasi CTOUMOCTb 3aI€PAKKN OOHOBJIEHUST TAOJIUIIBI CTPAHIIL?
PacemoTpum ciemytomuii AByMepPHBII MAaCCHB:
int X[64][64];
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40.

41.

42.

43.

44,

ITpeAnonoKIM, 4TO CUCTEMA UMEET YeThipe CTPaHUYHbIX Os0Ka 110 128 ciioB (B 0/1HO
CJIOBO TIOMeEIAeTC sl TlelourcyeHHoe 3Havyente). IIporpamma, paboTaiotast ¢ Maccu-
BOM X, TIOMeIIaeTcsl Kak pa3 Ha OJJHOW CTPaHUIlE M BCETa 3aHNMaeT CTPAHMILY 110
anpecy 0. A IS TIOZIKAUKY TAHHBIX UCTIOIB3YIOTCS OCTABIIMECS] TPU CTPAHIMIHBIX OJIOKA.
MaccuB X xpaHuTCS B TOPSIKE CTAPIITUHCTBA CTPOK (TO ecTh B mamsatu X [0 ][ 1] cnemyet
3a X[0][0]). Kaxoii 13 mpuBeICHHBIX fHasiee (parMeHTOB KO/l CTCHEPUPYET HanMEHbIIIee
KOJIMYECTBO OIUOOK oTcyTcTBUs cTpanui? OGocHYiiTe CBOl OTBET U TMoJCYuTAliTE
ob1iiee KOJIMYECTBO TAKUX OIIHOOK.

DparmenT A:
for (int j = 0; j < 64; j++)

for (int i = 0; i < 64; i++) X[i][]] = @;
®parment b:
for (int 1 = @0; 1 < 64; i++)

for (int j = 0; j < 64; j++) X[i][j] = ©o;
Bac nansiia koMmaHust 00JIa9HBIX BBIYUCJIEHNH, KOTOPAst PA3BEPTHIBAET THICSYH CEP-
BEPOB B KaXKIOM CBOEM IleHTpe 00paboTku pannbix. HemaBHno onn ysuaiu, 9to GbLI0
61 11es1ec000pa3Ho 06pabaThIBaTh ONIMOKY OTCYTCTBUSI CTPAHUIIBI HA cepBepe A myTeM
CUUTBHIBAHVSI CTPAHUIIBI HE C €T0 JIOKAJIbHOTO JUCKA, & 13 ONEPATUBHON MTaMsITH HEKO-
TOPBIX JIPYTHX CEPBEPOB.

a) Kaxk aTo MOKeT 6bITh c/1e1aHo?
6) ITpu KakKX yCJOBUSAX TaKOM 1moaxo/ ObL1 Obl onpaBaan? Boui Ob ocynecTBumM?

OnHa 13 TIePBHIX MAIIAH ¢ cucTeMoil paszienenus Bpemenn, PDP-1 kommannu DEC,
nMmesra maMsaTh 06beMoM 4 K 18-paspsaHbix cioB. B KaKapIii KOHKPETHBI MOMEHT
BpPEMEHU OHA COJIepKaia B MaMsITH OJUH rpoiecc. Kora mianupoBinK mpuHuMAa
peIeHye O 3aIyCKe IPYTOTO MPOTIECCa, HAXOSAINNCS B TAMSITH TIPOTIECC 3ATTMCHIBATICST
Ha cTpaHnYHbIN Gapabat ¢ 4 K 18-paspsaaHbIX CJI0B 110 OKPYsKHOCTH bapabata. 3alich
Ha GapabaH WM YTeHKe ¢ HEer0 MOIJIM HAYMHATHCS He TOJILKO € HYJIEBOI0, HO U ¢ J11000T0
npyroro cioBa. Kak Bol mymaere, mouemy Obl BBIOpaH HMEHHO MarHUTHBIN Gapabam?

KommbioTep BoizIesIeT Kaxk oMy Tiporieccy 65 536 6aifT aapecHOTro poCTpaHCTBa, KO-
TOpOE pas/iesieHo Ha cTpaHuilbl 1o 4096 6aiit. Y paccMarpuBaeMOil TpOrpaMMbl TEKCT
3aHuMaet 32 768 6aiit, nannbie — 16 386 Oaiit, a crex — 15 870 6aiit. [lomecTurces au
9Ta IporpaMMa B aJipECHOM IIPOCTPAHCTBE MAIIUHBI? A ecan Obl pasMep CTPAHUIIbI
ObL1 He 4096, a 512 Gaiit, cMoriia 6bI TOIZIAa IOMECTUTBCS 9Ta porpamMma? Ha kaskaoil
CTpaHUIle JOJKHBI COJAEPKAThCS NGO TEKCT, MO0 MaHHbIe, TNOO CTEK, HO HE CMECh
I[ByX nJian Tpex ITUX KOMIIOHEHTOB.

BbL10 3aMeU€eH0, 4TO KOJIMIECTBO KOMAHI, BBITOJHEHHBIX MESK/LY OITHOKAMI OTCYTCTBUS
CTPAaHUIIbI, IIPAMO ITPOIMOPIHMOHAJIBHO KOJIMYECTBY BbIJCJIEHHBIX ITIPOTPaMM€E CTpaHnY-
HbIX 6J10KOB. TIpy yABOECHUM HOCTYIHON AMSITH YABAUBACTCSA U CPEHUNA WHTEPBAJ
MesKIYy OMMOKaMU OTCYTCTBHSE CTPaHKIbL. [TpeAonoKuM, 4To 0ObIYHASA KOMaH/IA Bbl-
nostHsiercst 3a 1 MKC, HO ec/ii BO3HUKAET OITIOKA OTCYTCTBUS CTPAHUIIBI, TO OHA BBITIOJ-
usercst 3a 2001 mxc (1o ectb Ha 06paboTKy ommbKY 3arpaunBaercst 2 Mc). Eciu Bpemst
BBIIIOJIHEHUS TTPOrpaMMbl 3anuMaer 60 ¢ u 3a 310 Bpemsa Bosuukaer 15 000 ommbok
OTCYTCTBUS CTPAHMIIBI, TO CKOJBKO BPEMEHH 3aHsI0 Obl BBIITOJHEHUE IPOTPAMMbI IIPU
YABOECHUN 00'beMa TOCTYITHOM maMsiTi?

Ipynia paspaborunkos onepairontoil cucremsl s Frugal Computer Company 06-
JYMBIBAET crocob CHIKEHMS 06beMa Pe3epBHOr0 XpaHUIUIINA, HEOOXOAUMOTO st UX
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45.

46.

47.

48.

HOBOU pa3paboTku. Beayumiuii crienuasuct mpeijioKui Booole He COXPaHATh TEKCT
[POrPaMMBbI B 00JIACTH TOJKAYKH, & TIPOCTO 3arpysKaTh €ro MOCTPAHUYHO 110 Mepe Haji00-
HOCTHU HEIIOCPeICTBEHHO U3 IBONYHOIO (haitia. CyliecTBYIOT JIM YCJIOBUS, IIPU KOTOPBIX
HTOT 3aMbICEJ MOKET OBITh OCYIIECTBJEH JJIst TeKcTa nporpaMmmbl? CyIecTBYOT JIiu
YCJIOBUSI, TPU KOTOPBIX OH MOKET ObITh TPUMEHEH B OTHOIICHUH TAHHBIX?

Komanza Ha si3bIKe MaliuHbl, MpeIHa3HaYeHHast /I 3arpy3Ku 32-pa3psiITHOTO CJI0Ba
B PETHUCTP, COMEPKUT 32-Pas3psAHbIN ajipec 3TOTO cjioBa. Kakoe MaKcHMMalbHOE KOJIH-
4eCTBO OMMOOK OTCYTCTBUSI CTPAHUIIBI MOKET ObITh BbI3BAHO 1P BBINOJHEHUH TOM
KOMAaH/IbI?

O6bsicHuTe pasHUIly MeXIy BHyTpeHHeN u BHelnHel ¢hparmenTaiueil. Kakas u3 aux
BO3HMKAeT B CUCTeMaX CO CTPAaHMYHOH opranusanneii? Kakas 13 HUX BOSHUKAET B CH-
CTeMax, UCIOJIB3YIONNX YACTYIO CETMEHTAIINIO?

[Tpu noiepskKe U CerMeHTAINY, ¥ CTPAHUYHOM OPraHu3aiuy MaMsTH, Kak B CUCTEME
MULTICS, cnayaa goJKeH ObITh HaiileH JeCKPUIITOP CerMEHTa, a 3aTeM UeHTU(hU-
KaTop CTpaHuibl. MOKET JIM TaKUM sKke 06pasoM IIPH IBYXYPOBHEBOM IOUCKe paboTaTh
u 6ydep 6bicTporo npeobpasosanus agpeca (TLB)?

Paccmorpum riporpammy, Y KOTOPOIt €CTh /[Ba TIOKA3aHHbIX JlaJiee CErMEHTA: CO/lePIKa-
Ui KoMaHabl cerMeHT 0 U cozep:Rammuii JanHble, NCTIOAb3yeMble B PeKUMe YTCHUS
u 3amucu, cermedT 1. Y cermenta () mMeercs 3anuTa, MMO3BOJISIONIAST TPOU3BOIAUTD
TOJIBKO UTEHUE U BBITIOJHEHNUE, a Y cerMeHTa 1 ecTh 3aIuTa, IT03BOJISIONIAs TPOU3BO-
JIUTH TOJIBKO UTeHUE U 3anuch. CrcreMa MaMsTH OTHOCUTCS K BUPTYaJIbHBIM CUCTEMAM
€ TIOAIKAYKON CTPAHMUIT IO TPEOOBAHMIO, Y KOTOPOIT €CTh 4-PaspsIHbII HOMEpP CTPAHHIIbI
u 10-paspsaatoe cMmerierye. TabiInIbl CTPAHKIL U 3allUTa HAXOAATCS B CJEAYIONIEM CO-
crostnnu (Bee yrcaa B TabJIuIIe sSBISAIOTCS JECATUYHBIMN).

CermeHT O Cerment 1

YTeHue u BbINosIHEHNE YTeHue u 3anucb

Ne BuptyanbHoii ctpa- | N2 cTtpaHuvyHoro Ne BupTtyanbHom Ne cTtpaHuyHoro
HULbI 6noka CTpaHuLbl 6noka

0 2 0 Ha aucke
1 Ha ancke 1 14

2 11 2 9

3 5 3 6

4 Ha aucke 4 Ha gucke
5 Ha gucke 5 13

6 4 6 8

7 3 7 12

Jlist Beex IPUBEIEHHBIX Jlajiee CIydaes Jn6o aaite peaabHblil ((haKTHIecKuii) aapec
HAMSATH, TIOJIYYaIOMIUNACS B Pe3yJIbTaTe JUHAMUYECKOTO IPpeobpasoBaHus aapeca, Tuho
upeHTUUIUPYIiTe THII BOSHUKAIOIEH omnOKu (KoTopas MOKeT ObITh 1160 OIMOKON
OTCYTCTBUSI CTPAHUIIBI, OO ONMTHOKO# 3aIINTHI):

a) M3BJIeYb JaHHble U3 ceTMeHTa 1, cTpanuiibl 1, U3 azpeca co cMelnennem 3;
6) coxpanuth nanubie B cermente 0, crpanutie 0, B agpece co cMmernieruem 16;
B) M3BJIeYb JIAHHbBIE U3 cerMeHTa 1, cTpanuiiel 4, n3 ajipeca co cMmelenneM 28;

T') IepeziaTh yrpasJjeHue ssueiike B cermenTe 1, crpanuiie 3, co cMmernennem 32.
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49.

50.

51

52.

33.

54.

MoskeTe Jii BbI IPEACTABUTH CUTYAIMIO, IPH KOTOPOIi Oblyia Obl HelpreMeMa uiest
HOAIEPIKKU BUPTYAIbHON mamsitu? Y10 MOKHO OBLIO ObI M3BJIE€YD TIOJE3HOTO U3 OT-
CYTCTBUS TIOAZEP/KKI BUPTYaabHOM maMsaTn? O60CHYHTE OTBET.

B BupTyasbHOI MaMATH TIPEIOCTABISETCS MEXAHU3M JIJISI M30JIUPOBAHUS OJTHOTO TIPO-
1ecca ot Apyroro. Kakue TpyIHOCTH B YIIPABJICHNN TTAMATBIO MOTYT BO3HUKATD, €CITH
PaspentuTh OJHOBPEMEHHYIO PaboTy ABYX OIepalMoHHbIX cucteM? Kak atu TpyanocTu
MO’KHO Pa3pernTb?

[Toctpoiite rucTorpaMmMy M BBIUUCIUTE CPETHUN U Me/TUAHHBIN pa3MepBhl HCIOJIHSIEMbIX
JBOMYHBIX (DailsioB Ha cBoeM KoMibioTepe. B cucteme Windows ciietyer B3siTh B pac-
yeT Bce ¢aitanl ¢ pacmupenusmu .exe u .dll, B cucteme UNIX — Bce ucnosnmsgeMpie
daiinbr B kaTasmorax /bin, /usr/bin u /local/bin, He sBJsIONTUECS ClleHAPUSMEU (WU
BOCIIOJIb3YHTECh yTUAUTOH file, 4T00bI HaliTh Bee ucnosHsgemble daiiibr). [IpuHnMas
BO BHUMaHHUe BHYTPEHHIOW (PparMeHTaInIo 1 pasMep TabJIuIlbl CTPaHHLL, ceaiTe 060-
CHOBaHHBIE TIPE/IOTIOKEHNSI 0 pasMepe 3arucu B Tabuuiie crpannil. Cunraiite, 4To BCe
TIPOTPAMMMBI 3AITYCKAIOTCS € OIMHAKOBOHN YACTOTON M TO3TOMY /IOJKHBI YUUTHIBATHCS
Ha PaBHBIX HAUAJIaX.

Harnummre nporpamMmy, MOJIETTUPYIONLYIO CTPAHUYHYIO CHCTEMY U MCITOJIb3YIONLYIO all-
TOPUTM cTapeHusi. B KauecTBe mapameTpa BO3bMHUTE KOJTMIECTBO CTPAHUIHBIX GJIOKOB.
[TocnenoBarebHOCTH OOpAIEHNI K CTPAHUIIAM JI0JKHA CUNTHIBATHCS U3 (aiina. s
3ajlaHHoTO (hailyia BXOAANIUX JaHHBIX TTOCTPONTE rpaduk GyHKIMU, 0TOOPasKAIOIIUIL
3aBMCUMOCTb KOJIMYECTBA OLIMOOK OTCYTCTBUS cTparuiibl Ha 1000 oGpanienuii K mamMsaTi
OT KOJIMYECTBA JOCTYIHBIX CTPAHUYHBIX OJOKOB.

Hanuumre mporpamMmy, MOAEJUPYIONTYI0 MUHUATIOPHYO CUCTEMY MOAKAYKH, UCTIOJb-
symoryio aaroputm WSClock. Cucrema cunraercss MUHUATIOPHOI, TIOCKOJIBKY Oy1eT
HOCTPOEHA HA MPEAIIOTIOKEHUN 06 OTCYTCTBUY CCHUIOK Ha 3alUCh (YTO HE CJMIIKOM
PEAMCTUYHO), a TPEKPALIEHUE TIPOTIECCA U €T0 CO3IaHue TIPOMTHOPUPOBAHBI (BeUHAsT
JKU3HD). BXOJIHBIMY JlaHHBIME OYIyT:

¢ TIIOPOTOBOE 3HAYEHME IEPHO0/Ia BOCCTAHOBJIECHN A,

* UHTEPBAJ IPEPHIBAHUS OT TallMePa, BBIPAKEHHbII B BUJIE KOJIUUECTBA 0OPAICHUI
K MaMsITH;

*  (haiis, cozepsKaIMii MOCTIEe0BATETBHOCTD CCHIJIOK HA CTPAHUIIBI.
a) Onummre OCHOBHYIO CTPYKTYPY JAHHBIX M aJITOPUTMBI B Balllel peasn3alnm.

6) ITokaxkuTe, 4TO MOJIEJIb BeZleT ceOst OKIIAEMO IS TPOCTOTO (HO HETPUBHAIBHOIO)
IpuMepa BBOJIA.

B) ITocTpoiite rpaduk dhyHKIMHN, 0TOOPAKAIONIEN 3aBUCUMOCTD KOJMYECTBA OMNOOK
OTCYTCTBUSI CTPAHUIIBI OT padMepa pabouero Habopa Ha 1000 obparieHuii K mamsITi.

r) OObsicHNTE, YTO HY)KHO IS PACHTUPEHHSI TPOrPAMMBI JIst 0OCJIYKUBAHUS TTOTOKA
CCBIJIOK Ha CTPAHUIIBI, KOTOPBI TaKKe BKJIIOYAET 3AMUCH.

Harmuimure iporpaMmy, IEMOHCTPUPYIONLYIO BJUSHUE OTCYTCTBUS HYKHBIX 3aIUCEH
B 6ydepe TLB na appekruBHOE BpeMst JOCTYIA K ITAMATH, Iy TeM U3MePEHKst BpeMEeH!
KayK/I0TO JIOCTYIIA, 3aTPAYMBAEMOro Ha IIPOX0/ OOJIBIIOr0 MACCUBA.

a) O6bsICHWUTE IIaBHBIE TOAXO/Ib, JIEKAIUE B OCHOBE IIPOIPAMMBI, U OIIUIIHUTE, KAKOI
JIEMOHCTPAIIMU Bbl OKUAAETE OT BHIXOAHBIX JAHHBIX JJIsI KAKOH-HUOYAb CYIIECTBY-
IOIIell Ha PAKTUKE apXUTEKTYPhl BUPTYATbHON MaMSITH.



300 Maga 3. YnpasneHve namsaThbio

33.

56.

6) 3arycruTe IPOrpaMMy Ha KOMIIbIOTEPE U OIKIINTE, HACKOJILKO MOJTyYeHHbIE JAHHbIE
OITpaB/aJIN Ballu OKUAHNA.

B) [ToBTOpuTe 3azanue 6, HO st HOJIEE CTAPOTO KOMITBIOTEPA € JAPYTOH apXUTEKTY PO,
1 00bsICHUTE JI00OBIE CYLIECTBEHHbIE PA3IMYK B BBIXOAHbBIX JAHHDIX.

Hanwimure nporpamMmy, IEMOHCTPUPYIONIYIO PA3HUILY MEK/Y MCIIOJb30BAHUEM JIO-
KaJIbHOH U T100a/bHON MOJIMTHKK 3aMelleH s CTPAHMIL AJI IPOCTOO CJIydYast UCIIOJIb-
30BaHMs JIBYX TIPOIECCOB. BaM OHAM06UTCS TIOAIPOTpaMMa, TeHEPUPYIOIIast CTPOKY
obpalieHnii K cTpaHuI[aM Ha OCHOBE CTaTUCTUYECKOI Mozesn. Y aToil Mojenu ecth N
COCTOSTHUH,