naea 7. OpraHmnsauus
napannenbHbIX
B3aMMO0EeNCTBYIOLLUX
BbIYNCJIEHUU

MyIbTUIIpOTpAMMHBIC M MYJbTH3aMauyHbIe OICPAIIMOHHBIC CHCTEMBI ITO3BOJISIOT Opra-
HM30BaTh HE TOJbKO He3aBHCUMBIC, HO B3aUMOAeCTBYOIKe BhiuncaeHnsa. Cama ore-
palmoHHas CUCTeMa KaK KOMILJIEKC YIPaBISIONINX U 00pabaThIBAIOIIMX IIPOTrPaMMHBIX
MonyJiel Takke PYHKIMOHMPYET KaK MHOXECTBO B3aMMOIEHCTBYIOIINX BEIYMCICHHUN.
[Ipobaema CMHXPOHM3AINY B3aUMOAECTBHUS IapajieIbHBIX BEIYUCIUTEIbHBIX ITPOIIEC-
COB, 0OMEHA TaHHBIMM MEXIY HUMH SIBJISIeTCS OMHOM M3 BaxHeimux. CyliecTByoomne
METOIbl CUHXPOHU3ALMU BBIUMCICHUA M 0OOMEHA COOOIICHUSIMH Pa3InJaroTcs IO Ta-
KHM ITapaMeTpaM, KaK yaIoOCTBO IIPOTPpaMMUPOBAHUS MapajlIeIbHBIX IIPOIECCOB, CTO-
HMOCTh peanu3anui, 3HGEeKTUBHOCTh GYHKIIMOHUPOBAHUS CO3MAHHBIX ITPYIIOXEHUH
1 BCEl BRIYMCIUTENBHON CUCTEMHI B IesioM. OIepalliOHHBIe CUCTEMBI MMEIOT B CBOEM
COCTaBe pa3IMIHBIC CPEACTBA CHHXPOHM3AINK. 3HAHNWE 3THX CPEICTB M MX IPaBUIbHOE
HCIIOTh30BAaHME MMO3BOJISICT CO3MaBaTh IIPOTPAMMBI, KOTOPHIC IIPpH paboTe OCYIIECTBIIS-
10T KOPPEKTHEIN 00MeH MHMOpMamueil, a TakXKe UCKII0JIaloT BO3MOXHOCTbh BO3SHUKHO-
BEHHSI TYIHUKOBBIX CUTYaIlHiA.

B sTo0if T1aBe paccMaTpWBAOTCS OCHOBHBIC IOHATHS M IPOOJIEMBI, XapaKTepHBIC IS
IapajuIeJbHBIX TpolieccoB. OMUCHIBAIOTCS OCHOBHBIC MEXaHU3Mbl CHHXPOHU3AIINH, 1a-
eTcsA UX CPaBHMUTEJIbHBIN aHAJIU3, IPUBOIATCS XapaKTepHBIC IIPUMEPHI IIPOrpaMM, HC-
ITOJIB3YIOIINX TaHHBIC MEXaHU3MBI.

HezaBucumbie n B3amMmopencTeyowmne
BblYUCJ/INTEJIbHbIE MPOLECChI

OCHOBHOI1 0COOEHHOCTBIO MYJBbTHIIPOTPAMMHBIX OIIEPAIMOHHBIX CUCTEM ABJIACTCA TO,
4YTO B UX CpEIAC MmapaJjI€JIbHO pa3BHUBACTCA HECKOJbLKO (HOCJ’IGHOBaTCJ’IbHHX) BBIYUCIIN -
TECJIbHBIX ITPOLECCOB. C Touku 3p€HHUA BHCIIHETO HaOMogaTes sl 3T MocieJ0BaTeIbHbIE
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BBIYMCIUTEIbHBIC IIPOLIECCH BBHIIIOJIHSIIOTCS OTHOBPEMEHHO, MBI Xe OylIeM TOBODHTH
«mapajuiesibHO». IIpu 3TOM MOn napaiienvhvimy TOHUMAIOTCS HE TOJBKO IIPOIECCHI,
OIHOBPEMEHHO Pa3BUBAIOIIKMECS Ha Pa3JIMYHBIX IpoOlieccopax, KaHajlaxX U YCTPOCTBaX
BBOJAa-BBIBOJA, HO U T¢ IOC/IeI0BaTeIbHBIC MPOIIECCHI, KOTOPHIC Pa3aesioT IEHTPallb-
HBII TIPOIIECCOP M B CBOEM BBITIOTHEHHUH XOTsI ObI YACTHYHO ITEPEKPHIBAIOTCS BO BpeMe-
Hu. JIro6ast MylbTH3aqaqHasi ollepalliOHHAs CHCTeMa BMECTe ¢ MapalieIbHO BBIITOJIHS -
IOIUMHUCS B Hedl 3aJadyaMy MOXeT OBITh JIOTHMYECKH IIPEICTaBIeHA KaK COBOKYITHOCTb
ITOCJIeI0BATCIBHBIX BEIYUCIEHU I, KOTOPBIE, C OMHOM CTOPOHBI, COCTSI3AI0TCS 32 PECYPCHI,
Mepexosl U3 OJHOTO COCTOSIHUS B JPYroe, a ¢ Ipyroil — AefCTBYIOT TOYTH HE3aBUCHUMO
OIIMH OT APYroro, HO MpPU 3TOM 00pa3ysl eNUHYIO CUCTEMY MOCPEICTBOM YCTaHOBJIEHMUS
Pa3HOTO poja CBsI3eil MeXIY co00ii (ITyTeM MepeChUIKN COOOIICHUI 1 CHHXPOHU3UPYIO-
IIMX CUTHAJOB).

Wrak, napanseavnoivu MBI OyIeM Ha3bIBaTh TaKHeE IOCIEAOBATEIbHBIC BBHIYMCIUTCIIb-
HbI€ TIPOIIECCHI, KOTOPbIE OJHOBPEMEHHO HAXOATCSl B KAKOM-HUOYIb aKTUBHOM COCTO-
ssHUU. JIBa mapalljieIbHbIX Mpolecca MOTYT ObITh He3agucumbimu (independed processes)
b0 g3aumodeiicmsyrowumu (cooperating processes).

Hesasucumbimu SIBISIIOTCS TIPOIICCCHI, MHOXECTBA IIEPEMEHHBIX KOTOPHIX HE IepeceKa-
fotcs. [Ton mepeMeHHBIMU B 9TOM CJIydae IOHUMAIOT (haiiIibl JAHHBIX, a TAKXKe 00JIaCTH
OIepaTHUBHOM MaMSITHU, COTIOCTABICHHBIC TPOMEXYTOUHBIM U OIPeAeSICHHBIM B IIPOrpaM-
Me ITepeMeHHBIM. He3aBucruMble Mpoliecchl He BIUSIOT Ha pe3yJIbTaThl paboTHI APYT APY-
ra, Tak KaK HeE MOT'YT U3MEHSATh 3HaY€HUS TIepEMEHHBIX IpYT Y Apyra. OHY MOTYT TOJBKO
SIBUThCSI IPUYMHON B 3aIepXKKaX UCITOJTHEHUS IPYT ApYyra, Tak Kak BEIHYKIEHHI pa3ie-
JISITh PECYPCHI CUCTEMBHI.

Bzaumoodeiicmayowjue ipolieccbl COBMECTHO UCMOJIb3YIOT HEKOTOPHIE (00LIME) MepeMeH-
HBIe, ¥ BHITTOTHEHHME OTHOTO IIPOIeCCa MOXET ITOBIMATH Ha BBIIIOJHEHME IpYroro. Kak Met
YK€ TOBOPMJIN, TP BBIIIOJHEHUY BBIYMCIMTEIbHBIE IIPOLIECCHI PA3ACIISIOT PECYPCHI CHC-
TeMmbl. [loguepkHEeM, 9TO MPU PACCMOTPEHUH BOIIPOCOB CHHXPOHU3AIMY BBIYUCTUTEIb-
HBIX IIPOLIECCOB M3 YMCIIA pa3aesisieMbIX UMH PECypPCOB MCKIIIOYAIOTCS LIEHTPAIbHBIN IIPO-
LIECCOP ¥ MTPOTPAMMBI, PeaIU3YIOIIKE 3TH IIPOIECCHI, TO €CTh C IOTUICCKOM TOUKH 3PCHUS
KaXJI0MYy IIPOLIECCY COOTBETCTBYIOT CBOM INPOLIECCOP U MPOrpaMMa, XOTS B PeaIbHbIX CH-
cTeMax 00BIYHO HECKOJIBKO MPOLIECCOB Pa3IeISIIOT OIMH IIPOLIECCOP M OMHY WIIM HECKOJIb-
KO IIporpaMM. MHOTIHE peCypChl BBIYMCIUTENIbHOM CUCTEMBI MOTYT COBMECTHO UCIIOJIb30-
BaThCsl HECKOJNBKMMH IIPOLIecCaMi, HO B KaxKIbIi MOMEHT BPEMEHHM K pa3ieliseMOMY
pecypcy MOXeT MMETh TOCTYII TOJbKO OIWH Ipolecc. Pecypchl, KOTOphIe He TOMYCKAIOT
OIIHOBPEMEHHOTO UCIO0Ib30BaHMS HECKOJIbKMMU MPOLECCAMU, HA3bIBAIOTCS KPUMUYECKUMU.

Ecny HeCKOJIBKO BBIYMCIUTEIbHBIX IIPOLIECCOB XOTST IOJb30BAThCSI KPUTHUECKHUM pe-
CYpPCOM B PEXHME paslelieHNs], MM CJIeIyeT CHHXPOHM3UPOBATh CBOU NCHCTBUS TaKUM
00pa3oM, 4TOOHI pecypc BCeTma HaXOMWIICS B PACIOpsKeHUM He 0ojiee 4eM OTHOIO M3
HuX. Eciau oouH mpolecc MoJb3yeTcs B JaHHBIM MOMEHT KPUTHYECKUM PECypcoM, TO
BCE OCTaJbHBIC IIPOLECCH, KOTOPHIM HYXXEH 3TOT pecypc, HOJKHEI XIaTh, ITOKa OH He
ocBobonutcsa. Ecim B olmepallmoHHOM cucTeMe He IpeayCMOTpeHa 3alliuTa OT OJHOBpE-
MEHHOT'O JOCTYIIa ITPOLIECCOB K KPUTHIECKUM pecypcaM, B Hell MOTyT BO3HHKATh OINNO-
KU, KOTOPBIE TPYAHO OOHAPYXUTb U UCIIPaBUTh. OCHOBHOI MPUYNHON BOSHUKHOBEHUS
3THX OLIMOOK SBJISICTCS TO, YTO IMPOIECCH B MYJIbTUIIPOrPAMMHBIX OITEPAIIMOHHBIX CHC-
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TeMaX Pa3BUBAIOTCS C Pa3JIMYHBIMU CKOPOCTSIMHU M OTHOCUTEIBHBIE CKOPOCTH Pa3BUTHS
KaXIOoro M3 B3aUMOACICTBYIONINX IIPOIIECCOB HE TMOABIACTHBI M HE U3BECTHBI HU OIHO-
My U3 HUX. bosee Toro, Ha UX CKOPOCTH MOTYT BIUSTH PellleHUs INIAHMPOBIINKOB, Kaca-
IoIIMecs] IPYruxX MPoIeccoB, ¢ KOTOPHIMU HM ONHA M3 3TUX IMPOTpaMM He B3aUMOICH-
ctByeT. KpoMme Toro, comepxkaHue U CKOPOCTb MCIIOJIHEHMS OMHOTO M3 HUX OOBIYHO HE
W3BECTHHI Ipyromy npoieccy. [loaTomy BImMsiHUME, KOTOPOE OKa3bIBAaIOT IPYT HA Apyra
B3aMMOJEHCTBYIOIINE TIPOIIECCHI, HE BCETna MPpeacKa3yeMo M BOCIIPOM3BOINMO.

BsauMopeiicTBoOBaTh MOTYT MO0 KOHKYPUPYIOIIME MPOLECCH, JMOO Mpoliecchl, 0bpa-
batpiBafonie MHOOPMAIINIO COBMECTHO. KoHKypupyrouwjue npoueccsi TEHCTBYIOT OTHO-
CUTEJIbHO HE3aBUCUMO JPYT OT IPYyra, ONHAKO OHU UMEIOT JOCTYI K HEKOTOPBIM O0IIUM
nepeMeHHBIM. X HE3aBUCHMOCTD 3aKJIIOYACTCS B TOM, YTO OHHM MOTYT paboTaTh IpyT
6e3 apyra, nooauHouke. Ho mpu cBoeM BbIIIOJHEHUU OHU MOTYT paboTaTh U napajiesb-
HO, ¥ TOTIa OHM MHOTA HAYMHAIOT KOHKYPHUPOBATH IIPH 00OpaIIeHUM K 3TUM OOIINM IIe-
peMeHHBIM. TakuM 00pa3oM, X HE3aBUCUMOCTh OTHOCHUTEINIbHA.

ITpuBenem HecKOJIbKO Haubosiee U3BECTHBIX MPUMEPOB KOHKYPUPYIOIIUX MPOLIECCOB U
MPOJEMOHCTPUPYEM MOSIBIeHUE OIIMOOK. B KayecTBe mepBoro mpumepa pacCMOTPUM
pabory aByx mpoueccoB P1 u P2 ¢ obmeit mepemennoii X. Ilycth 00a mpouecca acuH-
XPOHHO, HE3aBUCUMO OJIMH OT JAPYrOro, U3MEHSIOT (HalpuMep, yBeJIUUMNBAIOT) 3HAUYE-
HUe epeMeHHOi1 X, CUNTHIBAS e 3HAUeHe B IOKAIbHYI0 00;1acTh naMaT Ri', mpu sTom
KaXJbli MPOLECC BHIMNOJHSET BO BpEMEHM HEKOTOPBIE TMOCIEA0BATEIbHOCTU ONEpaLUii
(taba. 7. 1). 3mech MBI paCCMOTPUM HE BCE ONEPATOPHI KAXIOTO M3 IIPOIECCOB, a TOJIBKO
Te, B KOTOPBIX OCYyILIEeCTBIsIeTCs paboTa ¢ obuieit mepemeHHoi X. Kaxaomy u3 omneparo-
POB MBI IPUCBOMJIN HEKOTOPBIM YCIOBHBI HOMED.

Ta6nuua 7. 1. MNprmMep KOHKYPVPYIOLLMX NPOLECCOB

Homep onepaTaopa Npouace P1 Homep oneparopa Npouace P2
] Rl =X 4 R2.=X

2 Al =R1+1 5 R2:=R2+1
3 X=R § X:=f2

[TocKoabKy Mpu MYJBTUIIPOIrPAMMUPOBAHUH IIPOIIECCHI MOTYT UMETh Pa3IUYHBIE CKO-
POCTH MCIIOJHEHMS, TO MOXET MMETh MECTO JII00ast IMOCIeI0BaTeIBHOCTD BBIIIOJTHEHUS
omnepanuit Bo BpeMeHu. Hampumep, eciii cHavyaa OymyT BEIITOJHEHBI BCE OIepalliy IIPO-
mecca P1, a yxe motroMm — Bce onepaunu npouecca P2 (puc. 7. 1) wim, Hao00poT, cHavya-
Ja — omepauuu 4-6, a 3areM — omepauuu 1-3, To B uTore nepeMeHHas X MOJIYYUT 3Ha-
yeHue, paBHoe X + 2.

F1: (1) R1=X; (2) R1:=R1+1; {3) X=R1;
F2 (¢) R2:=X; (§) RZ:=R2+1; (B(=R2;

Brows

Puc. 7. 1. MNepBbiin BapMaHT pasBuTUs COObITUM NMPU BbINOSHEHUN NPOLECCOB

' Ri — 3TO NPOCTO MMS MEPEMEHHON AN NPOLIECCa G HOMEPOM i.
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OnHako eciau B MPOMEXYTOK BPEMEHU MEXIY BhITIOJHEHMeM omepanuit 1 u 3 Oyner
BHITIOJTHEHA XOTSI ObI OTHA U3 oTiepalinii 4-6 (puc. 7.2), To 3HaUEHMe MTepeMeHHOM X Toc-
JIe BBITIOJTHEHM S Beex onepatuii OynerHe (X + 2),a(X + 1).

P1: (1) R1:=X: {2) R1:=R1+1; (31 %:=R1.

F2: {d) R2:=X; {5) RZ:=R2+1: {BP=R2;

o
Bpewma
Puc. 7.2. BTopoli BapmaHT pa3BnTus COObITWIA NMPU BbINONHEHWM NMPOLECCOB

IToHATHO, 4TO 3TO OUYEHb cepbe3Hasg omubka. Hampumep, ecim 6ul iponieccsl P1 u P2
OCYIIIECTBIISIN MIPOIaXy OMIeToB U epeMeHHas X (DMKCHpOBaIa KOJIMIECTBO YXKE IIPO-
IOAHHBIX, TO B pe3yJIbTaTe HEKOPPEKTHOTO B3aMMOICHCTBHUS OBLIO OBI IIPOITaHO HECKOJIb-
KO OWMJICTOB Ha OTHO U TO Xe MecTo. K coXajeHHI0, TAKOTO poia OIMHOKY TPYIHOYIOBH-
MBI, TTOCKOJIbKY OHM WHOTIa BOSHUKAIOT, MHOTIA HET.

B kagecTBe BTOpOTO IpHMeEpa PacCMOTPHM CHUTYaIMI0, KOTOpas eIlle COBCEM HEeIaBHO
OblJIa JOCTATOYHO aKTyaJbHOU IS TEPBBIX ITEPCOHAIBbHBIX KOMIThbioTepoB. IlycTh Ha
ITepCOHATHPHOM KOMITBIOTEpE C IIPOCTEHINE OTHOMPOTPAMMHOIT OTIepallMOHHOM CUCTe-
Moit (tuma MS DOS) ycraHoBIeHa HEKOTOpas pe3uACHTHAS IIPOrpaMMa C YCIOBHBIM
HasBanueM TIME, koropas mo HaxaTuio KoMOmHaIny KiaBur (Hanpumep, Ctrl+T) Boc-
MIPOM3BOANT Ha 3KpaHe AuCIUIes BpeMms B Bume 18:20:59, m momycTwM, 4TO 3HAYCHUS
IepeMEeHHBIX, 0003HAYAIOININX Yac, MUHYTHI ¥ CEKYHIBI, paBHH 18, 20 11 59 cOOTBETCTBEH-
HO, IIpHYEM BBIBOJ Ha THUCIUICH OCYIIECTBISICTCS CIIpaBa HaJeBO (CHadYajxa CeKyHIBI, 3a-
TeM MUHYTBI U, HaKOHell, yachl). ITycTh cpa3y ke mocie nepeaauyu nporpammoit TIME
Ha auciuieil nHGopManuu «59 ceKyHI» reHepupyeTcs IpephiBaHUe OT TaliMepa, 1 3Ha-
yeHue BpeMeHn ooHoBIsteTcst: 18:21:00.

ITocne atoro nmporpamma TIME, npepBaHHast TaiiMepoM, MPOMOJIKUT CBOE BHIMIOJIHE-
HMe, ¥ Ha QUCIUICH OYAyT BEIIAHBI 3HAYeHUS: MUHYTHI (21), yack (18). B urore Ha 3kpa-
He MBI yBuanm: 18:21:59.

PaccMoTpuM Temepbh HECKOJIBKO MHOM CIydail pa3BUTHS COOBITUIA OOHOBICHKS 3HAYE-
HUI BpeMeHU 110 CUTHay TaiiMepa. Eciu mporpaMma BeJeHUSI CUCTEMHBIX YaCOB I1OCIIE
BBIYMCIIEHUI KonruecTBa ceKyHa 59 + 1 = 60 u 3ameHbI ero Ha 00 mpepbIBacTCs OT Ha-
xatus knapum Ctrl+T, To ecTh mporpaMma He yCIIeBaeT OCYIIeCTBUTD ITepecIeT KOJIUUe-
CTBa MUHYT, TO BpeMsI, MHIULIMPYyeMOe Ha IucIuiee, craHeT paBHEIM 18:20:00. U B aToM
cily4ae MbI IIOJIyYMM HEBEPHOE 3HAUeHUE BPEMEHH.

HaxoHe11, B KauecTBe TPEThETO IIpUMepa MIPUBEIEM ITapy IPOILECCOB, KOTOPHIC U3MCHSI-
10T pa3jMyHbIe MOJIS 3aMuceid cayXalux Kakoro-iu6o npeanpustus [17]. ITycts npo-
mecc AIIPEC u3mensieT moMammHuit afapec ciryxaiiero, a mporecc CTATYC — ero momx-
HOCTb 1 3apIniaTy. I1ycTh KaxIbIid IIpOoIIece IUIST BRITTOTHEHUS CBOSH (DYHKITUY KOTIUPYET
Bcio 3amuch CIIYKAIIIMM B cBolo pab6ouyio o6mactb. [IpemonoknM, 4To KasKIblil
TIpolecc JoKeH 00paboTaTs HeKoTopylo 3amuck UBAHOB. Ilpenmonoxnm Takxe, 9T0
nocie Toro kak mpouecc AIIPEC ckomuposan 3anucs UBAHOB B c¢Boo pabouyo 00-
JIacTh, HO IO TOTO KaK OH 3aIucal CKOPpeKTHUPOBAHHYIO 3ammich oopaTHO, ipouecc CTA-
TYC ckonupoBan mnepBoHavanbHyI0 3anmnch MBAHOB B cBolo pa®odyio 00JacTb.
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H3MeHeHUs, BRITTOJTHEHHBIE TEM 13 TIPOIIECCOB, KOTOPHIi TePBBIM 3aITUINET CKOPPEKTH-
poBaHHY!0 3anuch Hazan B ¢aiin CJIYKAILIWE, 6yayt yrepsaHsl, U, BO3MOXHO, HUKTO
00 3TOM He y3HaeT.

YTOOBI TPEeIOTBPATUTh HEKOPPEKTHOE NCIIOJTHEHUE KOHKYPUPYIOIIMX IIPOIIECCOB BCIIE -
CTBHE HepeTrJaMEeHTHPOBAHHOTO MOCTYIa K pa3meliseMbIM IepeMEHHBIM, HEOOXOIUMO
BBECTHU TIOHSITUE 63AUMHO20 UCKAHUYeHUs, COTIACHO KOTOPOMY IIBa Tpoliecca He TOJIKHEBI
OITHOBPEMEHHO 00paIIaThCs K pa3messieMbIM TTepeMeHHBIM.

[Iportiecchl, BRITTOTHSIONINE OOIIYI0 COBMECTHYIO pPabOTy TAKMM 00pa3oM, YTO pe3yibTa-
THl BRIYMCJICHUM OTHOTO IIpollecca B IBHOM BHUIE TepemaroTcs APYTroMy, TO €CTh OHU
0OMEHMBAIOTCS MTaHHBIMU M MMEHHO Ha 3TOM ITOCTpPOeHa UX paboTa, Ha3bIBAIOTCS CO-
mpyonuuaowumy. B3auMopaeiicTBue COTpYIHUYAKOLIMX MPOLIECCOB yI0OHee BCEro pac-
CMaTpUBATh B CXeMe npouszeodumenv-nompedoumens (produces-consumer), Uin, Kak dya-
CTO TOBODST, HOCMAGUUK-NOMpPeOUumens.

KpoMe peanusainium B olepalimoHHOM CCTeMe CPEACTB, OPTaHU3YIOIINX B3aUMHOE MC-
KTIOUCHHE W, TEM CaMBIM, PETYIUPYIOIINX TOCTYI IIPOIIECCOB K KPUTHIECKUM pecyp-
caM, B Hell TOJKHBI OBITH TIPEAYCMOTPEHH CPeCcTBa, CHHXPOHU3UPYIOIIe paboTy B3a-
MMOIEHCTBYIOIINX MPOIIECCOB. JIpyruMu cioBaMU, IMPOIIECCH JOJIKHBI 00paIiaTbest ApyT
K IPYTy He TOJIBKO pagyl CHHXPOHM3AINH C IeJIbI0 B3aMMHOT0 MCKITFOUEeHUS TIpU 00pa-
IIeHWH K KPUTHIECKUM pecypcaM, HO M paIy 0OOMeHa TaHHBIMU.

JloTyCTHM, 9TO «IIOCTaBITUK» — 3TO MPOIIeCC, KOTOPHIMA OTIIPaBIISIeT MOPIIMU WHGOPMa-
uu (cooOIIeHs) APYrOMYy Mpolieccy, UMsI KOTOPOro — «IoTpeduTeab». Hampumep,
HeKoTopas 3ajaya IMoJib30BaTeisl, MOpPOoXaalollasi TaHHble IJ1s BbIBOJA UX Ha TeYaTh,
MOXKET BBICTYIATh KaK MOCTaBUINK, & CACTEMHBII TTPOIIECC, KOTOPBIA BHIBOJUT 3TU CTPO-
KW Ha YCTPONCTBO MevyaTh, — Kak nmorpedutenb. OAUH U3 METOAOB, MPUMEHSIEMbIX MTPU
nepefaue COOOIIEHNT, COCTOUT B TOM, UTO 3aBOAMTCS nya (pool)' cBoGomHbIX Gydepos,
KaXIBI M3 KOTOPBIX MOXET ColepKaTh OMHO COOOIIeHNE. 3aMeTUM, YTO IJIMHA CO00-
IIeHUS MOXET OBITh TPOU3BOJBHOM, HO OrpaHMICHHOM pa3MepoM Oydepa.

B aTOM ciiyyae Mexay mpolieccaMu «IMOCTaBIIUK» U «IOTPEOUTENb» OyleM UMETh oue-
penb 3amoJHEHHBIX O0y(hepoB, comepkamux coobmenus. Korma mocraBIniMK Xo4eT mo-
cjaTh oyepeaHoe COooOlIeHNe, OH N00aBasieT B KOHEll 3Toil ouepenu ele oauH Oydep.
[TorpeduTesnb, 4TOOBI MOJIYYNUTH COODIEHNE, 3a0UpaeT U3 ouepean Oydep, KOTOPhIi CTOUT
B ee Havase. Takoe pellleHNe, XOTA U KaXeTCsI TPUBUAJIBbHBIM, TpeOyeT, 4YTOOBI MOCTaB-
UK ¥ TOTPpeOUTENh CMHXPOHU3UPOBAJIN CBOU AelicTBUs. HanmpuMep, OHY TOJIKHBI ClTe-
JIIUTh 32 KOJTMYECTBOM CBOOOAHBIX U 3aMOJHEHHBIX OydepoB. [TocTaBuIMK MOXET mepe-
IlaBaTh COOOILIEHUSI TOJIBKO JI0 T€X MOpP, TTOKa UMEIOTCSI CBOOOIHBIE Oy ephl. AHATOTUYHO,
MOTPeOUTENIb MOXET MOJIy4yaTh COOOILEHUs, TOJbKO €Clii ouepelb He mycTa. S cHo, 4To
IIJIST y4eTa 3allOTHEHHBIX W CBOOOIHBIX Oy(depoB HYXHEI pasiensieMble IMepeMeHHbIE,
MO3TOMY, TaK Xe€ KaK U JJISI KOHKYPUPYIOUIUX MPOLIECCOB, I COTPYAHUYAIOIIUX MPO-
1IECCOB TOXEe BO3HUKAEeT HEOOXOAMMOCTh BO B3aMMHOM HCKITIOUEHWU.

TakuM 06pa3oM, 10 OKOHYAHUS 0OpalleHUsT OMHOM 3a1a9y K OOIINM TIepeMEHHBIM CJie-
IyeT UCKIIOYNTh BO3MOXKHOCTb OOpaIlleHUsT K HUM APYTOi 3amadu. DTa CUTyallus U Ha-

' COBOKYITHOCTHOIHOPOAHBIXAMHAMUYECKHU PACTIPEAeIIeMBbIX0OBEKTOB, HAPUMEDP 6I0KOBMAMSATH O HA-
KOBOW AJIMHBI.
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3bIBAETCSl B3AUMHBIM MCKJTIOUeHUEM. JIpyruMu cioBamu, MpU OpraHU3aluy pa3inyHoO-
r0 pojia B3aMMOJICCTBYIOIMX MPOIECCOB MPUXOIUTCS OPTaHU30BLIBATH B3AUMHOE MC-
KJIIOUEHME W pellaTh MpobjeMy KOPPEKTHOTO TOCTYIA K OOIIUM MepeMeHHbBIM (KpUTH-
YecKUM pecypcam). Te MecTa B mporpammax, B KOTOPBIX MPOUCXOAMT oOpalleHue K
KPUTUYECKUM pecypcaM, HasbiBatoTcs kpumuyeckumu cexyuamu (Critical Section, CS).
Pemenune mpo0eMbl 3aKiTi04aeTcss B OpraHM3aluyi TaKoro JOCTyMa K KPUTUYECKOMY
pecypcy, Mpu KOTOPOM TOJIbKO OAHOMY MPOLECCY pa3peliaeTcs BXOIUTb B KPUTUYEC-
Kyto cekiuio. JlaHHas 3amaya TOJNBKO Ha TIEPBBINA B3MJISA KaXETCS TPOCTON, MO0 KPUTH-
yeckasi ceKL s, BOOOILE TOBOPSI, HE SIBISIETCS MOCAe]0BaTEIbHOCTBIO OMEPATOPOB MPO-
IPaMMBl, a SIBJISIETCSl MPOLECCOM, TO €CThb MOCEA0BATEIbHOCTbIO NEICTBUI, KOTOpPbIE
BBITIOJTHSIIOTCSI 3TUMU oreparopaMu. JIpyruMu cioBaMu, HECKOJIBKO MPOLECCOB MOTYT
BBITIOJHSATh KPUTUYECKUE CEKLMU, UCMOMb3YIOIINE OIHY U Ty XK€ MOCIEeA0BATebHOCTD
OTIepaTopoB TPOTPAMMEBI.

Korpa xakoit-1100 mpoiecc HaXOOUTCS B CBOSH KpUTUIECKOM CEKIIUH, APYTHE MPOLEC-
CHl MOTYT, KOHEUHO, IPOJOJKATh CBOC MCITOTHEHNE, HO 0e3 BXOIa B MX KPUTUUECKHE
cekIMu. B3anMHoOe McKIoYeHue HE0OXOAMMO TOJBKO B TOM CiIydae, KOTIa MPOIIECCHI
o0OpainaiTcs K pasfensieMblM (00UIMM) JaHHBIM. Eciii XXe OHM BBIMOJHSIIOT ONepaluu,
KOTOpBIC HE BeOyT K KOHMIMKTHBEIM CUTYalMSIM, IPOIECCH ITOKHBI UMETh BO3MOX-
HOCTb paboTaTh MapajuiebHo. Korma mpoiecc BEIXOTUT U3 CBOE KPUTUIECKOM CEKIUH,
TO OMHOMY M3 OCTaJBHBIX MPOIECCOB, OXMUIAIOIINX BX0JA B CBOU KPUTUUSCKUE CCKITNH,
JOJKHO OBITh pa3pellleHO MPOTOJKUTE padoTy (ecd B 3TOT MOMEHT OCHCTBUTEIILHO
€CTh TIPOIIECC B COCTOSHUN OXUIAHUS BXOIA B CBOIO KPUTHUECKYIO CEKIIHIO).

ObecrneyeHre B3aMMHOTO MCKIIIOUEHUS SIBJSETCS OJHOM M3 KJIIOYEBBIX MPOOJeM mapa-
JIeIbHOTO MporpaMMupoBaHus. [Ipu 3ToM MOXHO MepPeYrnCInTb TpeOOBaHUS K KPUTU-
yeckuM cexuusaMm [17, 54].

* B mo0oif MOMEHT BpeMEHM TOJIBKO OIMH IIPOLECC MOJDKEH HAXOOWUTHCS B CBOCH KpH-
TUYECKOMN CEeKILUU.

* Hu oguH mpoliecc He T0JKeH OECKOHEYHO JIOJITO HAXOAMThCS B CBOEW KPUTUUYECKOM
CeKLMHU.

* Hu onuH mpoiiecc He MOJKeH OSCKOHEYHO IIOJITO OXHMIATh pa3pellieHHue Ha BXOI B
CBOIO KPUTHYECKYIO CeKIMI0. B yacTHOCTH:

* HUMKaKo# mpouecc, 06CKOHEYHO HOJIT0 HaXOMsUIMIiCSd BHE CBOel KpPUTUYECKOM
CeKUMM (YTO AOMYCTMMO), HE NOJKEH 3aJepXHBaTh BBIMOJHEHHUE APYTUX MpO-
11€CCOB, OXMIAIOIIMX BXOJa B CBOM KPUTUUYECKHME CEKIMU (IPYyTMMU CIOBaAMU,
npoiiecc, padoTawluii BHE CBOG KPUTUUYECKON CEKLUUU, HE NTOJXKeH OJOKUPO-
BaTh KPUTUYECKYIO CEKLIMIO APYTOTO MPOLEcca);

¢ €CJIM Ba npouecca XOoTAT BOWTH B CBOU KPUTUYCCKUE CCKIIMN, TO MIPUHATUE PEC-

IIEHWs] O TOM, KTO TEPBBIM BOMIET B KPUTUYECKYIO CEKILWIO, HE NOJKHO OBITh
0eCKOHEYHO JOJITUM.

* Ecim mpoliece, HaXOMSIIUIACA B CBOEH KPUTHUECKOM CEKIINU, 3aBEPIIAETCS €CTECTBEH-
HBIM WJIM aBapUIHBIM IMYTEM, TO PEXUM B3aUMHOTO UCKJIIOYEHHUS JOJKEH OBITh OT-

MCHCH, C TCEM YTOOBI APYTrue NMpoueccChl MOJTYUYHJIN BO3ZMOXKXHOCTb BXOAUTDL B CBOU KPpH-
TUYECKUC CEKIHWMU.
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Brio mpennoxkeHo HECKOJIbKO CIIOCO00B PeIleHUs 3TOM MPOoOIeMbl; MPOTPAMMHBIX U
anmnapaTHBIX; JOKaJIbHBIX HU3KOYPOBHEBBIX U IJ1I00aIbHBIX BHICOKOYPOBHEBBIX; TIPEIYC-
MaTpUBAIOUIMX CBOOOIHOE B3aUMOIEMCTBUE MEXIY MPOLECCAMU U TPEOYIOLMX CTPOro-
ro coOJI0JeHUs TPOTOKOJIOB.

CpepctBa CUMHXpPOHU3aULUU
U CBSI3M B3auMOAEMNCTBYIOLLMUX
BbIYNUC/IUTESIbHbLIX NPOL,EeCCOB

Bce u3BecTHBIE cpeacTBa pelneHus MpobIeMbl B3aMMHOTO MCKJIIOUEHMS OCHOBAHBI Ha
HCIOJb30BaHUHM CIIELIMaIbHO BBEIEHHBIX allllapaTHBIX BO3MOXHOCTe. K aTuM anmapar-
HBIM BO3MOXHOCTSIM OTHOCSTCS: OJOKMPOBKA MaMSITH, CIlelIMaJbHbie KOMaHABl THIIA
«IIPOBEPKA U YCTAHOBKa» M MEXaHU3MBbI YIIPaBJICHMS CUCTEMOI MpepbIBAaHMI, KOTOPBIE
MO3BOJISIIOT OPTaHM30BaTh TAKKE CPENCTBA, KaK ceMachopHbIE ONepallii, MOHUTOPHI, TT0-
YTOBbIE AMUKHU U Ap. C MOMOIIBIO ITEPEUMCICHHBIX CPENCTB MOXKHO pa3pabaThiBaTh B3a-
MMOJENCTBYIOLINE TIPOLIECCHI, TIPU UCTIOJIHEHUN KOTOPHIX OYIYT KOPPEKTHO PEIlaThCs
BCE 3al1auy, CBSI3aHHBIE C TPOOIEMOI KpUTUUECKUX CEKIIUI. PaccMoTpuM 3TH cpeacTa
B CJIEAYIOIEM IOPSAKE MO Mepe MX YCIOXHEHUs, Mepexona K GYHKIMIM OlepalioH-
HOI CUCTEMBI U YBEJIUYEHUS MPEAOCTABISIEMbIX UMU YOIO0OCTB, OMIMPAsICh HA YX€ IPeB-
HIOIO, HO BCE 3Ke ellle JOCTaTOYHO aKTyalbHYylo paborty [eiikctpsl [10]. 3amerum, yTo
3TOT MaTepHal IO3BOJISAET B IOJHOU Mepe 0CO3HATh TPOOJIEMbl, BOSHUKAOIIME ITPU Opra-
HM3alIMH NMapaieIbHbIX B3aMMOIEMCTBYIONIUX BRIUMCIECHUI. DTa padoTa IeiKCTpHI 1o-
JIe3Ha, TpeXae BCero, ¢ METOAMYECKON TOYKHU 3peHUsI, TOCKOIbKY OHA MO3BOJISIET I0-
HSITh HanboJiee TOHKME MOMEHTHI B 3TO MpoObeMaThKe.

JICIIONB30BaHME GIIOKMPOBKYM HaMATH
IIPY CUMHXPOHU3ALNUM IIapaljIeNbHEX IPOIeCCOB

Bce BbIUMCIUTENbHBIC MAIIMHBI U CUCTEMBI (B TOM YMCJIE U C MHOTOIIOPTOBBIMU OJI0Ka-
MM OTIEpaTUBHOM MaMSITH) UMEIOT CPENCTBO ISl OpTaHU3allMU B3aUMHOTO UCKIIIOUEHUS,
Ha3bIBaeMoe 040KuUposkol namamu. BIOKMpOBKa MaMsITH 3ampeniaeT OTHOBPEMEHHOE
HCTIOJIHEHKE NBYX (M 0ojiee) KOMaH[, KOTOphIe 00palllaloTcsl K OMHOM U TOM Xe sAueiike
naMmsaTu. biokupoBKa mamMsaTH MMeeT MECTO BCerna, TO eCTh 3TO 00s13aTebHOE YCIOBHUE
(yHKIIMOHMpPOBaHUS KOMIbIoTepa. COOTBETCTBEHHO, TTIOCKOJIBKY B HEKOTOPOI siueiike
MaMITU XPAHUTCS 3HAYCHUE PaA3ACISACMOM IMEPEMEHHOM, TO MOJYYUTh OJOCTYI K HEl
MOXET TOJbKO OJUH MPOLECC, HECMOTPS Ha BO3MOXHOE COBMEILIEHUE BbITTOJHEHUS KO-
MaHJ BO BpEMEHU Ha pa3JMYHBIX Ipoleccopax (MJIM Ha OMHOM IIpolieccope, HO ¢ KOH-
BeliepHOI1 opraHu3alueit mapaaaeJbHOTO BBITOJHEHUSI KOMaHI).

MexaHu3M OJOKMPOBKY MaMSTH IpeIoTBpaIliacT ONHOBPEMEHHBIN TOCTYI K pa3aesie-
MO MepeMeHHOM, HO He TIPeI0TBpalllaeT YepeloBaHue 10CcTyma. TakuM o0pa3oM, eCiu
KPUTHYECKUE CEKIIMU MCUESPIIBIBAIOTCS OMHOM KOMaHA0M 00pallieHUs K TaMsITH, TaHHOe
CPEICTBO MOXKET OBITh TOCTaTOYHBIM IS HEIIOCPEICTBEHHOM peann3alni B3aMMHOIO
uckiawodeHus. Ecau xe KpuTuueckre CeKIMM TpeOyroT Oosiee 0MHOTro obpalieH s K ma-
MSITH, TO 3ala4ya CTAHOBUTCS CJIOKHOM, HO aITOPUTMUUYECKHU pa3peinnmoii. Paccmorpum
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pas3IMYHbIe MOMBITKY MCIOJb30BaHUSI MeXaHM3Ma OJOKUPOBKHU MaMATH IJIs1 OpraHu3a-
LIMY B3aMMHOTO UCKJIOUEHHUS TIPU BHIMOJTHEHUM KPUTUUYECKUX CEKIIMI U MOKaxXeM He-
KOTOpbI€ BaxKHbIE MOMEHTHI, MPeHeOpexXeHne KOTOPHIMU MPUBOAUT K HEMPUEMIIEMbIM
WY Jaxe K OIMOOYHBIM PELIEHUSIM.

Bo3MoOXHble Npo6sieMbl NMpU OpraHu3auun
B3aUMHOI0 UCKJ1I04EHUS NPU YCNIOBUN
MCNOJIb30BaHUS TOJIbKO OJIOKUPOBKU NaMATU

Ilycth nMeeTcsd nBa uiau Oojiee LUKIUYECKUX MPOLECCOB C aOCTPaKTHBIMU KPUTUUYECKHU-
MU CEKLMSIMU, TO €CTh KaXIbIii MPOLIECC COCTOUT U3 IBYX YACTEH: HEKOTOPOM KPUTHUYE-
CKOI CeKIIMU 1 OCTaBIIENCS YacTH KOfa, KOTopast He paboTaeT ¢ O0IUMHM (KPUTHUYECKUMU)
nepeMeHHbIMU. [1ycTh 3TU ABa Mpolecca aCHHXPOHHO pa3esaioT BO BpeMEHU €IMHCTBEH-
HBII TIpolieccop MO0 BBIMOTHSAIOTCS Ha OTAEJbHBIX Mpolieccopax, TO €CTh KaXAbli U3
HUX MMeeT JOCTYIl K HEKOTOpOu o01ieil 061acTh maMsITH, ¢ KOTOPO 1 paboTaloT KPUTH-
yecKkue ceKuuu. [TponmocTpupyeM 3Ty CUTYAIUIO ¢ TTIOMOIIIbIO puc. 7.3.

A
{Kpm"“mn CERIWA {Kpmmmlaﬂ CaKLMA
mouUecca 1) npougcca 2}
PR1 PR2
{Dcrapwanch vacTe {DcTasancH YasTh
npcuscea 1) npouecea 2)

Puc. 7.3. Mogenb B3aMMOAENCTBYIOLMX NPOLIECCOB

3amava Bpoje Obl JIETKO pelllaeTcsl, eCI MOoTpeboBaTh, 4YToOkI mpouecchl [1P1 u ITP2 Bxo-
UM B CBOM KPUTHUYECKHUE CEKLUU TMorepeMeHHo. 151 3Toro ogHa obIiasi mepeMeHHast
MOXET XpaHUTh yKa3aTeJdb Ha TOT MPOLIECC, UYbs OUepeab BOUTU B KPUTUUYECKYIO CEKIIUIO.
TexcT aToro pelieHus Ha s3bIKe, 0J13KoM K [lackainio, mpuBeaeH B IucTUHIe 7. 1.

Jiuctunr 7. 1. TexkcT nporpammbl /i NEPBOro peLleHns

Var nepekn integer
Begin nepekn = 1 (npu nepexkn=1 B KPUTU4ECKON cekuum HaxopmTca npouecc MP1}
Parbegin
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While true do

Begin
while mepexn = 2 do begin end
(Sl { kpuTmyeckas cexmus mpomecca IP1 )
mepern = 2,
PRl { ocraBmasgcs vacTh mpomecca MPL )
End
And
While true do
Begin
while mepexn = 1 do begin end.
(S2. { xpuTyyeckad Cexuus mpomecca P2 }
mepekn = 1.
PR2. { ocTaBmasics yaCTh mpomecca IP2 )
End
Parend
End

3mech U Janee A3bIKOBasI KOHCTPYKIMA CIACAYIOLIECro TUlla O3HAa4YacT mnapalji€IbHOCTb
BhINOJHEeHUST K oMmuchIBaeMBIX MOC/IeI0BaTEIbHbBIX IMPOLECCOB:

parbegin  S11  S12.. GSINI
and 921 S22.. S22

and SK1I  SK2.. SKNk
parend
Konctpykius uz onepatopos S11; S12;...; SINI BbInonHsIeTCsI OCIEA0BaTENbHO (Ore-
paTop 3a OIepaTopoM), 0 YeM CBUAETEIbCTBYET HaJIMUKE TOUKH C 3aMsITON MEXIY HUMU.

Crnenytoinasi sI3bIKoBasi KOHCTPYKIMSI O3HAYAET, YTO KaXAbIi MPOLIECC MOXET BBIMOJ-
HSATbCS HEONpeAeJeHHO J0JIroe BpeMsl (paKTUIEeCKU OECKOHEUHOE KOJIMYECTBO Pas:
while true do
begin SI, S2, SN end
Haxkonen, koHcTpykiius Tumna begin end o3HavyaeT MpocTo «IyCTOM» OMepaTop.

Wrax, peuieHue, npeacTaBieHHOEe B TUCTUHTE 7. 1, obecreynBaeT HaM B3aMMHOE UC-
KJII0UeHUE B paboTe KpUTUUECKUX ceKluil. OgHaKko eciau Obl parMeHT MporpaMMbl
PR1 6b1 HamHOTrO NTMHHee, yeM pparmeHT PR2, nnu ecnu 611 mpouecc ITP1 6bi1 3a-
onokupoBaH B cekuuu PR1, unu ecnu 6wl mpoueccop ans ITP2 obnagan 6ojee BbIcO-
KUM ObICTpoAeiicTBueM, To mpoiecc ITP2 Bckope BeIHYXIEH ObUT ObI XKIaTh BXoda
B CBOIO KpuTtndeckyto cekuuo CS2, xors npouecc I1P1 u 6bu1 661 BHe CS1. Takoe oxu-
JaHKE MOTJIO OBl 0KA3aThCs CIUIIKOM JIOJITUM, TO €CTh JJISI 3TOTO PELIEHUS] OUH TPO-
LECC BHE CBOCH KPUTUYECKOW CEKIIMU MOXET MOMEUIATh IPYTOMY BOIUTU B CBOIO KpU-
TUYECKYIO CEKIIMIO.

[TonpoOyem ycTpaHUTh 3TO OJIOKMPOBAHUE C MOMOILBIO ABYX OOLIMX MEPEMEHHBIX, KO-
TOpbIe OYIYT UCTIOIB30BAThCS Kak (jaru, ykasbiBasi, HAXOAUTCS UM HET COOTBETCTBY-
IOLIMI Mpoliece B CBOEH KPUTUUECKOM ceKLMU. To ecTh ¢ KaxablM U3 npoueccos [1P1 u
ITP2 Oyzner cBsg3aHa mepeMeHHasl, KoTopasi IPUMHUMAET 3HauYeHue true, Korna Mmpoiecc
HaxoOAUTCS B CBOEH KpuTHYeckoil cexuuu, u false — B mporuBHOM citydae. [Ipexne uem
BOUTH B CBOIO KPUTUUYECKYIO CEKIINIO, MTPOLIECC MPOBEPUT 3HaUEHUE (py1ara Ipyroro npo-
uecca. Eciu 910 3HaueHMe paBHO true, Mpolieccy He pa3peiaeTcs BXOAUTh B CBOIO KpU-
TUYECKYIO CeK1IMio. B MpoTUBHOM cliydae Mpoiecc yCTaHOBUT COOCTBEHHBIN hJiar 1 BOi-
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JeT B KPUTUIECKYIO CEKIIMIO. DTOT aJiTOPUTM B3aMMHOTO MCKITIOUEHUS TpEACTaBIeH B
nuctuHre 7.2.

JlncTuHr 7. 2. BTopoii BapnaHT peanmsauymn B3auMHOMO UCKITIOHEHNs!

Var nepekni, nepekn2 boolean
begin nepeknl = false
nepekn2 = false,
parbegin
while true do
begin
while nepekn2 do
begin
end
nepeknl1 =true
(Sl { xpuTmueckas cekuus mpomecca MPL }
nepexnl = false
PRI { mpomecc NPl mocnme XPUTMYECKON CEKIMM }
end
and
while true do
begin
while mepexnl do
begin
end
nepexn? =true
(S2 { Kpuruyeckas Cexims mpomecca IP2 }
nepexn? = false
PR2 { mpomecc NP2 mOCTe KPUTMHECKON CEXImu )
end
parend
end

JlaHHBII aJITOPUTM, YBBI, HE TApAHTUPYET MOJHOTO BHITOTHEHHUS YCIOBUS HAXOXICHUS
TOJIbKO OJHOTO TIpoliecca BHYTPU KPUTHUECKOM ceKIUU. OTCYyTCTBUE FrapaHTUI CBS3aHO
C Pa3NUYHBIMU, B OOLIEM CIydyae, CKOPOCTSIMU pa3BUTHS MpolieccoB. [osTomy, Hampu-
Mep, MeXIy IPOBepKOI 3HaUEHUS TepeMeHHOM mepekn2 mpoueccom [1P1 u mocienyto-
HIeil YCTAHOBKOW MM 3HAUYEeHUS TIepeMEeHHOM IepekJ ] mapaielbHO BBITTOTHSIOIUIACS
npouecc [TP2 MoxXeT ycTaHOBUThL epeKJI2 B 3HAUEHME true, Tak KakK MepeMeHHas Tie-
pex! ellie He ycIela yCTAHOBUThLCS B 3HaUeHUe true OTcrofa cneayet, 4To oba mpoiiec-
€a MOTYT BOWTHU B CBOM KPUTHUYECKUE CEKIIUU OTHOBPEMEHHO.

Cnenylomuii (TpeTuil) BapuaHT pelleHUs 3TOi 3amauM (IMCTUHT 7.3) yCWIMBaeT B3a-
MMHOE UCKITIOUEHHUE, TaK Kak B rpoliecce [1P1 mpoBepka 3HaueHUsI TepeMEHHOM e peKi2
BHITIOJTHSIETCS TOJIBKO TIOC/IE YCTAHOBKY TepeMeHHO e peKJ 1 B 3HaueHue true (aHaio-
riuyHo s [1P2).

JlucTuHr 7. 3. TpeTuin BapraHT peannsaumm B3auMHOI0 UCKJIIOYeHNs!

var nepeknl , nepekn2  boolean
begin nepeknl =false nepekn2 = false
parbegin
MP1 while true do
begin
nepeknl = true
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while nepekn2 do
begin end.
(Sl { xpuTuueckas cexums mpoumecca IP1 }
nepeknl =false,
PRI { IIP1 mocne KPUTUYECKON CEKImN }

end
and
P2 while true do
begin
nepekn2 = true,
while mepeknl do
begin end,
CS2 { xpuTuueckas Cekmus mpouecca IP2 }
nepexn? = false,
PR2 { [P2 mocnme KpUTUYECKON CEKIUM }
end
parend
end

AJNIropuT™M, NMPUBEACHHBIA B JUCTUHTE 7.3, TaKxXe UMeEET CBOU HemocTaTKU. JleiicTBM-
TeJIbHO, BO3MOXKHA CUTYyallus, Koraa o0a rnpoiecca OfHOBPEeMEHHO YCTaHOBST CBoU (hjiaru
B 3HaueHUe true U BOUAYT B 06CKOHEUHbI UK. B 3TOM ciaydae OyneT HapylieHO Tpebo-
BaHMUE OTCYTCTBUSI OECKOHEUHOTO OXMAAHMS BXOAAa B CBOIO KPUTHUUYECKYIO cekluio. To
€CTb, MPEAIOJIOXHUB, YTO CKOPOCTH UCITOJHEHUS MPOLIECCOB MPOU3BOJIbHbBI, Mbl MOJYYH-
JIM TaKylo MOCIeI0BaTeIbHOCTh COOBITUI, MPU KOTOPOH MPOILECCH BOOOIIEe MepecTaHyT
HOPMaJIbHO BBITIOJHSITHCS.

Bce paccMoTpeHHbBIe TTOMBITKY PEIIUTD 3a1auyy B3aUMHOTO MCKIIOUEHUS MPU BBITTOJIHE-
HUU KPUTMYECKUX CEKUUM MITIOCTPUPYIOT HaM HEKOTOpble TOHKHME MOMEHTHI, JiexXa-
1Me B OCHOBE 3TOI MpOOJeMbI, M MOKa3bIBAIOT, UYTO HE BCE TaK MPOCTO.

IMocnenHunii paccMaTpuBaeMblii BapUaHT pellleHUs 3aJauyd B3aMMHOTO UCKIIOYEHUS,
OMUPAIOLIUICS TOTbKO Ha OJIOKMPOBKY MaMsTH, — 3TO U3BECTHBIN aJrOpUTM, Mpeaso-
KEHHBIM MaTeMaTUKOM JIeKKepoM.

Anroputm [lekkepa

Aneopumm Jlekkepa OCHOBAH Ha MCIOJb30BAaHUU TpeX MEPeMEHHBIX (JUCTUHT 7.4): me-
pexial, mepekn2 u OYEPEJb. IlycTth mo-mpexHeMy mepeMeHHas nepekil ycTaHaBIMBaeT-
cg B true Torga, korga mnpoiecc [1P1 xo4yeT BOWTU B CBOIO KPUTUUYECKYIO CEKLMIO (IS
[1P2 ananoruuyHo), a 3HaueHue nepemeHHoi OYEPE/b yka3biBaeT, ube ceifuac mpaBo cie-
JIaTh MOMBITKY BXOAa MPM YCJAOBUM, YTO 00a Mpolecca XOTIT BBIMOJTHUTb CBOU KPUTH-
YeCKHe CEeKIUM.

Jlnctunr 7.4. Anroputm lekkepa

label 1, 2.
var nepexn!, nepexn2 boolean,
QYEPEDL  integer.
Begin nepekn1 = false, nepekn2 =false
QYEPEDD =1.
parbegin
while true do
begin nepekni =true. npogonxenne &
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JNlnctuer 7.4 (npononxenue)
1 if nepekn2 =true then
if OYEPELb=1 then go to 1
else begin nepeknl =false
while O4YEPELb=2 do
begin end
end
else begin
CS1 { kputnyeckas cekums MP1 }
OYEPELb =2 nepekni =false
end
end
and
while true do
begin nepekn2 =1
2 if nepekn1 =true then
if OYEPENB=2 then go to 2
else begin mepekn2 =false
while OYEPENL=1 do
begin  end
end
else begin
(S2 { xputuyeckas cexuus NP2 }
QUEPENL =1 mepekn? =false
end
end
parend
end

Ecnu mepexn2 = true m mepekal = false, To BhIONHSIETCS KpUTHYECKAss CEKIMS MpoLec-
ca [1P2 nezaBucumo ot 3HaueHust nepeMeHHoit OUEPE[lb. AnanoruuHo njis ciyvas mne-
pekn2 = false u mepeknl =true.

Eciu xxe 06a rmpoliecca XOTAT BBIIIOJHUTh CBOM KPUTUYECKME CEKLIMU, TO €CTh EPEeKI2 =
=true unepekiul=true, To BEIIOJIHSETCI KPUTUYECKAsl CEKIIMS TOTO IMpoliecca, Ha KOTO-
pBIii yka3biBaeT 3HaueHue nepemeHHoit OYEPENlb, He3aBuCHMMO OT cKopocTeil pa3BUTUS
oboux npoueccoB. Ucnonb3oBanue nepeMeHHoit 0YEPE]b coBMecTHO ¢ mepeMeHHBIMU
nepekialu nepekn2 Banropurme JIekkepa mo3BoisieT rapaHTUPOBAHHO pelllaTh MpooJe-
My KpUTHUYECKMX ceKuuil. To ecTb mepeMeHHbIe mepeKal U mepeka2 TapaHTHPYIOT, YTO
B3aMHOE BBHINTOJIHEHUE He MOXeT UMeTh MecTa; mepeMeHHast 0YEPE/Ib rapanTtupyer, uto
He MOXeT OBbITh B3aMMHOI 0I0KMPOBKU, TaK Kak nepemeHHass OYEPE][b ne meHser cBoe-
IO 3HaYEHMS BO BPeMs BBIIIOJHEHMS IIPOrpaMMbl IPUHATHS PELICHUSI O TOM, KOMY Xe
ceifyac IPOXOAUTD CBOIO KPUTUYECKYIO CEKIINIO.

TeMm He MeHee peanu3alUil KpUTUUYECKUX CEKIMI HA OCHOBE OMMCAHHOTO aJrOpUTMa
MpaKTHMYECKHU He BCTPEYAETCS M3-3a UX YPE3MEPHOIL CII0XHOCTH, OCOOEHHO TOra, KOoraa
TpebyeTcst 00001KTh anropuT™ Jlekkepa ¢ ABYX 10 N MpoLeccoB.

CuHXpoHU3auMsa NpoLEecCcoB C NMOMOLLbIO onepauum
NPoOBEpPKU U YCTaHOBKMU

Omnepauus MpoBePKU ¥ YCTAHOBKU SIBJISIETCS, TaK XK€ KaK U OJIOKMPOBKA MAMSITU, OTHIUM
13 almnapaTHBIX CPEACTB, KOTOPbIE MOTYT OBITh UCIIOJb30BAHBI IJIs PEeIleHHS 3a1a4M B3a-
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MMHOTO MCKJIIOUEHUS IIPU BHIIIOJHEHUU KPUTUIECKOM ceKumu. JJaHHas ommepanus pea-
JIM30BaHa BO MHOTHUX KOMIIbloTepax. Tak, B 3HaMeHUTOil MammHe IBM 360 (370) ara
komanja HaseiBasach TS (Test and Set — nmpoBepka u yctanoska). Komanga TS sBisier-
cs IByXaapecHol (aByxomepaHmHoii). Ee meiicTBue 3akiodaeTcs B TOM, YTO IIPOIECCOp
NprCBaMBaeT 3HAUYCHUE BTOPOrO OIEpaHAa IEePBOMY, ITOCIE YeTrO0 BTOPOMY OIIEpaHIy
MpUCBanBaeTCsl 3HaUeHUe, paBHOoe equHuie. Komanna TS sBisercs HegeauMoil omepa-
LIMEeH, TO €CTh MEXIYy ¢¢ HavyaJoM U KOHIIOM He MOTYT BHIIIOJHSITHCSI HUKAKWe IpyTue
KOMAaHIIHI.

YToOBl MCIIONIB30BaTh KOMaHAy TS nJig pelieHus MpoodJeMbl KpUTUYECKOM CEKIINU, CBSI-
KeM C Hell TepeMeHHYI0 COmmon, KoTopas OymeT o01Ieif 1l BCeX IMPOIecCOB, UCIIOJb-
3YIOIIMX HEKOTOPHIN KpUTHIeCKUi pecype. JlaHHas mepeMeHHast OymaeT MPUHUMATD eI -
HWYHOE 3HAa4YeHWUE, €CIM KaKoi-TMOO0 M3 B3aMMOIEHCTBYIOIIMX IPOILIECCOB HAXOMUTCS
B CBOEH KpuUTUYECKOW ceKuuu. Kpome Toro, ¢ KaxabIM IMPOLECCOM CBSIKEM CBOIO JIO-
KaJbHYIO IIEPEMEHHYIO, KOTOpasi IpMHUMAET 3HaUeHNE, PaBHOE SIMHMIIE, eCTN JaHHBII
MPOILIECC XOUET BOMTH B CBOIO KPUTUYECKYIO cekiuio. Onepanus TS Oyaet npucBanBaTh
3HaYeHME COMMmOon JOKAIbHOM MepeMEeHHON M yCTaHaBIMBaTh common B exuHuIy. Co-
OTBETCTBYIOLIAS ITPpOrpaMMa pelleHus MpobaeMbl KPpUTUUYECKOW CEKIIMM Ha MTPUMEPE IBYX
NapajjiebHbIX POLECCOB NMPUBEAEHA B JUCTUHTE 7 J.

JInctuHr 7. 5. B3aumHoe MCKITIOYEHNE C MOMOLLBIO OnepaLmm NPOBEPKN U YCTAHOBKMN
var common, locall, local2 integer

begin
common =0.
parbegin
MP1 while true do
begin
locall =1.
while locall=1 do TS(local1, common),
CS1. { kpwtuyeckas cekums npouecca MP1 }
common =0
PR1. { TIP1 nocne KpuTM4ECKOW Cekuum }
end
and
NP2 while true do
begin
local2 =1.
while local2=1 do TS( local2, common)
CS2, { kputmyeckas cekums npouecca P2 }
common =0
PR2 { MP2 nocne KpuTU4eckon cekumm }
end
parend
end

IIpenmnonoxum, 4To MEPBLHIM XOUET BOUTU B CBOIO KpUTHUUYECKYIO ceKuuio npouecc [1P1
B aToMm ciyuyae 3HaueHue locall cHavana yCTaHOBUTCS B €IMHUILY, a IOCIEC LIMKJIA IIPO-
Bepku ¢ moMonrbio koMaHas TS(locall,common) — B Hynb. [Ipu 3TOM 3HaUYeHHEe common
ctaHeT paBHbIM eauHule. [Ipouecc I1P1 BoitmeT B cBOIO KpuTHuecKylo cexiuio. Ilocne
BBITIOJIHCHUSI KPUTHYECKOM CEKIIMU IMepeMEHHAsl COMmMmOon IpuMeT 3HaYeHUE, paBHOE
HYJIIO, 9TO JaCT BO3MOXHOCTB BTOpoMy Iporeccy I1P2 BoiiTi B cBOI0 KpUTHIECKYIO CEK-
LHI0.
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BesycnoBHO, MBI IIpeATIONaraeM, 4To B KOMITbIOTEpE pealn30BaHa OJIOKMPOBKA IaMSTH,
TOeCTb oIepanusc o m mo n ;=0 Hemennma. Komanma mpoBepKu M yCTAaHOBKHY 3HAYUTETb-
HO YIIPOINaeT pellleHne MpodaeMbl KPpUTHISCKUX CeKIuit. [T1aBHast yepTa 3TOi KOMaH-
OBl — €€ HeIeIUMOCTb.

OCHOBHOI HETOCTAaTOK MCITOJb30BaHMSI KOMaH/I THIIA IIPOBEPKU 1 YCTAHOBKHU COCTOUT B
cJeayIolIeM: HaXoIsCh B LMKJIE MMPOBEPKU MEPEMEHHON common, MPOLECCHl BIYCTYIO
MOTPEOISIOT BpeMS LIEHTPAJIbHOTO IIpolieccopa U Apyrue pecypchl. JIeiCcTBUTENBHO, €CIN
MPEaNoJOXUTb, YTO MPOU30LLIO NpepbiBaHue Mnpolecca [TP1 Bo BpeMs BbIoJHEHUS
CBOEI KPUTUYECKOU CEKLIMM B COOTBETCTBUM C HEKOTOPOM IUCUMILIMHON 00CIyK1Ba-
HUS, U Hayall BRIMOMHATHCS nporecc [TP2, To oH BoiigeT B LMK MPOBEPKHU, BITYCTYIO
TpaTs MpoleccopHoe BpeMs. B aTom ciyyae, 10 Tex mop noka IMCIeTyep CynepBrU3opa
He IOCTaBUT Ha BeIoJHeHUe mpoiiecc I1P1 u He mact emy 3akoHUYMTHCS, Tpolecc [1P2
HE CMOXET BOMTH B CBOIO KPUTUYECKYIO CEKIIUIO.

B Mukpomnponeccopax apxuTeKTypHl ia32, ¢ KOTOPBIMU MBI TeIIEph CTAJIKMBAEMCS T10-
CTOSTHHO, paboTast Ha MepCOHANBHBIX KOMIIBIOTEPAX, MMEIOTCS CIIeIIaJbHbIe KOMAaHIbI
BTC,BTS,BTR,koTopbleKaKpa3usaBISOTCIBapUaHTaMUpeaTn3alliiKOMaHABITIPOBEP-
KU 1 ycTaHoBKHU. PaccMoTpum onHy u3 Hux — BTS.

Komanma BTS (Bit Test and Reset — mpoBepKa 1 ycTaHOBKa OMTa) SIBIASETCS IBYXaapec-
Hoii [20]. ITo 3TOi1 KOMaHEe Mpolieccop COXpaHsIeT 3HaueHUe OUTa U3 IMePBOro ollepaHIa
CO CMelIeHUEM, YKa3aHHBIM BTOPBIM orepaHnoM, Bo diare CF (Carry Flag — dmar me-
peHoca)' peructpa JIaroB, a 3aTeM YCTaHABJIUBAET YKa3aHHbI 6UT B 1. 3HaueHUE UH-
JeKca BEIOMpPaeMOro 0MTa MOXeT OBITh IIPECTaBACHO ITOCTOSIHHBIM HEITOCPEICTBEHHBIM
3HayeHreM B KoMaHae BTS unu 3HaueHneM B 00111eM peructpe. B 310l KoMaHIe MCTIOb-
3yeTCsl TOJBKO 8-pa3psaHoe HEMOCPEACTBEHHOE 3HaYeHMe. 3HAYeHMEe 3TOro oIlepaHia
OepeTcs 10 MOIYJI0 32, TaAKMM 00pa3oM, cMellleHre OMTOB HaXoaUTCs B Auamna3oHe ot O
1o 31. Dro mo3BoiisgeT BHIOpATh 1000 OUT BHYTpM perucTpa. s OUTOBBIX CTPOK B
MMaMSTH 3TO I0JIe HEIIOCPEACTBEHHOIO 3HAUCHUS JaeT TOJIbKO CMEIIeHNe BHYTPU CI0Ba
WJIN IBOMHOIO CJIOBA.

C y4eTOM M3JI0KEHHOTO MOXHO IIPUBECTH (PparMeHT Koa, B KOTOPOM JaHHas KOMaHIa
KCIIONb3YeTCs ISl PellieHUsI IIPOOIeMbl B3AMMHOTO UCKIIOYeHUS (JIUCTUHT 7.6).

JlnctnHr 7. 6. dparmeHT NporpaMmMbl ¢ KPUTUYECKOM cekumelt Ha accembnepe
L: BTC M, 1
JC L
.; KpuTM4eckas cekuus

AND M. 0B

OnHaKo 37ech CleayeT 3aMEeTUTh, YTO HEKOTOPBIE acceMOIephl MOMIepXUBAIOT 3HAYC-
HHSI OUTOBBIX CMEIIeHU 00JbiIe 31, UCTIONB3YSI MOJIe HEMOCPEACTBEHHOTO 3HAUYCHMS

' PacnoJjaraetcsi B CJIOBE COCTOSIHUS IporpaMMBlI.



CpencrtBa CUHXPOHU3ALUMN U CBA3M B3aMMOOENCTBYIOLLMX NMPOLLECCOB 223

B KOMOMHAIINHM € TIOJIEM CMEIEHUS ollepaHa B IaMsTH. B aToMm cinyyae mianmue 3 win
5 6utoB (3 — g 16-pa3psiiHBIX ONEPAHAOB, 5 — A 32-pa3psaHbIX ONEPaHIO0B), OI-
penesIone cMenieHne ouTa (BTOpOi omepaHI KOMAaHIHBI), COXPaHSIOTCS B IOJie He-
ITOCPEACTBEHHOTO OIEpaH/Ia, a CTapIIie OMTH COBUTAIOTCS M KOMOMHHUPYIOTCS C TIOJIEM
cMmemeHus. [Iporeccop ke HITHOPUPYET HEHYJICBbIC 3HAUCHUS CTapIINX OMTOB IOJIS BTO-
poro omepanzga [20]. [1pu mocTyme K maMsATH IpoLeccop odpamaeTcs K YeTEpeM baiitam
(s 32-pa3psiTHOTO OTepaHIa), HAUMHAIIUMCS 110 TOJIYYCHHOMY CISIYIOIIUM 00pa-
30M azmpecy:

Effective Address + (4 x (BitOffset DIV 32))

JIn6o (mast 16-pa3psigHOro onepaHaa) MpoLeccop odpaliaeTcs K AByM GaiiTaM, HAuMHA -
IOIIUMCS TI0 aIpecy:

Effective Address + (2 x (BitOffset DIV 16))

Takoe obpamieHre TPOMCXOIUT, HaXe eCIU HEOOXOIUM JTOCTYII TOJNBKO K OMHOMY OaiTy.
[ToaToMy m306eraiiTe CCBIIOK K 00JIACTSIM IMaMSATH, OJIM3KUM K «IIYCTBIM» aIpeCHBIM IIPO-
cTpaHcTBaM. B yacTHOCTH, M30eraiiTe CCBIJIOK Ha pacIipelieIeHHbIe B TTAMSITH PETUCTPHI
BBOAa-BEIBomA. BmecTo aToro ucmonb3yiite KoMmanay MOV mis 3arpy3Ku B COXpaHEeHUS
3HAYCHM IO TAKMM ampecaM U peTHCTpoBYIo popmy KoMaHasl BTS mist paboThl ¢ gaH-
HBIMH.

Hecmortps Ha T0, 9TO M aaroput™m JIeKKepa, 0CHOBaHHBIHM TOIBKO Ha OJIOKMPOBKE ITaMSI-
TH, ¥ OIIepallHs IIPOBEPKHU M YCTAHOBKY IIPUTOMXHEI IS pealn3alliil B3aNMHOTO MCKITIO-
YeHHUs, 00a 3TH IpreMa OYeHb Hed(PheKTUBHBL. Beskuit pa3, Korga oguH U3 IIPOIECCOB
BBITIOTHSICT CBOIO KPUTUICCKYIO CEKIIMIO, JTI000 IPYroil mpoIecc, KOTOPHIH IBITaeTC
BOITH B CBOIO KPUTHUUYECKYIO CEKIIMIO, MTOMAamaeT B UK MPOBEPKHA COOTBETCTBYIOIINX
IepeMEHHBIX-(DJIaroB, peTIaMEeHTUPYIOIINX JOCTYT K KPUTUUCCKHUM IepeMeHHBIM. [1pu
TaKOM HEOIIpeIeIcHHOM IIpeOBIBAHUN B LIMKJIC, KOTOPOE HA3BIBACTCS AKMUBHbIM OXCU-
Oanuem, HATIPACHO PACXOIYETCS IPOIECCOPHOE BpeMsI, IIOCKOJIBKY IIPOIECC NMEET J0C-
TYII K TeM OOIIMM IIepEeMEHHBIM, KOTOPBIC 1 OIIPEACIITIOT BO3MOXHOCTh MM HEBO3MOX-
HOCTPH BXOJa B KPUTHUECKYIO ceKumio. [Ipm 3TOM mpolmecc OTHHMAeT IIEHHOE BpeMs
LIEHTPaJIBHOTO TIPOIIeCCopa, Ha CaMOM JiejIe HIYEeTo peaqbHO He BRIMOMHSSI. Kak pe3ynb-
TaT MBI TTOJIydaeM oOIImee 3aMeqIeHNe paOOTHl BEIYUCIUTEIBHON CHCTEMEL.

Jlo Tex mop ITOKa Ipoliecc, 3aHNMAIOIINI B TaHHBIM MOMEHT KpUTHUICCKUH pecypc, He
PEIINT €TO YCTYIUTD, BCe APYTHUe MPOIIECCHI, OKMIAIOIINE 3TOTO pecypca, MO OBl BO-
00IIe He KOHKYPHPOBATh 3a MPoIeCcCOpHOE BpeMs. ISl 3TOro X HYXKHO MEPEeBECTH B
COCTOSTHME OXUAaHus (3a0moKmpoBath). Korma BXom B KPUTHMUCCKYIO CEKIIMIO CHOBA
OCBOOOINTCS, MOXHO OYIET OISITh IEPeBECTH 3a0JIOKMPOBAHHBIM MTPOIIECC B COCTOSTHIE
TOTOBHOCTH K BBITTOTHEHHIO M aTh €My BO3MOXHOCTD MOJTYIUTh IIPOIECCOPHOE BPeM.
CaMpIit TIPOCTOM CIOCOO MPEIOCTaBUTh IIPOLIECCOPHOE BPeMs TOTHKO OXHOMY BBRIYMC-
JIMTEIBHOMY IIPOIECCY — OTKIIOUNTD CHCTEMY IIPEPBIBAHUI, TOCKOIBKY TOTa HUKAKOe
BHEITHEe COOBITHE He CMOXET IpepBaTh BHINOJIHAONINicA pouecc. OnQHaKO 3TO, KaK
MBI yXe 3HaeM, IpUBEAET K TOMY, YTO CUCTeMa He CMOXET pearupoBaTh Ha BHEIIHUE
COOBITHS.

BMecTo TOro 4TOOBI CBSI3BIBATH C KAXIBIM npoueccomMm CO6CTB6HHYIO NCPEMCHHYIO, KaK
9T0 OBLIO B PaCCMOTPCHHBIX HAMU PCHICHUAX, MOXHO CO BCEM MHOXCECTBOM KOHKYpU-
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PYIOIIMX KPUTUYECKUX CEKIIMI CBS3aTh OAHY MepeMeHHYI0, KoTopyio JleiikcTpa mpe-
JIOXMJI pacCMaTpUBaTh KaK HEKOTOPBIM «KIou». BHavyane 10cTyn K KpUTUYECKON CeK-
uuu oTKpbIT. OgHAKO Tepea BXOJOM B CBOIO KPUTHYECKYIO CEKIMIO Tpoliecc 3abupaer
KJII0Y ¥ TeM CaMbIM OJIOKUPYET ApyTrue nmpoiecchl. [Tokumas KpuTUIECKYI0 CEKLIUIO, MTPO-
1IECC OTKPBIBAET JOCTYI, BO3Bpallas KJ4 Ha MecTo. Ecim mpoiiecc, KOTOPBI Xouer
BOWTH B CBOI0O KPUTUUYECKYIO CEKIIMIO, OOHApYyXMBaeT OTCYTCTBUE KJIOYa, OH JOJKEH
OBITB MEepeBeeH B COCTOSIHUE 0JI0KMPOBAaHUSI 10 T€X IMOP, MOKa Mpoliecc, UMEIOIIMI KoY,
He BepHeT ero. Takum o6pa3oM, KaxKAbli Mpollecc, BXOAS NI B KPpUTUUECKYIO CeKIIUIO,
JIOJXKEeH BHavaje MpOBePUTD, TOCTYIIEH JIU KJII0Y, U €ClIK 3TO TaK, TO CAENaTh ero Heao-
CTYNHBIM JJIS1 AIpYyTUX TpoleccoB. [IpuyeM caMbIM TIaBHBIM IOJXKHO OBITh TO, UTO 3TU
NBa AefCTBUS HOJXHBI ObITh HEIEAUMBIMU, YTOOBI 1Ba WU OoJiee MTPOLIECCOB HE MOTJIN
OJIHOBPEMEHHO MOJYYMTh JOCTYI K KJlouy. bojiee Toro, mpoBepKy BO3MOXHOCTH BXOJa
B KPUTUYECKYIO CEKIIMIO JIy4llle BCETrO BBIMOJHATh HE CAMUM KOHKYPMPYIOIIMM IpOlLec-
caM, TaK KakK 3TO MPUBOAUT K aKTUBHOMY OXMIAHUIO, a BO3JOXMTh 3Ty (PYHKIMIO Ha
ornepaloHHYI0 cucTeMy. TakuM o6pa3oM, Mbl MOJOLIIN K OMHOMY M3 CAMBIX TJTaBHBIX
MEXaHU3MOB pellleHUs MPoOIeMbl B3AMMHOTO UCKIIOYeHUs — ceMadopaM JeiiKCTphl.

CemadopHblie npumMnTUBbI [JEenuKcTpbl

IMonsiTue cemaopHbIx MexaHU3MOB ObLT0 BBeAeHOo JleiikcTpoii [10]. Cemaghop (sema-
phore) — 310 epeMeHHas creabHOTO TUIA, KOTOpasi IOCTYITHA MapajjieIbHbIM MPOLiec-
caM TOJIbKO JJIs1 ABYX OTNepaluil — 3aKPBITUSI M OTKPBITHUS, HA3BAaHHBIX COOTBETCTBEHHO
onepauusiMu P uV'. DTu onepauuu SBASI0OTCA IPUMUTIBAMU OTHOCUTEIBHO ceMadopa,
KOTOPBII yKa3blBaeTCsl B KauecTBe MapaMmeTpa ornepanuii. 3nech ceMadop UrpaeT poJib
BCIIOMOTaTeJIbHOTO KPUTHUYECKOTO pecypca, Tak Kak ornepaiiuu P u'V HeneauMbl Tpu CBO-
€M BBITTOJJHEHUU U B3aMMHO UCKJII0YAIOT APYT ApyTa.

CemadopHbIil MexaHM3M paboTaeT Mo cxeMe, B KOTOPOI cHavaja MCCAeayeTcsl COCTOsI-
HUEe KPUTHYECKOTO pecypca, MIeHTUhULUMpPYeMOoe 3HaueHueM ceMadopa, a 3aTeM yxe
OCYIIECTBJISIETCS TOMYCK K KPUTUYECKOMY pecypcy MJIM OTKa3 OT HEro Ha HEKOTOpoe
BpeMs. [Ipu oTkaze mocTymna K KpUTUUYECKOMY PECYPCY MCIIOIb3YeTCSl PEXXUM HACCUBHO-
20 oxcudanus. TloaToMy B cOCTaB MeXaHM3Ma BKJIOYAIOTCS cpeacTBa (GopMUpOBaHUS U
00CIyXMBaHUs ovepelrd OXUAAIUIMX MPOLIECCOB. DTU CPEACTBA PeaNM3yIOTCs Cylep-
BU30POM OIlepallMoOHHON cucTteMbl. HeoOX0omMMO OTMETUTD, YTO B CUITy B3AMUMHOTO HC-
KJTI0YeHUSI TPUMUTHUBOB MOTBITKA B pPa3IMUHBIX MapajjieJIbHbIX Mpolieccax OMHOBPEMEH-
HO BBITTOJHUTh NPUMUTHUB HaJl OOHUM U TeM Xe ceMachopoM MPUBEAET K TOMY, UTO OHA
OKaXxeTcs yCIeIIHON TOJbKO JIJIsl OJHOTO IMpoliecca. Bee ocTanbHbIe MPOLECCHl Ha Bpe-
M BBIMOJIHEHUSI MTPUMUTHUBA OYAYT B3AUMHO UCKJIOUEHBI.

OCHOBHBIM TOCTOMHCTBOM ceMa(OpHBIX omepaluil SBASIETCS OTCYTCTBUE COCTOSIHUS
aKTUBHOTO OXMUIAaHUS, UTO MOXET CYIIECTBEHHO MOBBICUTH 3(P(PEKTUBHOCTb pabOTHI
MYJbTU3aTAYHOM CHUCTEMBI.

B HacTosiiee BpeMsl Ha MpakTUKE MCIOJIb3YETCS] MHOTO pa3JIMYHBIX BUIOB ceMadop-
HBIX MeXaHU3MOB [41]. BapbupyeMbIMU TapaMeTpaMu, KOTOPhIE OTIMYAIOT pa3IUYHbIC
BUbI IPUMUTHUBOB, SIBJISIIOTCS HauaJbHOE 3HaUeHUE U IMAla30H U3MEHEHUS 3HaUeHU i1

' P — ot royutanzackoro Proberen (mposeputs), V — oT roanackoro Verhogen (yBeIu4uTh).
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ceMacdopa, ToTUKa AecTBUI ceMa(OpPHBIX OTepalliii, KOMNIECTBO ceMaopoB, TOCTYII-
HBIX IJIS1 00pabOTKY IPpU UCTIOTHEHUH OTAENbHOTO TPUMUTHBA.

O0001IeHHBINM cMBICT TpUMHUTHBA P(S) cocTOMT B MpoBepKe TeKyIIero 3HaYeHUs ceMa-
(dopa S. Ecnu oHO He MeHbIIIE HYJISI, TO OCYIIECTBISETCS TepeXol K CAeAyIoIei 3a mpu-
MUTHBOM OTlepallii. B MpoTUBHOM ciyyae Tpolecc CHUMAETCsl Ha HEeKOTOPOe BpeMsI C
BHITIOJTHEHUS U TIEPEBOAUTCS B COCTOSTHIE MACCUBHOTO oXuaaHus. Haxonsich B ciimcke
3a0J0KMPOBAHHBIX, OXMIAIOIIMI MPoLiecC He TIpoBepsaeT ceMadop HeNmpephIiBHO, KaK B
cllydyae aKTUBHOTO OXHMAaHMs. BMecTo Hero mpoueccop MoXeT UCIIOJIHSTh APYroit mpo-
1ecc, peanbHO BHITOJHSIOIIMIM KaKyl0-TO MOJe3HYI0 paborTy.

Omnepanusg V(S) cBs3aHa ¢ yBeIMUYeHNMEM 3HaUeHUS ceMadopa Ha eAMHUILY U IEPEBOIOM
OJHOTO WJIK HECKOJIBKUX IPOLIECCOB B COCTOSIHUE TOTOBHOCTH K UCITOJTHEHUIO LICHTPaIb-
HBIM MTPOILIECCOPOM.

OtMeTuM elie pa3, 4To ornepauu P u V BBITONHAIOTCS OlepalliOHHOI CUCTEMOIA B OTBET
Ha 3aIpocC, BBIIAHHBIN HEKOTOPBIM MPOLECCOM M colepXaluii uMs cemMadopa B Kade-
CTBe Mapamerpa.

PaccMoTpuM mepBhIil BapuaHT alropuT™Ma padoThl ceMahOpHBIX onepanuii (TucTuHT 7.7).
JloTycTUMBIMU 3HAYEHUSMU ceMadOpOoB SABISIOTCS TOJIbKO Liejble yucna. [JJBOMUYHBIM
ceMacdopoM OymeM HasbiBaTh ceMadop, MaKCMMaIbHO BO3MOXHOE 3HAU€HUE KOTOPOTO
paBHO equHuLE. [IBOMYHBII ceMadop' 1160 OTKPHIT, MO0 3aKpbIT. B ciayyae, Koraa ce-
Madop MOXeT MPUHUMATh 00Jiee IBYX 3HAUECHUH, ero Ha3bBaloT N-muHBIM. EcTh peanm-
3allMM, B KOTOPBIX ceMadOpHbIe IepeMEHHbIE HE MOTYT OBITh OTPUILIATEIbHBIMU, 4 €CTh U
TaKue, Te OTPULATEIbEHOE 3HAUeHUE YKA3hIBAET HA JUIMHY OUYepein IIPOLIECCOB, CTOSIINX
B COCTOSIHUM OXUIAHUS OTKPBITUS ceMmadopa.

JInctunr 7.7. BapuvaHT peansaupmn ceMmadOpHbIX MPYMUTUBOB

P(S) S =S-1.
if S<0 then { oCTaHOBMTH TDONECC ¥ TOMECTUTH €T0 B OYepemb OXMIaHus K ceMadopy S }.

V(s) 1if S<0 then { momecTuTh OmME U3 OXKMIANMYX TPONECCOB OYEpENy CeMadopa S B OYepenb
TOTOBHOCTH }.
S =5+1.

3aMeTuM, 4TO AJ1s1 pabOTHI ¢ ceMadOPHBIMU IEPEMEHHBIMU HEOOXOIMMO €Ille UMETh OIle-
paluio NHULMAIU3aII caMoro ceMacdopa, TO eCTh 3aJaHuUsI eMy HayaJbHOTO 3HAUEHHSI.
OOBIYHO 3Ty onepannio Ha3bsBaoT InitSem; Kak mpaBmiio, OHA UMEET IBa IapaMeTpa —
M cemaopHOii IepeMeHHOH 1 ee HauaJbHOE 3HAUeHUE, TO €CTh 00pallleHNe UMEET BUJI

InitSem ( Wmsa_cemadopa. HavanbHoe_3HayeHue_cemadopa ).

[TommeiTaeMcs Ha HalleM TIpUMepe IBYX KOHKypupyroomux npoiueccos I[1P1 u ITP2 mpo-
aHaJM3MPOBaTh UCIIOJIb30BaHME TaHHBIX ceMa(OPHBIX IPUMUTHUBOB AJISI PEIIEHUS IIPO-
OJeMbI KpuTHYeCcKOit cekiuu. [IporpaMma, MILTIOCTPUPYIONIAs 3TO PEHIEHUE, TPECTaB-
JieHa B TUCTUHTE 7.8.

JlucTuHr 7. 8. B3anMHOe NCKITIOHYEHNE C NMOMOLLIbIO ceMadOpHbIX onepawmii

var S semafor
begin InitSem(S, 1). npogomxenne &

' JlBonuHble ceMadopbl HHOTAA HA3bIBAIOT MBIOTEKCAMU (CM Janiee)
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JlucTuHr 7. 8 (NposonmxeHne)
parbegin
P1 while true do
begin
P(S),
Csl. { xputuueckas cexmusg mpormecca NP1 }
V(s)
PR1
end
and
P2 while true do
begin
P(S).
(S2. { xpuTmyeckas Ccekiuus mpomecca MP2 )
v(S)
PRL
end
parend
end
Cemadop S nmeet HauanbHOE 3HaueHue, paBHoe 1. Ecnu npotieccsr [TP1 u ITP2 nomnbr-
TAIOTCS OMHOBPEMEHHO BBITIOJHUTH MPUMUTUB P(S), TO 3TO ymacTcs ycneurHo cienaTh
TOJIbKO OofiHOMY U3 Hux. Ilpeamonoxum, sto cnenan npouecc [TP2, Torna oH 3aKpbIBaeT
cemadop S, mocse yero BIMOJHsIETCS ero Kputudeckas cekuust. [Ipouece ITP1 B pac-
cMaTpuBaeMoii cutyanuu oynet 3ab6J0KupoBaH Ha cemadope S. TeM caMbIM rapaHTUPY-
eTcsl B3aMMHOE MCKJTIOUEHHUE.

[Tocne BeimonHeHust mpumutuBa V(S) mpoueccom I[TP2 cemacdop S oTkpbIiBaeTcs, ykasbl-
Basl HA BO3MOXHOCTh 3aXBaTa KaKMM-JIMOO TMPOIIECCOM OCBOOOAMBIIETOCS KPUTHUYECKO-
ro pecypca. IIpu atoM nmpousBogutcst nepesof mpoiecca [TP1 13 3a010KMpoBaHHOTO
COCTOSIHUSI B COCTOSIHHE TOTOBHOCTH.

Ha ypoBHe peanuzanuu BO3MOXHO OJHO U3 IBYX PEUICHUI B OTHOIIEHWU MPOIIECCOB,
KOTOPbIE MEPEBOISITCS U3 OUePEAM OXKUIAHUS B OUEPEb TOTOBHOCTHU MPU BBITOJTHEHUYN
npuMuTHBa V:

* Mpollecc IPH ero aKTUBU3aIKK (BHIOOPKA U3 OYepeI TOTOBHOCTH) BHOBb ITBITACTCS
BBITIOJTHUTH MPUMUTHUB P, cunTasi mpeablayyo NONbITKY HEYCIEeIHOM;

* TIpoliecc MPH MOMEIIEHUH er0 B 0Yepeab FOTOBHOCTH OTMEYaeTCs KaK YCIEeITHO BhI-
MOJTHUBIIWI MPUMUTUB P, TOrIa Mpu ero akTMBM3allMH yIIpaBJieHHe OyIeT IepeaaHo
He Ha ITOBTOPHOE BBITTOJIHEHUE TPUMUTHBA P, a Ha KOMaHMy, ClIeaYIONIYIO 32 HUM.

Paccmotpum nepBslit criocod peanuzanuu. [ycts mpouecc [TP2 B HeKOTOPBI MOMEHT
BpeMeHU BhinosHsieT ornepaiuio P(S). Torna cemacdop S ctaHoBUTCS paBHBIM HyJT10. [TycTh
nanee mpouecc [TP1 meitaercs BeimonHuTh onepanuio P(S). Ipouecc ITP1 B 3ToM ciy-
yae OJoKkupyeTcs Ha ceMadope S, Tak Kak 3HaueHue ceMacdopa S paBHSIIOCh HYJIIO, a Te-
nepb cTaHeT paBHbIM -1. [locsie BeIMOMHEHUsT KpUTHIeCcKoi cexiuu mporecc [TP2 Boi-
MoJTHsIeT ornepaluio V(S), mpu 3ToM 3HaueHUe cemadopa S CTAHOBUTCSI paBHBIM HYJITIO, a
npotecc ITP1 nmepeBoauTcs B ouepeab roroBHOCTH. [1ycTh uepe3 HEKOTOpoe BpeMsl Mpo-
uecc ITP1 Oyzner akTMBU3MPOBaH, TO €CTh BHIBEAEH U3 COCTOSIHUS OXMUAAHUS, U CMOXET
MPOJOJIKUTH CBOE McTOJHEHUE. OH MOBTOPHO MOTBITAETCS BBIMOJHUTH oniepanuio P(S),
OJTHAKO 3T0 eMy He yaacrtes, Tak kak S=0. [Tpouecc [TP1 61okupyetcst Ha cemadope, a
€ro 3HaueHue CTaHOBUTCSA paBHBIM -1. Ecim yepe3 HekoTopoe BpeMs mpouecc ITP2
MOMbITAeTCS BHIMOJHUTH P(S), To OH Toxe 3a0nokupyetcs. Takum 06pa3oM, BOSHUKHET
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TaK Ha3blBaeMasl mynuxkoeas cumyaiyus, Tak Kak pa3ojgokupoBaTh mpoueccol [1P1 u I1P2
HEKOMY.

[Ipu BTOpOM criocobe peaiu3aly Tymuka He OymeT. [leiicTBUTENBHO, IYCTh BCE MPOUC-
XOIUT TaK Xe 10 MOMEHTa OKOHYaHUs McIHoJHeHus rnpoueccoM I1P2 mpumutusa V(S).
[Iycts npumutus V(S) BeimonneH, u S=0. Yepes HekoTopoe BpeMs mpouece [1P1 akTuBu-
supyercs. CoracHO JaHHOMY CITOCOOY pealn3allui OH Cpa3y Xe IOoHaieT B CBOIO KPUTH-
4yecKyto cekuuio. [Ipu 3ToM HUKaKoU APYroil mpoiiecc He MOMaAeT B CBOIO KPUTHUYECKYIO
CEeKIIMIO, TaK KaK ceMaop ocTaeTcs 3aKpHThIM. [lociie ucroaHeHUs CBOei KpUTUYECKOI
cexuuu npouecc [TP1 BermonnuT V(S). Eciu 3a BpeMst BEIITOJIHEHUS KPUTUIECKOM CEKITUU
npouecca [TP1 mpouecc I1P2 He cnenaeT mOMbITOK BEIIIOJHUTE ornepaiuio P(S), cemadop S
YCTAaHOBUTCSA B equHuLy. B mpoTuBHOM ciiydyae 3HayeHue cemadopa OyaeT He OoJbliie
HyJs1. Ho B mo0oM BapuaHTe mocie 3apepiieHus onepaiuu V(S) npoueccom I1P1 goctyn
K KpUTHUECKOMY pecypcy co cTopoHhl npouecca [1P2 6yner paspenieH.

3aMCTI/lM, YTO BOBHUKHOBCHHNE TYIIMKOB BO3MOXKHO B CJ1y4ya€ HECOIJIaCOBAHHOI'O BBIOO-
pa MexaHM3Ma U3BJICYEHUS MPOLIECCOB U3 OYePEIH, C OMHOM CTOPOHHBI, ¥ BBHIOOpA alro-
PUTMOB ceMadOPHBIX ONepaLuii, ¢ IPYTOii.

Bo3MmoxxeH apyroit anroputM padboThl ceMa(OpHBIX OIepallnii:

P(S) if S>=1 then S =S-1

else WAIT(S){ oCTaHOBUTH IPOIUECC ¥ MOMECTVTE B OYepelb OXUIaHus X cemadopy S }
V(S) if S<0 then RELEASE(S){ moMecTuTb OIVH W3 OXMIADMMX TPOLECCOB ouepemy cemadopa S
B Ouepenb TOTOBHOCTY }
S=5+1

3nech Be130B WAIT(S) o3Havaert, uro cynepBu3op OC qoikeH MepeBecTu 3a1ady B COCTO-
sIHHE OXUAaHUs, IIpUYEM ouepeb MpolieccoB cBa3aHa ¢ ceMadopoM S. BreizoB RELEASE(S)
O3HayaeT oOpallleHue K AUcIIeTYepy 3amay ¢ Ipoch00ii mepeBecTU MepBhIi U3 MpoLec-
COB, CTOSIIIIMX B 04epeau S, B COCTOSIHUE TOTOBHOCTHU K UCIIOJHEHMUIO.

Hcnonwp3oBanue ceMachoOpHBIX Orepaliii, BRIIMOJIHEHHBIX TOTOOHBIM 00pa3oM, O3BOJISI-
€T pelIaTh IpobieMy KpUTUYECKUX CEKIIUI Ha OCHOBE IIEPBOrO CIIocofa peann3alui, Ipu-
yeM 0e3 OIMacHOCTY BO3HUKHOBEHUS TYNUKOB. [elicTBUTenbHO, mycTh [1P2 B HeKOTOpHIit
MOMEHT BpeMeHH BhINoTHUT onepaninio P(S). Torma cemadop S ctaHOBUTCS paBHBIM HYITIO.
IIyctp nanee npouecc [1P1 nbiTaercs BeimoaHuTs onepauuio P(S). IIpouecc I[1P1 B aTom
ciyyae 010Kkupyercs Ha cemacdope S, Tak Kak S=0, mpuuemM 3HaueHue S He u3meHutcst. [locne
BBINIOJIHEHUSI CBOEH KpUTHUUeCcKoii ceKiuu mpouecc [1P2 Bemmonnut onepauuio V(S), npu
9TOM 3HaueHHe cemacdopa S cTaHeT paBHBIM eanHUIIE, a polecc [1P1 mepeseneTcs B ove-
penb roToBHOcTU. Eciu yepe3 HekoTopoe Bpems mpouecc [1P1 nmpomoaxut cBoe Ucmo-
HEHUE, OH YCIIEIITHO BBIIOJIHUT MPUMUTUB P(S) 1 BoIiIET B CBOIO KPUTUUYECKYIO CEKIIUIO.

B ogHompoleccopHoil BHIUMCIUTENbHOM CCTEMe HEAETMMOCTh onepainii P u 'V MoxHO
00ecreynTh ¢ TOMOIIBIO IIPOCTOro 3ampeTa npepriBaHuil. CaMm ke cemMadop S MOXHO
peanu30oBaTh B BUIE 3aMMCH C ABYMS MOJAMU (JUCcTUHT 7.9.). B ogHOM moje OymeT xpa-
HUTbCS 1IeJI0e 3HaYeHMe S, BO BTOPOM — yKa3aTejIb Ha CIIMCOK IMPOLIeCCOB, 3a0JJ0KHUPO-
BaHHBIX Ha ceMadope S.

JluctunHr 7. 9. Peannzauus onepauuin P vV ang ogHONPOLLECCOPHOM CUCTEMBI

type Semaphore = record
CYEeTHUK integer.
ykasaTenb pointer npogoskeHmne &
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JIncTuHr 7.9 (npogomkeHne)

end
var S Semaphore

procedure P ( var S  Semaphore)
begin 3ANPETUTb_MPEPLIBAHUA
S cuetunk = S cyetyuk 1
if S cuetunk < O then
WAIT(S) { BcTaBuTb 06paTWBLUIMIACS NPOLECC B CMNMCOK MO S ykasaTenb W nepenatb
Ha MPOLECcop rOTOBBIA K BbIMONHEHWIO MpOLECC }
PA3PELLINTb_MPEPBIBAHWSA
end

procedure V ( var S  Semaphore)
begin 3AMNPETUTb MPEPbIBAHNG
S cuetynk = S cyetymk+1
if S cyetunk <= 0 then
RELEASE (S) { nebnoknpoBaTb nepBblii NMpouecc W3 cnucka no S ykasatens }
PA3PELLWTb_MPEPLIBAHNA
end

procedure InitSem (var S  Semaphore)
begin

S cyetunk =1

S ykasatenb =nil
end

Peanuzanus cemadopoB B MyJbTUIIPOLIECCOPHBIX CUCTEMAaX CJIOXHEE, YeM B OZHOMPO-
neccopHbelx OTHOBPEMEHHBIN TOCTYI K ceMadopy S NBYX MPOLIECCOB, BBIMOTHSIOUIUX-
Cs1 Ha OIHOTIPOLIECCOPHOI BEIYMCIUTEIbHON CUCTEME, TPEAOTBPALIAETCS 3alPETOM Tpe-
pbiBaHUM OJHAKO 3TOT MEXaHU3M HE TTOAXOJU T 11 MYJbTUIPOLIECCOPHBIX CUCTEM, TaK
KaK OH He TIPEeMITCTBYET ABYM WK OoJjiee ITpolieccaM OTHOBPEMEHHO 00paIaThCs K Of-
HoMy cemadopy B cury Toro 4to Takoi JOCTYN AOJXKEH Peaqu30BBIBATHCS Yepe3 KpHU-
TUYECKYIO CEKI[UI0, HEOOXOAMMO AOMOJHUTENBbHOE annapaTHOE B3aUMHOE UCKIIOYEHUE
JocTyna JAJisl pa3IuYHbIX MpolieccopoB OMHUM U3 PELICHU SIBISIETCS UCTIOIb30BaHUE
YK€ 3HAKOMBIX HAM HeJleJTUMbIX KOMaHA TpoBepku U ycTaHOBKU (TS) JIByXKOMIOHEHT-
HbII ceMadop B 3TOM cllydae pacHIMpsieTCs BKIIOYEHUEM TPEThEro KOMIIOHEHTA — JIO-
TMYeCKOro Mpu3Haka B3auMouckia (iuctuur 7 10)

Jinctunr 7. 10. Peannsauuns onepaumii P nV gns MynsTMnpoLecCopHOr CUCTEMbI

type Semaphore = record
cyeTyuk  integer
ykasaTtenb pointer
B3aumouckn  boolean
end
var S  Semaphore

procedure InitSem (var S  Semaphore)
begin
With S do
begin
cuetumk =1
ykasatenb =nil
B3anmMounckn=true
end
end
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procedure P ( var S  Semaphore),
var pa3pemexo  boolean,
begin
3AIIPETUTE_IPEPHBAHNS.
repeat TS(paspemeHo. S B3aMMOCKI) until paspelexo.
S cueTyuk =$ cyeTuymk-1l.
if S cuerunk < 0 then WAIT(S). { BCTaBUTH ODPATMBLUICS TPOLECC B CIUCOK T0 S yKa3aTenmb
¥ TepefaTh Ha IDOLECCOP TOTOBHY K BHMNONHEENMD TDOLECC }
S B3aUMOUCKN =tTue.
PA3PEINTE_MPEPHBAHNA
end.

procedure V ( var S Semaphore ).
var paspemeHo  boolean.
begin
3ATIPETUTE_ITPEPHBAHNSA,
repeat TS(paspemeso. S B3ammoucki) until paspemexo
S CyeTuMK =S CUeTUMK+l,
if S cyerunk <= 0 then RELEASE(S), { nebmoxupoBaTh MeEPBHI TOUECC K3 CIUCKA
mo S ykaszartenp }
S B3aUMOMCKI =true,
PA3PEINTE_ITPEPRBAHNA.
end
OO6paTuTe BHMMAaHKe, YTO B JAHHOM TeKCTe KOMaHIa IIpOBepKU 1 ycTaHoBKM — TS(pa3-
peleHo,S.B3auMOUCKI) — paboTaeT He C 1IeNT0YMCICHHBIMHU, a ¢ OyIeBBIMU 3HAUCHUSIMHU.
[IpakTyecky 3T0 HUYETO HE MEHsET, MO0 TEKCT MPOTPaMMbI M ¢ MallMHHAs (IBOMY-

HaH) p€amm3alniad — 3TO PA3HBLIC BECIIU.

MbioTekchbl

OnHMM W3 BapMaHTOB peanu3aluy ceMadOpHBIX MEXaHW3MOB Ul OpraHU3aIlMK B3a-
UMHOTO UCKJTIOUEHHUS SBJISIETCS TaK Ha3bIBaeMBIN maromexc (mutex). TepMuH «mutex»
MIPOM30IIENT OT cIoBocoyeTaHUs «mutual exclusion semaphore», 4To TOCIOBHO IIEPEBO-
JNTCS C aHTIMICKOTO KaK «ceMadop B3aMMHOTO MCKIIOUeHMsI». MBIOTEKCH peaan3oBa-
HBI BO MHOTHX OTI€pAIlMOHHBIX CUCTEMAaX, MX OCHOBHOE Ha3HAYeHNEe — OpraHM3alIlis B3a-
UMHOTO WCKJIIOUeHUS U 3amad (IIOTOKOB BBHITTOJHEHMSI) OXHOTO WJIM HECKONbKHX
MpolecCoB. MBIOTEKCH — 3TO MpOCTeiiIie IBOMYHBIE ceMadophl, KOTOPBIe MOTYT Ha-
XOIWTBCS B OMHOM M3 IBYX COCTOSIHUN — OTMEYEHHOM M HEOTMEUSHHOM (OTKPHIT U 3a-
KPBIT COOTBETCTBEeHHO). Korma Kakas-nmmbo 3amava, IpuHaIIexaInas Jo00oMy Mpolec-
Cy, CTAHOBMTCS BIafieNblieM 00BeKTa MBIOTEKC, TOCISTHUI TTePeBOANTCA B HEOTMEUEHHOE
cocrostare. Ecim 3amaya ocBOOOXIAeT MBIOTEKC, €0 COCTOSHIE CTAHOBUTCS OTMEUYeH-
HBIM.

OpraHu3anus MOCIeA0BaTeIbHOTO (a He MapalieJbHOT0) OJOCTyIa K pecypcaM ¢ Hc-
MOJIb30BAHNEM MbIOTEKCOB CTAHOBUTCS HECIOXHOM, MOCKOJIbKY B KaXIblii KOHKPET-
HbII MOMEHT TOJIbKO OfHA 3aJaya MOXET BJafeTb 3TUM 00beKTOM. sl TOro 4TOOBI
MBIOTEKC CTaJI JOCTYIEH 3afauaM (MOTOKAM BBHIIIOJHEHUS ), IpUHAAIEXKAIIUM pPa3HbIM
npolueccaM, MpyU CO3TaHNKM eMy He0OXOAMMO MPUCBOUTDL UMSI, BIIOCIEICTBUU Mepeaa-
BaeMoe «II0 Haclle[ICTBY» 3aJauyaM, KOTOPbIe JOJKHBI €0 MCI0Ib30BaTh IS B3aMO-
neiicTBus. [Inst 3Toro BBOASTCS celialbHble cCUCTeMHBIe BEI30BH (CreateMutex), B
KOTOPHIX YKa3bIBAIOTCS HaualbHOE 3HAUEHME MbIOTEKCA, €r0 UMS M, BO3MOXHO, aTpH-
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OyThI 3amUThl. Ecin HavanpHOE 3HAaYeHUE MBIOTEKCA PaBHO true, CUMTAeTCs, YTO 3a1a-
ya, co3falias 3TOT 00beKT, cpa3dy OyaeT UM BiaageTb. MoXHO yKa3aThb B KauyecTBe
HavaJbpHOTO 3HaueHUe false — B 3TOM cilydyae MbIOTEKC He OymeT IpHUHAIICXKAaTh HU
OIHOW M3 3a1ay, U TOJbKO CIIeLMaJbHbBIM OOpallleHUEM K HEMY YAACTCS U3MEHUTD €T0
COCTOSIHHE.

Jlyist paGOThI ¢ MBPIOTEKCOM MMEETCSI HeCKOJIbKO QYHKI M. [ToMMMO yXe YIIOMSHYTOi
(yHkumu cozganusa rakoro oobekTa (CreateMutex), ectb GyHKIMY OTKpBITUS (OpenMu-
tex), oxkxumanus coobrtuii (WaitForSingleObjectu Wait ForMultiple Objects) u, HakoHe1r, oc-
BoOoXmeHus 3Toro oobekTa (ReleaseMutex).

KoHkperHbie 0OpamieHsT K 9TUM QYHKIIMAM U IIEPEYHHU IepeaaBaeMbIX U IMOJydae-
MBIX MMapaMeTPOB UMEIOTCA B JOKYMEHTAIlUU HA COOTBETCTBYIOLIYIO OMEPALIMOHHYIO
CHCTEMY.

Mcnonb3oBaHmne cemadopoB Npu NPoOeKTUPOBaHUN
B3aUMOENCTBYIOLUMX BbIYUCIIUTENbHBIX NPOLLECCOB

CemadopHble TPUMUTHUBBL YPE3BBIYANHO IMIUPOKO MCIOIB3YIOTCS TP IIPOCKTUPO-
BaHUM Pa3HOOOPA3HBIX BEIYMCIUTENbHBIX MpoleccoB. [Ipyn 3TOM HEKOTOpBIE 3al1aun
SIBIISIIOTCSI HACTOJIBKO «THUIMHUYHBIMU», YTO UX IETaJbHOE PaCCMOTPEHHE YK€ CTaJo
KJIaCCUYECKMM B COOTBETCTBYIOLIMX Yu4eOHbIX mocodbusx. He Oynem menath MCKIIIO-
YEHUU U MBI.

3apaya «noCTaBLUMK-NOTpeouTenb

Perrenue 3amaun «IOCTaBIIMK-ITOTPEOUTENb> SIBIISIETCS XapaKTEPHBIM ITPUMEPOM HC-
MMOJTh30BaHMsI ceMachopHBIX onepanuit. ComepkaTeabHas TOCTAHOBKA 3TOM 3aIaull yXe
OblJIa HAMU OTIMCaHa B HavyaJyie 3TOH IJaBhl. PazmesseMbIMU IIepeMEeHHBIMU 31eCh SBJIS-
IOTCSI CYCTUMKHI CBOOOMHBIX M 3aHATHIX 0Y(hepOB, KOTOPHIEC MOTKHBI OBITH 3AIMUIICHEI CO
CTOPOHBI 000X IIPOIIECCOB, TO €CTh AEHCTBHS 1O IOCHUIKE U MOJIYICHUIO COOOIICHUM
IOJIXHBI OBITh CHHXPOHU3UPOBAHBI.

Hcnonb3oBaHue ceMadopoB Il pelieHUsT JaHHOM 3a1a4i UJUTIOCTPUpPYeET TUCTUHT 7. 11.

JlucTtunr 7. 11. PeweHuve 3aa4n «noCcTaBLUMK-NOTPeEOUTENb»

var S_cobopHo S_szanonHeHo S_p3ammouckn semaphore
begin
InitSem(S_CBo6oaHo. N),
InitSem(S_3anonHexo 0)
InitSem(S_s3aumonckn 1)
parbegin
MOCTABLUWK  while true do
begin
{ noaroToBuTbL CcoobLieHVe }
P(S_cBo60aHO)
P(S_s3anmownckn),
{ nocnatb cooblieHne }
V(S_3anonHeHo)
V(S_s3anmownckn).
end
and
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TNOTPEBUTEN while true do
begin
P (S_3amonHeHo) .
P (S_B3a1MONCK) .
{ momyunts coobmemve }
V(S_cBobomHo) .
V(S_B3aymMonck) .
{ obpaboraTh coobmemne }
end
parend
end

3nech mepeMeHHbIe S ¢BOOOAHO,S 3alOJHEHOSBISIOTCSA YMCIOBBIMU ceMadopamu,
S_B3auMoucki—aBouuHsiicemadop.llepemenHassS cBoOoMHOMMEEeTHaYaIbHOE3HA-
yeHue, paBHoe N, tme N — KoiuuecTBO Oy(epoB, ¢ MOMOIIbIO KOTOPBIX MPOLECCH CO-
TpyaHuyaioT. [Ipeanonaraercs, 4To B Ha4aJIbHbIii MOMEHT KOJTUYECTBO CBOOOTHBIX OY-
(epoB paBHO N; COOTBETCTBEHHO, KOJIMUYECTBO 3aHSTHIX pAaBHO HYJT10. J[BOMUHBI ceMadop
S B3aMMOMCKJ rapaHTUPYET,YTOBKAXAblii MOMEHTTOJbKO OJIMH ITPOLIECC CMOXKETpado-
TaTh ¢ KPUTUUECKUM PECYpCOM, BBIMOJHSSI CBOIO KPUTHUYECKYIO ceKiuio. CeMadopsl
S cB0OOAHO M S_3amMOJHEHO MCMONb3YIOTCS KaK CUCTYMKU CBOOOAHBIX M 3aMOJHEHHBIX
Oydepos.
JlefiCTBUTEIBHO, MEepe MOCHLIKOM COOOIICHUS MOCTABIIMK YMEHbBIIACT 3HAYeHUE S CBO-
00/IHO Ha eMHMUILY B pe3yJibTaTe BhINOJHEHUS onepaliuuP(S_cBoO0MHO),a mocie mo-
CBLJIKY COOOIIEHHS YBEeTMYMBAET 3HaAYUeHHE S 3aMOTHEHO Ha eIMHUILY B pe3yJIbTaTe Bbi-
MoJHEHUs onepauuu V(S _3amoaHeHO0).AHAJOIMYHO, Meped MOoJy4YeHUEM COOOILECHMS
MOTpeOUTEh YMEHbIIIAeT 3HAUEHUE S 3aTI0JHEHO B pe3yJibTaTe BBIMOJTHEHUS Ollepaliiu
P(S_3amonHeHO0), amocse Mojy4eHus cOOOIIEeHNS YBeTMYMBAET 3HaYeHUe S CBOOOTHOB
pe3yabTaTe BelnoHeHus onepauuu V(S _cBobogHo). CemadopblS _3amoiHeH0,S CBOOOAHO
MOTYT TaKXe MCIMOJb30BaThCS A1 OJOKMPOBKU COOTBETCTBYIOLIMX TpolieccoB. Eciu
nyJ OypepoB 0Ka3bIBaeTCSI MYCTHIM, U K HEMY TMEPBBIM 00PAaTUTCS MPOLIECC «MTOTPEOU-
TeJIb», OH 3a0JI0KHUpYyeTCs Ha cemacope S 3aIMoJIHEHO B pe3yabTaTe BHIMOJHEHMS OIle-
pauuu P(S_3amonHeHo). Ecnu mya 6ydepoB 3aoJHUTCS U K HEMY 00paTUTCS Mpoliece
«IIOCTaBLIMK», TO OH OyIeT 3a010KMpoBaH Ha ceMadopeS cBOOOAHOB pPe3yabTaTe BbI-
noJiHeHus onepauuu P(S_cBob6oaHO).

B peuienuu 3agauu o nocTaBIUKKe U TOTpeduTesie oduue ceMadopbl MPUMEHEHBI AT
ydyeTa CBOOOIHBIX U 3aMOTHEHHBIX Oy(hepoB. X MOXHO TakXe MPUMEHUTDb U TSI pac-
npeaesieHNs MHBIX PECYPCOB.

CuHXpOHM3auna B3auMOAEUCTBYIOLMNX MPOLLECCOB
Cc nomowbio cemadopos

MoOXHO UCIOJIb30BaTh ceMaOpHbIE OrepalMy AJS pellleHUs] TaKuX 3aiad, B KOTOPBIX
YCIIENIHOE 3aBepIIEHNE OHOTO MPOollecca CBA3aHO C OXUIAHUEM 3aBEPILEHUS IPYTOro.
[Mpennonoxum, yto cymecTByIoT aABa npoiecca [TP1 u ITP2. Heobxonumo, 4To6bI TIpo-
uecc [TP1 3amyckan npouecc [TP2 ¢ oxunanueM ero BeinoaHeHus, To ecTb [IP1 He Oy-
JeT MPOA0JIXKaTh CBOE BHIMTOJHEHUE 10 TeX Mop, noka rnpoiecc I1P2 1o KoHI1a He BHIMOJ-
HUT cBolo paboty. [Iporpamma, peanusyrolinas Takoe B3auMoJeiiCTBYe, TIPeACTaBIeHa B
nuctuHre 7. 12.
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Jincturr 7. 12. Tpymep CUHXPOHU3ALMN NPOLLECCOB

var S  Semaphore
begin
InitSem(S, 0)

Pl  begin
MP11: { mepmas yacTe IP1 }
ON ( P2 ). { mocTaBuTh Ha BHIONHEHNME P2 }
P(S).
MP12. { ocTaBmasics vacTh [Pl }
STOP
end,

P2:  begin

MP2. { Bcs pabota mporpamuy P2 }

V(s),

STOP

end
end

HauanbHoe 3HaueHue ceMadopa S paBHo Hymo. Ecam npouecc TTP1 Hauyana BHITTOTHATE-
csI TIEPBBIM, TO Uepe3 HEKOTOPOE BpeMs OH MOCTaBUT Ha BhITIOJHeHUe Tiporiecc [TP2, mocre
9ero BBIMOJHUT orepanuio P(S) u «3acHeT» Ha ceMadope, Tiepeliasa B COCTOSHUE TTacCUB-
Horo oxupaaHus. Ipouecc ITP2, ocyliiecTBUB Bce HEOOXOAUMBbIE JEICTBUS, BBITTOJHUT
npuMutuB V(S) u otkpoeT ceMadop, mocie yero mporecc [TP1 OyaeT roToB K gaabHel-
IIeMY BBITIOJTHEHUIO.

3apavya «yuTaTenu-nucartrenu»

Jpyroii BaxxHO# 1 4aCTO BCTpeyvaloleiics 3agadeit, peleHue KOTOpoil Takke TpeOyeT CUH-
XpOoHU3alUuu, sABJIACTCA 3ada4a «UHUTATCIIN-TIUCATEIN». 9Ta 3agaya UMEECT MHOT'O BapuaH-
ToB. Hambosee xapakTepHas 00/1acTh €€ UCIOJIb30BaHUSI — TOCTPOEHUE CUCTEM YITpaBJie-
Hus ¢aiinamu 1 6a3amMu TaHHBIX, MHGOPMAIIMOHHO-CPaBOYHbIX cucTeM. JIBa Kilacca
MPOLIECCOB MMEIOT IOCTYN K HEKOTOpPOMY pecypcy (obnactu nmamsTu, daitnam). «Hurate-
JIN» — 9TO NMPOLIECChI, KOTOPBIC MOT'YT ITapalJICJIbHO CYUTBIBATH I/IHC])OpMaLII/IIO N3 HEKOTO-
poit ob1Ielt 061acTu MaMsITU, SIBJsIOLIecS KpUuTuueckum pecypcoM. «Ilucatenm» — ato
TIPOLIECCHI, 3aMMChIBaIOIIME UH(OpMaLMIO B 3Ty 00JacTh MaMsITH, UCKJIOYasi ApYT Jpyra,
a TaK2KE MPOLIECChI «YUTATCIUN». HNmerotcsa pa3iInYHbIC BapUAHTHI BSaHMOAGﬂCTBHH MEXIY
nucaTelsiMu U yutareasiMu. Hanbosee mnpoko pacnpocTpaHeHbI CeyIOII1e YCIOBUSI.

YcraHaBiuBaeTCs MPUOPUTET B MCITOJIb30BaHUE KPUTUUYECKOTO pecypca IpoleccaM «um-
TaTean». DTO 03HAYAET, YTO €CJIM XOTS ObI OJMH YMTATEJb MOJIb3YETCS PECYpCOM, TO OH
3aKphIT JJIs1 BCeX MucaTeseid U AJOCTYIeH JJis Bcex uuTtareneil. Bo BTopoM BapuaHTe,
HA000pOT, OOJIBIINI TPUOPUTET Yy IPOLIECCOB «ITMcaTeNar». [1pu mMosBIeHUH 3a1Ipoca OT
nucaresist HGOGXOIII/IMO 3aKpbITh I[&IIbHCﬁHJHﬂ JOCTYII BCEM TEM YHUTATCIISIM, KOTOPLIC
3aIpOCAT KPUTUUECKUI pecypc Mocie HEero.

[ToMuMoO cucTeMbl yrpaBjieHus daijiaMy IpyruM TUITUMYHBIM IPUMEPOM pelLIeHUS 3a-
Jlauy «YUTATEIU-TTUCATEIU» MOXET CIIYXKUTh CUCTEMa aBTOMAaTU3MPOBAHHOM MPOAaXu
ouneroB. [Ipoliecchl «unTaTean» 00eCIeYnBaIOT HAC CIIPaBOYHON NHMOpMaLIeii o Ha-
JIMYUU CBOOOJHBIX OMJIETOB Ha TOT WJIM MHOU pelic. Ilpoliecchl «mucaTean» 3amycKaloT-
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¢ ¢ TIyJIbTa Kaccupa, Koraa oH oopMIISET JjIs Hac TOT WM MHO# ouieT. Mmeercs 60J1b-
o€ KOJUYECTBO KAK YATATENEH, TAK U MUCATEIEH.

IIpumep mporpammbl, peanu3yiollleil pelieHue JaHHOM 3aJauMd B IMEpPBOM ITOCTAHOBKE,
npeacTasieH B quctuHre 7. 13. TIpolecchl «yuTaTen» U «IHACATEW» OIMCAHBI B BHUIE
COOTBETCTBYIOIIMX MPOLIEAYD.

Jinctuur 7. 13. PelueHrie 3a0a4v «4mtaTtenm-nmcaresnn» ¢ NpMopuTeToM B 0CTyMNe
K KPUTMYECKOMY PECypCy 4uTaTteneii

var R, W semaphore.

NR integer,
procedure YATATEJb,
begin
P(R).
Inc(NR) { NR =NR +1 }
if NR = 1 then P(W)
V(R)
Read_Data. { kpuTuyeckas Cexmus }
P(R).
Dec (NR) .
if NR = 0 then V(W),
V(R)
end

procedure IMCATEND,

begin
P(W),
Write_Data { kputnyeckas cekumd }
V(W)

end

begin

NR =0
InitSem(S. 1) InitSem(W 1)
parbegin

while true do YNTATETb
and

while true do YUTATETH
and

while true do YNTATETD
and

while true do MNCATETb
and

while true do INCATETH
and

while true do TNCATETH
parend
end

IIpu pelieHuu gaHHOM 3aga4n MCIIOJAb3YIOTCS IBa cemadopa R u W, a Takxke nepeMeH-
Hasg NR, mpenHa3HaueHHAas VIS MOACYETa TEKYIIETO YMCIa MPOLIECCOB TUIIA «UUTATEIN»,
HaXOMSIIUXCA B KPUTUYECKON ceXmH. JOCTYI K pasienseMoi 00JacTé IMaMsSITH OCYy-
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mectBisgercs yepe3 cemacdop W. Cemacop R TpeOyercs mis B3aMMHOIO MCKIIOYEHUS
MIPOIIECCOB THUIIA «IUTATEITH».

Ecim kputnyeckuii pecypc He MCIONB3YeTCs, TO MEPBHIA MOSBUBIIUICS TpoOLecC TIpU
BXOJ€ B KPUTHUYECKYIO CEKIIMIO BRIMOJHUT onepauuio P(W) u 3akpoer cemacop. Ecimn
TIpolIeCC SIBISIETCS YMTaTeNeM, TO iepeMeHHasd NR yBeTMunTCS Ha eIMHUILY, U TIOCTENy-
IoIle YUTATeTH OymIyT oOpallaThesl K pecypcy, He MpoBepssd 3HaueHUS ceMadopa W,
9T0 00ECIIeYNT MapaIeTbHOCTD MX TOCTYIA K maMATh. [locienHuii ynTatenb, MOKIIa-
TOIII KPUTHIECKYIO CEKIIUIO, SBIISIETCS eIMHCTBEHHBIM, KTO BBITOMHUT omeparnuio V(W)
notkpoeT cemadop W. Cemacop R mpenoxpansier oT HEKOppeKTHOIO MU3MEHEHUS 3HaUe -
HusS N R, atakkeorBoinonHeHusiuutateasamMuonepauit P(W)uV(W). Eciuskputuyec-
KOM CEKIIMU HaX0UTCs MucaTesib, To Ha ceMadope W MoxeT ObITh 3a610KMPOBAH TOJIb-
KO OOWH YMTaTe]b, BCE OCTaJbHBIE OymyT OJI0KMpoBaThcsd Ha ceMadope R. dpyrue
nucaTenu 0J0oKUpyloTcs Ha cemadope W.

Korpa nucarens BeimoaHseT onepaunio V(W), HesICHO, KaKOro THIIA IIPOIecC BOMIET B
KPUTHUYECKYIO CeKIIMI0. YTOOB rapaHTHPOBATh MOJYYEHNE YNTATEIIMU Hanbojee cBe-
Xeil MHpopMaLuu, HeoOXOOMMO TIPU MOCTAHOBKE B OYepelb TOTOBHOCTH UCIIOIb30BATh
JUCIUIUIMHY OOCITyXUBAaHUS, YYUTHIBAIOIIYI0 00Jiee BHICOKUI TIPUOPUTET MUCATENEH.
OJHAKO 3TOTr0 0KAa3bIBAETCS HEAOCTATOUHO, MO0 eClIi B KPUTUUECKOM CEKIIMH IPOIOI-
3KaeT HaXOIUThCS 0 KpaliHel Mepe OMH YNTATeN b, TO OH He JaCT 0OHOBUTH JaHHbIE, HO
M HEe BOCHPEISTCTBYET BHOBb IPUXOASLIMM IIPOLECCaM «UMTATEIsIM» BOWTU B CBOIO
KPUTHUECKYIO ceKinio. Heobxonum sononHuTeIbHbIH ceMadop. [IpuMep mpaBuiIbHOTO
pellleHMs 3TOi 3agaun IpuBeAeH B TucTUHTE 7. 14.

JinctuHr 7. 14. PelieHne 3agaum «untatenm-nucaTenn» ¢ NpuopmuTETOM B JOCTYNE
K KPUTUYECKOMY pPEecypcy nucartenen

var S, W, R semaphore.
N R :integer,

procedure YATATE/Ib:

begin
P(S): P(R):
Inc(NR),
if NR= 1 then P(W):
V(S). V(R),
Read_Data. { kpuTmueckas Cekuus }
P(R):
Dec(NR) .
if NR = 0 then V(W).
V(R)

end;

procedure MICATETD;

begin
P(S). P(W):
Write_Data. { kputuyeckas cekums }
V(S); V(W)
end.
begin
NR=0;

InitSem(S. 1). InitSem(W. 1); InitSem(R. 1),
parbegin
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while true do WITATEND
and

while true do WITATENDb
and

while true do YUTATEND
and

while true do IJCATEND
and

while true do IMCATETR
and

while true do ICATENb
parend
end
Kax MoxHo 3amMeTuTh, cemadop S 610KMpyeT NPUXOA HOBBIX YUTATEN e, eCIU MOSBUI-
cs1 X0Ts Obl oguH nucareab. OOpature BHUMaHue, 4To B npouenype YUTATEID ucmons-
3oBaHue ceMadopa S MMeeT MECTO TOJIbKO MTPU BXOfe B KpUTHUecKyto cekiuio. [Tocne
BBITIOJTHEHUS YTEHUS YK€ KaTeropuuecku Helib3sl MCTOIb30BaTh 3TOT ceMadop, ubo oH
TYT Xe 3a0JOKMPYET MepBOTO Xe UMTaTesl, eCIM XOTsl Obl OJIMH MUcATeIb 3aX0UeT BOM-
TH B CBOI0 KPUTHYECKYIO ceK1MIo. Y moayuunTces Tak Ha3biBaeMasi TYMMKOBasl CUTyalusl,
100 mucaTesb HE CMOXET BOWTH B KPUTUUECKYIO CEKIIMIO, TTOCKOJBKY B HEH yKe Haxo-
JUTCS YUTATeNb. A YUTAaTETb HE CMOXET MOKUHYTbh KPUTUUYECKYIO CEKIIUI0, TIOTOMY UTO
Mucaresb XKeJaeT BOUTH B CBOIO KPUTUUECKYIO CEKIIMIO.

OOGBIYHO MPOrpaMMbl, pelIaloIlKe IPoOIeMy «UUTATEIU-TUCATEIN», UCIOIb3YIOT KaK
ceMaopbl, TaK ¥ MOHUTOPHBIE CXEMBI C B3aMMHBIM UCKIIIOUEHHMEM, TO €CTh TaKKe, KOTO-
pble GIOKUPYIOT JOCTYII K KPUTHUECKUM pecypcaM Il BCeX OCTATbHBIX IIPOLECCOB, €CITN
OJVIH U3 HUX MOIUGDUIIMPYET 3HAYeHUST OOLINX IIepeMeHHbBIX. B3auMHoe ucKIoueHne
TpeOyeT, YTOOHI IMKcaTeNb XIAl 3aBepIIeHUs BCeX TEKYIIMX omepauuii yteHus. [pu
YCJIOBUH, UTO MHCATEIb UMeET OoJiee BBICOKMI MPUOPUTET, YEM UMTATEIb, TAKOE 0K~
HUeE B psjie clydaeB BechMa HexenaTelbHo. KpoMe Toro, peanu3aunus NpUHILIKNIIA B3aM-
HOTO UCKIIIOYEHUSI B MHOTOIMPOLECCOPHBIX CUCTEMAX MOXET BHI3BATh OINpeAcIeHHYIO
n30bITouHOCTh. [loaTOMy cxema, mpencTaBieHHas B TUCTUHIE 7. 15 M mpuMeHseMas
MHOTLIA IJIs1 pelIeHNsT 3a0a9l «IUTaTeI-II1CaTe/In», B CIydae OQHOIO IMcaTelIs J0IyC-
KaeT OJHOBPEMEHHOE BBIITOTHEHUE OTNepalluii YTeHUs U 3amuch. [lociie YTeHust JaHHBIX
MPOLIECC «IUTATENb» MIPOBEPSET, MOT JIU OH TOJIYYUTh HEMPaBUIbHOE 3HAUEHUE, HEKOP-
PEKTHBIE JaHHbIE (BCIEACTBHE TOTO, YTO MAPaIeIbHO C HUM MPOLIECC «ITHUCATENb» MOT UX
M3MEHUTD), M eCIT OOHAPYXUBAET, YTO 3TO MMEHHO TaK, TO OIEPalis YTCHUSI TOBTOPSIETCS.

Jlncturr 7. 15. CYHXpPOHN3aLMS NPOLLECCOB «HUTATENW» U «MUCATENb» BE3 B3aVMHOMO UCKITOHEHNS]
Var V1 V2 integer.

Procedure MUCATENb,
Begin
Inc(VI).
Write_Data.
V2 =i
End. npogomxeHne &
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Jluctunur 7. 15 (npogonxerHne)

Procedure HATATEJIb
Var V integer
Begin
Repeat V - V2
Read_Data
Until V1 =V
End

Begin
vl =0
V2 =0
Parbegin
while true do YATATEIb
and
while true do YWITATEIb
and

while true do YWITATENb
and
while true do MICATEND
parend
end
DTOT aITOPUTM MCIOJB3YET JJ1s1 JaHHBIX BA HOMEpa BEPCUil, KOTOPbIM COOTBETCTBYIOT
nepeMeHHble VI V2. Tlepen3anuchbio MOPLUY HOBBIX JAHHBIX MPOLIECC «ITUCATENb» YBe-
Ju4rBaeT Ha 1 3HaueHue nepeMeHHoM V1,anmoce 3anucu — nepeMeHHo# V2. Yurarenb
oOpaiuaercs K V2 nepe UTeHUEM JaHHBIX, a K V1 — nociie. Eciu npu aToM nepeMeHHbIe
V1u V2 paBHbI, TO O4€BUIHO, UTO MOJydeHa MpaBUbHas Bepcus faHHbIX Eciu xxe naH-
Hble OOHOBJISIIMCH 32 BpeMsI YTEHUSI, TO OMepaLus MOBTOPSIETCS. DTOT aITOPUTM MOXKET
OBbITh MCMOJb30BAaH B Cjyyae, €CJAU HeXelaTeJabHO 3aCTaBJSTh IMPOLIECC «MUcaTeIb»
XIaTh, MOKA YMTATEIU 3aKOHYAT ONepaluio YTeHUs, WU €CJIM BepOSTHOCTb MOBTOpE-
HUsS oTNepalMu YTeHUs JOCTATOYHO MaJjia U 00YCJIOBAEHHOE MOBTOPHBIMU ONepalUsIMuU
CHUXeHUE 3 (GHEKTUBHOCTU CUCTEMbI MEHbIIIE MOTEPb, CBSI3AHHBIX C U30BITOYHOCTHIO
pelleHus ¢ MOMOIIbIO B3aUMHOI0 UCKIOYeHUsT OaHaKO HEOOXOAMMO UMETh B BUAY He-
HYJIEBYIO BEPOSITHOCTb 3alMKJIMBAHUS YTEHUS] MPU BbICOKOW MHTEHCHMBHOCTH OTepaluii
3anucu. HakoHell, eciu caMo YTeHHE MPEACTaBIsIeT cOO0M NO0CTaTOYHO JAJIUTENbHYIO
orepaiiuio, To onepatop V:= V2 14 npoliecca «<4uTaTesib» MOXET ObITbh 3aMEHEH CIIeAY-
IOLMM OTEPATOPOM:
Repeat V. = V2 Until V1 =V

i) OpeAOTBPATUT BBIMMOJJHCHUEC YUTATCJIEM OIEpallu YTCHUA, €CJIN MTUCATCJIb YK€ Ha-
qaJ 3alucChb.

MoHutopbl Xoapa

AHanu3s pPaCcCMOTPCHHLIX 3aaa4 IMOKa3bIBa€T, YTO, HECCMOTPA HAa OYCBUIHBIC TOCTOMHCTBA
(HpOCTOTa, HE3aBUCUMOCTDL OT KOJIMYCCTBA MPOLUCCCOB, OTCYTCTBMEC aKTMBHOT'O OKHKOAa-
HI/IH), CeMa(I)OprIC MCXaHHU3Mbl UMCIOT U pAId HEAOCTATKOB DTU MeXaHU3MBI SIBJSIOTCS
CJIMIIKOM IIPUMUTUBHBIMHU, TaK KaK ceMaQ)op HC YKa3bIBa€T HCIMOCPCACTBEHHO HA CUHX-
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POHM3MPYIOIIEE YCIOBUE, C KOTOPBIM OH CBSI3aH, MM Ha KpUTHUYeCKMil pecypc. [oaTo-
MY IIpY TIOCTPOSCHHUH CJIOXKHBIX CXeM CHMHXPOHM3AIIMM aJTOPUTMBI pelleHus 3amad Io-
POIf TTOJIYYaroTCsI BeCbMa HENPOCTBIMU, HEHATVIITHBIMM M TPYIHBIMM IUIST JOKAa3aTellb-
CTBa MX MPaBIJIbHOCTH.

HeobOxommMo uMeTh 0YeBUIHBIE PEIIeHUS, KOTOPBIC IMO3BOJIAT MPUKIATHBIM IIPOTPaM-
MHUCTaM 0e3 JIUIIHUX YCUIN, CBI3aHHBIX C 10KA3aTeIbCTBOM MPaBMIBHOCTHU aJTOPHT-
MOB U OTCIIeKMBaHHEM OOJIBIIOrO YMCIa B3aMMOCBSA3aHHBIX OOBEKTOB, CO3IaBaTh Ia-
paJljIeIbHBIe B3aMMOACICTBYIONNE MporpaMMbl. K TakuM peleHusIM MOXHO OTHECTH
TaK Ha3bIBa€Mble MOHUTOPDI, TIPeIJIOXKEHHbIE X0oapoM [52].

B napauiCJibHOM IIporpaMMUPOBAHUN MOHUMOp — 3TO MaCCUBHBIN Ha6op pa3aciaaAeMbIX
NEPEMEHHBIX U ITOBTOPHO BXOAMMBIX IIPOLEAYP AOCTYIIa K HUM, KOTOPBIM IIPOLCCCHI
ITOJIB3YIOTCA B pE2KMUME pa3acICHUA, IPUYCM B KaXJIbIii MOMEHT UM MOXET MO0JIb30BaTh-
C4 TOJIbKO OOMH ITPpOLECC.

PaccMoTpuM, HampuMep, HEKOTOPHII pecypc, KOTOPBIN pa3mesieTcs MeXIy Ipolecca-
MU KaKUM-1100 miaHupoBiukoM [17]. Kaxaslit pa3, Korga mpoluecc XejlaeT MOJIYyYUTh
B CBOE pacIlopsiKeHNe KaKMe-TO PECypPChl, OH JOJKEeH 00paTUTHCS K TpOrpaMMe-TIaHM -
POBIIMKY. DTOT ITAHUPOBIINK TOJKEH MMETh IIEpeMEHHBIE, C TOMOIIBI0 KOTOPHIX MOXHO
OTCJICXHUBATh, 3aHAT pecypc uin cBodoneH. [Ipouenypy mIaHNPOBIIMKA Pa3aeisioT Bce
MPOIIECCHI, M KaXKABIH IIPOIECC MOXET B JIIO0O MOMEHT 3aXOTETh OOPATUTHCS K IIAHU -
poBIIMKY. Ho MiaHMpOBIIMK HE B COCTOSIHMM OOCIYXKMBaTh 0oJjiee OMHOTO IMpolecca
onHoBpeMeHHo. Takas npoleaypa-rmiaHupOBIIMK W MPEACTaBIsIeT coO0i mpuMep Mo-
HHUTODA.

Takum 00pa3oM, MOHUTOP — 3TO MEXaHMU3M OpraHM3aIliy IMapajien3Ma, KOTOPHIHA co-
IEePKUT KaK NaHHBIC, TaK U MPOIeayphl, HEOOXOMMMBIE ISl TMHAMWYECKOTO pacIpele-
JIEHUsT KOHKPETHOTO OOIIET0 pecypca YUIM I'PYIIIH 001X pecypcoB. Iporece, xemaio-
IIUI TOTYYUTH JOCTYI K pa3aeaseMbIM TepeMEHHBIM, TOJIKeH 00paTUTHCS K MOHUTODY,
KOTOPHIN OO TMpPemoCTaBUT HOCTYI, MO0 OTKaxeT B HeM. HeoOXxommMocTh BXoma
B MOHHUTOD C OOpallleHHeM K KaKoii-I1mbo ero mpoienype (Hampumep, ¢ 3allpOCOM Ha
BBIIEJICHHE TPeOYyeMOTo pecypca) MOXET BO3HMKATh Y MHOTHX IpolieccoB. OMHAKO BXOJ
B MOHHUTOP HaXOMTHUTCS IMOI XECTKUM KOHTPOJEM — 3IeCh OCYIIECTBISETCS B3aMMHOE
HCKJII0YCHHE TIPOIIECCOB, TAK YTO B KAXKIBIL MOMEHT BpEMEHU TOJBKO OHOMY IIPOIIECCY
paspelraeTcs BOWTH B MOHMTOp. [IpolieccaM, KOTOpBIE XOTSIT BOUTA B MOHHMTOD, KOTIa
OH yX€ 3aHAT, IPUXOIUTCS XAATh, IPHIEM PEXKUMOM OXKUIAHUS aBTOMAaTUIECKH YIIPaB-
nsgeT cam MoHUTOD. Ilpy 0TKa3e B IOCTYIIE MOHUTOP OJIOKHUPYET OOPaTUBLINICS K HEMY
MPOIIECC M OMpeneseT YCA0BUe oxXugaHus. [IpoBepKa yCIOBUS BBIOJTHSICTCS CaMUM
MOHHTOPOM, KOTOPHIN M IeOIOKMPYET OXMUAAIINi mpomecc. IT0CKOIbKY MeXaHU3M
MOHHTOpPA FapaHTUPYET B3aUMHOE MCKJIIOUEHUE MPOIIECCOB, UCKIIOYAOTCS Cephe3HbIC
Mpo0JIeMBI, CBSI3aHHBIC C OpraHM3aIell MapauleIbHBIX B3aUMOAEHCTBYIOIINX MTPOLIEC-
COB.

BHyTpeHHUe JaHHBIE MOHUTOPA MOTYT OBITh MO0 INI0OATBHBIMU (OTHOCSIIIIUMUCS KO
BCEM IIpoIleaIypaM MOHUTOpA), JIMOO JOKaJbHBIMH (OTHOCSIIMMUCS TOJBKO K OTHOM
KOHKpPETHOM IpoIenype). Ko BceM 3TMM JTaHHBIM MOXHO 00pamaThCs TOJbKO U3HYTPU
MOHMTODA; MPOLECCHI, HAXOSAIIMECS BHE MOHUTOPA U, IO CYILIECTBY, TOJbKO BbI3bIBalO-
1ME €ro MpoLeaypbl, MPOCTO HE MOTYT MOJYYUTh OOCTYI K JaHHBIM MoHUTOpa. [lpu
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MepBOM 00pallleHUM MOHUTOP MPUCBAUBAET CBOMM IePEMEHHBIM HadalbHbIC 3HAUCHUS.
[Ipu xaxmgom mocjeaymueM o0pallleHUM UCTIOIb3YIOTCS T€ 3HAYEHUs TEePEMEHHBIX,
KOTOpBIE OCTAJIMCh OT TMPEObIAYIIETO OOpalleHuUs.

Ecnu mporiecc obpaiaercss K HEKOTOPOW Mpolieaype MOHUTOpPA, a COOTBETCTBYIOIIUI
pecypc yxe 3aHAT, 3Ta nmpoleaypa BeigaeT Komanay oxunanus WAIT ¢ ykazaHueM ycio-
Bus oxunanus. [Ipouecc Mor Obl 0OCTaBaThbCsl BHYTPU MOHUTOPA, OJHAKO, €CJIM B MOHM-
TOp 3aTe€M BOWAET APYroil mpouecc, 3T0 OyaeT MPOTUBOPEUYMUTh MPUHIIMIY B3aMMHOTO
uckimoueHus. [loatoMy mpolecc, MepeBOASLIMMCI B PEXUM OXMIAHUS, TOJKEH BHE
MOHHUTOpA XAaTh TOTO MOMEHTA, KOIJla HEOOXOAUMBII €My pecypc 0CBOOOIUTCS.

Co BpeMeHeM IpoLEecC, KOTOPbIi 3aHMMaJl JaHHBIA pecypc, 00paTUTCs. K MOHUTODY, 4TO-
OBl BO3BpaTUTh pecypc cucteme. COOTBETCTBYIOIIAs MpPOLEAypa MOHUTOpA MPU 3TOM
MOXET ITPOCTO MPUHSTH YBEIOMJIEHHE O BO3BPAIICHUM pecypca, a 3aTeM XKIaTh, T0Ka He
MOCTYIIUT 3aIllpoc OT APYIOro Ipoiiecca, KOTOpOMy IMOTpedyeTcs 3ToT pecypc. OmHako
MOXET 0Ka3aThCs, YTO YK€ MMEIOTCS IIPOIIECCHI, OXKUIAIONIE OCBOOOXICHUS TaHHOTO
pecypca. B aToM ciyyae MOHUTOpP BBITIOJHSAET KOMaHAY M3BEIeHUS (CUTHATHU3ALUN)
SIGNAL, 4TOOBI OIMH U3 OXXUAAIOIIKMX ITPOLIECCOB MOT MOJTYYUTh JAHHBIN pecypc U MOKHU-
HyTb MOHMTOp. EciM mpoliecc curHaam3upyeT O BO3BpallleHMHU (MHOIIA Ha3blBAEMOM
0CBOOOXKIECHMUEM) Pecypca U B 3TO BpeMsl HET MPOLIECCOB, OXMUAAIOIINX JaHHOTO pecyp-
ca, To 0J00HOE OMOBELICHNE HE BbI3bIBACT HUKAKUX IPYTUX MOCIEACTBUIA, KPOME TOTO,
YTO MOHMTOp, €CTECTBEHHO, BHOBb BHECET PECYpC B CIIMCOK CBOOOMHBIX. OYEBUIHO, YTO
MPOLIECC, OXUAAIOIINI 0CBOOOXIEHMSI HEKOTOPOTO pecypca, T0JIKeH HaXOAUThCSI BHE
MOHMTOpPA, YTOOBI APYTOIt MPoIlecC MMeJ BO3MOXHOCTb BONTH B MOHUTOP U BO3BPaTUTh
€My 3TOT pecypc.

YT00BI rapaHTUPOBATh, YTO MPOIIECC, HAXOMSIIUNCSI B OXXKUIAHUM HEKOTOPOTO pecypca,
CO BPEMEHEM IOJIYYHUT 3TOT Pecypc, CUMTAETCS, YTO OXKUAAIIINI MPOoIecC MMeeT boee
BBICOKUI1 IPUOPUTET, Y€M HOBBII MPOLIECC, MBITAIOUIUICSI BONTU B MOHUTOP. B mpoTuB-
HOM CJlydyae HOBBIM MpoLiecC MOT Obl MEPEXBATUTh OXUAAEMBbIN peCypc 10 TOTO, KaK OXu-
JAIOIIMIA MpoIlecC BHOBD BOMIET B MOHUTOP. ECIn 10MyCTUTh MHOTOKPaTHOE IIOBTOPEHHUE
Mog00HON HexXelaTeIbHON CUTyaluy, TO OXMAAIOIIMKA MPoLecc MOT Obl OTKJIAAbIBAThCS
0eckoHeyHo. JI1s1 cucteM peabHOr0 BpeMEHH MOXHO JOIYCTUTh HMCIIOJb30BaHUE AMC-
LUIIMHBI 00CTyXKMBaHUS HA OCHOBE a0COJIIOTHBIX MJIM AMHAMUYECKHU U3MEHSIEMbIX IIPH-
OPUTETOB.

B kayecTBe IpHUMepa pacCMOTPUM IPOCTEMIIMII MOHUTOD IS BBIAEJEHUSI ONHOIO pe-
cypca (auctuHr 7. 16).

JInctuHr 7. 16. MNMpumep MoHnTopa Xoapa

monitor Resourse,
condition free. { ycnoeue - cBoGOAHbI }
var busy boolean. { 3aHaT }

procedure REQUEST: { 3anpoc }

begin
if busy then WAIT ( free ).
busy =true.

TakeOff: { BHEaTL pecypc }
end.
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procedure RELEASE;

begin
TakeOn; { B3sTbH pecypc }
busy:=false;
SIGNAL ( free )

end:

begin

busy:=false;
end

EnvHcTBeHHBIN pecypc AMHAMUYECKU 3allpalliBaeTcs U OCBOOOXIAETCS IPOIECCaMH,
koTtopeie obpamatorcst k npouenypam REQUEST (3ampoc) u RELEASE (ocBoGonuts). Eciu
npouecc odpamaercs K mpoueaype REQUEST B ToT MOMeHT, Korjga pecypc MCIIONb3yeTcs,
3HAaYeHUE MepeMeHHOU busy (3aHATO) OyaeT paBHO true, u mpoueaypa REQUEST Boimos-
HUT onepauuio MoHutopa WAIT(free). D1a omepauus 6;1okupyeT He mpouenypy REQUEST,
a o0paTMBIIMICS K Heil mpoliecc, KOTOPHIM MOMeInaeTcs B KOHELl o4epeau IIpoliecCoB,
OXMIAIOUIUX, MTOKa He OyIeT BHIIIOJIHEHO ycioBue free (CBoOOOIHO).

Korma mporuecc, UCIoab3yoLuil pecype, odpamaercs K npoueaype RELEASE, omeparnus
MoHuTopa SIGNAL nebmokupyeT mpolecc, HaxoaAlIuiics B Hayajae ouyepean, He TT03B0-
ISl UCIIOJIHSAThCSI HUKAKOM IPYroii IpoLeaype BHYTPU TOTO XKe MOHUTOpa. DTOT nebi1o-
KHUPOBAaHHBIN Mpolecc OyIeT roToB BO300HOBUTH UcnonHeHue nmpouenypbl REQUEST cpasy
ke nocye onepannu WAIT (free), Koropas ero u 6okuposana. Eciu onepanus SIGNAL(free)
BBIIIOJIHSIETCS B TO BpeMsl, KOTa HeT Ipoliecca, OXKKUIAIOIIEro yeaoBus free, To HUKaKuX
JNECTBUI HE BBITTOJHAETCS.

Hcnonb3oBaHMEe MOHUTOpPA B Ka4eCTBE OCHOBHOIO CPEACTBA CMHXPOHM3ALUU U CBI3U
0CBO0OOXKIAaeT IpoliecChl OT HEOOXOAMMOCTH SIBHO Pa3fensaTh MeXIy coboil mHpopma-
uuio. Hamportus, gocTyn K pa3ie/sieMbIM IIepEMEHHBIM BCera OrpaHuYeH TeJIOM MOHUTO-
pa, 1, MOCKOJIbKY MOHUTOPHI BXOIAT B COCTAB sIApa ONepallMOHHOM CUCTEMBI, pas3aessieMbie
MepPEeMEHHBIC CTAHOBSTCSI CUCTEMHBIMM IIEPEeMEHHBIMU. DTO aBTOMAaTUYECKU MCKIII0Ya-
€T HeOOXOIMMOCTh B KPUTUYECKMX CEKLMAX (TaK KakK B KaXIblii MOMEHT MOHMTOPOM
MOXET IT0JIb30BAaThCs TOJBKO OAMH IPOLIECC, TO ABa MPOLecca HUKOTIa He CMOTYT IOJIy-
YUTb JOCTYII K pa3ieaseMbIM IepeMEHHBIM OMHOBPEMEHHO).

MoHUTOP SBJIsIETCS TAaCCUBHBIM 00BEKTOM B TOM CMBICJIE, YTO 3TO HE MPOILIECC; ero Ipo-
LIeAYPHI BHIIIOJHSIOTCS TOJbKO 10 TPEOOBAHUIO TIpoIlecca.

XOTs 1o cpaBHEHMIO ¢ ceMadopaMU MOHUTOPHI He MPENCTaBIsSIOT COO0M CYIIeCTBEHHO
0osice MOIIHOIO MHCTPYMEHTA JJIs1 OpraHM3alliK Iapaule]bHbIX B3aMMOICCTBYIOIIMX
BBIYMCIIMTEIbHBIX IIPOLECCOB, Y HUX €CTh HEKOTOPhIe MIPEUMYIIECTBA TIepea Ooee MpHu-
MUTUBHBIMY CUHXPOHU3UPYIOLIUMHU CPeACTBaMU. Bo-TiepBbIX, MOHUTOPHI OYeHb THOKMU.
B dopmMe MOHUTOPOB MOXHO pealn30BaTh He TOJbKO ceMa(opbl, HO U MHOTHE IpYrue
CHHXpOHU3UpYOIIKe onepanuu. Hampumep, pazodpaHHbIi B pasneie «CpeacTBa CUHX-
POHM3ALMKM U CBSI3U B3aUMOMAEMCTBYIOIIMX BBIYMCIMTEIbHBIX MIPOLIECCOB» MEXaHU3M
pelleHnsT 3afaud «IMOCTaBIIMK-ITOTPEOUTENb» JIETKO 3allpOrpaMMUPOBATh B BUAE MO-
HUTOpa. Bo-BTOpBIX, IOKaNMU3alKs BCeX pa3leiisseMbIX IMepeMEeHHBIX BHYTPU Tejla MO-
HMTOPA II03BOJISAET U30aBUTHCS OT MAJIOIOHATHBIX KOHCTPYKLIMI B CHHXPOHU3UPYEMbIX
Ipolieccax — CJIOXHbBIE B3aUMOICICTBUS IPOLIECCOB MOXHO CUHXPOHU3UPOBATh HATJISI -
HBIM 00pa3oM. B-TpeTbMX, MOHUTOpPHI HAIOT MPOLIECCaM BO3MOXHOCTb COBMECTHO HC-
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IT0JIB30BATh IIPOrPAMMHEIE MOIYJIH, IIPEACTABISIONINE COO0 KpUTHUECKIE CeKIINU. Ecm
HECKOJIbKO MPOLIECCOB COBMECTHO MCIIOJIb3YIOT pecypc M paboTalOT C HUM COBEPLIEHHO
OIMHAKOBO, TO B MOHHTOPE TOCTATOYHO TOJTBKO OXHOM IPOIICIYPHI, TOTIA KaK pelIcHIe
¢ cemadopamu TpebyeT, YTOOBI B KaXIOM IIPOIECCe MMEJICSI COOCTBEHHBIN 3K3eMILISP
KpUTUUYECKOM ceKluu. TakuMm o6pa3oM, MOHUTOPBI IO CPaBHEHUIO ¢ ceMadopaMu To-
3BOJIAIOT 3HAYUTEIbHO YIPOCTUTH OPTaHU3AIMI0 B3aUMOJEHCTBYIOIINX BEIYUCIUTEIb-
HBIX TIPOIIECCOB M JAIOT OOJBINYI0 HATMSIHOCTH IIPH COBCEM HE3HAUMTEIBHON IOTEpe
B 3¢ (EKTUBHOCTH.

MouToBbIE AWMKU

TecHoe B3aMMOJECTBUE MeXIy MpolLeccaMU MPeANnojaraeT He TOJbKO CHUHXPOHMU-
3allMi0 — OOMEH BpEMEHHBIMU CHUTHAJaMM, HO TaKXe Tepenayy u MmojiyueHue Impo-
HU3BOJIbHBIX JTaHHBIX, TO €CTh OOMEH CO00ILeHUsIMU. B cucteMe ¢ OfHUM MPOLIECCOPOM
MOCHIAIUIMHI U MOJyJYaloInii MPOLECcChl HE MOTYT paboTaTh OAHOBPpEMEHHO. B My1bTH-
MPOLECCOPHBIX CUCTEMAX TaKXKe HET HUKAKOW rapaHTUU UX OMHOBPEMEHHOTO MCIOJI-
HeHus. CremoBaTelbHO, IJISI XpaHECHUS IMOCIAHHOTO, HO eIlle He MOJYICHHOTO C000-
meHus HeobxommMmo Mecto. OHO HaswIBaeTCs 6yghepom coobujeHuil, WA NOYMOBHIM
AwuKom’.

Ecmm mpomrece P1 xodet obmaTses ¢ mporeccoM P2, To P1 mpocur cucremy mpemocrta-
BUTb WJIK 00pa30oBaTh MOYTOBBIN SIIMK, KOTOPBIM CBSKET 3T JBa IMpoliecca TakK, YTOObI
OHU MOTJIM TIepedaBaTh IPYT APYTY cooOImeHus . g TOro 4To0sl mociaaTh mpomeccy P2
Kakoe-To coobuieHue, mpoiecc P1 mpocTo momeliiaer 3To cOO0IIeHUE B TOYTOBBIM SIIUK,
OTKyga Tpoiiecc P2 MoxXer ero B m000e BpeMsI TONyduTh. [1pu mprMeHESHUH TIOYTOBOTO
SITTMKa Tpoliecc P2 B KOHIIE KOHIIOB 0053aTeIbHO TOJYIUT COOOIIEHNE, KOTIa 00paThT-
cq 3a HUM (ecam BooOIme oopatutcsa). EcrecTBeHHO, uTo mpoiecc P2 momkeH 3HATH O
CYILIECTBOBAHMUM MOYTOBOTO SKKa. [10CKOAbKY B CUCTeMe MOXET ObITb MHOTO MOYTO-
BBIX SIIIMKOB, HEOOXOMMMO 00ECIEYUTh TOCTYI MPOLECCY K KOHKPETHOMY MOYTOBOMY
SKKy. [TouTOBbBIE SIIIMKHU SIBASIOTCSI CUCTEMHBIMU 00BEKTAMU, U AJIS1 TTOJb30BaHUS Ta-
KUM 0OBEKTOM HEOOXOAMMO MOJYYUTh €0 Yy ONMEePAlMOHHON CUCTEMBI, YTO OCYIIECTB-
JISIETCSI C TIOMOUIBIO COOTBETCTBYIOLIMX 3aIIPOCOB.

Ecmm 06beM mepegaBaeMBIX JaHHBIX BEJIUK, TO 3 PeKTUBHEE He IepeaaBaTh MX HETIOC-
PEACTBEHHO, a OTIPABIAThH B IOUYTOBBIN SAIINK COOOIIEeHNE, MHGOPMUPYIOIIEe TIPOIeCcC-
ITOJIy9aTesb O TOM, TI¢ MOXHO MX HAWTH.

[To4TOBBIN MUK MOXKET OBITH CBSI3AH C HapOfI IIpoHeCCOB, TOJBKO C OTIIPABUTEJIEM, TOJIb-
KO C moJiyyaTeJieM, UJIn €ro MOKHO ITOJYYUTh M3 MHOXKCCTBA ITOYTOBLIX AIIIMKOB, KOTO-
PbIC UCITOJB3YIOT BCE€ MJIN HECKOJIBKO MPOLIECCOB. ITouToBbIit AIINUK, CBSI3aHHBIN C Ipo-
HECCOM-IIOIYYaTCIICM, obseryaer IMOCBLIKY COOOIIEHUI OT HECKOJbKUX IIpoecCcoB B
(bI/IKCI/IpOBaHHHﬁ IMIYHKT Ha3HAYCHUA. Ecnu mouToBHI SIIMK HE CBSI3aH XECTKO C po-
neccamu, To COO00IIeHNE TOJIKHO COoEPXKATh HI[@HTI/IC])I/IK&TODI)I 1 mmpouecca-oTIpaBuUTe-
JId, 1 IIpouecca-1moIydyareiid.

! Ha3zBaHue «mMoYTOBBIN SITUK» IIPpOUCXOOUT OT 00OBIYHOTO HpI/ICHOCO6JICHI/IH JJIs1 OTIIPABKH ITOYTHI.
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WTak, MOYTOBHIN SIIMK — 3TO MHMOpMaALlMOHHAsI CTPYKTypa, IToAaepKuBaeMas onepa-
HUOHHOU cucTeMoii. OHa COCTOUT U3 TOJOBHOI'O 3JIEMEHTAa, B KOTOPOM HaXOIUTCS WH-
dopmalvs 0 TaHHOM TMOYTOBOM SIIIMKE, U HECKOJIbKUX OydepoB (rHe3n), B KOTOpbIe
nomeuiaT coobieHus. Pasmep kaxxmoro Oydepa M MX KOJIUYECTBO OOBIYHO 3a1aloTCsi
npu 00pa3oBaHUU MTOYTOBOTO SIIMKA.

IMpaBwia paGoThl TTOYTOBOTO SIIIUKA MOTYT OBITh Pa3JIMYHBIMU B 3aBUCHUMOCTH OT €rO
cinoxHocTu [17]. B mpocreiiiieM ciiydae cooOleHUs TIepeaaloTcsl TOJIbKO B OTHOM Ha-
npasienuu. [Iportecc P1 MoxkeT mockutaTh cOOOIIEHUsT O TeX TMOp, MTOKa UMEIOTCS CBO-
OonHble THe3na. Ecnu Bce rHe3na 3anoiiHeHbl, To P1 MoxeT n1ubo xaatp, 1160 3aHITbCS
NPYTUMU IeJIaMU U TIONBITaThCS TTOCIATh COOOIIeHNE TT03Ke. AHAJIOTUYHO mpoliecc P2
MOXET MOJIy4aTh COOOIIEHUST 1O TeX MOp, IMoKa MMEIOTCS 3aIloJITHeHHbIe THe3na. Eciu
COOOIIeHU I HET, TO OH MOXET TM0O0 X1aTh COOOIIeHU I, IMOO MPO10JIKaTh CBOIO paboTy.
DTy MPOCTYIO cXeMy PaGOThI MMOYTOBOTO SIIIUKA MOXHO YCJIOXHSITh B HECKOJIBKUX Ha-
MPaBJICHUSX U MOJy4aTh 60Jiee XUTPOYMHBIE CUCTEMBI OOIIIEHUST — BYHATIpaBJIeHHBIE
Y MHOTOBXOJIOBBI€ TTIOYTOBBIE SITIIUKU.

JIByHaTIpaBJIeHHBI MTOYTOBBIN SIIUK, CBI3aHHBIN C Mapoil MIPOIECCOB, TTO3BOJISET MO -
TBEepXIaTh MpueM coobieHuii. [Ipu HanMIYMM MHOXECTBA THE3]] KaXX10€ U3 HUX XPaHUT
aubo cooblieHue, MO0 noaTBepxaeHue. YToObl rapaHTUPOBATh Mepeaadyy MoaATBEPXK-
NeHWil, KOTJa BCce THe3/1a 3aHSATHI, MOATBEePKIeHEe Ha COOOIIeHEe TTOMEeIaeTcsl B TO Xe
THE3[0, B KOTOPOM HaXOAUTCS COOOIIEHUE, W 3TO THE3IO0 YKe He UCTIONb3YeTCs IS IPY-
TOTO COOOIIIEHMSI IO TeX MOP, MOKa MOATBepXKAeHUe He OymeT rmoirydyeHo. M3-3a Toro, 4yto
HEKOTOPBIE TPOIECCHI He 3a0pajii CBOU COOOIIEHUSI, CBSI3b MOXKET OBITh IPUOCTAHOBIIE-
Ha. Ecniu kaxmoe coob1ieHre CHabIuTh TOMETKOM BpeMeHU, TO YIPaBIISTIONIasi TpoTrpaM-
Ma MOXKET TTepUOANIECKU YHANISITh CTapble COOOIIEHUSI.

IIporeccbl MOTYT OBITH TAaKXe€ OCTAHOBIEHBI B CBSI3W C TeM, UYTO APyTHe IPOLIECCH He
CMOTJIM TIOCJIaTh UM coobOieHusi. Eciim BpeMst MOCTyMIeHUsI KaXIOTO OCTAHOBJIIEHHOTO
mpoliecca B ouepelb 3a0JIOKMPOBAHHBIX ITPOLIECCOB PETUCTPUPYETCS, TO YIIPaBIISIIOIIasT
mporpaMma MOXeT TepUOAUISCKHU TTOCHIIaTh UM TyCThie COOOIeHUsI, YTOOBI OHU He
XKIaTu 9epecuyp IOJITO.

Peanuzanust TOYTOBBIX SIIIIUKOB TPeOyeT MCIIOJIb30BAHUSI IPUMUTUBHBIX ONEPAaTOPOB
HU3KOTO YPOBHSI, TAKUX KakK omnepanuu P u V unm Kakux-anbo Ipyrux, HO MoJIb30BaTe-
JISIM MOXeT IaTh CpelcTBa 0oJiee BHICOKOro YpoBHS (Hamomobue MOHUTOpOB Xoapa),
HampuMep, TaKue, KaK MpeICcTaBIeHbl HUXE.
SEND_MESSAGE ( Monyuatens, CooOmenue, bydep )
DTa omepanus nepenuchbiBaeT COOOIIEHNEe B HEKOTOPBIN Oydep, momemniaer ero
anpec B mepeMeHHYy1o bydep u nodasnsiet 6ydep K ouepenu I[lonydarens. [Tpouecc,
BoigaBuInii onepauuio SEND MESSAGE, npomokKuT cBoe MCOJHEHUE.
WAIT _MESSAGE ( Otnpasutens. CooOmenue, bydep )
DTa onepanus 6JIOKUPYET MPOIecC, BBIIABIINI OMepauio, 10 TeX Mop, ToKa B ero
ouepeny He TOSBUTCS Kakoe-1ubo coobmeHue. Korma mpoliecc mepenaercss Ha
MPOIIECCOP, OH MOIYYaeT UMSI OTIIPABUTESI C TOMOIIbIO TepeMeHHOo#t OTIIpaBUTENb,
TEeKCT cooO1IeHUs  uepe3 nepeMeHHyo CooOlieHue uaapec Oydepa B nepeMeHHOU
bydep. 3arem Oydep ynansiercss U3 oyepeam, U Mpolecc MOXET 3alucaTb B HErO
OTBET OTHPAaBUTEIIO.
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SEND_ANSWER ( PesynbraT. OTBeT. Bydep )

Dra onepalys 3aMchbiBacT MHOOPMAIIUIO, OTIpeNeIIeMYIo Yepe3 epeMeHHy10 OTBeT,
B TOT Oydep, HOMEp KOTOPOro yKa3bIBaeTcs IepeMeHHol bydep (13 atoro 6ydepa
OBLIO IIOJyYEeHO COOOIIeHME), 1 no0aBiseT Oydep K ouepenu otmpasutens. Ecau
OTIPaBUTENb XKIET OTBET, OH JAeOJOKUPYETCS.

WAIT _ANSWER ( Pesymbrar, OtBer, bydep )

BOra onepalysi 6JJOKMPYET MPOILIECC, BBIAABIINI OTlepalnio, 10 TeX Mop, MoKa B Oydep
He ITOCTYIUT OTBET; IOCTYIT K HEMY BO3MOXEH 4epe3 repeMeHHyo bydep. [Tocne Toro
KakK OTBET IMOCTYITMJI M TIPOLIECC TepeaaH Ha MpoIeccop, OTBET, JOCTYIT K KOTOPOMY
omnpezessieTcs yepe3 rnmepeMeHHyto OTBET, TiepenuchiBacTCs B MaMsITh Ipolieccy, a
Oydep ocBobOXkmaeTcsa. 3HaUeHKE TTIepeMeHHO# Pe3ynbTaT yKa3beIBaeT, SIBJISICTCS I
OTBET MYCTHIM, TO €CTh BBITAHHBIM OTIEPAIIMOHHOM CUCTEMOM, TaK KaK COOOIICHME
OBIJIO aIPpeCcOBaHO HECYIIECTBYIONIEMY (VJIM TaK M HE CTaBIIeMy aKTHUBHBIM) TIPOIIECCY.

OCHOBHBIE TOCTOMHCTBA MOYTOBBIX SIMUKOB:

* IIPOLHECCY HE HY>KHO 3HaTb O CYIIECTBOBAHUU APYIUX IMPOLECCOB O TEX ITOP, ITOKA OH
HEC IMOJIYy4YUT COOOIIeHHS OT HUX,

* nmBa mnmponecca MOTyT 00OMeHSIThCs OoJiee YeM OOTHMM COOOIIEHUEM 3a OONH pas;

* OoIn€palilMOHHaA CUCTEMA MOXET rapaHTUpPOBaTh, 4YTO HUKAKOU MHOU npouecc HE BME-
1IaeTcsl BO B3aUMOJIEMCTBUE IIpOUECCOB, BCAYIIUX MEXIY coboit «IIEPECIIUCKY»,

* ouepenu Oy(depoB MO3BOJSIOT MPOIECCY-OTIPABUTEIIO IIPOAOIXKATh paboTy, He 00-
paias BHUMaHMS Ha TTOJydaTess.

OCHOBHBIM HEIOCTATKOM Oydbepusalu COOOIIEHUH SIBIIETCS TMOSIBICHUE €Ille OJHOTO
pecypca, KOTOPBIM HYKHO YITPaBISTh. DTUM PECYPCOM SIBJISTIOTCS CaMU ITOYTOBBIE SIIITUKU.

K npyromy HemocTaTKy MOXXHO OTHECTH CTaTMUECKHUI XapaKTep 3TOrO pecypca: KOJIMYECTBO
OydepoB s Tiepeaadr CooOIIIeHUH Yepe3 MOYTOBBIN AMKK (hruKkcrupoBaHo. [ToaTomy ecte-
CTBEHHBIM CTaJIO TTOSIBJICHNE MEXaHU3MOB, TTOTOOHBIX ITOYTOBBIM SIITUKAM, HO pPeau30BaH-
HBIX Ha IPUHIIATIAX AMHAMUYECKOTO BbIIEICHUS MaMsITH IO TiepeaBacMble COOOIICHMSI.

B omepanMoHHBIX cucTeMax KOMIaHUKU Microsoft ToxXe MMEIOTCS MOUYTOBBIE SIIIMKH
(mailslots). B yacTHOCTH, OHM TOCTaTOYHO YaCTO MCIIOJb3YIOTCS IIPU CO3TAaHUU pacIIpe-
NEeJCHHBIX TIpUJIOKeHUH 11st cetr. [Ipu paboTe ¢ HUMU B MIPWIOXKEHUN, KOTOPOE TOJIK -
HO OTIPaBUTh COOOIIEHUE IPYTOMY MPUIJIOKEHHWIO, HEOOXOOUMO YKa3bIiBaTh Kiacc M0C-
TaBKHU coobmeHuit. PaznmyaroT nBa Kiacca noctaBku. Ilepsrlil Kimacce (first-class delivery)
rapaHTUPYeT TOCTAaBKY COOOIICHUI; OH OPUEHTUPOBAH Ha CEaHCOBOE B3aMMOJCHCTBUE
MEXIy ITPOoIeCCaMU 1 TTO3BOJISIET OPraHU30BaTh MOCHLUIKM THIIA «OAWH K OMHOMY» U «OJUH
KO MHOTuUM». BTopoii kimacc (second-class delivery) ocHOBaH Ha MeXaHM3Me JaTarpaMM,
M OH yXe€ He TapaHTUPYyeT JOCTaBKY COOOIIEHWI MOTyJYaTeIo.

KoHBeWepbl U ouepean coooLeHumn
KoHBewnepbl

IIporpamMHBLit kKaHnan cés3u (pipe), WK, KaK €ro WHOTJA Ha3bIBAIOT, KOHEelep, MpaHc-
nopmep, SIBISIETCSI CPEACTBOM, C TTOMOIIIBIO KOTOPOTO MOXHO OOMEHMBATLCS TaHHBIMU
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Mexay mporeccamu. [TpuHIMIT paboThl KOHBeMiepa OCHOBaH Ha MeXaHU3Me BBO/Ia-BbI-
Bona ¢aiimoB B UNIX, To ecTb 3amaua, nepenamomas nHGOPMAIINIO, IeHCTBYET TaK, Kak
Oy/aTO OHa 3amuchiBaeT JaHHBIe B (aily, B TO BpeMsl KakK 3amaya, Juid KOTOpOi mpeaHa-
3HavaeTcs 5Ta MH(pOpMaIus, YUTACT e¢ U3 3Toro daina. Onepanuu 3anucy U YTCHUS
OCYIIECTBIISIIOTCS He 3aMUCSIMU, KaK 3TO JieJlaeTcsl B OOBIYHBIX (haiinax, a TOTOKOM Oaii-
TOB, Kak 310 MpuHATO B UNIX-cucremax. Takum o0pazomM, GyHKINH, C IOMOIIBIO KOTO-
PBIX BHITTOJIHSIETCS 3aITUCh B KaHAJ M UTEHUE U3 HETO, ABJISIOTCS] TEMU XK€ CaMbIMU, UTO U
rnpu pabore ¢ daitmamu. Ilo cytw, KaHam mpeacTaBasieT cOOON IMOTOK HJAHHBIX MEXIY
IByMst (Win Gosiee) mpoiieccaMu. DTo yIpoliaeT IporpaMMUpOBaHUEe U U30aBIISIET MTPO-
IrPaMMUCTOB OT MUCITOJIb30BaHUSI KAKUX-TO HOBBIX MeXaHU3MOB. Ha camoMm nesie KoHBeii-
epBl He SIBIAIOTCS (aillaMu Ha IUCKE, a MIPEICTaBISIIOT CO00i Oy(pepHyI0 MaMsITh, pabo-
taromyio o npuHuuny FIFO, To ects mo mpuHmumy o0brdHO# ouepenu. OmHaKo He
CJIelyeT MyTaTh KOHBEWEPHI C 0UepeasiMU COOOIICHMIT; TIOCTeTHUE PeaTu3yoTCs MHaue
U UMEIOT JIpyTHe BO3MOXKHOCTH.

KoHnBeiiep UMeeT ompeeNeHHbIN pa3Mep', KOTOPbIil He MOXeT mpesbluath 64 K6ait u
paboTaeT IMKIMYeCKU. BCrmoMHUTE peanu3alinio ouyepeny Ha MacCuBax, KOraa UMEIoTCs
yKaszaTe/ly Havyaja U KOHIIAa 04epead, KOTOpbie MepeMealoTcss HUKINIeCKHU 110 MacCUBY.
To ecTb UMeeTCsSI HEKMIT MACCUB U JBA yKa3aTeJIsl: ONMH MOKa3bIBaeT Ha NIEPBbIii 3IeMEHT
(yka3zatenp Ha Hayano — head), a BTopoit — Ha mociaenHuii (ykaszaTellb Ha KOHel[ — tail).

B HauvanbHbII MOMEHT 00a ykaszartensi paBHbI Hymo. [lobGaBieHre caMoro mepBoro djie-
MEHTA B MYCTYIO OYepe/ib MPUBOAUT K TOMY, YTO YKa3aTeJId Ha HAyalo U Ha KOHeI[ pu-
HUMAIOT 3HaYeHUe, paBHOE | (B MaccHBe MOSIBIISICTCS MEPBBIM 3JIeMeHT). B mocnemyo-
1eM 100aBJIeHUE HOBOTO DJIEMEHTA BhI3bIBAET U3MEHEHUE 3HAUYEHU ST BTOPOTO yKa3ares,
MMOCKOJIbKY OH OTMEYaeT Paclo0oXeHNe UMEHHO MOCAeTHEro 3aeMeHTa ouepenu. Yre-
HMe (M ymaleHHue) 3JeMeHTa (UMTAaeTCs M YAalseTcsl BCerma IMepBBIM 3JEMEHT M3 CO-
3MaHHOU ouepenu) MPUBOAUT K HEOOXOAUMOCTU MOTUGUITMPOBATH 3HAYEHHUE yKa3aTe-
JI1 Ha ee Hayayo. B pesynprare omepaiuii 3amucu (DoOaBiIcHMS) W YTCHUS (yOaJeHUS)
3JIEMEHTOB B MacCUBE, MOJICTMPYIOIIEM O4Yepeb JIEMEHTOB, yKa3aTeau OyayT nepeme-
IaThCsl OT Havajla MaccuBa K ero KoHiry. [Ipu mocTuxeHuu ykazarejeM 3HAUCHUS] UH-
JieKca TIOCJIeTHETO 2JIEMEHTa MaccuBa 3HAYEHUE yKa3aTeisi BHOBb CTAHOBUTCSI €TUHUY -
HBIM (€CTM MPU ITOM HE MPOU3OILIO MEPENOTHEHNE MAacCUBa, TO €CThb KOJTUYECTBO
5JIEMEHTOB B OYepeaM HE CTajJo OOJBIIMM YHMCJIa 3JICMEHTOB B MaccuBe). MOXHO cKa-
3aTh, YTO MbI KaK Obl 3aMbIKa€M MAcCHUB B KOJIbLIO, OPTAHU3Ys KPYTOBOE TepeMelleHre
yKas3aTeJiell Ha HavYaJlo U Ha KOHEILl, KOTOPbIE OTCIEXMBAIOT IEPBBIM U MOCIEIHUN 3Jie-
MEHTH B ouepenn. Cka3zaHHOE WILTIOCTpHUPYET puc. 7.4. UMeHHO TaK QYyHKLUIMOHUPYET
KOHBEep.

Kak undopmanronHas cTpykTypa KOHBelep ONUCHIBAETCS UAEHTU(DUKATOPOM, pazme-
poM 1 IByMs yKa3ateasiMu. KoHBeliepsl MpeacTaBisIoT Co00i CCTEMHBIN pecypc. YToOBI
HayaTh paboTy ¢ KOHBEWEpOM, MPOLIeCC CHavala JOJKEH 3aKa3aTh €ro y OMepaluoOHHON
CUCTEMBI ¥ TIOJIYYUTb B CBOE pacropsikeHue. [Iporecchl, 3Haoome UaeHTU(hUKATOp KOH-
Beliepa, MOTYT 4epe3 Hero OOMEHUBATLCSA JAHHBIMU.

' MexaHu3M KOHBeiiepoB, BriepBble BBeaeHHbI B UNIX-cucremax, nMeeT MaKCMMaabHBII pasmep 64 K6aiir,
MOCKONBKY B 16-pa3psimabix MUHN-DBM, 1 KoTopsix co3maBanack 31a OC, Helb3sl ObIITIO UMETh MaCCUB
JAHHBIX OOJBIIEr0 pasMmepa.
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Yrajarenc Ha HEHANG ¥kazarane Ha KoHaL

¥Y¥azaTeNt HAa KOHBL, YKazaTene Ha Hawang
Puc. 7.4. OpraHmsaumsa odepean B Maccuse

B kauecTBe wiTIOCTpallMy MPUBEAEM OCHOBHBIE CUCTEMHBIE 3aIPOCHI 1J1s1 PaOOTHI C KOH-
Beiiepamu, koTopnie umerorcst B API OS/2.

* (yHKIUA CO3maHUS KOHBeliepa:
DosCreatePipe (&ReadHandle, &WriteHandle, PipeSize):
3nech ReadHandle — meckpunrtop ureHus u3 KoHBeiiepa, WriteHandle —
NEeCKpUITITOP 3aMKcu B KOHBeilep, PipeSize — pazmep KoHBeliepa.

* (DYHKIMS YTCHHUS M3 KOHBeliepa:
DosRead (&ReadHandle, (PVOID)&Inform, sizeof(Inform). &BytesRead).
3nech ReadHandle — meckpunrop ureHus u3 KoHBeiiepa, Inform — nmepemeHHas
moboro tuna, sizeof(Inform) — pasmep mepemenHoit Inform, BytesRead —
KOJIMYECTBO NMPOUYUTAHHBIX OaiiToB. JaHHasgd (QyHKUUS Npu oOpalleHUU K
MyCTOMY KOHBelepy OymeT oXuaaTb, MOKa B HEM He MOSBUTCS MHbOpMaLus
N1 YTEHUS.

* (DYHKIUS 3allMCU B KOHBelep:
DosWrite (&WriteHandle. (PVOID)&Inform. sizeof(Inform)  &BytesWrite).
3nechk WriteHandle — meckpunTop 3anucu B KouBeiiep, BytesWrite — konnuecTBo
3aMucaHHbIX OalTOB.

YuraTh U3 KOHBeMEepa MOXKET TOJILKO TOT MPOLECC, KOTOPHINA 3HAET UAEHTU(HUKATOP CO-
OTBETCTBYIOIIeTO KoHBeliepa. [Ipu pabore ¢ KOoHBeilepoM JaHHBIE HEIOCPEACTBEHHO
rnmoMemaloTcs B Hero. Ellle pa3 oTMeTHM, 4TO M3-3a OTpaHUYEHMsI Ha pa3Mep KOHBeliepa
MPOrpaMMUCTHI CTAIKMBAIOTCSI U C OTPAHUYEHUSIMU Ha pa3Mephl MepegaBaeMbIX yepe3
Hero COOOIIEeHUIA.

Ouepenun cooOLLEHUNA

Ouepedu (queues) coobujenuti mpeanaraioT 6osee yIOOHBIM METON CBSI3M MEXAY B3au-
MOJeHCTBYIOIIMMU TpoliecCaMy MO CpaBHEHUIO C KaHajJlaMU, HO B CBOEH peajiu3aluu
oHU clioxHee. C ITOMOIIIBIO oYepeleil TaKKe MOXHO M3 OJHOM MJIM HECKOJbKHUX 3amad
HEe3aBUCUMBIM 00pa30M IOCHUTATh COOOIIEHUST HEKOTOPOI 3amadye-pueMHHKY. [1pu aToM
TOJIPKO IPOIIECC-TIPUEMHMK MOXKET YUTATh U YAAJISATh COOOINECHHUS U3 OYepeau, a Ipo-
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LEeCChI-KJIMEHTbl MMEIOT MpPaBo JULIb MOMEIIaTh B OYepeib CBOM cooOIieHMs. Takum
obpa3oM, ouepelab paboOTaeT TOJbKO B OAHOM HampaBjieHuUM. Eciu xe HeoOXommma
JIBYXCTOPOHHSISI CBSI3b, TO MOXKHO CO3[aTh JBE OUEPE/IU.

Pabota ¢ ouepenssMmu cooOIIEeHMI OTIMYAETCS OT padOTH ¢ KOHBeiiepamu. Bo-mepBhix,
ouepenu COOOIEHUI MPEeNOCTABISIOT BO3MOXKXHOCTD UCIOIb30BaTh HECKOJIBKO JAUCIIUTI-
JIMH 00pabOTKX COOOLIEHMIA:

* FIFO — cooOuieHue, 3amucaHHOe TIEPBbIM, OyleT MEPBBIM U MPOYUTAHO;

* LIFO — coobuieHue, 3amMcaHHOe MOCIEAHUM, OyIEeT MTPOYUTAHO MEPBBIM;

* NPUOPUTETHBIN AOCTYN — COOOUICHMS UMTAIOTCSA C YUYETOM MX MPUOPUTETOB;

* NMPOM3BOJIBHBIA JOCTYNT — COOOIICHUSI YNTAIOTCS B TIPOU3BOJBLHOM IOPSIKE.

Torma xak KaHan obecreynBaeT ToIbK0 gucuuILinHy FIFO.

Bo-BTOpBIX, ec/iv MpK YTEHUU COOOILEHUSI OHO YAaIsieTCs U3 KOHBelepa, To Mpu YTCHUU

COOOIIEHMS M3 09EePEIN STOTO He IIPOMCXOIUT, M COOOIIECHNE TIPH XKeJIaHUU MOXET OBbITh
MIPOYNTAHO HECKOJIBKO pas.

B-TpeTbux, B ouepensix MpuUCyTCTBYIOT HE HEMOCPEACTBEHHO CaMU COOOIEHUS, & TOJTb-
KO UX afgpeca B MaMsITU U pa3Mmep. DTa MHGOpMAIUs Pa3MEN[aeTcsl CUCTEMOi B Cer-
MEHTE MaMsTH, JOCTYIHOM sl Bcex 3a1ay, O0LIA0IMXCs ¢ TOMOILbIO JAHHOW 0Ye-
penu.

Kaxnpiit mpouece, CMONBb3YONMUNA 0Yepeib, TOMKEH MPEABAPUTETHHO MOTYYUTh Pa3-
pelIeHre Ha TOCTYI B OOIIMI CerMEHT MaMSITH ¢ ITOMOIIBIO CUCTEMHBIX 3ampocoB API,
nbo ouepenb — 3TO CUCTEMHBIA MEXaHU3M, U ISl paboThl C HUM TPeOYIOTCS CUCTEMHBbIE
pecypchl M, COOTBETCTBEHHO, obpameHne K camoir OC. Bo Bpems uTeHHUS M3 odepenu
3amavya-MpUEeMHHUK TMOIb3yeTCs cleayomeid nHOOopMaInei:

* upentudukarop mnpouecca (Process Identifier, PID), kotopsiii mepenan cooOrueHue;
* ampec W JJMWHA MEpPeNfaHHOTO COOOIIECHUS;

* MpuU3HAK HEOOXOAUMOCTHU XKIATh, €CIU OYEpeIb MyCTa;

* MPUOPUTET TEPEAAHHOTO COOOIICHUS;

* HoMep ocBoOOXIaeMoro cemadopa, Korma cooOlIeHUE MepenaeTcs B 04epemb.

Hakownen, npusenem nepedeHb OCHOBHBIX (hYHKIMI, YIPaBASIONIUX PabOTOl ouepenu
(6e3 mompoOHOTO OMMCAaHUS IepeaaBaeMBIX MapaMeTPOB, MOCKOIbKY B pa3nuyHbix OC
obpaieHust K 3TUM (DYHKIMSIM MOTYT CYIIECTBEHHO Pa3invaThCs):

* CreateQueue — cozmaHue HOBOI Oouyepen;

*

OpenQueue — OTKPHITUE CYLIECTBYIOLICH OYEpEaH;

* ReadQueue — uyTeHHME M ymajeHUE COOOILCHUS U3 OUEPEIu;

* PeekQueue — uteHue coobieHust 0e3 ero MocaenyIoIIero yaaaeHus: u3 ouepey;
WriteQueue — mobaBieHue COOOIIECHUS B OYEpPEb;

CloseQueue — 3aBepllicHME MCIIOIH30BAHUS OYEPEIN;

PurgeQueue — ymaneHue u3 o4epeau BCeX COOOLICHNUIA;

QueryQueue — ompeneeHne 9MCIa 2JIEMEHTOB B OU4epeIn.
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KOHTPONIBHEE BOIPOCH U 3amadu

1. Kakue mociemnoBaTeIbHbIe BHIYUCIUTEIbHBIE IpoLECChl Mbl Ha3bIBa€M Iapajjicib-
HbBIMHU N HO‘ICMY? Kaxkue napaJJICJIbHbIC ITPOLECChI HAa3bIBAlOTCA HE3aBUCUMBIMHU,
a Kaknue — BSaHMOHCﬁCTBYIOLHHMH?

2. Wsmoxute anroput™ JekkKepa, MO3BOJSIONINN pa3pelluTh MpoOIeMy B3aMMHOTO
HCKITIOYCHHUS ITyTeM UCIIOJIb30BaHMUS OMHOU TOIHKO OJIOKMPOBKH ITaMSITH.

3. OOmBsICHUTE, KaK JeiiCTBYeT KOMaHaa MPOBepPKU 1 yCTaHOBKU. Pacckaxure o pado-
te KomaHa BTS u BTR, koTopsle nMeIoTcs B Ipolieccopax ¢ apXuTeKTypoii ia32.

4. Pacckaxwute o cemadopax [deiikctpel. Yem obecrieunBaeTcs B3aMMHOE MCKIIIOYE-
HUeE MPY BHIMOJTHEHUM TPUMUTHUBOB P 11 V?

5. M3moxuTe, KaK MOTYT OBITh peaqu30BaHbl ceMadOpHbIe TPUMUTUBHI TSI MYJIBTH-
MTPOIIECCOPHOM CHCTEMBI?

Yrto Takoe MbpIOTEKC?

M3m0XnTe alropuTM pellleHUs 3aJad¥ «IMOCTAaBIIMK-TIOTPEOUTETb> TIPU HUCIIONb-
30BaHUM ceMadopoB JleiKCTpHI.

8. Usmoxure ajiropuT™M pelIeHUs 3aJadyld «IUTaTeNn-TNCATENN» TIPA MCITOIb30Ba-
HuUM ceMadopoB JIelKCTpHI.

9. Uro Takoe «MoHuTOop Xoapa»? IlpuBenure mpuMep TaKOro MOHUTOPA.
10. YTo mpeacTaBisitoT coOOOM MOYTOBBIE SIIIUKU?
11. Yro mpencTaBisiioT co00il KOHBeliephl (IIporpaMMHBIe KaHallbl)?

12. Yrto mpeacTtaBasiioT coboii ouepenu coodiieHuit? Yem oTanMuamTCsI ouepenau coood-
IIEHWIA OT MTOYTOBBIX SAMTUKOB?
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