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ITpeancaosmue

OcHOBY HaCTOAIEH KHUTY COCTAB/ISIOT KYPCHI JIEKIMiA 10 MAaTeMaTH-
YECKOH TEOPUH POIPAMMUPOBAHUSI, YNTABIIAECS ABTOPOM B TEUEHUE
psfa JeT sl CTYJIeHTOB MEXaHHKO-MaTeMaTHIeCKOrO (haKy/JIbTeTa
n dakyIbTeTa BBIYUCIUTEbHON MaTeMaTuku u Kubepueruku MITY
nmenn M.B.JlomonocoBa.

B kHure maHo moapoOHOe U3JI0KeHHe OCHOBHBIX IOHSTHII U pe-
3yJBTATOB HCYUCJICHUS B3auMoieiicTByomux cucrem P.Musaepa (cm.
[89]) w mpuBenéH oaMH M3 BO3MOMKHBIX BAPHAHTOB €r0 0GOOIIEHHUSI
JUTST PeTenns 33,129 (pOpPMaJbHOTO OMHCAHUS W AHAJIN3a, MPOIIECCOB
¢ nmepeaadeii coobmenuii. l310keHne TeopeTUIeCKUX MOHATHHR U pe-
3YJBTATOB CONPOBOKIAETCI ULTIOCTPAINAMEI X MPUMEHEHUs K Pe-
HICHWIO PA3JIMYHBIX 38189 BEPUPUKAIMEI HPOIECCOB. BOIBIINHCTBO
pacecMarpuBaeMbX TpuMepoB B3aTo u3 Kaur [89] u [92].
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I'maBa 1

BBenenue

1.1 IIpeamMer Teopum IIPoOIECCOB

Teopusi mpoIECCOB ABISETCS OTHIM U3 PA3IeI0B MaTeMaTHICCKON
TEOPUN NPOTrPAMMHUPOBAHNA, KOTOPBIN U3y4aeT MaTeMaTHIeCKIe MO-
JCJIN IMIOBEeACHUA THHAMWIYCeCKHUX CUCTEM, Ha3bIBacMble ITPOITECCaAMM.

['oBopst HEDOPMATBLHO, HPOMECC IIPeIcTaBIsIeT cO00M MO/Ie/Ib Ta-
KOI'0 IOBEeIEeHHS, KOTOPOe 3aKJI0YAeTCs B HCIOJTHEHHH HEeHCTBUIA.
Takumu meficTBUSIMEI MOTYT ObIThH, HAIIPAMED,

e IpUEM WM Iepeada KaKuX-I1100 0O0beKTOB, Ul
e 1peobpa3oBaHue TUX OOHLEKTOB.

Ocunosnble AOCTOMHCTBA TCOPHUHU IIPOLECCOB KaK MaTlT€MaTHU4Y€CKO-
T'0 allllapaTa, IIPpeAHa3HaYeHHOI 0o AJid MOACJINPOBAHUA U aHaJIN3a JH-
HaMHUYE€CKHUX CUCTEM, 3aKJI0Yal0TCA B CJICAYIOIIEM.

1. Anmapar Teopuu mpoIEeccoB XOPOIIO HOAXOMAUT Jjid POPMAJTb-
HOTO ONMCAHUS U aHAJIU3a MOBEJICHNs PAaCcIpPeNeJIEHHBIX ON-
HAMUYECKNX CHUCTEM, T.e. TAKUX CUCTEM, KOTOpPHIe COCTOSAT
13 HECKOJBKUX B3aUMO/IACTBYIOMNUX KOMIIOHEHTOB, ITPpUYeM

® BCE 3TH KOMIOHEHTHI pabOTAIOT Napa/LIeJbHO, H

® B3aNMMO/EeHCTBUE KOMIIOHEHTOB ITPOUCXOJNT TMYTEM IIepe-
CBLJIKA CUT'HAJIOB MJIH COOOIIEHUN OT OJHUX KOMIIOHEHTOB
JPYTUM KOMITOHEHTAM.



Bakueimum mpuMepoM pacipeeeHHbIX JTUHAMUICCKUX CH-
CTEeM ABJIAIOTCA TPOrPAMMHO-ANNAPATHBIC BBIYUCIATCAbHBIC KOM-
ILICKCBI, B KOTOPBIX

® OJIMH KJacC KOMIIOHEHTOB OIIpeJlesIsieTcsl COBOKYITHOCTHIO
KOMIIBIOTEPHBIX IPOTPAaMM, KOTOPbIe (DYHKIIUOHUPYIOT B
3TOM KOMILIEKCe

® JIpYIOil KJacC KOMIOHEHTOB CBA3aH C alllapaTHON IJiaT-
dopmoit, Ha 6aze KOTOPOH PYyHKIMOHUPYET ITOT KOMILIEKC

e TpeTHil KJacCc KOMIOHEHTOB MPeACTaBJIseT cOoDOi COBO-
KYIHOCTH HHPOPMAIMOHHBIX PeCyPCoB (6a3bl JaHHBIX, Oa-
3bI 3HAHW, 3JEKTPOHHBIE OMOJIMOTEKH, U T.II.), KOTODBIE
UCIOJIB3YI0TCA 1151 o0ecnedeHns (DYHKITMOHUPOBAHUS 3TO-
ro KOMILIEKCa,

® TAK)Ke MOXKeT MPUHUMAThCI BO BHUMAaHHUE KJIACC KOMIIO-
HEHTOB, CBA3AHHBIX € YeJI0BEUCCKUM (DAKTOPOM.

2. Metomupl Teopuu IPOIECCOB MO3BOLIOT aHAIU3UPOBATD C HPH-
eMJIEMOH CJIOZKHOCTBLIO MOIEJH ¢ OYeHb OOJIBIIMAM U JazKe Oec-
KOHEYHBIM MHOYKECTBOM COCTOSIHHil. DTO BO3MOXKHO O.JIaroa-
pst pa3paboOTaHHOI B TEOPUH HMPOIECCOB TEXHUKE CHMBOJIBHBIX
peoOpa3oBaHuil BhIPayKeHNii, OMUCHIBAIOIINX ITPOIIECCHI.

Bazkueiium npuMepoM MoJieieil ¢ 6eCKOHEYHBIM MHOYKECTBOM
COCTOAHUN SBASIIOTCI MOZeJIN KOMITbIOTEPHBIX TPOrpaMMm C Tie-
PEMEHHBIMHU, MHOZKECTBA 3HAYECHHIT KOTOPBIX UMEIOT OYeHb O0JIhb-
o pasmep. B Takux Mome/sx mporpamMm B IeIsxX yaobcTBa
HPOBEJIEHUST PACCY ZKJIeHU O0JIbIITNE MHOZKECTBA 3HAUYEHUH HEKO-
TOPBIX TEPEMEHHBIX 3aMEHSIOTCS Ha COOTBETCTBYIOIIHE OECKO-
HEYHBIE MHOXKECTBa. Hampumep, MHOXKECTBO 3HAYEHUIl Tepe-
MeHHBIX THIA double, mpeacraBisioniee coboil KOHEUHYIO (HO
0YeHb GOJIBINYI0) COBOKYIHOCTh JTeHCTBUTENBHBIX YHCE], MO-
2KeT 6bITb 3aMEHECHO Ha 68CKOH€‘IHO€ MHOZKECTBO BCEX ,ZLefICTBI/I—
TEJIbHBIX YHUCEJI.

B HekoTOpBIX Ciydasix IpejCTaB/IeHHEe aHAJIU3UPYEMOH I1po-
rpaMMbl B BHJIE MOJIeJIN ¢ OECKOHEIHBIM MHOYKECTBOM COCTO-
SHUU CYIIECTBEHHO YIPOIIAET IIPOBEJICHUE PACCYK/IeHHHE 00



9TO#t mporpamme. AHAIU3 MOJIEIN STON MPOTPAMMBI ¢ KOHE'-
HBIM, HO OYeHb OOJIBIIIM MHOYKECTBOM COCTOSHUI KJIaccude-
CKUMHU MeTOJIaMU TEOPUU aBTOMATOB, KOTOpble OCHOBAHbLI Ha

® JBHOM IIPEACTABJICHUA MHOXKECTBA COCTOAHUAN 3TON MOJIe-
JH, U

® aHaJIM3€e ITOU MOJIeTU IIYTEM SIBHOTO ONEPUPOBAHUL C €€
COCTOSTHUSAMU

MOZKE€T UMETb O4Y€Hb BBLICOKYIO BBIYMCJJIMUTE/IbHYIO CJIO2KHOCTD,
1 B HEKOTOPLIX CJdyYadX 3aMEHa

® 331a4H aHAJIM3a HNCXOOHOU KOHEYHON MOIEaN

® 1A 33Ja4y aHAJIU3a COOTBETCTBYIONIEH OeCKOHETHO! MOoIe-
JA TaKUMU METOIaMH, KOTOPble OCHOBAHBI Ha CHMBOJIb-
HBIX [IPEOOPA30BAHUAX BbIPAXKEHUM, OIMUCHIBAIOIIUX ITY
MOJIEIb,

MOZKET JIaTh CyIECTBEHHBIN BBIMT'PBIIL C TOYKHN 3PEHAA BbIYUC-
JINTEJIbHON CJIO?KHOCTH.

3. Merojpl TeOpum MPOIECCOB XOPOIIO MOAXOMAT JIJIsi U3y YeHUs
nepapxmu4ecKux CHCTeM, T.€. TAKHUX CUCTEM, KOTOPble UMET
MHOT'OYPOBHEBYIO CTPYKTYPY.

Kaxk1as KOMIIOHEHTa TaKUX CUCTEM PACCMATPUBAETCA KaK MOJ-
CuCTeMa, KOTopad, B CBOIO 04YePe/ib, MOXKET COCTOATD U3 HECKOJIb-
KIX TOIKOMIOHeHTOB. Karknag m3 9THUX HOAKOMIIOHEHTOB MO-
KET B3anmMOJIefiCTBOBATH

® C ApPpyruMu NnNOAKOMIIOHEHTaMHu, 1

e ¢ cucreMaMu 00J1ee BHICOKOTO yPOBHSI.

OCHOBHBIMH HCTOUYHHKAMHU 33729 ¥ O0bEKTaMH ITPUMEHEHHS Pe-
3yJIbTATOB TEOPUU TPOIECCOB SIBILIOTCS pacCIpeIeeHHbIe KOMIThIO-
TEPHBIE CUCTEMHI.

Bwmecte ¢ Tem, Teopusd mMpoIecCOB MOXKeT HCIOJIb30BATHCS TaKZKe
JIId MOJIeTMPOBAaHUS W aHAJIN3a TOBeJleHNs CHUCTeM CaMOW pas3/ind-
HOU NMPUPOJIBI, BaKHEUTITUMYU TPUMEPaMU KOTOPBIX SIBJISIOTCA Opra-
HU3AIMOHHBIE CUCTEMBI. K UX 9HC/y OTHOCATCS
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® CHCTeMBbl YIIPABJICHUA AeATEIbHOCTHIO TPEAIPUATHI],
® TOCYJAapCTBEHHBIE CTPYKTYPHI,

® CHCTEMBI OPTAHU3ANNE KOMMEPUYECKHX MPONEcCOB (Hampumep,
CHCTEMbI OPIaHU3aIMN TOPIOBBIX CJEJIOK, ayKIIMOHOB, U T.II.)

[Iponeccrl, oTHOCAIIECT K DYHKIHOHUPOBAHUIO TAKHX CHCTEM,
IPUHSTO HA3LIBATh OM3HEC-IIPOIECCAMM.

1.2 Bepudukamnga mporieccoB

HamnGostee BaxKHBIN KJ1acc 3a1a4, 11 PEIIeHs KOTOPBIX IpeIHA3HA-
JeHa TeOPHsI IPOIECCOB, CBI3aH ¢ MPOBIeMOil BepU(pUKAIIMH IIPOIEC-
COB.

[Tpobsiema BepudpmKamm Mporiecca 3aKII09aeTCsa B TOCTPOEHN T
GOpMABLHOIO [TI0KA3aTeIbCTBA TOr0, UTO aHAJM3UPYEMBIil MIpPOIece
obJ1a1aeT 3aJaHHBIMH CBOMCTBAMH.

J11s MHOTHX MPOIECCOB TaHHAS 3a1a9a IMIPEICTABISIET HCKIIOYH-
TEJIbHYI0 aKTyabHOCTh. Hamnpumep, 6e30macHast SKCILIyaTaIis Ta-
KX CUCTEM, KaK

® CHUCTEMbl YIIPABJEHUd aTOMHBIMHU 3JIEKTPOCTAHIIASIMH,
® MeIUIUHCKHE YCTPOUCTBA ¢ KOMIIBIOTEPHBIM YIIPaBJIeHUEM,

e DOPTOBBIE CUCTEMBI YITPABJIEHHUS CAMOJIETOB I KOCMUYECKUX all-
1apaTos,

® CHUCTeMbl YIIPABJICHUS CEKPETHBIME Da3zaMu JAHHBIX,
® CUCTEeMBbl JICKTPOHHONW KOMMepIun

HEBO3MOXKHA 6€3 YIOBIECTBOPUTEIHLHOTO PEIleHus 3a/1a9u BepuduKa-
[N CBOMCTB KOPPEKTHOCTH U OE30IACHOCTH IIPONECCOB, (PYHKITHOHH-
pPylOmux B TAKAX CUCTEMAaX, TAK KaK HapPYIICHUY JJAHHBIX CBOWCTB B
cucTeMax mo00HOIr0 THUTIA MOTYT MPUBECTH K CYIIIECTBEHHOMY VIIep-
Oy /7151 SKOHOMUKN W CaMOil JKU3HU JII0j1ei.

Tounas mocTaHOBKa 3aJa4d BepHMPUKAIUU COCTOUT U3 CJEIYIO-
IMUX JacTei.
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1. TlocTtpoenme nporecca, mpeacTaBIAONET0 cOO0 MaTeMaTHIe-
CKYIO MOJIeJIb TIOB€e/IeHUs aHAJU3UPYEMON CHCTEMBI.

2. IlpejcraBienue npoBepsieMOro CBOWCTBA B BHUJE MaTeMaTHde-
cKoro obbekTa (HasbiBaeMoro crenudukanueii).

3. IlocTtpoenne mMaTeMaTH4eCKOTO /I0KA3aTEJIbCTBA yTBEPK-
JIeHUsI O TOM, YTO HMOCTPOEHHBIH HPOIECC yIOBIETBOPSIET CIIe-
nuduKannm.

1.3 Coemmdukanusa IpoIieccoB

Cnenmudukalima mporecca npejacrapiser coboil onucanue cBONCTB
9TOr0 MPOIECCa B BUIE HEKOTOPOTO MATEMATHIECKOTO 00HEKTA.
[Ipumepom crienupuKaImy ABIgeTcsd TpeOOBaHue HaIesKHOCTH I1e-
peIavun JaHHBIX depe3 HeHaIe:kKHyIo cpedy. 1lpu 9ToM He yKas3biBa-
eTCH7 KaK UMEHHO OJOJI2KHA O6eCH€LH/IBaTbCH dTa HAACKHOCTD.
B kagecTBe creruduKanuu MOTYT BHICTYIIATh, HAPUMED, CJeTy-
0Ine 00 HEKTHI.

1. Jlormyeckasi popmysia, BbIpazkalolnas HEKOTOpoe TpeboBaHue
K IIPOIIECCYy.
Hanpumep, Takum TpebOBaHHEM MOXKET OBITH YCJIOBHE TOTIO,

9TO eCJIU IMPOIECC MOJYUNJl HEKOTOPBII 3a1Ipoc, TO depe3 HEKO-
TOPOE 3aJlTaHHOE BPeMs ITPOIECC BBLIACT OTBET HA ITOT 3aITPOC.

2. Ilpeacrapiienre aHAJIH3UPYEMOTO IPOIecca Ha 60jee BHICOKOM
ypoBHE abCTPaKIINAH.

Jlanubrit Bua crnennduKanuii UCHOIb3YeTCs MPU MHOTOYPOB-
HEBOM IIPOEKTHPOBAHUYU TIPOIECCOB: peau3allfio IMpolecca Ha
KasKJIOM YPOBHEe IMPOEKTUPOBAHUS MOYKHO pPaccMaTpuBaTh KaK
cruenmuUKAIMIO /IS PeaJu3alldi 3TOTO IIPOIEcca Ha CIAeTyIo-
IEeM yPOBHE MTPOEKTUPOBAHUA.

3. Hekoropblii 3TaJIOHHBIH IPOIECC, OTHOCUTEIHLHO KOTOPOI'O IPe/I-
[OJIAraeTcsd, 9TO OH 00JIa/1aeT 3a/[aHHBIM CBOWCTBOM.

B sTom cirydae 3amada BepudUKaAIUKA 3aKII0YACTCS B OCTPO-
eHUW J0KA3aTeThCTBA SKBUBAJEHTHOCTH STAJTOHHOTO W aHAJIH-
3UPYEMOTO TPOIECCOB.
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[Ipu nocTpoennu creruduKaiuii cjaeayer pyKoBOJICTBOBATHCS CJie-
JIVIOIITUMU TTPUHITATIAMH.

1. OaH0 M TO Ke CBOICTBO IIPOLECCA MOMKET ObITH BHLIPAZKEHO HA
pasmubix g3bikax crnenudukanuii (7AC), u

e na onaoM YC OHO MOXKET WMeTh MPOCTYIO crernuguKa-
IO,

® a Ha JPYTOM — CJOKHYIO.
Hanpuwmep, crienudukaliys, OHUChIBAIONIAs CBI3b MEXK/LY BXOJI-
HBIMH U BHIXOJHBIME 3HAYEHUSAMU J/1d TPOTrPAMMBI, BBIYUCISIO-
el pa3aozKeHue Meoro 9ricjaa Ha TPOCThle MHOKHUTEN, HMe-
eT

® CJIOKHBIF BUJI HA SA3bIKE JIOTUKH MPEJIUKATOB, HO

® 1IPOCTOfl BU/I, €CJU BBIPA3UTH 3TY CHENUMUKAINIO B BHJIE

HEKOTOPOI ITAJOHHOHU MIPOrpaMMBblL.

[TosTomy jjist ipejicTaB/IeHnsT CBOMCTBA TPONECCa B BUJE CITe-
muUKATINH BaXKHO BHIOpaTh Takoit S1C, Ha KoTopoMm crerudu-
Kalldsi 9TOr0 CBOiicTBa mMeJia Obl HanboJIee FCHBI U IPOCTOM
BH/I.

2. Ecsim cBoiicTBO nporecca n3Ha4aIbHO OBLIO BRIPAZKEHO HA, eCTe-
CTBEHHOM fA3BIKE, TO IIPU IEPEBOJIE ero B CeludUKAIUIO BaK-
HO 00ECIIeYHTh COOTBETCTBHE MEXKIY

® CCTCCTBCHHO-A3BIKOBBLIM OIIMCaHMEM 3TOI'O CBOI'/JICTBa7 nu

e cro crenuduKarmei,

T.K. B CJIy4ae HecOOIOIeHUs ITOTO YCJOBUS PE3Y/IbTATHI BEPHU-
dukanuu He OYIYT UMETH CMBIC/IA.
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I'1aBa 2

IlonsiTue nporecca

2.1 IlpencraBjieHue moBedeHUd JUHAMUYe-
CKMX CHUCTEM B BHJIE IIPOILECCOB

OnuH W3 BO3MOXKHBIX METOIOB MaTeMaTHIECKOTO MOIEINPOBAHU
TTOBeeHNA JUHAMHYECKUX CUCTEM 3aKJI0YaeTCd B TPeICTaBICHUN
TTOBeJIeHUs ITUX CUCTEM B BHUJIe TIPOIECCOB.

[Ipomece, kKak TpaBWJIO, He YIUTHIBAET BCeX JleTajell MoBeaeHus
aHaIM3upyemMoit cucrembl. OQHO M TO K€ IOBEICHHE MOXKeT ObITh
IPEeICTABIEHO PA3JIUIHBIMA MPOIECCAMHE, OTPAYKAIOTITUMH

® DA3HYIO cTeleHb abCTPAKIUU IIPU IHOCTPOCHUH MOJIEH TOrO
TOBejIeHUsd, H

® pa3Hble YPOBHU JI€TAJIN3AIUN JeHCTBUM, UCTIOJTHAEMBIX CUCTe-
MOIii.

Eciu nenbio mocrpoenus nporecca sl peacTaBAeHnsT OBeIeHusT
HEKOTOPOI CUCTEMBI dBJISIETCS ITPOBEPKA CBONCTB 3TOTO MOBEIEHUS,
TO BBIOOD YPOBHS JACTAJTU3ANNH JeHCTBUH CHCTEMBI J0JIZKEeH IPOU3BO-
JIAThCS ¢ YIETOM TeX CBOUCTB, KOTOPbIEe HEOOXOTUMO TPOAHATIU3UPO-
Barb. [locTpoenue mporecca, MMpejacTaB/sIoniero moBeieHne aHaJm-
3UPYEMON CUCTEMBI, JTOJYKHO TPOU3BOAUTHCS C YIETOM CJIETyIOTIIX
IIPUHITUIIOB.

1. Onucanune mporecca He JOIKHO OBITh IPe3MEpPHO JIeTAJIbHBIM,
T.K. M3JIAITHASA CJOXKHOCTH 3TOr0 OMUCAHUS MOYKET BBI3BATH
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CYIIECTBEHHbIE BHIYUCIUTEIbHBIE TTPOOIEMBI TPH (POPMaATLHOM
aHaJn3e 3TOrO Ipolecca.

2. Onucanue mporecca He JO0JKHO OBITH UPE3MEPHO YIIPOIIEH-
HBIM, OHO JIOJIZKHO

e OTpakaTh Te aCMeKTHhl TOBEJACHHUS MOIASIUPYEMON CHCTe-
MBI, KOTOPble UMEIOT OTHOIIEHWe K IIPOBEPSEMBIM CBOM-
cTBaM, 1

® COXPaHATH BCE CBOUCTBA MOBEJICHUSA ITONH CHCTEMbBI, KOTO-
pble MpeACTABALIOT UHTEPEC JJid aHAJIN3a

T.K. B CJIy4dae HGCO6JHO,ZL€HI/IH 9TOro yCJOBHA DPE3YJIbTAaTbl aHa-
JIN3a TaKOIr'o IIpoliecca He 6y,ILyT NUMEThb CMBICJIA.

2.2 HedopmaabHoe TIOHATHE TpPOIEcca n
IpuMepsbl IIPOIECCOB

[Ipexke vem chopMyIMPOBATH TOYHOE OIIPEJeeHUE MPOIECCa, Mbl
npuBeJigM HedopMaIbHOE MOHATHE MPOIECcca, U PAaCCMOTPUM IPO-
cTelie TpUMepPHI IIPOIECCOB.

2.2.1 HedopmaabHoe MOHATHE IIPOIlECCa

Kak 6p1J10 cKa3aHo BbITIle, Mbl TOHUMAEM IIO/1 POIECCOM MOJIEJb T10-
BeJICHUS JIMHAMHYECKON CHCTEeMBI Ha HEKOTOPOM yPOBHE aOCTPAKITUN.

IIpo1ecc MoXKHO 1peicTaBIdaATh cebe Kak rpad P, KOMIIOHEHTHI
KOTOPOT'O UMEIOT CJCAYIONIANA CMBICII.

e Bepmnet rpacda P Ha3biBalOTCd COCTOSHUAME, W 1300pazKa-
0T CUTYAITUH (UJTH KJIACCH CATYAIIUiT ), B KOTOPBIX MOZKeT HaXo-
JIATHCS MOJIeTUPYeMasi CHCTeMa B PA3JTUIHbIE MOMEHTBI CBOETO
GYHKITMOHTPOBAHUSI.

O,ZLHO U3 COCTOSHHI IBALETCS BBIJCJICHHBIM, OHO Ha3bIBaCTCA
Ha4vaJIbHBIM COCTOAHHEM IIPOoIecca P.

e Péopa rpada P nmeroT MeTKI, n300paKaroliie JeificTBus, KO-
TOPpbIC MO2KET HUCIIOJIHATH MOoAdeJIMpyeMad CucreMa.
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o OyHKIMOHUPOBAHUE MPOIEcca P ONMChIBAETCS TIEPEXoaMy MO
péopam rpada P oT 0JIHOr0 cOCTOAHUA K JApyromy. PyHKIIHO-
HUpOBaHUE HAYMHAETCS W3 HAYAJIbHOTO COCTOSTHUSI.

Mertka Kaxkaoro pebpa m3obpazkaeT jeficTBHe IpoIecca, UC-
OJIHSIEMOEe IIPH MIEePeXo/e OT COCTOSHUS B Hadajle pedbpa K Co-
CTOAHHNIO B €0 KOHIIE.

2.2.2 llpumep mporiecca

B kadecTBe mepBOro mpuMepa pacCMOTPHUM TPOIECC, TPeICTaBIAI0-
it coboit NpocTefiiyo MOJe/ b MOBE/IEHNS HEKOTOPOI'O TOPrOBOI'O
aBTOMATA.

Mpur Oyem nipeicTaBIATh cebe 3TOT aBTOMAT KaK MalluHy, KOTO-
pas uMeer

® MOHETOIPHEMHUK,
® KHOIIKY, U

® JIOTOK JIJIs BBLJAYH TOBapa.

Korna mokymnaresb Xo4ueT mTpuodpecTn ToBap, OH
® OIyCKaeT MOHETY B MOHETOITPUEMHUK,

® Ha)KMMaeT HA KHOIKY

U TOCJIe 9TOT'O B JIOTKe MOABJISIETCS TOBAP.
[IpenmosiozKuM, 9TO HAIIT ABTOMAT TOPTYET MIOKOJIIKAMU IO TIeHe
1 MoHeTa 3a MTYKY.
OmnumieM geificTBUS TAKOrO aBTOMATA.

e [lo mAMNIIMaTHBE MOKyNaTe/Id, B aBTOMATe MOTYT HPOUCXOINTH
caeayromuye aeficreud:

— IIoIlaJaHue B IIIeJIb MOHETHI, U

— HazKaTHhue KHOIIKH.

e B orBer aBTOMAaT MOYXKET OCYIIECTBJISITH PEAKIINIO: BbIIaBaTh B
JIOTOK IITOKOJIQJIKY.
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ObozHaunM JeficTBUST KOPOTKUMU WMEHAM:

® IIpUEM MOHETbI Mbl 0DO3HAYUM CHUMBOJIOM NP MOH,
® HaKaTHe KHOIIKHU - CUMBOJIOM HAIC_ KH, U

® BBHIJAYY MIOKOJIAIKA - CAMBOJIOM 680 ULOK.

[Tporecc Halrero TOproBoro aBToMaTa BHITJISLIAT CJIE/IYIOIIM 00-
pazowm:

(s0)

np_ MoH 6610 ULOK

HAIHC KH
Ly

Jlannas quarpaMma 00bACHAET, KAaK KMEHHO (DYHKIITUOHUPYET TOP-
TOBBIl aBTOMAT:

e BHaYaJIe aBTOMAT HAXOJUTCA B COCTOAHUU Sq, B 3TOM COCTOSHUN
OH OKHJAeT IOABJICHUSA B IPHEMHHUKE MOHETBI
(TO, 9TO COCTOsIHUE S) SIBISAETCS HAYATBHBIM, M300parKaeTcs
Ha JirarpamMMe JBOHHBIM KPY2KOYKOM BOKDPYT UJIeHTU(MHUKATOPA
9TOTO COCTOSTHUS)

® KOr'la MOHETa MOABJIACTCA, aBTOMAaT IIEpeXOaAUT B COCTOAHUEC S
1 KAET HazKaThudAd Ha KHOIIKY,

® JI0CJIC HazKaTud KHOIIKH aBTOMaT

— IIEPEXOINT B COCTOSHHE So,
— BBIJAET MIOKOJIAJIKY, U

— BO3BpAIIAETCsT B COCTOSIHUE S(.
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2.2.3 JIpyroit mpumep mpoiiecca

PacemoTpuM 6ostee cI0KHBIH TPUMEDP TOPTOBOTO aBTOMATA, KOTOPBIH
OTIMYAETCS OT MPEILIIYIIEero TeM, 9YTO MPOJAET JIBA BUIA TOBAPOB:
qait u Kode, IpuIéM CTOUMOCTD das - 1 pybJib, a cTomMOCTh Kode -
2 pybuid.

ABTOMAT HMeeT JiBe KHOIIKU: OJIHY - JIJId Jast, IPYTYIO - jijisd Kode.

[lokymaTenb MOYXKeT TIATHTHh MOHETAMH JIOCTOMHCTBOM B 1 py0OJib
u 2 pyoss. Jlamaeie MOHETHI OyIyT 0003HAYATHCS 3HAKOCOUETAHUSIMU
MOH,_ 1 1 MOH__ 2 COOTBETCTBEHHO.

Ecin nmokymareib OnMycTHI B MOHETONPHEMHUK MOHETY MOH_ 1,
OH MOXKET KYTUTh TOJBKO 4Yail. Ecyiu yke on onycTun Monetry mon_ 2,
OH MOXKeT KyTIHTb Kode min asa dasg. Kode MOKHO KyIUTh TakkKe,
OIYCTUB B MOHETONPUEMHWK JIBE MOHETHI MOH,_ 1.

[Iponecec Takoro TOproBoro aBTOMaTa BhIIVISIUT CJeYIONUM 00-
pasom:

/S_\ 6uid_ Koghe
~ \

~

evid_ wali

np_mon_ 1 @

HAHC_KH_wall

np_Mmon_ 2 61 Ga

)

6ul0_ watl
np_MmoH_ 1

HAHC_KH_4all

N (523 J
A waote_ w1 xofbe

Jlnsg hopMasibHOTO OlNpeIeIeHIs TIOHSITHSI TTPOIECCa MbI JIOJIZKHBI
YTOYHUTD MOHATHE JEHCTBUA. DTO YTOUHEHHIE H3JIaraeTcsd B Haparpa-

e 23
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2.3 JleiicTBus

Mg 3aganus mporecca P, IpeacTaBIsionero coboii Moaeab IoBe-
JICHUSI HEKOTOPOU JIMHAMMYECKO#l CHCTeMbl, JOJIKHO OBITH YKa3aHO
HeKOTOpoe MHOKecTBO Act(P) meiicTBHil, KOTOPBIE MOXKET BBHITIOJ-
HATDH mpoiiecc P.

Mpsr Hymem mpeanoJaraTb, YTO JeHCTBUS BCEX MPOIECCOB sSIBJIs-
I0TCST 97IeMEHTaMH HEKOTOPOTO YHUBEPCATBLHOTO MHOXKecTBa Act Beex
BO3MOXKHBIX JIHCTBUH, KOTOPbIE MOYXKET BbIIOJHUTH KaKOH-/1100 1Ipo-
mecc, T.e. Jis Jiroboro mporecca P

Act(P) C Act

Bri6op muoxkectBa Act(P) neiicTBuil nporecca P 3aBucur or re-
Jieii MOACJINPOBAHUA. B Pa3HbLIX CUTYalUAX OJId MpeACTaBJICHUA MO-
JeJIM AHAJIU3UPYEMON CUCTEMBI B BHJIE HEKOTOPOIO MPOIECCa MOTYT
BBIOMPATHCSI pa3Hble MHOXKECTBA JI1eHCTBUI.

Mgz OyzeM mpeamnoararhb, 9T0 MHOXKECTBO AeiicTBuit Act menurces
Ha 3 CJeIyIONMUX KJaacca.

1. Bxognabie mgeiicTBUA, KOTOpPbIe N300paKaAIOTCA 3HAKOCOYETA~
HUAMHA BUOA
a?

JleiicTBue BUIa (Y MHTEPIPETUPYETCS KaK BBOJ B POIIECC HEKO-
TOPOro 0ObeKTa C UMEHEM (.

2. Beixoguble AeficTBUS, KOTOPbie N300ParKaloTcsd 3HAKOCOYe-
TaHUSIMH BHJIQ
a!

JeiicrBre Buga ! MHTEPIPETUPYeTCs KaK BBIBOJ M3 IPOIECCa
HEKOTOPOI'0 0ObEKTa ¢ UMEHEM (.

3. BayTpennee (i HeBUAUMOE) JeiicTBIe, KOTOpOe 0003Ha-
JaeTcss CHMBOJIOM T.

BHyTpeHHHM MBI HA3LIBAEM TaKoe AeHCTBHE mpormecca P, Ko-
TOpOE HE CBA3AHO C €ro B3aUMOACHCTBHEM ¢ OKPY2KAIOIIei
cpenoii (T.e. ¢ IPONECCAMU, SBJISTIONIAMUCS BHENTHAMH 10 OT-
HOIICHUIO K IIPOLeccy P, I ¢ KOTOPBLIME OH MOZKET B3anMOJIeii-
CTBOBATH).
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Hanpuwmep, BHyTpeHHee JeiicTBAE MOXKET OBITH CBSA3aHO C B3a-
UMOJIelicTBHEM KOMIIOHEHTOB mportiecca P.

B seiicrBUTEILHOCTH, BHYTPEHHHUE JIEHCTBUS MOIYT OBITH Ca-
MBIMHU pPa3HOOOPA3HBIMK, HO JIJId 0003HAYEHUs BCEX BHYTPEH-
HUX JeificTBril MBI Oy/1eM HCIOJIB30BATH OJIUH U TOT K€ CHMBOJT
7. DTO OTpazKaeT Hallle yKeJaHHe He Pas/imdyaThb BCe BHYTPEH-
HIe JeificTBUs, T.K. OHU He SBJISIOTCS “HADII0IaeMbIMH H3BHE
nponecca P.

Ob6oznaunm 3nHakocoueTanneM Names COBOKYIMHOCTbH UMEH O0b-
€KTOB, KOTOpbI€ MOT'YT BBOAUTLCA B KaKOfI—J’IH6O Iponecc HJIN BBIBO-
JIATHCA U3 HEro.

Mpl He Hak/JIaIbIBaeM HHKAKMX OIDAHHYEHHH Ha BHIBI 00bEK-
TOB, ¢ KOTOPBIME MOTYT OIEPHPOBATH IPOIECCH, MOITOMY MHOMKe-
ctBo Names npeanoaraercss 0ECKOHETHBIM.

MuoxkecTBO Act 110 ONpeEIeHNAIO PEACTABIIeT CO00i T3 HIOHK-
Hoe O0beINHEHNE

Act = {a? | a € Names} U
U {a!|a€ Names} U (2.1)

u {7}

OrmernMm, 910 OOBEKTHI, KOTOPHIE BBOJISITCS B MPOIECC U BBIBO-
JIATCST U3 HErO, MOI'YT UMETh CAMYI0 PA3JIMIHYI0 MPUpoy (Kak mMare-
pUABHYIO, TAK U He MaTepHaJbHyl0). Hampumep, umu MOryT OBITH

e MaTepuabHBIE PECYDCHI,
® JIIO/TH,

® JICHDLIH,

e undopmalus,

® SHeprus,

® U T.I.

Kpome Toro, camu IOHATHST BBOIA M BBIBOIA MOI'YT HMETh BUPTY-
aJILHBIN XapakTep, T.e. CI0Ba “BBOJI M “BBIBOJI MOTYT HCIIOJB30BATb-
Cd JINITb KaK MeTaCbOpr7 a B ,ZLeI'?'ICTBI/ITeJIbHOCTI/I HHUKaKOI'O BBOJa UJIN

20



BBIBOJIA KaKOTO-JIM0O0 peasibHOr0 00'beKTa MOKET W He TPOUCXOANT.
['oBops HedopMaaIbHO, MBI Oy/IeM pacCMAaTPUBATD JeiCTBUE ITPOIIEC-
ca P kak

® BXOJHOE, €CJIN €r0 THATRATOPOM ABJAAETCA TPOTECC, BHENTHAT
II0 OTHOIIEHNIO K P, u

® BBIXOJHOE€, €CJI1 OHO HE fdBJdeTCd BHYTPDEHHHUM, U €0 HHUIIHU-
ATOPOM dBJideTCd CaM 1TPOoLEeCcC P.

g kazkaoro uMenn o € Names nefictBust a? u ! Ha3bIBAIOTCS
KOMILJI€EMEHTAPHBIMMI.
MpuI OyzeM HCIOIB30BATh CAEIYIONITe 0003HATEHHS.

1. Hns kaxkmoro npeficrsust a € Act \ {7} 3nakocoueranne a 060-
3HAYAET JIefiCTBUe, KOMILIEMEHTAPHOE K @, T.e.

2. Hsa kaxkmoro neiicrsus a € Act\{7} snakocoueranue name(a)
0603HAYAeT UM, YKA3aHHOE B JIHCTBUN a, T.e.

name(a?) % name(a!) & o

3. Hns kaxmaoro nogmuoxkectsa L C Act \ {7}

e LY (alac L)

o names(L) < {name(a) | a € L}

2.4 Omnpejesienne IMOHATAA IIPOIECCA
ITpomeccom nasbiBaercd Tpoiika P Bujia

P=(S,s" R) (2.2)
KOMITOHEHTBI KOTOPOA HUMEIOT CJHEAYIONNA CMBICII.

e S - MHOXKECTBO, 3JIeMEHTHl KOTOPOT'O HA3BIBAIOTCSI COCTOSHU-
aMu 1porecca P.
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L] 80 €S- HEKOTOPOE BbLACJICHHOE COCTOAHNE, Ha3bIBaeMOC Ha-
JaJIbHBIM COCTOdAHMEM IIpoliecca P.

e R — momMHOXKEeCTBO BHIA
RCSxActx S

DJIeMeHTBl MHOXKeCTBa [ Ha3bIBaIOTCA nmepexogamMm.

Ecau mepexon u3 R umeer Buzn (S, a, S3), T0

— MBI OyJIeM TOBOPUTH, YTO ITOT IMEPEXOJ SABJISETCS Tepe-
XOJIOM U3 COCTOAHULA S| B COCTOAHUE Sg C BbIIIOJIHCHUEM
JefictBug a,

— COCTOSIHUS S M Sg HA3BIBAIOTCH HAYAJIOM U KOHITOM 3TO-
ro Iepexo/ia COOTBETCTBEHHO, a JIeiCTBUE @ HA3BIBACTCH
METKOI 3TOTO Iepexoa,

— WHOT/JA, B IEAAX IOBBIEHUST HATJIgTHOCTHA, MbI OyI1em
0603HaYATDh JTAHHBIN IIepexo/ 3HAKOCOUYeTaHHeM

S1 S9 (23)

®ynkuuoHumposanue iponecca P = (S, 5% R) zakiouaerca B
HOPOXKICHUH TIOCAeI0BATEILHOCTH IIePEX0I0B BHIA

0 Qo ay az
S > 51 > So >

1 BBINOJHEHUN JefCTBH ag, a1, ds ..., COOTBETCTBYIOIIUX ITUM IIe-
pexomaMm.
Boutee nmoapobHo: Ha Kaxk oM mare pyHKInonupoBanus ¢ > 0

® IIPOIECC HAXOAUTCA B HEKOTOPOM COCTOAHHE S; (8o = s°),

® ec/in ecTh XOTd Obl OJWH mepexoj u3 [ ¢ HavajaoM B S;, TO
IIPOIIece

— HEJIETEPMUHHPOBAHHO BHIOUPAET MEPexXojl C HA4aI0M B S;,
IIOMEYEHHBIN TaKUM JIeHCTBUEM @;, KOTOPOE€ MOXKHO BbI-
[IOJIHUTH B TEKYIIUNA MOMEHT BPEMeHH,

(ec/M TAKUX MEPEXOJ0B HET, TO MPOIECC BPEMEHHO MPH-
OCTaHABJIMBAET CBOIO PA0OTY JO TOTO MOMEHTa, KOTJa Mo~
SIBUTCsI XOTsl OBl OJIMH TAKOii epexo)
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— BBINOJIHACT JICUCTBUE A;, U MOCAE ITOTO

— TepexXouT B COCTOHWE S;i1, KOTOPOE SIBJIIETCS KOHIIOM
BBIOPAHHOTO IEPEXO0/Ia

e cciu B R HeT mepexo/ioB ¢ HAYAJIOM B S;, TO IIPONECC 3aKAHIH-
BaeT CBOIO paboTy.

Buakocoueranue Act(P) ob6o3nadaer MHOXKECTBO BCeX JeHCTBHI
u3 Act \ {7}, KoTopble MOTYT GBITH BBIIIOJHEHBI TIPOIECCOM P T.e.

Act(P) ¥ {a € Act\ {r} |3 (s, —*—~ s,) € R}

[Tpomecc HA3BIBAETCSA KOHEYHBIM, €CJIH €r0 KOMIIOHEHTHI S
n R aBaarorcd KOHEYHBIMHI MHOXKECTBAMH.

KoHneuHBI# TpoIece MOKHO H300pazkaTh FeOMETPUIECKH, B BHJIE
JIrarpaMMbl Ha ILIOCKOCTH, B KOTOPOIt

® KaXKJOMY COCTOAHUIO COOTBETCTBYET HEKOTOPBIN KPYZKOUEK HA
IJIOCKOCTH, B KOTOPOM MOKeT OBITH HallMCaH HIeHTUMUKATOD,
IpeACTABIISIONINI COO0M UM 9TOTO COCTOSHIUSI,

® KAaXKJOMY IEePEX0/Ty COOTBETCTBYET CTPEJIKA, COEJIMHIIONIA Ha-
9aJI0 ITOTO MEPEeXo/ia U ero KOHeIl, TPUYEéM Ha CTPeKe HallH-
caHa METKa ITOT0 Mepexoa,

e HAYAIHLHOE COCTOSHHUE BBIIEIAETCS HEKOTOPBHIM oOpasom (Ha-
IIPEMEpP, BMECTO OOBITHOTO KPYZKOUKA PHCYETCsT ABOHHOM KpPy-
HKOUCK).

[IpumMepsl TakuX JUATPAMM CoAep:KaTcs B naparpadax "

2.5 IlongaTue Tpacchl

[Tycrs P = (S, %, R) — HekoTopbIil 11pomecc.
Tpaccoit npornecca P Ha3piBaeTcss KOHEYHasT WU OeCKOHeTHAas
[IOCJTEeIOBATETbHOCTH
ai,as, ...

97IeMeHTOB MHOXKecTBa Act, Takast 9TO CyIIeCTBYeT TOCJIe0BaATE b=
HOCTL COCTOSHHI mponecca P

S0, 51,52, ...
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obJa 1ato1nast CaepyoInMI CBORCTBAMMT:
® 5( COBIIAAAET C HAYAJbHBIM cocTogHueM s° mpormecca P

® Il KaxkKaoro ¢ > 1 MHOXKecTBO R comep:KuT mepexos
a;

S; — > Sit1

MmuozkecTBO Beex Tpacc mporecca P Mbl OyjieM 0003Ha4YaTh depes

Tr(P).

2.6 JlocTuKumble 1 HEJOCTUKMUMbIE COCTO-
AHUS

IIycrs P — mpouece suna (2.2).

Cocrognue s nporecca P Ha3bBaeTcsd JOCTUIKUMBIM, €CJIU § =
s" wiIm cylecTByeT HOC/Ie0BaTeIbHOCTD TIEPEX0I0B B P, MMerolas
BILJI

al a2 an
S1, 8§ —— S2, ... Sp_1 — Sy

S0

B KoTopoit n > 1, s =su s, = s.

CocTosiHAe HA3BIBAECTCS HEAOCTUXKUMBIM, €CJTU OHO He SBJISEeT-
CS TOCTHZKUMBIM.

HerpyHo Bujiernb, 4To mocje mocje Toro, Kak

e u3 S OyAyT yaajdeHbl HeJOCTUKUMBIE COCTOSHUS, U

e 13 R OyAyT yJaJieHbl IepeXoJbl, B KOTOPBIX HPUCYTCTBYIOT
HEJIOCTUZKUMBIEe COCTOSAHU,

noJtyunBinuiics npouecc P’ (KOTopblﬁ WHOT A HA3BIBAIOT JOCTUXKU-
MOIl 4acThio mporecca P) Gyner mpeacraBiasTbh TOYHO TAKOE ZKe
MIOBeIeHNe, KOTOPOe TIPeICTaB/IsT HCXOAHBIH mporecc. [lo 3Toit nmpu-
quHe Mbl OyJIeM paccMaTrpuBarh Takue nponecchl P u P’ kak ojuHa-
KOBBIE.
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2.7 3aMeHa COCTOSHMUIM

[Iyctn
e P — upouecc suna (2.2)),

® 5 — HEKOTOPOE COCTOSTHUE u3 S

e s’ — IPOU3BOJILHBII 3JIEMEHT, HE IPUHAJIEKAIINNA MHOKECTBY

S.

O603naunm cumBosiom P’ iporiece, KoTopbiii moydaercs u3 P 3ame-
HO#l s Ha &' B MHOXKecTBax S U R, T.e., B YaCTHOCTH, KaXKJIbIil TIePexo1
B P Busna

S| WM § — 5

S

3aMeHdeTCcd Ha IIepexXo/

s s, mwm  § — 8
COOTBETCTBEHHO.

Kak u B npeapiayiiem naparpade, HeTPYIHO BUJIETh, 910 P’ Oy-
JIeT TPeJICTABISATh TOYHO TaKOe 2Ke TIOBe/IeHNe, KOTOPOe MPeICTABIISLIT
P, n o 910l mpuYmHE MBI MOYKEM PACcCMATPUBATH TaKWe MPOIECCHI
P u P’ xax onnHaxkoBbIe.

Takzke oTMeTHM, 9TO 3aMEHATH MOYKHO HE OJHO COCTOSHWE, a
IIPOU3BOJIbHOE TTOAMHOYKECTBO cOcTOosiHmiT mporecca P. Takyio 3ame-
HY MOYKHO TIPE/ICTaBUTHh KAaK 3a/[aHie B3aUMHO OJHO3HAYHOTO OTOO-
pazKeHus

f:85—9 (2.4)

U PE3YALTATOM TaKOil 3aMeHBI [0 OIPEIEJICHUIO SABISACTCS MPOLECE
P’ Buna
/ / N0 /
Pr= (5 () R (2.5)

rae
o ()= f(s°), m

® I KaxkKIOi mapwl Sy, So € S M Kaxkaoro a € Act

f(s2)) € R.

(1 s9) ER & (f(s1)
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[Tockoabky Takue mporecchl P u P/ npenacraBigioT 0JMHAKOBOE 1M0-
BeJleHIe, MBI MOZKEM PACCMATPUBATH UX KAaK OJTHHAKOBBIE.

OTtmeTnM, 9TO B JIUTepaType MO TEOPUHU IIPOIECCOB TaKWe ITPO-
mecckl P u P’ mHOrIa HA3LIBAIOT HE OJMHAKOBBHIMHU, a M30MOP-
HbIMU. OTobpakeHue C YKa3aHHBIMHU BBIIIIE CBOHCTBAMU Ha-
3piBaloT m3omopdusmom mexay P u P'. [lpounecc P HaswiBaioT
n3zomMmopdHoii Konueii mporecca P.
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I'maBa 3

Omneparum Ha IIpolieccax

B 3r10ii r1aBe MBI OIpEIe/ UM HEKOTOPbIE ONEPAIUu Ha MPOIEeccax,
TPU TIOMOIIM KOTOPHIX W3 OJHUX IPOIECCOB MBI CMOYKEM CTPOWTH
JIpyrue, 60J1ee CJI0KHBIE TPOIECCHI.

3.1 IIpedukcHoe geiicTBme

llepBag Takasa onepanus - mpedUKCHOe JeficTBIE.
[IycTh 3amaHbI

e nponecc P = (S,s°, R), u
e jeficrBue a € Act.

HeiicTrBue omepanun mmpedUKCHOro aeiicTBus a. Ha nporecc P
3aKJI0YaeTCs B TOM, 4TO

® K MHOXKECTBY COCTOsiHHI P 100aBiseTcs HOBOe COCTOSTHUE S,
KOTOpoe Oy/IeT HAaYaIbHBIM COCTOSTHHEM HOBOTO MPOIECCa, U

® K MHOXKECTBY IIEPEXO0JIOB JI00aBJISETCS IMePexo/l

a 0

S — S

[omyunpmmmiicss mporece o003HaTaeTcsl 3HAKOCOIeTAaHNEM

a.P
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[IpountocTpupyeM JeiicTBrE JAHHON Olepalluy Ha IPUMEPE TOP-
rosoro apromara u3 maparpada [2.2.2] O6osmadum mporece, mpe-
CTaBJSIONMI TTOBeIEHNE STOTO aBTOMAaTa, CAMBOJIOM Fp,.

Pacmupum MHOZKECTBO eficTBUIE JAHHOTO aBTOMATa HOBBIM BXOJI-
HBIM JIefiCTBHEM 6K/A7, KOTOpoe OyJeT 03HAYaTh BKJIIOUYEHHE JTOrO
aBTOMAaTa B CETh.

[Iponecc exa?. Py, HpeacTaBiseT IIOBeIeHHe HOBOI'O TOPTOBOIO
aBTOMAaTa, KOTOPHIM B HAYAJLHOM COCTOSHUM HE MOXKET

® HU IPUHUMATH MOHET,
® HU BOCIPUHMMAThL HaXKaTus HA KHOIKY,
® HU BBLIJIABATH MIOKOJIAJIOK.

EuHCTBEHHOE, 9TO OH MOXKET - 3TO CTAaTh BKIIOYEeHHBIM. [locie sToro
€ro HOBeJIeHre HH4YeM He OyIeT OTJINYATHCS OT MOBeIEHUs HCXOTHOIO
aBTOMATA.

['pacdoBoe npeacrapaeHne npomecca 6x47. Py, BBILASIAT CJIELy-
OIIUM 0OpPa30M:

@ 6K ? @

MOH? wor!

3.2 llycroii nponecc

Cpeau Bcex NPOLECCOB CYIMIECTBYET OAUH Hambojee MpocToil. DToT
POIECC UMEET BCErO OJHO COCTOSIHHE, W He HMeeT nepexonon. Jlis
0003HAYEHUST TAKOTO MPOIECCa MbI OY/JeM HCIIOJH30BATh KOHCTAHTY
(T.e. HyTBAPHYIO Onepanuio) 0.
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Bozspamasicb K npumepaMm ¢ TOPTOBBIMH aBTOMATaAMH, MOYKHO
CKa3aTh, 4TO mnpotecc 0 mpecTaBJIsdeT MOBe/IeHne CIOMAHHOTO aBTO-
MaTa, TO eCTh TAKOTO aBTOMAaTa, KOTOPHIH BOOOIE He MOYKeT HUUIero
JlesaTh.

[Iyrem npumenenud ormepaluii npeuKCHOTO JeHCTBU K MPOIEC-
cy 0 MOYKHO OTIpeIeisITh MOBeJieHNe DoJlee CI0YKHBIX aBTOMATOB. Pac-
CMOTPHUM, HAIpUMep, TaKOil mporiecc:

P = mon?.x17.wox!.0

['padoBoe mpecraBaeHne ITOrO IMPOIECCA BBIIVIAINT CJIEIyIO-
M 06pas3oM:

? 9 !
@ MOH _@ KM _@ UWOK! _@

DTOT IPOIECC 3aJaeT MOBE/ICHIEe aBTOMAaTa, KOTOPBIA 00CIY2KH-
BaeT POBHO OTHOI'O MOKYIATENsI, H IOCIe 3TOrO JTOMAETCS.

3.3 AgapTepHaTUBHAS KOMIIO3UIAA

Caenyiomas onepals Ha Ipolleccax - 9To OuHapHast oneparus aab-
TepPHATUBHON! KOMIIO3UIIHH.

Jlannas omeparys UCHOJIB3YeTCsS B TOM CJIydae, KOrja o Hape
nponecco P; n P, Hajo mocTpouth mnporecc P, Koropwiii Gyaer
PYHKITHOHUPOBATH

e b0 Kak nporecc Py,
e 00 Kak mportecc Po,

IPUIEM BBIOOD IIPOIECCA, B COOTBETCTBUHU ¢ KOTOPBIM P OyiaeT pyHK-
[IIOHUPOBATH, MOXKET OIIPEIeJAThCS

e Kak camuM P,

® TaK M OKPYKalolei cpe/ioil, B KoTropoit pynkmnuonupyer P.

29



Hanpuwmep, ecoiu Py u P, umeior Bu/I

P1:Oé?.P1/

P, =37 P (3.1)

1 B HAYAJbHBIII MOMEHT BpEMEHU OKPYZKAIOIIas cpeia
® MOXKeT BBecTH B PP 00beKT <, HO
e He MOXKeT BBecTH B P o0bekT [

To P j1oJ12keH BBIOpATh TO MOBEJICHHUE, KOTOPOE SBJIAETCA €IMHCTBEeH-
HO BO3MOXKHBIM B JIaHHO# CHUTyaIlUH, T.e. paboTaTh TakK Ke, KaK Ipo-
necc Pi.

OTMmerumM, 9TO B TAHHOM CJIydae BHIOMPAETCS TAKOM MPOIece, mep-
BO€E ,ZLeIU/ICTBI/Ie B KOTOPOM MOXKeT 6bITb BBITIOJIHEHO B TeKy]l[HfI MOMEHT
BpeMenu. Buibpas P;, u BbIIOJHUB jJeiicTBue o, uporecc P obsg3an
IPOJIOJIZKATH PAOOTY B COOTBETCTBUHU CO CBOMM BBIOOPOM, T.€. B COOT-
BeTCTBUHU ¢ Tiporieccom P|. He mckmawoueno, 9To mocsie BHITOJTHEHUST
neficreug o

e OyJIleT HEBO3MOYKHO BBINOJHUTH HU OJHOTO JeicTBHs, paboTas
B COOTBETCTBUH C MPOIECCoOM P|

® XOTS B 9TOT MOMEHT IOSBUTCS BO3MOXKHOCTH BBIIIOJIHUTH IIep-
Boe neiicTBue B Ps.

Ho B 3TOT MOMeHT nponecc P yrke He MOKeT H3MEHHTD CBOH BBIOOD
(T.e. BEIOpaTh Py BMecto P)). [Iponecc P MOXKeT JIHIIb HAXOIATHCS B
COCTOAHUU OZKUJaHUA TOI'O, KOI'la ITOABUTCA BO3MO2KHOCTD pa6OTaTb
B COOTBETCTBHUH C IporueccoMm F.

Ecsin »Xe B HavyasIbHBIE MOMEHT BPEMEHH OKPY’Kaolias Cpeja
MOZKeT BBecTH B P Kak «, Tak # [3, To P BBIOHpaeT Ipolecc, B COOT-
BETCTBUHU C KOTOPBIM OH OyIeT paboTaTh,

® HeJETePMUHUPOBAHHO (T.€. IPOU3BOJIBHO), HJIH
® C y4éTOM HEKOTOPBIX JIONOJHUTEIbHBIX (PaKTOPOB.
Tounoe ompe/ieleHne ONepaliy ATbTePHATHBHON KOMIIO3UIUA BhI-

IJISIIAT CJIEJLYIONUM 00pa3oM.
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[Tycts nponeccwr P; u Py, uMeroT BuU/I
P =(S,s),R) (i=1,2)

IPUIEM MHOYKECTBA COCTOSTHII S1 1 Sy HE HMEIOT ODIINX JIEMEHTOB.
AnprepHaTUBHON KOMIO3umueii npomneccos P; u P, Ha3piBa-

eTcs IPOoIece
P1+P2 = (57507R)

KOMITOHEHTBI KOTOPOT'O OIPE/IESIOTCS CAeAyIONIM 00pa30M.

e S nosyuaercsa jpobasienneM K S; U Sy HoBOro cocrosgnud s°,

KOTOpOe OyjieT HadaJbHBIM COCTOsTHUEM Iporecca P + P
e R coaep:Kut Bce mepexoanl u3 Ry u Rs.

e JIst KaxKa0ro nepexofa n3 R; (i = 1,2) suga

R conepxkut mepexo

Ecim ke mHOXKecTBa ST U Sy UMEOT OOIMUE JEMEHTHI, TO I
ompesenaeHns mpomecca P, + P, cHadajga HaZ0 3aMeHHTh B Sy Te
COCTOSIHUS, KOTOPBIE BXOJIAT TaKxKe U B S7, HA HOBBIE 3JI€MEHTHI, a
TakzKe MOTU(DHUIMPOBATH COOTBETCTBYIOMUM 00pa3oM Ry 1 8.

Paccmorpum B KauecTBe npuMepa TOPIroBbiil aBTOMaT, KOTOPbI
IIPOJIAET TA3MPOBAHHYIO BOJY, IPUYEM

® eCJIM MOKyNaTesJb OMYyCKaeT B Hero MOHETY MoW_ 1 JIOCTOWH-
crBoM B 1 KomeiiKy, TO aBroMar BbIJIAéT CTaKaH BOJbI Oe3 cu-
pona,

® 2 ecJIM MOKyMNaTeJ b ONyCKaeT B HETO MOHETY MOH,_ & TOCTOUH-
CTBOM B 3 KOIEHKH, TO aBTOMAT BbHIIAET CTAKAH BOJBI C CHPO-
oM
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TPUYEM cpasy MocJIe MPOoIayKi OJHOTO CTaKaHa BOJBI aBTOMAT JIOMa-
eTcd.

[ToBeieHme TaHHOTO aBTOMAaTA ONMUCHIBAETCS CJIETYIONINM ITPOTIeC-
COM:

Pras pona = wmon_17 . 6oda_bes_cupona!.0 +

+ wmon_37.60da_c_ cuponom!.0 (3.2)

Paccmorpum rpadoBoe mpeacrasiaerue npoiecca (3.2)).
['pacdboBbie mpecTaBIenus caaraeMbix B cymme (3.2) mveror Bu

soda_ b6e3_cuponal soda_ c_ cuponom!

S12 522

CorytacHO OIpPEIE/ICHUIO AJBTEPHATUBHON KOMIIO3UIUHU, rpado-
BOe TIPeJICTaB/IeHNE ITPOTIECCa Oy 4aeTcsl J00ABICHUEM K TIPeIbl-
JIyTieit amarpaMMe HOBOTO COCTOSTHUS W COOTBETCTBYIONINX TePeXo-
JIOB, B Pe3yJbTaTe 4ero mojaydaeTcs CJeIyonas JuarpaMma;
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eoda_ 6e3 _cuponal eoda_ ¢ cuponom!

Y

S12 522

[ToCKOJIBKY COCTOSHUS S19 M Sog HEJIOCTUZKUMBI, TO, CJI€I0BATE/b-
HO, UX (& TAKzKe CBA3aHHBIE ¢ HUMH MEPEXOJbl) MOXKHO YIAJTUTh, B
pe3yJibTare 4ero MOoJyIuTcs IrarpamMmma

mon_ 17 MOH_ 37

eoda_ 6e3 _cuponal eoda_ ¢ cuponom!

S12 522
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KOTOpaH " dBJIdeTCd MCKOMBIM FpaCbOBbIM Hpe,ZLCTaBJIeHI/IeM HpOLLeC—
ca (3.2).

PacemorpuM apyroif mpmMep. OnmimeM pasMeHHBIH aBTOMAT, B
KOTOPBIHl MOYKHO BBOJIWTH KYIIOpH mocTomucTBoM B 1000 py6aeii.
ABTOMaT JOJI2KECH BbIIaTh

e b0 2 Kymops! 1o 500 pyb.reit,
e 60 10 xymop mo 100 py6ueit

npudeM BHIOOD cmocoba pa3MeHa OCYIIEeCTBIISIETCS HE3aBHCHMO OT
Kestanns Kianenta. Cpasy rmocjie OJHOr0 ceanca pa3MeHa aBTOMAaT
JIoMaeTcs.

P, pasmen

=1 no 10007 (2 _no _500!.0 + 10 _no_100!.0)

Ha »tux aByx mpumepax BUJIHO, YTO AJbTEPHATUBHAS KOMIIO-
3UIAA MOXKET HMCHOJIB30BAThCA JJIA ONMUCAHUA KaK MUHUMYM JIBYX
IPUHIUNHAJIBHO PA3JIUYHBIX CUTYaIu.

1. Bo-miepBbIX, OHa MOKET BbIpAYKaTh 3aBUCUMOCTH TOBEJICHUS
CUCTEMBI OT MOBEJIeHUSA €€ OKPYZKeHU4.

Hanpumep, B caydae aBroMata Pras poma, PEAKIING aBTOMATA
onpeieJisieTcsd JIeficTBUEM MOKYTIaTessl, & UMEHHO, JOCTOMHCTBOM
MOHETHI, KOTOPYIO OH BBeJ B aBTOMAT.

B namHOM ciyvae mporecc, IpeCTaBJISIONINI OBe/IeHre MO-
JIEIUPYEMOT0 TOPIOBOT'O aBTOMATA, SABJIAeTCH AeTEPMUHUIPO-
BAaHHBIM, TO €CTb €ro (PyKHIIMOHUPOBAHUE OJHO3HAYTHO OIpe-
JleIgeTCsd BXOTHBIMU JTefCTBUSIMMA.

2. Bo-Bropbix, Ha npumepe aBToMaTa Ppasyen MBI BUJIAM, 9TO HPH
OJIHMX W TeX YK€ BXOJHBIX JEHCTBUAX BO3MOYKHA Pa3JIUYHAL
peaknus aBToMaTa.

9T0 - mpuMep HeAeTEePMUHN3MA, TO €CTh HEONPEIeTeHHOCTH
MTOBeJIeHUST CUCTEMBI.

HeomnpenenénaocTh B MOBEIEHUN CUCTEM MOXKET ITPOUCXOTUTH
o0 Kpaiineii Mepe no IBYM IPUYUHAM.

34



(a) Bo-mepBbIX, TOBeIEHHE CHCTEM MOXKET 3aBHCETh OT CJIY-
qaifHpIX (PAKTOPOB.

Takumun dpakTopamu MOryT ObITH, HAIIPUMED,

e cOou B ammapartype,
® KOJIJIN3UU B KOMHBIOTepHOfI ceTn

® OTCYTCTBHE KYIIIOP HEOOXOIUMOI'0 JOCTOMHCTBA B OaH-
KOMaTe

® 1K 4TO-1100 elre

(b) Bo-BTophIX, MOsieIb BCerja ecTb HEKOTOPasi abCTPaKIINsT
WM YIPOIIEHHE PEAJHHON CUCTeMbl. A TP 9TOM HEKOTO-
pble (haKTOPBI, BAUSMIONINE HA MOBEJCHHE STOH CHCTEMBI,
MOTYT OBITh TIPOCTO UCKJIIOUEHBI U3 PACCMOTPEHUSI.

B gacTHOCTH, Ha IpUMepe IPonecca Pyasyen MBI BUJIIM, 9TO De-
aJIbHasi IPUYMHA BHIOOpPA BapHaHTa IMOBEJICHHS aBTOMaTa MO-
JKeT He YUUTBIBATHCS B IIPOIecce, MpeIcTaBIsIoNneM co0oit Mo-
JIeJib TIOBEJIEHUS STOTO aBTOMATA.

MozkHO cxeMaTu4ecKu H300pa3uTh BhIIIICIEPEYHCICHHBIE BAPUAHTHI
UCI0JIB30BAHNUS ATbTEPHATUBHOI KOMIIO3UITUH CJIETYIOTITIM 00pa30M:

BaBucu-
MOCTH
OT BX.
JIAaHHBIX
AsbTep-
p Ciyuaitabie
HAaTUBHaA
dakTOphI
KOMITO3HITHS
Henerep-
MHHH3M
Heyu-
TEeHHBI®
dakTOpHI

3.4 IlapanjgeabHasd KOMIIO3UIIUAL

OHGpaHI/IH HapaﬂﬂeﬂbHOﬁ KOMIIO3MIIUK HCIIOJL3YETCA OJId IIOCTPOoe-
H1A MO,ZLGJ'IGI'?'I IoBeJcHUA JUHAMUYIECKUX CUCTEM, COCTOAINUX U3 HECKOJIb-
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KX BSaI/IMO,ZLefICTByIOH_H/IX KOMIIOHEHTOB.

[Ipe:x e geMm gaTh hoOpMaIbHOE ONpeIeeHIe YTON OlepPaIlun, MbI
00CYIUM MOHATHE TAPAJLIETLHOTO (PYHKINOHHPOBAHUS IBYX CHCTEM
Sys, m Sysy, KOTOpble MBI pacCMaTPUBAEM KaK KOMIIOHEHTBHI OJTHOI
cucreMbl SYs, T.e.

Sys def {Sys1, Sysa} (3.3)

[Iycts noBejienne cucteM Sys; U SYsy HIPEJCTABIEHO HMPONECCAMI
Py u P, coorBerctBenno. [loBenenne cucremsr Sys; (i = 1,2) B co-
CTaBe CUCTEMbI SYS OMUCBHIBAETCS TeM 2Ke Nnponeccom Fj, KOTOpbIM
OIMCHIBALTCS TIOBEJEHHE STOI CHCTeMBI, PACCMATPUBACMON WH/MBHU-
JIYAJTBHO.

O6o3Haunm cumBosioM { Py, Py} mporiece, omuchIBAIONIHI TOBE/1e-
nue cucremst (3.3)). Lesbio sToro naparpada sBisercs sBHOE OLpe-
nenenne mporecca { Py, P} (T.e. mOCTpOeHne MHOYKECTB €ro COCTOsI-
HU 1 [epexo/ioB) o uadopmanuu o nporeccax P u P.

Huxke jast ymporeHus u3JjioKeHusg Mbl Oy/1eM OTOXKIECTBIATH
HOHATHA

“nporecc P’ n
“cucremMa, 1oBeJieHHE KOTOPO# onuchiBaercsd nporieccom P

Kak 6110 oT™MedeHo Bbliie, (pyHKIIMOHUPOBAHUE TPOU3BOJIBHOIO
nporecca P MoxkeTr ObITh HHTEPIIPETHPOBAHO Kak 06x0/1 rpada, coor-
BETCTBYIOIIErO 3TOMY IPOIECCY, C BBIIIOJHEHUEM AefiCTBUNA, KOTOPbIE
ABJIAIOTCI METKaMH MPOXOJIUMBIX PEdep.

MpsI 6ymem mpeimosraraTh, 9TO TPHU MPOXOKIEHUN KayKI0ro pedpa

s — 2+ ¢
e IepexoJl OT S K 8’ HPOUCXOJUT MTHOBEHHO, 1

[ ] CbaKT BBITIOJIHCHM A ,ZLefICTBI/IH a uMeeT MeCTO IMEHHO B MOMEHT
9TOTO Iepexoaa.

B neiicTBUTETLHOCTH, BHITTOTHEHNE KAXKIOTO U3 JeHCTBUI TPOWC-
X0AUMT B T€YCHHE HEKOTOPOI'O IIPOMEXKYTKa BpEMEHH, HO MBI 6yg1eM
CYUTATh, YTO JJId KayKJI0TO MPOXOJUMOro pedpa § !

S

e 10 3aBepIlIeHUd BLIIIOJTHEHHUS JeACTBHS ¢ Impolece P HaXomauTcs
B COCTOSHHU S,
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e I110CJI€ 3aBepIeHus BHIIOJHEHNA JIeficTBIS a Tporecc P Mrao-
BEHHO IEePeXOJIUT B COCTOAHUE S .

[TockoaIbKY BBHITIOJIHEHHE PA3HBIX JAeHCTBUII MMeeT Pa3HyIo IIPo-
JTOJIZKUTETbHOCTD, TO MBI OY/IEM CIUTATH, YTO BO BpeMsl CBOEro (byHK-
[MIOHMPOBAHUS IIPOIEcC P HAXOIUTCS KazKIOM COCTOSHUHU, B KOTOPOE
OH TOIIAJAeT, HEOIIPeIeJIEHHBII ITPOMEKYTOK BpeMeHH.

Takum obpaszom, pabora nporecca P npejcraJsier coboii yepe/io-
BaHHe CJeAYHOHIUX ABYX BHIO0B A€ATE/IbHOCTH!

e OXKHUJIaHWE B TeUEeHHUE HEOIPeJeJ6HHOTO TPOMeKYyTKA BpeMeHN
B OJHOM U3 COCTOAHUI, U

® MI'HOBEHHBIH MEePexo/1 U3 OJIHOTO COCTOSTHUS B JIPYTOE.
O:KumaHne B OJHOM M3 COCTOSHUI MOXKET HPOUCXOIUTH

® He¢ TOJBKO IO IPHYAHE TOTO, 9TO B 3TOT MOMEHT IPOUCXOINT
BBITIOJTHEHNE HEKOTOPOTO JefCTBIA,

® HO TaKXKe W 10 MPUYUHE TOro, 4TO nporecc P B Tekymnmit Mo-
MEHT TIPOCTO HE MOXKET BBIIIOJHUTH KaKoe-Inudo JeiicTrue.

Hanpuwmep, eciiu
e P=qa?.P,u

® B HAYAJbHBII MOMEHT HUKTO He TIpejjaraer mpoieccy P obob-
eKT (v

To P Oyzer »KjaTh, KOrj1a KakKoi-/mb0 MpoIece mpeiioXKuT eMy 00b-
eKT Q.
Kak MbI 3HaeM, JJIsI KazKI0r0 IPOIecca

® ero JeficTBHSI SIBASIIOTCSA JMOO BXOJIHBIMHU, JIUOO BBIXOIHBIMU,
JInOO BHYTPEHHUMU, U

® KayKJ0€ BXOJIHOE W BBIXOIHOE JeUCTBUE SIBJISETCH Pe3yabTaTOM
B3aMMO/IefICTBHS ITOTO MPOIEcca ¢ IPYTUM HPOIECCOM.

Kazoe BxomHOoe winm BbIXOAHOe JeiicTBue nporecca P (i = 1,2)
[peJICTaBIsAeT COOO
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e b0 pesyabTaT B3amMozeiicTBus P; ¢ mpoiieccoM, He BXOJIs-
IIM B COBOKYTIHOCTH { Py, P»},

e 100 pesysbTaT B3auMojeiicTsus P ¢ upoueccom Py, rae j €

{1,2}\ {i}

C Toukn 3penus nponecca { Py, Py}, meficTBusi BTOPOro THIA SIBJIsI-
I0TCA BHYTPEHHUMH JIEHCTBUAMHI ITOTO MPOIECCa, TaK KakK OHH

® HE [PEeJICTABILIOT COO0H Pe3yJIbTaT B3auMOJAEHCTBUS IIPOLECca
{P1, P,} ¢ okpy:aoreii cpe/oii, a

® JBJIAIOTCA Pe3yIbTaTOM B3aMMOEHCTBUS KOMIIOHEHTOB 3TOTO
IIPOTIECCA.

Takum obpasom, kaxkaoe peiictue nporecca { P, Py} mpeacrasiser
co0oii

(a) OO pe3ysbTaT B3aMMOJEUCTBHSI OJHOTO U3 MPOIECCOB P; ¢
mpomeccoM, He Bxogamum B { Py, Py},

(b) 6o BHYTpeHHEe JeficTBUe OJHOIO U3 IPOIECCOB, BXOJSIINX B
{P1, P,} (1.e. BHyTpEHHee JeiicTBue P, unu Py),

(c) smbo BHYTpeHHEe JeiicTBHe, KOTOPOe SIBJISIETCS Pe3yJIbTaToOM
B3auMoIeficTBus mponeccoB P; u P, W 3ak/jo4Jaercsd B TOM,
ITO

— OJIMH U3 3TUX nporeccoB P, (i = 1,2) mepenaér apyromy
nponeccy P; (7 € {1,2}\ {¢}) mexoropsiii 00bexT, u

— mporecc Pj B TOT ke caMBlil MOMEHT BpeMeHH IPHHIMaeT
ot mpormecca P; 3ToT 00beKT

(Takoil BUJ B3aMMOJEIHCTBAS HASBIBAIOT CUHXPOHHBIM B3aH-
MOJIEHCTBUEM, WJIH PYKOMOXKATHEM ).

KazkmoMy BO3MOXKHOMY BapHaHTy IOBeJeHus mporecca P (i =
1, 2) MOYKHO COTIOCTABATH HUTB, 0003HAYAEMYIO CHMBOJIOM 0, U TIPE/I-
CTaBILAIONIYIO OO0 BEPTUKAIBLHYIO JTHHUIO, HA KOTOPOU HAPUCOBAHDBI
TOYKHU C METKaMu, TJe

38



® METKHU TOYEK 0003HAYAIOT JeficTBUA, UCIIOJIHAEMBIE IIPOIECCOM
Pz'7 n

® [IOMEYEHHbIC TOYKHU PACIIOJOZzKEeHbI B XPOHOJIOTHUYIECKOM IIOPA -
Ke, T.e.

— CHadaJja UJET TOYKa, IOMeUYeHHasl EPBbIM JIefiCTBHEM TIPO-
necca b,

— noJ, He#l - TOYKa, OMeYeHHad BTOPBLIM AeilcTBUeM IIpo-
necca b,

— U T.g.

JIng KaxkJ10il MOMEYeHHOH TOYKH p HA HUTH Mbl Oyjgem 0003Ha-
9aTh 3HAKOCOYETAHUEM act(p) METKY STON TOUKH.

[IpencraBum cebe, 9TO Ha IJIOCKOCTH MapajieTbHO HAPUCOBAHBI
HUTH

01 02 (34)

e o; (1 = 1,2) upejcraBisger BO3MOXKHbII BapUaHT [1OBEJEHUS
uponecca P; B cocrase mponecca { Py, Py }.

PaccmorpuMm Te momedennbpie TOYKH Ha HUTAX u3 (3.4]), KoTopbIe
COOTBETCTBYIOT JeHCTBUsIM THNA (C), T.€ B3AUMOJEHCTBUSIM IPOIEC-
coB Py u P,. IlycTh p - oiHa U3 TaKUX TOYEK, U IMYCTh OHA HAXOTUTCH,
HAlpUMep, Ha HUTH O7.

CorytacHo ompejie/IeHuI0 TOHATHUST B3ANMO/IEHICTBHS, B TOT YKe Ca-
MBIl MOMEHT BpeMEeHH, B KOTODHIN BHITIOJNHSETCs JeiicTBue act(p),
nporiecc P, BBITIOTHAET KOMILIEMEHTAPHOE JIeMCTBHE, T.e. HA HUTH 09
ecTb TOUKA p’, TaKas, 9TO

e act(p') = act(p), u

o seiicrus act(p) n act(p') HCHOJHAIOTCA B OAUH B TOT YK€ MO-
MEHT BPEMeHH.

Ormernm, 910

® Ha HUTH 0y MOXKET OBITH HECKOJBKO TOYEK ¢ MeTKOit act(p),
HO POBHO OJIHA U3 9TUX TOYEK COOTBETCTBYET TOMY JeiCTBUIO,
KOTOPOE€ UCIOJHACTCA COBMECTHO € JeiiCTBUEM, COOTBETCTBYIO-
UM TOYKE P, U
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® Ha HUTH 0] MOXKeT OBITh HECKOJIBKO TOYeK ¢ MeTKoi act(p),
HO POBHO OJIHA M3 3TUX TOYEK COOTBETCTBYET TOMY JEHCTBHIO,
KOTOPOE HCIOJIHSIETCSI COBMECTHO ¢ JIeHCTBIEM, COOTBETCTBYIO-
UM TOYKe p'.

[IpeoGpasyem namty amarpavmy aureir (3.4) caemyrommm o6pasom:
JUTST KaxKI0H Tapbl TOYEeK p, p’ ¢ BbIIIEyKa3aHHBIMU CBOHCTBAME

® COeJMHUM TOYKH p U p/ CTPeaKoi, Havajao KOTOPOil - Ta u3
9THUX TOUYEK, KOTOpas NMeeT MeTKY BHIA <!, a KOHeIl - TOUYKa ¢
MeTKO# a?,

e HapHCyeM Ha 3TOU CTpenKe MeTKYy o, 1
® 3aMEHHM METKH TO4YeK p u p/ Ha T.

Crpesika, COeTUHAIONAs TOUYKN P U P/, HA3bIBAETCS CHUHXPOHU3ATIN-
OHHOII cTpenkoii. Takue cTpenku 0ObIYHO PUCYIOT TOPU3OHTAIBHO,
JUTSl 9€ro TOYKH HA HHUTSX PACIOIAraioT TakK, YTOOBI COeTHHAEMbIE
CTPEJTKAMH TOYKH PACIOJIATAINCH HA OJIMHAKOBON BBICOTE.

[Tocsie TOro, Kak Mbl CJe/iaeM Takue IIpeodpas3oBaHusd Jjis BCeX
ap TOYEK, B KOTOPHIX MPOUCXOIAT AeficTBUA BUIa (C), Y HAC HOJY-
YUTCS UarpaMMa, KOTOPYIO B JINTEPATYpPe MO MapaJlIebHBIM BbI-
qUCIeHUSIM MPUHATO Ha3biBaTh Message Sequence Chart (MSC).
DTa auarpaMma IpecTaBiseT coO0i OIUH U3 BAPUAHTOB (hYHKIIHO-
HEpoBaHus mporecca { P, Ps}.

Mpur Oyem 0b603HAYATH 3HAKOCOYETAHUEM

Beh{Pl, PQ}

coBOKyTHOCTH Bcex MSC, KaxKast u3 KOTOPBIX COOTBETCTBYET HEKO-
TOPOMY BapHaHTy (DYHKIHOHHpOBaHus mpotecca { Py, Py }.

Pacemorpum caenyrommuit mpumvep: { Py, Py} cocTout 3 aByx mpo-
neccos Py u Py, 1iie

e P, - TOProBbIil ABTOMAT, IOBEICHUE KOTOPOTO 3a1aeTCst BhIPa-
KEHHEM
Py = mon?. wox!.0 (3.5)

(T.e. OH TIOJIyYaeT MOHETY, BBIIAET TIOKOJAIKY, U HOCIE ITOTO
JIOMAETCsI )
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e P, - OKyNATeJb, II0BEJIEHHE KOTOPOTO 33/1a€TCs BbIPAsKEHHEM
Py = mon!. woxk?.0 (3.6)

(T.e. OH OIyCKaeT MOHETY, MOJIyIaeT MMOKOAAKY, H OCIe ITOT0
nepecTaét hyHKIHOHUPOBATH B POJIH TOKYATEsI )

Hwutu sTmx mporeccoB nMeoT BU/I

Eciin Bee JeficTBUST Ha 9TUX HATAX ABIAIOTCA ACHCTBUAME THIIA
(c), To naHHas AEArpaMma npeobpasyercs B caenyworryio MSC:

()
(O

OaHAKO BO3MOXKEH M CAeAYIONUi BapuanT (pyHKIHOHTPOBAHUS
uponecca { P, Py}

e 1epBoe jieiictBue Py u Py mveer Tat (c), T.e. HOKYTATEb OMYC-
KaeT B aBTOMAT MOHETY, & aBTOMAaT €€ IPUHUMAET

e BTOpOE JeiicTBHe aBTOMaTa P sBJIsIeTCs B3aUMOIEHCTBUEM C
IPOIECCOM, KOTOPBIH SIBJISIETCS BHEIITHUM 110 OTHOIIeHHIO K { Py, Ps },
T.e., HAlpUMepP, K aBTOMATY TIOJIONIEN BOP, U B3 MOKOJIAIKY,
pexKJie YeM 3TO CMOT CJejIaTh HOoKynareab Ps.
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B sToit curyanuu mokymnareab HE MOYKET BBITIOJHUTH BTOPOE Jeii-
cTBHe Kak BHyTpeHHee neiicTeue mpotecca { Py, Po}. CornacHo onu-
CaHUIO NpOoIecca, B JAHHOM CJydae BO3MOMKHBI JIBa BapHAHTa IIOBE-
JICHUS.

1. P, OymeT HAXOIUThCS B COCTOSTHUN OECKOHEYHOTO OYKUTAHUSI.

CootsercrByiomas 3romy Bapuanty MSC umeer Buz

CT MOH,
@

2. P, cMO¥KeT yCIIeNTHO 3aBEPIUTDH PabOTY.

DTO NPOU30HAET B TOM CJIydae, eCIM HEKOTOPBII IIPOIECe, BHEMI-
HUit 10 oTHOIIEHUIO K { Py, Po }, Hepe1acT MoKOIaIKY MPOIEcCy
b

Coorsercryiomnias 3romy Bapuanty MSC umeer Bus

s ()

Terepb paccMOTPUM BOTIPOC 0 TOM, KAKUM 0b6pasom mpotece { Py, Ps}
MOZKeT OBIThH OIPEJCISH ABHO, T.e. B TePMUHAX COCTOAHUIA U Mepexo-
OB ¢ MeTKaMu 13 MHOKecTBa Act.
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Ha nepsbiit B3rIs/1, JaHHBI BOIMPOC SIBISIETCS HEKOPPEKTHBIM,
Tak Kak { Py, P} upejcrasisier coboit MOiesTb HApAJIeIbHOTO (hyHK-
IUOHUPOBAHMS IpoueccoB P; u P, IpH KOTOpOM

® B OIUH ¥ TOT K€ MOMEHT BPEMEHH MOTIYT OBITh HCIOJHEHLI
neficrBust oboumu poneccamu, Bxogsmumu B { Py, Py}, u,

e ciie/loBaTeNbHO, poriece { Py, Py} MOXKeT coBepInaTh Takue Jeii-
CTBHSI, KOTOPBIE IPEICTABIAIT cOO0H maphl JeCTBUN U3 MHO-
yKecTBa Act, T.e. OHH He IPHUHAIIeKAT MHOKecTBY Act.

Bamernm Ha 3TO, 4TO abOCOJIOTHAS OJHOBPEMEHHOCTH MMEET Me-
CTO JIUIIb s TeX TMap AeHCTBHI, KOTOPLIE MOPOKIAIOT OJIHO BHYT-
pennee jeiicteue nporecca { P, Py} tuma (c). lyist Bcex ocTagbHBIX
map JeiicTBuil mponeccoB P, u Py, Jake ecJid OHHU IIPOUBONLIN C TOY-
KM 3PEHUsS BHEIIHEro HAGII01aTe s OMHOBPEMEHHO, MBI MOZKEM Ipe;I-
noJjararh 03 orpaHuveHus OOUIHOCTH, YTO OJHO U3 HUX HPOU3OILIO
HEMHOT'O PaHbIIe MM HEMHOIO MO3KEe JIPYTOro.

Takum 06pa3om, Mbl MOKEM CYUTaTh, 9T porecce { Py, Po} dbyHK-
MUMOHUPYET HOCJIEI0BATENBbHO, T.€. 4TO IIPHU JII000M BapuanTe ¢yHK-
MOHUpOBaHus mporecca { Py, Py} BbITIOMHsIEMbIe UM JieificTBUsT 06pa-
3YIOT HEKOTOPYIO JUHEHHO YHOPSTOYEHHYIO MOCJIeI0BATEIBHOCTD

tr = (acty, acts, . . .) (3.7)

B KOTOPOIi JefiCTBHUSA YIIOPSI0YEHBI IO BPEMEeHH UX BBIIIOJTHEHHS: CHA-
qaJia IIPOU30ILIO acti, 3aTEM - acly, U T.JI.

[TockoMbKY KayKIblii BO3MOXKHBIN BapuaHT (HYHKITHOHTPOBAHUS
uponecca { Py, P»} npencrasisiercs zexkoropoit MSC, T0 MOKHO cun-
TaTh, 9TO TOCJIEI0BATETbHOCTh MOJIY YAeTCS HEKOTOPOH AUHEa-
pusayued sroit MSC (T.e. “BoiTaruBanuem” eé B IEHOUKY ).

I1s onpe menenus nouaTus Juaeapusanun MSC Mbl BBeIEM HECKOIb-
KO BCIIOMOTATEIbHBIX HMOHATHH u obo3Hauenuii. [Iycts C' — HeKOTO-
pag MCS. Torna

e 3nakocoderanne Points(C') o603HAYAET MHOXKECTBO BCEX TO-
uek, pxoagnmx B MSC C,

e Jis Kaxk10it Touku p € Points(C') 3makocoueranue act(p) 060-
3HaYaeT JeliCTBUE, TPUITNCAHHOE TOYKE P
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e it KaxK10i napel Touek p,p’ € Points(C') 3HakocoueTanne

/
p—p
03HAYAET, YTO UMEET MECTO OJIHO U3 CJACIYIONINX YCJIOBUIA:

— p u p/ HAXOIATCS Ha ONHON M TOM ¥Ke HUTH, U P’ PACIOJIO-
KeHa HuzKe, 9eM P, WJIn
— CYIIECTBYET CHHXPOHU3AIUOHHAS CTPEJIKA C HAYAJIOM B P

" KOHIIOM B p/

e it KaxK10i napbl Touek p,p’ € Points(C') 3HakocoueTanue

p<p

03HAYAeT, YTo JIOo p = p', MUOO CYIIECTBYeT IMOCIEI0BATE -
HOCTBH TOYEK D1, ..., Pk, TAKad, 9TO

—p=p, Y =pk
— Juig Kaxaoro ¢ = 1,....k—1 p; = piv1

Ornomenne < Ha Toukax MSC MOXKHO pacCMaTpUBATDL KAK OTHOIIIE-
HUE XPOHOJIOTHIECKON YIOPSIOUYEHHOCTH, T.€. 3HaKocoyeranue p < p/
MOKHO HHTEPIPETHPOBATH KAK YTBEPZK/ICHHE O TOM, YTO

e TOYKHK p U P COBHAJAIOT MIH COCIMHECHBI CHHXPOHU3AIMOHHON
CTPEJIKON
(T.e. meficTBus B p u B P/ cOBHAIAIOT),

e win jeficTBre B P’ MPOU3OINLIO MO3ZKe, 9eM MPOU3O0ILIO Jeii-
CTBHE B P.

Tounoe onpenenenue nongrusa aureapusanun MSC nmeer ciaemy-
fomnit Bu. [lycts 3amanst MSC C' u mocie1oBaTeIbHOCTD AefCTBIIk
tr Buga (3.7). OGo3HAYUM MHOKECTBO HHIEKCOB 3/IEMEHTOB HOCJIe-
JoBaTeIbHOCTH {1 3HaKOCOYeTanneM [nd(tr), r.e.

Ind(tr) ={1,2,...}

(TaHHOE MHOXKECTBO MOXKET OBITh KAK KOHEUHBIM, TaK U GeCKOHeY-
HBIM).
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[TocaegoBarenbHOCTE tr HasbiBaeTcs JuHeapusamueit MSC C,
€CJIH CYIIECTBYET CIOPhEKTHBHOE OTOOParKeHUe

lin : Points(C) — Ind(tr)
VIOBJIETBODSIIOIIEE CJIE/YIONTHM yCTOBHSIM.
1. s kaxkoit mapet p,p’ € Points(C)
p<p = lin(p) <lin(p)
2. mas xKax ot napst p,p’ € Points(C) cootHomenne
lin(p) = lin(p')
IMeeT MECTO TOTJIA B TOJBKO TOI/IA, KOT/Ia,

e p=p, nm

® CYIIECTBYET CMHXPOHU3AIMOHHAA CTPEJIKA C HAYAJIOM B P
U KOHIIOM B p/

3. s Kaxkaoit rouku p € Points(C')
act(p) = actiin(p)

T.e. oTobpazkenue [in
® COXpaHseT XPOHOJOTHYECKHUI MOPSIIOK,

e otoxjiecTniger Te Touku MSC C', KOTOpBIe COOTBETCTBYIOT OJI-
HOMY neiicTBuio mporecca { Py, Po}, n

® HE OTOXKAECTBJIAET HUKaKue Apyrue TOYKH.

O6o3Haunm cumposioM Lin(C') COBOKYITHOCTh BCEX JTMHeApH3aIuil
MSC C.

Tenepsb 3a1a1y siBHOTO onucanus mpornecca { Pr, Py} MoxkHO ¢hop-
MYJIMPOBATH CJIEAYIONIUM 00pa30M: HMOCTPOUTH liporecc P, yiaosie-
TBOPAIOIIUN yCJIOBUIO

Tr(P) = U Lin(C) (3.8)
CEBeh{Pl,PQ}

45



T.€. B IIpo1ecce P JOJIZKHBI 6BITI:) npeacTaBJICHBI BCe JIMHEeapHU3allun
JIFOOOr0 BO3MOXKHOI'O COBMECTHOTO IOBejIeHus mporeccoB P u Ps.

VYesosue 06OCHOBBIBACTCH CJICIYIONNIM cOObpazKeHueM: Ho-
CKOJIBKY MBI HE 3HAEM,

® KaK COIIACOBAHBI MexK Iy coboil dackl B mpoieccax P u P, u

® KAaKOBAa MPOJIOJIKUTEIHHOCTD TPEOBIBAHUS B KAYKJIOM M3 COCTO-
SHUI, B KOTOPBIE 3TU HMPOIECCHI MOMAIAI0T

TO MBI JOJIKHBI CYATATH BO3MOYKHBIM JTIO00H TOPSIIOK UCIOITHEHUS
JecTBUil, KOTOPBIN HE IPOTUBOPEYUT OTHOIIEHUIO XPOHOJOTIUIECKON
YIIOPAJJIOYEHHOCTH.

[IpucTynuM K MOCTPOEHUIO Npoliecca P, yI0BIeTBOPSIONIEMY YCIIO0-
BUIO . [Tycrp npomneccol Py u Py, uMeroT Bu/L

Pacemorpum npou3BOIbHY IO JTHHEAPU3AIKIO 11 1pon3Bo/ibHOi MSC
u3 Beh{Pl, Pg}
tr = (a1, ag, ...)

Hapucyem junuio, KOTOpyio Mbl OyAeM HHTEPIPETHPOBATH KaK
BpPEMeHHYIO TIKaJIy. BelgesmM Ha Hell TOUKH Py, Po, . . ., IOMeYeHHbBIE
JNefCTBUSAMA a1, Ag, . . ., IPUIEM ITOMEUYEHHbIe TOUKHU PACTIOJIOZKEHBI B
TOM IIOpAJKEe, B KOTOPOM COOTBETCTBYIOIIUE ,ZLefICTBI/IH InepevucjieHbl
B tr, T.e. CHa4daJia UJET TOYKAa P C METKOH a1, 3a Heli - TOYKa Py C
METKOU a9, U T.JI.

O6o3nauum cumBonamu Iy, I, I, ... ciaeayioniue y4acTKHA TOM
JIMHWU:

e [y npejcTaBiisieT coOOM COBOKYITHOCTD BCeX TOUYEK JIMHHUH IePe]

TOYKOU p1, T.€.

[0 déf ] - Oo>p1[

® IS KaxKJ0T0 ¢ > 1 y4acTok [; COCTOUT M3 TOYEK MEXKJy p; U
Pi+1, T.€.

def

I = ]pmpz‘ﬂ[
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Kakiplit U3 3TUX y4acTKOB [; MOYKHO MHTEPIPETUPOBATH KAK TTPO-
MEXKYTOK BPEMEHH, B T€YEHHE KOTOPOrO IPOLecc P He BLIIOJIHAeT
HUKAKHUX JefCTBUi, T.e. B MOMEHTBI BPEMEHU MEXKIY P; M Piy1 IPO-
meccol Py u Py HaXoasaTest B (DUKCHPOBAHHBIX COCTOSHUSX (S1); U (S2);
COOTBETCTBEHHO.

O6o03naunm cuMBoIOM S; mapy (($1):, (s2):). Jannyio mapy mox-
HO MHTEPIPETHPOBATh KaK COCTOAHUE BCero mpomnecca P, B KOTOpoM
OH HAXOAMTCSI B KayKIbIii MOMEHT BPEMEHH M3 IPOMEKYTKA, I;.

[To onpemesenuIo MoCJIeI0BATEABHOCTH 17, IMEET MeCTO OJHA W3
ABYX CUTyaluil.

1. Heiicteue a; umeer tun (a) wiu (b), T.e. OHO GBLIO BBIIOJHEHO
OJIHUM W3 IIPOIECCOB, BXOsIUX B P.

Bosmoxkuabl 1Ba coydas.

(a) D10 AeficTBre OBLIO BBIOIHEHO TPOHECCOM P.

B 5TOM ciiyuae Mbl HMeeM CJAEJYIONLYIO CBA3b MEXKJY CO-
CTOSHUSAMHY S; U Siy1:
a;
o (s1)i — (s1)i1 €R
® (82)i+1 = (52)i
(b) DTo meiicTBrEe GBIIO BBITIOJHEHO TPONECCOM Po.

B sTom ciydae MBI nMeeM CJI€IVIONIYIO CBS3b MKy CO-

CTOAHUAMHA S; U Sjy1:
® (s2)i — (82)iv1 € Ry

1 (Sl)i+1 = (Sl)i

2. JleiictBue a; nmMeer Tum (c).

B sToM ciyyae Mbl UMeeM CJeYIONIYIO CBS3b MeXKIY COCTOsI-
HUSAMUI S; U S;y1:

o (51); —— (s1)is1 € Ry
o (s2); — (52)it1 € R

Juist Hekotoporo a € Act \ {7}.
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CdopmyanpoBaHHBIE BBIIIIE CBOMCTBA MOCIEI0BATEILHOCTH 17" MOYK-
HO 1epedOpMyIupPOBATh CJASIYIONUM 00Pa3oM: tr aBJIAeTCd TPacCcoit
npoiliecca
(S,5°, R) (3.9)

KOMIIOHEHTBI KOTOPOI'O OIIpeAe/JId0TCd CJAeAYyOIIUM O6pa3OM:
def def
e S =5 x5 = {(81,82) | S1 € 81,82 € SQ}

o "% (s, 5)

® 14

— KaxkKJIOr0O Hepexona Si sy u3 Ry, u

— KaykKJIOTO COCTOAHULA S € So

R conepx)ut nepexo;n

(817 S) — (8/17 S)

® 14

— KakJOro 1epexojua So sh u3 Ry, m

— KazKJ0ro COCTOsAHMuS S € S

R conepx)ut nepexo;n
a !
(8782> - (8,82)
® )T KayKJIOi Maphl Mepexo 0B ¢ KOMILIEMEHTAPHBIMA MeTKaMA

S1 8/1 € R1
Sg — > s € Ry

R comepxut mepexo/r

(s1,82) —— (s}, )
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Hetpyano nokazarb u oOpaTHOe: KaxKas TPacca B BHIIEOTPeIe-
aéuanom mpornecce (3.9) aBiserca nuneapusanueit Hekoropoii MSC
C u3 muoxecrBa Beh{P;, P,}.

Takum 0Opa3oM, B KA4eCTBE UCKOMOTO Tporecca P MOXKHO B3Th
upouecc (3.9). Janustii mpouecc Ha3bIBaeTCS MAPAJLIEIBHONR KOM-
mo3uitueii nporeccoB P; u Py, u 0003Ha1MaeTcsi 3HaKOCOUYeTaHIeM

P | P

[pusenénm B KauecTBe nmpumMepa nporiecc Py | Py, tie mporecest Py
u P, IpeicTaBagioT IOBeIeHHe TOProBOr0 aBTOMATa U IOKYIIATe s

(oM. u )

['pacoBbie mpeacTaBIeHAd STUX TPOIECCOB UMEIOT BT

MOHT MOoH/

wWoxK! wWoK?

512 592
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['pacdoroe mpejcrasiaenne mpormecca Py| Py nmeer Buj

Bamernm, 9T0 pazMep MHOKeCTBa CocTosHuii mporecca Py | Py pa-
BEH IMPOU3BEIEHUIO PA3MepPOB MHOYKECTB COCTOSHHUIT mporeccoB Py
u P, T.e. pazmep ommcanus nporecca Pp | Py MOXKeT CyIiecTBeHHO
IPEBBIIIATH CYMMAPHYIO CJIOYKHOCTD Pa3MepOB OIMUCAHUI €ro KOMIIO-
HeHTOB P u Py, D10 MOXKeT ¢lejiarb HEBO3MOXKHbBIM aQHAJIA3 TAKOI'0
IPOIECCA TIO IPUINHE er0 BBICOKOHN CJIOKHOCTH.

[TosTOMYy B IpaKTHYECKHUX 3aJa49ax MPH aHAJII3e ITPOIECCOB BIUIA
Py | Py, BMecTO SIBHOTO TOCTpOeHusi mporecca Py | Py crpoutes mpo-
necc, B koropoM kaxaas MSC u3 Beh{ Py, P,} npejcraBiena He Bce-
MH BO3MOXKHBIMHU JTHHEAPU3ANNAME, & XOTd ObI OTHOM JTUHeaAPU3AIIH-
eit. CJI02KHOCTD TAKOTO MPOIECCa MOKET ObITH CYIIECTBEHHO MEHbIIIe
[0 CPABHEHWIO CO CJIOKHOCTHIO mporecca Py|P;.

[IocTpoenue mporiecca TaKOro BUJA UMeET CMBICJ, HAIpUMep, B
TOM CJIyUae, KOrjia aHaAIH3upyeMoe CBO#CTBO ¢ mpomnecca P | Py 06-
JIAJAET CJIeAYIONIUM KAaueCTBOM:

® eCJIi (p UCTUHHO 044 00HOU u3 AUuHeapu3auut TPOU3BOIBHOMN

MSC C € Beh{P,, P},

® TO (p UCTUHHO OaA 6cex auneapudayud 3roit MSC.
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Kaxk npasuiio, nporecce, B kotopom Kazkaas MSC nz Beh{ Py, Py}
IpeJCcTaB/IeHa He BCEMH BO3MOKHBIMHU JIUHEAPU3AIMMAME, & XOTS OB
OJIHON JTMHeapu3aluell, CTpOUTCA KaK HEKOTOPBIH IMMOAIIPOIECC IIPO-
mecca Pi|Ps, T.e. monyuaercs u3 Pp| Py yaaseHneM HEKOTOPBIX COCTO-
SIHUil M CBY3aHHBIX C HUMHU TepexojoB. [lodTomy Takme mporecch
Ha3BIBAIOT PEeAYIUPOBAHHBIMMU.

[IpobGreMa mocTpoeHNs peayIUPOBAHHBIX IIPOIECCOB HA3BIBAET-
cst TpobJIeMOiil peIy Ky 4aCTUYHbIX OpsaAKoB (partial order
reduction). Dra npobieMa UHTEHCUBHO HCCJIEIYETCS] MHOTUMH Be-
JYIIEMH CIIeluaancTraMu B 0bs1acTu BepuuKaIum.

[IpuBeiéM B KadecTBe NMpUMeEpa PeIyHUPOBAHHbBINA TPOIECC I
PACCMOTPEHHOTO Bhiliie mporecca P | Py, COCTOAIIEro U3 TOProBoro
ABTOMATA U HOKYIATEJIs.

510, 520

B zaksouenune orMeTHM, UTO 3a/1aUa aHaIN3a TPOIECCOB, COCTO-
SIIAX U3 HECKOJIBKUX B3aMMOJIeHCTBYIOIINX KOMIIOHEHTOB, HanboJiee
9aCTO BO3HWKAET B CUTYyalllW, KOTJa TAKUMU KOMIIOHEHTAMU SIBJIS-
I0TCSA KOMIBIOTEPHBIE IPOIPAMMBI U allllapaTHbIe yCTPOoiicTBa, PYHK-
IUOHUPYIONIHE COBMECTHO B paMKaxX €JIMHOTO ITPOTPaMMHO-AIapaT-
HOTO KOMILTEKCA.

BzaumoeficrBue MexK 1y TaKUMH IIPOIPAMMAMU OCYIIECTBJISIETCS
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TPU TIOMOIIHA MPOTECCOB-TIOCPETHUKOB, T.€. TPOTPaMMBI B3aUMOEi-
CTBYIOT JIPYT' C JIDYIOM dYepe3 IOCPeJCTBO HEKOTOPBIX ITPOIECCOB,
KOTOPBIe CHHXPOHHO B3aUMOJIENCTBYIOT ¢ KayKJIOH W3 TPOTrpPaMM.
BzanmoseiicTBre MexK1y mapasie bHO pabOTAIONIUMU MPOTPaM-
MaM# OOBIYMHO Peajin3yeTcs OJHUM U3 CJAEAYIONUX JIBYX CIOCODOB.

1. B3aumogeiicTBue 4epe3 obOIHIyIO0 MaAMATh.

B nanHOM cydyae TaKUMHM TOCPEJHUKAMHU SIBISIOTCS sSTIefKn
MaMSTH, K KOTOPBIM UMEIOT JOCTYII 00€ TPOTPaMMBI.

BzaumojieiicTBue MOXKeT OCYIIeCTBIATbCs, HAllpUMED, TaK: OJ1-
Ha mporpaMma nuiietT nH(GOPMAIUIO B 3TH d4eiiku, a apyrad
9UTaET COMEPAKUMOE dUeeK.

2. BzammogeiicTBue myTeM HOCBLIKHW COOOIITEHMIA.
B naHHOM cTydae TOCPETHUKOM SBJSeTCA KaHAJ, ¢ KOTOPBIM
IPOrpaMMBbI MOT'YT OCYTIECTBJISATH CJAeIYIONINE OlePAIu:
® IIOCBHLJIKA COODIINEeHUsI B KaHAJ IepeIafolneil IporpaMMoii,
n
® 1IpUEM COODIEHNS TPUHUMAIONIEH TPOrPaMMOil.
Kanas moxker npejicraBigaTh coboit Oydep, Xxpausninii HeCKOJIb-
Ko coobmenuit. CoobIennst B KaHAJIE MOTYT OBITH OPTAHU30BA~

HBI TI0 TIPHHIUITY o4depenn (T.e. COOBIIeHNs TOKUIAIOT KAHAT B
TOM 7K€ MOPSIJIKE, B KOTOPOM OHU B HETO TOCTYIIAIOT).

3.5 OrpaamdeHne

[Tycrs P = (S, s°, R) nekoTopwlii nponece, ¥ L — NPOU3BOIBHOE MOJI-
MHOYXKeCTBO MHOzKecTBa Names.
OrpanngenueM P 1o L Ha3biBaeTCs MPOIECC

P\L=(S, s R)

KOTOPBI# moJiydaercd u3 P ylajaeHueM TeX Mepexo/ioB, KOTOPbie HMe-
IOT METKH ¢ IMEeHaMHu u3 L, T.e.

a =T, WIHA

s def a ’
=9 (s S)eR name(a) & L
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Omnepanus orpaHNYeHns HCIOIb3YeTCsl, KaK MPaBUJIO, COBMECTHO
¢ omepalneil mapaJaeJbHON KOMIIO3UINA I IpeACTaBIeHNns TaKIX
IIPOIIECCOB, KOTOPHBIE

® COCTOAT U3 HECKOJbKHUX KOMIIOHEHTOB, U

® B3aNMOJIEHCTBUE MEXKIY ITUMHU KOMIOHEHTAMH JIOJXKHO VIO-
BJIETBOPATH HEKOTOPHIM OT'PDaHHICHHUSIM.

Hampumep, nycts P, m P, — TOPTroBBHIi aBTOMAT W TMOKYHATETh,
KOTOpPbIE€ PACCMaTPUBAJIUCH B TPEJIbIAYIIEM Taparpade.

Mpb1 xoTesn 6Bl OMUCATH MTPOIECC, SABIAIONIUNACST MOIEIbI0 TaKOT0
napaJieibHOro (PyHKIMOHUPOBAaHU HpolieccoB Pp u P, npu KOTO-
POM 3TH IPOIECCH MOTYT COBEpIIaTh AefiCTBUS, CBA3aHHBIE C MOKY-
NKOU-NPOJIazKeld MIOKOJAAIKN, TOJIBKO COBMECTHO.

Uckomblii iponiece MoKeT ObITh moJyueH u3 npouecca P| Py npu-
MeHeHUeM OTepalui OrPAHUYEHNd 10 MHOYKECTBY MMEH BCeX Jefi-
CTBUI, KOTOpBIE CBA3aHbl C MOKYIKOH-IIPOAaXKel IIOKOJIaIKU, T.e.
JIAHHBIN TPOIECC OIMUCHIBAETCS BbIPAarKeHHEM

p (P1|P2) \ {mon, wox} (3.10)

['pacoBoe mpeacrasiaenne mporecca (3.10) umeer Bu

510, 521 510, S22

511, 520 S11, S22

512, 520 512, S21
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[Tocite ynaiennst HeIOCTUKUMBIX COCTOSTHUH TTOJTY 9UTCsT TTPOIIECC,
uMeroIIuil cieyroliee rpagoBoe mpeacTaBIeHue:

T T
S11, 21 512, S22

Pacemorpum apyroit npumep. HemMHOro m3meHuM ompe/iesieHus
TOPrOBOTO aBTOMAaTa W MOKYNATeNad: MyCTh OHU €Ile W CUTHAJIU3U-
pPyIOT 00 YCHEITHOM BBINOJHEHUH CBOCH padoOThi, T.€. UX IPOIECCHI
AMET, HAlPUMeD, CJeAyONui BUI;

def
Py = mon? . wox!.36a%!.0

def
Py, = mon! wox?.ypal.0

B s1om cayuae rpadosoe npencraienne nporecca (3.10) mocsre
VIAJCHAS HeJTOCTHXKIMBIX COCTOSHUNA MMEET BHJT

ypa! ypa!

@ 364K! O

JlanHubIit mporiecc JIOMycKaeT HCIOJHeHHe TeX HEeBHYTPEeHHUX efi-
CTBUI, KOTOPBIE HE CBA3aHbl ¢ MOKYIKON U NPOJazKeill IMIOKOJIA KN,

OTMmeTM, 9TO B JAaHHOM caydae B mporecce (3.10) mpucyrersyer
HedeTepMUHU3M, XOTd B KOMIOHeHTaX P; u P, ero Hert. Ilpuunnoii
BOBHUKHOBEHHA ITOI'O HEACTCPMHHH3Ma (ABJIACTCA Hallle HEIIOJITHOE
3HaHUE O MO,ZLGJ'II/IpyeMOIU/I cucreMe: IMOoCKOJIbKY MbI HE UMeeM TOYHBIX
3HAHUI O JJINTeTbHOCTH JAefCTBUil s6ak! U ypa!, TO MOIe/Ib CUCTEMBI
JIOJIZKHA JIONMYCKATD JI000H MOPSIOK UX BBITOJIHEHHUS.
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3.6 IlepeumenoBanue

Crenyiomasi oneparus, KOTOPYIO MBI PACCMOTPHUM - 3TO YHApHAs
onepaius IePpenMeHOBAHUS.
Jng 3a/ianus 3TO onepanuu HeoOX0MMO ONPEIeJ T (DYHKITHIO

f : Names — Names

Ha3blBaEMYK) II€epeuMeHOBaAHUEM.
JleiicTBue JaHHOM ollepalluu Ha Ipolece P 3aK/ovaeTcsd B H3Me-
HEHUU METOK MEePEXOJIOB:

e MeTKH BHJa «vf 3amensiiored Ha f(a)?, u
e MerkH BHa ! 3amensiiorcs Ha f(a)!

[onyuusimmiics: mporece 06o3HaYaeTcst 3HaKocodetanuem P[f].
Ecan mepenvenoBanue f meiicTByeT HETOXKJIECTBEHHO JIMIb HA
MMEHA U3 CIUCKA
A1,y ...,0n,

1 0TOOpaXKaeT UX B UMEHA

By, Bn

COOTBETCTBEHHO, TO i P[f] Mbl GyaeM HHOD/IA HCMOJIB30BATH K-
BHUBaJICHTHOE 0003HAYCHUE

P[ﬁl/al,...,ﬁn/an]

Omnepanust mepenMeHOBaHHAS MO3BOJIsIET MHOTOKPATHO HCHOJIB30-
BaTh OJIWH W TOT Ke Tmporecc P B KadecTBE KOMIOHEHTBI MPH TO-
cTpoernn boJiee CIOKHOTO mporecca P, D1a oneparus HCnoIb3yer-
¢S T peIoTBpalieHus “KOHMIUKTOB” MKy UMEHAMU JeHCTBUIL,
HCMOJIb3YEeMBIX B PA3MIHBIX BXOXKIeHUuAX P B P’.

3.7 CsBoiicTBa omepaluii Ha IMpoIeccax

B sTom maparpade Mbl IPUBOIUM HEKOTOPBIE MTPOCTERITNe CBOMCTBA
OTIpe/IeJIEHHBIX BBIIE Olepaluii Ha mporeccax. Bce 3Tm cBoiicTBa
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UMEIOT BUJI PaBEHCTRB. J[jis IePBBIX JBYX CBOWCTB MBI jJJaéM UX 060C-
HOBaHMWe, OCTAJIbHBIE CBOMICTBA MPUBOIATCS Oe3 KOMMEHTapueB BBULY
AX OYEeBHJHOCTH.

Hamomuum (cm. maparpad , 4YTO MBI CUUTAEM IBa IIPOIecca
PaBHBIMH, €CJIN

e 0HHU U30MOP(HBI, WK

® OJMH M3 9THUX IPOHECCOB MOXKHO IIOJIYHUTb U3 OAPYI'OI'o HYTéM
yVAaJaeHnd HEKOTOPbIX HEJOCTU2KUMbIX COCTOSSHHU W CBA33aHHBIX
C HUMHU IIEPEXOJ0B.

1. Omepanus + acconmaruBHa, T.e. JJi JIOOBIX HporeccoB P, Py
u P3 BepHO paBeHCTBO

(P1+P2)+P3:P1+<P2+P3)

HeiictBuresibo, mycthb uponeccsl Py (i = 1,2, 3) umeor Bu
B =(Si,s),R;) (i=1,2,3) (3.11)

HpUIEM MHOXKECTBa, COCTOsiHII S1, So 1 S3 MOMapHO He mepece-
KaroTesa. 'Torga obe yacTi JaHHOIO PABEHCTBA PAaBHBI MPOIECCY
P = (5,5 R), KOMIIOHEHTHI KOTOPOTO ONPEIeISIOTCH C1e/IyT0-
M 06pa3oM:

S 95U S, US; U {s°), tae s° — moBoe cocrosmue, me
BxozsIee B Sy, 9 u S3

e R comep:KuT Bce nepexoibl u3 Ry, Ry n R3

e JIist KaxkI0ro nepexona u3 R; (i = 1,2, 3) Buzna

a
s, — S

R conepxut nepexon s’ s

3 cBoiicTBa acconMaTUBHOCTU ONEPAIu + CJIeAyeT, YTO J10-
MTYCTUMBI BHIDAYKEHUS BHIA

Pi+...+P, (3.12)
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TaK Kak IMpH JIIoO0i paccranoBke cKOOOK B Bhipakenun ((3.12))
HOJIYYUTCA OJIMH U TOT YKe IIPOIIECC.

[pomecce, sBisitomuiicst 3uadenneM Boipazkenus (3.12)) MoxKHO
OIUCATDH IBHO CJACIYIIHM 00Pa30M.

[Iycts mpomnecest Py (i = 1,...,n) uMeOT BUJ,
P=(S;,s" R) (i=1,...,n) (3.13)
IpUIEM MHOYKECTBA COCTOSHHIT S, . . ., .S, HOMapHO He mepece-

KaroTcs. Toraa mpornece, BASIONIHCT 3HAYCHIEM BbIPAsKeHHsT
(3.12), mmeer BuI

_ 0
P=(5,s"R)
e KoMIoHeHTHl S, s, R onpejiesdiores cJie/LyloluM 06pa3oM:
def 0 0
e S =5U...US,U{s"}, tne s° — nosoe cocrogmme, me
Bxozsiee B St,...,5,
e R comep:KWT Bce mepexoanl u3 Ry, ..., R,
e Jist Kaxkjoro nepexona uz R; (i =1,...,n) Buga
a
sy —— s

)

R conepxut nepexon, s’ s

Omeparust | acconuaTuBHa, T.€. JJisl JIOOBIX nporeccoB Pr, Py
u P3 BepHO paBeHCTBO

(Py| Py)| Ps = Py|(Py]| Ps)

HeiicTeuresibHo, myctb nponecckl Py (i = 1,2,3) umeror Bu
(3.11). Torma ofe gacTh TAHHOTO PABEHCTBA PABHBI MPOIECCY
P = (S,s°, R) KOMIOHEHTBI KOTOPOil ONPEIeTAIOTCS CIeLyI0-
M o0pa3oMm:

[ ] défsl><52><53d:ef
def
= (51,82,83) | 1 € 51,52 € 52,53 € S3}

def
o 5= (s, 55, 5)

® Ijid

57



— KaskJO0ro Iepexoia Si sy m3 Ry, m

— KayKJO# maphl COCTOAHUI Sy € Sy, S3 € S3

R coumep:ut nepexo
(817 52, 83) — (Sllﬂ 52, 83)

® i

— KayKJO0ro Iepexoia So sh u3 Ry, m

— KazkJ0ii mapel cocroguuii s € Sy, $3 € S

R conepxut nepexoj
(517 $2, 53) — (817 8,27 83)

o It

— KaskJO0ro Iepexojia Ss sh u3 Rs,
— KayKJoi maphl COCTOAHUIR $1 € S, S9 € S9

R coumeput mepexo
(51,52, 53) — (51,52, 55)

® i

- K&)K,ZLOfI IIapbl II€pexXoJ0B C KOMIIJIEMEHTapHbIMU MeT-

KaMHn
S1 8/1 € Rl
Sg —— s € Ry

u

— KazKJIOTO COCTOAHHA S3 € S

R conepXKuT mepexos
T o
(s1,82,83) — (81, 53, 53)

o TJId

- Ka}I(LLOIUJ IMaphbl IIepexoa0B C KOMIIJIEMEHTapHbBIMH MeET-
KaM1

51 — 81 €Ry
S3 —— sh € Ry
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KazKJIOTO COCTOAHUA So € So

R conepxut nepexoj

o I

(517 S2, 53) — (8/17 52, 8{3)

K&)K,ZLOﬁ IIapbl II€pexXoJ0B C KOMIIJIEMEHTapHbIMU MeT-
KaMn

So 8/2 € R2
S3 — Sg € Rg
n

KazKJIOTO COCTOgHUA 1 € S

R conepxut nepexoj

(517 S92, 53) — (51’ 8/27 Sg)

U3 cBoiicTBa ACCOMUATHBHOCTH ONEPAIUU | CIEAYET, YTO J0-
MYCTUMBI BBIpasKeHUsT BUIA

Pl...|P, (3.14)

TaK KakK IpH JI000i paccTaHOBKe CKOOOK B BhIpaxkeHuu (|3.14|)
IOJIyduTcd OAUH U TOT 2Ke IIPOIEeCC.

[Tpomecc,

SIBJISIONINICS 3HaUYeHneM Buipakerus (3.14)) moxuO

OIIHCATH SIBHO CJIEAYIIMM 0OPa30M.

[Iycrs nponeccor P; (1 = 1,...,n) umeror Buj (3.13). Torua

ITPOTIECC,
BU/I

ABJIAONINICH 3HaYeHneM Bbipazxkenus ([3.14f), nmeer

P = (S,s",R)

riae koMnoneHTs S, s, R onpeiessgiorcs ciieLylouM 0bpa3oM:

def

det def
e SES x...x85,=

(S1,--,8n) | 51 € S15-+, 8, € Sp}

0 def

o 0= (s9,...,8%)

® Ijid

n

kaxkgoro ¢ € {1,...,n}
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a
— KaykKJIoro mepexoma s; — S; 3 Ry, n
— KayKJIOI'0 CIHCKa COCTOAHUI
8155 8i—1,Sit15--+»Sn

rneVje{l,....,n} s;€5;
R conepXKuT mepexos,

a

(Sla'“)Sn) (Sla"'7S7j—178'/5’787§+17"'75n)

® 14
— Kaxk0i mapel nHgekcos i, € {1,...,n}, rne i < j

- K&)K,ZLOfI IIapbl II€epexXoJ0B C KOMIIJIEMEHTapHbBIMU MeT-
KaM1

S; S; € RZ
a /
n

— KazKJIOr0 CIIHCKa COCTOSHHUMN
S1y+0 5 8i—15Sid1y -5 8j-1, 5415+, Sn
rneVke{l,....n} sg€ Sk
R conmepxkut nepexos

/ /
(31 s ) T 817"'78i7178i78i+17"'75]'7178]'7
Yy On ’
Sj+1s---5Sn

3. Omepanus + KOMMYTaTHBHA, T.e. JIJIs JIIOOBIX IpoteccoB P u
P BepHO paBeHcTBO

P1+P2:P2+P1

4. Oneparusi | KOMMYTATHBHA, T.€. JIJIs JIIOOBIX MPOIECCOB P 1
P BepHO paBeHCTBO

P1|P2:P2‘P1
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5.

10.

11.

12.
13.
14.

15.

16.

17.

0 aBagercsa HefITpa.HbeIM JIEMEHTOM OTHOCHUTEJIbHO Ollepaliun

|:
Plo=P

Jlna omepamuu + aHaJOTHIHOE CBOMCTBO TOXKE MMeEeT MeCTO,
€CJIM BMECTO PABEHCTBA MPOIECCOB Oy/IeT UCIO/Ib30BAHO MMOHSI-
THe CUJIBHOIN SKBHBAJEHTHOCTH IIPOTECCOB (KOTOPOE ONpe/1eIsi-
ercs HuKe). JlaHHOE CBOMCTBO, & TaKKe CBOWCTBO UIEMIIOTEHT-
HOCTH OIIepalliy + JOKAa3bIBAIOTCA B Iaparpade (Teopema

).

0\L=0

0[f]=0

P\ L = P, ecin L N names(Act(P)) = 0.

(mamomunM, uro Act(P) ob03HawaeT MHOKECTBO JIefCTBH a €
Act \ {7}, Takux, uro P coaepKuT nepexoj| ¢ MeTKO a)

0, ecm a # 7 u name(a) € L

(a.P)\L:{ a.(P\ L), unaue
(Pr+P)\L=(P\L)+(P\L)
(P [P)\ L= (P\L)|[(F2\L),ecan

L Nnames(Act(Py) N Act(P,)) =

(P\ L)\ Ly =P\ (L1 U Ly)
PIfINL=(P\ f~H(D)[f]
Plid] = P, rne id — ToxxaecrBerHast (hyHKIHs

P[f] = Plg], eciu cyxenuns byskimii f u g HA MHOXKECTBO
names(Act(P)) coBmaIaror.

(a.P)[f] = f(a)-(P[f])
(P + P)[f] = Pi[f] + Plf]
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18.

19.
20.

(P | P)[f] = Pi[f]| Polf], econr cyxenne dbyuknnu f ma muo-
JKEeCTBO
names(Act(Py) U Act(P2))

SIBJISIETCSI UHBEKTUBHON hYHKITHE.

(P\ L)[f] = P[f]\ f(L), ecmu f uHbeKTHBHA.

Plfllg] = Plg o f]
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I'1aBa 4

DKBUBAJIEHTHOCTH IIPOIECCOB

4.1 TIlonsdaTue 3KBUBaJIEGHTHOCTH IIPOIIECCOB
11 CBI3aHHBIE C HIM 332491

OnHO U TO Ke MOBeJeHNe MOKeT ObITH IPEACTABACHO PA3JIHIHBIMI
nporeccamu. Hampumep, paccMoTpuM JiBa mporecca:

O—
a a a

XoTd y HepBOTO IPOIecca BCETO OJHO COCTOSHHE, a Y BTOPOTO
MHOZKECTBO COCTOSHUIT OECKOHEYHO, HO THU IPOIECCHI HPEJICTABIIS-
0T OJTHO W TO YK€ TOBeJIeHNe, KOTOPOe 3aKJI0YaeTcsd B TOCTOSHHOM
BBITIOJTHEHWHW OJHOT'O W TOTO K€ JIeHCTBUS a.

[IpencraBaser wHTepeC MOUCK MOIXOASIIETO ONpeae/IeHus SKBH-
BaJIEHTHOCTH TIPOIECCOB, COTVIACHO KOTOPOMY ITPOIECCHl SKBUBAJIEHT-
HBI TOTJIa U TOJBKO TOTJa, KOTJIa OHW MMEIOT OJHO W TO YKe MOBeJe-
HUe.

B sToit rimaBe Mbl n3siaraeM HECKOJIBKO OTIpe/ie/IeHUi ITOHATHS K-
BUBAJIEHTHOCTH IIPOIECCOB. BBIOOD TOr0 M/ MHOTrO BapuaHTa JIAHHO-
I'0 TOHATHS B KOHKPETHON CUTYAIUU JIOJI2KeH OIPeIeTsIThC TeM, Kak
UMEHHO B JAHHOU CHTyaluu TOHUMAETCA OJNHAKOBOCTH TOBEJICHUST
ITPOTIECCOB.
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B naparpadax u BBOJSATCS TIOHATHS TPACCOBOI 3KBUBa-
JICHTHOCTH ¥ CHJbHOH SKBHBAJEHTHOCTH IpOIeccoB. /laHHbIe MOHSI-
THS UCIOJIb3YIOTCS B TOW CUTYaIlnd, KOIIa BCe IeHCTBUS, BBIOJIHS-
IOIUECs] B TIPOIIECCAX, UMEIOT OJUHAKOBBIH CTATYC.

B naparpadax u Hpe/IJIaraloTcd Jpyrue BapUaHTbl TOHSI-
THS SKBUBAJIEHTHOCTH MPOIECCOB: HADIIOaeMast SKBUBATEHTHOCTD 1
Hab/II0aeMas KOHIPYHIMA. /JaHHble OHITHS UCIOAb3YIOTCI B TeX
CUTYaIUsIX, KOrJa MBI PACCMATPHBAeM HEBHIMMOE NeHCTBHE T KaK
HECYIIIECTBEHHOE, U CUYUTAEeM JBe TPACCHI ONMHAKOBBIMM, €CJIM OIHA
MOZKeT OBITH MOJIy4eHa W3 JPYroil myTéM BCTABOK M /WM yAAJeHuUit
HEBUJUMBIX JTEUCTBAN T.

C KaxKJIbIM M3 BO3MOXKHBIX BAPHAHTOB MOHSITHs SKBHBAJEHTHO-
CTH HPOIECCOB CBSI3aHBI JIBE €CTECTBEHHBIE 3aa4H.

1. Pacno3snasanue it IBYX 3aJaHHBIX MPOIECCOB, SIBJASIIOTCS JIN
OHHU 3KBHUBAaJIEHTHBIMH.

2. Tlocrpoenune o 3amanHoMy mporeccy P takoro npomnecca P,
KOTODBIH SIBJISIETCS HAUMeHee CJIOKHBIM (HAIIPUMep, HMeeT MH-
HUMAJTBHOE YUCJIO0 COCTOSTHUI) CPeJIH BCEeX MPOIECCOB, KOTOPBIE
9KBHUBAJICHTHEI P.

4.2 TpaccoBasg 3KBUBaJEHTHOCTh MPpoOIleC-
COB

Kak yzke ObL10 CKa3aHO BbIllIe, Mbl XOT€JU Obl pacCMaTPUBATDH JBA
IIpolecca KaK 3KBUBAJIEHTHbIE, €CJIH OHU ONHUCHIBAIOT OJHO U TO ¥Ke
nosejienne. [ToaTomy, ecyim MBI paccMaTpPUBaEM TTOBEIEHUE MTPOIECcCa
KaK NOPOZKJIeHNe HEKOTOPOU TPAacChl, TO HEOOXOTMMBIM YCITOBHEM K-
BUBAJIEHTHOCTH TIpOTieccoB Py u P, dBjsgeTcsd COBIaJleHue MHOXKeCTB
X Tpacc:

Tr(P) =Tr(P) (4.1)

B mekoropwix curyanusx yciaosue (4.1) moxHO mcnonn3oBarh B
Ka4uecTBe OIpe/IeJIeHHsT SKBUBaJEHTHOCTH Mexkay P, u P,. Oanako
HUKECJIEY 0NN TPUMeED TTOKA3bIBAET, UTO 3TO YCJIOBUE He OTparkKa-
€T OJINH BayKHBIN ACTEKT MOBEIEHNS TPOIECCOB.

64



(4.2)

MHOzKecTBa Tpace 3THX IIPOLECCOB COBIAIAIOT:
Tr(P) =Tr(P) ={e,a,ab,ac}

(rae e — mycrast TOCIe0BATETLHOCTD ).
OJIHAKO 9TU HPOIECCHl OTINYAIOTCA TE€M, UTO

® B JIEBOM IIPOIECCE TIOCJ€ BBIIOJHEHHs] HepBOro jefictus (a)
COXPAaHSAETCST BO3MOXKHOCTh BBIOOpa cyrefytoriero aeicrsust (b
WK C), B TO BpeMsl Kak

® B IIPABOM IIPOIIECCE TOCTE BHITIOHEHUs TIePBOTO JIeHCTBUS Ta-
KOT'O BbIOOpa HET:

— €eCJIM IEepBbIH Iepexoj ObLI COBEPIIEH IO JeBOMY pebpy,
TO BTOPBIM JIefiCTBHEM MOXKeT OBITH TOJILKO JieiicTBrE b,

— a ecJm 10 IIPaBOMY - TO TOJIbKO JlefiCTBHE C,

T.e. BTOpOe JeficTBre OBLIO TTPeIonpeeeHO eIé 0 BBHITOTHEe-
HUd LIepBOro aeiicrsud.

Ecau Mbl me xoreaun Obl paccCMATPUBATD ITH MPOMECCH KAK K-
BHUBAJICHTHBIE, TO YCJIOBUE HAJI0 HEKOTOPBIM 00PAa30M YCHIUTD.
OvH n3 BApUAHTOB TAKOTO YCUJICHHS M3Jaraercs HuxKe. /[yig Toro,
4TOOBI €ro chOPMyYJIIPOBATD, ONPEIE/JIUM CHAYAIA TOHATHE TPACCHI
U3 HEKOTOPOTO COCTOSHUS MPOIECCa.

Kazk1p1it BapuanT noseaennd nponecca P = (S, s°, R) Mbl untep-
IpEeTUPYeM KakK ITOPOKICHIE HEKOTOPOI MOCIe0BaATE TbHOCTH TIepe-
XOJI0B

al az as

So - 51 S9 - .. (4.3)
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HaqHHaIOH[eﬁCH C HaYaJIbHOI'O COCTOAHHUA, T.€. Sg = 80.

MBI MOXKeM pPACCMATPHBATL MOPOXKICHHE MOCJIEI0BATEIHHOCTH
He TOJBKO ¢ HAYATBHOTO, & ¢ MPOU3BOJBHOTO COCTOSHHS S €
S, T.e. paccMaTpUBAThH TOCIeI0BATeNbHOCT Buga (4.3), B KOTOPOI
Sp = s. [ocenoBarebHOCTD (a1, Gg, . . .) METOK STHX IIEPEXOJ0B Mbl
Oy/eM Ha3bIBATh TPACCOM C HAYAJIOM B S. MHOXKECTBO BCEX TAKAX
Tpacc Mbl OyJaeM 0003HaYaTh 3HaKocoderanuem 1rg(P).

[Iycts Py m P, — mpornecchl BHIa

0 .
PZ‘:(SZ'7S,£,RZ') (221,2)
PaCCMOTpI/IM IIPOU3BOJIbHYIO KOHEIHYIO I10CJI€J0BATEJIbHOCTD II€-

pexonoB B P, BuIa

=5y —+ 5 —w "5, (n>0) (4.4)

(cmyuait n = 0 cOOTBETCTBYET IIYCTON MOCIET0BATESBHOCTH MEPEX0-
noB (4.4), B KoTOpoit s, = 57)

[TocsrenoBaresbHOCTD (4.4)) MOXKHO paccMaTpuBaTh Kak HAYATb-
HbII 9Tan PYHKIHOHMPOBaHUs Tporecca P, a KaXIylo Tpaccy u3
Trs, (Py) — Kak HEKOTOPOe MPOJIOJIZKEHIE STOr0 ITala.

[Iponeccor P; n P, Ha3bIBAIOTCS TPACCOBO YKBUBAJIEHTHBIMMU,
ecIn

e IS KazKJI0ro HavaabHoro srana (4.4)) byHkmonuposanus mpo-
necca P; cyimiecrByerT HavdaJbHbIA dran (hyHKIMOHUPOBAHUSI
npornecca P

0 _ o @ / a2 an /
Sy = 5 - s} - - s (4.5)
KOTODbIfi HMEET TOIHO TAKYIO K€ TPACCY A - . . Gy, 970 1 (4.4)),
U B KOHIIE KOTOPOT'O HMEETCS TOYHO TaKOi yKe BHIOOp JaJibHeil-
IIero IPOIOJIZKEHNs, 9TO U B KouIe stana (4.4)), T.e.

Tr,,(P) = Try, (P) (46)

e 11, KPOME TOTO, IMeeT MeCTO CUMMETPHIHOEe YCIOBHE: /T KazK-
noif Hmoc/Ie10BaTeILHOCTH II€PeXoioB B P, BHIA TIOJIZK-
Ha CYIIECTBOBATH MOCTEI0BATEIbHOCTL MEPeXonoB B P, BHIA
, TaKas, 9TO MMeeT MecTo paBeHcTBO ((4.6)).
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JlaHHBIE YCJIOBHS UMEIOT HEIOCTATOK: B UX (DOPMYIUPOBKE yIACTBY-
0T HEOIPaHWYIEHHBIe MHOZKECTBA IOC/IeI0BATEIbHOCTEN IepPexoI0B
B2 u (L.5), a Tak:ke HeOrpaHXveHHbIC MHOXKECTBA TPACC U3
. [TosTOoMy IIpoBepKa JaHHBIX YCJIOBHUI MPEICTABISIETCS 3aTPY/I-
HUTEJILHOM Jlake B TOM Cjydae, Korja mporecchl P u P, KOHeJIHHI.

[IpencTapaseT nHTEPEC 331898 HAXO0XK IEHHS YCIAOBHU, PABHOCHIh-
HBIX YCJIOBHUSIM TPacCOBOil 9KBHBAJEHTHOCTH, KOTOPbIE MOXKHO OBLIO
OBl AITOPUTMHUYECKH ITPOBEPITH /sl 33 IaHHBIX ImporeccoB Py u Py B
TOM CJIy4ae, KOIa 3TU IPOIECCh KOHEUHBI.

Muorma paccMaTpuBalOT TaKyl SKBHBAJEHTHOCTH MEXKIY IPO-
IeccaMu, KOTopast OTJHYAeTCsl OT TPACCOBOH SKBUBAJIEHTHOCTH 3a-
Menoit yesosus (4.6 ma 6osee coiaboe ycaosue:

Act(s,) = Act(s))

rJIe JUIs KayKJIO0TO COCTOSHUS § 3HaKocoderanue Act(s) obo3mnadaer
MHOXKECTBO BceX JeficTBuii a € Act, TaKHX, YTO CYIIECTBYET E€PEXOI
C HAQYAJIOM B S U IIOMEYEHHBIA AefiCTBUEM a.

4.3 CujabpHagd 3KBUBAJEHTHOCTDb

Emé oguumM BapuanTOM HOHATHS SKBHBAJIEHTHOCTH [IPOIECCOB SABJIS-
eTcd CUJIbHAA 9KBUBAJEHTHOCTD. /)1 ompeiesieHrst 3TOTO MOHSI-
THST MBI BBEJIEM BCIIOMOTATEIbHbIE 0003HAYCHUS.

[Tocsie Toro, Kak npoiecc

P=(S,s" R) (4.7)

BBITIOJIHAT TIePBOE JIeHCTBHE U HepeilIéT B HOBOe COCTOSHHUE s', ero
HoBeJeHne OyIeT HEOTININMO OT TIOBE/IEHNS IIPOIecca

P (s s R) (4.8)

UMEIOIIEro Te YKe KOMIOHEHTDI, 9TO U P, 3a UCKII0YeHneM Hada b
HOT'O COCTOSTHHS.
Mpbi OyjieM HUCII0JIB30BaTh 0003HAYEHUE

P 2P (4.9)

KaK COKPAIEHHYIO 3allUCh YTBEPXKJICHUT O TOM, ITO
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e Pu P’ — nponecent Buma (4.7) u (4.8) coorBercrBenHo, 1

1

e R comepxut nepexos s’ 5

(4.9) MoxHO MHTEPIIPETHPOBATH KAK YTBEPXKIECHHE O TOM, UTO IPO-
necc P, moxer

® BbBITIOJIHUTH ﬂeﬁCTBI/Ie a, 1 1mocje 3Toro
e BecTu cebg Kak npornecc P

[longTHE CHIBHONW SKBHBAJEHTHOCTH OCHOBAHO Ha CJIEIYIOINIEM
IIOHUMAHUH SKBUBAJEHTHOCTH IIPOIIECCOB: €CJIM MBI pacCMaTPHUBaEM
nponecchl P; u P Kak 5KBUBAJIEHTHBIE, TO JTOJIKHO OBITH BLIIIOJTHEHO
cJIeIyIONIee yCJIOBHE!

® eCJIM OJUH U3 dTUX IpolleccoB P; MoxKer

— BBITIOJIHUTH HEKOTOPOE JeficTBue a € Act,
— U OCJIe 9TOTO BeCTH cebsd KaK HEeKOTOpLIit mpomecce P!
e 10 u apyroii nporecc P (j € {1,2} \ {i}) Toxe momken 06-
JIAIATH CIHOCOOHOCTHIO
— BBINIOJHUTB TO Ke camoe JieficTBre a,
— TI0C/Ie YeTo BecTH cebd Kak HeKoTophlii mpomnece P, KOTO-

pblil 9xBuBasenren P,

Takum 06pazoM, UCKOMasi IKBUBAJIEHTHOCTD JIOJYKHA TPEICTaB-
JIATH cODOt HEKOTOpPOe OMHAPHOE OTHOIIEHUE [ Ha MHOYKECTBE BCEX
POIECCOB, 00/Ia/1A101Iee CIeLYIONIMMI CBOHCTBAMM.

1) Ecm (P, P) € U g HeKOTOporo uporecca P| BepHo
( 7 I, p p | Bep

yTBEpP2KACHHUE

P —*~ P (4.10)
TO AOJI2KEH CYIIeCTBOBATH HIPOIECC PQ’, TaKO#l, 9TO BBIIIOJIHCHBI
yCJI0BHUA

P, —%~ P (4.11)
"

(P, P3) € (4.12)
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(2) Cummerpuanoe croiictso: ecau (P, Py) € p, n 1jist HEKOTOPOTO
upornecca Py Bepuo (4.11)), To mozKen cyImecTBOBaTH MPOIECE

!, Takoif, 9To BInOMHeHbl yeaosust (4.10) u (4.12)).

Ob6o3naunM cuMBOJIOM M COBOKYITHOCTH BCeX OMHAPHBIX OTHO-
HeHutt, KoTopbie 00/1a1a10T BBINTENPUBEIEHHBIMUA CBOMCTBAMU.

MuoxkecTBO M HEIyCTO: OHO COMEPIKUT, HAMPUMED, JTHATOHATH-
HOe OTHOIIIEHHE, KOTOPOe COCTOMT 13 Beex map suga (P, P), rae P —
NPOU3BOJIBHBIN IIPOIECC.

Bceraér ecTecTBeHHBIHI BOIPOC O TOM, KaKoe K€ M3 OTHOIICHUH,
BXOOAIIINX B M, MOZKHO HCIIOJIBb30BaTh JJId OIIpeJc/IEeHUud IMOHATHA
CUJIbHON SKBUBAJEHTHOCTH.

Mp npejnaraem HauboJiee IPOCTOl OTBET Ha TOT BOIPOC: MBI
oyaeMm cuutath P; u Py CUIbHO SKBUBAJEHTHBIMU B TOM U TOJBLKO B
TOM cJIydae, KOTJIa CYIIeCTBYeT XOTd OBl OJHO OTHOIIeHue t € M,
KoTopoe cojepxutr napy (P, P).

Takum obpazom, ICKOMOE OTHOIIIEHIE CUIbHOW 3KBUBAJIEHTHOCTH
HA MHOYKECTBE BCEX TIPOIECCOB MBI ONpeJesisieM Kak 00beJlnHeHre
Bcex oTHomenu# u3 M. /lannoe orHomeHne 0603HaYaeTCst CAMBOJIOM
~,

Herpyano gokasars, 4To
e ~c M, u
® ~ SBJISETCS OTHONIEHHEM SKBUBAJEHTHOCTH, T.K.

— pedIIeKCHBHOCTD ~ CJIEIYET U3 TOr0, YTO JIUArOHAIBLHOEe
OTHOIIIEHHE MPUHAIIEKAT M,

— CHMMETPHYHOCTH ~ CJIEAYET U3 TOrO, 4TO ecau [ € M,
To ut € M

— TPAH3UTUBHOCTH ~ CJEIYeT U3 TOrO, YTO €CJd [y € M u
fo € M, 10 iy 0 g € M.

Ecyim nponeccot P; n Py cujibHO 3KBUBAJIEHTHBI, TO 3TOT (PaKT
0003HAYAETCS 3HAKOCOYETAHNEM

PlNPQ

Herpyano nokasath, uTo ecam mpornecchl Pp u Py, CHIBHO 9KBH-
BaJICHTHBI, TO OHU TPAaCCOBO 9KBHBaJICHTHDI.
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J11st mILTIOCTPAIUT TTOHSITUSI CUJIBHO SKBUBAJIEHTHOCTH PACCMOT-
pUM Mapy HpuMepOB.

1. TIpormeccror

HE ABJIAI0TCA CUJIBHO 3KBUBAJIEHTHBIMHA, TaK KaK OHH HE ABJIfA-
I0TCAd TPpaCCOBO 3KBHBaJICHTHBIMHA

2. Ilponeccobr

ABJIAIOTCA CUJIBHO 3KBUBAJICHTHBIMU.

4.4 Kpurepuu cujIibHOI 3KBUBAJIEHTHOCTHU

4.4.1 Jlorudeckuii KpuTepuii CuJIbHOI YKBUBAJIEHT-
HOCTH

O6o3HauuM cuMBOJIOM F'm MHOXKecTBO (pOpMYyIJI, olpeieasieMoe Cie-
JIYIOIIIUM 00pa3oM.

70



o CumBosnl T u L sBisitorcst popmymamu.

e bciiu ¢ — bopmysia, 10 ¢ TOKE DOPMYJIA.

e Eciam ¢ u ¢ — dpopmyasl, To ¢ A ¢ Toxke dopMmyJa.

e Eciau ¢ — dopmyna u a € Act, 1o (a)p Toxe dopmyia.

[IycTh 3ajganbl mpomnece P u dopmysta ¢ € F'm. 3uauenue $op-
MYJIBI p Ha Tporiecce P mpeacrasisier coboit smement P(yp) MHOKe-
crBa {0, 1}, onpeesasieMblii CIeIyOMuM 00pa3oM.

e P(T)=1, P(L)=0
o P(-p)=1-P(p)
e P(oNY)=Plp)- P(¥)

1, ecau cymecrByer mnpoiecc P’ :
o P({a)y) = P —— P, Plp)=1
0, B HPOTHUBHOM CJIy4ae

Teopus mporecca P — 310 coBokynuocts Th(P) dopmyr, onpeme-
JseMast CIeAYIOMIM 00pa3oM:

Th(P)={p € F'm| P(p) =1}

Teopema 1.
[Tycts nponeccwr P; u P, koneunnl. Tora

PlNP2 = Th(Pl):Th(PQ)

doka3zaTeabCTBO.

nvmmukarus “=-" 1oKa3bIBaeTCsd HHIYKIAEH 110 CTPYKTYpe (hop-
MYJIBL .

Jokaxkem umiumkanuio “<". Ilyctb umeer MecTo paBeHCTBO

Th(P;) = Th(P) (4.14)

O0603HAYUM CHMBOJIOM [4 OMHAPHOE OTHOIIEHHE HA MHOYKECTBE BCEX
IIPOTECCOB, KOTOPOE COCTOUT M3 BCEX AP MPOIECCOB ¢ OJUHAKOBBIMU
TEOPUSIMH, T.€.

p = (P, Py) | Th(Py) = Th(P)}
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JlokarkeM, 49TO [ YJIOBIETBOPSIET ONPEIEJIEHUI0 CUIHLHONW SKBH-
BaJleHTHOCTH. IlycTh 3TO He Tak, T.e., HAIPUMED, JJIsd HEKOTOPOIO
a € Act

(a) cymectByer nporecc PJ, Takoii, 4To

a

P —*+ P

(b) HO He cymecTByeT mporiecca Py, Takoro, 94to
P, —*~ P} (4.15)
u Th(P]) = Th(P}).
Yeaosue (b) MOKET UMETH MECTO B JBYX CHTYAIUIX:

1. me cymecTByer mporecca Py, mias Kotoporo Bepuo ({4.15))

2. cymectByer mporecc Py, mnst koroporo Bepuo (4.15), Ho mis
KazKJI0r0 TAKOTO IIPOIecca

Th(Py) # Th(P,)

JTokaxkeMm, 410 B 000MX CUTyalMAX CYIIeCTBYeT (hOpMyJia , yI0BJie-
TBOPSIONIAS YCIOBHIO

Pi(p) =1, Pp)=0
910 OyIeT TPOTUBOPEYHTD Hpenotoxenuio (4.14).

1. Ecam uMeeT MecTo mepBas CHTyalys, TO B KAYeCTBE ¢ MOKHO
B3aTh dopmyy (a)T.

2. Eciu mmeer MecTo BTOpas CUTyalysd, TO IyCThb CIUCOK BCEX
TaKuX nporeccos Py, mist Koropeix BepHo (4.15]), nmeer Bug

/ /
21y 9+ 2n

[Io mpenmoo:KeHuIo, s KaxKJaoro ¢ = 1,...,n IMeeT MecTo
HEPaBEHCTBO

Th(Py) # Th(Py;)
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T.e. JJIs KaxKJIoro ¢ = 1,...,n cymecTByeT (popMmyJia p;, TaKas,
4TO

Pi(pi) =1, 5 (i) =0
B sToit curyanum B KadecTBe MCKOMON (DOPMYIBI 0 MOXKHO
B3aTh dopmyay (a)(p1 A...Ap,). R

Hanpuwmep, nycts P, u P, — npornecchl, H300pazkEéHHble Ha PH-
CYHKE . Kak 6b1j10 cKa3aHO Bblllle, 3TH HPOIECCHl HE ABJIAIOTCS
CHUJILHO 3KBUBAJIEHTHBIMU. B KadecTBe 0OOCHOBAHUS YTBEPKICHUS
Py o6 Py MOXKHO, HATIPUMED, TIPEThIBATH (POPMYITY

P (@) T AT)

Herpyano nokasars, ato Pi(p) =1 u Py(p) = 0.
[IpecraBisier HATEPeC 3a/1a9a HAXOXKICHUS O JIBYM 3aIaHHBIM
nporieccam Py u P, crimcka (hopmyr

Py Pn

KaK MOYKHO MEHBITETO pa3Mepa, TaKuX, 9To P ~ P, Torma u TOJIbKO
TOT/1a, KOTJ1a

Vi=1,....,n  Py(g) = Py()

4.4.2 Kpurepuii cujbHOIl 3KBUBAJIEHTHOCTH, OC-
HOBAHHBII HA TMMOHATUN OMMOIEJIMPOBAHULA

Teopema 2.
[IycTh 3amanbl 1Ba mporecca

P, = (S, s}, R;) (1=1,2)
P, ~ P, Toria m TOJBKO TOT/Ia, KOT/Ia CYIMIEeCTBYeT OTHOITeHUe
1w C Sy xS
YJIOBJIETBOPSIONIEE CJIEIYIOIIHM YCIOBUSIM.

0. (s9,59) € p.
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1. Jnga xaxmoit mapsel (S1,S2) € p M KaxKJI0ro mepexona u3 Ry

BHJIA,
S1 s}
CYTIECTBYET Mepexo n3 Ry Buma
a !

Takoii, uro (s}, sh) € p.

2. Jlna Kaxkaoi mapwl (S1,S2) € g M KaxKJIOro mepexoja u3 Ry

BHIA

So sh
CyIIeCTBYeT nepexos n3 Ry Buma

s1 sh

Takoif, uro (s}, sh) € p.

OTHoOIIIeHUE [1, YIOBIETBOPSIONIEE JAHHBIM YCJIOBUSAM, HA3BIBAETCSI
6umonenuposanueMm (BM) mexny P u P,.

4.5 AunredbpamvecKne CBOCTBAa CUJIbHOM K-
BUBAJIEHTHOCTU

Teopema 3.

CuabHasg 3KBABAJCHTHOCTL ABJISETCA KOHprSHHHeﬁ, T.€. eCJIn
P1 ~ P27 TO

® JIId Kaxkaoro a € Act a.Py ~ a.P

e Juts Kaxkjoro upomecca P P+ P~ Py, + P
e st Kaxkioro mnporecca P P[P ~ Py|P

e g kKaxkjaoro L C Names P\ L~ P\ L

e s Kaxzaoro nepenmenosanus [ Pi[f] ~ Py[f]
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JlokazaTeabCTBO.
Kak 6b1J10 ycTaHoB/eHO B naparpade COOTHOIIIECHUE

PlNPQ

9KBUBAJEHTHO TOMY, 4TO cyImiecTByeT bM p Mexny P u Ps. Hec-
OJb3ySd 3TO fi, Mbl octpouM BM g obocHOBaHMS KayKJIOro W3
BBITIENPUBEIEHHBIX COOTHOIIEHUIA.

e [lycTh cEMBOJIBI 5?1) u 3?2) 00603HAYAIOT HAYAJIbHBIE COCTOSHHUSI
a.P; 1 a.Py cOOTBeTCTBEHHO.

Torna oTHOIIEHHTE
{(3(()1)73(()2))} U p
spasiercss BM mexny a.Py u a.Ps.

e [IycTh

— CUMBOJIBI 5(()1) u 3?2) 0003HATAIOT HAYAJDHBIE COCTOSHIUS
P+ P u P, + P cooTBeTCTBEHHO, U

— cuMBOJT S 0603HATAET MHOZKECTBO COCTOSTHUIT TIportecca P.
Torma

— OTHOIICHHE
{(5(()1)73(()2))} U p U Idg
apiagerca bM mexny Pp + P u P+ P, n

— OTHOIIEHHE
{((317 S)? (527 S)) | (517 SQ) €Ep, qc S}
apjsiercss BM mexiy Pi|P u Py|P.

e OrHomrenue p saBiasercs BM

— mexay PP\ Lu P\ L, u
— mexay Pi[f] u Po[f]. W

Teopema 4.
P=(Ss" R
s KazK10ro mporecca ,8°, R) mMeroT MecTo claeyIoniue
CBOHCTBA.
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1. P+0~ P

2. P+P~P

JlokazaTeabCTBO.

1. OBO3HAINM CHMBOJIOM CHMBOJIOM S HATATHLHOE COCTOSTHHE MPO-

mecca P+ 0.
BM mexay P+ 0 u P umeer BuI

{(s0,5")} U Ids

2. CoryracHO ONpe/IeIeHUIO OMEePAINH +, TIPOIECCHI B JIEBO 9aCTH
JTOKA3bIBA€MOT'O COOTHOIIIEHNUS CJIEJlyeT PaCCMaTPUBATD KaK JIBE
JIM3BIOHKTHBIE U30MOP(HBIE KOIHH ITpoliecca P Buaa

rjae S(i) = {S(i) | S € S}

OGO3HAYAM CHMBOJIOM CHMBOJIOM S HAYATBHOE COCTOSHUE TTPO-
necca P+ P.

BM mexny P+ P u P nmeer BUJ

{(s0,8O)} U {(s¢y,8) |s€S,i=12} m

Huke s
e xax;ioro nporecca P = (S,s°, R), u
® KaXKJIOr0 COCTOSHUSA S € S

MBI OyJieM HCIIOIb30BaTh 3HaKocodeTanue P(s) js 0b03HAUEHUS
IPOLECCa
(5,5, R)

KOTOprfI OTJINYAeTCd OT P TOJBLKO HAYAJILHBIM COCTOAHHEM.

Teopema 5.
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[Mycrs P = (5,s% R) — HexoTOpbIil mpolecc, U COBOKYIHOCTh

BCeX BBIXOAAINX U3 s’ MepexoJ0B HMeeT BHL

{s 2+ s |i=1,...,n}
Torma
P ~ CL1.P1+...+an.Pn (416)
rIe oJId Kaxkaoro 1 =1,...,n
P, % P(s) € (S5 R)
JlokazaTeabCTBO.

Jlng moctpoenust BM, j1oKa3bIBaoIero cOOTHOIIEHne , MBI
3aMEHUM BCe IIpoIecchl I; B ero mpapoii 4acTu Ha UX U3 bIOHKTHBIE
KOIIMH, T.e. OyJIeM CUYUTaTh, 4TO JIjId KaxKJaoro ¢ = 1,...,n mpoiecc
P, umeer Buz

P; = (Sa), s(a) B)

U IS KazKJI0ro ¢ = 1,...,n COOTBETCTBYIOIIadA Ouekus Mexxay S u
S(i) COTIOCTABIAET KasKIOMY COCTOAHUIO s € S cocrognue, 0003HaTa-
eMoe CUMBOJIOM S(j).

Takum 00pa3oM, MOKHO CUHTATh, UYTO KarxKJI0€ M3 CIaraeMbIX
a;.P; B upasoit vactu (4.16) nmeer Bu

0 Q;

1 MHOKECTBA COCTOSAHMI 9THUX CJIaTaeMbIX IOMAPHO He IePeceKatoTCs.
CorytacHo ompeeIeHUIO ONepalliu +, IpaBas JacThb (4.16[) umeer
BHI,
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ai

BM wmexay sieBoit u npasoit gactamu (4.16) mmeer Bu
{(s%s0)} U {(s,80))|s€8S,i=1,....,n} ™

Teopema 6 (Teopema 0 pa3jI0XKEHUN).
[Tycts P — npormecc Buaa

P =P|...|P, (4.17)
rie s Kaxaoro i € {1,...,n} oponecc P; umeer Bu/
j=1

Toryma P cuIbHO 9KBUBAJICHTEH CyMMe

1. Bcex mporeccoB BHIA

2. W BceX IPOIEeCcCOB BHAA

Pi|...|P_i|Py| Pyl ... )
7. 4.20
(...|Pj_1|le|pj+l|...|Pn (4.20)

rne 1 <i<j<n, agaj#T, ¥ a;=aj.
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JlokazaTeabCTBO.

ITo Teopeme [B], P cHIbHO 9KBHBAJICHTEH CyMMe, KaxKI0€ Carae-
MO€ B KOTOPOfl COOTBETCTBYET HEKOTOPOMY IEPEXO/Y, BBIXOIAIIEMY
13 HaYaJILHOTO COCTOgHuA s° mporecca P: 1/ KaxKI0To Iepexoia B
P Buma

SO

S

9Ta CyMMa COJEPIKUT caaraemoe a.P(s).
Cormacuo (4.18)), arst kaxkmoro ¢ = 1,...,n mporecc P, uMeer
B,

e s, s%, ..., Sy, — HadaJIbHBIE COCTOSHMS IIPOIECCOB
})iv })ih SR HnL
COOTBETCTBEHHO.
Ob6o3naunm

® CHUMBOJIOM 5; MHOXKECTBO COCTOsIHU{I 1mporecca P;, u

e cumBosoM S;; (e j = 1,...,n;) — MHOXKECTBO COCTOSTHHI ITPO-
necca F;;.

Mgl MOZKeM CYUTaTh, 9YTO Sz ABJdeTcd JU3'bIOHKTHBIM O6”b€,ZLI/IHeHI/IeM
0
SZ' = {Sz} U Sﬂ U ... u qu (421)

Coracuo onmcanuio mporecca suaa (4.17), koropoe nmpusemeno
B nyHKTe 2 maparpada [3.7, MOKHO cUHTATH, UTO KOMIOHEHTBI TIPO-
necca P umeroT cjieyronui Bu/I.
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e MuozkecTBO cocTosimii iporiecca P nmeer BuI

S1 X ... xSy, (4.22)

e Hawannusm cocrogruem s’ mponecca P ABASETCS CIHUCOK

(57, 5)

e [lepexojbl poriecca P, BBIXOJSIINE U3 €r0 Ha4a IbHOTO COCTO-
AHHUS, UMEIOT CJIe/IYIONNil BU/I.

— Ilepexomn BuIA

0 _ % 0 0 0 0 0
S (517---787;—1787;j757j+17"'7$n) (4.23)
— Ilepexons Bua

0 0 0 .0

0 T 815+ 85—1> Sijs Sig1s - - - 494

0 0 .0 0 .

5 s S5, S S ( )

. ‘]717 ]l’ j+1,...7 n

rne 1 <i<j<mn, aga;F#T, a;=aj.

Takum oOpa3oM, MHOXKECTBO IIEPeXO0JIOB Iiporiecca P, BBIXOIANINX

us3 807 HaXOOIUTCA BO B3aHMHO OJHO3HAYHOM COOTBETCTBHH C MHO-

KecTBoM ciaaraembix Buja (4.19) u (4.20).

s tokasaresberBa Teopemsl [0 J0CTaTOuHO J0KA3aTh, UTO

e Jlna kaxmoro ¢ = 1,...,n, u Kaxa0ro j = 1,...,n; UMeeT
MEeCTO dKBHBAJEHTHOCTH
0 0 0 0 0
P(SD“‘781—1781]7314-17"‘7871)N (4 25)
~ <P1| [Pt | Py [ Piga | - - ’Pn)
o Jlia
— JM00BIX 4, j, Takux, 9to 1 <1< j<n, n
—mobeix k=1,...,n;, [=1,...,n;
MMeeT MeCTO SKBHBAJEHTHOCTH
0 0 0 (0
P 51""’Si—178ik78i+17"‘ ~
s? ;8% 0 s?
... ]_17 jl7 ‘7_"_1,...7 n (4.26)
Bl P P [ P | -
< | Py | Py P ... | P
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Mpbl goKazkeMm JHIb KBUBATEHTHOCTE (4.25)) (sKBHBaTEHTHOCTH

(4.26) moxasbiBaeTCS aHATIOTHIHO).

MHOKECTBO COCTOSHHMI TpoIecca
(Pl [Py | Pyl Pl . | P) (4.27)
FIMeeT BH
S1 X o X St X S X Sipr X ..o xS, (4.28)
13 crenyer, uro S;; C S;, T.e. MHOKECTBO ABJIACTCS

HOMHOZKeCTBOM MHOKecTBa (4.22)) cocrosinuii uponecca

P(S(l),...78?_1,S?j,8?+1,...,80) (4.29)

n

Oupegesnm uckomoe BM o mezxkay nponeccamu (4.27) u (4.29) kax

ANArOHAJIbHOC OTHOIICHUE

n {(s.5) | s € (29}

OdeBuIHO, YTO

e napa HadaJbHBIX cocrosHui nporneccos (4.27) u (4.29) npu-

HAJJIEKAT (i,

e KaK/IbIiT mepexos nporecca (4.27)) ABaSETCS TAKIKE MEPEXOIOM
nponecca (£.29), n

® ecJIM HaYaj 0 HEKOTOPOro mepexoma mporecca (4.29)) mpuma-
nexur noamuozxkectsy ((£.28)), To koner sToro mepexoga Toxe
IPUHAJIEIKAT 0JIMHOKECTBY (1151 0BOCHOBaHUSL STOTO
YTBEPKIAEHUST OTMETHM, 4TO BCE Iepexobl B P; ¢ HayajaoMm B
Sij IMEIOT KOHeI[ TOXKe B ;).

Takum obpazom, p gaeasgercs BM, u 3T0 J0Ka3bIBaeT SKBUBAJIEHT-

Hocrh ((4.25)). W

Crenyrommas TeopeMa sABIsdeTcs ycuuenneM teopems [0} s eé
BOPMYIUPOBKHE MBI Oy/IeM HCIOJIb30BATh CJeyioliee 0003HaYeHHUE.
Eciu f — npou3BobHOE IeperMeHOBAHIE, TO TOT Ke CUMBOJI f 000-
3HadaeT (QYHKIUIO BUJA

fAct — Act

orpeesaeMyIo CJAeyIonuM 00pa3oM.
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o Ve Names f(a))® fla), u f(a?) ¥ f(a)?
o« f(n) =7

Teopema 7.
[Tycts P — nporecc Bujia

P = (PAll ... | Palful) \ L

rie aias Kaxkaoro i € {1,...,n}
U
P~y aij. By
j=1

Toryia P cu/IbHO 9KBUBAJIEHTEH CyMMe

1. Bcex mporeccoB BHIA

Pifi]] ..
fiaij). o Pl fial | Pylfil | Pealfisal | -0 |\ L
| Bulfnl

rae a;; = 7 uian name(fi(a;;)) € L, n
2. BCex IPOIIECCOB BHUIA

Pif1]] ---
o | Picalfical | Pl fi] | Pisa[figa] | -+
oA Pl fi Pl Pl fial |-
oo | Palfal

rne 1 <i<j<n, aw,a#7, 8 filaw)= fila).

\ L

loka3aTeabCTBO.
JlanHast TeopeMa HeloCpPeJICTBEHHO CeIyeT U3

e IIpeabLAYIIeH TeOPEeMBI,
e TeopeMHl [3]
e cpoiicts 6, 9, 10, 16 u 17 u3 naparpada [3.7] u

® IepBOI0O yTBEPIKAEHNS 13 TeopeMbl [4]
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4.6 Pacmo3HaBaHme CHJILHOI SKBUBAJICHT-
HOCTH

4.6.1 OrHoterue (P, Ps)

[Tycts 3ajaHbl JBa mpolecca

_ 0 s
P@'—(Si75i7Rz’) (2—1,2)
OnpenenuM GYHKIHMIO ' Ha MHOXKECTBE BCEX OTHOIIEHHH u3 S
B S, KOTOpasl COIOCTABJIAET KaxKIOMY OTHoOImeHHIo u C S7 X S
ornomenune ' C S7 X So, onpejenseMoe CaepayoimumM 00pa3om:

Va € Act
Vs’leSl'(Sl—a>s’1)€R1
a . ./
s def | (81,82) € Jsh € Sy 3{ ES/Q_i)SQE)ERQ
wo= c Sl X SQ a31752 M
Vshy € Sy i (59— 55) € Ry
Q / R
=W : (s1—>5)) € Ry
e {(5/173/2)€M

Herpynao nokazars, 9To mid Kaxaoro pu C .S; X Sy

[t YIOBJIETBOPsAET yCJI0BUAM 1 u 2

-
u3 onpejesenns bM H=H
CrenoBaTesbHO,
sY.59) €
i — BM mexny P u Py & {ng;,) "

Herpynno gokasarb, 4o dhyHKIMS ' MOHOTOHHA, T.€.
/ /
ecan fiy C fig, TO fy C po.

O0603HaAYUM CUMBOJIOM [lyq; OObEJIUHEHHE BCEX OTHOIICHUN H3

COBOKYIIHOCTH
{1 C Sy xSy puCu'} (4.30)

3aMeTuM, ITO OTHOTIECHUE [l;q, TPAHATLTEIKUT cOBOKYTIHOCTH (4.30)),

TakK Kak s Kazkaoro p € (4.30]) u3
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e srutouerns 1 C (U i) = tmaz, ¥
pe(@30)

® MOHOTOHHOCTH (PYHKIUH '

caegyer, uto Juis Kaxaoro p € (4.30))

1S C g

[Mosromy fimar = U 10 C 0w T-€ fhmaz € (4.30)).
ne(@.30)

BaMeTI/IM7 YTO UMeeT MeCTO PaBEHCTBO

oy
Mmazx = Mg

TAK KAK U3 BKJIIOYCHUSA [lyaz T [, W U3 MOHOTOHHOCTH (DyHKIUH
" caepyer BKIIOUEHHE

/ "
/J’ma:(: g ILLmaI
T.e. fih . € (4.30), orKya, B CHIy MAKCUMAIBHOCTH [lyqz, CIELYET
BKJIIOYEHNe

M;nam C Umaz

Takum 06pazoM, OTHOIICHUE [lyq; SBISETCS
e HanbGOILIIUM 3eMeHTOM coBOKymHOCTH (4.30)), n
e HanboJblIell HENOABUKHON TOUKON (byHKIMHT .
Mpur 6ysnem 0603HAYATH 3TO OTHOIIEHUE 3HAKOCOYETAHUEM
j1(Pr, Py) (4.31)
113 teopemst 2] cienyer, aro
PlNPQ = (S?,SS)GM(Pl,PQ)

113 onpenenenns ornommenus (P, Py) BbITeKaeT, 9T0 JaHHOE OT-
HOTIIEHHEe COCTOUT W3 BCeX map (S, S2) € Sy X Sp, Takux, 4To

Pl(Sl) ~ PQ(SQ)

Otuomenne p( Py, Py) MOXKHO paccMaTpuBaTh Kak Mepy 61m30-
ctu mexay P u Ps.
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4.6.2 TlonmHOMMAJIBLHBIN AJITOPUTM PACTIO3HABAHUS
CUJIbHOU 3KBUBAJIEHTHOCTH

[Iycts P; u P, — npornecchl BUIa
B - (S’i?siov RZ) (Z - 17 2)

Ecan muo)kecTBa S 1 Sy KOHEUHBI, TO 331248 MPOBEPKH UCTUH-
HOCTH COOTHOIIIEHUS

OYEeBUOHO ABJIAETCA aJITOPUTMUYECKU paSpeH_H/IMOIU/IZ HallpuMep, MO2K-
HO 1epedbparhb Bce oTHOIIEeHHS (1 C S X So M I KaxKJA0ro U3 HUX
upoeputhb yeaosus 0, 1 u 2 u3 onpenenenus BM. Anropurm 3akaH-
YHUBaeT CBOIO paboOTy, KOTaa

e HAIIOCh oTHOIIEeHNE (1 C 57X S KOTOPOE YIOBIETBOPSET YCIO-
BusaM 0, 1 u 2 u3 onpenenenug bM, B 3ToM ciydae OH BBIIAET
OTBET

P~ P

i

e Bce oTHomeHns p C 57 X Sy mepeOpaHbl, 1 HU OJHO U3 HUX He
yroBaeTBopsieT yesaopuaMm 0, 1 u 2 u3 onpenenennsa bM, B sTom
cJIydae OH BBIJJAET OTBET

P % Py

Eciu P; o6 Py, T0 BbIIIENPUBEJEHHBIH AJIOPUTM BBLIACT OTBET
mocJie mepedopa BCeX OTHOIIEHHH MeXkIy S7 U Sg, UUCTI0 KOTOPBIX
- 2|S1|"S2|, T.€. JAHHBIA aJIrOPUTM MMeeT 3KCIOHCHIIMAJIbHYIO CJIOZXK-
HOCTb.

JlaHHyI0 33789y MOXKHO PEIIUTh ropaszno 6osee 3¢hdeKTUBHBIM
AJITOPUTMOM, KOTOPBINl MMeeT MOJUHOMHUAIBHYIO CIOKHOCTH. Jlms
[IOCTPOEHUS TAKOIO aJITOPUTMaA Mbl PACCMOTPHUM CJIEYIONLYIO MOCTIe-
JIOBATEJILHOCTH OTHOIMEHUH MexXay S u So

{pi|i>1} (4.33)

rae g d:ef Sl X SQ, nVvi>1 Miv1 d:ef /L;
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3 cooTHOmEHUs (11 O flo ¥ MOHOTOHHOCTH (DyHKIMU ' ciejyer,
ITO

[TockotbKy Bce WwieHBl mociemoBaTeabHOCTH (4.33) ABISIOTCS MOI-
MHOKeCTBaMH KOHEUHOI'O0 MHOXKECTBA S7 X Sy, TO JAHHAA TOCIEI0-
BaTEJbHOCTh HE MOYKeT OECKOHEYHO yObIBaTh, OHA CTAOMIN3UDPYETCS
Ha HEKOTOPOM dUJIeHe, T.e. JJIsi HEKOTOPOro ¢ > 1 mMeeT MecTo CoOT-
HOIIICHHE

i = Hit1 = fhit2 = ...

JlokazkeM, 4TO 4/IeH fi;, Ha KOTOPOM HACTYHAET CTAOUIN3AINsL, COB-
najgaer ¢ orHomenneM Py, Py).

o T'K. p; = plir1 = i, T.€. p; — HEMOABUKHAST TOUKA DYHKIMHA ',
TO
2% g M(Pl, PQ) (434)

MOCKOTBKY [i( Py, Py) — HAnOOIbINAST HETIOABIKHAS TOUKA (DY HK-
ouu .

o T.K. A1g KaxK7a0r0 j > 1 nMeeT MecTO BKJIIOUEHHE
(P, Po) C iy (4.35)
MTOCKOJTBbKY

— Bkjiovenne (4.35) Bepmo jys1 j = 1, n

— ecan BKJOYeHue (4.35) BEpHO Jjisi HEKOTOPOTO j, TO, B
CUJIy MOHOTOHHOCTH (DYHKIIUH ', ©MeeM COOTHOIIEHUSI

u(Py, Po) = p(Py, Po)' C gl = i
T.¢. Bryouenue (4.35) Gymer Bepro mist j + 1

T0, B wactuoctH, (4.35) BepHO [Ist § = i.
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3 (4.34) u (4.35) qrs j = @ caeayer paBeHCTBO
i = p(Pr, P) (4.36)

Takum obpa3oMm, 3a1a9a TPOBEPKU HCTUHHOCTH COOTHOIITeHUST Py ~
P> MoxkeT OBITH perieHa myTém

® HAXOXK/EHHs NIEPBOr0 WIEHA [i; nociaenoBareabrocrn (4.33),
KOTOPBIH yIOBJIETBOPSIET YCIOBUIO [I; = (i1, U

® [IPDOBEPKU JJId 9TOTr0 ; COOTHOHICHUA

(5(1), sg) € 1 (4.37)

AﬂFOpI/ITM BbI,ZLaéT OTBET
P1 ~ PQ

TOT/Ia U TOJBKO TOrAa, KOTaa BoimosHsercs (4.37)).

J11s1 BEIYUCIEHNS 9/IEHOB TIOC/1€I0BATETHHOCTH MOZKHO HC-
[0JIL30BATH HUZKECJIEYIOMUN aJIrOPUTM, KOTOPBIH 110 OTHOIIEHUIO
i € S1 X Sy BRIYHCIET OTHOIIEHWE [i:

p=10
IUKJI JJIs KaXKJI0r0 (S1,82) €
BKIIOUHTL = |
a
OUKJ JJIsl KaXKJI0ro sp,a: § — §)
Haitneno = L

/. a /
IMKJI JJIsT KaXKJI0TO Sh: So —— Sh
. L " /A
HaliieHo := HaiigeHno V (s),s5) € u
KOHeEIl [INKJIA
BKJIIOYATL := BKJIIOYNATH A HailJIeHo
KOHeI, IUKJIa
a
OUKJ JJIs1 KAXKIOTO Sh,a: Sy —— S,
HaitneHo = L
a
IMKJ OJI9 KaXKJI0TO S| : §] — §)

HalileHo = HaiigeHo V (s),85) € i
KOHeIl I[UKJIa
BKJIIOUUTH = BKJIIOYUTH /\ Hali1€HO
KOHeI|, [[UKJIa
ecam BKIIOIUTH TO f = p' U {(s1,52)}
KOHEI IIKJIa
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SamMernuM, 9TO AAHHBIH AJITOPUTM KOPPEKTEH TOJIBKO B TOM CJIyYae,
korja (' C g (9TOo MMeeT MecTo B TOM CJydae, KOLJa TOT ajro-
PUTM HCHOJB3YETCS /I BBIMHMCJIEHHs] WIEHOB IOCJIEI0BATEIbHOCTH
(4.33). B obreit curyarnun BHENTHAH MUK JTOJKEH UMETh BH/

UMK 7151 KaXKA0T0 (S, S) € S1 X Sy

OLeHnM CJIOKHOCTH JaHHOro anaropurMa. O003HAUYUM CHMBOJIOM A
YUCIIO

A Y max(|Act(P,)|, |Act(Py)]) + 1

e Buemmnwuii muks1 genaer e Gosee |Sy] - [Sy| mreparnmii.

e O6a nukJa, coleprKalliecs B BO BHEIIHEM IHKJIE, JeJAT He
Gomee |S1] - |Sy| - A urepanmui.

[ToaTOMY CJIOKHOCTH ITOTO AJTOPUTMA MOYKHO OIEHUTH (PYHKITHE
O(|S1]? - |Sa]* - A)

TToCKOJIBKY JyLst BBIYUCJIeHUS! TOTO dleHa nocietosarensuocty (4.33),
HA KOTOPOM HACTYHAET €6 CTa0U/IN3aIusd, HY2KHO BBIYUCJIUTH He H0JTb-
me geM | S |-| S| wIeHOB 3TOM MOCIeA0BATENILHOCTH, TO, CJIEIOBATE/I b
HO, UCKOMOe oTHoIeHue fi; = (P, Py) MoxkKeT GbITh BBIYHCIEHO 33
BpeMsd

O(IS1f - 8o - A)

4.7 MwuHuMnm3anus IpoieccoB

4.7.1 CsoiicTBa orHomenuiit Buga (P, P)

Teopema 8.
def
Jns kaxmgoro nporecca P = (S, s°, R) ornomenue p(P, P) aB-
JdeTCd 3KBUBAJEHTHOCTHIO.
Jloka3aTeabCTBO.

1. PedaekcuBHocts orromenus (P, P) ciaenyer u3 Toro, 4ro
JIUArOHAIHLHOE OTHOIIEHUE

Ids ={(s,s)|se S}

yJIOBJI€TBOpsieT yciaoBusM 1 u 2 u3 omnpejesienuss bM, T.e.
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Ids € (4.30).

2. CumMmerpudHOCTH oTHOMmEeHus (P, P) ciemayer u3 Toro, 9ro
€CJIn OTHOIIEHUE [ YJIOBJIETBOPLAET YCJAOBUAM 1 U 2 U3 onpeje-
neang BM, To o6paTHOe OTHOLIEHHE /1~ 1 TOXKE yIOBJIETBOPAET
STUM YCJIOBUSAM, T.€.

ecmn p € (4.30), To ! € (4.30).

3. Tpan3sutusHOCTb orHomenus (P, P) crexyer u3 Toro, 94To
IIPOU3BE IEHAE

u(P. P) o (P, P)

VIOBIETBOPsET yeaoBuaM 1 u 2 u3 ompeaetenus bM, T.e.
u(P,P)ou(P,P)C u(P,P) m
O6o3nayuM cuMBoOJIOM P., Tpolecc, KOMIOHEHTHI KOTOPOro HMe-
0T CJEAYIONIUA BUI.

e MuoxkecTBO cocTogHuil mponecca P mpeacTaBisger codboit co-
BOKYIHOCTD KJIACCOB 9KBUBAJEHTHOCTH, HA KOTOpbIe pa3buBa-
ercst MHOZKecTBO S 110 ornotenuio u(P, P).

e HauabHBIM COCTOSHEEM ABJIAeTCA Kaace [s°], KoTopblit comep-
JKUT HadaJbHOe cocTogHue s’ mporecca P.

e MHuoxKecTBO 1mepexojioB Iporecca P COCTOUT U3 BCEX Iepexo-
JIOB BUJIQ
a
[s1] —— [s2]

a o
e s — So — HPOU3BOJIbHBIN Hepexo u3 k.

[Iponecc P. naswiBaeTcs pakToOp-ImrpomeccoM Ipoiecca P 1mo K-
suBasienrnoctu (P, P).

Teopema 9.
g xkaxkaoro mpoitecca P oTHOIIeHne

1= { (s,[s]) | s €S}
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apasercds bM mexny P u P.o.

doka3aTeabCcTBO.

[IpoBepum A714 [ cBOiicTBA U3 ompeneneHns bM.

CnoiictBo 0 BEPHO TIO OIIPEIeIEHUI0 HAYATHLHOTO COCTOAHUS TTPO-
mecca P.. CBoiicTBO 1 BEepHO 1O ONpeIeIeHII0 MHOYKECTBA TEPEXOIOB
nponecca P..

Hoxkaxkem cBoiicTBo 2. [IycTh P. cOmepXKuAT mepexos

[s] —— [5]

JokazkeM, 9TO cyIIecTBYeT mepexod B R BujIa

a "
S

s
Takoit, uro (s, [s]) € p, ne. [s"] = [¢], Te.
(s",8") € u(P, P)

3 ompenesernss MHOXKeCcTBa TEPEXOJIOB Iporecca P. ciemyer,
910 R COMEPKUT Mepexo] BUIA

a

s — 8} (4.38)

(s1,8) € u(P,P) m
(s1, ") € u(P, P)

Tak kak pu(P, P) — BM, 1o u3
e (438) € R, u
* (8175) GM(P7P)

caeayer, 4To R coepXKuT mepexo BUIa

a

s sy (4.39)

rae (s7,s)) € p(P, P).
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Tak kax p(P, P) TpaH3uTUBHO, TO U3

(s1,51) € (P, P) m
(s1,8") € p(P, P)

cesyer
(s/,5') € u(P, P)

Takum 06pa3oM, B KadecTBe HCKOMOTO s” MOXKHO B34TH S|. B

13 reopemet [9] cieayer, aro mas kaxzgoro mporecca P

P~P.

4.7.2 MwuHuMaJbHBIE IIPOIECCHI OTHOCUTEJILHO ~

Hpouecc P naswpiBaercd MUHIMAJBHBIM OTHOCUTEJIBHO ~, eCJIa

® KaXKJ0€ €ro CoCrTodHue JOCTHXKUMO, U

e u(P,P)=1Idg

(rme S — MHOXKeCTBO cocTognuil nporecca P).

Hwuxke munnMasibabIe mponecchbl OTHOCUTEJIBHO ~ HA3bIBAaIlOTCA IIPO-
CTO MUHNMMAJIBHBIMMA IIPDOIIECCaAMU.

Teopema 10.
[Tycts nponeccul P u Py MmuauMa/bHbl, 1 P; ~ Ps.
Torma P, u Py n3omopdHbI.

doka3aTeiabCcTBO.

[lycrs P; (i = 1,2) nmeer sug (S;, sV, R;), n myets o1 C S X Sy —
BM mexnay P u Ps.

[MockoapKy p~! Toxe apigerca BM, u xommosumus asyx BM —
Toxke BM, 1O

o popt—BMwmexay P, u P

o i tou—BM mexay Pu Py
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OTKY/Ia, UCTOJIB3Ysl onpeenenue oraorennii u( Py, P;), u onpemere-
HEe MHHEMAJLHOCTH IIPOIECca, HOIydaeM BKIOYCHIA

pou t Cu(Pr, )= Ids,

4.40
ptou C (P, Py) = Ids, (440)

JlokazkeM, 9TO OTHOIIEHUE [ SABISETCS (DYHKIIMOHAIHHBIM, T.€.
JUISL KaxKIA0ro s € Sp CyILecTByeT eAMHCTBEHHbIH 3j1eMeHT s € Sa,
Takoii, uro (s,s’) € p.

0 ydef ¢

e Eciam s = sy, To nojlaraeMm s = s.

0
e Ecnu s # s}, TO, IOCKOJIbKY KazKJ0€ COCTOsIHIE B P TOCTUKH-
MO, TO B P, cymecTByeT myTh

a1 a
59 - ... —— 5

Tak xkak p - bBM, To B P, cymecTByer nyTh

al a
9 - ... — 4

npuuém (s, ') € p.

Takum obpasoM, B 000HX CJydasX CYIIecTByeT 3aemeHT s € So,
Takoi, aro (s,s’) € p.

JokazkeM eIMHCTBEHHOCTD dJIeMeHTa s’ €O CBOHCTBOM (S, ') € L.
Ecau g nekoroporo snementa s’ € S umMeer MeCcTo COOTHOUIEHHE
(5,8") € u, 1o (8", s) € u~!, orkyna caenyer

(3//7 8/) < /Lil op=Ids,

nosromy s’ =g’

[To aHAJOTHYHBIM COOOPaYKeHNAM, OTHOIMIEHHE (1~ 1 ToXKe ABIgeT-
¢ PYHKIINOHATBHBIM.

N3 ycaosuit (4.40) meTpyaHO BBIBECTH OHEKTHUBHOCTH (hYHKITHH,
KOTOpas coorBercTByeT orHouenuto f. 1o onpenenennio BM, orcro-
Jla BbITeKaeT uzomopduocts Py u Pr. B

Teopema 11.
[Iyctn
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e nporecc P, nonydaercd u3 nporecca P ynajieHueM HeIoCTH-
JKUMBIX COCTOSHWMN, 1
def
[} P3 = (PQ)N.
Torna nporece P3 MuHuMaJieH, u
P~ PFP~PF;

loka3aTeabCcTBO.

Tak Kak KaxkJoe cocTogHue B P, TOCTUXKUMO, TO U3 OIpeIese-
HIUS MHOXKECTBa IIE€PEX0JIOB Mporiecca Buaa FP. ciepyer, 9To KazKa0e
cocTogaue P3 TOXKe JOCTHIKUIMO.

Teneppb m0KaKkeM, 9TO

/L(P3, P3) = [d53 (441)

T.e. IpeAnoaoxuM, 9to (s, s") € u(Ps, P3), u nokaxewm, uro s’ = s”.
13 ompenenenus: mporecca Buga P. cemyer, 9TO CYIIECTBYIOT

COCTOSHHA S1, Sg € Sy, TaAKHe, UTO
/

8//

rie [-] obo3HATAaeT KIace SKBUBATEHTHOCTH MO OTHOIIEHUIO (1 Py, Py).
13 reopembr [9] caeyer, uro

(s1,8") € p(Ps,Ps)
(5", 82) € (P, )

[Tockosibky KoMmo3uius J0osix bM Toxe sBisgerca BM, 1o kom-
O3UITUS

w( Py, Ps) o pu(Ps, P3) o u(Ps, Py) (4.42)
apagerca bM mexay P, u P, mostomy
C u(Py, Po) (4.43)
Tockoabky (s1,s2) € (4.42), ro, BUAy (4.43), momyqaem:
s'=[s1] = [s2] = "
B zak/iodenue oTMeTHM, YTO

e coorHomenune P, ~ P, TpuBuaiabHO, U

e coornomrenne Py ~ Pj ciexyer u3 Teopemst [0 B
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4.7.3 AnaroputTM MUHUMHA3AIUHN IIPOIECCOB

Omnucannblii B maparpade AJITOPUTM MOYKHO UCIOJIb30BAaTh TaK-
JKe T pellieHus 3a/Iadi MAHUMHU3ANN KOHEYHBIX MPOIECCOB,
KOTOpad 3aKJI0YaeTCd B TOM, 9TOObI 110 33/ JAaHHOMY KOHEYHOMY IIPO-
neccy P mocTpouTb MPOIect ¢ HAUMEHBIITUM YUCI0OM COCTOAHUI, KO-
TOPBII CUJILHO SKBUBAJCHTEH P.

J1151 mocTpoeHnsd TaKoro Mpollecca CHaYaIa CTPOUTC Ipolece P’
mosydaeMblit n3 P yaajgeHneM HeJOCTUKUMBIX COCTOSTHUN. McKoMBbIit
upouecc umeer suy P

MuozkecTBO cocTosuuii npomecca P’ MoxkeT ObITH OCTPOEHO, Ha-
npumep, ciaepyomnmm oopaszom. [lycrs P umeer Bu

P=(S,5"R)
PaCCMOTpI/IM IocJIeA0BaTCJIbHOCTD IMOAMHOZKECTB MHOZKECTBa S
SpC S8 CSC... (4.44)
OIIPE/IeJISIEMY IO CJIE/LYIONIUM 00pa30M.
o Sy & {50}

e 1 KaykJ0ro 7 > 0 MHOKECTBO S;4 1 MoaydaeTcs 100aBIeHIeM
K S; Bcex cocrogHuil s’ € S, TakKux, 4TO

ds€ S, Jac Act: (s —2— 5') €R

[TockoIbKy MHOYKECTBO S IO TIPEJIITOI0KEHHIO KOHEYHO, TO TOCJIe/10-
BaTesibHOCTD (4.44]) He MOXKeT HeorpaHudeHHO Bo3pacTaTh. 1lycTn S;
— TOT 4IeH nocjaenoBareabHocTn (4.44)), Ha KOTOPOM 3Ta MOCIe10Ba-
TEJILHOCTH cTabmausupyercs. O4UeBUIHO, UTO

® BCe COCTOSIHUS U3 S; TOCTUXKUMBI, 1
e Bce cocrostHus U3 S\ \S; HEOCTHKHUMBI.

[TosTOMy MHOKECTBOM COCTOSHMIA TIponecca P’ aBasieTcst MHOKEeCTBO
S;.

[lycrs S’ - MHOXKecTBO cocTosHEiT mponecca P’. 3amerum, 4To
mpu Beraucaennn otuorrenust (P, P') TpebyeTcs BoIYucIuTh He 60-
see uem |S’| wienos nocaenosarensuocru (4.33). Do Bepro moromy,
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4YTO B JAHHOM CJIydae KayKJ0e U3 OTHOIEHHUH B MOCJIe0BATEThHOCTH
(4.33) siBsisieTcst SKBUBAJIEHTHOCTBIO (TAK KaK ecu GHHAPHOE OTHO-
[IEHHE (i HA MHOYKECTBE COCTOSIHUH IPOU3BOJBHOIO IIPOIECCa SBJIs-
eTCsl SKBUBAJIEHTHOCTHIO, TO OTHOIIEHHE 4 TOXKe OyeT SKBUBAJIEHT-
HOCTBIO). [ToaToMy Kazk/plil U3 4ieHoB mocsemoBareabHocTH (4.33)
ONpeJIesisieT HEKOTOpoe pasbueHne MHOXKecTBa S, W JJIs KayKJI0ro
> 1, ecom i1 # fii, TO pasbueHme, COOTBETCTBYIOIIEE OTHOIIIE-
HUIO (141, ABJIAETCS U3MeJbIeHHeM pa3OHeHusl, COOTBETCTBYIOIIErO
OTHOIIEHHUIO f1;. HeTpyIHO TTOKA3aTh, UTO TAKUX U3METBLUEHHH MOXKET
ObITH HEe DOJIBIIE, YeM KOJUYECTBO IJIEMEHTOB B MHOXKeCTBe 5.

Teopema 12.
[Iponece P/ uMeer HauMeHbIIee YUCIO COCTOAHUN Cpeau BCex
KOHEYHBIX IIPOIECCOB, KOTOPBIE CHILHO IKBUBAJIECHTHH P.

JlokazaTeabCTBO.

[Iycth P; — HEKOTOpPBIN KOHEYHBIH TIpotiece, Takoit, ato P ~ P.
Beiaeaum u3 P; qocTuzkuMyto 9actb P) u moctpoum mpornece (P)..
Kak 6BLIO YCTAHOBJIEHO BHBIIIE,

Py~ P~ (P))~
Kpowme Toro, nockoabky P ~ P’ ~ P’ u P ~ P;, 10, cliefoBaTeILHO,
P~ (P))~ (4.45)

Kak 6bL10 fokazano B Teopeme [11] nponeccst P u (P]). MuHAMAIIb-
uol. Orciofa n us (4.45) mo Teopeme [10] cienyer, uro nponecent P,
u (P])~ m3omopdubl. B 9acTHOCTH, OHU MMEIOT OJMHAKOBOE YHCJIO
cocrosinuii. [TockOTbKY

e uncsio coctosiuuil nporecca (P)). He TMPEeBOCXOJNT YHCIA CO-
crostHuii mporecca P); Tak Kak cocrosiHus mpotecca (P)). sB-
JSIOTCS KIacCaMu pa30HeHns] MHOZKeCTBA COCTOSHUHN IIpoIecca

[, 1

® UNCJIO COCTOdHUII Iporiecca P He MPEeBOCXOIUT UUCJIA COCTO-
dHUH Imponecca P;, TaK KaK MHOXKECTBO COCTOSHHUN IIPoIecca
P aisiercss HOIMHOYKECTBOM MHOYKECTBA COCTOSTHUIT MPOTIeC-
ca Py,
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TO, CJEJ0BATEIHHO, YUCJI0 COCTOSHUI potecca P/ He mpeBocxoauT
qHUCIIa COCTOSHUI mpotecca Py, W

4.8 HabiaogaeMasa 3KBIBAJEHTHOCTD

4.8.1 Omnpeaenenne HAOIIOIAEMOI SKBUBAJIEHTHO-
cTn

Eimé ognum BapmaHTOM HOHSITHSI SKBHBAJEHTHOCTH IPOIECCOB SIB-
Jsgercss HaOJJI0JaeMas 3KBUBAJEHTHOCTh. /laHHOe TMOHATHE HUC-
MTOJIB3YETCsT B T€X CHUTYAIMsIX, KOT/JIa Mbl pacCMaTpUBaeM HEBUINMOE
neficTBUe T KaK HeCYIecTBEHHOe, W CUMTAaeM JIBe TPacChl OJMHAKO-
BBIMH, €CJIU OJIHA MOXKET OBIThH HOJYYeHa U3 APYroii MyTéM BCTABOK
I/I/I/I.HI/I VJAJICHUIl HeBUAUMBIX NefiCTBUAN T.

Jlns onpeesieHnst TOHATHsT HAOJIIOaeMOil SKBUBAJIEHTHOCTH MbI
BBEJIEM BCIIOMOTATEhbHbIEe 0003HAYEHHUSI.

Ilycrs P u P’ — HEKOTOpBIE HPOIECCHI.

1. 3makocoueranue
P I~ P (4.46)

o3HaYaeT, 4TO
o wmm P=P
® WM CYIECTBYeT IOCICI0BATCILHOCTE IIPOLECCOB

Pl,...,Pn (nZZ)

TaKuX, 9TO
/
-P=P PFP,=P
— aag Kaxaoro ¢ =1,...,n —1

-
P —— Py

(4.46)) mozkHO MHTEPIPETUPOBATHL KAK yTBEPKIAEHUE O TOM, 9TO
nporecc P, MoxKeT He3aMeTHBIM /I HaOJaaress 00pa3oM
IPEBPATUTLCA B mpomece P’
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2. Jlna xkaxkmaoro geiicrust a € Act \ {7} 3makocoueranue

PP (4.47)

O3HAYaeT, YTO CYIIECTBYIOT Mponecchl P u Py co caeayionuMu
CBOHCTBaMM:

P-—~—~pP, P —"~P, Pb-—"-+ P

(4.47)) MOKHO HHTEPIPETUPOBATH KAK YTBEPZKIEHHUE O TOM, ITO
nporecc P, Moxer

® HEKOTOPHIM 00Pa30M FBOJIIOIUOHUPOBATH, TaK, YTO BHEIII-
HUM TPOSIBJIEHUEM 3TOil 3BOJIONUN OYIeT JIUIIb UCIOTHe-
HHAE NefCTBUA a,

e T1i0cJIe Yero BecTu cebst Kak mporecc P

Ecan umeer mecto (4.47), To MBI OyZeM TOBOPUTH, UTO IPOIECC
P Mvoxer HabIr01a€MO BBIIIOJIHUTD ¢, U IOCJE 9TOT0 BECTH Cebs
kak P’

[TousgTre HAO/IIO/aEMOI SKBUBAJEHTHOCTH OCHOBAHO Ha CJIEIYIO-
IeM HOHMMAHUU 3KBHBAJEHTHOCTH IIPOIECCOB: €CJAU Mbl PacCMaT-
puBaeM mporecchl P m P, Kak KBHBAJIEHTHBIE, TO IOJ2KHBI OBITH
BBIMIOJTHEHBI CJIeAYIOIIHEe YCIOBHUSI.

1. e Ecuwm oqun u3 3TUX mporeccoB P; MOKeT He3aMeTHO Ipe-
BPATUTBHCST B HEKOTOPBIH mpotece P,
e 10 u apyroit nponecc P; (5 € {1,2} \ {i}) Toxke moi-
JKeH 00/1a1aTh CIIOCOOHOCTBIO HE3AMETHO IPEBPATUTHLCS B
HEKOTOPbLLI 1ponecc Pj’ , KOTODbIii 3xBuBaaenTen .

2. e Ecymm onuH U3 3THX nporeccoB P, MoxKeT

— HabJII0JaeMO BBIIOJHUTL HEKOTOPOe IeHCTBHe a €
Act \ {7},

— ¥ 10CJIe 9TOro BecTu cebsi Kak HeKOTOpbIil mponecce P

e 1o u apyroit nponecc P; (5 € {1,2}\ {i}) momxken 06-
JaJaTh CIIOCOOHOCTHIO

— HabJII0/1aeMO BBIIIOJHATH TO 2Ke JieficTBue a,
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— Tocjie 9ero BecTH cebs KaK HEKOTOPHBIH mporecc ij,
KOTODBIil 9KBUBaJEHTEH ;.

Hcnosnb3ys obozuavenus (4.46) u (4.47)), oimenpusenénnoe vedop-

MAaJIbHO OIIMCAHHOE IMOHATHE HAOJIIOTaeMOM 3KBUBAJICHTHOCTH MOXKHO
BBIPA3UTHh PABHOCUJIBHBIM 00Pa30M KaK HEKOTOpoe OHHApPHOE OTHO-
IIeHWe [, Ha MHOYKECTBE BCeX MPOIECCOB, 00IaIatoNee cie/nyonuMu
CBOHCTBAMHU.

1) Ecm (P, P) € U I8 HeKOTOporo uporecca P| BepHo
( : 4, p p | Bep

yTIBEp2KACHHUE

P ——— P (4.48)
TO JOJI?KEH CYIIECTBOBATH ITPOIECC P2/> TAKOM, YTO BBIIOJIHECHDI
yCJIOBUA

P, —"— P (4.49)
n

(P, Py) € (4.50)

(2) Cummerpuunoe coiicto: ecau (P, Py) € i, u Jyisi HEKOTOPOro
uponecca P BeDHO yTBEPIKICHHE

P, —— P, (4.51)
TO JOJI?KEH CYIIIECTBOBATH ITPOIECC Pl’, TAKOH, YTO BBIIOJIHECHDI
yCJI0BuA

P —/—— P (4.52)
u (4.50]).

(3) Ecin (P, P,) € p, w jjist HEKOTOporo mporecca P] BepHO

yTIBEp2KACHUE

P~ P (4.53)
TO AOJI2KEH CYHIeCTBOBATH HIPOIECC PQ’, TaKO#, 4TO BBIIIOJIHCHDI
yCJ10BuA

P, ——~ P (4.54)
u (4.50]).
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(4) Cummerpuanoe croiictso: ecu (P, Py) € p, n 1jist HEKOTOPOTO
npornecca Pj BEpHO yTBEPK/IeHUE

P, —*~ P (4.55)
TO AOJI2KEH CYHIECTBOBATH IIPOIECC P1/> TaKO#, 4TO BBIIIOJIHCHDI
yCJI0BuA

P 2 P (4.56)
u ([£50).

Ob6o3HaunM cuMBOJIOM M. COBOKYITHOCTBH BCeX OMHAPHBIX OTHO-
HIeHun, KOTOpbie 00JIaaI0T BBIIIENPUBEICHHBIME CBOIICTBAMU.

MuoxkecTBO M, HEIYCTO: OHO COAEPKUT, HAPUMED, JTHATOHATb-
HOe OTHOITIeHHE, KOTOPOe COCTOUT 13 Beex map puga (P, P), rae P —
NPOU3BOJIBHBII IIPOIECC.

Kak u B ciaydyae CHIbHON 9KBUBAJIEHTHOCTH, BCTAET €CTECTBEH-
HBII BOIIPOC O TOM, KAKOe »Ke M3 OTHOIIEeHU, BXOAAIUX B M., MOXK-
HO UCIIOJIb30BATH JJIsI ONPE e/ IeHNs] MOHSITHsT Hab/TI01aeMOil SKBIBA-
JIEHTHOCTH.

Taxk ke, Kax U B cJIy4ae CUIbHON 9KBUBAJIEHTHOCTH, MBI IIpe/IIa-
raeM CJeIyIONIUil OTBET Ha STOT BOIPOC: MBI Oy1eM cuutath Py u Py
Ha0JII0TaeMO SKBHBAJEHTHBIMH B TOM U TOJBKO B TOM CJIydae, KOTIa
CYIIECTBYET XOTs OBl OIHO OTHOIIEeHWE [t € M, KOTOPOe COMEPKUT
napy (Pi, P»), T.e. HCKOMOe OTHOTIIeHHe HaOMI01aeMOii SKBUBATEHT-
HOCTH Ha MHOYKECTBE BCEX IIPOIECCOB MBI OIIpejessieM KaK 00beu-
HeHue Bcex oTHolmenuit u3 M., Jannoe oTHoleHue obO3HAYAETCH
CUMBOJIOM =7,

Herpyano nokasars, 94To

o e M,
® = ABJIAETCA OTHOIICHHEM 5KBHBAJECHTHOCTH, T.K.

— pedIeKCUBHOCTD & CJIEAYeT U3 TOrO, YTO AUATOHATHHOE
OTHOIIIEHUE MPUHAIEKAT M.,

— CHMMETPUYHOCTh & CJIeJlyeT W3 TOro, 4TO ecau [ € M.,
o u~t € M,

— TPaH3UTUBHOCTH R CJEIYET W3 TOTrO, 4TO eCau f; € M,
u fig € My, 10 g 0 g € M.
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Ecau npomeccsr P; m P, Hab/110/1a€MO 3KBUBaJIEHTHBI, TO 3TOT
daxT 0603HaATAETCSI 3HAKOCOUETAHTEM

P1%P2

Herpyano nmokasathb, 9To ecam mpornecchl Pp u Py, CHIBHO 9KBH-
BAJIEHTHBI, TO OHU HAOJII0AeMO SKBHUBAJICHTHBI.

4.8.2 Jloruveckwmit kpurepuii HaOJII01aEMOI SKBU-
BAJIEHTHOCTH

Jloruydecknit kpurepuii HabJII01aeMOii SKBUBAJIE€HTHOCTH aHa-
gormuen kpurepuio n3 naparpada [£.4.1] B nannom kpurepun mc-
MOJIB3YeTCS TO Ke camMoe MHOXKecTBO (opwmyr. llonsTue 3Havenns
dopMyJIBI Ha MpoTecce OTINYAETCS OT AHAJTOTHYHOTO MOHATHS B Ta-

parpade Jnib st popmyst Buga (a):

e 3HaueHue GopMyibl (T)p Ha mporecce P paBHO

1, ecam cymecrsyer npomecc P’ :
P—T—— P Plp=1

0, B IPOTUBHOM CJIydae

e 3nauenue dopmyisl (a) (rme a # 7) B P paBHO

1, ecam cymecrsyer npomecc P’ :
P2+ P Plp=1

0, B IPOTUBHOM CJIydae

Jna kaxkaoro nporecca P Mbl OyaeM 0003HaYaTh 3HAKOCOYETa-
uuem Th,(P) coBOKylHOCTb Beex (hOpMyJI, KOTOPbIE UMEIOT Ha ITOM
upornecce 3Hadenne 1 (OTHOCHTETHLHO MOAUMHUITPOBAHHOTO OLPeJIe-
JIEHVsT TOHATHA 3HaYeHusT (OPMYJIbI HA TIPOIECCe).

Teopema 13.
[TIycts mpomneccesr Pp n P, kKoneunsl. Torma

P~ P 54 Th7-<P1) :ThT(PQ) |
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Kak u B ciaydae ~, mpejcTaB/seT HHTEPEC 3a/1a49a HAXOXKICHUS
IO JIBYM 3aJIaHHBIM Iporieccam P; u P, ciucka ¢dpopMmy

Py Pn

KaK MOXKHO MEHbBIIIEro pa3Mepa, Takux, 94to P &~ P, Torga m ToJibKo
TOT/1a, KOTJIa

Vi=1,...,n Pi(p;) = Pa(vi)
cuoub3yst Teopemy [13] MOKHO JIerKO J0KA3aTH, 4TO
JUIS KazK10T0 nponecca P P ~ 1.P (4.57)
Bamernm, 9to0, cormacHo (4.57)), uMeeT MeCTO COOTHOIIEHHE
0~ 110
O/THAKO COOTHOIIEHHE
0+a0 ~ 7.0+a0 (tmea#T) (4.58)

HEBEPHO, B YéM HETPYIHO YOEIUTHCS IPU PACCMOTPEHUH I'PadOBOTO
npejcrasjienus Jesoit u npasoit yacreir B (4.58)):

Qopmysia, KOTOpas NPUHUMAET pa3Hble 3HAYCHUS HA ITUX HPO-
reccax, MOXKeT IMeTh, HAllpUMep, TaKOW BUI:

~(m) = (@) T

Takum obpas3oM, OTHOIIEHUE R He ABJISIeTCd KOHTDYIHITUEH, T.K.
OHO HE COXpaHdeT olepauuio +.
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Hpyroit mpumep: ecau a,b € Act \ {7} u a # b, T0
a.0+00 % 71.a.0+4+7.0.0

xord a.0 ~ 7.0.0 m b.0 =~ 7.b.0.
['padoBoe mpeacraBieHne STUX MIPOIECCOB UMEET BHLT

OtcyTrcrBue HAO/TIOa€MON SKBUBAJICHTHOCTU MEXKLY STUMHU IIPO-
meccaMu 00OCHOBBIBAETCA (POPMYJIOH

(r)={a)T

4.8.3 Kpurepnit Hab10/1a€MO0I1 SKBUBAJIEHTHOCTH,
OCHOBaHHBII Ha MOHATUY HabJ0gaemoro bM

JIng oTHOIEHUS A TaKyKe UMeeT MeCTO aHaJIOT KPUTEPHUs, OCHOBAH-

HOro Ha mousTun BM (reopema [2| 3 maparpada [4.4.2)). Ins ero
bOPMYJTIPOBKI MBI BBEJIEM BCIOMOTATENBHBIE O0O3HATCHUSI.

[Iycre P = (S, s, R) — meKoTOpHIiT IIponece, u s, So — Mapa ero
coctoguuii. Torma

® 3HAKOCOYeTaHUe
O3Ha4aeT, 4To

—um s =¢,
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— WJIN CYIIECTBYeT MOCIeI0BATEIHHOCTh COCTOSTHUI
S1y-v-y 8y (N >2)
Takas, 9T0 S1 =S, S, =8, uVi=1,...,n—1
T
(s — si41) €R
® 3HAKOCOYETAHUE

a

s —— & (tnea#T)

03HAYAET, YTO CYMECTBYIOT COCTOSIHUS S1 U Sg, TAKUE, UTO

T* a T* /
§ — 81, 8 —> Sy, Sy — 5.

Teopema 14.
[IycTh 3amanbl aBa Mpolecca
P, = (S, s}, R;) (1=1,2)
P, ~ P, Torna u TOJIbKO TOIJA, KOTJIa CYIIECTBYET OTHOIICHHE
< Sp xSy
VJIOBJIETBOPSIONIEE CJIEIYIOIIUM YCIOBHSIM.
0. (s9,59) € p.

1. Jnsa xaxkmoit mapsl (S1,S2) € p U KaxKJI0ro mepexona u3 Ry
BUIA

T !
$1 — S

CYIIECTBYET COCTOSIHUE Sh € Sy, TAKOE, ITO

T* /
Sg —— S

(s1,55) € p (4.59)
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2. Jlna kaxkmoit mapwel (S1,S2) € p M KaKI0ro nepexopa u3 Ry
BUJIA,
T /
Sg —— &b
CYIIECTBYeT cocTostHme §; € Sp, TaKoe, ITO

T*

$g — S

/
1
u (4.59).

3. Jlnst kaxzaoii mapel (S1,S82) € [ W KaxkI0ro nepexofa m3 Ry
BUJIA

a !
S1 si (a#T)
CYIIECTBYET COCTOSTHUE Sy € Sy, TAKOE, ITO

Sy — ¢
2 2

u (4.59).

4. Jlnst kazxa0i mapel (S1,S2) € [ W KayKaoro nepexofa u3 Ry
BUIA

s9 —— b (a#T)

CYIIECTBYeT cocTostHme s € Sp, TaAKOe, ITO

ar /
§g — S

1
u (4.59)).

OTHOH_[eHI/Ie My, YAOBJIETBODpdAIONIECE JaHHBIM YCJIOBUSM, HA3bIBACTCH
nabmogaembiMm BM (HBM) vexay P u Ps.

4.8.4 AnrebpamvdecKne cBOCTBa HAOJIIOIAEMOI IK-
BHBAJIECHTHOCTU

Teopema 15.

OrHomenne HAO/IIOMAEMON IKBUBAJIEHTHOCTH COXPAHSIET BCE OITe-
paluu Ha MPoIeccax, 3a UCKJAIOUYEeHUeM Onepalun +, T.e. ecan P ~
Pg, TO

e s Kaxkjaoro a € Act a.P; =~ a.Ps
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e Juist Kaxkzoro nponecca P Py|P ~ Py|P
o syt Kaxkaoro L C Names P\ L~ P\ L
e s Kaxkjaoro nepenmMenopanus [ Pi[f] = P[f]

Jloka3zaTeabCTBO.

Kak 6b110 yeranosieno B maparpade [1.8.3] coornonrenne Py ~
P, skBuBaseHTHO TOMYy, uTO cymmecTByeT HBM p mexny P n Ps.
Ucnonb3ys 31o p, Mol mocrpoum HBM st obocHoBaHuMs KazK 1010
13 BBIMIENPUBEIEHHBIX COOTHOIIEHMIA.

e [IycTh cuMBOJIBI 5((]1) n 3?2) 0003HATAIOT HAYAJILHBIEC COCTOSIHUS
a.P; n a.Py cOOTBETCTBEHHO.

Torma orHOImEHNE
U {(3[(]1)73((]2))}

apngerca HBM mexny a.Py u a.Ps.

e [Iycth cumBOI S 0003HAYAET MHOXKECTBO COCTOSHHIT IIpoIecca
P. Torga orHomrenue

{((5173)7 <5275>) ‘ (51752) S USVAS S}
apasiercst HBM mexny P|P u Po|P.
e Otrnomenne p spisiercs HBM

—Mexay PP\ Lu P\ L, u
— Mexay Pi[f] u P[f]. ®

4.8.5 Pacno3naBaHme HabJ1I0JaeMOIl S5KBUBAJIEHT-
HOCTU U MUHMMHI3AIULA IPOIECCOB OTHOCHU-
TEeJIbHO ~

g pemrenuga 3a1a4

1. paclio3HaBaHHuA JAJid IBYX 3a/JaHHbIX KOHEYHBIX IIPOLECCOB, AB-
JIAIOTCA JIU OHU Ha6IIIO,D;a€MO 9KBHUBaJICHTHBIMU, 1
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2. MOCTPOEHUSI TI0 3aJaHHOMY KOHEIHOMY TTpoteccy P Takoro npo-
necca P’, KoTopblil mMeeT HauMeHbIIee YKCJI0 COCTOSHUI cpein
BCEX IPOIECCOB, HADJIIOTAEMO YKBUBAJICHTHLIX P

MOTYT OBITH IIOCTPOCHBI TEOPUA U OCHOBAHHBIC HA HEH aJITOPUTMBI,
KOTOPbIC€ aHaJIOTHYHbI TCOPUU U aJIFOPpUTMAM, U3JIOZKEHHbBIM B IIapa-
rpadax u [£.7 Mbl He Gyjem jeraibHO H3jararb 3Ty TEOPUIo,
T.K. OHa MOYTH JOCIOBHO TIOBTOPAET COOTBETCTBYIONLYIO TCOPUIO JIJIsT
cayuadg ~. B 3Toil Teopun ay1g NIpOoM3BOALHOM ITAPBI IIPOIECCOB

P = (Sws?le) (Z = 172)

TOXKe ompeenserca PYHKIMA Ha OTHOIIEHUSX U3 S X S9, KOTOpasd
COTIOCTABJISCT KAXKJIOMY OTHOIIEHUIO (i HEKOTOPOE OTHOIIeHHe [,
TaKoe, 9TO

[t YIOBJIETBOpseT ycaosuam 1, 2, 3, 4

C
u3 onpenenenns HBM W= He

B ugacrtHOCTH,

(s9,59) € p

@ — HBM mexny Pru P, & 1w C il

O6o3HaunM cuMBOJIOM fi, ( Py, Py) obbeinHeHre BCeX OTHOMIEHU T
U3 COBOKYIIHOCTH
{1 C S xSy | pC oy} (4.60)

ﬂaHHOG OTHOIIICHUE AdBJIACTCA HaI/I6OJIbH_H/IM JIEMEHTOM COBOKYII-
noctu (4.60), u obragaeT cBOACTBOM

Pi=P & (59,8 € u (P, P)

U3 onpenesenns ornoniennst (i (Pj, Py) BhITEKaeT, 9T0 OHO CO-
CTOHUT U3 BCexX map (sq,S2) € 51 X S, TAKUX, UTO

Pi(s1) = P2(82)

Ornontenue i, ( Py, Py) MOXKHO pPACCMATPHBATH KaK eIlé OJHY Me-
py 6umzoctu Mexkay Py u Ps.

[Tpy HOCTPOEHNN NOIMHOMHUATHHOTO AJITOPUTMa BHIYHCICHUS OT-
nommenust (P, Py), ananoruanoro aaropurmy u3 naparpada [4.6.2]
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cJelyeT YYUTBIBATH Cjieyloniee coobparkenue. Besakwmit pas, kKorja
JUTS 33/TAHHOM Tmaphl S, s’ cOCTOsTHUIT HEKOTOpOTO Tpotecca P Tpeby-
eTCs TPOBEPUTDH YCJIOBHE

JOCTaTOYHO aHaJIU3UPOBATh IIOCJIeJ0BaTEC/JIbHOCTH IIepeXoJ0B BUIaA

T T T
S > S1 > So >

JITUHA, KOTOPBHIX He TMPEBOCXOIUT YUCJIa COCTOSHUN mporecca P.

4.8.6 Ipyrue xpurepuu 3KBUBAJIEHTHOCTH ITPOIIEC-
COB

JloKazarb CHJIbHYIO WM HAOII0aeMYI0 S9KBUBAJICHTHOCTD IPOIECCOB
P, n P, MOXKHO TaK2Ke ¢ IOMOIIbIO H3JIaraeMbBIX HHKe KpHTepuen. B
HEKOTOPBIX CJIYYAIX HCIOJIB30BAHUE ITUX KPHUTEPUEB ropasio Mpo-
e BCEX JIPYT'UX CIIOCODOB J0Ka3aTe/IbCTBA COOTBETCTBYIOINIEH SKBH-
BajgenTnoctn P u Ps.

Bunapnoe oTHOIIIeHUE [ HA MHOYKECTBE TPOIECCOB HA3BIBACTCS

e BM (mod ~), ecm pp C (~ p ~)’
e HEM (mod ~), ecoim p C (~ p ~)
e HEM (mod =), ecoim pu C (= pu =),
Herpynno nokazarh, 9T0O
e ec 1t — BM (mod ~), o p C ~, u
e e r — HBM (mod ~ wim mod =), to p C =.

Takum obpazom, aas gokasareabcTBa Pp ~ P, nwmn P, = P, nocra-
TOYHO HAUTH IOAXOALIIEE

e BEM (mod ~), nin
e HEM (mod ~ mimu mod =)

COOTBETCTBEHHO, TaKOE, YTO

(P17P2)€:u
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4.9 HabmomaeMasi KOHTPYIHITUS

4.9.1 MoTtuBupoOBKa MOHATUSA HAOJJIIOIAEMOI KOH-
rPYy3HIAA

[lonsTre SKBUBaJIEHTHOCTH HPOIECCOB MOXKET OBITH OIIPE/IEIEHO HEO I~
Ho3Ha4vHo. B mpenpraymmx maparpadax yxke ObLIH pacCMOTDPEHBI
pa3JuYHBIEe BUJABI SKBUBAJEHTHOCTH ITTPOIECCOB, KAXKIABIM W3 KOTO-
PBIX OTpazKaJl OIPeJIeJIEHHYI0 TOUKY 3PEHUs Ha TO, KAKHE BHbI 10-
BeJICHUS CJIEJIyeT CUYUTATH OJMHAKOBBIMHU. B nobaBjenne K 3TuM Io-
HATUAM 3KBUBAJEHTHOCTH TPOIECCOB, MOYKHO €Ié ONpenenTh, Ha-
IpUMep, TaKnue IKBUBAJEHTHOCTH, KOTOPHIE

® YVUYUTHIBAIOT JJIUTEJIbHOCTH UCIIOJTHECHU A ,Z[efICTBI/IIU/I, T.€., B 9aCT-
HOCTH, OJIHO U3 YCJOBUM KBUBAJEHTHOCTH MPOTECCOB P m s
MOZKeT UMETh CJIeAYIONIUI BUI;

— €CJIM OJWH M3 3THX HPOIECCOB P; MOXKET B TeUEHHE HEKO-
TOPOTI'O0 MPOMEXKYTKA BPEMEHUW HE3aMETHO MPEBPATHTHCH
B mporecc P/,

— 10 u apyroii nporecc P; (5 € {1,2}\ {i}) Toxxe momken
006J1a1aTh CIIOCOOHOCTHIO B TeUeHne HIPUMEPHO TAKOTO Ke
MPOMEKYTKA BPEMEHW HE3aMETHO MPEBPATHTLCS B IIPO-
necc P, koropwlit sxkBuBajienren P
(moHsiTHE “IPHMEPHO TAKOTO K€ MPOMEeKYTKa BpeMeHH”
MOZKeT YTOIHSTHCS PA3THIHBIM 06Pa3oM )

® 1IN YYUTHIBAIOT CBOiicTBO cupaBedymmBocTu (fairness) B mo-
BEJIEHUU TIPOIECCOB, T.€. He MO3BOJSIOT PACCMATPUBATD KAK IK-
BUBAJICHTHbIE TAKKE JIBA MPOIECCa,

— OJINH M3 KOTOPBIX 00/1a7aeT CBOMCTBOM CIIpaBEeITHBOCTH,

— a Jpyroii - He 00J1a/1aeT

rae OJHO W3 OMNpPEJICJICHUN CBONCTBA CIPABEIJIMBOCTA HMEET
CACAYIOIUI BUJ: IIPOIECC Ha3blBaeTCd CIIPpaBEAJINBBIM, €CJIN
He CYIIEeCTBYeT DECKOHEUHOH IOC/IeI0BATEILHOCTH IIEPEX0/I0B
9TOr0 IPOIIECCa BUIA

T T T

S0 > 51 S2 >
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TAKOI, 9TO COCTOSHUE S( JOCTUKIMO, U 715 KasKaI0ro 4 > 0
Act(si) \{r} # 0

OTMeTI/IM, 9TO OTHOIIIECHHEe Ha6J'IIO,ZLaeMOI7‘I 9KBUBAJEHTHOCTH HE
YUATBIBAET CBOWCTBO CHPaBEIJIMBOCTH: CYIIECTBYIOT JBa MPO-
necca P u Py, Takue, uro Py ~ P, no P; ob1ajaeT ¢BORCTBOM
CHpaBeJIMBOCTH, a P He 00J1a/1aeT STHUM CBOWCTBOM, HAIPH-
Mep

— B KadecTBe P; MOXKHO B3aTh mporecc a.0, roe a # T,
— a B KauecTBe P, — mporecc a.0 | 7*, rye nporece 7 numeer
OJIHO COCTOSIHUE W OJUH IepPexoj ¢ MeTKOU T

® 1T T.1.

Pemtenrie 0 TOM, Kakoe UMEHHO W3 IMOHATHI IKBUBAJEHTHOCTH
MeyKJly MPOoIleccaMu CJie/IyeT BhIOpaTh B KOHKPETHOW CUTyaIluu, Cy-
IIECTBEHHO 3aBUCHT OT IleJieil, IJId JOCTHKeHHS KOTOPBIX IIpeIHa-
3HAYEHO JAaHHOE IOHSTHE.

B nacrosmem maparpade MBI OmpeeasieM emé OauH BUI KBH-

BaJIEHTHOCTH MPOIECCOB, Ha3bIBaeMblil HAOJII0aeMoii KOHI'PYIH-

“ +
nueii, /lannas SKBUBaJEHTHOCTH 0O03HAYaeTCsd CUMBOJIOM =~. Mpbl

onnpenesideM 3Ty 3KBUBaJIEHTHOCTDb, HCXOAd U3 CJIEAYIOIUX )/'CJ'IOBI/II7I7
KOTOPBIM OHa JOJIZKHa YAOBJIETBOPATD.

+
1. Ilpomeccel, HaxoadmIecs B OTHONIEHHH =, JOJI2KHBI OBITH Ha-
0JII0JIa€MO SKBUBAJICHTHBIMH.

2. IlycTh

e 1porecc P nocTpoeH B BHIAE KOMIIO3UIINK TTPOIECCOB
P,...,P,
B KOTOPOW MCIOJIB3YIOTCA OlTepaIlin

a, +, |, \L, [f] (4.61)
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® I Mbl PelINuJd 3aMEHUThb OJHY U3 4YacTeidl 3TOH KOMIIO3HU-
muu (Hampumep, P), Ha apyroit mporece P/, KOTOpBIit MbI
cUnTACM

— SKBHUBaJIEHTHBIM KOMIIOHEHTe P;, HO

— 0oJiee TIPEAMOYTUTE/IHBHBIM JIJI HAC 10 HEKOTOPBIM
npuanHamM, deMm P; (Hanpumep, P/ mMeerT MeHBIIYIO
CJIOXKHOCTD, ueM P;).

Mp1 xoTesiu 661, 9TOOBI HPOIECC, MOayYaeMblii u3 P B pe-
3yJIbTaTe TaKOoi 3aMeHbI, OBLI OBl 9KBUBAJIEHTEH HCXOIHO-
My mporeccy P.

Hetpyno qoka3arh, 4TO SKBUBAJECHTHOCTD [/ HA MHOYKECTBE TIPO-
MIECCOB Y/IOBJIETBOPseT cPOPMYJIUPOBAHHBIM BBIIIE YCIOBHAM TOTJA
7 TOJBKO TOTJa, KOTJIa

pC~
[ SIBJISIETCST KOHTDYIHIIHei (4.62)
OTHOCHTENIBHO oneparuii (4.61)

Yesosus (4.62)) onpeessiioT HCKOMYIO 9KBABAJIEHTHOCTD HEOTHO3HAY-
Ho. Hanpumep, JaHHBIM YCIOBUSIM YIOBIETBOPSIOT

® TOXKIECTBEHHOE OTHOMIeHHe (cocTosiee u3 nap suga (P, P)),
n

® CHJIbHAS YKBUBAJCHTHOCTD (~).

Hwuke MBI J0KazkeMm, UTO Cpe/in BCeX 3KBHUBAJEHTHOCTEeH, yII0-
BIeTBOpsonmxX yeaopusiM (4.62), cymecrByer Haubosrbinas (OTHO-
CHTEJIbHO BKJIIOYeHUsT). BIOJIHE eCTeCTBEHHO CYUTATh MUMEHHO 3TY
SKBUBAJIEHTHOCTb UCKOMOI 3KBUBAJEHTHOCTHIO.

4.9.2 OmnpegesieHnne NMOHATUSA HAOJIIOIaeMOIl KOH-
IPYSHITNN
st omrpejiesieHust HOHSTHST HADJII0/IA€MOM KOHIPYIHIIMU Mbl BBEIEM

BCIIOMOTaTeIbHOe 0D03HATEHHE.
[Tycre P u P’ — HeKOTOpBIE MPOIECChl. 3HAKOCOUETAHNE

T+

P P
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O3HAYaeT, YTO CYIMIECTBYET MOCeI0BATEIHLHOCTH TPOIECCOB
P,....,P, (n>2)
TaKuX, 4TO
e PP=P P,=PF
e mIsd Kaxkaoro:r=1,...,n—1
P, —— Py
Mgl OyaeM roBopuThb, 4TO Ipolecchl P, u P, Haxoadarcsd B OT-
HOIIICHHH HADOJII0JaeMOoii KOHTPYIHIIUU, U 0003HAYATH TOT (PAKT

3HaKOoCO4YeTaHueM
+
P &P,

€CJIM BBIIOJHEHDI CJIeIyIONUe YCIOBUL.
(0) P, = Ps.
(1) Ecau ayist HeKOTOpPOrO mpotiecca P] BepHO yTBepKIeHHe
P ———~ P (4.63)
TO CymecTByeT nporecc Py, Takoit, 9To
P, ——— P} (4.64)
P ~ P, (4.65)

(2) CummerpuvHOE YCJIOBHE: €CIM JIJIsS HEKOTOPOro mporecca Py
BEPHO YTBEPIKIEHHE

P, ——~ P (4.66)
TO CyIuecTByeT nporecc Pj, Takoii, 4ro

P "~ P (4.67)
u (4.65).

Herpynno moka3aTh, 9To HaO/I0JaeMast KOHTPYIHIIUS SIBJISETCS
OTHOILIEHHEM SKBHBAJIEHTHOCTH.
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4.9.3 Jloruveckwmit kputepuii HabJIIOJaEMOIT KOH-
TPYHTHOCTH

Jlorndecknit Kpurepuit HabJIIOOAE€MOM KOHTPYIHTHOCTH JIBYX
IPOLECCOB MOJIYYaeTCs HeOOIbIIOH MOguMUKAIITEH JOITIECKOTO KPH-
Tepus HaOJII0IaeMOli SKBUBATEHTHOCTH, 13 Taparpada [1.8.2]
Muozxkecrso dopmys Fm™t, ncnonb3yeMbx B JAHHOM KPUTEPHH,
SIBJIsIeTCsl paciiuperneM MHozkecTBa hopmyn F'm u3 naparpadald.4.2]
Iy TEM HCIIOJIB30BAHUST JOMOTHUTENLHON MOTaabHOM cBa3kn (77):

e kaxgasa gopmyna uz F'm npunaggexnr Fm™t, n
o T KaxK/10# popmyssl ¢ € F'm 3HaKOCOUYeTaHHE
+
(T")e
aBisgerca popmyioi u3 MHOXKecTBa F'm™.

s kazxmoit popmyast @ € Fm™ eé smauenune na nponecce P onpe-
JTEJISIeTCS CIIeYOIIM 00pa30oM.

e Lciim p € F'm, To €€ 3navyenue B P onpene/isercs Tak e, Kak

B naparpade
e Ecin ¢ = (7)1, e ¢ € Fm, 10

1, ecau cymecrByer nporecc P’ :
P(p) & P —— P, P'(y)=1
0, B IPOTUBHOM CJIydae

g xkazxxaoro mponecca P MbI GynemM 0603HA9ATh 3HAKOCOICTAHHEM
Thi(P) cosokynuocts Beex dopmya u3z F'm™, koropsie umeror na
3TOM IIpoTecce 3HadeHne 1.

Teopema 16.
[Iycts mponeccesr Pp n P, kKoneunwl. Torma

PAP, < Thi(P)=Thi(P) m

Kak u B crydyasagx ~ u /2, IpeICTaBIsgeT HHTEPEC 3a/1a4a HaX0XK-
JIEHUsI 110 JIBYM 3a/IaHHBIM 1porieccam Py u Py crimcka dhopmya

01, ..., on € Fm™
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+
KaK MOYKHO MEHBIIIEr0 pa3zMepa, Takux, 4ro P; = P, Torma u ToJIbKO
TOT1a, KOTJa

Vi=1,...,n Pi(pi) = Pa(i)

4.9.4 Kpurepuii HabI01a€MOIi KOHTPYYHTHOCTH,
ocHOBaHHBIII Ha noHaTun HBM

Breném BcmoMmoraresbHoe obo3nadenue. Ilycrn
e P — npouecc Buja (S, s, R), u
® Sy, Sy — Iapa COCTOSHUMA u3 S.

Torma 3makocoueTanme

+
T /
S

S

O3HAYAET, YTO CYMIECTBYET MOCIE0BATETHHOCTD COCTOTHUI

S1yeeey Sy (M >2)
Takas, 4ro Sy = S, S, = 8, u g Kaxgoro i =1,...,n—1
(Si Si+1) €ER

Teopema 17.
[IycTs 3a7manbl 1Ba mporecca

+
P, = P, Torna u ToJbKO TOrJA, KOI/IA CYIIECTBYET OTHOIIEHIE
S xSy

VIAOBJIETBOPLIOIIEE CJIEYIONUM YCIOBHUSIM.

0. p— HBM mexnay P u Py
(mousitie HBM wu3so:keno B naparpade [4.8.3)).
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1. [nsa kaxkmaoro mepexoja n3 Ry Bujga

0 T !
81 81

CYIIECTBYET COCTOSTHUE Sy € Sy, TAKOE, ITO
0o _ 7t

!/
So D)

(s1,83) € 1 (4.68)
2. [lng kaxkmaoro mepexona us Ry Buaa

0 T !
Sa 82

CYIIECTBYeT cocTostHue §7 € Sp, TAKOe, ITO

o 7t

/
81 = 51

u (L5, w

Huke 3nakocoderanne HBM™ spisercs cokpam@HHOil 3a1chio
dpazw!

“HBM, ynosaersopsitoniee ycaopuam 1 u 2 reopemsr [17].

4.9.5 AnrebpamvecKne cBOCTBa HAOJI0IaeMOIl KOH-
Py HIAN

Teopema 18.
Habmomaemass KOHIPYIHIUS JeHCTBUTEIbHO SIBISETCS KOHIPY-

+
sHIuei, T.e. ecau Py~ Py, TO
+
e s Kaxkjoro a € Act a.Py~a.Ps
+

e J1g Kazkjoro mnporecca P P+ P~ P, + P

+
e Juist Kaxkyoro nponecca P P |P~ Py|P

o st kaxkjoro L C Names P\ L& P\ L
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o s KaxkaAoro nepemmenoBanus [ Py[f] <P, [f]

doka3aTeabCcTBO.

+
Kaxk 0n1710 ycTanOBJI€HO B maparpade , cooTtHoteHne Py ~ P,
HBM* PrupP
9KBHABAJEHTHO TOMY, YTO CYIIECTBYET wMexay Py u Py Uc-
MOJIB3YS 3TO (i, JIJIsT ODOCHOBAHUS KAYKJOTO W3 BBHITIENPUBEIEHHBIX
COOTHOTIEHNIT MBI OCTPOUM cOOTBeTcTByIomee HBM ™.

e [Iycrb cumBOJIBI 5((]1) u 5?2) 0003HaYAI0T HAaYaJIbHbIE COCTOAHUI
a.P; n a.P, cOOTBeTCTBEHHO.

Torma orHOImEHKE
{(5?1)7 5?2))} U

apasiercss HBM™T mexy a.Py u a.Ps
o Ilycrn

— CHMBOJIBI §(;) U S(5 OGO3HAYAIOT HAYAILHBIE COCTOSHMUS
P+ Pu P, + P cooTBeTCTBEHHO, U

— CcUMBOJI S 0003HAYAET MHOYKECTBO COCTOSHUM Tporecca P.

Tora oTHOIIEHHUE
{(s):802))} U o U Idg
apasiercss HBM™ mexxny PL+ P u Py + P

e [Iycrh cumBOJI S 0003HAYAET MHOXKECTBO COCTOSIHHIT IIpomecca
P. Torga orHomenune

{((s1,8), (s2,9)) | (s1,82) € p, ¢ € 5}
apnsiercas HBM™ mexay Pi|P u Po|P

e Otrnomenue p spiserca HBM™'

— mexay PP\ Lu P\ L,u
— Mexay Pi[f] u P[f]. =

115



Teopema 19.
s s1ro0bIX mporeccoB Py u Py

_l’_
P=P I
~ +
P=P < Pi=7.P, um
+
TP~ P

JlokazaTeabCTBO.

+
mvnmukaius “<=" cjieayerT U3 BKJIOUeHHA ~ C /2, ¥ TOTO, 4TO

Jist Jtoboro mponecca P P~ 1.P (4.69)
Hokaxkem uminkamuio “=". IIpeamnoao:kum, 910

Hepepro, 1o Py ~ Py (4.71)

(4.71) MoxkeT WMeTH MeCTO, HAIPUMED, B CJAEYIONIEM CJIydae:

cymecTByer mporecc P, Takoii, 9To

P — P (4.72)
u
He cymiecTByer npounecca Py ~ Pj, (4.73)

TAKOro, 410 P — P

,HOK&)KGM, 9TO B 3TOM CJIy4Yae UMeeT MeCTO COOTHOIIeHue
+
Pl ~ T.P2

CoriacHo olpeie/IeHIIO HaOII01aeMOil KOHIPYSHIIUH, HAJI0 J0KA3ATh,
9TO BBITIOJHEHDBI CAEIYIONINAE YCIOBUS.

(0) Py~ 7.P,.
D10 yeaosue caenyer u3 (4.70) u (4.69).

(1) Ecam ayist HekoToporo mporecca P] BepHO yTBepzKIeHne
P —— P (4.74)
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TO JIUIst HEKOTOPOTO Tporiecca Py &~ P| BepHO yTBEpKIeHne

+

T.P P (4.75)

Nz (4.70), (4.74), u u3 onpeenenus HabI0AaeMOl SKBUBA-

JEHTHOCTH CJIEJYeT, UTO JJisi HeKoToporo mporecca Py ~ P
BEPHO YTBEPKJIeHNE

P, ———~ P} (4.76)

[4.75) crenyer m3 7.P, —— P, u (4.76).

(2) Ecam ayist HekoToporo nporecca Py BepHO yTBepKIeHne

P, ——~ P, (4.77)
TO IIJIA HEKOTOPOTO IpoIecca Pl’ ~ P2’ BEPHO yTBepKIEeHUE
P T P

113 onpenenerus onepannn npeduKkcHOro aeicreus u u3 (4.77))
CJIelyeT, 4To
Py =P,

Takum o6pa3oM, HAJIO JIOKA3aTh, YTO

JUIsT HEKOTOPOTO mporiecca P| & Py
BepHo yTeepxkaenune P, —— P/

(4.78)

[Tycts P ecTh B TOYHOCTH TOT HPOTECC, KOTOPBIH YIIOMHHAETCST
B upesuosoxenun (4.72). 13 npexnosoxenus (4.70) coenyer,

q9TOo
cymectByer nporece Py ~ P|,
*
TaKoi, 94T0 Py —- P,

Comocrasnss (4.79) u (4.73), monyaaem, Py = Ps, T.e. MBI J10-

kazanm (4.78).

(4.79)

Hpyras npuunna, 10 KOTopoit Mozker umerb mMecto (4.71) 3akmoua-
ercst B TOM, 4TO

- T
e cymiectByer nponecc Py, takoii, uro Py —— Py u
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e e cymecTByeT mporecca P &~ Pj, takoro, 9To

+
P ——+ P

B sTom CJIyda€e aHaJJOTHYHBIMH PaCCyzKACHUAMHU MOZKHO J0Ka3aTb,
9TO0 uMeeT MeCTO COOTHOIICHUE

Teopema 20.

+
T.P1%P2 |

_l’_
OTHolenne ~ COBIIaJlaeT C OTHOUICHUECM

{(P,P,)|VP P +P~P+P} (4.80)

doka3aTeabCcTBO.

+
Brawuenne =~ C

4.80

ciaeayer u3 Toro, 4To

+ +
® & — KOHIDYIHIUs (T.e., B YACTHOCTH, R COXPAHSET OMEPAIHIO

+), u

_l’_
o ~ C .

JokazkeM BKJIIOYEHHE

[Iycrs (P, Py) € (4.80)).

4.80) C

w

[TockoabKy Ui KazK10r0 mporecca P uMeer MecTo COOTHOIIeHTe

TO, ToJIaras B P

[TockobKy

d:efO,I/IMeeMZ

e JIs JTII0OOTO Tpoltecca P uMmeer MecTo ¢BORCTBO

® 11, KpoMe Toro, ~ C =~

P+0~P
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to u3 (4.82) cremyer, aro

+
Ecyim nesepno, uro Py = P,, To u3 (4.83)) mo Teopeme Cﬂe,ZLyeT, qTO

+
o jubo Py ~71.P;
+
o yubo 7.P = P

PaccmorpuMm, HanpuMep, caydait
+
P=1.5 (4.84)

(mpyroit ciyuail pasbupaercs: AaHAJIOTHYHO).

_l’_
Tak kak ~ — Kourpysunus, To u3 (4.84) ciaemayer, aTo a1s 11000T0O
upornecca P

P+ PA7P,+P (4.85)

+
s (4.81)), (4.85) u Briouenusa ~ C & cjeayer, 4TO s JIOOOTO
nporecca P

P+ P~1P+ P (4.86)
JloKazKeM, 9TO UMeeT MeCTO COOTHOIICHHE
+
PP, (4.87)
(4.87) paBrocmIBHO cymecTBOBaHMIO Hporiecca Py ~ Py, Takoii, 9ro
P, — s P (4.88)

BriGepem mpoussosbhoe geiicteue b € Act \ {T}, Koropoe ne
BXOJUT B P, (3/eCh MBI HCTIONB3YEM MPENOJIOKe e U3 naparpada
0 TOM, YTO MHOXKecTBO Names, a 3HAYUT, U MHO:kKecTBO Act,
SABJISIETCsT GECKOHETHBIM ).

CooTHorenne JIOJIZKHO ObITH BEPHO B cjiy4ae, Korjaa P nme-
et Bug 0.0, T.e. 10JI2KHO OBITH BEPHO COOTHOIIEHNE

Py +b.0~ 7.P, + b.0 (4.89)
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Tak Kak UMeeT MEeCTO COOTHOIICHUE
.
T.P2 + bO —_— PQ

10 13 (4.89)) 110 OHpPeENEHUIO OTHOIICHNS A CJIE/LYeT, YTO /ISl HEKO-
TOpOro npormecca P) ~ P, mMeerT MeCTO COOTHOIICHHE

Py+b0 ———~ P (4.90)

Cayuaii P, + 0.0 = Pj HeBO3MOXKeH, TaK KaK MPOIECC B JIEBOH IacTH
TOIO PABEHCTBA COJIEPZKUT JACHCTBUE, KOTOPOE HE COJAECPKUT MPOIECE
B npasoii wacru sroro pasencrsa. Cornacuo (4.90), orcrona ciaenyer

cooTHOIIeHue
T+

Py +b.0 P (4.91)

3 onpenenenus: onepanuu + ciaeayer, 91o (4.91) Bo3MoxKHO B TOM
1 TOJILKO B TOM CJIydae, Korma umeer mecto (4.88)).

Takum obpaszom, MBI JIOKa3aJl, YTO JIJIsi HEKOTOPOI'O IPOIECCa
Pj ~ P, mmeer mecto (4.88)), T.e. mbr mokazasnm (4.87)).

Nz (4.84) u (4.87) crienyer, uro Py QPQ. |

Teopema 21.
+

/R gBJIFETCsI HAanbOIbINel KOHI'PYSHIIHEH, coeprKalieiicss B &2, T.e.
JJI KazKJIOH KOHIPYSHIUU UV HAa MHOXKECTBE BCeX IIPOIEeCCOB UMeeT
MEeCTO UMILJIUKAIIUS:

Q+

v C~ = v C

dokazaTeabCcTBO.

+
Hokaxkem, uro ecau (Py, Py) € v, o P = P,.
[Iycts (P, Py) € v. Tak Kak v — KOHIDY9HIIUS, TO

st Kaxkoro nponecca P (P + P, P+ P) € v (4.92)
Ecoim v C =, 1o u3 (4.92) caexyer, aro
N1 Kazkjaoro npomecca P P+ P~ P, + P (4.93)

+
CoriacHo Teopeme , 3 (4.93)) cnenyer, uto Py~ P,. B

Teopema 22.
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N +
JIng orHomIeHnit ~, RX U X BEPHbI BKJIIOYEHU

~C A Cn (4.94)

Jloka3zaTeabCTBO.

+ +
Bxaouyenne =~ C /& BepHO O ONpeJeeHII0 ~2.

~
~
+
~
~

Bxaouenne ~ C caeyer

e 13 BKJWOUYeHnd ~ C =~ U

e u3 TOrO, 4TO ecju P, ~ P, TO jaHHas mapa yJ/JI0BJIETBOPSET

+
YCJIOBUAM, U3JI02KCHHBIM B OIIpEeAC/IeHNN OTHOIICHUA ~. |

OtmernMm, uTo 0b6a BKIIOUeHUd B (4.94) — cobcTBEeHHBIE:
+
e a4.7.0 % a.0, 1o a.7.0 = a.0

° 7'.0;@0, Ho 7.0~ 0

Teopema 23.
1. Ecniu P, = P, To 118 Kazxkaoro a € Act
a.P % a.P;
B wactHocTH, 15 Kaxkoro mnporecca P

a.r.P%a.P (4.95)

2. [nsa moboro mporecca P

P+7.P&A7P (4.96)

3. s moosix nponeccos Py u Py u sroboro a € Act

a.(P+1.P) + a.Py%a. (P + 7.P) (4.97)
4. Jlna nobwix mporeccoB P u Py

P1+T.(P1+P2)§T.(P1+P2) (498)
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JlokazaTeabCTBO.
Jaa KaxKIoro u3 JO0Ka3bIBAEMBIX COOTHOIIEHHWH MBI HOCTPOUM
HMB™ Mexay ero jieBoif # IpaBoii 9acTaMH.

1. Kak 6BLIO YCTAHOBIEHO B TeopeMe u3 maparpada
coorHomenune P, &~ P, 35KBUBaJEHTHO TOMY, YTO CYIIECTBYET
HBM p mexny Py u Ps.

[TycTh cuMBOJIBI 3(()1) u 5?2) 0003HAYAIOT HAYAJIbHBIE COCTOAHNS
a.P; n a.P, cOOTBeTCTBEHHO.

Torma orHOMEHNKE
{(5(()1)7 5?2))} U

apagerca HBM™T mexny a.Py u a.Ps.

(4.95) cmemyer

® U3 BLIITCJOKA3aHHOTO YTBEePKACHUA, 1

e u3 coorromenus 7. P &~ P, kotopoe BepHO coryracHo (4.57)).

2. Ilyctp P umeeT BU
P=(S,s" R)

Ob6o3HaYUM CUMBOIAMH S(1) U S(2) AyOJIUKATBI MHOKECTBA S B
uporneccax P u 7.P cOOTBETCTBEHHO, BXOJSAIIMX B JIEBYIO YaCTh
COOTHOIIEHU A . DJIEMEHTBI ITUX AyOJUKATOB MBI Oy1eMm
0003HATATH CHMBOJIAMH S(1) U 5(2) COOTBETCTBEHHO, TJIE S — TIPO-
U3BOJILHBIN 371eMEeHT MHOXKeCTBa, S.

HyCTb CHMBOJIBI S? u 82 0003HAYAIOT HAYAJBHBIE COCTOSHHL

IIPOIECCOB B JIeBOi U mpaBoil dactax coornomenus ((4.96) co-
orercTBenHHo. Torma oTHONIEHHE

{(s?,s9} U {(50),s) | s€S,i=1,2}

r

apagercs HBM™T Mexay /eBoii n mpaBoit YacTIMH COOTHOIIIE-
uus ({4.96)).

3. Ilycts P; = (S, s, R;) (i = 1,2). MBI MOKEM CUATATDH, 9TO
S1 NSy = (. O6ozraunM
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® CHUMBOJIOM S?_ Ha4vaJIbHOE COCTOdAHUE IMponecca

P+ 1.Dy (4.99)

® CHUMBOJIOM SO — Ha49aJIbHOE€ COCTOAHHNE ITPOoIecCa

Bamernm, aro (4.100) coBnamaer ¢ npasoit qacTbio (4.97)).

Jlesag wacrs (4.97) cunbho sKBUBaeHTHA nponeccy P’ KoTo-
poiit motygaercs u3 (4.100) mobasieHnem mepexona

0 a 0

s S5

9TO JIETKO YBHUJETH IPU PAcCMOTPEHuu IpacpoBOTO IIpecTaB-
JleHus nporecca P’ Koropoe uMeeT BUI

Herpyano pokasarh, uro nponecc P’ HabiiogaeMo KOHIPYIH-
Ter nporneccy (4.100). MuoxkecTBa COCTOSHUN STHX HPOIECCOB

MOKHO pacCMaTpHBaThb KakK LyOIHMKaThl Sy B S(2) OJHOIO H
Toro ke muoxecrsa S, 1 HBMT mexay P’ u (4.100) mmeer
BUJL

{(sq);s2)) | s € S} (4.101)

[TockobKy
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+
® 110 Teopeme HMEET MeCTO BKaodenune ~ C ~, u
e (4.100) cosuamaer ¢ upasoii yacrsio (4.97),

TO MBI JOKa3aJIn Ha6mo;(aeMy10 KOHI'DY9HTHOCTDb JEeBOH U opa-

BOii yacreil coornomenus (4.97). W

PaccyxeHnsa B JaHHOM cJydae aHAJOTHIHBI PACCYZKIeHUSAM
B IIpeAbLAyIIeM ciaydae. Mbl He OyaeM HU3j1ararh UX JIETaJIbHO,
OTMETUM JIATITh, 9YTO

e JieBas 4acTh coorHormenus (4.98) HaXoAMTCS B OTHOIIE-
HUU CWJIBHOR SKBUBAJIEHTHOCTH C 1poueccom P, rpado-
BOe IIpeJICTaBJIeHHe KOTODOii UMeeT B

T

7]

Q ©
an ) U n

rie

— 5% u s§ — mauabHBIe cocTogHUA Tponeccos P u Py,

— 3(1]2 — Ha4vaJIbHOE COCTOsiHue mporecca P + P

e upasag yactb coornHomenus (4.98), Koropywo Mbl 0603Ha~
qum cumBosiom P onyuaercs uz P’ ynanenuem nepexo-
JI0B BHJIA

0

s’ — 5
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iy .
Herpynuo gokaszars, uro P’ ~ P”. MuoxKecTBa COCTOSHNIN 9TUX
IPOIECCOB MOYKHO PAaCCMAaTPUBATh KaK AyOamkaTsl Sy 1 S(2)
OJIHOTO U TOro ke MHOKecTBa S, 1 HBM™T mexxny P u P”

nMeet Bug (4.101). W

4.9.6 Pacno3naBanme HabJII0Ja€MO KOHTPYYHTHO-
cTHU

Jlng pertenus 3aJa4d paclo3HaBaHUs JJd JIBYX 33JaHHBIX KOHEY-
HBIX TIPOIECCOB, SBJAIOTCS JIM OHU HAOJIIOIAeMO KOHT'DYSHTHBLIMU,
MOZKHO HCIIOJIb30BATh CJICAYIONIYI0 TEOPEMY.

Teopema 24.
[lyctes P, u P, - koHeunbie mnpornecchl. COOTHOIIEHNE

+
Pl ~ P2
nMeeT MEeCTO Torga U TOJIBKO TOTJa, KOTrJda

(sY,59) € pr(Pr, Po) -
,uT(Pl,PQ) — HBM+

4.9.7 MwuHUMHU3aIMg TPOIECCOB OTHOCUTEJIHFHO Ha-
OsromaeMoii KOHTPYHITAN

g perennd 33129 MAHHEMHA3AIIUH KOHEYHBIX IIPOIECCOB OTHOCH-
TeJIbHO HaOJIIOMAeMONl KOHI'PYIHIIUU MOYKHO HCIIOJIB30BATDH CJIeIyIO-
IIIe TeOPEeMBI.

Teopema 25.

[ycts P = (S, 5% R) - npoussoibHBI MpoIecc.

O6o3nauuMm cumBosioM P, dpakTop-mpoiecc mporecca P 1o 9K-
BUBAJEHTHOCTH (i, (P, P), T.e. mpotece, KOMIOHEHTBI KOTOPOTO HMe-
0T CJICJYIOIUNA BUJI.

e MHozxkecTBO cocTosgHuUit nporecca P npencrapiaser coboil co-
BOKYITHOCTD KJIACCOB 9KBHBAJEHTHOCTH MHOXKECTBa S 110 OTHO-
menuio p, (P, P).
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e HauajibubiM cocTostHueM sBjIsteTcs Kiaacce [s0].
e [lepexoapl mnpornecca Py uMeror Bu

[51] ——= [s2]

e Sp S9 — MPOU3BOJILHBIH 1epexoj u3 k.

Torma P %(P%) |

Teopema 26.
[Tycts nporece P’ nonyyaercs us npomecca P nyTéM yaajieHus
HEJIOCTHKUMBIX cocTosiamit. Torma P, uMeeT HauMeHbIIee YUCJI0 CO-

CTOSTHUI CcpeJid BeexX MPOIECCOB, KOTOPbIe HADIIOIaeMO KOHI'PYHTHBI
P n
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I'1aBa 5

PekypcuBHbie onpeaeaeHus
IIPOIIECCOB

B HexkoTopbIX caydasx mporece yaobHee 3a1aBaTh He SIBHBIM OIHUCA-
HUEM MHOYKECTB €r0 COCTOIHUIT U ePEXOI0B, & IIPU MOMOIITU PEKYP-
CUBHOTO OTIpeJIeIeHUS.

5.1 IlporeccHble BbIpakeHus

g Toro, 4Tobbl chopMyJIMPOBATH OHATHE PEKYPCUBHOI'O OIIPeJie-
JIEHUS TIPOIECCOB, MBI BBEEM MOHATHE IPOIECCHOTO BHIPAXKEHMS.

MuoxkecrBo PExpr npomeccHbix Bbipaxkeunuii (IIB) ompeie-
JIIeTCS WHAYKTUBHO, T.e.

e yKa3bIBaloTCd deMentapubie [1B, n

® OIMCHIBAIOTCY MPaBuJia nocrpoenus HOBbIX [IB u3 yxke mmero-
IIIXCA.

Kaxknoe u3 npaput nocrpoenus 11B umeer cBoé Ha3BaHUE, KOTO-
poe YKa3biBAeTCs KUPHBIM MIPUQMTOM TIepe/| OIMMCAaHueM 3TOTO Ipa-
BuUJIa.

IIPOILIECCHbIE KOHCTAHTHI:
MpbI OyJ1eM TIPeIToIaraTh, 9To 3a/1aH0 CYETHOE MHOZKECTBO IMPO-
IIECCHBIX KOHCTAHT, MPUYIEM Ka K0! TTPOIEeCCHON KOHCTAHTE
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COTIOCTABJIEH HEKOTOPBII MpPOIEecC, Ha3blBaeMblii 3HAYEHUEM
9TON KOHCTAHTHI.

Cy1mecTByeT HpoIecCHass KOHCTaHTa, 3HAYeHHeM KOTOPOil sB-
Jsgercst myctoii mporecc 0, 3Ta KOHCTaHTa 0003HAYAETCSA TeM
ke cuMmBoJioMm 0.

Kaxxnas mporneccHast Koncranra siasercs [1B.
IpoIlecCHbIe MMeHa:

MpI 6yieM IpenoaaraTh, 9To 3a/1aH0 CIETHOEe MHOXKECTBO MPO-
IIECCHBIX MMEH.

Kaxkmoe nponeccaoe nma aBasercd 11B.
npedukcHoe aelicTBue:

g xaxknoro a € Act u xaxxaoro 1B P 3nakocoueranue a.P
asjserca 11B.

BBIOOP:
Jna mobwix 11B Py, P, 3nakocodyeranne P + Py sapaserca [1B.

napajijiejibHasd KOMIIO3UIINS:
st mobwix IIB Py, Py 3nakocovderanue Py | Py sBnsiercs [1B.

orpaHUYeHHE:
Jlist kaxkaoro nojamuoxkecrsa L € Names u kaxjoro 1B P
snakocoderanne P\ L asaserca [1B.

IepEeNMEHOBAHUE:
g kazkjoro nepeumenoBanus f u Kaxjaoro [IB P 3nakoco-
geranue P[f] apasgercs I1B.

5.2 IloHdgTue peKypCuBHOTO oNpeaesieHus
IPOIECCOB

PexypcuBubim onpeaenenunem (PO) mpormeccoB HasbiBaercs
CIUCOK (POPMANBLHBIX PABCHCTB BHUJIA

Al = P1
(5.1)



TIe
o Ay, ... A, — pa3auvHBIE IPONECCHBIE UMEHA, U

e P,..., P, — IIB, ynosierBopsionue CaeayIONIEMY YCJIOBHUIO:
JIJTS KayKJIoro ¢ = 1,. .., n Kax/Jioe HPOIECCHOe UM, BXO/IMIIEe
B P;, coBmagaer ¢ omHuUM U3 UMEH Aq, ..., A,.

Mp1 GygeM opeanoaaraTh, 9T0 KaxKI0MY IPOIECCHOMY UMEHH CO-
orBercTByer eauHcTBeHHOe PO, B KOTOPOM 9TO UM ABJISIETCS JIEBOI
9aCTBIO OJHOIO U3 PABEHCTB.

B maparpade MBI ONPEETNM COOTBETCTBHE, KOTOPOE COTO-
crapiser kKaxaomy [IB P Hekoropsiii ponece [P]. s onpemesre-
HUS 3TOIO COOTBETCTBHS MBI CHAYAA, M3I0KHM

® JIOHATHE BJIO2KEHUNMA IIPOIECCOB, U

® IIOHATHC IIpedeJia II0C/JIeA0BATC/JIbHOCTH BJIOXKCHHBIX IIPOILEC-
COB.

A TaKzKe YTBEPXKACHUA, CBA3aHHbIC C 9TUMHA IMOHATHUAMMN.

5.3 DBuioxkeHue npoiieccosn
[Iycth 3ajianbl JiBa 1poiecca

u f — uabekTuBHOE OTOOpaXKkeHue u3 S; B Ss.
Mt Oyem roBopuTh, 9TO f ABIsIeTCa BJaoKeHueM P, B Py, eciin

o f(s})=s3 1
e 1 0OBIX S, 8" € S u soboro a € Act

(s 5V eR & (f(s)>f(") € R,

Jlns kaxkaoit mapsl nporeccos Py, P, 3HaKOCOYeTAHIE

Pl%PQ
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ABJISETCSI COKPAIEHHOHW 3aMUChI0 YTBEPKAEHUST O TOM, UYTO CYIIIe-
CTBYeT BJOXKeHue P B P5.

Ecau nporieccet Py P, umeror Bug (77), u Py < Ps, TO MBI MOYKEM
OTOXK/IeCTBUTL P ¢ ero 0bpa3oM B Ps, T.e. Mbl MOYKEM CUHTATD, YTO

e 51 C Sy

Teopema 27. Ilycts P, — P;. Torna

e a.P —abPs

P1+P;>P2+P

P |P— P|P

Pl\L‘—>P2\L7I/I
o Pilf] = B[f]. =

Huzke MBI paccMaTpuBaeM BbIPAZKeHHUsI, TOCTPOSHHBIE U3 MPOTIEC-
COB, W CHMBOJIOB omeparuii Ha nponeccamu (a., +, |, \L, [f]). TTo-
HATHEe TAKOT'0 BbIpazKeHus oTIndaeTcd oT nouaTud 1B, m Mb1 Ha3BI-
BaeM TaKWe BbIDayKeHUs BbIPAXKEHUSAMH HaJ mpoiieccamu. /lig
KaKJIOTO BBIPAXKEHUsT HAJ| TPOIECCaMU ONPEIeTEH MPOIEeCe, sIBJISIO-
nuiicd 3HaYEeHUEeM 3TOr0 BbIpakKeHus. B HUZKeCIeayIoNux paccy K-
JICHUAX MBI Oy/ieM 00603HAa4YaTh BbIPAKEHWE HaJ[ MPOIECCAaMH U €ro
3HaYeHUe OTHUM H TeM YK€ CHMBOJIOM.

Teopema 28.
[Iyctn

e P — BBIpazkeHme HA/I MPOIECCAMHU, B KOTOPOE BXOJAT MPOIECCH

P,....P,

. /
o g Kaxjaoro 1 =1,....n P, — P/ u
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e P’ — BeIpaykeHue, mojrydaemMoe u3 P 3aMeHON JiIst KayKJoro
1 = 1,...,n KaxKJIOro BXOXKJIeHHUd Ipoiecca [P, Ha cooTBer-
crBytomuit mpormece P).

Torna P — P'.
JlokazaTeabCTBO.
JlanHas TeopeMa JOKa3bIBAETCA MHAYKIHEH 10 CTPYKTYpPe BhIpa-

KeHust P: MBI JIOKazKeM, 9TO I KarK/I0r0 IOABbIpazkeHus () BbIpa-
Kenust P BepHO yTBeEpkKIeHUe

Q= (5.2)

rae Q) — nojBbipaxkeHue Bbipazkenus P’; KOTOpoe CoOTBeTCTByeT
O/IBBIPAKeHNO () .

6a3suc MHAYKIINN:
Eciu Q = P, 1o Q' = P!, u (5.2) BepHO 10 TIPENOTIOKEHHIO.

MHIYyKTUBHBIN II€pEexo;
3 Teopemsl 27] ciaemyer, 4To s KazK0ro nogBblpazkeHus
BBIpasKeHUsA P MMeeT MecTO UMILTUKAIUS: eCIH I KazKI0ro
cOOCTBEHHOTO MOJBbIpazkeHust ()1 Buipazkenus @ (r.e. Q1 # Q)

Q1 = Q)
10 BepHO (5.2).

Takum o6paszoM, (5.2)) BepHO 115t KazK 000 HOABBIpaXKeHus () BbIpa-
xkenust P. B wacruoctu, (5.2) Bepuo misa P. W

5.4 Ilpeaen nmocjaenoBaTeIbHOCTUA BJIOXKEH-
HBIX MPOIECCOB

[IycTh 3amaHa mMOC/IeI0BATEIHHOCTD TTPOIECCOB
{Py | k >0} (5.3)

Takas, 4TO
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[TocJte1oBaTEILHOCTD ITPOIECCOB , VIOBJIETBOPSAIONIAS YCAOBUIO
, Ha3bIBaeTCd IMOCJIeJ0BATEJIbBHOCTBIO BJIO2KEHHBIX IIPOIIEC-
COB.

Omnpenennm mpoiiecce kh_}ngo P, nHazpiBaeMblil IPeIeioM MOCTIeT0-

BaTeabHocTH (5.3)).
[Iycts mpomeccsr Py, (k > 0) umeror Bus

Py = (Sk, sy, Ry
Coracuo (5.4), MBI MOXKeM Ipeamoaararh, 9ro Vk > 0
o S C Sk
® Sp = Sh1
o ) C Rpp

T.e. KOMIIOHEHTHI TiporieccoB Py, (k > 0) mMeror ciieayolnue ¢BOii-
CTBA:

[Iponecc lim P, umeer Bua
k—o0

<U Sk>587 U Rk)

k>0 k>0
Herpyano mokazars, 94To /s Kaxkjioro k > 0
k—o0

Teopema 29.
[IycTh 3a7aHBI TOCIEI0BATEIHLHOCTH BJIOKEHHBIX MPOIECCOB

{(Pilk>0} u {Qu|k>0}

Torma
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o ;}LIEO(&'P’“) = a(ljggo Py)
k—o0 k—o00 k—o0
¢ kh_{glo(Pk | Qr) = (ljglolo P) | (,}ggo Q)

o lim (P \ L) = (lim P)\ L

,}EEO(Pk[f]) = (gggo Plf] =
Huxke mbl Oyjiem ucio/p30BaTh ciejyioniee obo3HadeHue: ecim
e P — IIB, B KoTOpOE BXOJAT IPOIECCHBIE UMeHa Aq, ..., A,,
e P, ..., P, — HEKOTOpPBIE IIPOIECCHI

TO 3HAKOCOUETAHNE

P(P /Ay, ..., P,/A,)

0B03HAYAET BHIpAsKEHUE HaJ[ MpOoleccaMu (a TakkKe ero 3HaueHue),
noJiydaemoe u3 P 3amMeHoit it KaxkK/ja010 7 = 1,. .., n KaxK/J0I0 BXOXK-
JIGHUS MPOIECCHOTO UMeHn A; Ha COOTBETCTBYIOIIH Tporece Pj.

Teopema 30.
[IycTsh 3amaHbI

e [IB P, B KoTOpO€e BXOJAT HPOIECCHBIE HMeHa Aq, ..., A,, u
® II0CJIEIOBATEILHOCTH BJIOXKEHHBIX MPOLECCOB

(PP k>0 (i=1,...,n)

Torna
P((lim P™Y/A;, ..., (lim P®)/A,) =
k—o0 k—o00
— lim P(P"/A,y,...,PM/A,)
k—o0
doka3aTeabCcTBO.

Jlannas TeopeMa JI0Ka3bIBaeTCa HHAYKINEH 1o cTpyKType 1B P,
¢ ucnosb30BaHneM TeopeMsr 29 W
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5.5 Ilpomeccehl, onpegeasgseMble IPOIEeCCHBI-
MH BbIPakeHUAMU

B srom maparpade MBI m371araeM IpPaBHIO, KOTOPOE COMOCTABIISIET
kaxkomy [1B P mporece [P], onpeaensiemsrit srnm I1B.

IIpomeccel, onpee/isgeMble IPOIECCHBIMA KOHCTAHTAMH, SIBJISIOT-
CsT 3HAUEHHSAMHA 9TUX KOHCTAHT.

[Tpoueccn, ompejeisiembie 1B Bua

a.P, P1+P2, P1|P2> P\Lv P[f]

SBJIAIOTCS PE3YIbTATAMU MPUMEHEHUsI COOTBETCTBYIONTUX ONepaInit
K npoieccaMm ompejensembim [IB P, Py u Ps, T.e.

[a.P] < a.[P]

[P+ Po] & [P] + [P
[P1] P,] < [P1] | [P2]
[P\ L] < [P]\ L

[P f1]1% [P] /]

OmuimeM Temeppb MPaBHJIO, COIOCTABIIONIEE IPOIECCH IPOIECC-
HBIM HMeHaM.

Iycrs 3anano PO suga (B.1). Oupenennm mocie10BaTensHOCTD
CIIICKOB IIPOIECCOB

{(P",....P®) | k> 0} (5.5)
CTAEIYIONIAM 00PA30M:
o POy . pOdlg
® eCJIA TIPOTECCHI Pl(k), cen PT(L’“) yKe OnpejieIeHbl, TO A KazK-
porot=1,...,n
P PP A, P A,
Jlokazkem, uTo juta Kazxkaoro k > 0 u st kKaxkaoro 1 = 1,...,n

Jloka3zarebcTBO Oy/ieM BeCTH MHJIYKIMed 1o k.
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0a3uc MHAYKITUI:
0
Ecnu k =0, To PZ»( ) 1o OIIpeJIeJIEHAI0 COBIAJIAET C IPOIECCOM
0, KOTOPBI MOXKHO BJIOXKHUTH B JIIOOOM IIPOIECC.

WHIOYKTUBHBII IIepexom;:
Ilycrs nna kazxkaoro v =1,...,n Pi(k_l) — Pi(k).
Ilo oupesesenuio nponeccos u3 cosokyunnocru (5.5), umeror
MECTO COOTHOIIEeHUs]

p® = p(p*~ 1/A1,...,P7§’“*1)/An)

P = p(PM /A, PP /A,)

n

Coornotenue Pl-(k) — Pi(kﬂ) CeyeT U3 TeOPEMBI . [ ]
Omnpegennm mias Kazxmoro ¢ = 1,...,n uporece [A;] kak mpemen

[4,] & hm p®

13 Teopemsr [B0] creayer, uro ara kaxkmoro ¢ = 1,...,n BepHa
IenoYKa paBeHCTs

PZ([[Alﬂ/Alv R [[ARH/AN) =
= R((Jim PO)/Ar .. (Jim P)/A,) =

= lim P(P WA, PW/AL) =
— khm (P(kH)) = [A]
T.€. CIINCOK IIPOIIECCOB
[A4], ..., [AL]

SIBJIAETCS PEIleHIeM CHCTeMBI ypaBHeHHuit, coorBercTByomeit PO (5. 1)
(LepeMeHHBIMH B 3TOH CHCTEMEe yDAaBHEHHUIl SIBJISAIOTCH LPOLECCHBIE
HMEHA).

5.6 DkBuBajieHTHOCTH PO

[Iycth 3amansr gBa PO Buaa

Agn _ P1(1) A(lz) _ Pl(z)
. u . (5.7)
Agll) = pygl) Ag) = pT(LQ)
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JI1s KazK10T0 CIHCKa mporeccoB (Qy, . . ., (), Mbl Oymem 0003HAYATH
BbIDaKEHHe HaJl IpoleccaMu (U ero 3HadeHue)

POQAY, .. QuJAY)  (i=1,...,n; j=1,2)
COKpaH_[éHHO B BI/I,ZLe 3HAKOCOYECTaHU A

Pi(j)(Qla s 7Qn)

[TycTs 3a1aHa HEKOTOPAST SKBUBAJIEHTHOCTD [/ HA MHOYKECTBE BCEX
IPOIECCOB.

Mst 6yaem rosoputh, uto PO (5.7) sBasioTcs 9KBUBaJIE€HTHBI-
MM OTHOCUTEJIBHO [i, €CJIH TS

® KaykJIOr'o CIIHMCKa IporeccoB (1, ..., Q,, 1
e Kaxkaorot=1,...,n

unMeeTr MeCTo COOTHOILIeHUue

(PO(@ Q). PP(@1 Q) €

Teopema 31.
[IycTh 3a1aHbI

e sBa PO Buga (5.7)), u
® KOHI'DYIHIUS [ HA MHOYKECTBE HPOIECCOB.

Ecom PO (5.7) 9KBUBaIEHTHBI OTHOCHTEIBHO [i, TO MPOIECCHI, OIPe-
nengembre srumu PO, T.e.

(AP |i=1,....n} u {[AP]]i=1,...,n

TOKe IKBUBAJEHTHBI OTHOCHTEIBHO [, T.€. JJIsd KazKjaoro ¢ = 1,...,n
“MeeT MEeCTO COOTHOIIIEHUE

(141, [A7]) en m
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5.7 TIlepexoawl Ha PExpr

CymecTByeT Apyroit cnocod onpejeaerus cOOTBeTcTBUs Mex Ty [1B
u nporeccamu. /lanublii criocod cBs3aH ¢ onpejieeHneM MHOYKECTBA
nepexonoB R na cookymnuoctu P Expr Bcex [1B. Kaxaprit mepexor
u3 R upejicrapiger coboil TpORKy

(P,a, P (5.8)

rne P,P' € PExpr, u a € Act.
Ecau (5.8) € R, 1o Mbl cokpaménno obo3nauaem 3101 (hakT B
BUJIe 3HAKOCOYCTAHUS

P2 P (5.9)
[TousTre mepexo/ia ONpe/Ie/seTCsd UHAYKTUBHO, T.€.

e ykasbiBawTCst Tpoiiku Buaa (5.8), KOTOphIe ABIAIOTCS HEPEXO-
JAMH TI0 ONIPEIeJICHUIO, 1

® OIIMCBHIBAIOTCH 1IPABUJIA IIOCTPOEHU HOBBIX IEPEXOI0B U3 Y2Ke
HMEIOITIXCS.

B srom maparpadye MbI mpenoiaraeM, 4To

® 3Ha4YceHHEeM K&)K,ZLOfI HpOI_[eCCHOfI KOHCTAHTBI ABJIACTCA KOHEY-
HBIA Hporece, n

® KAaXKJbI KOHEYHBIU MPOIECC gBAAETCI 3HAYEHUEM HEKOTOPOU
IPOIECCHON KOHCTAHTHI.

B Humxkecjie 1y iommx npaBuaax, OupeaeasdioniuX MHOKECTBO epe-
x0/10B R, cumBoJibl P, P’ ob6o3nauaror npousBosbHbie [1B, u cumBos
a 0bo3HaYaeT NMpOoU3BOJIbHOE jieiicTBue u3 Act.

1. ecsim P — mporneccHad KOHCTAHTa, TO
a /
p—“.p
rae P/ — mponeccnas KOHCTaHTa, TaKas, 9TO
e snauenuda P u P’ uMmeror Bun
0 1
(S,s°,R) u (5,s,R)

COOTBETCTBEHHO, 1

137



R 0 a 1
e R comep:KuT nepexo S S

2. a.P -2+ P

3. ectt P —2—~ P’ 1o

e P+Q —2~P . u
Q+P——~ P
P|Q4G>P/|Q , U
QP ——Q|P

eciu L C Names, a # 7, u name(a) € L, To

P\L %~ P\ L
e JI/Id KayKJIOro rnepernMeHoBaHus f
P(f] L ]
4. ecm a # T, TO U3
P—2+~P u P—2-P

cjaenyer, 4To
P |P, —— P/| P,

5. s kaxxaoro PO (b.1) u kaxmoro i € {1,...,n}

ecitu P, —~—~ P’
o A p (5.10)

MoxkHo moKa3aTh, 9TO Jad Kaxkmoro [IB P cymectByer Jumib
KOHEYHOE MHOYKECTBO IIePEex0/I0B ¢ HadaJioM P, T.e. uMeIonux Bu/l

P~ P

Hus kaxmporo IIB P € PExpr uponece [P], coorsercrByonuii
sromy [1B, nmeer Bu1

(PExpr, P,R)
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[Ipu mannom ompesenenun coorBercTBus Mexkay [IB u nporec-
CaMH UMeeT MEeCTO CJeyIONIas TeopeMa.

Teopema 32.
Just xkaxaoro PO (b.1) u kaxxgoro i =1,...,n

[[Ai]] ~ Pz'([[Al]]/Ab SRR [[An]]/An)

(T.e. crmcox mpomeccos [Aq],. .., [A,] aBrsercs pemennem cucreMsr
ypasuenuii, coorsercryiomieit PO (5.1) ¢ TounocTbio 10 ~). B

5.8 Jloka3aTeJjibCTBO 3KBUBAaJEHTHOCTHU HPO-
1eccoB mpu nomomu PO

MoKHO TOKA3BIBATD IKBHBAJIEHTHOCTD (~ N %) JBYX TIPOIECCOB
nyTém npeabspierns PO, Takoro, 9To 06a 9TUX MPONECCa SBIISTIOT-
CA KOMIIOHEHTaMM C OAMHAKOBBIMHU HOMEpPDaMH HEKOTOPLIX pe]l[eHI/IfI
CUCTEMBI YpaBHEHU, cOOTBeTCTBYIOMIEeH sToMy PO.
CooTBeTCTBYIONINE YKBUBAJEHTHOCTH ODOCHOBBIBAIOTCS TEOPEMOi

B3l

g popMyIMPOBKH 3TOI TE€OPEMbI Mbl BBEJIEM CJICIYIOIIEE BCIIO-
MOraTe/JIbHOE MOHATHE.
[IycTph 3a1aHBI

e OWHAPHOE OTHOIIEHUE (i Ha, MHOXKECTBE BCEX MPOIECCOB, U

e PO Buga (5.1).

Mg 6yjieM rOBOPUTH, YTO CIIMCOK IIpOIEccoB, ompejenseMbiii PO
(5.1), emunCTBEH ¢ TOYHOCTBIO O L4, €CU JJTsI KazKI0i TAPBI CIIHCKOB
IIPOIECCOB

(le)7 st 7@’5’1,1)) u <Q§2)7 R/ Q’ELQ))

VAOBJIETBOPATONIEH CJIEIYIONEMY YCJIOBUTO: JUIST KaxXKJA0r01 = 1,...,n

([QM], P(QV/Ay,..., QN /A) ) €p
([QP], P(QP/A,...,QP/A,)) €

nMeeT MeCTO COOTHOIIIEHUE
vi=1,....n ([QV], [Q]) €u
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Teopema 33.
I[Iycrs 3amano PO suga (5.1)).

1. Ecan kaxkjioe BXOXKIEHHE KaykJIOro MpOIeccHOro mMmeHu A; B
kaxkgoe [IB P; comep:kuTcd B MOABLIPayKeHUH Buga a.(), TO
crucok nponeccos, oupegensemstit PO (5.1)), exuncreen ¢ tou-
HOCTBIO JIO ~.

2. BEcum

® KaKJ0e BXOXKJIeHHe KaxKIoro A; B Kaxzgoe P; cogep:Kut-
cs B TIOIBBIPAKEHUN BUIA a.(Q), T/ a # T,

® KaKJoe BXOXKJEeHHe KaxKIoro A; B Kaxzgoe P; cogep:kut-
CsI TOJIBKO B MOJABBIPakeHUsAX Buja a.() u Q1 + Qo

TO CIHCOK mporeccos, onpeaenseMprit PO (5.1), eauncrsen ¢

+
TOYHOCTHIO 10 ~. W

5.9 IIpobaemnl, cBa3aHHbIe ¢ moHATHEM PO

1. Pacno3nabanne CyIIeCTBOBaHM A KOHEYHBIX IIPOIECCOB, 9KBHUBA-

+
JIEHTHBIX (OTHOCHTEJIBHO ~, A2, &) nporeccam Buja [A].

2. IMocTpoenue aqropuTMOB HAXOXKICHUSA MIHIMATLHBIX TTPOIEC-
COB, 9KBHBAJICHTHBIX IIponeccaM Buga [A] B oM ciayvae, koraa
9TH HPOIECCH KOHEUHBL.

3. PacnosnaBanue 9KBUBAJEHTHOCTH 1PONECCOB Buaa [A]
(9Tu HpONEccH MOTYT ObITh GECKOHETHBIME, U METOJbI U3 TJIa-
Bbl [4] 11 HUX HE MOAXOIAT).

4. Pacnozrasanue sxksuBajieaTHocT PO.

5. Haxoxkaenne HeOOXOIUMBIX U JIOCTATOYHBIX YCJIOBUI € THHCTBEH-

HOCTH CIIMCKA POIECCoB, onpeeasemoro PO (¢ To4HOCTBIO /10
+

~, z)
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I'1aBa 6

IIpumepsl Jo0Ka3aTe/IbCTBA
CBOICTB IIPOLIECCOB

6.1 IlorokoBbie rpadbl

Ecau npornecc P MOXKHO NMPeJACTaBUTh B BHE aJIredbpandeckoro Bhi-
pazKeHust

P(Pi,...,P,) (6.1)

B KOTOpOe BXOJAT mporecchl Py, ..., P, coelwHEHHBIE CUMBOJAMA
onepanui

® I1apaJlIe/IbHONA KOMIIO3UINAN,
® OrDAHUYCHUI, U

® JICPEHUMEHOBaHUA

T0 P Ha3bIBaeTcsa CTPYKTYPHOI Komrmo3uitueii mpomeccos P, .. .,
P,.

Ecau nporecc P siBjigieTcs CTPYKTYPHOR KOMIO3HUIIAEH, TO eMy
MOKHO COIIOCTABUTH HEKOTOPBIH I'pacdudeckuii 00beKT

G(P)

HasbiBaeMblil moTrokoBbiM rpadom (IIT') mpomnecca P.

[IpencraBaenne cTpyKTYpHOU KoMmosutuu B Bue [11' moBbimaet
HATJIATHOCTD U 00JIerdaeT MOHUMAaHHe B3aUMOCBA3U MEXKIY €6 KOM-
IIOHEHTAaMHU.
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Mg nocrpoenns [T G(P) ayst mporecca P suna (6.1) crpostirest
[II", cooTBeTcTBYIONHE BCeM MOABBIpazKeHusIM BhIpazkenus (6. 1)).

DnemenrapHbie I1I:
Jma kaxkmoro ¢ = 1,...,n, 0 KasxKJI0T0 BXOXKIeHUs P; B BhIpa-
xenue (6.1), I[IT G(P;), cooTBeTCTBYOMMI 3TOMY BXOKIEHHIO,
UMeeT BHJI OBaJIa, BHYTPU KOTOPOT'O HAITMCAHO 3HAKOCOYETAHNE
P;.
Ha nepumerpe oBaJia pucyercss HECKOJIBKO KPYKOUYKOB, Ha3bI-
BaeMBIX IIOPTAMM.

KazKIplit OpT COOTBETCTBYET HEKOTOPOMY JMEHCTBHIO U3 MHO-
xkectBa Act(P;), mpuaém

® ecJii 3TO JeficTBHe mMeeT BHJ <!, TO COOTBETCTBYIOIIUIA
ITOMY JIeHiCTBUIO TIOPT PUCYeTCsS YEPHBIM IBETOM, U

® ecji 9TO JeiicTBhUe MMeeT BUJ «f, TO COOTBETCTBYIOIIU
TOMY JEHCTBHIO MOPT PUCYETCs OEJIBIM IIBETOM.

OKOJ10 KazKJI0r0 IIOpTa HAIIMCAHA er0 MEeTKA, paBHAas TOMY JIeii-
cruo u3 Act(P;), KOTOPOMY COOTBETCTBYET TOT MOPT.

OrmernM, 4TO ecin P, uMeeT HECKOIBKO BXOXK/EHUH B BbI-
pazkenne (6.1), TO I KAZKIOTO TAKOTO BXOXKIECHUS PUCYETCS
oresbublit sementapubiii [1I G(F).

ITapannenbHass KOMIIO3UITUSA:
Ecsu Beipaxkenue (6.1)) comepxkut nogseipazkenne suga P’ | P,
to G(P’| P") nonyuaercs
e M3BIOHKTHBIM 00beunenneM G(P') u G(P"), u

® COCMMHEHHEM CTPEJIOYKAMH B STOM JU3BIOHKTHOM O0B-
enunnenun nopros [II' G(P') u G(P") ¢ xommiemenTap-
HBIMH METKaMMH: eCJIN

— oaun u3 yrux [I' comepxkur mopr ¢ merkoit al, u

— apyroit u3 srux [II' comepxKkuT OPT € METKO#H 7,

TO PHUCYeTCsl CTPeodKa C METKOW v OT MePBOTO MOpTa K
BTOPOMY.
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OrpanunydeHue:
G(P'\ L) monyuaercs uz G(P') ynaseHueM METOK OPTOB, HMe-
Ha KOTOPBLIX MpHHAJIEKAT L.

IlepenmeHnoBaHUeE:
G(P'[f]) moayuaerca uz G(P') cOOTBETCTBYIONNM EPEHMEHO-
BAHUEM METOK IIOPTOB.

B uzmaraeMpIx Hu:Ke npuMepax IponeccoB mpusoagrcd IIIN, co-
OTBETCTBYIOIINE ITUM IIPOIECCAM.
6.2 Mactepckas

Paccmorpum Mozenb MacTepcekoil, B KOTOpoil paboTaioT aBoe pado-
IUX, MOJIB3YIOIIHeCs 171 pabOThl OIHUM MOJOTKOM.

[Toejienne Kazk0ro padoyvero B MacTepPCKO OIMMCHIBAETCS IIPO-
eccoM Jobber

in? Start

Y

out! get _and_work!

put! ;

Finish ' Using

o JleiictBus in? u out! MCIOIB3YIOTCS I B3AUMOJIEHCTBUS Pa-
0o4Yero ¢ 3aKa34YUKOM, I 0D03HAYAIOT COOTBETCTBEHHO

— IpueM MaTepuajia, u

— BblJla1y I'OTOBOI'O U3JCJIMA.

o JleiictBusa get _and_work! n put! ucmonb3yores 1 B3aMMO-
neiicTBus paboduero ¢ MOJIOTKOM, U 0D03HAYAIOT COOTBETCTBEH-
HO
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— B34THE MOJOTKA U BBIIIOJHEHUE C €ro MOMOIIBK HEKOTO-
PBIX AeiicTBuil, 1

— BO3Bpallenue MOJOTKa Ha MeECTO.

Obparum BHUMaHWe, 9TO JelicTBue get and__work! coctout u3
HECKOJILKUX JIeHCTBUI, KOTOPbIe MBI He JTeTAJU3UPYEM U arperupyem
BCE WX B OJIHO JIefCTBHE.

Cormacao rpadoBoMy mpeacTaBaeHnio mnporecca Jobber, pabo-
qun

e cHavaja NPUHUMAET MaTepHAI,
e 3areM OepeT MOJIOTOK U paboTaer,
® II0CJIe Jero KJaJeT MOJOTOK,

® BBLIJAET TOTOBOE W3JIE/IHE,

® I BCe MOBTOPSETCS CHATAA.

[loBeaeHne MOJIOTKA MBI IPEICTABISEM IIPH MOMOIIHA CJIe Ly OIIe-
ro mportecca Mallet:

) ™ Busy>

OTMeTnM, 9T0 00BEKT “MOJOTOK” H IPOIECE “MOJOTOK” - 3TO pa3HbIe
ITOHATUA.

OyHKIIMOHUPOBAHNE MACTEPCKOMN OMPEIeIAETCS TPU TTOMOIITH CJIe-
aytorero mporecca Job  Shop:

get _and_work?

put?

Job_Shop = (Jobber | Jobber | Mallet) \ L

rne L = {get _and_work, put}.
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[Torokossrit rpad nporecca Job  Shop nmeer ciemytonuit Bu/I.

get _and_work get _and_work

mn mn
out A out
put put

Bsenem Tenepn nounsrue “abcrpakTHOro pabouero”’, mpo KOTOPOro
M3BECTHO, UYTO OH IUKJIAIECKH

e IIPDUHUMAET MaTepuaJ, u
® BLHIJIAET TOTOBBIE M3JIEJIU

HO HHYEro HEM3BECTHO O MOAPOOHOCTIX HMPOIlecca ero padoTh.
[Toeenne “abcTpakTHOTO padodero” Mbl 3313/ UM IIPU ITOMOIIN
caenytotrero mponecca Abs Jobber:

2

out!
[ToBeienue “abCTPaKTHON MaCTEPCKOH” MBI 33J1a UM TIPU MTOMO-
mu cyaepyiorero nporecca Abs Job _ Shop:

Abs_Job_Shop = Abs_Jobber | Abs__Jobber

“AbBCTpaKkTHYI0 MacTepPCKyH’ MbI OyIeM HCIOJIb30BaTh KaK CIIe-
mudukammio MacTepekoii. Ilpomece “aberpakTHast MacTepekast’ mpe-
JICTaBJIIeT 1IOBEJeHUe MacTepCKoil 0e3 ydera jerajieil ee peasiu3a-
IHIH.

145



JTokaykeM COOTBETCTBHE MACTEPCKOil ee crenuuKaii, TO eCTh
HaJu4dre HaOII0IaeMOol KOHTPYIHITUI

Job_ShopgAbs_Job_Shop (6.2)

[Ipouecc Abs _Job_Shop siBisiercs napaJiie/ibHON KOMIO3UIEi
nByx mporeccoB Abs Jobber. B niesisx mpeoTBpalieHns KOJLTH3UH B
0003HAYEHUSX, MBI BHIOEPEM pa3IUUYHbIe HICHTHMDUKATOPHI s 060-
3HAYEHHST COCTOAHME 9TUX IporeccoB. IlycTh, Hampumep, 3TH 1Ipo-
IeCCHl UMEIOT BHU/I

rae 1 = 1, 2.
[lapannenpHasg KOMIIO3UINAS STUX MPOIECCOB UMEeT BU]

‘?

'’
out!
in?| |out! mn?| | out!

n?
Dy, Ay " D1, Dy
ut!

O

[IpuMenss K JaHHOMY TPOIECCY POy Py MUHUMUBAINNA OTHO-
CUTEJIbHO HADJII0/[aeMOH SKBUBAJIEHTHOCTH, MbI IOy YUM ITPOIECC

©‘ in? " in? 'Q .

out! out!

[Ipomecc Job_ Shop umeer 4 -4 -2 = 32 cocTosHUSI, U MbI He
IPUBOIMM €0 31eCh BBHIY €ro OOJBIIONR IpoOMO3IKOCTH. Ecan Mu-
HIMH3HPOBATEH 3TOT IIPOIECC OTHOCUTEIHLHO HAOII0IaeMOil IKBHBA-
JIEHTHOCTH, TO MOJIyYUTCH IPOIECC, U30MOPMHBINA HpOIeccy .
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DTO 03HAYALT, YTO UMEET MECTO COOTHOIIEHUE

Job_Shop ~ Abs_Job_Shop (6.4)
[Tocko/JIbKY M3 HaYaJIBHBIX COCTOSAHUI TTPOIECCOB

Job__Shop u Abs__Job_Shop

He BBIXOJUT péGep ¢ MeTKOi 7, To orciona u u3 (6.4) caempyer nckomoe
coornotenue (6.2)).

6.3 HekondankTHOE NCTOJIHb30BAHNE PECY-
pca

[IpenmooKuM, 9T0 UMeeTcss HeKOTopast (pupma, COTPYIHUKH KOTO-
poii 00beINMHEHBI B HECKOJIBKO TPYIIIL.

B 3panuu, roe paboraer (pupma, BbIJIeIEHA OJHA KOMHATA, KOTO-
PYIO KaxKJIast U3 IPYII MOXKET UCIOJIb30BATH JIJIsI TPOBEJICHU CBOUX
paboYnX COBEIIAHMIA.

[TpeamomokuM, 9T0 HEOOXOANMO 00ECITeYNTh HEKOH(MIUKTHOE HC-
0JIb30BAHUE ATONH KOMHATHI TPYINAMU. DTO 03HATAET, ITO KOT/Ia OJI-
Ha U3 I'PYII HPOBOJUT B KOMHATE COBEIaHue, JPYToi I'PYIIIe J0JI2K-
HO OBITH 3alPENIEHO IIPOBOIUTEH CBOE COBEIIaHUEe B 9TON KOMHATeE.

g pemrenug 9Toil 3a1a4n co3IaéTCs CIENUATILHBIN Ipolece —
AUCIeTYep.

Eciu kakas-ambo M3 rpyIm X04eT MPOBECTH COBEIaHue B dTOM
KOMHATe, OHA JOJKHA MOCJAATh JUCHeTYepy 3asBKY Ha IPEI0CTaB-
JICHHE el IIpaBa MOJIb30BaHUsI KOMHATON I IPOBEJIEHUs ITOrO CO-
BeIllaHus.

Korna auciierdep pasperaer Kakoii-jinbo Ipyliine HCI0JIb30BaTh
KOMHATY, OH TIOCBLIAET eif yBemoMIeHne 00 3TOM.

OKOHYMB CcOBeITaHme, TPYIIA JOJKHA COOOIMUTH 00 ITOM JIHC-
neTrdepy, 4ToObl JUCIIeTYep 3HAJ, 9TO KOMHATA CTaja CBOOOIHON n
JIOCTYIIHA, I APYTUX TPYIIIL.

Pacemorpum onncanmne paboThl yKa3aHHON CHCTEMBbI IIPU TOMOIIIH
TEOPUH IPOIECCOB.

[Tycrb wncao rpymn pasio n (n > 2).
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JIucnerdep MbI onuineM Kak mporiecc ¢ umenem D, rpadosoe
IpeJICTaBIeHIe KOTOPOTO COMEPIKUT It KaxK10ro ¢ = 1,...,n noj-
rpac

T.C.

D ~ Zreql-?. acg;!. rel;?. D
i=1

Heiictrust, Bxopsiue B Act(D), nMeroT CJeIyONuii CMBICI:

e req;? — MOJydYeHHE 3asBKH OT i-if TPYIIIBI

o

° acqi! — YBeJIOMJIeHHe {-if TPYIIIBI O TOM, ITO OHAa UMeeT IPaBO
110J1Ib30BaTbCd KOMHaTOI

e rel;? — mosydenue cooOIIEeHUs OT ¢-i IPYHIBI 00 0CBOOOK ICHUH
€10 KOMHATBI.

Omumem Tenepb NMOBe/IeHHe KayKI0W IPYIIITHI.
(Mt 6yieM ONUCHIBATE TOJIBKO B3AUMOIEHCTBHE IPYIII € JUCTIET-
4EePOM U € KOMHATOI, 1 He OyjemM KacarbCs npounx ux yHkiumii).
Mpur Oysem mpeacTaBasaTh

e HAUYaJI0 IPOBEJIEHUs COBEIAHUs B KOMHAaTe jaeiicTBuem start!,
n

® OKOHYAHHe COBEIIaHus - jgeficrBueM finish!.
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[ToBenenwue i-it TPYMILI MBI ONWITEM B Buje mporecca (G;, KOTO-
pBIil uMeeT cirejiyiolnee rpadoBoe mpeacTaBaeHue:

‘ rel;!

regq;!

g) acq;?

T.e. G; ~ regq;!. acg;?. start!. finish!. rel;!. G;.
CoBMecTHOe IoBeIeHre TUCIeTIepa U IPYIII MOKHO OMUCATH CJIe-
JIYIOIIHAM IIPOIECCOM:

Sys=(D|Gy]|...|Gn)\ L
rne L = {req;,acq;,rel; | i =1,...,n}.

[TorokoBwrit rpad cucrembl, cocrosdmieit U3 gucreTdepa U TPYIII
JUTs m = 2 TIOKa3aH Ha PHUCYHKe

start start

finish finish

[TokaxkeM Tenepb, 4TO aJArOPUTMbI pabOTHI JIUCIIETYEPA W TPYIII
JIeCTBUTETBHO 00eCednBalOT HEKOHMJINKTHBIA PEeXKUM HCIOJIb30-
BaHUgd KOMHATBI, KOTOPBIA 3aKa04YaeTcd B TOM, YTO IOCJe Hadala
MIPOBEJICHUsI COBEIIAHUS B KOMHATe KAKOU-IU060 rpynmoil (To ecThb
[OCJIe BBITIOJHEHHsI 9TOH TPYIoi AeficrBus start!) HuKakas Apyrast
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rpylia He MOXKeT HadaTh IPOBOJUTH B 3TOU KOMHATe CBOE COBe-
manue (T.e. TOXKe BBIIOJHUTH JelicTBue start!), 10 Tex mop nepsas
IpyIIa He 3aKOHYUT CBOE coBelianue (T.e. TToKa He GyJeT BBIIOJHEHO
neiicteue finish!).

Onpenennm mporecce Spec caeayronumM 00pa3oM:

@ start! Q

L {
finish!

T.e. Spec ~ start!. finish!. Spec.

Hanwnune HeKOHCbJH/IKTHOFO pexKnuMa UCITOJIb30BaHUAd KOMHATBI 9K-
BHBaJICHTHO MCTHHHOCTH COOTHOIICHUA

Sys ~ Spec (6.5)

DTO COOTHOIIIEHUE MOYKHO PACCMATPUBATH KaK TpeOOBaHHE K CHCTe-
Me, COCTOdIIeld 13 qucueryepa U rpylulil.

Hokarkem coornortenue (6.5)).

[Ipeobpazyem mporiece Sys, IPUMEHHB HECKOJIHKO Pa3 TEOPEMY O
PA3JIOKCHUN:

Sys ~
. acq;l. rel;?. DGy | ...

~ YT | ... |acg?. start. finish!. rel;!. G;| ... |\ L~
= Gy
. rel;?. D|Gq]| ...

~ Y77 | ... |startl. finishl. rel;!. G;| ... |\ L~
= | Gh
. rel;?. D|Gy]| ...

~ Y rr.start!. | ... | finishl.rell. Gi| ... |\ L~
= | Gh

~ Y r.r.start!. finishl. | ... |rel]l. G| ... |\ L~
=1 | Gy
. D|Gy| ...

~ Y r.r.start. finishl. 7. [ ... |G| ... |\ L=
= . |Gy

Sys

3

= > 7.71.start!. finish!. 7.5ys

s
I
—
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Bocmob30BaBIHCHL TOXKIECTBAMA

P+P~P u arPZaP
MOJIy9aeM OTCIOJIa, ITO
Sys = r.start). finish!. Sys
Paccmorpum reniepb ypaBHeHUe
X = r.start!. finish!. X (6.6)

Cormacuo teopeme [33] m3 maparpada [5.8| pemenne sToro ypas-
+
HEeHHUS ¢ TOYHOCTBIO 10 = eJIUHCTBEHHO.
Kak 0ObLIO mOKa3aHO BBIIIE, TPOIECC SYS sIBISETCS PEIeHUueM
+

YpaBHEHHA C TOYHOCTBIO 1O ~.

[Iponecc 7.Spec ToxKe dABseTcs pellleHHeM ypPaBHEHHUs c

+
TOYHOCTBIO 10 ~, TaK KaK

T.Spec ~ T.start!. finish!. Spec%

~ -
~ 1.startl. finish!l. (1.Spec)
Crie1oBaTeIbHO, MMEeT MeCTO COOTHOITeHNE
+
Sys =~ T.Spec

u3 Koroporo caeayer (6.5)).

6.4 IlnaHupoBHIUK
[Ipe/i110J102KuM, 4TO UMEETCs N HPOLECCOB
P,...,P, (6.7)

7 719 KazXKA0ro ¢ = 1,...,n cpean neficTBHil, KOTOphIe MOYKET BBI-
NOJHUTD P, ecTh JBa CIIyKeOHBIX JeificTBU:

e jeiicTBUE (v;7, KOTOPOE MPECTABIsIET OO0l CUrHAJ

P; navunaem pabomy (6.8)
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e JeiicTBue 3;7, KoTOpoe mpeacTaBsger co00i curHal

P; saxanwusaem pabomy (6.9)

MpuI mpejnosiaraeM, 9To BCe UMEHa

0517"'705717517"'7571 (610)

Pa3/JIMYHbL, U JJId KaxXKA0ro ¢ = 1,...,n uMeHa u3
names(Act(P;)) \ {a, Bi}

He COBHAJAIOT HU ¢ oHnM umereM u3 (6.10). O6o3HaunM MHOKECTBO

umén u3 (6.10) cumposom L.

g xaxkmaoro ¢ = 1,...,n geficTBUs U3 MHOXKECTBA

Act(Py) \ {au?, 37}

Ha3bIBaIOTCsI COOCTBEHHBIMU JecTBUAMUA Ipolecca .

[IpousBoabHas Tpacca KaxKIoro mpormecca P; MoxKeT cogepxKaTb
neiicTBUs ;7 U ;7 B JTI0O0OM KOJIHYECTBE U B JIIOOOM TOPSIKE.

Mpsbr xoTesim ObI €cO37aTh HOBBIH Tporecc P, B KOTOPOM BCe 1IpO-
neccol Py, ..., P, pabortajm 661 COBMECTHO, MIPUYEM 3Ta COBMECTHAS
paboTa JIo/IzKHA HMOIYMHATBCA onpeieéHnoMy pexkumy. Ilponecc P
JIOJIZKEH UMeTh BH/I,

P=(P|...|P,|Sch)\ L

rje mporecc Sch Ha3bIBaeTCd MIAHHPOBHIMKOM U IpeJHa3HavYeH
I 3aaHus TpebyeMoro pexkuma paboTsl mporeccoB Py, ..., P,.
[Ipomecce Sch momKeH BBIIOJIHATH TOJBKO JeHCTBHSA U3 MHOXKECTBA

{a1l, .. o), B, Bal} (6.11)
B cuny ompeenenus nporecca P, st Kaxkjgoro ¢ = 1,...,n

e KayKJ0€ HMCIoaHenue mporneccoMm P; € (6.7]) neiictus «;? nin
0;7 B cocTaBe nponecca P MoxKeT npon30iiTi TOJbKO OJHOBDE-
MEHHO C HMCIHOJITHEHHeM KOMIIJIEMEHTapHOI'O ,ZLefICTBI/IH mnpounec-
com Sch, n
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® UCIIOJIHEHUE STUX JeWCTBHUil OyaeT HEBUIANMO 3a IpeaeaMn
nporecca P.

[oBops HedopMaabHO, KaxKAbIil nporecc P, padboraiomuii B co-
craBse mporecca P, MOXKeT HavaTh WIH 3aKOHYUTH KaKOH-1nb0 ceamc
cBoeil paboTHI TOr A U TOJBKO TOTJIA, KOTJIAa IIAHUPOBIIHK Sch pas3-
DEIUT eMy 9TO C/IeJaTh.

Pexkum, KOTOpOMY J10JIZKHA TOIYUHATHCA padoTa 1nporeccoB P,
..., P, 3ak109aeTcd B CACAYIONUX JIBYX YCJIOBHSX.

1. Jlnga xkaxxkgoro ¢ = 1,...,n Ipou3BOJbHAg Tpacca mpoiecca b;,
paboTaroliero B cocrase nporecca P, 1o/izKHa UMeTh BH/I,

e TOYKH M300parkaloT cOOCTBEeHHBIE jeficTBug nporecca P,
T.e. (DYHKIIMOHUDPOBaHKE Tpoliecca FP; JOMXKHO TPEJICTaBIATh
co00ii 1oC/IeI0BATE/TLHOCTD CEAHCOB BHJIA

rae KaxKIblii ceaHc

® HadMHaeTCd C CUT'HaJla CKZ‘? O Ha4daJie CeaHCa

e Jajiee BBIIOJHSIIOTCS HEKOTOpPhie COOCTBEHHBIE IeHCTBUS
nporecca b

e 3aTeM MPOM3BOMUTCS CUTHAI ;7 O 3aBEpITEHUH CEaHCa,

® TIOCIE Wero mpomnece P; MOKeT TMPOU3BOIUTH HEKOTOPBIE
coOcTBeHHBIE JIeficTBUST (HAPUMED, CBsI3aHHbIE C TOArO-
TOBKOMH K CJIEJIYIONIEMY CEaHCY).

2. TIpomnecchr P; 101KHBI HAYHHATH HOBBIE CEAHCHI TOJIHKO 110 OUe-
peiu B MAKJIAYECKOM IOPSJIKE, T.e.

® CHavaJa MOZKeT HAa4YaThb CBOW IMEPBBIIT CEaHC TOJBKO IPO-
necc P

e IIOTOM MOYKeT HavaTh CBOil MepBHIil ceanc mporecc P
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e 3aTeM MOXKeT Ha4aTh CBOM MepBbIil ceanc mporece P,

® TI0CJEe ITOTO MOXKET HAYaTh CBOW BTOPOU CEaHC TPOIECC

Py
e 3aTeM MOXKeT HadaTb CBOIl BTOPOil ceaHC mporecc Py

® 1T T.JI.

Ormernm, 910 MBI He TpeOyem, 9To0bl KaxK bl mponecc P moxy4aan
paspelienue Ha9aTh CBOM k-i ceaHc TOJIBKO TOC/IE TOTO, KaK Ipebl-
Jyniaii nporecc P;_q 3aBepHiuT cBoii k-it ceanc. O iHaKO MBI TpebyeM,
9TOOBI KaxKIbIH Mpolece P; mojydaJ paspellenne HadaTh HOBBIH ce-
aHC, TOJIBKO €CJIM OH BBIIOJHUI JeficTBUe [3;7, CATHAJIH3UPYIOIIEE O
3aBEPIIEHUN CBOET'O IPEJIbIIYIIEI0 CEAHCa.

Ncnostnenne cobcTBeHHBIX AeficTBuil nporeccamu P; MoxKeT 1po-
U3BOJINTHCST B MTPOW3BOJIBHOM TOPSIJIKE, B TOM UUCJIE JOMYCKACTCST 1
B3auMOefiCTBIE MKy STHUMHU IPOIECCAMH BO BpeMs UX PabOTHI B
cocTape mporecca P.

Ornucanublii pezKuM MOYKHO PABHOCHIbHBIM 00PAa30M BBIPDA3HUTDH B
BHJIE CJICJIYIONIMX JIBYX YCJOBHUI Ha MPOU3BOJIBLHYIO TPACCY

tr € Tr(Sch)

B dopmynupoBKe 3TUX YCJI0BHI MBI OyJeM UCHOJAB30BATH CJIEIYIO-
mee 0003HAYCHUE: eCJIn

tre Tr(Sch) u M C Act

TO 3HaKOocoueTaHue tr ] M 0DO3HAYAET MOC/IeI0BATEIHLHOCTD JIeficTBIIA,
[IOJIYYaeMYIO U3 {r yIaJeHueM BCeX AeHCTBUN, He NPUHAJICKAIIAX

M.

VciioBusi, BbIparkaroliue OIMMCAHHBIA BBIIIE PEKUM, UMEIOT CJie-
AYIONA BU;

VireTr(Sch), Vi=1,....n (6.12)
tr | {ai,B:} — (az, Bil ! Bil el B! . ) )
Vtr € Tr(Sch)

] farony = (@1 oo aglanl o ! ) (6.13)
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JlaHHbIe YCJIOBUS MOYKHO BBIPA3UTh PABHOCHJILHBIM O00Pa3oM B
BH/IE YCJIOBHS HAJIMIHA HAOTI0IaeMOi SKBUBAJIEHTHOCTH MEZK/Iy HEKO-
TOPBIMH TIporeccaMu. IToOBI OIPeIeTUTh 3TH IPOIECCH, MBI BBEJIEM
BCIIOMOTaTeIbHbIE 0003HAYEHMNSI.

1. TlycTb ay . .. a, — HEKOTOpas MOC/AeI0BATEILHOCTH JeHCTBUI U3
Act. Torna 3nakocodeTaHue

(ay...a,)"

obo3HaYaeT mporecc, rpadoBoe MpeIcTaBJIeHne KOTOPOro HMe-
€T CJACeAYIOIUN BUJI;

a1 a2 an—1

2. Ilycrtb 3a1aHbI

e HEKOTOpbIil mporecc P, u

® HEKOTOPOe MHOZKECTBO jaeicTBuil
{ai,...,ax} C Act\ {7} (6.14)
SHakocoueTaHne
hide (P,aq, ..., a) (6.15)

0003HATAET IPOIECC
(Pl(a)"| ... [(a)") \ names({as, ..., ar})

[Ipomece (6.15)) MOxKHO paccMaTpuBaTH KaK MPOIECC, MOJTYIaeMBbIil
u3 P 3aMeHoit MeTOK mepexo/ioB: Bce METKHU MepexojioB B P, npuHai-
nexamue Muoxkecrsy (6.14), samensores na 7.

Ucnonn3ys BBeaénnbIe 0b03nauenus, ycaoue ((6.12) MOXKHO BbI-
pa3uTh CJAEAYIONUM 00pa30M: JId KazxKa0r0 i = 1,...n

SCh, 041!, ce ,Oéz‘_ll,OéH_l!, NP ,O{n!

hide
/81!7 s 7/8i—1!7/8i+1!7 SR 7671'

(6.16)
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Yeaosue ((6.13) MOKHO BBIPA3UTh CJAELYIONIAM 00pa30M:
hide (Sch, i, .., ) = (i, ... anl)? (6.17)

Herpyano 3aMeTuTh, 4TO CYIIECTBYET HECKOJIbKO ILJIAHUPOBIIH-
KOB, VJOBJIETBOPSIONINX JAHHBIM YCI0BUAM. Hampumep, TaHHBIM YCI0-
BUAM YAOBJIETBOPAIOT CACAYIONIAE IIJTAHUPOBITAKN:

o Sch = (aq! B1! ... ap! B
o Sch = (aq! ... ol Bi! ... BuD)*

OnHaKO TakuWe MJIAHWPOBIIUKU HAJATAIOT CJIUIIKOM YKECTKHE Orpa-
HUYEHHsT Ha paboTy mpomeccoB Py, ..., P,.

Hawm xoremoch 661, 9TOOBI MIAHUPOBIIHK JOMYCKAT MAKCAMATh-
HYI0 cBODO/Y B IOBeIeHnH 1iporieccos Py, ..., P, B cocTase nporecca
P. 910 o3nauaet, 9T0 ec/iu B KaKOH-TMO0 MOMEHT BpEMEHU

e Kakoii-yinbo mporecce P; nmeer HaMepeHre BhITIOJHUTD JIeHCTBIE
a€{a;?, 37}, m

® 3TO HaMepeHHe Iporecca P; He MPOTHBOPEYUT OMMUCAHHOMY BbI-
e pekKumMy

TO IUIAHHPOBIIUK HE T0J2KEeH OTKA3BIBATH Iporeccy P; B BO3MOXK-
HOCTH BBIIIOJIHUTH 9TO JAeficTBHE B TEKyIIHMii MOMEHT BPEMEHH, T.€.
cpeaun ﬂeﬁCTBHIU/I IIJIaHUPOBIIUKa, KOTOPbIe OH MO2KET BbIIIOJIHUTDH B
TeKYIUH MOMEHT BPEMEHH, JIOJKHO IPUCYTCTBOBATH JefcTBre G (He
dakT, 9TO UMEHHO 3TO JielicTBHE Oy/IeT BBITIOJHEHO B TEKYIIUH MO-
MEHT BPEMEHH, HO CpeIH BO3MOXKHBIX JIEHCTBUI OHO JOJIZKHO IIPH-
CYTCTBOBATH ).

CdopmynpoBarnoe Bbiine HeQOPMAJIbLHOE OMUCAHHE MAKCHMa-
JIbHOI CBODOO/BI B TOBE/IEHUN ILJIAHHPOBIIMKA MOYKHO (DOPMAaJIbHO
YTOYHUTH CJIEIYIONAM 00pa30M:

® KaKJOMY COCTOAHHMIO S ILUIAHMPOBIIUKA MOYKHO COIIOCTABHTH
metTky label(s), nverontyto Bum napsl (i, X) e

— i €{l,...,n}, i = HOMED TOTO HpOIECCa, KOTOPbIH HMeeT
IpaBO HaYaTh OYePeIHON CceaHC B TEKYIIUA MOMEHT Bpe-
MeHHn
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- X C{1,...,n}\ {i}, X = crmcok akTHBHBIX MPOIEC-
COB Ha TEKYIIUHi MOMEHT BpeMeHH (T.e. TAKUX MPOIIECCOB,

KOTOPBIe HAYaJIH OUePE/IHON Ceanc, HO MOKA ero He 3aKOH-
IIITH )

® HAYAJBLHOE COCTOsTHUE ILTAHMPOBINUKa nMeer Metky (1, ()
® MHOXKECTBO II€PEX0J0B COCTOUT U3

— 1ePEX0/I0B BUJA

re
x label(s) = (i, X)
x label(s') = (next(i), X U {i}), tae
Ndef | 141, ecsimi <n,u
next(i) :
1, ecan 1t ="n

— U Mepexo/ioB BHAA

e
x label(s) = (i, X),
« label(s') = (i, X \ {j}), upuuém j € X

CdopmynupoBantoe onucanue CBONCTB TPeOyeMOro IIaHuPOBIUKA
MOXKHO PacCcMaTpPUBATH KaK ero onpeJiejieHne:

® B KaUeCTBE MHOXKECTBA COCTOIHHUNA IIJTaHUPOBIIUKA MBI MOZKEM
B34Tb IPOCTO MHOZKECTBO IIap BHIa

{6, X) € {1,...m} x P({L....n}) | i ¢ X}
(T.e. KAyKJI0€ COCTOSHIE COBIAJIAET CO CBOEH MeTKOiH)

® 11 OIIpeJeJIUTh MHOXKECTBO IIEepeXoJ0B TaK, KaK OIIMCAaHO BLIIIIE.

O6o3HaYnM TaKoil ITAHKPOBIUK 3HAKOcoueTaHueM Schy.

Omnucanue MJIAHAPOBIIUKA Schy COIEPKUT CYIIECTBEHHBINA HE10-
CTATOK: Pa3Mep TAKOI'O OIMUCAHUS SKCIIOHEHIIHAILHO 3aBUCUT OT JHC-

J1a nporeccos (6.7), KOTOPbIME HyZKHO YIPABIATH (MUCJI0 COCTOSHU
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Schgy pasio n-2""1), uTo He M103B0JIAET GHICTPO MOJAUMUIUPOBATD Ta-
KOH IJIAHKPOBINHMK B TOM CJIy4ae, KOTIa MHOKEeCTBO mporeccos (6.7)
M3MeHseTCsl (HApUMep, K HeMy J0GABIISIOTCS HOBBIE TPONECCHI, HTH
YIAJISIIOTCS CTaphie).

Mubr MO)keM HCIIOTB30BaTh Schy TOJBKO KaK 3TAJIOH, C KOTOPBIM
MblI KaKIM-J100 cr1ocobomM Oy/1eM CpaBHUBATH JAPYTHe ILJIaHUPOBIIH-
KH.

s perieHus IOCTABJICHHOM 331241 MBI OIIPEJIEIUM JIPYTOil 111a-
HAPOBIIUK Sch. Mbl OyaeM onpeaensTh ero

® He MYyTEM ABHOTO ONMUCAHUSA COCTOAHUM U MEPEXO/IOB,

® A IMYTEM 3a/aHUA HEKOTOPOTO BBIPayKeHUsI, KOTOPOe ONpe e Is-
eT ero B TEPMHUHAX KOMIO3UIUHA TPOIECCOB JOCTATOYHO ITPO-
CTOTO BUJIA.

Jannoe onmcanue OyaeT JUIIEHO COOPMYIUPOBAHHOTO BHITIE HEIO-
CTaTKA.

B onucannn mranuposimuka Sch Mbl Oyj1eM UCIOIb30BATH HOBbIE
BCIIOMOTATE/IbHbIE UMEHA Y1, ..., V,. OO03HAYUM MHOYKECTBO ITHUX
nMEH cuMBOJIOM [

[Iponece Sch onpepesnsercs cJIegayOIMMAM 00PA30OM:

Sch ¥ (Start|Cy| ... |Cy)\T (6.18)
rae
o Start ™ 7! 0

e I Kaxkjaoro ¢ = 1,...,n npomecc C; uMeeT BUI

O——:0

X

'72? ’Yneact(i)!

O—*—0
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[Torokoserit Tpad mpomecca Sch B ciydae n = 4 uMeer Cjeayio-
WA BUI;

o m Ba
B o i o
72 V4
a2 V3 Bs
B a3

[TpuBeném HedopmabHOE MOsICHeHHE (DYHKITMOHUPOBAHUS ITPOIECCA
Sch.

Haszosém mpomneccer C1, . . ., C),, yIacTBYOIINE B OIIPe Ie/IeHAN IL1a-
HuposinuKa Sch, mukaepamu. [lukiep C; HaspiBaercsd

® BBIKJIIOYEHHBIM, €CJIM OH HAXOJIUTCS B CBOEM HAYAJIHHOM CO-
CTOSHUH, U

[ BKJ'IIO‘-IéHHBIM, €CJIN OH HaXO0AUTCAd HE B Ha4YaJbHOM COCTOA-
HHH.

[pomuecc Start Brirogaer nepsorii nuksiep C) U MOCIE 3TOTO ‘yMU-
paet”.

Kaxx it muksep C; orBedaeT 3a padory mporecca P;. [ukiep
G
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e BKIIOYACT caeaytomuit muKaep Ceqp(;) TOCHAE TOTO, KAK OH JaJ1
paspelrienue mnporneccy P; HadaTh odepeHoil ceanc padOThI, U

® BLIK/IIOUAETCS IMOCJe TOTO, KaK OH JaJI pa3pelreHne MpoIeccy
P, zakonuuTh 04epe/iHOI ceaHC pabOTHI.

Hoxkazkem, uro nporecc (6.18)) yaosaersopsier yemosmio (6.17))

(uposepky yeaoBus (6.16) Mbl omycrum).

Corstacuo onpezenennto uponecca (6.15), yeaosue (6.17) nveer

BHJL
(Sch | (Bi?) ] ... | (Ba?))\ B = (aq!l. ... anl)* (6.19)
e B =A{01,...,06.}

def
O6o3nauum Sch’ = nesas gactn (6.19)).
JTokaxkem, 4TO

Seh' Zr.ayl. ... apl. Scl (6.20)

y -~
Orcroga, mo CBOHCTBY €IHHCTBEHHOCTH (¢ TOYHOCTHIO JI0 R) PEIICHUs
yDaBHEHU

X = 1ol ..o X

OyJIeT CJIeJI0BATH COOTHOIICHHUE
+
Sch’ = (T aq! .. )

U3 KOTOPOTO, B CBOIO 04epeib, caeayer ((6.19)).

Mpr OyjieM npeodpa3oBLIBATE JEBYIO dacTh cooTHorenus ((6.20)
TakK, 9TOOBI MOJIYUYUIACH IIPaBasi dacTh 9TOr0 cooTHolmeHus. Jlis
910oro Mbl OyjeM uciojb30BaTh cBoiicrBa 8, 11 u 12 ouepanumii Ha
nponeccax, cdopmyupoanubie B naparpade [3.7 Hamomanm stu
CcBOHCTBA:

e P\ L=P, eciu LNnames(Act(P)) =)
o (P |P)\L=(P\L)|(P\L),ecmmn

LN names(Act(Py) N Act(Py)) =0
o (P\L))\Ly=P\ (L1 ULy)=(P\ L)\ Ly
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Hcnonb3yst JaHHBIEe CBONRCTBA, MOYKHO TPe0OPA30BATh JIEBYIO YaCTh
coornorrenus (6.20) ciaemyromum o6pazom.

Sch' =
= (Sch|[(B:7)* ] ... [ (B7))\ B =
_ ( ((Start|Cy| ... |C)\T)| )\B: (6.21)
[ (B12)" |- [ (Ba7)
= (Start|Cy| ... |CI)\T
riae
Ci = (Ci [ (B))\ {Bi}
BaMeTnM, 9To JJIs KaxKI0To ¢ = 1, ..., n WMeeT MecTO COOTHOTIe-
HIIe
C” Y7 il Ynewr)! Cf (6.22)

JeiicTBUTETBHO, TIO TeOpeMe O Pa3JIOKEeHUN

C( = ((71? ai ’Vneact( )' 62' C@) | (5l7>*) \ {Bz} ~

~ %7 06! Ynewt(i)!- T.Cf = npasast 4acthb (|6.22))

Hcnonb3yst manHOe 3aMeYaHne W TeOPeMY O Pa3JIOKeHUH, MemnouKy
paBencTs (6.21)) MOYKHO IIPOIOIKHUTD CJELYIONUM 0OPAZOM:

(Start|CL|Cy| ... |CH\T &

_l’_
=Start +
~Cy

~T. (0]agl. R CLICY ... |CI)\T =
=7 (o). RLCLCY] ... |CIH)\T ~

~Toarl (el CLICh| L | CNT A
Jr
(6.23)
Ly
~ 1. gl T (O | al. sl C”| OO\ ~ o~
~Tooagl o Toagl ool (O]l C;)\F%
Aroarl ol (CL] . |l CONT A
A1l ol (1Tl CL |l GO\ T ~
2oy
~Toogl el (ol ! O |CO)N\T
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Bripazkenue, moquépkuyToe burypHoit ckoOKoit B mocjejneit crpo-
Ke JJAHHOU TeMOYKHU, COBIAIAET C BhIpaKeHNeM B UYETBEPTOU CTPOKe
3TOHM MENOYKH, KOTOPOe, B CBOIO OUepeb, HAXOJAUTCS B OTHOIIEHUN

Jr
~ ¢ Sch'.

Mper mostyansin, 9TO TMOCTE Hee BhIpaykenue B mernodke ((6.23))

+ .
® HAXOOUTCA B OTHOINCHHHN ~ C IPAaBOU YaCTbIO COOTHOINECHUI

20, n

® C JpYyTroil CTOPOHBI, JaHHOE BhIpaXKeHNue HAXOIUTCI B OTHOIIIE-

+ "
HUU = C JIeBOI 4JacThio coorHornennd (16.20

Takum obpaszom, coornourenne (6.20) pokazano. B

YuraTeaio I[IPpEJOCTAaBJIACTCA B Ka4eCTBE YIIpaKHEHUA JOKA3aTb

e ucrtuHHOCTH ycsosus (6.16), u

e cootHornenne Sch =~ Schy.

YuraTtemto mpesaraeTcad caMOCTOATENBHO OMPEEUTh U JI0Ka-
3aTh KOPPEKTHOCTH IJIAHUPOBIIUKA, YIIPABJISIONIETO COBOKYTHOCTHIO
Py, ..., P, mpoIeccoB C MPUOPUTETAMHA, B KOTOPOI KaxKI0MY TPO-
neccy P; conocraBjieH HEKOTOPBHII NMPUOPHUTET, HPEJICTABILIONTNI
coboii ancao p; € [0,1], npuaém YF  p; = 1.

[LraHupOBIMKUK JTOJI?KEH PeaTu30BaTh TAKON peKuM padOThI IPO-
neccos Py, ..., P,, 1pu KoTOopoM

® I KayxKJI0To ¢ = 1,...,n J0Jd KOJUIeCTBA CeaHCOB, BBHITIOJ-
HEHHBIX MPOIEeccoM P, OTHOCHUTEJHHO ODIIEro KOJMYecTBa ce-
AaHCOB, BBHINOJHEHHBIX BCeMH IpoleccaMu Py, ..., P,, acuMnTo-
THUYECKU CTPEMUJIACH Obl K P;, IPU HEOI'DAHUYEHHOM YBe/InYe-
HUHW BpeMeHu paboThl nporeccoB Py, ..., P,, npudém

® JAHHBIA ITAHUPOBINKUK JOJIKEH 00eCIeINBATH MAKCUMATIHHY IO
cB0O0O1y DYHKIIMOHUPOBaHUS 1poteccoB Py, ..., P,.
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6.5 Cemadop

B stom mpumepe, Kak u B IpHMepe U3 IpeIblayInero maparpada,
IpeIIoaaraeTCsd, 9TO 3a/IaHbl 1 TTPOIECCOB

P,....P, (6.24)
OPUYEM I Kaxkaoro ¢ = 1,...,n nponecc P, nmeeT BUI
P = (Oéi? Qi1 ... Ak, 517)*
rje

e ;7 u f3;7 — ciy:keOHBIE IeHCTBHS, TPEICTABISIONINE CODOI CHUT-
HAJIBI O HaJaJjIe U O KOHIIE OYepPeTHOTO ceanca paboThl IIPOIecca,
P, n

® a;1,...,Q;;, — COOCTBeHHBIE HeficTBUS mporecca F.

Mp#br xoresn 6b1 co3maTh Takoit mpoiecc P, B KOTOPOM Bce TIPo-
neccol Py, ..., P, paboraysu 66l COBMECTHO, IPUYIEM 3Ta COBMECTHASI
paboTa J0KHA MOTINHATHCS CICAYIONIEMY PEKUMY:

® ¢CJIM B HEKOTOPBI MOMEHT BpPeMeHH KaKOH-TH00 13 IPOIECCOB
P, nagan odepesnoii ceanc cpoeii paboThl MCIOJHEHHEM JIeii-
CTBUS ;7

® TO 3TOT CeaHC J0JKeH ObITh HeMPEePBbIBAEMbIM, T.€. BCe II0-
cejyronue jaeficrus mnpoiecca P J10/KHbL ObITh JeficTBUSIMU
npornecca P, 1o Tex nop, noka P; He 3aBepIIuT 3TOT CEaHC.

Jlannoe TpeboBaHMe MOYKHO BBIPA3UTh B TEPMUHAX TPACC: KaXKIasd
Tpacca mporecca P 1o/KHa UMeTh BU/T

Oéi? A1 ... Qi 6@7 Oéj? a1 ... ajk]. 6@7 Ce

T.e. KaxKjas Tpacca tr mporecca P JIOJZKHA IIPEJACTaBIATh COOO
KOHKATEHAITHIO TPAcC

t?”l . t?"g . t?"g

KaxKJas U3 KOTOPBIX IPEJICTABIISET cO00 ceanc paboThl KAKOTro-1100
nporecca u3 (6.24)).
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Hckombrit iporiecc P MBI OmpeiesiiM CJIe LY FOIIIM 00Pa30oM:
Pi= (RA[A] || Palfa] | Sem )\ {m, o}

rIe

e Sem — mporecc, MpeTHAZHAYEHHBIH 718 33/ IaHUS TpebyeMoTro
pexkuma paborbl mporeccos Py, ..., P,, januabiii 1pomnecc Ha-
3pIBaeTCd ceMadOpoOM U UMeeT BH/I,

Sem = (wlpl)”

o fita—=m, B

Cnenundpukarmg npoiecca P upejcraBisercs CJIeyIIuM Co-
OTHOIIIEHUEM:

+
P = rtap....a1,- P +...+ (6.25)
+ T.ap1... g, P

JlokazaTenbCTBO TOTO, 9TO Tpolece P yIoBIeTBOpSeT TOH cIemu-
dpuKanum, MTPOU3BOIUTCA HPU IOMOIIH TEOPEMbBI O PA3IOXKEHUN:

P = (RA] ... | Balfa] | Sem ) \{m ¢} ~
7T?.a,11 ..... alkl.go?.Pl[fl] | . |

~ | m2.an1. ... Ak, 07 Polfn] | \ {m, o} ~
| wlopl. Sem

A1 ... alkl.go?.Pl[fl] ‘ . ’
~ .| | 7an..... gy 07 Pl fu] | |\ {m, 0}+

| pl. Sem

+...+

w? aig..... alkl.gp?.Pl [fl] ‘ ‘
i T Ak, 07 Polfn] | \ {m, p} ~

| ¢l. Sem

+

~ TGO Oy T P+ T g, T PR
+

%T.all....alkl.P +...—|—T.an1....ankn.P |

B zak/odenue oOpaTruM BHUMaHUe Ha cJjejayroluii Mmoment. Ha-
Jmane upedukca ‘7.7 B KaxKJIOM cJIaraéMoM B IpaBOil YacTH COOT-
HOIIICHHST 03HAYAET, YTO BHIOOD aJbTePHATHBLI B HAYAIbLHBII
MOMEHT (DYHKIMOHUPOBaHUs nporecca P onpejesnsercs
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® He B OKpYyZKaIIei cpeje mponecca P,
e a BHyTpH nporecca P.

Ecu 6561 3TOr0 npedukca He ObLIO, TO 3TO 0O3HAYAJIO OBI, YTO BHIOOD
AJIbTEpHATHUBbI B Ha4aJIbHbIA MOMEHT beHKI_[I/IOHI/IpOBaHI/IH muponecca
P onpenensiercsa okpyzKarorieii cpeoii mporecca P.
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I'maBa 7

IIpoiiecenl ¢ nepegaueii
COOOIIIeHM’IT

7.1 JleitictBuga c mepejadeii cooOIeHmit

Brenénnoe n usydenHoe B MPEABIAYIINX TJIABAX MOHSTHE MTPOIECCA
JIONYCKAET PasJmIHble 0000IIeHHSI.

Oano n3 Takux 0OOOIIEHUI 3aKII0YAeTCs B JTO0OABICHUH K JIeii-
cTBUSIM U3 Act HEKOTOPBIX TTAPAMETPOB, T.€. PACCMATPHUBAIOTCS Ta-
Kue Iponecchbl, Y KOTOPbIX BBIINIOJIHAEMbIC ,ZLGI'?'ICTBI/IH NMEIOT BH[

(a,p)

e a € Act, u p — mapamMerp, KOTOPBIii MOXKET UMEeTh, HAIPUMED
CJACYIONMAN CMBIC:

® CJOKHOCTD (HMJIH CTOMMOCTD) BBLIOJTHEHHS ACHCTBHS @

® [IPUOPUTET AEUCTBUA @ IO OTHOIICHUIO K APYIUM JeHCTBUAM
® MOMEHT BPEMEHU, B KOTOPBIA IIPOU3OILIO JEHCTBUE G

® JJINTEJILHOCTh AEHCTBUYI

® BEPOATHOCTDL COBEPIIeHUd TefCTBUIA a

® WM YTO-JTUO0 Jpyroe.
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B nacrosiieit rimaBe Mbl paccMaTpuBaeM OIWH U3 BaAPHAHTOB Ta-
KOT0 0000IeHnsI, KOTOPbIHA CBgA3aH ¢ gobaBjieHneM K JIeficTBUAM U3
Act mapaMeTpoB, IPeJICTABILIONINX cO00M COOOIEeHns, IepeIaBae-
MBbI€ MPU BBIIIOJHEHUN ITUX JTEeHCTBUM.

HamomuauMm, uro, corsacHo Halre#t mHedopMasbHO WHTEpIpeTa-
AN TOHATHSA JeHCTBAA,

® BLILOJIHEHUE [IPOLECCOM JAeHCTBUS BUAA (v ! 3aK/II09aeTC B 1Ie-
pejiadue JAPyromMy mnporeccy o0bekTa ¢ UMeHeM (v, 1

® BLINOJIHEHHE IPOIECCOM JeHCTBUS BUIA (v ! 3aKJII0YAETCI B I0-
JIVIEeHUH OT JIPYT'Oro HpoIecca o0beKTa C HMEeHEM .

O0600IuM JTaHHYI0O HHTEPIPETANNIO CJIeAyIoNuM obpazoMm. Byraem
CYUTATH, 9TO K 00bEKTaM, KOTOPBIMU OOMEHUBAIOTCS MPOIECCHI, MOXK-
HO J100aB/I4ThH COOOMIEHW, T.€. JIEHCTBUSA ITPOIECCOB MOI'YT UMETh
BUJ

alv u a?v (7.1)

rae o € Names, 1 v — cooDIIeHne, KOTOpoe MOyKeT IPeICTaBIATh
coboit

® UUCJIO,

® CUMBOJIBHYIO CTPOKY,

HaHKHOTY,
e MaTepUaJbHBbIA pecypc,
® 11 T.II.

Beimoass geiictBue Buga «lv mim o7 v, mpormece mepesaéT wian
OJIy4aeT BMeCTe ¢ OObEKTOM (v COODITEHUE V.

HamomuuM, 9T0 MOHATHE MEpeIaBaeMoro 0ObLeKTa, KaK W IOHS-
THS MPUEMA W MEPeIadu, MOIYT UMETh BUPTYAJbHBIH XapakTep (6o-
see oapobuo M. maparpad [2.3)).

g ¢popMaIbHOrO ONKUCAHUS HPOIECCOB, KOTOPHIE MOT'YT BBITIOJI-
HaTh geficreus Buga ([7.1]), Mbr 0606IMM HOHATHE TIPOTIECCA.
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7.2 BcrnomorarejJbHbIEe IOHATUA

7.2.1 Tunwl, nepeMeHHbIE, 3HAYEHNS W KOHCTAHTHI

Mpr OymeM mpeanosaraTb, UTO 3aJaHO MHOXKeCTBO Types THUIOB,
upuydém Kaxkjomy runy t € Types conocrapjieHo MHOXKeCTBO Dy 3Ha-
YeHuit Tuna t.

Tuner MmoryT obo3navarbest uaenTudukaropamu. ias Hanbosee
YaCTO HCIOJb3YEMbIX THUIIOB CYIIECTBYIOT OOIICIPUHATHIC WJICHTH-
dpuKaTOpHI, HALIpUMED,

e THUII IEJBIX Yrcesa 0003HauaeTcs int

e Tun Oysesbix 3nadenuii (0 u 1) obo3nazaercs bool
e TN “cHMBOJIBI’ 0OO3HadaeTcsd char

e TUIl “CHMBOJIbHBIE CTPOKH 00O3HadaeTcs string

Takyke Mbl Oy/ieM TPeIOIaraThb, 4TO 3aJaHbl CJAEAYIONNE MHO-
JKECTBA.

e MuoxkecTBo Var, saeMenThl KOTOPOro HA3BIBAIOTCS IepeMeH-
HBIMU, NPUYEM KaxKJI0H nepemMenuoil x € Var comocrap/ien
tun t(z) € Types.

Kaxknasg nepemennas x € Var MoxKeT IPpUHUMATh 3HAYEHUS
B MHOZKeCTBe Dy(;), T.e. B Pa3JMIHble MOMEHTHI BPEMEHH IIe-
PEMEHHAs & MOXKET OBITh CBA3aHA C PA3JTUIHBIME dJIeMEHTAMHE
MHOzKecTBa Dy(y).

e MuozxkectBo C'on, 3/1€eMeHTH KOTOPOI'0 Ha3bIBAIOTCsI KOHCTAH-
tamu. Kaxxmoit koncrante ¢ € C'on COIOCTaBIEHbBI

— tun t(c) € Types, u

— 3Hauenue [c] € Dy (), Ha3bIBa€MOE MHTEPIIPETATIAEN KOH-
CTaHTHI C.
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7.2.2 @OyHKINOHAJBHBIE CUMBOJIBI

MpbI G6yzem mpenmosiaraTh, 9TO 33JaH0 MHOXKECTBO (DYyHKIIMOHAJIE-
HbIX cuMBOJIOB (P C), npuuém kaxxgomy OC f comocTaBieHbl

o dyHkumoHanbHbIA TUn {(f) (HA3BIBaEMBIH HUXKE MPOCTO
THIIOM ), TIPEJICTABJISIIONIUIT COOON 3HAKOCOUETAHNE

(tr, ... tn) — t (7.2)
e ti,...,t,,t € Types, n
e YacTU4YHAs (pyHKIHS
1f]: Dy x ... x Dy, — Dy
HasbpiBaeMas mHTepnperarueit OC f.
Hanpuwmep, Huzke MbI OyeM paccMarpuBath cienyiorue OC:
+, —, -, head, tail, []
rie
e OC + u — umeroT THl
(int,int) — int

dbyukuun [+] u [—] opencrasasior coboil cooTBeTCTBYIOIINE
apudMeTuIecKe ornepann

e OC - umeer Tl
(string,string) — string

dbynkusa [-] conocrapisier ka0l nape cTpok (u,v) CTPOKY,
I0JIy9aeMYI0 [IPUIUCHIBAHKEM ¥ K U cpaBa (T.e. KOHKATEHA-
U0 U U V).

e OC head umeer Tun
string — char

dbyuknus [head] comocrapisier KaxKIoi HemycToil cTpoKe eé
EPBBIA CUMBOJI
(3navenue Gynknun [head] na mycroii cTpoke He onpe/ieseHo)
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e OC tail umeer Tun
string — string

dbynknus [tail] comocrapiaser kazx10ii HEMyCTO CTPOKE U CTPO-
KY, IOJYYIaeMyIo U3 U YAATCHHEM €6 MepBOTO CHMBOJIA
(3navenue dyukuuu [tail] Ha mycroii cTpoke He ompeeeHo)

e OC [] mmeer Tun
char — string

dbyukuums [ [ ] | comocrapiaser KaxkIoMy CHMBOJY CTPOKY, CO-
CTOSIIIY IO U3 OJHOTO 9TOr0 CUMBOJIA

e OC length umeer Tun
string — int

dbyuknusa [length] conocraBiaser kaxkmoit crpoke eé uHY
(T.e. KOJTMYECTBO CUMBOJIOB B 3TOH CTPOKE).

7.2.3 BripaxkeHud

BoIipaxkeHns cTposiTcd CTaHIAPTHBIM 00Pa30M U3 ePEMEeHHBIX, KOH-
crant n OC. Kaxnoe Boipazkenune e umeer tut t(e) € Types, onpe-
JeadeMblil CTPYKTYPOil 3TOI0 BblpasKeHud.

[TpaBusta mocTpoeHus BhIPaKeHU UMEIOT CJIeyomuii BUI.

o Karkjiag 1epeMeHHasi WM KOHCTAHTA SBJIAETCH BbIPaXKEHUEM
TOrO THUIIA, KOTOPLIHA COIIOCTABJICH TON IIePEeMEHHONA WU KOH-

CTaHTe.
e FEcin
— [ — ®C, umeromuii THI , u
— €1,...,€, — BBIPAXKCHUAA TUNOB {1, ...,T, COOTBETCTBEHHO
TO 3HaKOcOoueTanue f(eq,...,€,) ABIACTCS BbIDAKEHHEM THIIA
t.
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Ecim kaxkioit nmepemennoil x, BXojsdiieil B BbIpayKeHue e, COIo-
cTaBiieHo 3HaueHue £(X), TO BRIPAKEHUIO € MOXKHO COIOCTABATH 3HA-
Jenune, 0003HATAEMOE 3HAKOCOUeTAHEeM & (€), U OmpeieseMoe CTaH-
JIAPTHBIM 00Pa30M:

def
e ccon e = x (mepemennast), 1o £(e) = £(x)
(3navenue &(x) upeanosaraeTcs 3a/aHHbIM)

e ccan e = ¢ (koncranta), 1o &(e) < [(]

e ecm e = f(eq,...,e,), TO 3HaUeHHe &(€) BHIpAYKEHUS € Olpe-
JIEJICHO, €CJIH
— Bce 3uadenus £(ey), ..., E(e,) oupeaeaeHsl, n

— 3Havenne yHknun [f] onpeneneno wa crucke

(€(e), .-, &(en))

B 9TOM CJIydae
(&) € [f1E(er), .. Elen))

Hwurke MBI OyzeM MCIIOJIB30BATH CJeAyIONine 0003HATEeHWS.

e 3nakocoueranne Frpr o003HAYaeT COBOKYIIHOCTH BCEX BbIpa-
JKEHW.

e 3uakocoueranue F'm 0003HAYAET COBOKYIHOCTH TE€X BBIPAIKE-
HU#, KOTOpble UMET THUII bool.
Breipaxkenus uz F'm naspiBaiorcd poOpMyJIaMu.

[Ipu noctpoennu hopMys1 MOTYT HCIOJIB30BATHCH OOBIYHBIE Oy-
JeBckue CBsa3ku (A,V,— W T.J.), HHTepPIpeTHpyeMble CTaH-
JIAPTHBIM 00pa30M.

Cumpos T 00o3HAYaET TOXKIAECTBEHHO MCTHHHYIO (hOopMyIy, a
CUMBOJI | — TOXKJIECTBEHHO JIOXKHYIO (POPMYITY.

@opwmyasl Buga A(by, bs), V(b1,be), u T.0. MBI GyeM 3aMUChI-
BaThb B OoJiee NpUBBIYHOM BHIE by A by, by V by, 1 T.11.
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B HekoTopwix ciaydastx (hOpMyJIbl BUIA
biA...Ab, m b \V...Vb,

Oy/IyT 3aIMCHIBATHCA B BHJIE
b b
bn bn
COOTBETCTBEHHO.

e Boipaxenus suja +(e1,es), —(e1,e2) u (e, ez) Oyuyr 3amu-
ChbIBaThCd B H0J1€€ IPUBBITHOM BHJE €1 + €9, €1 — €9 U €1 - €.

e Brrpaxenus Buma head(e), tail(e), [ |(e), u length(e) GynyT
3aIUCBIBATBCS B BHJE €, €, [e] 1 |e| cooTBeTCTBEHHO.

e KocranTa, nHTEpIpeTanueii KOTopoil SBIsIeTCs IycTast CTPOKa,
Oy/ier 0003HaYATHCSI CUMBOJIOM €.

7.3 IlomsaTue mporiecca c nmepejaadeii cooo-
IeHnin

B srom naparpadpe Mbl H3/1araeM IHOHATHE IIPollecca ¢ Iepeadeit co-
obmmennii. JJaHHOe TOHATHE TOJYYaeTCs U3 UCXOJHOTO ITOHATHS IIPO-
necca, u3noxenuoro B naparpade 2.4 caemyromeit moauduxanueii.

e K umcsy KOMIIOHEHTOB IIpoIiecca 100aBIsIOTCs

— KoMmmoHeHTa X p, Ha3bIBaeMasd MHO2KECTBOM IE€PEMEH-
HBIX ITOTO NpoTecca, 1

— KOMITOHEHTa ]p7 Ha3bIBaeMad HaAYaJIbHBIM YCJIOBUEM.

e MeTku nepexojioB MpeJICTaBASIOT coDOil He JeficTBusd, a OTle-
paTopsI.

[Ipexke vem mznararh (popMaabHOE ONpE/Ie/IeHIE TOHATHSA TIPO-
necca ¢ nepejadeii coobennit, Mbl 00bICHUM CMBICJI BBIIIEIIEPEIUC-
JICHHBIX TOHATHH.

JI1s KpaTKoCTH, MBI OyIeM B 9TOH TJIaBe HA3bIBATH IIPOIECCHI ¢
nepejadeii coobiieHuii IpocTO MPOIECCAMM.
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7.3.1 MHo>kecTBO meEPEMEHHBIX ITPOIIECCA

MpgrI Oy1eM IpernoaaraTh, 9To ¢ KazKIbIM MPoIeccoM P ¢BS3aH0 MHO-

JKeCTBO MePEeMEeHHBIX
Xp CVar

B kazk1piii MOMeHT BpeMmeru ¢ paboTsl mpotecca P (i =0,1,2,...)
Kaz10i1 nepemennoii v € Xp conocrasieno 3Hadenne §;(r) € Dy,).
BHaLIeHI/IH IepeMeHHbIX MOI'YT U3MEHATHCA BO BpEM pa6OTbI mnpounec-
ca.

Os3HaumBaHUEM IIepeMEHHLIX U3 Xp HA3BIBACTCA IPOH3BOJIbL-
HBI HabOp ¢ 3HAYCHWIl, COIOCTABICHHBIX 3THM HEpeMeHHBIM, T.e.
KayKJi0oe O3HaYuBaHue & UMeeT BHL

§=1(2) € Do) | € Xp}

Takum obpazom, B KaxK/iblii MOMEHT BpeMeHH ¢ paboThl mporecca P
oTpejIesIeH0 HEKOTOPOe O3HaYUBaHue &; MepeMeHHbIxX u3 X p.
st kazkoro mporecca P 3unakocoueranne Eval(Xp) obo3nada-
€T COBOKYITHOCTH BCEBO3MOXKHBIX O3HAUYMBAHHUI epeMeHHbIX U3 X p.
Huxke mbl Oyjiem npejiosiararb, 4To Jijisl KaxkJloro mpoiecca P
BCe BBIPAKEHHUsI, OTHOCAIIIECS K mporeccy P, comepzKar mepeMeHHbIe
TOJBKO U3 MHOXKECTBa X p.

7.3.2 HauanabHoe ycJjioBue

JIpyroii HOBOIT KOMIIOHEHTOI nporiecca P garisercs dopmyia [p €
F'm, nazpiBaeMast HaYaJabHBIM ycJoBueM. /lannas Ghopmy/ia Bbi-
pazKaeT ycJIOBHe Ha O3HAUMBaHUe &, MepeMeHHBIX Iporecca P B Ha-
JAJIbHBIII MOMEHT er0 PabOTHI: &) JOIKHO YIOBIETBOPATH YCJIOBUIO

&o(lp) =1

7.3.3 OmneparTopsl

I'naBHOE OTIMYHE HOBOT'O onpegeJacHud MMOoHATHA IIpolecca OT CTapo-
I'0 3aKJIl049aeTCd B TOM, 9TO

® B CTApoOM OMNpeJe/IeHIH MeTKa KayKJ0TO Tepexoya sBJsIeTcs
aeficTBUEM, KOTOPOE COBEpPINaeT MPOIecC MPHU BHIMOJTHEHUN
9TOrO TMEpPexoia, a
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® B HOBOM ONPEJEJICHUN METKA KazKJ0TO TePexXo/ia ABJIgeTcd OIe-
paTopoM, KOTOPBIil IpejcTaBsgeT coboit cxeMy AelicTBus,
IPUOOPETAIONIYIO BUJI KOHKPETHOTO JeHCTBUS JIMIIL IPH KOH-
KPETHOM BBITIOJHEHUH 3TOrO OIEepPaTopa.

B onpeiesilenun MOHATHSI OEepaTOpa MbI OY/1€M HCIOJIb30BATH TO
JKe caMoe MHOXKecTBO INames, KOTopoe ObLIO BBEJIEHO B maparpade

O6o3naanm cumBosioM () MHOXKECTBO, 3/IEMEHTHI KOTOPOTO HA3bI-
BAIOTCS OMEPATOPAMU, U TOAPA3IEIIOTCS HA CJAEIYIONTHe TeThIDe
KJIACCA.

1. Omeparopbl BBOZA, KOTOPBIE LPEACTAB/ISIOT CODOOI 3HAKOCO-
YeTaHd BHOA
alx (7.3)
rne « € Namesu x € Var.
HeiictBre, coorBercrByiomee omneparopy ([7.3), BoimonnseTcs
IyTEéM BBOJA B IPOIECC 00bEKTA, KOTOPHIA HMeeT
® UM o, U
e JIOIOJIHUTEIBLHBIHM apaMeTp, MpeacTaBasaomui codoit co-

obIenue.

Brenénnoe coobieHne v 3anuChIBAETCs B IIEPEMEHHYIO T, T.e.
IOCJI€ UCHOJTHEHUSA JTAHHOTO AEeACTBUSA 3HAYEHWE IePEMEHHON X
CTAHOBUTCA PABHBIM V.

2. OmepaTopbl BBIBOAA, KOTOPLIE IPEICTABILIOT CODON 3HAKO-
COYCTaHHuAd BUIA

ale (7.4)
rae o € Names n e € Expr.
HeiictBre, coorBercTByiomiee omeparopy (7.4]), mcmonnsercs
IyTEM BBIBOJIA U3 IpOIecca 00beKTa, KOTOPLIi nMeer
® uMdA (o, U

e JIOIOJIHUTEJIBLHBIM apaMeTp, MpeacTaBasaomui codboit co-
obIenne BUJIA v, KOTOPOE PABHO 3HAUYECHHUIO BHIPAYKEHU €
Ha TEeKYIINX 3HAYCHUAX IIepEMEHHBIX IIPpoIecca.
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3. Omeparops IpucBanBauus (NepBbIil BUJ BHYTPEHHUX Ollepa-
TOPOB), KOTOPBIE MPEJICTABISIIOT COO0N 3HAKOCOUETAHNS BUIA

T = e (7.5)
re
e xcVar,n
e ¢ € Expr, upuuém t(e) = t(z)

Heiictsue, coorsercrsyomee oneparopy (7.5), mcmomnsercs
IIyTéM OOHOBJIEHMSI 3HAUEHUS HepeMeHHOH T: HOC/Ie HCIIOJIHEe-
HIS 9TOTO OIIePATOPA eé 3HAUECHIE CTAHOBUTCS PABHbBIM 3HAUE-
HIIO BBIPAsKeHNS € Ha TeKYIIUX 3HA4eHHAX HepeMeHHBIX IIPO-
necca P

4. Omeparopbl MPOBEPKU YCJOBHUS (BTOPOH BHJ BHYTDEHHWX
OIEPaTOPOB), KOTOPbIE TPEJICTABISIOT OO0 3HAKOCOUETAHMS
BHU/IA

b?
roe b € F'm.

[eiicTBue, COOTBETCTBYIONIEE TAKOMY OLEPATOPY, UCIOJTHIETCS
nyTEM BBIYUC/ICHUA 3HA4YeHus (DOPMYJIbl b Ha TEKYIUX 3HA4Ye-
HUGX MepeMeHHBIX Iporecca P, u

e ccau oHO paBHO (, TO BBITIOJTHEHUE BCETO JIEHCTBUY CUH-
TaeTCsl HEBO3MOYKHBIM,

® JIHAa4€e - BLIIIOJITHCHUE ,ZLefICTBI/IH CUYHUTaETCA 3aBep]l[éHHbIM.

7.3.4 OmnpenesieHue mmporiecca

ITpomeccom nasbiBaercd nusarépka P Buja
0
P = (XP,IP,SP,SP,RP) (76)
KOMITOHEHTBI KOTOPOA MMEIOT CJAEAYIONUA CMBICJI:

1. Xp — MHOXKECTBO IIepeMeHHBIX Ipolecca P
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2. Ip — dopmysia, HazbIBaeMasi HAYaJIbHBIM YCJIOBUEM IPOIEC-
ca P

3. Sp — MHOXKECTBO COCTOSHUIT mporecca P
4. s% € Sp -~ magasbHOE COCTOSIHME

5. Rp — IOIMHOXKECTBO BHAA
Rp C Sp x O X Sp
DJ1eMeHThl MHOKecTBa R p Ha3bIBAIOTCA MEPEXOIAMIZ.

Ecau nepexon u3 Rp umeer Bum (S1,0p, S2), To Mbl OyjeM 0060-
3HAYATh €ro 3HAKOCOYCTAHHEM

op
1 — 52

¥ T'OBOPUTH, UTO
® COCTOSHUWE S ABJAETCSI HAa4YaJIOM 3TOTO Mepexona,
® COCTOSIHUE So — €r0 KOHIIOM,
® 0OIEpPaTOp Op ABJAIETCTd METKOM 3TOr0 Iepexoa.

Takxke MbI Oyaem mpejrnosaraTb, 9YTo I KazKI0To nporecca P
MHOKECTBO €T0 ITepeMeHHBIX X p COMEePKUT CHEeNUATbHYIO TTepeMeH-
HYIO alp, MHOXKECTBOM 3HAUYEHHH KOTOPOH SIBJISETCI MHOMKECTBO Sp
cocrosHuii nponecca P.

7.3.5 @PYHKINOHMPOBAHME MPOIIECCA

O yHKIMOHUPOBAHME IIpoliecca P 3akmiodaercs B 00Xo1e MHOXKe-
CTBA €ro COCTOAHUI (HAYMHAS ¢ HAYAJBLHOTO COCTOAHUA S5), ¢ BBI-
IIOJIHEHHEM OIIePaTOPOB, ABJIAIOINUXCA METKAaMU IIPOXOAHUMBIX II€pe-
XOHOB.

BoJtee noipodbno: Ha KaxKja0oM mare (pyHKInoHupoBanus ¢ > 0

® IIPOHECC HAXOAUTCA B HEKOTOPOM COCTOAHHUHU S;

(s0 = sp)
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® OIpeJeJIeHO HEKOTOPOE O3HAUYNBAHKE §; IIEPEMEHHBIX POIecca
P
(&o(Ip) momKHO GBITH PAaBHO 1)

® eCJiM eCTb XOTd Obl OJIUH Iepexoj u3 Rp ¢ HAYAJIOM B S;, TO
IPOIECC

— HEJIETEPMUHHUPOBAHHO BHIOMPAET MEPeXoj1 ¢ HAYaJI0M B S,
TIOMeYeHHBI I TAKUM OIIEPATOPOM 0Op;, KOTOPBIH MOYKHO BBI-
TOJIHATH B TEKYIIUN{ MOMeHT BpeMeHH,

(ec/M TAKMX MEPEXOJ0B HET, TO MPOIECC BPEMEHHO NPH-
OCTaHaBJIMBAET CBOIO PabOTY JIO TONO MOMEHTa, KOT/Ia I0-
SIBUTCsT XOTsI OB OJTMH TAKOii Tepexo)

— BBITIOJIHSAET OMEPaTOp Op;, W MOCJIEe STOTO
— TePexXOIUuT B COCTOHHUE S;11, KOTOPOE SBJISETCS KOHIIOM

BBIOPAHHOTO IIEPEXO0/Ia

e ecin B Rp HeT mepexojioB ¢ HAYAJIOM B S;, TO IMPONECC 3aKaH-
qUBaeT CBOIO pabory.

Jna kaxporo ¢ > 0 o3nauunBanue &; 1 ONPeIeIAeTCS

® 110 O3HAYUBAHUIO &;, U

® 110 OIIEPATOPY OpP;, KOTOPBII UCIOJIHSAETCS Ha —M IHare (pyHK-
IHMOHUPOBaHUS nporecca P.

CBa3b MeXKTy O3HAUUBAHUAME &;, ;11 U OMEPATOPOM Op; UMeeT CJe-
AVIOIIAI BUJ:

1. ecqim op; = a7 x, ¥ UPH BHIIOJHEHUH TOrO OIEPATOPA B IIPO-
mmecc OBLIO BBEIEHO COODIIEHHE v, TO

§iyi(r) =0
Vy € Xp\{z,atp}  &i(y) = &(y)

2. ecan op; = ! e, TO IPH BBHIMOTHEHUH TOIO OIEPATOPA, IPOILIECC
BBIBOIUT COODIIEHIE

&i(e)

a 3Hadenus nepeMeHHblx u3 Xp \ {atp} He u3aMensOTCH:

Vo e Xp\{atp} &) = &(x)
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3. ecom op; = (z:=e), TO

iv1(w) = &ile)
Vo e Xp\{z,atp}  &Gi(z) = &(2)

4. ecom op; = b7 u &(b) =1, 10

Ve € Xp \ {atp} §ir1(z) = &i(x)

Mpr OymeM mpejanosaraTh, 4To JJid KaxKkjaoro ¢ > (0 3HadeHnue
mepeMeHHO’ at p TpU O3HAYUBAHUHU &; PABHO TOMY COCTOSHHUIO s € Sp,
B KOTOPOM IIpotiecc P HaxoauTcs B MOMEHT BPEMEHU 1, T.€.

o {olatp) = sp
o & (atp) = s1, T1Ie S; — KOHEII IEPBOTO MEPEXOa
e &(atp) = Sg, TAE Sy — KOHEIL BTOPOTO Hepexofia

® 1T T.I.

7.4 N300paxkeHne mMpoIeccoB B Bujie DJIOK-
cxeM

B 1e14X MOBBITIIEHUS HATJISIHOCTH, TTPOIECCHl UHOTIa N300paKaroT
B BUJIe DJIOK-CXEM.

OTMeTnM, 4TO g3BIK OJIOK-CXeM BO3HHK B IIPOrPAMMUPOBAHUU,
[JIe MCIIOJIb30BAHKME ITOrO SI3bIKA, O3BOJISET CYIIECTBEHHO 00JIeMIUTh
ONHUCaHKE U IIOHUMaHe (PYHKITMOHUPOBAHUS AJITOPUTMOB U IIPOTrDAMM.

7.4.1 Ilondgarue OGJIOK-CXEeMBbI

Biok-cxema mnpejacrapasger coboit OpueHTUPOBAHHBIN Tpad, KaxK-
JIOMY Y3JIy T KOTOPOI'O COLOCTaB/IeH OepaTop op(n) OJHOrO U3 Ie-
peUNCaAIeMbIX HAYKE BUJIOB.

Kazkplit y3esr n 0J10K-cxeMbl n300pazkaeTcd B BUJIE reoMeTpude-
cKoii purypsl (IpsIMOYTOJIbHIKA, OBaJIa WK Kpy2KodKa). Eciu op(n)
He sIBJISIETCSI OIepATOPOM BBIOOPA MJIM ONEPATOPOM COEJTUHEHUsI, TO
OH n300pazKaeTcsi BHyTPHU 3TO DUTyPHI.
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omepaTop HavaJja:

(7.7)

e Init — popmysia, HazbiBaeMas HAYAJIbHBIM YCJIOBUEM.

ollepaTop MPUCBANWBAHUS:

ri=e (78)
e
e v c Var,
e ¢ € Expr, upuuém t(e) = t(x)
OIIEpaTOp YCJOBHOIO IEepexoia:
(7.9)

rae b € F'm.
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OoIepaTop MOCHIJIKN COOOITIEHUS:

ale

rjie

(7.10)

e o — uMs (HApUMeED, UMsl TIPOIECCa, KOTOPOMY TTOCBLIAET-

cst coobenue), u

® C — BbIpazKeHue, 3HadeHneM KOTOPOT'O ABJACTCAd IIOCBhbLIaC-

Mo€e COODIIeHune.

orrepaTop MoJydeHus COOOIeHUs:

a’lx

rIe

(7.11)

e o — uMg (HampuMep, UMs IPOIECCa, OT KOTOPOrO MPHXO-

JUT COODIIEHNE), H

e I — MepeMeHHasd, B KOTOPYIO CJedyeT 3anncaTh Mmojydae-

MO€ COODIIeHHeE.
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oriepaTop BbIOOpa:

(7.12)

orrepaTop COeJIUHEHU:

(7.13)

Nuorna

® KDYKOUYeK, n300parkaloliuil orepaTop coeiMHeHus, He PU-
CYIOT,

® 11 TAKXKe He PUCYIOT KOHIIbI HEKOTOPBIX CTPEJIOK, BeTYIINX
B 9TOT ONepaTop

T.e., HalpuMmep, pparment OJIOK-CXeMbl BHJIA
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MOYKeT ObITh N300PaKEH CJIEIYIONIUM 00pa3oM:

omepaTop OCTAHOBKMU:

(7.14)

Buok-cxembr JOJIZKHBI YAOBJIETBOPATH CJIEAYIOIIUM YCJIOBUAM:

y3eq Buga ([7.7) MoxkeT OBITH TOJIBKO OJIHH

u3 y3s0B suaa (7.7), (7.8), (7.10), (7.11), (7.13)) BerxoauT TOIB-

KO OJHO Pebpo

u3 y3s108 Buja ((7.9) BBIXOAAT 0JHO min JBa pebpa, npuuém

— ecau u3 y3ua Buga ((7.9) BeIXoaUT 0/1HO pebpo, OHO UMeeT
MeTKy “+7, u

— ecan u3 y3ia suja (7.9)) BeIxomar aBa pebpa, TO OIHO U3
HUX UMeeT MeTKy “+”, a apyroe — Metrky “—"

B y3ubl B ((7.12)) BxoauT TOJIBKO 0HO peGpo

u3 y3710B Buja ((7.14]) He BBIXOAUT HHU OTHOTO pebpa

7.4.2 @OyHKINOHUPOBaHUE OJIOK-CXEMBbI

DOyHKIMOHUPOBAHUE OJIOK-CXEMBI IIPEJICTaB/sseT cobOil 1mocie s o-
BATEJILHOCTH IEPEX0J0B OT OJHOTO y3Ja K JIPyromMy mo pédpam, Ha-
qWHasg ¢ y371a ng BUJIA (HA3BIBAEMOTO HAYATBHBIM Y3JIOM), C
BBITIOJTHEHUEM OITEPATOPOB, COMOCTABIEHHBIX MPOXOANMbBIM y3JIaM.
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BoJtee noipobno: kazkibiii mar pyHkimonnposanus ¢ > (0 cBa3aH
€ HEKOTOPBIM Y3JIOM 7;, KOTOPBIIl Ha3bIBA€TCd TEKYIIIUM Y3JI0M, 1

® eCJIh N; He UMEeeT BU/I, , TO IIOCJIEe BBINIOJTHEHUS OIIepaTopa,
COOTBETCTBYIOIIErO Y3JIy N;, TPOUCXOIUT IepexoJi 1o pedpy,
BBIXOJIAIIEMY U3 N;, K CJEJIYIONIEMY Y3y N;41, KOTOPBIH Oyaer
TEeKYIIUM Y3J0M Ha CJeAYIONieM mare (pyHKITNOHUPOBAHUS

e ccom ke n; umeer Buj (7.14), To dbynknuonuposanue 610K~
CXeMBI 3aBePITACTCH.

Ob6oznaunm cuMBOIOM X COBOKYITHOCTBH BCEX TEPEMEHHBIX, BXO-
ngammx B 6s0k-cxemy. Ha kazkgom mrare ¢ dyHKunornposanust (i =
0,1,...) ka0l mepemenHoit € X comocrasieHo 3Hadenue & (z).
COBOKYITHOCTD 3HAYEHUN MEPEMEHHBIX

{&i(2) |z € X}

0b03HaTAETCA CUMBOJIOM &; M Ha3BIBAETCS O3HAYMBAHUEM II€PEMEH-
HBIX 13 X Ha —M mare pyHKIIMOHUPOBAHHUS OJIOK-CXeMbl. 3SHAYCHUS
[IEPEMEHHBIX B HAYAJbHBIII MOMEHT BPEMEHH JIOJI:KHBI YIOBJIETBO-
PSATh HAYAJTBHOMY YCJIOBHIO, T.€. JOJKHO OBITH BEPHO COOTHOIITEHHE

OrnepaTopbl BHIIOJIHAIOTCS CJISIYIOMUM 00Pa30oM.

e Omeparop ([7.8)

— BBIYWCASIET 3HAYEHWE BhIPAYKEHUsS € Ha TeKYIIeM O3HA9H-
BaHuu &; NMEepeMEHHBIX U3 X,

— 3aHOCHUT 3TO 3Ha4Y€HHE B II€PEMEHHYIO T

T.C.

fi+1<x) o i(e)
Vye X\ {z} &y ¥y

e Omepatop (|7.9) Boraucaser 3uadenne GopmMyasl b Ha TEKYIIEM
O3HAUMBAHUU &; MIEPEMEHHBIX U3 X,

— ecan &(b) = 1, TO IPOUCXOIUT TEPEXOM K CIAEIYIOMIEMY
y3J1y 110 pedbpy ¢ MeTKoit “+”,
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— HWHa4e -

* eCJIM U3 TeKYIIero y3J/1a BBIXOJAT JiBa pedpa, TO 1po-
HCXOJUT TEePeXo/] K CJeAyIoNneMy y3Iy Ho pedpy c
MeTKOM “—" u

% ecJIn U3 TeKYIIEero y3Ja BBIXOJUT OJHO pedpo, TO B
JMIAHHBII MOMEHT BDEMEHU BBITIOJTHEHUE OTIepaTopa, Co-
OTBETCTBYIIIETO TEKYIIEMY Y3J/1y, CAUTACTCA HEBO3MOZK-

HbBIM.

e Omepatop ([7.10) MOXKeT BBIIOTHATHCS B TEKYIIIIA MOMEHT Bpe-
MEHH TOJIBKO B TOM CJydae, KOTJa B 9TOT MOMEHT BPEMeHH
IPOILIECC MOKET MOCIATh O0BEKT ¢ HMEHEM (.

Eciin 970 BO3MOKHO, TO BBIIOJIHACTCA IIOCBLIKA
alé(e)

e Omneparop ([7.11]) MOKeT BBIMOTHATHCS B TEKYIIAIT MOMEHT Bpe-
MEHH TOJILKO B TOM CJIydae, KOLJa B 9TOT MOMEHT BPEMEHH
IIPOLECC MOYKET IPHHATH 00BbEKT C HMEHeM (.

Ecan 310 BO3MOXKHO, TO

— 3TOT OOBEKT MPUHUMAETCS,

— coolIenue v, coaepzKaiieecs B 3TOM 00beKTe, 3aIIUChIBa-
eTCsl B IEPEMEHHYIO T, T.€.

Siv1(x) o v
Vye X\ {y} &nly) ¥ &)

e Ecim rexymuii y3esn momeden omepatopoM (|7.12)), To

— u3 pébep, KOTOpbIE U3 HErO BBIXOJIAT, BLIOMpaeTcs pedpo,
BeJIyIlee B y3eJI, IOMEUYEHHBII TAKUM OTePaToOpoOM, KOTO-
DBl BO3MOXKHO BBITIOJTHUTH B TEKYIIHNA MOMEHT BpEMeHH,
u

— TIPOMCXO/IUT MePEXO B 3TOT y3e.

(ecsM TAKUX OTIEPATOPOB, KOTOPBIE BOSMOYKHO BBITIOJHHUTD B Te-
KYIIA{ MOMEHT BPEMEHHU, HECKOJIBKO, TO BHIOOD MPOU3BOIUTCS
HeJIeTePMUHUPOBAHHO )
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e Omeparop ([7.14) 3aBepraer GbyHKIMOHUPOBaHTE GJIO0K-CXEMBI.

7.4.3 IlocTpoeHue mpoiecca, onpeaeiaeMoro 6JI0K-
cxemMoi

AJITOpUTM TOCTPOEHHS IIPOIEecca 10 GJIOK-CXeMe UMEeET CJIeIyIONnii
BU/I.

1. Ha kaxkaom pebpe OJIOK-CXeMBI pUCYeTCsS TOYKA.
2. Hna

® KayKJ0ro y3saa N OJOK-CXeMbl, KOTODBIi HE MMeeT BHIA
[T12) won (T13),
o kaxJjioil napol Fi, Fy, pébep OJiOK-cxembl, Takux 410 Fj
BXOJUT B N, a Fh - BeIxouT u3 n
BBINIOJIHSAIOTCS CJIe/IYIOIINe JeHCTBHA:
(a) pucyercs cTpenka f, COeMHAIONIAS TOYKY Ha F) ¢ TOUKOi
Ha FQ,

(b) ma sroit cTpenke f pucyercs merka (f), ompenensemast
CJIEIYIONUAM 0OPA3OM:

i. ecau op(n) nmeer Bujx (7.8), To

()< (x:=¢)

ii. ecom op(n) umeer Bux ([7.9), u pebpo, BEIXOAsIIIECE U3
n, MOMEYEeHO CUMBOJIOM “+”, TO

(f) € b7

iii. ecam op(n) umeer Bux ([7.9), 1 pebpo, BeIXOsIICE U3

n, MOMeYEeHO CUMBOJIOM “—" TO

iv. ecau op(n) umeer Busx ([7.10) wm (7.11), To (f) cos-

najaer ¢ op(n).
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. Hna xaxxmoro y3mna n suga (7.12) u kaxaoro pebpa F, BbIxo-
JAIIEr0 U3 71, BBHIIOJHAIOTCS CICLYIONAC TeHCTBHL:

® CTpeJIKA, COOTBETCTBYIONIAd TOMY Y3Jy, B KOTOPBIA BXO-
muT F') 3amenseTcs Ha CTpenKy

— C TeM K€ KOHIIOM U C TOH K€ METKOI,

— HO ¢ HaYaJIOM — Ha pebpe, BXOJAIIEM B N

e TOoYKa Ha pebpe [’ yrangercs.

. Mt kazkmoro y3ma n suja ([7.13) u kaxkmoro pebpa F', Bxo/s-
IIETro B 1, BHIMOIHSAIOTCA CIeAYIOMNe AeiicTBAA:

® CTpeJiKa, COOTBETCTBYIONIAS TOMY Y3J1y, U3 KOTOPOI'O Bbi-
xonuT F', 3aMeHseTcsI Ha CTPEJIKY

— C TeM K€ HAYaJOM W C TOU K€ METKOMH,

— HO € KOHIIOM — Ha pebpe, BBIXOJALAIIEM U3 N

e TOUKa Ha pebpe I’ ynangercs.

CocTogHIAME HCKOMOTO nponecca ABJAIOTCA OCTaBIIHECd Ha-
PUCOBaHHBbIE TOYKH.

Hauasibnoe cocrognue s% onpejie/igercs ceLyionumM 06pa3oM.
e Eciau Touka, HapucoBaHHas Ha TOM pedOpe OJI0K-CXeMBb,
KOTOpO€ BBIXOJINT U3 €€ HAaYaJbHOIO y37a, He ObLIa yia-

JIeHa, TO 9Ta TOYKa dBJIA€TCHAd HavaJIbHbIM COCTOAHUEM 893.

e Ecym ke 3Ta TOYKa ObLIa yjaJjieHa, TO HETPY/IHO 3aMe-
THTH, 9TO TO MOTJIO HPOU3OUTU TOJHKO B TOM CJIyUae,
KOTJ/Ia KOHIIOM pebpa, BBIXOSAIIEr0 W3 HAYATHLHOTO Y3713
6.10K-cxeMbl, siBaisercs ysea n suga (7.13). B srom ciy-
YJae€ HaYaJbHBIM COCTOAHUEM S(])g ABJIdEeTCd TOYKa, HapHuCO-

BaHHas Ha pedpe, BHIXOJIAIIEM U3 N.

7. llepexoapl mporecca COOTBETCTBYIOT HAPUCOBAHHBIM CTPETKAM:

JJIS KaXKJI0M TaKoU CTPeJIKU f TPOIEecC COMEP:KUT IePexXo

o)

S1 S2

IJe S1 U Sp — HA4a/JI0 M KOHeIl CTPeJIKNA [ COOTBETCTBEHHO.
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8. MHoKecTBO 1epeMEeHHBIX TTPOIECCa COAEPIKUT
® BCe IlepeMeHHbIe, BXOJIAINe B KaKOH-/ 1100 U3 olepaTopoB
OJI0K-CXEMBI,
® A TaKykKe MEePEMEHHYIO alp.

9. HagampHoe yc/IOBHE HMpOIECCa COBIAIAET ¢ HAYATIBLHBIM YCJIO-
BueM Init OJIOK-CXEeMBbI.

7.5 Ilpumep mponecca ¢ nepejadeii cood-
ieHni

B srom maparpade Mbl paccCMOTPHM B Ka4decTBE MPUMepa IIPOIECe
((6y(bep77:

® CHaYaJla MBI OIIpEJC/JIUM I9TOT IIPpOHeCC B BUAEC 6J’IOK—CX€MBI, n

® 3aTeM MBI IIOCTPOUM II0 3TOH OJIOK-CXeMe IpeICcTaBIeHne Ipo-
necca “oOydep” B crangaprHoii popwme.

7.5.1 IlousaTue b6ydepa

[IycTh n — HEKOTOPOE TOJOKUTETHHOE TEJI0e THCIIO.

[Tox 0ydepom pazmepa n Mbl B 310M Haparpade Oyjem 1o-
HUMAaTh cucTeMy (Ha3biBaeMylo HuzKe mpocto 6ydepom), Koropast
00J1a/1aeT CJIeIYIONUMA CBOMCTBAMU.

e B Oydep MmoxkHO BBOIUTH cuMBOJbI. CHMBOJIBI, BBEIEHHBIE B
Ooydep, MOXKHO BBIBOJUTDH U3 Oydepa.

Eciu nekoTopshlit cuMBOJI ¢ BBeIEH B Oydep, TO Mbl Oy/1eM T0-
BOPHTb, YTO CHMBOJI ¢ comepkurcd B Oydepe (10 Tex mop
MOKA 9TOT CHMBOJI He Oyzer BbiBejieH u3 Oydepa).

B 6ydepe MoxeT 0THOBpEMEHHO COJIepKAThCs He HoJiee n CuM-
BOJIOB.
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e B karkplit MOMEHT BpEMEHH COBOKYITHOCTH CHMBOJIOB, COIEP-
Kamuxcst B oydepe, npejcrapisgeT coboit YIIOpsaI04eHHYIO 110-
CJe10BaTeIbHOCTD

Cly. ., Ch (0<k<n) (7.15)

KOTOpasi Ha3bIBaeTCs coaepKumbIM Oydepa. Hucio k na-
3BIBACTCsl PA3MEPOM COJIePKUMOT0 Oydepa.

Cnyuait k = 0 cooTBeTCTByeT CUTyaIuu, Korjaa B Oydepe He
COJIEPKUTCS HU OJHOI'O CHMBOJIA, B 3TOM CJydae Mbl Oyaem
rOBOPUTH, 4TO Oydep mycT.

e Dcyiu B rekyiuit MOMEHT BpeMeHu cojiepzkumoe 0ydepa nmeer
Bug (7.15), u k < n, To B Gydep MOKHO BBECTH IIPON3BO/IBHBIIL
CHUMBOJI €, ¥ TOCJIE BBITIOJHEHHUS 3TOH ONepPaIii COJMEePIKIMOE
Oydepa npumer BUI

Cly-y Ck, C

e Ecim B Texymuii MOMEHT BpeMeHH coepzKuMoe 0ydepa nmeer
Bug (7.15), u k > 0, To u3 Gydepa MOKHO BBIBECTH CHMBOIL,
PACIOJIOKEHHBI B HAa4Yaje ero CoJAepKuMoro (T.e. ¢p), mocJe
BBITIOJTHEHUS ITOIl omepanuu cojepkumoe dydepa mpumMer BH

Coy...,Ck
Takum obpazom, B Kax/Iblii MOMEHT BpeMeHHu cojepkumoe oyde-
pa npeacTaBiser coboil 0Uepesb CUMBOJIOB, TPUIEM

e KasKkJas ollepallus BBOJA CUMBOJA B Oydep mobaBiser BBOIH-
MBIl CUMBOJI B KOHeIl 9TOi o4yepenu, U

® KarKkJias oIlepallis BBIBOJA CUMBOJIA U3 Oydepa

— BBIBOJIUT U3 Oydrepa HEepBbIi 3JIEMEHT 3TOit ouepein, U

— yAaJIdeT 3TOT 3JIEeMEHT 13 O4Yepean

Oqepe):u/l, onepanmun C KOTOPBIMH BBITJIAAAT OIMCAHHBIM BBLIIIIE 06—
pasom, HazwiBalorcs odepeasavu tuna FIFO (First Input - First
Output).

188



7.5.2 IlpencraBiaenue moBesenus Oydepa B Bujie

OJIOK-CXEeMBbI

OHUM U3 BO3MOXKHBIX (DOPMAJIBHBIX YTOYHEHUH TOHATHS Oydepa
saBasgeTcd nponecc Buffer,, onncanue KOTOPOTo MPUBOJIUATCI B 3TOM
naparpade B Buje 0JI0K-cxeMbl. B 3TOM mporecce

e ollepalldd BBOJIA CUMBOJIA B Oydep mpejacTaBisgercsd JeiicTBUeM

¢ uMeneMm In, u

orepalus BbIBOJA CUMBOJA U3 Oydepa mnpejiacraBisercsd Jeii-
ctBueM ¢ numeHeM Out.

[Iponecc Buffer, mmeer ciemyioniue nepeMeHHbe:

[epeMeHHas N THIIA int, eé 3HaYeHne He H3MEHSIeTCsI, OHO PaB-
HO MaKCHMaJIbHOMY pa3Mepy Coaep:KumMoro oydepa

nepeMeHHas k Tuma int, eé 3HaUYEHHE PABHO pa3Mepy coiep-
KuUMOro Oydepa B TeKynuit MOMEHT BPEMEHU

nepeMeHHas ¢ Tula string, eé 3HaUeHHEe PABHO CONEPKUMOMY
Oydepa B Tyt MOMEHT BpeMEHU

nepeMeHHas [ Tuma char, B 3Ty nepeMeHHYIO OyIyT 3aIUCHI-
BaTbCd BBOJUMBIE CUMBOJIBI IPH BBHITIOJTHEHIH OIlePAIU BBOJA.

Biok-cxema, mpenacraBisonmas nponecc Buffer,, umeer ciefy-
oIl BuJ (MCIOIb3yeMble B 9TOI GJIOK-cxeMe 0003HAYEHUsT ObLIH

oupe/esens B naparpade [7.2.3):
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In? f Out! ¢
q:=q-[f] q:=q
—k=k+1 k=kFk—1+

7.5.3 IlpencraBienue moBegeHusda 0ydepa B Buje
mporecca

g moctpoenusa npotecca Buffer,, KOTOPBIIl COOTBETCTBYET OIpe-
JTeJIBHHOR BBITIIE OJI0K-CXeMe, Mbl HApUCYeM TOUKH Ha €€ péopax:

190



o I

Out! g
o N[ o NV

q:=q
o P
—k=k+1 k:=k—-1—

[Ipu mocTpoeHuu mporecca 1mo 1o OJ10K-cxemMe OYAyT yAaJIeHbl
touku A, G, H, K u N.
Vckowmprii mponiece Buffer, mveer ciemyromuit BuI;:
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ki=k+1 k=kFk—-1
20 (P
(k=n)?
q:=q-f] (k<n)? q:=q
(k <0)?
) © B
In?f (k>0)? Out! §

@ In? f @ Out! § @/

7.6 Omnepanum Ha Ipomeccax c mepegadeii
cooOIIeHnit

Omneparun Ha Tporeccax ¢ mnepegadeil cooOIIeHNIT AHAJIOTTIHBI OIIe-
palusgM Ha MPONEccaX B MCXOJHOM CMBICJIE JAHHOTO MOHSTHS (CM.

rJ1aBy .

7.6.1 IIpedukcHoe neiictBue

[IycTs 3amanbl iponiece P u omepaTop op.
[Iponecc op. P morydaercs u3 mporecca P pobaBienneM

® K MHOXKECTBY €ro COCTOAHUNA — HOBOTO COCTOSAHHUSA S, KOTOPOE
ABJIAETCH HAYAJIbHBIM B Op. P,

® K MHOZKCCTBY IICPEXOJ0B — HOBOTO IIEPEXOJa ¢ MEeTKOI op u3 s
B s%

® K MHOZKECTBY II€pEeMEHHBbIX — BCEX IIEPEeMCEHHbIX, BXOJAINNUX B
op.
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7.6.2 AnbTepHAaTUBHASA KOMMO3UIIUAS

[Iycts nponecest Py u Py TakoBbl, uto Sp, N Sp, = ().
Torma MoXKHO omnpenenuThb mporecc P, + P, Ha3LIBaeMblil aIb-
TEPHATUBHOUN KoMIto3umueii nporeccoB P u P:

® MHOYKECTBA €70 COCTOSHUHN, TTEPEeX0I0B, U HAYAJIbHOE COCTOSTHUE
ONIPEJIEJISIOTC TaK YKe, KaK OIPEeJIediOTCd COOTBETCTBYIOIHE
KOMITOHEHTHI niponiecca P, + P, B riiaBe

def
. XP1+P2 = XPl UXPz

def
b [P1+P2 = [Pl /\[PQ

Eciu ke Sp, N Sp, # (), To pns oupejpesenus npouecca P + Po
CHAYaJIa HAJ0 3aMEHUTb B P Te COCTOSHUS, KOTOPHIE BXOAAT TAKIKE
1 B P, Ha HOBBIE 3JIEMEHTHI, U MOJMUIIIPOBATH COOTBETCTBY IOIITUM
00pa3oM JIpyrue KOMIOHEHTH Ps.

7.6.3 IlapaJjuiesabHass KOMIIO3UIIAA

[Tycrs nponeccsr Py u Py Takosbl, uto Xp N Xp, = 0.
Tora MOXKHO onpeeuTh nponece P | Py, HaspiBaeMblil mapas-
JeJIbHOI KoMIo3uiueii mponeccop P u Ps:

® MHOYKECTBO €r0 COCTOSIHHUI M HAUaIbHOE COCTOSTHUE OTPeIeIs-
J0TCA TaK ¥Ke, KaK ONpeIedioTCs COOTBETCTBYIONIME KOMIIO-
HeHTHl Tporecca P | Py B riase

def
d XP1+P2 = XPI UXPz

def
® Ipip, = Ip Nl1p,

e MHOKECTBO MepexoJoB nporecca Py | Py onpenensiercs cey-
IOIIUM 0Opa30M:

— s

* KayKJI0ro Iepexoa Si s} mpomecca Pj, n

* KasKIOT'O COCTOSHHUS S Ipolecca Ps
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nporiecc Py | Py copep:KuT nepexos
(0]

(‘917 3) — (S/D 3)

— s

* KayKIOIo Iepexona So s, mportecca Py, n
* KayKJI0Oro COCTOSIHUS S mporiecca Py

uporiecc Py | Py copep:KuT nepexos
(s,50) — (s,5})

— /ISl KaXKJIOM maphl IepeXoI0B BUIA

op1

$1 s € Rp
op2
S — s, € Rp,
e
% OJIMH U3 OLEPATOPOB 0P, 0Py UMeeT B, v 7 X,
% a apyroit — ale, npuuém t(z) = t(e)
(nMst B 0GOMX ollepaTopax — OJIHO U TO ZKe)
npotiecc Pp | Py cofep:KuT mepexo

(s1,50) —— (s}, )

Ecan xe Xp, N Xp, # (), ro ans onpenesenus nponecca Py | Py
cHaJajIa HaJ0 3aMEHUTH B OJHOM M3 MPOIECCOB Te IIepEeMeHHbIe, KO-
TOpBIE BXOJAT TAKzKe M B JIPYIOii IPOIECC, Ha HOBBIE IIepEeMeHHBIE.

7.6.4 OrpaHundyeHue

[lycth 3amannt mponece P u nogmuoxecto L C Names.
OrpanungenueM P 1o L Ha3bIBaeTCs MPOIECC

P\L

KOTOPBI# mojiydaercd u3 P yJaJeHueM TexX Nepexo 0B, METKH KOTO-
PBIX colepzKaT UMeHa U3 L.
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7.6.5 IlepemmeHoBaHue

[IycTh 3amannr nponece P u dyukuusg f : Names — Names.
eiicTBue omepanun mepenmenoBanus [f| #a mpomece P 3akiio-
4aercd B U3MEHEHUH MMEH B MeTKAaX II€PeX0J0B: KAXKJ0e HMs (v B
KaKkoii-mnbo u3 3Tux MeToK 3aMensiercs Ha f(q).
[Monyuausiuiicst mpornecc obo3HavaeTcs 3Hakocoderanuem P[f].
Ecim f meficTByeT HETOXKIECTBEHHO JIMIIDb HA MMEHA M3 CIHCKA

Apy...,0p,
1 0TOOpaXKaeT UX B UMeHA

ﬁla"-vﬁn

COOTBETCTBEHHO, TO st P[f] Mbl GyJeM WHOrIA HCMOJIB30BATH IK-
BUBAJICHTHOE 0003HAYCHUE

P[Bl/@h cee 7ﬁn/an]

7.7 SOKBUBAJIEHTHOCTH IPOIECCOB

7.7.1 IloHdaTne KOHKpPETM3aIluu IIPOIIECCa

[Iycts P — npousBoJibHBII mpoiecc. OO03HAUYUM 3HAKOCOYETAHUEM
Conc(P) mponecc B HCXOIHOM CMBICJIE JAHHOTO TOHSATHsI (CM. mapa-
rpad , KOTOPBIIl Ha3bIBaeTCss KOHKpeTu3ammeit nporecca P, u
HMeeT CJIeIyIOIe KOMIIOHEHTHI.

1. Cocrosnusamu Conc(P) saBasorcs

e BCEBO3MOXKHBIE o3HauMBanusa u3 Fval(Xp),

® a TaKzKe JOIIOJIHUTE/JIbHOEe COCTOAHUEe 807 KOTOpOe dBJIdeT-

cst HagaabHBIM B Conc(P)

2. Hnsa

® KaykJIoro mepexojia Si So mporecca P, n

e kaxk[oro o3HaunBanus & € Fval(Xp), rakoro, 4ro

E(atp) = sy
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Conc(P) coepKuT mepexo/

§ —— ¢
ecin &' (atp) = Sg, M MMeEET MECTO OJUH W3 CJAEMYIONIAX CIIyda-
eB:
e —op=alr, a=«a?v, rae v — IPOU3BOJILHOE 3HAUE-
Hue u3 Dy,
- (@) =v, VyeXp\{zatp} {(y)=¢©)
o —op=ale, a=al(e)
— Vo e Xp\{atp}  {(z) =¢(@)
e —op=(x:=e€), a=T

— {(x) =£(e), VYye Xp\{zatp}  E(y)=¢&(y)
e —op=1>07 ¢Eb)=1, a=7
— Vo e Xp\ {atp} §'(x) = ¢()
3. Hna

e KkaxK0ro o3uauuBanus & € Fval(Xp), rakoro, 4ro
E(Ip) = 1

e 1 Kaxoro mepexona B Conc(P) suga § —— ¢’

Conc(P) conepxur nepexoy s° —— £
W3 onpenenenuit

e OHATHA (DYHKIMOHUPOBAHUSA IMPOIEcca C Iepejadeir coodie-

auit (cm. myHKT [7.3.5), n

® TOHATUS (PYHKIMOHUPOBAHUS TPOIECCA B MCXOTHOM CMBICJIE

(cM. mMyHKT

ciaeayer, 4To uMeeTcda B3aUMHO OJHO3HAYHOE COOTBETCTBHE MEXKIAY

® MHOXKECTBOM BCEX BapHaHTOB (DYHKIMOHHPOBAHUSI IIPOLECCA
P,u
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® MHOXKECTBOM BCEX BAPUAHTOB (DYHKIMOHUPOBAHUSA €TI0 KOHKPE-
tuzanun Conc(P).

Yuraresaio npejraraeTcsd caMOCTOATEIbHO UCC/Ie/I0BAThH IEePecTa-
HOBOYHOCTDH (yHKIuH C'onc ¢ omepanugaMu Ha MPOTECcax, T.e. YCTa-
HOBUTH UCTUHHOCTH WU JIOJKHOCTH COOTHOINIEHUH BHUIA

Conc(Py | Py) = Cone(Py) | Cone(Py)

7.7.2 IloHdaTne 3KBUBAJIECHTHOCTHU MHPOIIECCOB

Ha mmuoxkecTBe mnporeccoB ¢ nepegadeit cooOIEeHnit MOXKHO OIpejie-
JIITh Te K€ OTHOIIEeHHsS SKBHBAJEHTHOCTHU, KOTOPbIe MOXKHO OIIpe-
JEJUTh JIJIT TPOIECCOB B MCXOJHOM CMBICTIE JAHHOTO MOHSATHS (CM.
rjaaBy .

Mpbr 6yaem cumTaTh, 9TO JIFOOBIE JIBA NPOIECCa C Iepejgadeii co-

obmrenuit P, Py 110 omrpejie/ieHrIo0 HaXOAsITCA B TOM YK€ CaMOM OTHO-

_l’_
IIEHUY YKBUBAJEHTHOCTH (~, A2, =2, ...), B KOTOPOM HAaXOJSTCS UX

KOHKpeTu3aluuu, T.€.
P ~P < Conc(P)~ Conc(P), umru
Huraresio npeiaraercst CaMoCTosTe IbHO

® 1CC/IIOBATD CBA3D ONEPAMil HA IPOIECCax ¢ PA3JIUIHBIMA OT-
HOLTCHUAMHE SKBABAJICHTHOCTH, T.€. YCTAHOBATH CBOICTBA, AHA-
JIOTHYHbIE CBOHCTBAaM, M3JI02KeHHbIM B naparpadax [3.7]

.84 9.9

e chopmyIMpoBaTh U 0OOCHOBATH HEOOXOAUMbBIE U JJOCTATOYHbBIE

+
VCJIOBUSI 9KBUBAJIEHTHOCTH (A%, <2, ...) MPOIECCOB, HE HCIOJIb-
3YIOIe TOHATHE KOHKPETU3AIUH IIPOIECCA.
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7.8 Ilporecchl ¢ cocTaBHBIMHU OllepaTopa-
MM

7.8.1 MoTuBUpOBKaA IMOHATHS IPOIIECCa C COCTaB-
HBIMHI OIIEPATOPaMU

CI10KHOCTD 38240 aHAJII3a IIPOIECCa CYIIECTBEHHO 3aBUCHT OT pas3-
Mepa ero onucanust (B 9aCTHOCTH, OT KOJU4YecTBa cocrosuuii). ITo-
3TOMY Jijid nocTpoeHus 3M@PEKTUBHBIX AJATOPUTMOB aHAIN3a IPO-
[I€CCOB HEOOXOUM IMOUCK METOJIOB OHUYKEHUSA CJA0KHOCTH OIMUCAHUS
aHATM3UPYEMBbIX IpoleccoB. B 3ToMm maparpade Mbl paccMaTpuBaeM
OJIMH U3 TAKUX METOJIOB.

MbI 00001aeM HOHSTHE HPOIECCa, 10 HOHITH HPOIECCa, ¢ COCTAB-
HbiMu omeparopamu. COCTABHON omeparop SB/sIeTCs KOMOWHAIMeHR
HECKOJBKIUX OOBIYHBIX OMEPATOPOB. 3a CYET TOTO, ITO MbI OObeIu-
HseM II0CIeI0BATEIbHOCTh OOBIYHBIX OIIEPATOPOB B OJIMH COCTABHOM,
Yy HAC MOSBJISETCS BO3MOKHOCTH MCKJIIOYUTh U3 OMUCAHUSA IPOIECCa
T€ COCTOSHHUS, B KOTOPBIX OH HAXOIUTCS HA MPOMEXKYTOUHBIX ITArax
BBITOJTHEHHS ITOH MOCJEI0BATEIbHOCTH ONEPATOPOB.

Mpubi onpenesnisieM TMOHATHE PEAYKIIMU MPOIECCOB C COCTABHBIMU
olepaTopaMu, ¢ TAKUM PACIETOM, ITOOBI IIPH BHIIIOJTHEHHH PEeIyK-
IIUU IOy 9IAJICS MPOIIECC,

® UMEIONNIT MeHee CJIOYKHOE ONMHUCAHue, 1
® SKBUBAJICHTHBIN (B HEKOTOPOM CMBICJIE) HCXOHOMY IIPOIIECCY.

C HcnoJb30BaHAEM OMHCAHHBIX BBIINIEC MOHATHI 3alada aHaJIu3a
nponecCa MOzKeT peliaTbCd CJIeAyI0IuM O6p&30M.

1. Crmagaja MbI COIOCTABJIAEM HCXOAHOMY nporeccy P npouecc P’
¢ COCTAaBHBIMU OIePATOPaMU, B HEKOTOPOM CMBICJIE COBIIAIA0-
mwii ¢ P (ropopst HedbOpMaIbHO, MBI IPOCTO PACCMATPUBAEM
KaKJIblii omepaTop, BXoAAmuii B P, Kak cocTaBHOI omeparop).

2. 3areM Mbl pexynupyeMm P’, moiydas mpomecc P, ¢I0KHOCTD
KOTOpPOI'o MOXKeT 6bITb CyHIieCTBEHHO MeHbIIe CJO0ZKHOCTHU HC-
XOJTHOTO TIporecca P.
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3.

[Tocsie 9TOrO MBI BBINOJHAEM aHajan3 nporecca P”, u mo pe-
3yJIbTaTaM YTOT0 aHAIN3a MBI COCTABJISIEM 3aKII0UYEHHE O CBOM-
CcTBaX HCXOAHOI'O Iporecca P.

7.8.2 llondarme cocTaBHOIrO oreparopa

CocraBubiMm oneparopoMm (CO) HasbiBaeTcsi KOHETHAS TTOCJIEI0-
BaTebHOCTH Op OIepaTopoB

Op = (op1,...,0pn) (n>1) (7.16)

0bJ1aJa01ast CIeAyIONUMHA CBORCTBAMMU:

1.

Op1 SIBJISIETCS OTEPATOPOM HMPOBEPKH YCJIOBHSI,
dopmyiTy, BXOALAIILYIO B 3TOT Oneparop, Mbl OyaeM obo3HaYaThH
3HAKOCOYETAHHEM

cond (Op)

. OCJIeJIOBATEIBHOCTD (0p2, . . . , OPy)

® He COJEPIKUT OIePaTOPOB MPOBEPKU YCJAOBUS, U

® COJCP2KUT HE bosee OJHOI'O oIIepaToOpa BBOAa UJIN BBIBOAA.

[Iycts Op — mexoropsiit CO.

Op nassiaercss CO BBOgA (Wi BBIBOZA), €CJIH CPEJIN OTlepa-
TOpOB, BXOAAIuX B Op, ecTh onepaTop BBoja (WK BBIBOJA).

Op Ha3bIBaeTCd BHYTPEHHHM, €CJIH BCe OIIEepaTOPhI, BXOIsd-
e B Op — BHYTPEHHHE.

Ecnu Op asnsiercs CO BBOJA MJIM BBIBO/IA, TO 3HAKOCOUYETAHHE
name (Op)
obosHauaer umMsi, Bxoasmiee B Op.

Eciu £ — HEKOTOpOe O3HAYMBAHUE NMEPEMEHHbBIX, BXOJMAIINX B
cond (Op), 10 Mbl OyJeM ToBOpuTh, uT0 Op OTKPHIT HA &,
ecin

§(cond (Op)) =1
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7.8.3 Ilonarue nmpomecca ¢ CO

[lousitne mpomecca ¢ CO orTaudaercsd OT HMOHSTHS IIPOIECCA U3
maparpada TOJIBKO T€M, YTO METKH IepPeXOJ0B Y IMPOIeCcca ¢
CO npexcrapastior coboit CO.

7.8.4 ®dyuknmonupoBanue mporecca ¢ CO
Oyuknuonuposanue mpoiecca ¢ CO

® OIpeJesseTcsa MOYTH TaK Ke, KaK olnpeneasieTcsa (pyHKITHOHH-
poBaHme Ipolecca B maparpade u

® TOXKE TIpeJICTaB/sieT coDOI 00X0J MHOMKECTBA €ro COCTOSTHWMIA
(HauMHAS] ¢ HAYAJIBHOTO COCTOsHMUS), ¢ BhimoHenneM CO), siB-
JIAIOIIMXCS. METKAMHI TPOXOIMMBIX ITEPEXOJIOB.

[Iycrs P = (Xp, Ip, Sp, s%, Rp) - mponece ¢ CO.
Ha kaxjom mare dpyukiuonuponauus ¢ > ()

e 1pouecc P HaxoAuTcd B HEKOTOPOM COCTOAHUU §; (So = S%)

® OIpeJieIeHO HEKOTOPOe o3HauYuBaHue &; nepeMeHunx u3 Xp

(&Ip) =1, &latp) =s;)

® eCJIn eCTh XOTsi ObI OJIMH Iepexoj u3 Rp ¢ HAYAJIOM B S;, TO
MPOIECC

— HeJIeTepPMHUHHPOBAHHO BHIOMPAET IMEePexXo, ¢ HAYaJIOM B S;,
momedenublit TakuM CO Op;, KOTOpBIi 001a1aeT caery-
IOIIAMHI CBOMCTBAMMU:

*x Op; OTKPHIT Ha &;

% eCJIM CpeJy oneparoposn, Bxogdimux B Op;, €CcTh ole-
paTop BHIA
a?r nm ale

TO Tporecc P MOXKeT B TEKYIIHi MOMEHT BpEeMEHH
BBITIOJIHUTH JIefiCTBUE BUJIA

a?v mwm olv

COOTBETCTBCHHO

200



(ecaiM TAaKWX MEPEXOJ0B HET, TO MPOIECC BPEMEHHO TpH-
OCTaHABJINBAeT CBOIO pa0OTY J0 TOI'O MOMEHTa, KOTJa IMo-
SIBUTCsI XOTsI OBl OJIMH TAKO¥ Tepexo)

— BBITIOJTHSET TTOCJIEIOBATEIBHO BCE ONMEPATOPBI, BXOSIINAE
B Op;, I3MeHsIsl COOTBETCTBYIOMNM 00Pa30M TeKyIIee 03Ha-
YuBaHHUE IIOCJIE BBIIIOJIHEHUA KazKI0I'0 olepaTopa, BXOIAdd-
mero B Op;, U MOCJaE 3TOTO

— TePexXOJUT B COCTOSTHUE S;i1, KOTOPOE ABIFETCSI KOHIIOM

BBIOPAHHOTO TIEPexXo/ia

e ecsin B Rp HeT mepexojioB ¢ HAYAJIOM B S;, TO IPONECC 3aKaH-
qUBaeT CBOIO pabory.

7.8.5 Omneparuu Ha nporeccax ¢ CO

Omnpenenenns onepamuii Ha npomeccax ¢ CO modTH COBHAIAIT €
COOTBETCTBYIOIIUMU OnpeesienusivMu u3 naparpada(7.6, nosromy Mb
JIMTTh YKayKeM OTJIMYUsT B 9TUX ONPEIETeHUIX.

e B omnpenenenusx Bcex omepanuii Ha nporeccax ¢ CO BMecTo
onepatopos ydactByoT CO.

[ OHpe,ZLeﬂeHI/Ie onepanumn ’ oT/iIn4aeTcd TOJIbKO B TOM IIYHKTE, B
KOTOPOM OIPEJIeJIAI0TC “Auaronaabubie” nepexosnl. s mpo-
meccoB ¢ CO maHHBI MYHKT BBINISIINT CJIEIYIOMMM 00Pa30M:

JJISl KazK A0 mapbl epexo/ioB BUIA

Opy

$1 sy € Rp,
0
sy —2+~ s, € Rp,

rie ogud u3 CO Opy, Ops uMeeT BUL

(op1, ..., ops, X, OPis1, - -, OPy)
a JIpyrou —

(opl, ..., op, ale, opfyy, ..., opl,)

rIe
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= i) = t(e),

— IIOJIIOCJIeI0BaTCJIbHOCTH
/ /
(Opi+17 ) Opn) Ll (Opj+17 ) Opm>
MOTyT OBITH IIYCTBIMU

mporece Pj | Py COMEpKUT Mepexo

Op

(51732) (3/175/2)

rae Op uMeer BUI

(cond (Opy) A cond (Ops)) 7,

opa, ..., Op;,
oply, - -+, opj,
(z:=e),
OPit15 - -+ OPnp,
OPji1s -+ -5 ODp,

7.8.6 IIpeobGpa3oBaHUE NPOIECCOB C mepegadveii co-
ob1enmii B mporieccbl ¢ CO

Kazxxaprit mporiece ¢ nepegadeil coodIIeHni MOXKHO IIpeodpa3oBaTh B
nporecc ¢ CO myTéM 3aMeHbl METOK €ro MepexoJioB: s KayKJI0Io

mepexoaa
op
§1 — 82

ero MeTka op 3amensercs Ha CO Op, onpeneseMbrii CJIemayOIuM
obpazom.

e Eciu op — oneparop npoBepKHu yCJIOBHA, TO
Op < (op)
e [icyim op — oneparop npucBauBaHus, BBOJA UJIH BHIBOJA, TO
Op def (T?7,0p)
rae | — TOXK/JeCTBEHHO MCTUHHAsT (DOpMy.Ia.

g kaxKjoro mporecca ¢ nepegadeit coodmenuit P Ml Oygem
0003HAYATH COOTBETCTRYOMMIA eMy mporiece ¢ CO TeM Ke CUMBOJIOM

P.
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7.8.7 Kounkarenamusa CO

B sTom maparpade Mbl BBoguM InousTHe KOHKaTenamuu CO: g
HekoTopbix map CO (Opy, Opy) Mot onpegensem CO, obo3HaTAEMBIiH
3HAKOCOYETAHUEM

Op1 - Ops (7.17)

1 Ha3bIBaeMblit koukaTeHarnueit Op; u Op,.
CO (|7.17)) orpazkaeT niero moc/e10BaATeIHHOTO BBITOJIHEHHST OTIe-

paropos u3 Op; u Opy: B (7.17)

® CHAYA/IA BBIMOJHSIOTCS OTepaTophl, Bxoasmue B Opy,
® a 3aTeM - OmepaTophwl, Bxoadme B Op;.

HeobxoauMbiM ycJa0BUEM JIjId TOTO, 9TOOBI MOZKHO OBLIO OIIpejie-
JINTh KOHKATEHAIHIO , SIBJISIETCS YCJIOBUE TOTO, YTOOBI XOTSI OB
onun u3 CO Opy, Opy OBLIT BHYTPEHHUM.

Huke MBI OyIeM UCIOIB30BATH CJIEAYIONIHE 0003HAYCHHS.

1. Jlng KaxKaoro

e CO Op=(op1,...,0pn), 1

e omepaTopa NPHUCBAUBAHUS OpP

3HaKocodeTanue Op - op obozHavaer CO
(Opla <oy OPn,y Op) (718)

2. g kaxmoro

e suyTpernero CO Op = (opy,...,0p,), U

e oneparopa BBO/JA MM BBIBOJA OD
3Hakocoderanne Op - op obozuazaer CO ([7.18)
3. Jlng kax1oro

e CO Op=(op1,...,0p,),

e oleparopa IIPOBEPKHU yCJIOBHS op = b7

3nakocoderanue Op - op 0b6o3na4aeT 00BEKT, KOTOPHIi
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e b0 sBasierca CO,

e yibO He onpeseséH.

JlaHHBI 0OBEKT ONpeaesIsIeTcss PeKYPCUBHO CAeIYIONIM 00pa-
30M.

Ecau n =1, To
Op-op™ ((cond (Op) Nb)7)
HHAYe —

® eciii Op, — ONEepaTop MPUCBAUBAHUS BUIA (T 1= €), TO

def
OP o0p = ((0]91, s 7Opn—1> : Opn(op)) *OPn,
(*)

rjie

— opp(0p) — oueparop IPOBEPKU YCJIOBHS, 1OJLY YaeMblii
U3 Op 3aMEHOH BCeX BXOXKIAEHUI B Hero mnepeMeHHOR
T Ha BBIparKeHUE €

— ecan 00beKT (%) He ompesenén, To Op - op TOXKe He
OIIpeIeIeH

e ecyim op, — oneparop BbiBoja, To Op - op ectb CO

((op1, - .., 0pn—1) - OP) - 0Py (7.19)

® ecJu 0p, — OllepaTop BBOJAA, U UMeeT BUI o ! x, To Op - op

— He OUpeJeeH, eC/IH Op 3aBUCUT OT T

— pasen CO (7.19), B nporuBHOM CJIyUae.

Tenepb MOKHO chOpMyIUPOBATEH onpeieenne Konkarenamuun CO.
[lycte 3amansr qBa CO Opy, Ops, mpuaém Op, UMeeT BU

Op? = (01717 cee 70pn)

Mp#r Oymem roBOpuTh, 4TO ompeaejeHa koukareHanusd CO Op, n
Ops, eciiu BBIIIOJHEHBI CAeAYIOIINEe YCIOBUS:

e xots 061 ojun w3 CO Opy, Opy siBisieTCsT BHYTPEHHUM
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® OIpejiesIeHbl BCe 00bEKTHl B CKOOKaX B BBIPAYKEHWH
(...((Opy - op1) - 0p2) - ...) - Opp (7.20)

Ecau stu yeaoBus BeinosiHensl, 70 kKoukareHanueit Op; u Opy HA3BI-
Baerca CO
Op1 - Opy

KOTODbIii paBeH 3HaUeHnO Bbipazkenus (|7.20)).

7.8.8 Penykiua npomeccoB ¢ CO

[lycrs P - mpomnece ¢ CO.
Penyxkmms upornecca P upejicrasiisier coOoil 110C/1€/[0BaTEIbHOCTD

P:PU 'Pl > ... 'Pn (721)

peodPaA30BAHMIT ITOTO MPOIECCa, KayK/10€e U3 KOTOPBIX MPOM3BOINT-
cs COTJIACHO KAKOMY-JTHOO M3 M3/1araeMbIX HUzKe IMpaBmI. Kazkmoe n3
9TUX Ipeobpa3oBanuii (KpoMe TEePBOTo) MPOU3BOIUTCS HAJ PE3Y/Ib-
TATOM IPEIbIIYIIEero Ipeodpa3oBaHNs.

PesyabraTom penykmun ((7.21f) sBiserca pe3yabrar HOCIeIHEr0
u3 npeobpazosanuit (T.e. mporecc F,).

[Tpapmia peayKIuu UMEIT CJAeIYIOIINii BHUIL.

IIpaBuso 1 (koHKaTeHAUS).
[Iycts s — HEKOTOpOE cocTosgHme mporecca ¢ CO, KoTopoe He
ABJIACTCA HaYaJIbHBIM, 1

® COBOKYIIHOCTDb BCE€X IIE€PEXOJ0B 3TOI'0O IIPOoIeCCa C KOHIIOM
S UMeeT BHUJ

Opy Opn,

S —> 8, ... ,S8, ——§

® COBOKYITHOCTH BCEX IMEepexoJ0B 3TOT0 IpoIecCa ¢ HaYaJIOM
S uMeeT BUJ

Op, Op!
s —Plw g, s —Pme gl
/ !/
o s {s1,...,8n,8),...,8.}
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® I KaXKJa0ro ¢ = 1,...,n u Kaxxjaoro 7 = 1,...,m ompe-
JleJieHa KOHKATeHAIUs

Op; - Op;
Toraa JaHHbBI TPOLIECC MOYKHO IIpeobpa3oBaTh B IPOLECE,

® COCTOAHUAMHU KOTOPOI'O ABJIAIOTCA COCTOAHUA MCXOJHOI'O
uponecca, 3a UCKJIIOYCHUEM S

® IIepex0oJaMU KOTOPOT'O SIBJISIOTCS
— Te MepeXoabl HCXOIHOTO MPoIlecca, HauaIoM I KOH-
IOM KOTOPBIX HE ABJIAETCA S,
— a TaKxke IepeXoIbl BUIA
S; 4’01%01); s"
JJd Kaxkaoro ¢ = 1,...,n u Kaxjgoro j =1,...,m
e — HAYAJbHOE COCTOSHHE KOTOPOIO, a TaKxKe
— MHOXKECTBO IIePEeMCHHLIX, U
— HavaJbHOE YCJIOBUE

COBIIaJal0T C COOTBETCTBYIOINIMMHU KOMIIOHEHTaMH HCXO/-
HOIr'o 1mporecca.

ITpaBumo 2 (ckieiika).
[Iycte P — npornecce ¢ CO, KOTOPBIN COMEPKUT JIBa IEPexojia ¢
OOIIIUM HAYAJIOM U OOIMHUM KOHIIOM
o op'
S1 —r, S9, S1 2, S9 (722)
OPUIEM METKH ITHX IT€PEXOI0B Pa3INIalOTCsd TOJIbKO B IIEPBOi
kommonente, T.e. Op u Op’ umeror Bu

Op = (op1,0ps, ..., 0py)
Op/ = (Op/b opa, ... >Opn)

[IpaBmio 2 3akiodaercsa B 3aMene mapbl nepexonos ((7.22) na
OJIMH NepexoJ], BUIA

S1 4»]) S92

riae Op = ((cond (Op) V cond (Op')) 7, 0pa, . .., 0p,)
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IIpaBuso 3 (yzajieHne HeCyIIeCTBEHHBIX IPUCBANBAHUIA).
[Iycts P — mekotopsrii mpornecc ¢ CO.

O6o3naunm 3uHaKocodeTanueM op(P) cOBOKYMHOCTD BCEX OIle-
PaTOPOB, BXOAAIIUX B Kakoii-1n6o n3 CO nponecca P.

Bynem HaspiBaTh nepeMeHHYIO T € Xp HECYHIECTBEHHOI,
ecJTu
e 1 He BXOJUT HU B OJWH W3

— OIIEPaTOPOB IIPOBEPKHU YCJOBUS, U

— oHepaTopoB BLIBOJA,
u3 op(P)

® eC/I T BXOAUT B MPABYI YaCTh KAKOTO-THOO OMepaTropa
upucBauBanus u3 op(P) Buma (y := e€), T0 mepemMeHHas y
— HECYIIeCTBEHHA.

[IpaBuio 3 3akao4daercs B yaaiaenun u3 Bcex CO peaynupye-
MOTO TIPOIecca OMepaTopoB MpUCBanBaHus BuIa (T := €), rje
nepeMeHHast T — HECYIIeCTBeHHas.

7.8.9 Ilpumep peaykiuun

PaccMorpuM B KadecTBe npuMepa peayKimio mponecca Buffer,, (rpa-

dboBoe mpecTaBeHne KOTOPOro npuseeHo B maparpade [7.5.3)).
Huxe mMbl Oy/1eM HCIOIB30BATD Clle/IyIOIIee COlVIAIIeHAe:

e ecu B CO Op
cond (Op) =T

TO HepBbli onepaTop B TakoM CO MBI nucaTh He 0yaem

e omnepartopsl, Bxogsgmme B CO, MOKHO pacmoJararb He TOJTBKO
10 TOPU30HTAJIN, HO U 110 BEPTUKAJIN

® CKOOKH, B KOTOPBIE 3AKIIOUEHA MOC/IEI0BATETHHOCTH OMEPATO-
poB, n3 KoTopbix cocront CO, MOXKHO OMyCKaTh.

Ucxomubiii iporiece Buffer, umeer coaemyiommii Bu:
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ki=k+1 k=kFk—-1
20 (P
(k=n)?
q:=q-f] (k<n)? q:=q
(k <0)?
) © B
In?f (k>0)? Out! §

@ In? f @ Out! § @/

[lepBblil mar pejyKinun 3aK/I04aercs B yjanenun cocrosuust C
(mpumensiercs npasusio 1 s s = O):

In? f Out! g

@ In? f @ Out! § {M)/
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[Mockosibky 1 > 0, 1o dbopmyny (k < n) A (k < 0) B MeTke
nepexona u3 B B D MOXKHO 3aMEHUTHL Ha PABHOCHILHYIO (DOPMYJIY
k<O0.

Bropoit u Tperuit maru peaykiuu — yaanaenue cocroguuit O u P:

[
~
|
—

In? f

\CL), In? f KF\ Out! g ,@/

N

YersépThlil U MATHI MATY PEAYyKIUU — yAajenue coctogauuii D
n E:
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(k>mn)?
Out! g

0<k<n)?

@ In? f @ Out! g @/

[TlecToit mar peayKiuu — yaajeHne COCTOsiHuS F':

-
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CeibMOiT 1 BOCHBMOiT TIIATH PEIyKITNU — ITPUMEHEeHIe TTPaBIIa 2 K
nepexogaMm Buja B — L u B — M. B moayausmemcs mporecce Mbl
3aMeHsIeM

e dhopmyry (0 < k <n)V (k <0)— Ha paBHOCHIBHYIO €ii (op-
myay (k< n)

e dbopmyny (0 < k < n)V (k > n) — Ha PaBHOCHJIBbHYIO eil
opwyay (k > 0)

I

=~
|

—

JleBatuiit u gecATbIil Maru peayKIuu — yIaaeHue cocTodannit L u
M. B pe3yabrare Mbl TIOJIy9aeM He PeaylupyeMblil Jajee mpoIece ¢
CO ¢ OHUM COCTOSIHHEM:

(k<n)? (k>0)7

In?f Out! §

q:=q-[f] q:=dq (7.23)
E=Fk+1 Ei=k—1
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7.8.10 Tlomsarue koHKpeTu3amuu npoiiecca ¢ CO

s nporeccoB ¢ CO MOXKHO ONpeIeTUTh MOHATHE KOHKPETU3AIINH,
AHAJTOTUIHO TOMY, KaK 3TO OBLIO CAEJTAHO sl OOBITHBIX MPOTECCOB
¢ nepejaveii coobiennii B maparpade

Mg xkazxmoro mponecca ¢ CO P 3nakocoueranne Conc(P) 060-
3HAYAET MPOIECC B MCXOTHOM CMbIC/Ie JAHHOTO HOHATHs (CM. mapa-
rpad , KOTOPBIIl Ha3bIBaeTcsd KOHKpeTusaruei mpoiecca P, u
UMeeT CJIeTYIONne KOMIOHEHTHI.

1. Cocrostauamu Conc(P) apasiorcs

® BCEBO3MOKHBIE o3HadMBaHua u3 Fval(Xp),

® a TaKiKe JOIIOJIHUTEe/JLHOEe COCTOAHUC 80, KOTOpOE ABJIdeT-

cst HagaabHbiM B Cone(P)

2. Hnsa

® KayKJIOTO Mepexosa Si sy Tpomecca P, n

e kakj0ro o3uavdmBanud £ € Eval(Xp), Takoro, 4To
— &(atp) = s1, u
— Op oTKpHIT HA &

Conc(P) coepxKur 1nepexo

£ —— ¢

eciin &' (atp) = Sy, U UMEET MECTO OJUH U3 CJIEYIONIUX CJIyYda-
€B:

(a) Op — BHYTpeHHUil, a = T, U UMEET MeCTO COOTHOIICHHE
5 Op 5/

KOTOpOe O3HavaeT ciaeayiomee: ecau Op uMeeT BU

(op1, ..., 0pp)

TO CYMIECTBYET MOCTIEI0BATEIBHOCTD &1, . . . , &, O3HAUYNBa-
uuii u3 Eval(Xp), rakas, 4ro
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o Ve Xp\{atp} &(x) =& (x), (x)=¢&(v), n

o Vi=2 ...,n,ecnn op; umeer Buj (r =€), TO

Gi(x) =&-i(e), Vy e Xp\{z,atp} &(y) =&-1(y)
(b) e Op=O0p;-(a?z)-Op,,

® a = a?v, TAe v — IPOU3BOJAbHOEe 3HadeHne u3 Dy,

u

e CymiecTBYIOT o3HaunBaHus & u & u3 Fval(Xp), ra-

KHe, ITO
o o
— & L —+ ¢

So(z) =v, Vye Xp\{z,atp}  &(y) =&(Y)

(c) o Op=O0p;-(ale)-Ops,

e cymectByer o3nadnBanue & u3 Fval(Xp), Takoe, 910
-G, b g, a=alGle)
3. na
e kakjoro o3uaumBanuga £ € Eval(Xp), Takoro, 4To
§(lp) =1
e u Kaxoro mepexona B Conc(P) suga & —— ¢’

Conc(P) comepxur nepexon s° —— ¢

Yurareiio npegjaraeTcda CaMOCTOATE/IbHO UCC/IeJOBATh B3aUMO-
CBA3b ME2KIY

e KOHKpeTH3allheil IpOou3BOJIBLHOIO IIpoliecca ¢ mepegadeil cooo-
meHuit P, B TOM CMBbICJIe, B KAKOM 9TO IMOHATHE OBLIO OIpe/ie-

JleHo B maparpade [7.7.1] n

e konkperusaimueii mpomecca ¢ CO, Moay4eHHOTO B pe3y/brare
peayKIun mporecca P.
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7.8.11 OTHONIEHNs KBUBAJEHTHOCTU Ha MPOIEC-
cax ¢ CO

[ycre P u Py — nponeccst ¢ CO.
Mpui 6yzem roBoputh, yro P, u P, Hab/rogaeMo 3KBUBAJIEHT-
HBI, 1 0003HAYATh 3TOT (PAKT 3HAKOCOUETAHUEM

P1%P2

ecJIM UX KOHKPETH3aIMu HabJII01aeMO SKBUBAJEHTHBI (B HCXOIHOM
CMBICJIE JTAHHOTO TOHATHA, M. maparpad [4.8)).

AHaTOrmYHBEIM 00pa30M OIPeeIsIeTCsl OTHOIICHHE < HabJII0Iae-
MO#T KOHTpy3HIME Ha 1mporeccax ¢ CO.

Ucnonw3yst moustue peaykiun mpoteccoB ¢ CO, MOXKHO ompeie-
JINTH eIT€ OJIHO OTHOIIEHNE SKBUBAJEHTHOCTH HA MHOKECTBE IIPOIEeC-
coB ¢ CO. lannoe oTHOIICHHE

T
e 0003HAYAETCS CUMBOJIOM =, U

e 1pejcraBiger coboll MUHMMAJIBHYIO KOHIPYSHIIUIO HA MHOKE-
crBe mporeccoB ¢ CO, 00/1a1a10IIYI0 CJIeIYIONUM CBOACTBOM:
ecain P’ monydaercs u3 P B pe3yibrare IPUMEHEHHS KAKOIo-
160 mpaBuIa peaykunn, 0 P A~ P

r
(T.e. ~X 4BJILAE€TCA IlepeceuYeHneM BCEX KOHprBHHI/Iﬁ Ha MHOZKeCTBE

nponeccos ¢ CO, 061a1al0IMIX BhINIIEyKA3AHHBIM CBOWCTBOM ).
Yurare o npeaiaraeTcs caMOCTOATEIbHO

e UccCJIe0BaTh CBdA3b omepamuil Ha mnpomeccax ¢ CO ¢ orHOoIIIe-

+ o .
HUAMU =~ U ~, T.€. YCTAaHOBUTH CBOUCTBA, aHAJIOI'HNIHbIC CBOU-

CTBaM, M3JI0KEHHBIM B naparpadax

e chopMmyupoBaTh U 060CHOBATH HEOOXOIUMBIE U JIOCTATOTIHBIE
yCJIOBHSI HAOIIOZaeMOl SKBUBaIeHTHOCTH mporeccos ¢ CO, He
HCIIOJIB3YIOIIUE ITOHATHE KOHKPpEeTUu3aluu

+ T
® NCCJIeJO0BATH B3aMOCBA3L MEXKAY OTHOIICHUAMHU ~, < H

e HAlTH Takue MPAaBUIA PEAYKIINH, YTOOBI OBLIO BEPHO BKJIIOUE-
HUE

Q-+

T
~ C
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7.8.12 Meroa moka3arejbCTBa HaDJIIOJaeMOIl K-
BUBaJIEHTHOCTH TipoiieccoB ¢ CO

OrH 13 BO3MOYKHBIX METOJIOB J0Ka3aTeIhCTBA HADJII01aeMOi SKBH-

BaJleHTHOCTH 1porieccoB ¢ CO oCHOBaH Ha H3JIaraeMoil HUKe TeopeMe

st (bopMyJTEPOBKHU 3TO# TEOpeMbl MBI BBEJIEM BCIIOMOIATE Ihb-
Hble ITOHATUS U 0D03HAYEHUS.

1. Ilyete P — mpomnece ¢ CO.

Cocrasnoii mepexon (CII) B P — 510 (BO3MOXKHO IycTasi)
nocaeoBaTeabHocTh CT' mepexoaoB mpomnecca P Buga

CT = 59 —v g 92,  On, o (n >0)
(7.24)
Takas, 4TO
e cpeau Opy,...,0p, — He 6omee ognoro CO BBoOJa WIN

BBIBOIA

® OlipeaesieHa KOHKaTeHalluA

(...(Op1-Opy)-...) - Opy
KOTOPYIO MBI OyaeM 0603Ha4uaTh TeM ke cumBojom CT.
Ecnu nocsrenoBaressuocts ((7.24) mycra, T0 €6 KOHKaTeHAIAEH

CT 1o onpejenenuto sipisiercs CO (T7).

Cocrosinne sy nasbiBaercs Haganom CII (7.24), a cocrosmme
Sy, — €I0 KOHITOM.

cT .
3HakocoueraHue Sy —— S, SBASETCS COKPAILEHHON 3aliu-
chio yTBepKaeHus 0 ToM, uro C'T — 310

o CII ¢ HauayIOM Sy U KOHILIOM S,

e a takxke — CO, coorBercTByomuii 3romy CII.

2. llyctb @ 1 ¢ — popMyIBI.

BHakocoueTanue ¢ < 1 ABIgeTCA COKPAITEHHON 3aMUCHI0 YTBEP-
JKIEHUS 0 TOM, 9TO hOpMyJia ¢ — Y ABIAgeTCT TOXKIeCTBEHHO
UCTUHHOM.
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3. Mycrs Op = (op1, - - ., 0p,) — BEyTpennuit CO, u ¢ — dopmya.
Buakocoueranne Op(yp) obozHauaeT GOpPMYILy, ONpeIeseMyo
PEKYPCHUBHO:

Op(y) def | cond (Op) — o, eciu n = 1
(op1, ... 0pn—1) (0pn(p)), ecimmn >1

re op, () 0603HauaeT HOpMyJLy, OIPEJEIAEMYIO CJIELY OIIUM
obpazoM: ecIu op, uMeer B (T 1= €), TO op, (@) moaydaercs
W3 (© 3aMeHOH KarKJIOr0 BXOXKJEHWSI B He€ IepeMeHHOH T Ha
BLIPAZKEHHE €.

4. Tlycrb @, — dopmyas, u Opy, Opy — CO.

Mpgr OyjieM rOBOPUTH, YTO BEepHA JHarpaMma

4

Op1 Op2 (7.25)

(8

€CJIM BBIIOJHEHO OJHO U3 CJACAYIOIUX YCIOBUI.
(a) Op; u Opy — Buytpennne CO, U BEPHO HEPABEHCTBO
¢ < (Op1 - Op2)(¥)
(b) Op1 m Opy MOKHO NMpPeJCTABATH B BH/Ie KOHKATEHAITHI

Op1 = Opz - (a?z) - Opy

Opy = Ops - (a?y) - Ops
rae Ops, Opy, Ops, Opg — BayTpenane CO, u BepHO HEpa-
BEHCTBO

@ < (Op} - Opy)(¥)

rie
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e Op) =0Ops-(x:=2)-Op,y
o Oph,=0ps-(y:==z)-Opg
e - — HOBag IlepeMeHHas (T.e. He BXOJsIas B ¢, 1, Opy,
Opz)
(¢) Opy m Opy MOKHO MPEJICTABATH B BUJIe KOHKATEHAIHI

Op: = Ops - (04 ! 61) - Opy
Opy = Ops - (a ! 62) - Opg

rae Ops, Opy, Ops, Opg — BayTpenane CO, u BepHO HEpa-
BEHCTBO

(OPS : OP5)(€1 = 62)
2= { (Ops - Opa - Ops - Opg) (1) }

Teopema 34.
[Iycts P, u P, — nBa mporecca ¢ CO:

b = (XPH[P»;?SP“ S?D,L-, RPZ) (Z =1, 2)

He UMeIOoIIre ODIMUX COCTOSHMI 1 OOIMUX IIepeMEeHHbBIX.
P, nu P, HaxoAgTcsa B OTHOIIEHUH A%, €CJU CYIIECTBYET (hyHKIUS

/L BAJIA
IU:SPIXSPQ%FWL

obJ1aJao1as CaeayIONUMHA CBORCTBAMH.
1. [pl N [p2 < IM(S[]):;I, 5932).
2. Hnsa

o kaxkoi napsl (Ay, Ag) € Sp, X Sp,, u
Op

e KaykJIoro mepexoma A A} mpornecca Pj, Takoro,

qTO

cond (Op) N u(Ag, As) # L (7.26)
cymectByer copokymHOCTh CIT mpormecca P ¢ Hagamom As
{ A O, AL lie S (7.27)

YIOBJIETBOPSIONIAS CJAEIYIONIAM YCIOBUSIM:
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(a) mMeeT MeCTO HepaBEHCTBO

cond (Op) A p(A1, As) < \/ cond (CT;)

1€

(b) miast Kaxk0ro i € ¥ BepHa JAuarpaMma

p(Ay, Az)
Aq As
Op CT;
Y
Al A
p(AY, A)

3. CBOICTBO, CHUMMETPUIHOE TIPEJIBILYIIEMY: JIJIsi

o kaxoit mapst (Ay, As) € Sp, X Sp,, n
Op

e KaykJIoro mepexona Ao

410 BepHO (|7.20])

(7.28)

(7.29)

A, mpornecca Py, Takoro,

cymectByeT coBokynuocth CII mporecca Py ¢ magasom A

(A L Al ie )
VIOBJICTBOPAIONIAs CACAYIONAM YCIOBUAM:

(a) mmeer mecto HepaBeHCTBO ((7.28))

(b) mast Kaxmoro i € ¥ BepHa AMarpaMma
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:U(AMAQ)
Aq

Ao

C1T;

/

(Al Ay)

2

(7.31)

7.8.13 Ilpumep goka3aTejbCTBA HADJIIOJa€MOI K-

BUBaJIEHTHOCTH 1poreccoB ¢ CO

B kadecTBe nmpuMepa HCIOIb30BaHUA TeopeMbl (34] moKazkeM HabJII0-
JIAeMYI0 9KBUBAJIEHTHOCTh

rjie

Buffer, ~ Buf

e Buffer, — sro paccmorpenusiii Boime nporecc Buffer, (cm.
(7.23)) mpu n = 1, T.e. mporece, uMeroruii BiI

(k<1)? (k>0)7
n?f Out! g
q:=q-f] q:=q
ki=k+1 ki=k—1

— {4) ' )
ero Hagasapnoe yeaosue — (k=0) A (¢ =¢), n

e Buf — npomecc, UMEIOMMA BUT

In?x

© (b)

Out'z

Hava/JbHOE YCJIOBHE 3TOrO Iporecca = 1 .
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Omnpegennv dyuknuio p : {A} x {a,b} — Fm crenyomunm 06-
pazoMm:
pAa)E (k=0)A(g=¢)
A D) = (k=1) A (g = [2])
[IpoBepum cBoiicTBa 1, 2, u 3 A (HyHKIHHA L.

1. CroiictBo 1 B JaHHOM CJaydae MpeacTaBiser coboil HepaBeH-
CTBO

(k=0)Alg=e)) AT <((k=0)A(g=¢2))
KOTOPOe, OYEBUIHO, BEPHO.

2. Ilposepum cBoiicTBO 2.

e JInsa mapsr (A, a) HaM HAZO PACCMOTPETH JIUIIID JIEBELIl ITe-
pexoz B mpornecce Buffer; (Tak Kax Jis IpaBoro nepexo/a
He BeimostHeno yeaosue ((7.26)).

B kadecrse (7.27) MBI BO3BMEM COBOKYIHOCTB, COCTOSI-
Y10 U3 ¢UHCTBEHHOIO Hepexosa u3 a B b.

Juarpavma ([7.29) B JaHHOM C/Iydae uMeeT B

(k=0)A(g=¢)
A a
k<1
In?f
In?
k:=k+1
A b

[Tonb3ysach Tem, 4TO

Vo0 e Fm (p<y =0 <& oAy <0)
(7.33)
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3amuIieM HepaBEHCTBO, COOTBETCTBYIOIIEE ITON Auarpam-
Me, B BUJIE

k=0
. k+1=1
= S{qM:M} (7:34)

OueBuIHO, YTO JAHHOE HEPABEHCTBO BEPHO.

o [lng napot (A,b) HAM HAJ0 PACCMOTPETH JIUIbL [PABbI
nepexo B nponecce Buffer; (Tax kak mjis JeBoro mepe-
X071 He BhINOJHEHO yesosue (7.26))).

B kauecrse (7.27) Mbl BO3bMEM COBOKYLHOCTB, COCTOSI-
Y10 U3 eIMHCTBEHHOrO Iepexoja u3 b B a.

Huarpamma ((7.29) B jaHHOM Cilydae umeer Bu

A b
k>0
Out!qg
q :q({ Out!zx (7.35)
k=k—1
A a
(k=0)A(g=¢)

[omp3ysicn (7.33), 3anuiemM HepaBeHCTBO, COOTBETCTBYIO-
Iee 3Toi amarpamMMe, B BUJE

k=1 ==
g=1[z] p<{ k-1=0 (7.36)
k>0 g =¢

OueBuIHO, 9TO 9TO HEPABEHCTBO BEPHO.

3. IIpoBepum cBoiicTBO 3.
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e st maper (A, a) v Jyist € JMHCTBEHHOIO TIEPeXo/ia u3 a B b
B KadecTse ([7.30]) MBI BO3bMEM COBOKYIHOCTD, COCTOSIILY IO
U3 JIeBOro mepexona u3 A B A.

Juarpavma (7.31) B nanHoM ciayudae umeer Buj ((7.32)).

Kak y»ke ObIJIO yCTaHOBJIEHO, JaHHas JUarpaMMa BepHa.

o Jlys maper (A, b) u JJ1st e IMHCTBEHHOTO Hepexo/ia 13 b B a
B kadecTse (7.30)) MBI BO3bMEM COBOKYIHOCTE, COCTOSIILY IO
13 IpaBoro mepexona u3 A B A.

Juarpavma (7.31) B pannom ciayudae umeer Buj ((7.35)).

Kak yke Ob110 ycTaHOB/IEHO, JaHHasd JUarpaMMa BepHa.

7.8.14 /lomosiHUTeJIbHbIE 3aMeYaHusd

J11sa moBwITIeHUs yI00CTBA IIPUMEHEHHS TeOpeMBbI [34| MOXKHO HCIIOIb-
30BaThb CJAEAYIOINUE ITOHATUA U YTBEPZKACHUA.

NuBapuaHThl IPOIIECCOB

[Iycts P — uporecc ¢ CO.
Qopwmyna Inv ¢ nepemenabiME 13 X p Ha3bIBAETCS WHBaApPUAH-
TOM Iporiecca P, eciim oHa obJiafiaeT CaeyIONUMEA CBORCTBAMMU.

o [p < Inv
e LIS KAJKJIOTO Tepexoma s —2—~ s mpomecca P
— ecat Op — BHyTpennuit, To Inv < Op(Inv)
— ecu Op — CO BBOza, u umeer Bug Op; - (a?x) - Opsy, 10
Inv < (Op; - (z:= z) - Opy)(Inv)
e z — nepeMeHHasi, He BXojasiias B X p

— ecau Op — CO BwIBOAA, 1 nmeer B Op; - (a!e) - Opy, TO
Inv < (Opy - Opy)(Inv)

C wmcrnoab3oBaHHEM MOHATHSA WHBAPUAHTA MPOIECCA TEOPEMY
MOKHO MOJAUMDUIUPOBATH CJIEAYIONHIM 00Pa30M.

Teopema 35.
[Iyctn
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e P u P, — nBa mporecca ¢ CO:
P, = (Xp, Ip,, Sp, sh, Rp,) (i=1,2)
HE UMEIONe OOIUX COCTOSTHUHN 1 OOIIHUX MEePEMEHHBIX, U

o dopmysbl Inv; 1 Invy ABALIOTCS MHBAPpUAHTAMU MIPOIECCOB |
u P, cOOTBETCTBEHHO.

P, u P, HaxojdTCs B OTHOIIEHUN R2, €CJIM CYIIECTBYeT (DYHKIMS

[ BHJTA
w:Sp X Sp, = Fm

00J1aa01Ias CIeyIONUMEA CBORCTBAMHU.
1. [pl A [p2 < /,[/(8?317 5(1)32).
2. Hna

o kaxk0il mapst (Ay, As) € Sp, X Sp,, n

e KaykJIoro mepexona A; Op A} mpornecca Pj, Takoro,
ITO
cond (Op)
M(Alv AQ)
T, # 1 (7.37)
Inv,y

cymectByer coBokynHocth CII mporecca P, ¢ Hagamom A
(A, ST Al |ieS) (7.38)
VIOBJIETBOPSIONIAS CJAETYIONINM YCTOBHIM:

(a) mMeeT MecTO HepaBEHCTBO

cond (Op)
U(Ab A2)
Inv,
Invy

< \/ cond (C'T;) (7.39)

1€
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(b) mast Kaxmoro i € ¥ BepHa JAuarpaMma

(A1, Az)
Inv;
I’I’LUQ
Ay A
7.40
Op o, (7.40)
: 4
(A7, Ab)

3. CBoiicTBO, CHMMETPUIHOE TTPEIBIIYIIEMY: LTSI

o kax0il napsl (Ay, As) € Sp, X Sp,, u
Op

® KaykJIoro nepexoga Ao A, upouecca P, Takoro,

ar0 BepHO (|7.37))

cymectByeT coBokynHocTh CII mporecca P; ¢ magagom A;

(A < Al ie Q) (7.41)

VIOBJIETBOPSIONIAS CJIETYIOMNM YCIOBHUSIM:

(a) mmeer mecto Hepasenctso ((7.39)

(b) mast KaxIoro i € ¥ BepHa JAuarpaMma

224



N(Al,AQ)

Inv,
Invy
Ay As
7.42
or, Op (7.42)
Aj )
pu(Af, A)

KoMmmo3unusga gmarpaMm

Teopema 36.
[IycTn

* ©, ¥, 0 — popmymst

e Opy, Opy — BuyTpennune CO, Takue, 4TO BepHa JUarpaMMa

Op Op2

e Opy, Opy — CO, Takue, 9TO BepHA THATPAMMA
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Op} Op

e {Op1,0p)} u {Opy, Opy} He umeroT oBIUX MEPEMEHHBIX.

Toria BepHa juarpamma

Op1 - Op} Ops - Oph

7.8.15 JIpyroii mpumep A0Ka3aTeJbCTBA HaOJIIO-
JaeMoil 3KBUBaJIEHTHOCTHU T1porieccoB ¢ CO

B kadecrBe mpuMepa HCIOJIB30BaHHS TeopeM u3 maparpada [7.8.14
JIOKazKeM HabJII01aeMyI0 SKBHBAJIEHTHOCTH

e IIpoIriecca

(Buffer,, [Pass/Out] | Buffer,,,[Pass/In]) \ {Pass} (7.43)
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riae Pass € {In, Out}, n
e nponecca Buffer, ...

[pomnece ([7.43) mpepcrapiaser coboit MoOCIeI0BATETLHYIO KOMIIO-
3ULUIO JBYX OydepoB pasMepoB 1y U No. Ero norokosbiil rpad umeer
BUT

Out

Corutacro onpejesennio onepaiuii Ha nponeccax ¢ CO (em. ma-

parpad , rpacosoe npeacrasienne nporecca ((7.43) BeirguT

CJIEIYIONIAM 00pa3oM:

(/{71 < nl) ? (kig > 0) ?
In?f1 Out! g
q = q - [f1] 92 = ¢
ki:=k +1 ko :=ko—1
C (4) )
(k1 > 0) A (kg < ng)? (7.44)
foi=aq1
q=q
]{1 = k‘l -1
Q@2 = q2 - [ fo]
ko =k +1

Hawanasuabim yemosuem mporecca ((7.44)) ssastercst hopmyiia

{(n1>0) A (k1 =0) A (qlze)}
(ng >0) A (k2=0) A (g2 =¢)

I'padoBoe mpeacrapienue nporecca Buffer, .., uMeeT BUJ
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(k<ni+mng)? (k>0)7
In? f Out! q
q:=q-[f] q:=d
ki=k+1 k=k—-1

HagasibabiM yeiioBuem nponecca Buffer siBJisiercst popmyJia

ni+ng
(ni+n2>0) A (k=0) A (¢g=¢)
Herpynuo mposeputs, uro dhopmyna

0<k <m
|Q1’:k1
0 <k <ny
|Q2|:k2
ny >0
ngy > 0

def
Inv <

ABJIeTC nHBapuanTOM nporecca (|7.44). Dror dbaxr caenyer, B uact-
HOCTH, U3 HCTHUHHOCTH JJId KazKJI0il CTPOKH U M Ka¥K0I0 CUMBOJIA O
COOTHOIIICHUN

{ lul >0 = |u|=]ul—1
lu-[a]] = |[a] - ul = |u[ +1

B kauecrse uHBapHMaHTa BTOPOIO MPOLECCA Mbl BOZbMEM (POPMYJLY
T.
Ompegennv dynkmmio p: {A} x {a} — Fm caeaytonmm obpa-

30M.:
def | @ =(q2 " q1
A a) = { k= ks + Ky }

[Iposepum cBoiictBa 1, 2, u 3 And OYHKITUH .

1. CroitictBo 1 B JaHHOM CJydae HpeJcTaBjser coboil HepaBeH-
CTBO

(ni4+n2>0) A (k=0) A (¢=¢)

KOTOPOE, OYE€BU/IHO, BEPHO.
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2. IlpoBepum cBoiicTBO 2.

e Jls nesoro nepexoma nporecca (|7.44) nepasenctso ((7.37))
BepHO. B KauecTBe MBI BO3bMEM COBOKYITHOCTD, €TIH-
CTBEHHBIM DJIEMEHTOM KOTOpOﬁ ABJIETCs JIEeBbI nepexon
nponecca Buffer, ...

Hepasenctso ((7.39) B manHOM c/yduae uMeeT BUT

k:1<n1
q=4q2 -G
k:k2+k1
Inv

S(/{;<n1+n2)

YTO, OYEBU/IHO, BEPHO.
[Tonp3ysicn (7.33), 3anuiemM HepaBeHCTBO, COOTBETCTBYIO-
mee quarpamme ((7.40) nas JaHHOTO Ciyuas B BUAE

q=4q -G
k:k2+k1
q-[2l=q -l
Inv S{k+1:l~<:2+l~:;1+1 (7.45)
ki <nyg
k<n1+n2

Herpyano ycranoBuTb, 4TO TOC/IE/IHEE HEPABEHCTBO BEp-
HO.

e i cpennero (BHyTpemmero) mepexoma mporecca ((7.44))
uepaserncTBo (7.37)) Bepro. B kauectse ((7.38)) MBI BO3B-
MeéM COBOKYIIHOCTL, €JMHCTBCHHbLIM 3JIEMEHTOM KOTOpOfI
apngercsa mycroit CII nponecca Buffer,, ...

Hepasenctso ((7.39)) B manHOM ciydae BepHO MO TPUBH-

aJIbHOTI IpUYKHE: paBasg 4acThb B HEM uMeeT BuJL | .
[Tosp3ysick cootromntenneM ([7.33)), 3aunieM HepaBeHCTBO,

coorsercTByIomee auarpamme ([7.40) ayus gaHHOTO CIIy-
yas, B BUJIE

q=4q2 Q1

k=Rt 0= (0 @)

Inv §{ B ! } (7.46)
k> 0 k=ky+1+k —1

/{:2<n2
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JlaHHOE HEpPaBeHCTBO CJeJyeT N3

— aCCOIMATUBHOCTHU Oll€epallui KOHKaTeHaluu, U

— HUCTUHHOCTHU IJIA K&)K;LOI‘/'I CTPOKH U COOTHOIIEHUA
lul >0 = wu=][d]-u

J1J1s1 mpaBoro nepexo/ia mporecca HepaBeHcTBO ([7.37)
BepHo. B kadecTBe MbI BO3bMEM COBOKYITHOCTD, €/ TUH-
CTBEHHBIM 3JIEMEHTOM KOTOPOW ABJIAETCA MPaBBIA TIepe-

xoz mponecca Buffer, . .

Hepasencrso (7.39)) B gaHHOM ciiydae umeer BU/L

ko >0

q=42 -G
kehytky (>0

Inv

YTO, OYEBU/IHO, BEPHO.
[Tosp3ysick cootromnenneM ([7.33)), 3amuniemM HeEPaBeHCTBO,

coorsercTByiomee muarpamme ((7.40) ayns gaHHOTO CIIy-
yas, B BUJIE

q=4q- ¢

k= ky+ ki G2 =4

Inv <SS d=d ¢ (7.47)
ko >0 k—1=ky,—1+k

k>0

JlaHHOE HEpaBEeHCTBO CJedyeT W3 UCTUHHOCTHU JIJIST KarK-
JIO¥ Tapbl CTPOK U, U COOTHONTEHU S

(u-v) =u
[ul >0 = (u-v) =u-v
3. Ilposepum cBoiicTBO 3.
e Jliga neBoro nepexoga nponecca Buffer, ., HepapeHcTBO

(7.37) Bepro. B kauectse (7.41)) MBI BO3bMEM COBOKYII-

HOCTB, cocrodamyo n3 apyx CII:
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— JeBoro nepexoja mporecca ((7.44), u
— MOCJIEJ0BATETHLHOCTH U3 APl TIePEXOIOB,

* IEPBBIM 3JJIEMEHTOB KOTOPOW dBJAAETCA CPEeAHUAN
(BHyTpeHHuit) mepexos nporecca ((7.44]),
% a BTOPBIM — JIeBbIil nepexoz nporecca ((7.44)

Hepasenctso ((7.39)) B gaHHOM ciiydae uMmeeT BU/L

k:<n1+n2 k1>0
1=% % S(k1<n1)\/ ko < ng
=kt ki ki—1<n
Inv ! !

DT0 HEPABEHCTBO BEPHO (IIPU €r0 000CHOBAHUY HCIIOJIb3Y-
eTcs comepxKammuiics B Inv KOHBIOHKTUBHBIN 4ieH ng >
0).

VlcTHHHOCTD HEPABEHCTB, COOTBETCTBYIOIINX JHAIPAMMAM
(7.42) nns o6oux snementos cosokynuocrn (7.41), caeny-
er n3 (7.45)), u Teopemsl [36]

Hna upasoro mepexoma upouecca Buffer, ., Hepaben-

creo (7.37) Bepuo. B kauecrse (7.41) mbl BO3bMEM COBO-

KYITHOCTh, cocTostryo u3 aByx CII:

— mpasoro nepexoja npouecca ((7.44), n
— HOCJIEIOBATENLHOCTH U3 TIAPBI TIEPEXOJIOB,

* IEPBBIM 3JJIEMEHTOB KOTOPOW dBJAAETCA CPEeAHUAN
(BHyTpeHHuUit) mepexos nporecca ((7.44]),
% a BTOPBIM — TpaBbiii nepexos npomecca ((7.44))

Hepasenctso (7.39)) B gaHHOM ciiydae uMmeeT BU/L

Z:?j —31]{3 < (kz > O) vV ko < ng
— h2 1
Tnw ka+1>0

DT0 HEPABEHCTBO BEPHO (IIPU €10 000CHOBAHUY UCIIOJIb3Y-
ercst cofepxKamuiics B Inv KOHBIOHKTUBHBIN WiIeH 1y >

0).
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Nernanocts HEPaBEHCTB, COOTBETCTBYIOIIUX JUal'paMMaM

(7.42) ms oboux snementon copokymuoctu ((7.41), caery-
er u3 (7.46), (7.47) u reopems [36]

7.9 PekypcuBHbI€e onpeesieHs IIPOIeCCOB

JLng mporieccos c repegadeii coobIenniit MOXKHO BBECTH MOHATHE Pe-
KYPCHUBHOTO OTIpEeAEJIEHUd, KOTOPOoe aHAJOrndHO moHsTHio PO,
U3/JI02KeHHOMY B IJ1ase [}

PO nmia mpomeccoB ¢ mepenadeit cooOIeHHii 04eHb MOXOXKH Ha
GYHKIIMOHATLHBIE TPOTPAMMBI.

[Touarue PO omnpenessiercs Ha OCHOBE MOHATHUSI MPOIECCHOTO
Beipakenus (IIB), koropoe mouru coBHagAET ¢ COOTBETCTBY IOTIHM
MOHATHEM U3 maparpada HOTOMY MBI JIUIIb YKazKeM OTIUYIUs
B OTIpe/IeJIEHUSX ITUX TOHATHIA.

e Bo Bcex [IB BMecTO feficTBI HCTIOTB3YIOTCS OTIEPATOPHI.

o Kaxmoe mpomeccuoe umst A umeer tun t(A), KOTOpBIH mpe-
crasjiger coOoil 0C/1e/10BaTe/IbHOCTD O0ObIYHbIX TUIIOB U3 T'ypes:

HA) = (.. t) (0> 0)

e Kazkmoe npormeccroe umsa A Bxoaut B Kazkaoe 11B Toabpko BMe-
CT€ CO CIIUCKOM BBIPAaKEeHUH COOTBETCTBYIONIUX TUIIOB, T.€. KarK-
JI0€e BXOXKJICHHE IIPOIecCHOro nMeHun A B npoussoibHoe 1B co-
ACPZKUTCA B IIOABbIPAZKEHUNW BUJ1A

Aler, ... en), rie (t(er), ..., t(en)) = t(A)

Kaxmomy 1B P coorBercrByer coBokymuocth fu(P) cBobos-
HBIX mepeMeHHbIX 3Toro [IB, koTopas cocTouT m3 Bcex mepemen-
HBIX, UMEIONNX CBOOOTHBIE BXOXKICHUS B P.

[TousgTue cBOOGOMHOTO W CBS3aHHOTO BXOXKIEHUS MEPEMEHHON B
[IB omnpenensercd mouTu Tak »Ke, KaK OIPEIEAdeTcs aHAJOTHIHOEe
MOHATHE B JIOTUKe IIPEINKATOB, TOJBKO B ciaydae [IB poss kBanTO-
DOB HTPAIOT OMEePATOPHI BBOJA W MPUCBAUBAHUS: KayKI0e CBOOOTHOE
BXoxKJdeHue nepeMmennoit x B IIB P cramoBurca cBa3anuniM B 11B
(a?z).PuBIIB (z :=e¢).P.
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Pekypcusnoe onpenenenne (PO) nporeccos npecrapiser
coboit curcok dopMaabHBIX PABEHCTB BUJIA

Al(‘xlla s 7'T1k1) = Pl

e (7.48)
An(l'nly cee axnkn) - Pn
rjie

e Ay, ..., A, — UpolecCHBIE HMEHA,

e it Kakaoro ¢ = 1,...,n cuucox (&, ...,Tk,) B JEBOH Ta-
CTH 1-TO paBeHCTBA IpejcTaB/isger coOOf CIHMCOK Pa3MdHbIX
epeMeHHbIX

o P, ..., P, —1IB, koropbie yI0B/JIeTBOPAIOT

— YCJIOBHUSIM, U3JI0KeHHBIM B otpeiesiennn PO B maparpade

B2}

— a TaKzKe CAeJYIIIEeMY YCJI0BHIO: JIJI KaxKJaorot = 1,....n
COBOKYTHOCTD {1, . . ., Tik, } COBIATAET C COBOKYIHOCTHIO
fv(P;) cBoboanbix nepemenubix [1B P

PO (7.48) mozkno naTepupernpoBarh Kak hyHKIMOHAIBHYIO IIPO-
rpamMMy, COCTOSIIYIO U3 PEKYPCHBHBIX OnpejeeHuil (pynxmii

Al(xllu s 7‘1.1161)7 s 7An<xn17 L 7xnkn)

Joa kazkgoro i = 1,. .., n nepeMeHHble Xy, . . ., Tig, MOKHO PACCMAT-

puBaTh Kak (opmaiabable mapamerpsl byHkmun A; (1, . .., T, ).
YuTaTeno npeiaraeTesa caMOCTOATEILHO ONpPEIeIuTh COOTBET-

CTBHE, KOTOpoe conmocTapisieT Kaxkaomy [I1B suma A(xy, ..., x,), e

e A - mporeccHoe UM, 1

® T1,...,Ty — CIHMCOK PA3JIMIHBIX II€PEMEHHBIX COOTBETCTBYIO-
X THUIIOB

uponece [A(xy,...,z,)].

[Ipumepsl mporeccos, 3aaaBaeMbix B Buge PO, OyIyT H3/10KeHBI
B ruase [

[Ipobemsbl, cBa3anabie ¢ PO B caydae mporeccoB ¢ mepeaadeii
COODIIEHMHT, MMEIOT TOT K€ BHI, 9TO u i 00braabix PO:
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pacIo3HaBaHME CYIeCTBOBAHMS KOHEUHBIX MPOIECCOB, IKBUBA-
JEHTHBIX mpoteccam Buja [A(xy, ..., z,)]

IIOCTpoeHue aJropuTMOB HaXOXKACHUA MUHHMAJIBHBIX ITPOIEC-
COB, KBUBAJEHTHbIX mporeccam Buga [A(zq,...,x,)] B ToMm
cJIy4dae, KOrJa 9TH IIPONECCHl KOHEIHBI

pacro3HaBaHue 5K BUBAJIEHTHOCTH MpotieccoB Buaa [A(xy, ..., x,)]
pacrno3HaBaHue 3KBuBasieHTHOCTH PO

HAXOXKIeHUEe HEOOXOUMBIX U JIOCTATOYHBIX YCJIOBUI € TMHCTBEH-
HOCTH CIIHCKa TpoIeccoB, onpeaeasemoro PO.
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I'1aBa 8

IIpumepn! mmporieccos ¢
nepejadeii cooomieHunii

8.1 Paz3nejseHne MHOXKeECTB

8.1.1 3amaua pa3jejieHus MHOXKECTB

[Tycts 3anana napa U,V KOHEYHBIX HeNEpeceKaroluXxcs MHOKECTB,
npuaéM Kaxkaomy ajiemeHty x € U U V' comocTaBieHO HEKOTOPOe
qucsio w(x), HA3bIBAEMOE BECOM ITOO HJIEMEHTA.
Tpebyercss mpeoGpa3oBaTh 3Ty Hapy B TaKyK Hapy MHOMKECTB
U, V', arobbr
o Ul =1U, VI=V'|
(Tt KasK10r0 KOHeYHOro MHoKecTBa M 3HaKocoueTanue |M |
0603HAYAET KOJIUIECTBO 3J1eMeHTOB B M)

e jura Kaxkaoro u € U’ u kaxaoro v € V/ BBIIOJIHAJIOCH Hepa-
BEHCTBO
w(u) < w(v)

8.1.2 Pacnpeaej€HHBIN aJropuTM pelieHnusd 3a/71a-
9y pas3gesieHnus MHOXKECTB

Bagady paszieennsd MHOYKECTB MOXKHO PEITUTh IyTEM BBIITOJIHEHUS
HECKOJILKIX CeaHCOB OOMEHa dJIeMEeHTAMH MKy STUMHU MHOXKECTBa~
Mu. Kaxkiplit ceanc cocTouT u3 cJieyromnux J1eiCcTBuil:
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® MHaXOXKJeHue sJjieMeHTa X C MaKCUMaJIbHBIM BECOM B JICBOM
MHOZKeCTBe

® HaXOzKAeHHEe 3JIeMeHTa M7 ¢ MUHHUMAJIbHBIM BECOM B IIPpaBOM
MHOZKeCTBe

® JIepeHeceHue

— Mmx U3 JIeBOIro MHO?KeCTBa B IIpaBOe, U

— Mmn U3 IIpaBOT0O MHOXKECTBa B JIEBOE.

g peanusanuu 3TOH nUaen npeaaraeTcd NCIoIb30BaTh pacipe-
JIETIEHHBIN aJITOPUTM, OIIpeJieisieMbli KaK Ipollece BUIA

(Small | Large) \ {«, B} (8.1)
rjie

e nporecc Small BHITIOTHSIET ONepaIin, CBA3aHHbBIE ¢ JIEBBIM MHO-
JKECTBOM, H

e mporiecc Large BBINOJTHSET ONEpAINd, CBA3aHHBbIE C TPABBIM
MHOZKECTBOM.

[ToTrokoBbIil Tpad, COOTBETCTBYIONUNA STOMY aJTOPUTMY, UMEET
BU/I,

Hwuke MBI OyeM UCIOJIB30BATH CJIEIYIONIIE 0003HAUYCHHA:

e g Kaxkjgoro moamuoxkecrsa W C U UV 3HakocoueTanus
max(W) n min(WW) oboznavaior ssement muoxkecTBa W ¢ Mak-
CHMAJIbHBIM ¥ MHHAMAJIBHBIM BECOM COOTBETCTBEHHO,

® 14
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— 006X mogmuoxkects Wi, Wo CU UV, u
— goboro u e U UV

Bpra)KeHI/IH
Wi<u, uwuW, W <W,

SIBJISIIOTCS COKPAIEHHON 3allUChI0 BblpazKeHui

Vee W, w(zr) <w(u)
Vee W, w(u) < w(zx)
Vo e Wy, Yy € Wy w(z) < w(y)

COOTBETCTBCHHO

AHaJIOFI/ILIHbIﬁ CMBICJI UMEIOT BbIPpazKE€HU A
max(W), min(W), W<u, u<W, W, <W,

B KOTOpBIX cuMBOJIbI W, W; 1 u 0bo3HavaloT nmepeMeHHbie, 3Ha9eH -
AMU KOTOPBIX SABJISIOTCS

e oMHOXKecTBa MHOXkecTBa U UV, n
e sjiemMeHThl MHOkecTtBa U UV

COOTBETCTBCHHO.

8.1.3 IIpomneccwr Small m Large

[Ipormeccur Small u Large MoryT OBITH ONIpeie/IeHBI B BIIE OJIOK-CXEM,
KOTOPBIE 3aTeM MOXKHO IpeobpazoBarh B mporiecchl ¢ CO u pemyiu-
poBaTh. MBI He OyIeM JaBaTh OMUCAHUS YTUX OJOK-CXeM U H3JIaraThb
ux npeodbpazosanue B mnponeccbl ¢ CO u dTanbl UX PejyKInud, Mpu-
BeJIEM JIMIIIH COOTBETCTBYIONINE peayimpoBanubie mpormecch ¢ CO.
[Iponecc Small umeer caeayronmii BUI;:
Init=(S=1U)
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@ ©

mx = maa;cfiz (x <mzx)? (ac/ > ) ?
S =9\ {ma} vh=»5 (8.2)
O3 B
S:=Su{z}

mz := max(S)

[Iponecc Large nMeeT cJieyIoniuaii BUI:

Init=(L=1V)
© ©
a?y (y >mn)?
(y <mn)?
L:=LU{y} I
mn = mtjn(%) Vi=1 (8.3)
Q B! mn @
L:=L\{mn}

mn = min(L)

8.1.4 Amnajgu3 ajaropmutma pa3aejJeHnud MHOXKECTB

[Ipouece, onnceiBaembiii Boipazkenuem ({8.1)), nosydaercst myrém

e poinosHenns maj nporeccamu (8.2)) u (8.3)) omepanmii mapas-
JIeJIbHOI KOMITO3UINE ¥ OTPAHUYEHHs, B COOTBETCTBHH C OIpe-

nesenuneM (8.1)), n

® BLINIOJIHEHHA PEAYKIHH IIOJIYYIHUBIICIOCAd IIPOLIeEcCa.

PenynupoBaHHbI TPOIECC BBITJIAJIUT CJAETYIONUM 00pa30M:
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{:c<ma:}?
y<mn [’
V=
mme}7
y<mn [’
{x<mx}? U:.=S8
y>mn [’ V=L

‘ {Bh)————(Co) (84)

mx := max(S)

Y = mz

S:= 8\ {ma}

L:=LU{y}

mn = min(L) > ma
L:=L\{mn} y;mn}?
x:=mn .
S:=SuU{mn} Uhi=5

mz := max(S) @

mn := min(L)

Ha ganHoill nmarpaMme BHIHO, 9TO y nporecca (8.4) nmerorcs
rakue cocrosiaust (Ac n Ca),

® 113 KOTOPBIX HE BBIXOJUT HU OJHOIO Hepexofa (Takue COCTosl-
HUsI HA3BIBAIOTCS TEPMHHAJIBHBIMIE), T.€., IONAB B KOTOPHIE,
IpOTIecC He MOZKET IMPO/I0IZKATh CBOIO padboTy,

® HO IIOIIaJdaHUE B 9TU COCTOAHUA HE ABJIACTCA HOPMaJIbHBIM 3a-
BepIlleHreM PadOThI MPOIECCA.

[TonamaHue IpPOIECcca B TAKHE COCTOSIHAS HA3BIBACTCS TYIIUKOM, WJIN
JA€IJIOKOM.

[Tpomece (8.1) meiicTBUTENILHO MOYXKET TIOMACTh B OJHO M3 TAKUX
COCTOSIHMIA, HAIIPHMED, IIPH

U={3} u V={12}
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(rae Bec KazKJI0ro 9ucaa COBIATAET C €r0 3HAYCHHEM).

Tem me menee, npornece (8.1) obmagaer ciaeayromumu cBoiicTBa-
MH:

® JIAHHBIN IPOIECC BCErga 3aBEPIIAeT CBOIO paboTy (T.e. momaga-
erT B OJJHO W3 TePMHUHAILHBIX cocrostauii - Ac, C'c nam Ca)

® JI0CJIE 3aBEepHICHU A pa6OTbI IIponecca BBIIIOJHAIOTCA COOTHOIIE-

HUA
SUL=UUV
S| =[U], L] =1V| (8:5)
S<L

JI1s1 06oCcHOBAHUS ITUX CBOWCTB MBI OyIeM HCIIOIb30BAThH (DYHK-
12058%0)
f(8,0) € [ {(s.) € S x L w(s) > w(D)} |

Kpowme Toro, npu anaJinse mocjie10BaTeJJbHOCTH OIIePATOPOB MPH-
CBaWBAHMUS, BBIIOJHSIEMBIX DU MEPEXOe OT COCTOAHUSA Aa K COCTO-
auuo Bb, y1o6HO NMpecTaBIsaTh 9Ty IOCIeI0BATEIHLHOCTD CXeMaTH-
JecKU KaK TOCHeI0BATEThbHOCTD CJIeIYIONINX JIefiCTBHIA:

1. S y:=max(S) I
(mepenecenue smementa y := max(S) uz S B L)

2 I, z:=min(L) S
3. max := max(S)
4. mn = min(L)

HetpynHo ycTaHOBUTH, UTO HMEIOT MECTO CJEYIONTHE YTBEPKIe-
HUSI.

1. Ecau B Tekymuii MOMEHT BpeMeHHU i

® IIPOIECC HAXOANUTCS B COCTOSHUU Aa,

e 3uavenus S;, L; nepemenubix S u L yIOBJIETBOPSIOT pa-
BEHCTBY
f(5i,Li) =0

T.€. IMeeT MeCTO COOTHOIIICHHUE

S <L,
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t0 S;11 = S; u Ly = L;. Kpome Toro, mocjie BBITIOJTHEHUST
mepexoja 0T COCTOAHMS Aa K cocTogHMio Bb 3HaYeHus mepe-
MEHHBIX X, Y, MT U mn OYIAYT YIOBJIETBOPSATH COOTHOIICHHUSIM

Yy=x=mx < mn

1, TAKMM 00Opa30M, CJIEIYIOIIMM IIepeXoaoM OyIeT Mmepexom OT
cocrosuug Bb x cocrosuuio Cc, T.e. mpolecc HOPMAJIbHO 3a-
BEPIIHUT CBOIO PadoTy.

[Ipu 3Tom
e 3nauenus nepemenubix U’ u V' 6yayr pasubl S; u L; co-
OTBETCTBEHHO,
e 11, CJIeJIOBATe/IbHO, 3HadeHus nepeMmenubix U’ u V' GyayT
VJOBJIETBOPATH TPeOYEMbIM COOTHOIIEHHUSIM.

Eciu B Tekymuit MOMEHT BpeMeHU 1

® IIPOIECC HAXOAUTCs B COCTOsiHUU Aa, n
e 3uavenus S;, L; nepemenusix S u L. B 3TOT MOMEHT y/10-
BJIETBOPSIIOT HEPABEHCTBY

f(Si, Li) >0

TO MOCJIe BBITTOJTHEHUST IEPEX0a OT COCTOSTHUSA Aa K COCTOSHUIO
Bb (1.e. B MOoMeHT i + 1) HOBBIE 3HAUeHUsT S;y1, L1 nepeMen-
HbIX S u L O6yayT yIOBI€TBOPSTH HEPABEHCTBY

F(Sit1, Liv1) < f(Si, Ly) (8.6)
Kpowme Toro, 3nadenus epeMeHHbIX T, Y, T, M7 B MOMEHT i -+
1 OyayT yaOBIETBOPATL COOTHOIICHHSM

y = max(S;), x = min(L;)
mz = max(Si+1), mn =min(L;)
r<y, x<mzx, mn<y

OTciona ciieiyer, 9To ecjii B MOMEHT ¢+ 1 mpoiiecc Oy1eT nepe-
XOJUTE U3 COCTOSAHUA Bb B 0IHO U3 TEPMUHAIBLHBIX COCTOSTHUI
(Ac, Cc win Ca), TO 970 BO3MOKHO
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(a) 6o ecoim x = mx

(b) nmbo ecan y = mn

B ciydae (a) umMeroT MeCTO COOTHOIIEHUS
Sipir <mx=x < L;
OTKY/1a, UCIOJIb3YsI
r<y u L CLU{y}

HOJTy 9aeM:
Siv1 < Lipy (8.7)

B caydae (b) umeror MecTo COOTHOIIECHHSI
Si <y=mn< L
OTKY/Ia, UCTIOJIb3YS
r<y u Sy CSU{x}

noaydaeM cootHormerue (8.7)).

Takum obpazom, BO BCEX BO3MOYKHBIX CJydasiX HOMaJaHUs B
KaKoe-Trnb0 TePMUHAIBHOE COCTOSHIE MMEET MECTO COOTHOIIIe-
HUe

S<L

VcTHHHOCTH JPYTUX COOTHOIIEHHH, mepedncaeHubx B (8.5,
YCMaTPUBAETCS HEMOCPEICTBEHHO.

13 mepBOro M BTOPOTO YTBEP:KJIEHUS CJIEIyeT, YTO JaHHBIH TPo-
Iecc He MOYKeT 3alUKINTHCH, TaK KaK 3aIUKINBaAHIE BOZMOYKHO TOJIb-
KO B TOM CJIydae, KOT/Ia

e IIporecc DECKOHEYHO YacTo MOMAJAeT B COCTOsSHUE Aa,

® IIpHU KarKJOM IIONAJAaHUU B cOCTOsHHE Aa 3HadYeHHe (hyHKIUN
f Ha Tekymnmx 3HadeHUsSX rnepeMeHHbIX S, T MOJOKUTETHHO.

Hero3MoKHOCTD JIAHHO cUTyalluu CJIe/yeT u3
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e nepasencrsa (8.6]), u

e cBoiicTBa (PyHAMPOBAHHOCTH MHOZKECTBA HATYPAJIbHBIX YHCEJI
(T.e. U3 TOTO, YTO B JAHHOM MHOYKECTBE HeT GECKOHEUHBIX yObI-
BAIOTIHUX Tereii).

YuraTeaio npeajaraercd CaMOCTOATEJIbHO

® HANTH HEOOXOIUMBIE U JOCTATOUYHBIE YCJIOBUS, KOTOPBIM JTOJIK-
HbI YJIOBJIETBOPATHL paszjensgemble MuoxkectBa U u V| urobb
NPUBEJAEHHDBIN BBIIIIE aJrOPUTM 3aBepIiaj CBOIO paboTy C 3TH-
vu U n V HOpMaJIbHO, 1

e pazpaborarb TakKoi aJrOpuTM pas/esieHusi MHOMXKECTB, KOTO-
pbIit Ob1 paboTajl KOPPEKTHO HA JIIOOBIX Pa3IesIsieMbIX MHOYKe-
crBax U m V.

8.2 DBplunucjieHne KBaJapaTa

[IpeamoJioKuM, 4TO Mbl UMEEM CUCTEMY “YMHOXKHTEJL , Y KOTOPOit
eCTb

® JIBa BXOJIHBIX MOpTa ¢ uMeHamu Ing u Ing, n
® OJIMH BBIXOJHON 1opT ¢ umenem Qut.
Pabora yMHOXKHUTEJIA 3aKII09AETCd B TOM, YTO OH HEPUOTHICCKHI
® [10JIyJaeT Ha CBOW BXOJHBIE MOPTHI JBa 3HAYEHUS, U
® BLIJAET HA BBIXOJHOM IOPTE UX IIPOU3BEJIEHUE.

[loBeenue yMHOXKUTEISI ONUChIBaeTCs mpoieccom Mul:

Out!(x-y)

(4) ®) c

Ini?x Ins 7y
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I/ICHOJIBSyH 9TOT YMHOXKUTEJIb, Mbl XOTHM IIOCTPOUTH CHUCTEMY
“BBIYMCJINTEIb KBAApaTa’, HOBeIeHIE KOTOPOHl OMUCHIBAETCS IPOIEC-

com Square_Spec:
@ In?z Q
L (
Out ! (2?)

I/ICKOMYIO CUCTEMY MBI IOCTPOUM KaK KOMITIO3UIIUIO

® BCIIOMOTaTebHOM cucTeMbl “ayOauKaTop”’, UMeIoIeit

— BxoxHO# mmopT In, u

— BoeIxXoaHble mopThl Out; 1 Outsy

IIOBeJIeHre KOTOPOil onuckIBaeTcs mporueccoM Dup:
Outy ! 2

) c

In?z Outy! z

T.e. IyOJUKATOP KOIMUPYeT CBOI BXOJ Ha JBa BBHIXOJA, W

® YMHOXKUTE/IdA, KOTOPBIit OyAeT moIydarTh Ha CBOM BXOIHbBIE TIOP-
THI Te€ 3HAYEeHHUsI, KOTOpble OyaeT BbIIaBaTh JIyOIUKATOP.

[Iponece Square, coOTBETCTBYIOMNNA TAKOW KOMIIO3UIUH, OIIPe-
JIeJIAeTCS CJeYIONUM 0O6pa3oM:

def
Square =

def [ Dup[passi/Outy, passs/Outs] |

| Mullpassy/Iny, passs/Ins] \ {passy, pass:}

[Torokoserit rpad npomecca Square nmeer Bu

Out
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Onnrako mporecc Square He COOTBETCTBYeT cBoeil crenuduka-
un Square _Spec. [lanubiit bakT HETPYIHO YCTAHOBUTH MPU MTOMO-
T TOCTPOEHUs TPapOBOTO TIPEICTABICHUS TpoTiecca Square, KOTO-
PBIii, COTJIACHO ONpeAeJeHUIO OIEPAINA TapaJlIeJIbHOR KOMITO3UIIUHA,
OTpAHUYEHUS U TIePENMEHOBAHUSI, UMeeT CJIe YOI BUI:

Out!(x - y)

In?z In?z In?z

Out!(x-y)

[Tocsie peayKiuu JAHHOTO MPONECCa Mbl MOJIYYUM JIHAIPAMMY

In?z
T:i=2z
y-== In?z
1Az '@ (8.8)
Out!(x - y) Out!(x - y)
T:i=2z
Y=z
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U3 KOTOPOU BHUJHO, 9TO

e IIpoIecc Square MOKeT IOCIeI0BATEIbHO COBEPIINTD JIBa Heii-
CTBUs BBOJIa, He BBITOJIHAS MEXKJIy HUMHU JIefiCTBUS BBIBOJIA,

e a mporecc Square Spec ITOro ¢ieaaThb HE MOXKET.

[Iponecec Square coorBeTcTBYET APYTOH CrierudUKAIIH:

, def [ Buf[pass/Out] |
Square_Spec = ( | Square Spec|[pass/In] \ {pass}

rie Buf — 0ydep mimHbL 1, MOBegeHne KOTOPOro H300pazKaeTcs JTua-

rpaMMOn
@ In?x ‘Q
> (
Out!zx

[Torokossiii rpad npomecca Square Spec umeer Buj

Out

['padosoe mpencrapienne mporecca Square Spec monydaercs
Iy TEM

e [IpUMEHEHW OIepaluii Mapasie/bHONl KOMIIO3HIUE, OIDAHH-
YeHUs U TepenMeHOBaHudA K mporeccam Buf m Square Spec,
u

® BLIIIOJIHEHHA PEAYKIHH IIOJIYYIHUBIIECTIOCHd IIPOLECCaA.

PenynupoBanublii nporece Square Spec umeer Bu

zi=z
In?z In?x
A ~as ), ‘@ (8.9)
F= Out ! (22
Out ! (2?) =)
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CooreercrBue mporecca Square cnemudukanun Square  Spec
MOXKHO IIOHUMATh KaK UCTUHHOCTH COOTHOIIEHUS

B3 ~ @I

JlokazaTh HaBJTI0IaeMy 10 IKBHBAJICHTHOCTH TIpotieccos (8.8) u
MOKHO, HALPUMEP, DU HOMOILUA TEOPEMBIL Jlng Toro, 4rodbt

€€ MOXKHO OBIJIO PUMEHUTH, NEPEUMEHYEM MepeMeHHbIE B MPOIEeC-
ce (4TOOBI MHOZKECTBA TEPEMEHHBIX AHATIU3UPYEMBIX TPOIECCOB
He TIePeCeKATNCH). MBI MOJYINM MPOIECC, SKBUBAJTEHTHBIN MPOIIECCY

vi=u
In?u
@ oo
Out ! (v?)

st nokaszaresbcrsa coorsotrenust (8.8) ~ (8.10) upu momornn
Teopembr [34] Mbr ompe e M (OYHKITHTO

p{Ag, Ay, Ast x {aq, a9, a3} — F'm
CJIeIYIONIAM 00pa3oM:
o /(A aj) & 1, ecimi#j
o u(Ana) €T

o w(As,a0) € (z=y=2=u)

def r=Yy=v
o (1(As; a3) = Z:z

,HeTaJH)HaH IIPOBEPKa UCTHUHHOCTH COOTBETCTBYIOIIUX AUaI'PaMM OCTa-
€TCs YUTATEIO0 B KadeCcTBe HECIOXKHOTO yhpa KHeHUud.
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8.3 Cetu IleTtpn

OnHoit M3 MaTeMaTHIeCKUX MOJesTeil, MpeTHA3HAYEHHBIX 7T OMUCA-
HUsl TIOBEJIEHUs PACIPEIETEHHBIX CHCTEeM, sABJIsiOTCa ceTu IleTpu.

Cetsb IleTpu — 310 rpad, MHOXKECTBO BEPIIUH KOTOPOT'O JEJIUT-
cst Ha gBa kiacca: nosunuu (V) u mepexomst (1), Kaxkmoe pebpo
COeMHAET MO3UIMIO ¢ TepexoaoM. Kaxk oMy nepexoay t € T' coot-
BETCTBYET JIBA MHOXKECTBA TO3UIHUIL:

o in(t) ¥ {v € V| cymecrsyer pebpo u3 v B ¢}
o out(t) ¥ {v € V | cymecrsyer pebpo us ¢ B v}

PasmeTrka ceru Ilerpu npejcrasisger coboit orobpaxkenue & Bu-

aa
£V —{0,1,2,...}

®yHknunonupoBanue cetu llerpu 3akiodaercsa B mpeodpaszo-
BaHUU e€ PasMeTKH, KOTOPOe MPOUCXOIUT B pe3ysabTaTe cpabaThiBa-
Hus nepexoqoB. Pazmerka £ B MoMeHT Bpemenu () mpenoJiaraercs
3aiannoil. Keom B Tekymuit MoMmenT BpeMenu ¢ > () ceTb ume/ia pas-
MeTKy &;, TO cpaboTaTh B 3TOT MOMEHT MOZKeT Jitoboil 13 1mepexo/ioB
t € T', KOTOpBIl yIOBJIETBOPSIET YCJIOBHIO

Voein(t) &) >0

Ecyim B MOMeHT BpeMeHH ¢ cpaboTas mepexoi t, To pa3merka &1 B
MOMEHT BpeMeHH ¢ + 1 olpejessercs CJIeIYIOIMHM 00Pa3oM:

Voein(t) &ia(v) =¢&@w)—1
Voeout(t) &ii(v):=¢&@w)+1
VoeV\ (in(t)Uout(t)) &ii(v):=£&(v)

Kazxnoit cetu ITerpu N MOXKHO CONOCTABHTHL Hpouece Ppr, Ko-
TOpBI MojieIupyeT paboTy 3Toi ceru. KommonenTs! nporecca Py
UMEIOT CJICAYIOIIUI BUII.

° _XPNdéf{xv|U€V}a
- IPN déf /\ ([L‘U = 50(0))7
veV
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— Spy © s}

e I[lycth ¢ — npoussosbHbI nepexos cern N, u MHOXKeCTBa in(t)
u out(t) umerot BU {uy, ..., u,} u {vy,..., vy} COOTBETCTBEH-
HO.

Torna nporece Py comep:kut nepexon u3 s B s° ¢ MeTKoit

(T, >0)A oA (T, >0)7
Ty =Ty — L, Ty, 1= Ty, — 1
Ty, =Ty, +1,...,2,, =z, +1

n

m

8.4 IIpoTokoJibl mepeaadu JaHHBIX B KOM-
NbIOTEPHbBIX CETAX

8.4.1 IlondaTue mpoToKoOJia

Ba:kHBIM IpEMEpPOM HPOIECCOB ¢ Iepepadeil coOOIIeHui ABISIOTC
IPOTOKOJIbI II€PEeIaYvy JAaHHBIX B KOMIBIOTEPHBIX CETAX (Ha-
3bIBAEMbI€ HIZKE MTPOCTO MPOTOKOJIAMH).

Kaxkiplit TpoTOKOT MOXKHO PaccMaTpUBaTh KaK COBOKYITHOCTD
HECKOJBbKUX B3aUMO/IefICTBYIOMUX MPOIECCOB, B KOTOPYIO BXOJIST

® 1IPOIECCHI, BBITIOJIHAIONINE (popMUpOBaHUe, OTIIPABICHUE, TPH-
éM 1 00paboTKy coobIeHnit
(Takue MpPOIEeCChl HAZBIBAIOTCS Ar€HTAMHM TPOTOKOJIA, & CO00-
IeHNUsI, TIepechlIaeMble OT OJTHOTO areHTa JIPYyroMy, Ha3bIBAIOT-
ca kaapamu (frame))

® I IIpOoIlecc, SBJISIONIAICT MOAEIbIO IOBEeIeHUs CPeabl, depes
KOTODYIO MEPeIAIOTCst KaJPhl (TaKyIO CPeJy OOBITHO HA3BIBAIOT
KAaHAJIOM CBHA3M).

[Tpoxoag gepes cpeay, Kaapbl MOTYT HCKAXKATHCA WX MTPOTTAIaTh
(HaHpI/IMep, B pe3yJ/IbTrare BO3AeHCTBIA pa;LHOHOMeX). [ToaTomy KazK-
JABIA KaAp JIOJIZKEH COJEPKATH

® He TOJIbKO Ty UHMOPMAIUIO, KOTOPYIO OJIMH areHT KeJlaer lie-
peiaTh JAPYyroMy, HO #
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® CpeJICTBA, MO3BOJIAIONINE TTOTYYaTE IO 3TOT0 KaJpa BHISICHUTD,
OBL JIK 9TOT KaJp UCKAXKEH B IpoIlecce Mepeiadn.

Huxke mMbl paccMaTpuBaeM HEKOTOPbIE METOJbl PaclO3HaBAHUS
HNCKAYKeHWH B KaJpax. DTU METOIBI JEISITCI HA JIBa KJIACCA!

1. MeTOaRI, MO3BOISIONITE

® HE TOJIbKO YCTAHOBUTH (DAKT MCKAXKEHUS |

® HO U OIPEJIEJUTh UCKAXKEHHbIe OMTHI KaJipa U UCIPABUTH
ux

(pacemarpusarorest B naparpade [8.4.2)); u

2. MEeTOJbI, TIO3BOJIAIONINE JIUIh YCTAHOBUTH (PAKT MCKAZKEHUST

Ka/pa (paccMarpuBaiorcd B nmaparpade (8.4.3).

8.4.2 Metoapl ucnpaB/JieHUd WNCKaXKeHuili B KaJl-
pax

Metoipl pacrio3HaBaHus HCKayKeHUl B KaJpax, MO3BOJIAIOIINIE
® He TOJBKO YCTAHOBUTH (DAKT MCKAXKEHUA, HO H

® OIpeaeTUTh HOMePa HCKAXKEHHBIX OMTOB M UCIPABUTH UX

UCIOJB3YIOTCS B TAKUX CUTYAIMSX, KOTJA BEPOSATHOCTH TOI'O, YTO
KaKJIbIi mepegaBaeMblilt KaJap Oy/eT HCKaxKeH TP Tepejade, sdBJIs-
eTcsd BbIcOKO. Hampumep, Takas cuTyanus uMeeT MecTo B OeCmpo-
BOJHON CBY3U.

Kaxapiit kajgp mpejcrapisier coboit OuToByio cTpoky. lckarke-
HUE KaJIpa 3aKJI09aeTCd B MHBEPTUPOBAHUU HEKOTOPHIX OUTORB 3TOTO
Ka,JIpa.

Ecan w3BecTHO MakcHMabHOE KOJHYECTBO OUTOB KaJpa, KOTO-
pble MOTYT ObITH WHBEPTHUPOBAHBI, TO /sl PACIO3HABAHUS HHBEP-
THPOBAHHBIX OUTOB U WX HUCHPABJEHUS MOTYT ObITh HCIIO/IH30BAaHbBI
MeTO/Ibl KOAMPOBAHUSA C HNCOPAaBJIEHUEM OMINOOK, KOTOpbHIE CO-
CTaBJIAIOT OJTHO W3 HAIPaBJIeHNI TEOPUN KOAMPOBAHUA.

B stom maparpade MBI paccMaTpuBaeM MeTOJ, KOAMPOBAHUS C
UCTpaBIeHneM OIMMOOK B MPOCTeHIeM caydae, KOTJa B KaJpe Mo-
KeT ObITh MHBEPTHPOBAHO He OoJiee ojHoro owra. Jlawmubiit MeTo
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Ha3bIBAETCS KOAOM X3IMMWUHTA /ISl UCIPABJIEHNUS OJHOM OMubKn
(cymecTBYIOT KOJIBI XOMMUHTA JIJIsl ACITPABJICHUS IIPOU3BOJIBHOTO KO-
JUYECTBA OMIHOOK ).

Ve maHHOTO METOMA 3aKJII0YAETCS B TOM, UTO OUTHI KaJIpa, Je-
JIATCS Ha JIBa KJIacca:

e uHbOpPMAIOHHBIE BUTHI (coepKalime Ty HHOOPMAIHIO, KO-
TOPYIO OTHPABUTENb XOUeT [HePeJATh MOy YaTes0), u

® KOHTPOJIbHBIE OUTHI (3HAUEHUST KOTOPBIX BEIYUCISIOTCS O 3HA-
JeHUsIM UHDOPMAITHOHHBIX GUTOB).

[Iycrs xaap f umeer suf (by, ..., b,), u
® KOJIMYeCTBO MH(POPMAIUOHHBIX OUTOB B HEM paBHO k,
® A KOJIMYECTBO KOHTPOJbHBIX OUTOB — T,

Te.n==~k+r.

[TocKOIBKY OTIIPABUTEIb MOYKET Pa3MeIIaTh CBOK HH(MOPMAIINIO
B k urdopMaInmoHHbx OUTax, TO Mbl MOXKEM CUHTATD, 4TO HH(pOpMa-
s, KOTOPYIO OTIPABUTENb MEePeJaéT MoaydaTesnio B Kajape f, npei-
craBjigeT coboit buToByio crpoKy M pasmepa k. Kajap, mosrygaembrii
u3 cTpoku M [momoJiHeHHeM €€ KOHTPOJBHBIMA OMTaMU, MBI OyjeM
0603HauaTh 3HaKOCOUeTanmeM (M).

Jnsa kaxgaoro kazapa f obosnauum 3nakocoderanuem (f) coBo-
KYITHOCTh BCEX KaJPOB, MOJYyYaeMbIX u3 f WHBEPTUPOBAHHEM He 00-
Jee oiHOro 6ura. OYeBUIHO, YTO KOJTUIECTBO 37eMEHTOB B (f) paBHO
n+ 1.

[Ipeanonoxkenue o ToMm, 4To B Kajpe ¢(M) mpu mepegade Mo-
JKET IIPOM30NTH MCKazKeHne He DoJiee 4eM B OJIHOM OUTe, MOXKHO Iie-
pedopMYIHPOBATH CJIEYIONUM O0PA30M: MO/IYYATe b MOKET HOJLIY-
auTh BMecTo (M) moboit kaap n3 muokecTBa (p(M)).

HerpynHo BHIETH, 9TO JIJIsi TOTO, YTOOBI MOJYyYaTeN b JIJIsI KazK-
noro M € {0,1}* mor mo npoussoabnomy Kaapy us (p(M)) ommo-
3Ha9YHO BOCCTaHOBUTD M, HeO6XO,ZLI/IMO 1 J0CTATOYHO BbIIIOJIHCHUE
YCJIOBUS

V My, M, € {0, 1}k My # My = (p(My)) N {p(My)) = 0 (8.11)
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T.e. COBOKYITHOCTh MOJAMHOXKeCTB MHO)KecTBa {0, 1} Brma

{{e(0)) | M € {0,1}*}

COCTOMT U3 HEIePEeCceKaIoNnuXcs MOJIMHOZKECTB.
[TockoabKy

® KOJMYECTBO TAKUX HOAMHOXKecTB — 28 m
® KayKJ0e U3 9TUX IIOJMHOXKECTB COCTOUT U3 1 + 1 3JIeMeHTa

TO /s BhinosHenns yeaopus (8.11) H0/KHO OBITH BepHO HepaBeH-
CTBO
(n+1)-28F<2m

KOTOpoOe MOXKHO IIepelnucarb B BUIE
(k+r+1)<2 (8.12)

HerpymHo g0Ka3aTh, 9T0 TpH Kaxka0M dukcupoBannoM k > 0 Hepa-
BercTBo (8.12)) (rme r mpeamosaraeTcsi HOJOKHTEJTBHBIM) SKBHBA-
JIEHTHO HEPABEHCTBY

To ST

TJe 7o 3aBUCHAT OT k, U TPEeJICTaBsieT CO00H HUKHIOI OIEHKY KOJIW-
JeCTBa KOHTPOJIbHBIX OMTOB.
Yuemo rg HETPYIHO BBIYUC/IATD, KOIIa k MMeeT BHI

kE=2"—m—1, rae m > 1 (8.13)
B 3TOM ciaydae (8.12) MOXKHO mepenucarh B BHJIE
2m —m <2" —r (8.14)

9TO SKBHBAJEHTHO m < 1 (T.K. pyHKmUA 2% — T MOHOTOHHA NPH
x> 1).

Takum obpazom, B JJAHHOM CJIydae HUZKHAS OIMEHKA KOJIUYeCTBA
KOHTPOJIbHBIX OUTOB 7o paBHA M.

OKa3bIBAETCs, ITO JAHHAS ONECHKA TOCTHKHMA: CYIIECTBYET Me-
TOJI, KOTUPOBAHHS ¢ UCTIPABJIEHHEM OJHON OIMMOKH, IIPH KOTOPOM KO-
JIMYECTBO T KOHTPOJBHBIX GHTOB COBHATACT ¢ MAHUMATBHO BO3MOK-
HbIM 3HAYCHHUECM 7. HI/I)Ke MbI U3Jlara€eM METO/ TaKOT'0O KOAUPOBaHU .
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Ecau k nmeer Bug (8.13), w r = rg = m, o n = 2™ — 1, Te.
HOMepa 6uToB Kaapa (by, ..., b,) MOXKHO IPEJCTABASTH KOPTEXKAME
u3 {0, 1}™: kaxapiit Homep ¢ € {1,...,n} npeacraBiasercs IBOMIHON
3aMACHIO YUCJA ¢, JIOTIOJHEHHONH C/IeBa HYJIAME JO KOPTEe¥Ka JIJTHHBI
m.

Mpubr Oyzem mojiaraThb, 94TO HOMEPA KOHTPOJILHBIX OUTOB MMEIOT
KOPTEKHYIO 3aIiCh

(0...1...0)

(omHA eJIMHUIA, U OCTAJIbHBIE HYJIH).

BHaueHnss KOHTPOJLHBIX OUTOB Mbl OYJIeM BBIYHCIATH CJIELYIO-
muM 00pa3oM: I Kaxka0ro j = 1,...,m 3Ha9eHue KOHTPOJHLHOTO
6uta ¢ Kopre:kubiM HOMepoM (0...1...0) (eqununa B j—it mo3urn)
PaBHO CyMMe 110 MOJYJIIO 2 3HaYeHuH HHMOPMAIMOHHBIX OUTOB, KOP-
TeXKHasl 3aIMCh HOMEPOB KOTOPHIX COAEPKUT 1 B j—if IO3UIHN.

[Tpu nosyuenun kagpa (by,...,b,) Mbl IIPOBEPsiEM 1M DABEHCTB

S by =0 (j=1,...,m) (8.15)

ij=1

(rae cymMMa paccMaTpUBAeTCs 110 MOJYJIO 2).
Bo3MOXKHBI CIeAyIoNme CIydan.

e [Ipu mepemade 3TOro Kajpa He OBLIO UCKAYKEHUIA.

B srom cayuae Bce pasencrsa (8.15) GyayT BepHBI.

e [Ipu nmepegade 3TOro Kajpa HPOU3ONLTIO HHBEPTUPOBAHUE KOH-
TPOJIBHOTO GuTa ¢ KopTeKubiM HoMepoM (0...1...0) (exununa
B j—it no3unum).
Herpymao BUaeTH, 9TO B 3TOM cjaydae cpeau paBeHCTB ((8.15))

Oy/eT HeEBEePHO TOJIBKO PABEHCTBO HOMED j.

e [Ipu mepengade 3Toro Kajpa IPOU30ILIO WHBEPTUPOBAHNE HH-
dopMaInuOHHOIO OUTa ¢ KOPTEXKHBIM HOMEPOM, COJIEPKAIUM
eTUHUTIHI B TTO3UINUAAX J1, ..., Ji.

Herpyano BuaeTh, 9T0 B 9TOM Cjaydae cpeau paBeHcTB (8.15))
Oy/lyT HEBEPHBI TOJILKO PABEHCTBA C HOMEPAMU J1, . .., Ji.

Takum 00pa3oM, BO BCeX CJydasiX Mbl MOZKEM
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® OIpeJIeTUTh, ObLIO JIM UCKaYKeHNe KaJjpa MpH repejade, u

® CCJIN NUCKarKeHue 6BIJ'IO — TO BBIYUCJIUTH HOMep I/ICKa}KéHHOI‘O
oura.

8.4.3 Metoabl oOHapy KeHUs NCKAaKEHWil B Ka/Jl-
pax

JIpyroii Kjlacc MeTO/I0B aHA/IN3a UCKAyKEeHUH B KaJIpax CBA3aH C yCTa-
HOBJIGHHEM CaMOT0o (haKTa HCKaYKEHUS.

3ajaua ompeiesieHAs] HOMEePOB UCKAYKEHHBIX OMTOB MMeeT BBhICO-
KYIO CJOYKHOCTh, U MOITOMY, €CJU BEPOATHOCTH MCKAYKeHUs KaJIPOB
IIPH Tepejiate HEBBICOKA (UTO UMEET MECTO TIPU UCTIOIb30BAHIY Me/I-
HBIX HJIM ONMTOBOJOKOHHBIX KAHAJIOB CBA3M), TO OoJiee ahdexTuBHbIM
€ TOYKU 3PEHU CJOKHOCTH ABJISIETCS TOBTOPHAS TOCHLIKA HCKAYKEH-
HBIX KaJIPOB: €CJIU TOJIy4YaTe/h KaJpa OOHAPY KUBAECT UCKAYKEHWE B
TOM KaJIpe, OH MPOCHT OTIPABUTENS MOCJATh ITOT KaIp elmé pas.

Il1s cpaBHeHHs CJIOXKHOCTU 3aJia4 WCIPABJIEHHS HCKAXKeHUH 1
obHapy KeHUs UCKaxKeHuil paccMoTpuM ciepaytonuii npumep. [lycrb
MU3BECTHO, 9TO B KaJ[pe MOZKeT ObIThH HCKayKeHO He bojiee 0HoTo GuTa.
Ecau pasmep xagpa n = 1000, To

® IS UCNPasAeHUA TAKOTO NCKayKeHNs HY2KHO 10 KOHTPOJIBbHBIX
OUTOB,

® a JulsI 0bHapysceHus TAKOTO MCKayKeHHUsI Hy KeH JIMIb 1 KOH-
TPOJBHBIN OWUT, 3HAUEHWE KOTOPOTrO IOJIAraeTcsl PaBHBIM YET-
HOCTHU KOJIMYECTBA €JIUHUIL B WH(MPOPMAIMOHHBIX OUTAX.

OnuH 13 MeTOI0B KOAUPOBAHUS C IEJIbI0 OOHAPYKEHUsT HCKAZKe-
HUH 3aKJII09A€TCH B CJEAVIONIEM:

e KaJp JeauTcd Ha k dacTeil, u

® B KayKJIO# YacTH HA3HAYAETCHA OJMH KOHTPOJLHBIN OUT, 3HAUE-
HUE KOTOPOIr'O MOJIAraeTcd PaBHBIM YETHOCTU KOJUIECTBA €J1U-
HUT[ B OCTaJIbHBIX OUTAX 3TOH JacTH.

Eciim npu nepejade 3Toro Kajpa OUTHI HCKAYKAIOTCS PABHOBEPOSIT-
HO W HE3aBUCUMO, TO JIId KaKJI0U TaKOW 9acTH KaJpa BEpOSTHOCTH
TOTO, 9TO
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® 3Ta YaCTh KaJpa MCKarkeHa, U

e TeM He MeHee, eé YETHOCTh BepHa (T.e. Mbl CUNTAEM eé HeHCKa-
KEHHOIH)

MeHbIIe 1 /2, T09TOMY BEPOSITHOCTH HEOOHADY KEeHUST NCKAZKEHUST MEHb-
e 27,

JpyruM MeTo10M KOJIUPOBAHUS € IEJIbI0 OOHAPYKEHUs NCKaZKe-
Huil siBsiercs mosmaoMuanbubiil Koz, (Cyclic Redundancy Check,
CRCQ).

Jlamublii MeTo/; OCHOBAH Ha PACCMOTPEHHU OUTOBBIX CTPOK Kak
MHOTOWIeHOB HaJ nosieM Zy = {0, 1}: 6uroBas cTpoka BuIa

(bka bk—la ce e 7b17 bO)
paCCManI/IBaeTCH KaK MHOT'O4YJIE€eH
be-xF +bp g 2" 4+ b+ by

[lycTh HEOOXOMMMO TIepeiaBaTh KaJaphl pasMepa m + 1. Kaxkaprit
TAKOH KaJp paccMaTpuBaercs Kak MHorowren M (x) cremenn < m.
g KoaupoBaHusd 3TUX KaJIPOB BbIOUPAIOTCS

® UuCJIO T < M, U

e muorowieH G(x) cTenenu r, UMEIONMH BUJL

4+ ... +1

Muorounen G(z) na3biBaeTcs 0Gpa3yOIIM MHOTOUYJIEHOM.
Mg xkazxmoro kajgpa M (x) ero koi T'(z) BBIYHCISAETCA CIETYIO-
M obpasom. Muorownen x” - M (x) nemurest ¢ octatkom Ha G(x):

" M(x) =G(z) - Q(x) + R(x)

rae R(x) — ocTaTok, T.e. MHOTOWIEH CTeHeHn < .
Kogom kazgpa M (x) siBisieTcss MHONOWIEH

Herpynuo Buzsers, uto pasmep 1'(z) Goabine pasvepa M (z) na r.
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Obnapyzkenne MCKaykeHUil npu nepegade kaapa 1'(x) nponsso-
JATCS TYTEM Jieenns mosydentoro kajgpa 1"(zx) na G(z): canraer-
cs1, uro Kajp T'(x) Obl1 mepegan 6e3 uckazkeHud (T.e. MOJYIeHHbII
kaap 1T (x) copmamaer ¢ T'(z)), ecam T'(x) meqaurcst 6e3 ocTaTKa HA
G(z).

Ecoau xkaap T'(x) 6611 nepeian 663 HCKAYKEHM, TO HCXOAHBI Kaap
M () MOZKHO BOCCTAHOBUTD IyTéM IpejcTaBienus T (x) B Bue cyM-
MBI

T(x)=2"-M(z)+ R(x)

riae R(x) cocrout u3 Bcex MonomoB B T'(x) crenenn < r.
Ecau xaap T'(z) ObLT Iepesian ¢ HCKazKeHHsIMH, TO CBSI3b MEZKLY
T(x) u T'(x) MOXKHO IPEICTABUTH B BUJIE COOTHOIICHHUSI

T'(z) =T(z) + E(x)

rae MHOrowieH F(r) Ha3plBaeTCs MHOIOYJIEHOM HCKAXKEHUMH, U
COOTBETCTBYET OUTOBOI CTPOKe, KaxK/1asd KOMIIOHEHTa KOTOPOI paBHA

e 1, ecau coorBercrBytonumii 6uT Kagpa T'(x) ObLT UCKAKEH, 0
e 0, nnadye.

Takum obpaszowm,

e ccm T'(x) 6bLT HCKaKEH B oiHOM Oure, 10 F(1) = 2

e ecsin T'(z) GbLn ucKaxkén B AByX butax, To F(x) = ' + 27,

® I T.I.

U3 onpenenennii T'(x) u FE(z) caenyer, uro T'(z) menutcst Ha
G(z) 6e3 ocTaTKa TOTJa W TOJIBKO TOTJa, Korma F(z) meaurtcs Ha
G(x) 6e3 ocrarka. [losTOMy HCKayKeHHE, COOTBETCTBYIONIEE MHOTO-
wreny F(x), oOHADYyKHBAaeTCS B TOM U TOJIBKO TOM CJIydae, KOIJa
ocraTok oT gesenns F(x) ma G(x) He paseH HyJIio.

PaccmorpuM 1101po6iHee BOIPOC 0 TOM, KAKHE BBl HCKAZKCHHI
MOTYT OBITH OOHAPYZKEHBI ITPU HOMOIIHU JAHHOTO METOJIA.

1. OxHoOWTHBIE MCKayKeHUsT OOHAPYKUBAIOTCS BCETaa, T.K. MHO-
rowten E(x) = z' ne neamres Ha G(x) 6e3 ocraTka.
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2. JIByxOuTHOe HCKayKeHWe MOYKeT He OOHAPYKUBATHCS B TOM CJIY-
Yae, KOIJIa COOTBETCTBYIONUNA MHOTOYJICH
E@)=z'+2 =2 (a7 +1)
nenutest Ha G 6e3 octaTka (MBI IPEIIOIAraeM, 910 i > j):

(277 4+ 1) = G(x) - Q(x) (8.16)

I/IS TeoOpeMbl O €JUHCTBEHHOCTH DPA3JIOZKEHUA Ha MHOXKHUTEJIN
MHOTOYJIEHOB HA/T [TOJIEM CJIeIyeT, 9To cooTHotenue (8.16)) Bire-
Y€T COOTHOIIICHUE

777+ 1=G(x) Q) (8.17)
Hmeer mecTo crepytonuit pakt: eciu
Gz) =2+ 2" +1 (8.18)

To st Kazkoro k = 1,. .., 32768 muorouen =¥ + 1 He gesut-
ca Ha G(x) 6e3 ocrarka. llosromy obpasyrommit MHOrOUIEH
(8.18)) mo3BOJIsIET OOHAPYZKUTH NBYXOUTHBIE NCKAYKEHUS B KaJl-
pax jgauabl < 32768.

3. IlpesncraBuM MHOTOUWIEH HCKaxKkeHni E(x) B BHIE
Ex)=a ("' +.. . +1) (8.19)

Yuceso k B 9To# 3aIucu HA3BIBAIOT PA3MEPOM IIAKeTa OIIH-
60k. OueBuaHO, UTO k£ paBHO pasMepy MOIACTPOKU CTPOKU HC-
KasKeHHi (T.e. TO# CTPOKH, KOTOPOH COOTBETCTBYET MHOI'OUJIEH
E(z)), orpaHudeHHOil JIEBBIM W IPABBIM €JINHUIHBIMH OHTAMH.

O6o3naunym 3naxocoderanneM E, (x) Bropoit muoxurens B (8.19).

I/I3 TeoOpeMbl O €JUMHCTBEHHOCTH DPA3JIOZKEHHA Ha MHOXKHUTEJIN
MHOTOYJIEHOB HAJ[ 110JeM CJIEJYeT, 9TO MCKAYKEHHE, COOTBET-
crsymomee Muorouneny (8.19), me oGuapyxuBaercs B TOM U
TOJILKO TOM CJIy4ae, Koraa F (x) nenaures 6e3 ocratka na G(x).
DTO HEBO3MOXKHO, ecyin cTenenb Fy(x) Menbine crenenn G(x),
re. ecam k—1 <7 (mm k <r).

Takum 06pa3zoM, MOKHO OOHAPYZKHUTH TaKHe NCKAYKEHHS, pPa3-
Mep nakera OmmbOK B KOTOPBIX < 7.
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4. Ecau pazmep nakera ommbok k = r + 1, To Muaorounen Fi(x)
(eM. mpeapLtymuit myHKT) menutcs 6e3 octarka Ha G () B TOM
U TOJBKO TOM ciIydae, koria Fi(x) = G(x).

BeposaTHOCTH TAKOrO coBnaeHns pasua 2~ 1.
Takum obpasom, eciu pasmep mnakera omubOK paBeH r + 1, To

BEPOSITHOCTD HEOOHAPY ZKeHHsI TAKOTO HCKaszKeHus paBua 2~ 71,

5. MoxkHO 10oKa3aTh, 4TO €CId pa3Mep HakeTa omubok k > r+ 1,
TO BEPOATHOCTH HEOOHAPYIKEHUsS TAKOT'O UCKazKeHud < 27,

6. Ecan

® UCKayKeHO HeYETHOe KOJIM9IecTBO 6uToB, T.e. F(x) cocTont
U3 HEYETHOrO KOJIMYeCTBA MOHOMOB,

TO TAKOE UCKazKeHHe OOHAPYKUBAETCs, T.K. ecJii Obl ObLIO BEP-
HO PABEHCTBO

E(x) = G(z) - Q(x)

JJTsl HEKOTOPOTO MHOTOWIeHa (QQ(Z), TO, B 4aCTHOCTH ObLIO GBI
BEPHO paBeHCTBO

B(1) = G(1)- Q1) (8.20)

4ero He MOXKeT ObITh, TaK Kak JeBas dacTb B (8.20) pasna 1,
a mpaBas — 0.

B zaksiouenune ormeruMm, uro B crapjgapre IEEE 802 ucnosbiy-
ercs obpasyiomuit Mmuorouten G(r) Buga

%+ a2+ 2"+t e+ 1

OH OOHAPYKUBAET MCKAYKEHHS, B KOTOPHIX pa3Mep HaKeTa OMuOOK
< 32, WK HCKaKeHO HeYETHOe KOJUIeCTBO OUTOB.
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8.4.4 Ilpumep nmpoTokoJa

PaccMoTpuM mpocToii mpuMep MPOTOKOJa, KOTOPBIH COCTOUT U3 IBYX
areHTOB: OTHPABUTEJIS U MOJydaTead. 3a1adeil TpOTOKOIa SIBJIs-
eTCsl OpraHu3alnsa JTOCTABKHA KaJPOB OT OTIPABHTEISA MOy YATETIO
Jepe3 HeHAJEKHBIH KaHa CBA3H (KOTODBI MOYKET MCKaKaTh W Te-
PSTh [epeIaBaeMble KaJiphbl).

Pabora npoTokoJia IpOHCXOIUT CJICAYIOMHUM 00Pa30M.

1. OronpaBuTesb HOJIyIaeT COOOIIEHUs OT MPOIEecca, He BXOJIs-
Iero B MPOTOKOJI, KOTOPBIil HA3bIBAETCS CETEBHIM YPOBHEM
(CVY) orupaButessd. 1u cooOIeHNs HA3BIBAIOTCS ITaKeTa-
MMN. Baﬂa‘{a OTIIpaBUTEJIA 3aKJII09aeTCdAd B IEPUOJNIECCKOM BbI-

[IOJIHCHUU CJEAVIONINX JTeHCTBUM:

MOJIyYUTh OUepeHol naket ot ¢csoero CV
chopMEpOBaATH U3 ITOrO MAKeTa KaJp
IIOCJIaTh 9TOT KaJAp B KaHaJl CBA3U W BKJIIOYUTH TaﬁMep

ecau TaiiMep MpUILIET CHTHAT timeout (KOTODBIA O3HA-
YaeT, YTO BpeMd OKUAaHNA ITOATBEPKACHUA ITOCTaHHOTI'O
KaJIpa 3aKOHYWJIOCH, U, BUIAUMO, 3TOT KaJIp JO IOJydaTe-
JIS He JIOMIEN ), TO MOCJATh TOT KAIP ellé pas

eCcJIu TPUJET TOATBEPKIeHUE OT TOJIydaTe isl, TO 3TO O3Ha~
qaeT, UYTO TeKyIMuil Kajap JIOMET JO HeTO YCIelTHO, B MO¥K-
HO

— moJiydarh caeiayiomuii maker or csoero CV,

— dopMHUPOBATD U3 HErO KaJIp,

— U T.O.

Brok-cxema, mpencTaBiIMioniasg OMMNCAHHOE BBIIIE MOBEICHHE,
BBITVISIJIAT CJIEJLYIOIIUM 0Opa30M:
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( start )

In?z

Clo(z)

start!

timeout ? \_/ c?

Omneparopbl, BXOAAIINAE B 3Ty OJOK-CXEMY, UMEIOT CJIeIy 0NN
CMBICT.

e [/n?x — mosydeHue OTHPABUTEIEM OUEPEIHOTO TAKeTa OT
cBoero CV, 1 3alMCh 3TOrO NAaKeTa B IEPEMEHHYIO T

C'ly(x) — ormpaBienne B KaHaJ CBSA3H Kajapa ()

start! — BRIIOUEHME TaiiMepa

timeout 7 — mosydeHne oT TaiiMepa cUrHaJIa timeout

C'? — nonydyenne u3 KaHaja CBA3M CHTHAJA MOIATBEPIKIE-
HUA

[Ipomecc, npejcran/iieMblii 3TOil OJI0K-CXeMoit, 0003HaYALTCs
3HAKOocodeTaHneM Sender u mMeeT CaeayIONnid B
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timeout ?

ITporecc oTmpaBuTeIa SBJISETCS HAPAJIEIbHON KOMIIO3H-
nuedi (¢ orpaHuYeHneM)

e 1mporecca Sender, u

e 1mporecca Timer, npeAcTaBIdIONIero IIOBeJeHUEe TaliMepa,
U UMEIOIIEro BUJ

(t=1)7
start? timeout !
ti=1 t:=0 (8.21)

Hauwasibnoe ycaosue mporecca Timer: ¢t = 0.
B sToit Momenn Mbl He JETATH3UPYEM BEJIUIHHY ITPOME-
JKYTKA BPEMEHU MeZKIy

— 3amyckoM TaiimMepa (seiicteue start?), u

— MOCBIJIKOI MM curHaJta timeout.

2. Kanan cBa3um (Ha3bIBaeMBbIil HUZKe IPOCTO KAHATIOM) B KaK-

JIbITT MOMEHT BpEMEHU MOXKeT CojieprKaTh He 6oJiee 0JTHOTO KaJl-
pa win curaasa. OH MOXKeT BBIINOJHATD CJIeYIONINe JIeCTBHA:

® J[I0JIydYeHue Kaldpa OT OTIIpaBHUTEJIA, U

— IIepecChblJIKa 3TOro Kadpa I10J1y4daTeJ o, UIn

— TepPeCchLIKA MOJYYaTe 0 NCKAaKEHHOIO KaJIpa, Un
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— moTepd Kajipa

e TOyYeHNe CUTHAJA TOATBEPKICHNUS OT MOJydaTensd, n
— IepeCchLIKA 3TOr0 CUTHAJIA OTIPABUTEIO, NN
— TOTeps CUTHAJA.

[loBenenne KaHaa MpeCTaABAIETCSA CJIeLYIONHM TPOIECCOM:

T7

M \
Ry

( ) A @ (8.22)

@ STy
t

7))

T2
S
R?

R!x Y

B sTom mporecce MbI HCIIOJB3YEM CJIEAYIONIYIO aOCTPAKIUIO:
CHMBOJI %’ O3Ha4YaeT ‘MCKaxKEHHBIH Kajap’. Mbl He yTouHgeM,
KaK MMEHHO MCKAXKAIOTCS KA Pbl B KaHase. Kaxk bt Kaip, mo-
CTYIUBIINGA B KaHAJ

e b0 mepeaaéTcsa U3 KaHala B HEeM3MEHHOM BHUJIE IOy Ya-
TeJTIo,

e b0 npedpasyercd B abCTpakTHOE 3HAYEHHE ‘x’, U ITO
3HAYEHUE MEePeIAETCs M3 KaHAIA Oy YATETHO

e b0 IPOMAIaeT, ITO BBIPAYKAETCS MEPEXOIOM IIPOIEcca

(8.22) ¢ merkoit T 7

3. Iomy4uaTesb epuonIecKy BbIIIOJHIET CJIe/Ly OIHe JIeficTBA:

e TOJIyUYeHHEe U3 KaHaJIa O9epPeIHOTO Kajpa
e IIPOBepKa HAJWYNA HCKAaKeHHil B Kaape
® ecJIM KaIp He UCKAXKEH, TO

— H3BJIeUeHue U3 KaJpa IITaKeTa,
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— mepejiada 3TOro IAaKeTa IIPOIECcCy, Ha3biBAEMOMY Ce-
reBoii ypoBens (CVY) mosyuarens (3T0T mporece
He BXOJHUT B MPOTOKOJ)

— IIOCBLJIKa OTIPpaBUTEJIIO Yepe3 KaHaJl CHI'HaJla IIO0d-
TBep2KJIeHUA

® eCJIH KaJIp UCKAZKEH, TO MOJIy9aTeb ero UrHOpupyer (mpe/i-
roJiarag, YTo OTIIPABUTENb, He 0K IaBITUCH MOATBEPIK/Ie-
HUsI, TONLIET 3TO KaJp emé pas)

biok-cxeMa, IpeacTaBJIdionmiasg ONHCAHHOE BBIIIE IOBEICHHE,
BBITVISIHT CJIEIYIONIUM 00pa30M:

( start )

ae
C?f
be

(= 9‘—» Out Vinfo(f)

OnepaTopbl, BXOAAIIKAE B 9TY OJOK-CXeMY, UMEIOT CJIeIyIONInii
CMBICJI.

e (7 f —mnoJsiydeHnue u3 KaHAJIA OUYEPEIHOIO KaJIpa, U 3aIIUCh
€ro B ImepeMeHHyio f
e (f = %) — mpoBepka HATHYUs UCKAYKEHUsSI B Kaape [

e Out!info(f) — orupasnenue naxera info(f), U3BIeIEHHO-
ro u3 kajapa f, ceoemy CV

e ('! — 10ChLIKA CUIHAJA LOATBEPIK ICHU s

[Ipomecc, npepcrasiisieMblii 3TOi OJ0K-cXeMoit, 0003HaYaeTCst
3HaKocoueTaHueM Receiver m mMmeeT cJieyIonuii BUI:
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(f # )7
Out linfo(f)

[Tpomnecc Protocol, coorBeTCTBYIONMI BCeMY TTPOTOKOJIY, OIIpe e~
JIFITCSl KAK TTapasiieIbHast KOMIIO3UIUS (¢ OPPAHUYeHHeM ) BbIIIere-
PEUUCIEHHBIX ITPOIECCOB:

Sender [S/C] |
Timer |
Channel |
Receiver [R/C]

Protocol % \ {S, R, start, timeout} (8.23)

[ToTrokoBbIit Tpad 3TOTO mpolecca UMEeT CIASIYIONTNNA B

Out
D
Receiver

(8.24)
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st Toro, 9TOOBI MOYKHO OBIJIO aHAJIM3UPOBATH KOPPEKTHOCTH
9TOr0 MPOTOKOJIA, HEOOXOJIMMO TOYHO OIPEIEJUTh CleludUuKaIuio,
KOTOPOH OH JIOJIZKEH COOTBETCTBOBATD.

Ecim MbI xO0THM CcreruduIupoBaTh TOJIBKO CBOWCTBA BHEITHIX
JMeHCTBUl, BBIIOJHIEMBIX ITUM IIPOTOKOJOM (T.e. JeificTBHil, nMe-
forux Bug In?v u Out!v), 1o cnenndukanus MOXKeT BBITIAIETH
CJeYIONUM 0Opa30M: MOBeJICHIE JTAHHOIO IPOTOKOJIA COBIAJIAET C
nosejienueM Oydepa pazmepa 1, T.e. nporecc Protocol nadiaojaemo
SKBUBaJIEHTEH Iporeccy Buf, KOTOphIil nMeeT B

In?zx

@)‘ ,(@ (8.25)

Out'z

[Ipu mocrpoenun npomecca ¢ CO, cOOTBETCTBYIONIETO BBIpazke-
uuio (8.23), u ero pejyKiuu, 10J1yIaeTCs JAuarpaMma,

y = ()
T?| | f=
Outinfo(f)

KOTOpad Ha6JIIO,ZLa€MO JKBHBaJICHTHa JUar'paMMe

Out!info(p(x)) (8.26)
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Ecim mbl mpeanosoxknM, 9to (DYHKINASA info W3BIEUYEHUS TTaKe-
TOB U3 KaJIpOB dABJsieTcs oOpaTHONl K (BYHKIUU ¢ (HOpMUpOBAHUA
KaJIpOB, T.€. I KayKJIOTO IIaKeTa X MMeeT MeCTO COOTHOIIeHUE

info(p(x)) =z

To quarpammy (8.26)) MOXKHO MepeprcoBaTh CJAECAYIONHIM 06PA3OM:

(8.27)

[pomece (8.27)) MOKHO peaynupOBaTH, B PE3yJibTaTe Yero moJry-
JAETCsI ITPOIECC

In?zx

@L T ) ) (8.28)

Out!zx Out!zx

IIpu comocrapiennn nporeccon (8.28) u (8.25) MoxHO 3aKII0-

YUTh, YTO JIAHHbIE [IPOIECChl HE MOI'YT ObITh IKBUBAJEHTHBIMU HU B
KakoM mpuemMjeMoM cMmbiciie. Hampumep,

e nporecc (8.25) nocse noTyUeHHsT IAKeTa T MOKET TOJIBKO

— nepegarh 3roT nmaker CV mosydaress, u

— TIepeiiTu B COCTOSHUE OKHJIaHUS CJIe/IYIONero maKeTa

® B TO BpeMs Kak mporiecc (8.28]) MoxkeT mocJie mory Yenusi makera
x mepeaaTh ITOT naker CV moaydaresis HECKOTbLKO Pas.

Takas moBTOpHas epeatda MOXKeT ITPOUCXOTUTD, HAIpUMep, TPH
CJeyIoNeM BapuanTe paboThl MPOTOKO/IA.
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e [lepBbiit Kajp, MOCJAHHBINA OTHPABUTEEM, JOXOAUT JO MOJY-
qaTesd YCIeLIHo.

o [Tomyuarenn

— IIepechLIaeT ITaKeT, U3BJIeYEHHbIH U3 9TOI0 Ka/1pa, CBOEMY

CV, n

— TIOCHIJIAET OTTIPABUTENIO Yepe3 KaHad MOoATBEPKIeHUE.
e DTO NOATBEpXKIEHUE IIPONaIaeT B KaHATeE.

e OTmpaBuTe/ib, HE JI0K/IABIINCH IOATBEPZK IEHU, IOCHLIAET TOT
Ka/JIp ellé pa3, U ITOT Ka/JIP CHOBA JIOXOJIUT YCIIEITHO.

e [lomyuarenb BOCIPUHUMAET STOT KaAp Kak HOBBIH. OH

— IIepeChLIAET MTaKeT, U3BJIeYEHHBIH U3 9TOT0 KaJIpa, CBOEMY

CV, n

— IIOCBLJIaeT OTIIPaBUTE/IIO YepPe3 KaHaJl IIOATBEP2KACHNE, KO-
TOpOE ONATH MPOoIlaJaeT KaHaJe.

® 1T T.I.

9Ta CUTYAIlMsT MOXKET BOBHUKHYTD IIOTOMY, UYTO B JAHHOM HPOTO-
KOJIE OTCYTCTBYET MEXaHU3M, C HTOMOMIbIO KOTOPOT'O MOy YaTe b MOT
OBl OTJIMYHUTD HOBBIH K&JIP OT MepeIaHHOr0 HOBTOPHO.

B craemyromem naparpadpe Mbl NPUBOJIUM HPUMEP HPOTOKOJIA,
B KOTOPOM 3TOT MeXaHW3M HPUCYTCTBYeT. /[ Takoro mpoTOKoJIa
y2Ke MOKHO (popMaIbHO JT0Ka3aTh €ro COOTBETCTBUE cleludpuKaIun

(8-25).

8.4.5 IIporokos ¢ dyepemayommmuca ouramMm

IIpoToKOoJI ¢ YepeayomuMucs 6uraMu (Ha3bIBaeMblii B AHTJIO-
SI3BIYHOIT TuTepaType cioBocodeTanneMm Alternating Bit Protocol,
i, cokparénno, ABP) npennasnaven 1s1 perenus Toii ke 3a/1a-
IU, 9TO U TMPEBIAYIMUA TPOTOKO: JOCTABKA KA POB OT OTIPABUTE-
JI TIOJTyYaTe 0 depe3 HeHAIEKHBIH KaHaI CBsI3U (KOTOPbIH MOZKeT
HCKayKaTh U TEPATH TepeaBaeMble KaJpbl).
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MexaHu3Mm, ¢ TTOMOIIHIO KOTOPOTO MOJyYaTeIb MOKET OTJIHINTH
HOBBII KaJIp OT IepeJlaHHOTO ITOBTOPHO, Peain30BaH B JIAHHOM IIPO-
TOKOJIE CJIEYIONUM 00pa30M: CPeIH HePEMEHHBIX OTHPABUATES | I10-
JIydaTe s IPUCYTCTBYIOT OYJIeBBI epeMEHHBIE S H 1" COOTBETCTBEHHO,
3HAUEHUS KOTOPHIX UMEIOT CJEYIONAN CMBICI:

e 3HAaUEeHUe MepPEMEeHHOU S paBHO YETHOCTH HOMeEpA OYepeTHOTO
Ka/Ipa, KOTOPOTO MHITAETCH TOCJIaTh OTIPABUTEb, 1

e 3HAaUEeHUe IMePEMEHHOU 7 paBHO YETHOCTH HOMeEpAa OYepeTHOTO
Ka,Ipa, KOTOPOTO OXKHUJIAET MOJTydaTeNb.

B HauaJabHBI MOMEHT 3HadeHHs1 S W r paBHbl ( (MepBbIid Kajap
nmMeeT HoMep 0).

Kak u B npeapiyineM MpoToKOIe, B 3TOM HPOTOKOJIE UCIIO/Ib3Y-
ercs abcTpakTHOe 3HaUeHHe ‘x’, 0003HAYAIOIee NCKAYKEHHBIH Ka/Ip.

Pabora npoToxosa mporcxoauT CJIeAyIONnM 00pa3oM.

1. OronpaBureJib, HOJYYUB OoYepeIHON nakeT or cBoero CV,

® 3AINCHIBAET €0 B IIEPEMEHHYIO T,

e dopMupyeT KaJp, KOTOPbI HpejcTasisger coboil 3Hade-
HIEe HeKOTODO#l Komupyroreil byHKImun ¢ Ha nape (, s),

® II0CBLIAeT 3TOT KaJAp B KaHAJ,
® 3allyCKaeTr TaiMep
® J10CJIe Yero OH OXKUJaeT OATBEep K AeHUe IOCTaHHOrO Ka/l-

pa.

Ecan Y OTIIpaBUTEJId HCTEKACT BpeMd OXKHJAaHUAd, 1 OH HE II0-
JIy9a€T NOATBEPzKACHUA OT IIOJIy4daTesid, TO OH IMOBTOPHO IIO-
CbLJIa€T y2Ke MMOCJIAHHBIA KaJdp.

Ecau e oH moydaeT moarBepIKeHne, KOTOPOe MPeICTABISIeT
co0oit HeUCKaXKEHHBIN KaJIp, CO/Iep2KaIInii OUT, TO OH aHAIN3H-
pyer 3HaYeHHe ITOro OUTA: eCJU OHO COBIAJAET C TEKYIUM
3HAYEHUEM S, TO OTIPABUTEJb

e UHBEPTHPYeT 3HAYEHUE IEPEMEHHOMU § (MCIOIb3Ysl /IS 9TO-
ro dyukmo inv(x) =1 —x), u
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® HAYMHAET HOBBIH UK CBOEH paboTHI.

B nporuBHOM cJiydae OH OlSTh MOCHLIAET Y2Ke MOCJTaHHbIH Ka/JIP.

BJiok-cxema, npe/icTaB/IsIoniasi Takoe MOBeICHUE, BBITJISIIUT CJIe-
JIYIOIIIUM 00pa30M:

start
S =
inv(s)
o A
In?zx +
—(bit(z) = s
15 \bitlz)

Cly(x,s) + T
o( \ﬁ_j

start! » [
D
timeout ? J C?z

[Ipomece, upejcraniisieMblii 310fl 0JI0K-CXeMOi, 0003HaYAETCs
3HAKOcodeTaHneM Sender um mMeeT CaeayIONui BHII;

Init = (s = 0)
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Z # % 0
bit(z) =s [ °

@ inv(s) @

z = %
bit(z s
In?x (2) # C?z
start!
b A\ {1
timeout ?

ITpomecc ornmpaBuTesid dBIdETCA MAPALICIBHON KOMIIO3H-
nuedi (¢ orpanndennem) mnporecca Sender, u uporecca Timer.

Kanmam B KaxKaplii MOMEHT BPEeMEHH MOXKeT COjepKaTh He 00-
Jee ogHOTO Kajapa. OH MOXKeT BBIIOJHSATH CIEAyIOIne JIeii-
CTBHUA:

® JI0JIydYeHue Kaldpa OT OTIIpaBUTEJIA, U

— TEePECHLIKA 3TOT0 KaJpa MOJyYaTe 0, Uil
— TepPechLIKA MOJIYYaTe 0 NCKAaKEHHOTO Ka/JIpa, Uan
— moTepd Kajpa

e IIOJIydeHHe KaJpa ¢ HO/ATBepK/IeHneM OT MOJIydaTess, 1

— TEePeChLIKa 3TOT0 KaJpa OTIPABUTETIO, AN
— TEePeChLIKA OTITPABUTETI0 UCKAKEHHOTO KaIpa, WIH

— TmoTepd KaJpa.

[ToBejienre KaHaJja MpeJCTaBIsIeTCS CJIEYIONIUM HPOIECCOM:
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e N ™
Sl = Rly
7 ) 1 a )L (B
O m—" () e O R
N ARG J
Sl R!x

3. Ilonmy4daresb npH MOJIYIEHUN OYepeTHOTO Kajpa W3 KaHasa

® 1IDOBepPsieT, He UCKAYKEH JIM 3TOT KaJp,

® I eC/IM He MCKaKEH, TO M3BJIEKaeT U3 Hero IIaKeT U CBd-
3aHHBIN ¢ HUM OUT npu nomoinu (pyHknuit info u bit, 06-
JIAJAIONINX CJICIYIONIMMI CBORCTBAMIE:

info(p(z,b)) =z, bit(e(x,b)) =0

[loryaaTens mpoBepsier, coBnagaeT Ju 3HaAUeHHe OUTA, U3BJIE-
YEHHOTO U3 KaJpa, C OKUJAeMBbIM 3HaUYeHHEM, KOTOpOe COJlep-
ZKUTCH B HEPEMEHHOH 7.

Ecnmm mpoBepka jaJia MOJTOKUATETbHBINA Pe3yabTaT, TO TMOJTyda-

TeJIb

e TepeafT TMaKeT, W3BJAEYEHHBII W3 ITOTO KaJgpa, CBOEMY
cy
® WHBEPTUPYET 3HAUEHUEe MepeMeHHol 7, u
® TIOCHIJIAeT OTIPABUTEIO depe3 KaHAJ TMOITBEPIKICHHE.
Ecmm mposepka mgana OTpHIATEBHBIN Pe3yabTaT, TO TOJIYYa-

TeJIb MOCHLIAET KA MOJATBEPKICHUST ¢ HEBEPHBIM GHUTOM (UTO
3aCTABUT OTHPABUTEJIS IIOCIATH CBOM KaJp emé pas).

Econ e Kajip HCKazKEeH, TO MOJTydaTe b ero UTHOpUpYyeT (Ipe;i-
noJiaras, 9To OTIIPABUTENDb, He JIOKIABIIHCEH TTOITBePIKICHAS,
HONIET 9TO KAJP elé pas)
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Baok-cxema, mpescTaBisgmoIias ONMCAHHOE BHINIE TOBEJIEHNE,
BBITJISIAT CJICIYIONIUM 00pa30M:

start

inv(r)

Outinfo(f)

[Ipomecc, npepcrasiisieMblil 3TOi OJI0K-cXeMOit, 0003HaUYaeTC st
3HakKocodeTanueM Receiver m mMmeeT cJIeyIonmuii BUI:

Init = (r =0)

[Tpomniecc Protocol, coorBeTCTBYIONIMI BCeMY ITPOTOKOJIY, OIIpe e~
JISIETCST TaK YK€, KAK M B MPEIbIYIINeM TyHKTe, BhipakenueMm (|8.23)).
[TorokoBslii rpad manmnoro mpormecca nmeer B (8.24]).
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Crermudukannus TaHHOTO TPOTOKOJIA TOYKE UMeeT TaKoii yKe BH/I,
T.e. mpeJacTaBager coboii mpomecc (8.25)).
[Ipu mocrpoenun npomecca ¢ CO, cOOTBETCTBYIOMIETO JAHHOMY

MPOTOKOJIY, W €T0 TOCTeIYIONIell peIyKINH, Oy IaeTcs CaeayIomas
JguarpaMMmas

(s #7)7 (s=r)?

Out!z
In?z inv(r)
(i) () m—
(s#7)7? (8.30)
ino(s) (s=1)?
Out!z
inv(s)
inv(r)

JlokazaTh HabJII0IaeMYI0 SKBHBAJIEHTHOCTH Tporeccos (8.25) u

(8.30) mozku0, manpumep, npu nomoru reopemst [34] oupesenus Gyunx-
IWIO /i BEIA

p:{1,2} x{i,5} — Fm

CJIEJIYIONUM 00pa3oM:

u(1,0) < (s =r)
n(2,i) = 1L

u(l.g) < (s £7)
w2,5) € (s=r)

8.4.6 JIByHampaBJjieHHasd Iiepejada

PaccMmorpennbie BbITE IPOTOKOJIBI OTHOCATCH K KJAaCCy CHMILIIEKC-
HBIX ITPOTOKOJIOB: OHU PEAJM3YIOT OJHOHANPABJICHHYIO TIepeady WH-
bopMaIMOHHBIX KaJIPOB (T.€. KaJIPOB, COMEPKANIUX HAKETHI) OT OJ-
HOTO areHTa K JIPYTOMY.

B OGosbmuHCcTBe CUTyarnuii MepechbLTKd JAHHBIX MEXKIY JTBYMs
arenTaMu Tpedyercs ABYHAINpaBJI€eHHad Mepeaata, T.e. nepeadia
nHGOPMAIIMOHHBIX KaJIPOB B 000X HaNpaB/JeHHAX. B JaHHOM CJIy-
Jae KazKJIplil U3 areHTOB BBICTYIIaeT KaK B POJIM OTIIPABUTEJIHA, TaK 1

273



B posin nosrydarensd. [IpoToko/ibl, peajqnsyoliye JIByHAITPABICHHY IO
nepejiavdy, Ha3bIBAIOTCS AYMJIEKCHBIMHU IPOTOKOJIAMMU.

B 1ymieKcHBIX MPOTOKOJIAX IOCHLIKA MOATBEPXK IeHIN MOKET OBITh
COBMEIIEHA C TMOCHLJIKOW MH(MOPMAIMOHHBIX KaJpOB: €Cau areHt B
YCITEITHO IPWHSLT HHpOPMATHOHHBIH Kaap [ or arenta A, OH MOXKeT
OCJIATh CBOE TOATBEPZK/IEHNE TOJyUeHus Kajapa [ He OTAeTbHBIM
KaJIPOM, a B COCTaBe CBOEI0 MH(MOPMAIUOHHOTO KA Ipa.

Hwuzke MBI n3/1araemMm mpuMepbl HEKOTOPBIX TYILIEKCHBIX TPOTOKO-
JIOB.

8.4.7 JlynjiekCHBII IPOTOKOJI C YepeayIoInMUCs
ouTamMu

HpOCTeIU/IH_H/IM AYTJIEKCHBIM ITPOTOKOJIOM ABJIACTCA n3JjaraeMblii B 3TOM
naparpadge AynJaeKCHbII MPOTOKOJI C YepeayHoIuMucs oOura-
mu. JlaHHBIH TPOTOKOM sABIgeTCda 0bobIeHneM npoTokoaa ABP.

B 31oM 11poToKoJie ToXKe y4acTBYIOT JIBA areHTa, HO, B OTJIM4YKe
ot nporokoaa ABP, nosegenne KakI0oro m3 areHTOB OMHUCHIBAETCS
OJIHMM W TEM Ke IPOIECCOM, KOTOPBI COBMeIaeT B cebe mpoIecchl
OTIHpaBHUTE/Is U IOJIydaTens u3 nporokosa ABP.

Kaxkapiit Kaap f, nmepecblLiaeMblii KAKUM-IH00 U3 9THUX areHTOB,
COJIEP:KUT TAaKeT T U JBa OuTa: s u r, Tae

® S WMeeT TOT ¥Ke CMBICJ, 94TO U B mpoTokoiae ABP: sro 6wur,
COIIOCTABJICHHBIH MMaKeTy 1,

® I gBJIAETCA OMTOM IOJATBEPXKJICHUA IOCJETHETO IOJIYYeHHOIO
HeHnCKaKEHHOIO Kajpa.

Ina ¢opmupoBanus KajapoB ucroab3dyercs pyukius ¢. s n3sie-
YeHUd ITAKeTOB U OUTOB U3 KaJIPOB UCIOJIbL3YIoTCa DYHKIUU info, seq
u ack, obragaioniue caeayIONUMHA CBORCTBAMMU:

info(p(x,s,r)) = =z
seq(p(z,s,r)) = s
ack(p(z,s,7)) = 7

Takyke areHTb UCTOAL3YIOT (DYHKIHAIO NV 119 HHBEPTHPOBAHUS
3HaYeHUil ONTOBBIX MMepEMEHHBIX.
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C KaKIbIM W3 areHTOB CBsI3aH CBOil Taiimep, moBeJeHne KOTOPO-
ro OMHCBIBAETCd MporeccoM 1imer, MpeacTaBIeHHBIM JuarpaMMOi
(18.21)).

[ToTokoBbIit Tpad ITOTO MPOTOKOIA UMEeT CJIeYIOIINi BII:

Iny  Outy Ins  Outsy

[Ipomecc, onuchIBaIOIINi TOBEeIEHHE KayKI0I0 U3 areHTOB, Ipel-
CTaBJISIETCS B BHJIE CJIEJYIONIeH OJI0K-CXeMbI:

inv(s)

> _@ck(j%)_: )«— zm;(r)
Clo(x,s,1—r) Geq(f) :)t’OU“me(f)

timeout ? c?f
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Biiok-cxema, onuchIBaionas moBeJieHne KOHKPETHOr0 areHTa, mo-
JIydaeTcs U3 9TOi OJIOK-CXeMbl IPUIHACHIBAHHEM COOTBETCTBYIONIErO
MH/IEKCA K IePEMEHHBIM U HMEHAM, BXOJSIIUM B 9TY OJIOK-CXEMY.

[ToBesieHne KaHaJia MpeJcTaBisieTcs nporeccoM (8.29)), K Koropo-
MY HPUMEHEHO MePEenMEeHOBaHUe

[Cl/sv CZ/R]

Takum obOpazoM, KazKIblfi areHT B 3TOM IIPOTOKOJE IMOCHLIAET
CBO# CJleyIOIINi ITaKeT TOJIBbKO IIOCJIe ITOJAYYeHUd IMOJATBEPIKICHUS
CBOETO MPEIBbIAYIIETO MaKeTa.

Hopmanpayo paboTy TaHHOTO TPOTOKOJA MOYXKHO H300Pa3uTh
CAeAYIONel TuarpaMMoOi:

o0l Agenty —=—~ CV,

ay, <2 Agent, P00 Agenty

Agent, @10 Agents Y,
cy, DL Agent, ~ull) Agents

Agenty _e@0l) Agents 2OV,

cYy, DL Agentq 200 Agents

Agent,

OpnHako, ecqm 0ba areHTa OJHOBPEMEHHO BBINLIIOT JIPYT JAPYTY
Ha4daJ/ibHbIE KaJIPbl, TO paboTa IPOTOKOJIa OY/IeT He BIOJIHE HOPMAaJIb-
HOIi (XOTsl, TeM He MeHee, Mepejada MAKeTOB B JAHHOM CIydae siB-
JIIeTCSl KOPPEKTHOI), 1 MOXKeT ObITh M306parkeHa CJepyIoNed aua-
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IpaMMON:

Agent, Agenty
@(x07071)><50(y07071)
cY, DL Agent, Agenty oY,
Agenty Agenty
50(58070,0)><90(yo,0,0)
Agenty Agenty
Agenty Agenty
50($171»0)><90(y1,170)
oy, 22— Agent, Agenty 2y,
Agent, Agents
@<x1,1,1>><¢<y1,1,1)
Agent, Agenty

Yurareaio npejjiaraeTcsd caMOCTOATETIHHO
° — OMPEIEINTh MPOIECC Spec, ABIMIONniics cuennduKanne
3TOr0 IIPOTOKOJIA, U
— JIOKA3aTh COOTBETCTBHE ITOIO IIPOTOKOJIA clenupuKalum
Spec,

e — MOAUQUIMPOBATDH OIIPEIeJIEHHBII B 9TOM Iaparpacde mpo-
TOKOJI TAKAM 00Pa30M, 9TOOBI IIpH J11060M BapraHTe pabo-
Thl MOAUMDUIUPOBAHHOTO ITPOTOKOJIA HE BO3HUKAJIO AHO-
MaJIbHBIX 3(PDEKTOB, AHAJOTIHYHBIX TTPUBEJICHHOMY BBITIIE,
n

— JIOKa3aTh KOPPEKTHOCTH (T.e. cooTBeTcTBHE ClenuduKa-
n Spec) MoaudUIIPOBAHHOTO TTPOTOKOJIA.

8.4.8 JIBynampaByieHHas KOHBeliepHas mepeaada

JlyniaekcHbIil TPOTOKOJ C YePeaYIONIUMUACT OUTAMH ABJISETCS TpPaK-
TUYECKN TTPUeMJIEMBIM TOJBKO B TOM CAydvae, KOTJa JIATETbHOCTH
[EPECHIJIKU K&JIPOB 110 KaHAJIY MPEHeOPez:KUMO MaJia.
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Ecan »Ke BpeMsI TPOXOXKJIEHWsS KaJpa MO KaHAJILY OOJIBITIOE, TO
JIydIlle HCIOJb30BaTh KOHBEHEPHYIO Iepejiady, IPU KOTOPOH OT-
IpaBuTe b MOXKeT I0CJIaTh HECKOJIbKO Ka/JpPOB HOApAM, He JOXKU-
Jmagch moaTBepKaenuit. Hmke MBI paccMaTpuBaeM JBa TPOTOKOJA
JBYyHaIpaBJeHHON KoHBeilepHOH Iepejadu, Ha3blBaeMble IIPOTOKO-
jgamu ckousb3samero okaa (ITICO) (sliding window).

JlaHHBIe TPOTOKOJIBI SIBILAIOTCS PA3BUTHEM JYILIEKCHOTO ITPOTO-
KOJIa ¢ YepeIyIoNuMucs OUTaMu, U3JI0KeHHOTO B Taparpade

B sTtux mporokonaax

® TOXKe YIACTBYIOT JIBa areHTa, HOBeJIeHNe KazKI0r0 U3 KOTOPHIX
OIMCHIBAETCS OJNHMM M TeM YK€ IIPOMECCOM, COBMEIIAIOIINM B
cebe hyHKIUU OTIPABUTE/ISA U 1Oy daTe s,

e aHAJOrOM OHTa, CBI3AHHOIO € NEPeIaBAeMbIM KaJpOM, SBJIs-
eTcst 9JIeMeHT MHOXKecTBa BeiueToB Z, = {0,...,n — 1}, rne n
— HekoTOpoe (PUKCHPOBAHHOE YNCJIO0 BUia 2F.

DJeMeHT MHOKEeCTBa Z,,, CBA3aHHBIN ¢ KaJIPOM, HA3bIBACTCS HO-
MEpPOM 31oro kajipa. OrMeruM, 9TO HOMED KaJipa U IHOPSIKOBbBII
HOMEP Ka/[pa — 3TO pa3Hble NOHATHS: OPSIKOBbIE HOMEPA YHUKAJIb-
HbBI, & HOMepa IUKJINYECKU TOBTOPSIIOTCS.

8.4.9 IIpoToKOJ CKOJIL34IIero oKHa C BO3BpPaTOM

[epssiit u3 paccmarpuBaembix Havu [[CO wazwiBaercsa ITCO ¢ Bo3-
BparoM (niu ITCO ¢ moBTOpHOIT epenaueii).

[Iponece, onuckiBatomuii mosejenue arenra sroro [1CO, comep-
JKHT CPEJIA CBOUX IePEMEHHBIX MACCHB Z[n], B KOMIOHEHTaX KOTOPO-
IO MOTYT COJIEPKATHCS OTIPABICHHBIE, HO eI¢ He TOATBEPIKIEHHbIE
nakerbl. COBOKYITHOCTH KOMIIOHEHTOB MaCCUBa X, B KOTOPBIX COJEP-
JKATCSA TAKHE NaKeThl B TEKYIIHIT MOMEHT BPEMEHH, Ha3hIBAETCS OK-
HOM. C OKHOM CBSI3aHBI TPHU TIEPEMEHHBIE ITOTO MPOIECCa:

e b — HIKHMY I'DAHUIA OKHA,
® 5 — BepXHsds IDAHUIA OKHA, U

® W — KOJNYeCTBO IIaKETOB B OKHE.
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SHaueHns TePEeMeHHBIX b, S U W TPUHAIIEKAT MHOKECTBY Z,,.

B HavaabHBIIT MOMEHT BpeMeHU OKHO ABJIAEeTCd MYCTHIM, U 3Ha-
JeHus IepeMeHHBIX b, s 1 w paBHbBI (.

JlobaBenne HOBOTO TTaKeTa K OKHY MPOUCXOIUT MYTEM BBITIOJIHE-
HUA CJICIYIONAX ONepPaInii:

e JIAHHBIN MAKET 3alMCHIBACTCS B KOMIOHEHTY X[S|, B YHCIO $
CYATACTCA HOMEPOM ITOrO IAKEeTa

® BepXHAd TPAHUIA OKHA S YBEJIWYMBAETCH Ha 1 MO MOIYJIIO 1,
T.e. HOBOE 3HAYEeHNE S MOJATraeTCsd PAaBHBIM

—s+1l,ecmms<n—1,n
— 0,ecim s =n — 1,
® KOJMYEeCTBO MMAKETOB B OKHe W yBeJIWdnBaeTcd Ha 1.
Yianenue nakera u3 OKHa IIPOUCXOIUT CJAEIYIONIUM 0Opa3oMm:
® HIDKHSAS I'PAHUIA OKHA b yBeJHYHBaeTCd Ha 1 MO0 MOIYJIIO N, U
® KOJMYECTBO MAKETOB B OKHE W YMEHbIaeTcs Ha 1

T.e. yJaJisgeTcs TOT IaKeT, HOMeP KOTOPOI'O0 PaBeH HUXKHelH I'paHulle
OKHA.

s ymponteHns MOHUMAHUS Ollepalnii paboThl ¢ OKHOM MOYKHO
UCIOJIb30BATH CJIEIYIONLYI0 00Pa3HyI0 aHaJIOIUIO:

® COBOKYIIHOCTH KOMIIOHEHTOB MACCUBA T MOYKHO PACCMATPUBATD
Kak “CBEPHYTYIO B KOJIbIO  (HOCIe KOMIIOHEHTHI x[n — 1] uuér
komuonenta z[0])

® B KazKJblifl MOMEHT BpeMEHHU OKHO TIpeJIcTaB/isgeT coboil cBa3HOe
ITOJAMHOZKECTBO 3TOT'0 KOJbIIA,

® BO BpeMsd pabOTHI IIPOIECCa OKHO IePEMEIAaeTCs 10 ITOMY KOJIb-
Iy B OJIHOM M TOM K€ HAllPABJICHUU.

Ec/ii OKHO I0CTHraeT MaKCUMATBHOrO pa3mepa (n — 1), To areHT
He IPUHUMAeT HOBBbIE MakKeThl OT ¢Boero CY 10 Tex mop, IMOKa pas-
Mep OKHA He YMEHBIIUTCA. BO3MOKHOCTH HpHEMA HOBBIX MAKETOB
onpe/iesisiercst OysieBoit nepeMmenHoit enable: ecyin eé 3HaUeHNE PaABHO
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1, TO areHT MOYXKeT IPUHUMAThL HOBbIE makeThl 0T cBoero CV, a ecym
0, To HEe MOXKeT.

Korna areaT moayvaeTr moATBEPXK/IeHNE MTaKeTa, HOMeP KOTOPOTO
paBeH HUKHEH paHulle OKHa, 9TOT HaKeT yAaadeTcs U3 OKHA.

C Kaxk 10l KOMIIOHEHTO MACCUBA T CBA3aH TaliMep, IPU TOMOIII
KOTOPOTO ONpeneaseTcd BpeMd OKUIAHAA TOATBEPXKICHUA ITOJIY-
YeHUd TaKeTa, COJIepzKallerocd B 3Toi KoMmonente. COBOKYITHOCTD
BCeX 9TUX TaliMepoB paccMaTpuBaeTcs Kak OJWH mporecc Timers,
KOTODBIl uMeeT mMaccuB t[n] OysieBBIX mepeMeHHBIX. JlaHHBIA mpO-
IIECC OIPEJIeJIAeTCS CAEYIONIUM 00pa3oM:

Init = (t =(0,...,0))

(tll=1)7
start 714 timeout ! j
tfi] =1 tj] =0
( L ) (8.32)
stop?1i
t[i]:==0

[IpaByio cTpesiKy B 9TO# AuarpaMMme CJeIyeT HOHUMATh KaK CO-
KpaléHHoe 0003HaYeHNEe [T COBOKYITHOCTH U3 N TIEPEX0J/I0B, METKA
KazKJ0ro U3 KOTOPBIX IIOJYYaeTCd 3aMeHOH B MeTKe 3TOi CTpeJIKH
CUMBOJIA j Ha JII0DOE N3 3HAYEHUI U3 MHOXKECTBA Z,.

OTrMeTnM, 9TO B JaHHOM IpOIecce HApsAy ¢ OepaTopaMu 3a-
IyCKa TaiiMepoOB U HOCLLIKKA UMH CUTHAJA TaiiM-ayTa MPUCYTCTBYET
TaKzKe oneparop stop ? i, BHIIOJHEHHE KOTOPOTO JIOCPOIHO 3aBepIia-
eT paboTy COOTBETCTBYIOIIErO TaiMepa.

[TCO ¢ Bo3BpaToM mMeeT CaeayIonme 0COOeHHOCTH.

® KOI‘,ZLa 3aKaHYUBaeTCA JUMHUT BpPEeMEHH OXKHIaHUud ITOATBEP-
KJICHNA KaKOTro-J1m00 MaKeTa, areHT Ha9UHaeT IepeJaBaTh I10-
BTOPHO BCE€ IIaKE€Thl U3 CBOEI'O OKHA.

e Korja nocrynaer moarBepzKaeHue oIy IeHrsT KaKoro-1u00 ma-
KeTa, BCe MpeAblAyIIne MaKeThl B OKHE TOXKE CUYUTAIOTCHI MOJ-
TBEPKIEHHBIME (JlazKe e/ UX HOATBEPIK/ICHUs He JOIIIIN).

Kazkaptit kagp f, mepecbliaeMblil KaKUM-THO0 U3 areHTOB 9TOr0
IPOTOKOJIA, COAEPAKNUT MaKeT T W JBa MEeJbIX YACaa: S U T, T/Ie
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® 5 — HOMED, COMOCTAB/IEHHBIH TAKeTy & (KOTODPBIH MO Ompeese-
HUIO paBeH HOMepy Kajpa f),

® 7" — HOMED IOoCJeJHEeTrO IOJIyYeHHOTr O HENCKAXKEHHOT'O KaJapa.

g bopmupoBanus KajapoB UCHOb3yeTcs dyuknus . JLnsa us3-
BJICYCHHUS IAKEeTOB M HOMEPOB M3 KaJIpPOB UCHOJIL3YIOTCA (DYHKIUN
info, seq u ack, obaamaonue caeayIONUIMH CBOKCTBAMMT:

info(p(x,s,r)) = =
56(](90($7 S, T)) =
ack(p(z,s,r)) =
Omnmcanue mpormecca, IpeACTaBIgoNIero MOBeIeHne areHTa JaH-
noro [1CO, Mbl gaém B BJIOK-CXEMHOM BH/IE, TI0 KOTOPOMY HECJIOZKHO
MOCTPOUTH OJIOK—CXEMY TOIO MPOIECCA.
B maHHOM ONMCAHHH MBI UCIIOJIB3YEM CJeayionue 0603HaATeHNS.

e CuMmBOMBI + W — 0DO3HAYAIOT CJAOYKEHHWE U BBIYUTAHWE 110 MO-
n n
JIYJIIO 1.

e CumBoa r 0O0O3HAYAET MEPEeMEHHYIO ¢ MHOYKEeCTBOM 3HAUeHUi
Z,,. 3HavyeHue IepeMeHHO 1 PABHO HOMepPY OYKHIAeMOro KaJl-

pa.

Arenr noceutaer csoemy CV maker, U3BJA€YEHHBI TOJBKO U3
TAKOTO Kajipa f, y Koroporo HoMmep seq(f) coBmagaer co 3Ha-
YEeHUEM STOU ITEPEMEHHON 1.

[Takersl U3 KaJpoB ¢ Apyrumu 3HadeHusMu seq( f) uraopupy-

I0TCs, Y TAKUX K&POB YUUTHIBACTCS JIUITH KoMIToHeHTa ack( f).

e 3Hakocoueranue send ABASETCS COKPAIMEHHBIM 0003HATEHUEM
CJIeIYIOTIEH TPYIIIBI OlEePATOPOB:

Clo(z[s],s,r—1)
n
send = { start!s
s:=s5+1
n
e 3unakocoueranue between(a,b, ¢) siBiIsieTcst COKpANEHHBIM 000-

3HAYEHHEM (DOPMYJIBI

(a§b<c>\/(c<a§b)\/(b<c<a) (8.33)
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e 3nakocoueranue enable := (w < n—1) ABASIETCST COKPAIEHHOMN
3aICBIO OlepaTopa

if (w<n—1) then enable :=1 else enable :=0

[Ipomece, npencrapasomuii mosegenne areata garnaoro [1CO,
uMeeT CJACAYIONUN BUJI:

start

enable = 1
w,b,s,7r =0

enable :== (w <n—1)
( enabl@~ c?f 4@:3
-

In?z[s] timeout ? i Out info(f) +< seq(f) = r
send s:=b r=r+1

wi:i=w-+1 1:=1

w:i=w-—1 y

('send' n stop!b between
2:22—1—14—@@ b:=b+1 (b,ack(f),s)

Yurareio Inpeajaraercd cCaMOCTOATeJIbHO

® OIIpeJIeJTUTH TIPOIece “KaHaJl JIJisg 3TOTO TMPOTOKOJIA
(KaHAT MOZKeT COJIEePKAaTh HECKOJIBKO KaJIPOB, KOTOPhIE MOTIYT
He TOJIbKO HCKarKaThCs U IIPOIHAJIaTh, HO eIlé U IepeyIopsiIo-
IUBATHCA )

® OIpPEJIeTUTh CIeIUMHKAIUIIO SPec ITOTO IPOTOKOJIA
e J[0Ka3aTh COOTBETCTBHE YTOr0 MPOTOKO/IA creruduKanuu Spec

® UCCJIeJI0OBATH 3TOT IIPOTOKOJ HA HAJIMYNE aHOMAJIbHBIX 3P dek-
TOB, aHAJIOTUYHBIX TOMY 3DDEKTY, KOTOPbHIH ObLI U3J/I0KEH B

naparpacde
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(ecom arOMaJTBHBIE 3OMEKTHI MTPUCYTCTBYIOT, TO MOIHMUIIPO-
BaTbhb 9TOT IIPOTOKOJI TaK, YTOOBI TakKux 3p¢eKToB He ObLIO, 1
JOKA3aTh KOPPEKTHOCTh MOAUMUITPOBAHHOTO TIPOTOKOJIA)

B zakmouenne ormerum, aro gannbiii [ICO nesdpdexkTuBen npu
00JIBIIIOM KOJHMYECTBE OIMUOOK IPHU Hepeaade KaJIpoB.

8.4.10 IIpoTOKOJI CKOJIL3AIIEero OKHa C BbIOOPOY-
HBIM IIOBTOPOM

Bropoii IICO oranuaercs oT IpeIblAyIIero TeM, YTO y areHTa 9TOro
[ICO mmeercst HE OAHO, a JIBA OKHA.

1. TlepBoe okHO mMeeT Te Ke (PYHKIHMH, KOTOPbIE HMEET OKHO
nepsoro [ICO (annoe OKHO HA3BIBACTCS MOCHLIAIOIIAM OK-
HOM).

MaxkcuMaIbHBIN pa3Mep TMOCBLIAIONIEro OKHA paBeH m def n/2,
IJIe 9UCJIO L UMEET TOT YKe CTATyC, KOTOPBII OIUCaH B aparpa-
de (B 9aCTHOCTH, HOMEDPA KAJIPOB SBJSIOTCS 3JIeMEHTAMK
Z,).

2. Bropoe 0KHO (Ha3bIBaeMOE TPUHUMAIOIINM OKHOM ) IIPEeIHA-
3HAYEHO JI/Id Pa3MeNIeHns [aKeTOB, IOCTYIUBIIUX OT JAPYIOro
areHTa, KOTOpbIe TIOKA He MOryT ObITh nepemanbl CV, moromy
9TO eIé He NPHILIA HEKOTOPBIC HAKETHl ¢ MEHBIIMMH HOMepa-
MH.

(AareHT-moTy9aTeNb JOIZKEH MepeIaBaTh TPUHATHIE TTAKETHI CBO-
emy CV B TOM K€ CAMOM HOPAIKe, B KOTOPOM OHH IIOCTYITH/IA
K areHry-ormnpasuresio ot ero CV)

[IpuruMaroriee OKHO uMeeT (PUKCHPOBAHHBI pasmep m = n /2.

Kaxkaptit kajgp f, nepecbliaeMblil KaKUM-THO0 U3 areHTOB 9TOr0
MIPOTOKOJIA, COAEPAKHUT 4 KOMIOHEHTHI:

1. k — Buj kajpa,
JaHHASd KOMMOHEHTa MOYKET MPUHUMATH OJHO W3 TPEX 3HATE-
HUM:

e data (mHMOPMAIMOHHBII Ka/Ip)
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e ack (Kajp, comeprKaInuii JUIIb MOATBEPKICHNUE)
e nak (Kaap, cofeprKaliuii 3ampoc Ha TOBTOPHYIO Mepejia-

1ay)

2. x — maxer
3. § — HOMep 3TOTO Kajpa

4. r — HOMED IToCJIeJHET'O IIOJIyYEHHOI'O HENCKAXKEHHOTO KaJapa.

Ecyin 3Ha"eHne mepBoil KOMIIOHEHTH KaJipa paBHO ack wnu nak,
TO BTOpast U TPEThsl KOMIOHEHTHI 3TOr0 KaJipa UMEIT (DUKTUBHDIN
XapakTep.

g dbopMupoBanus KaJIpoB UCIOAb3YETCS (PYHKIUS (p.

[l n3BJIedeHnsT KOMIIOHEHTOB M3 KA IPOB MCIOJIB3YIOTCS (DYHK-
uun kind, info, seq u ack, obaajaionuye caeIyIOMIMH CBOUCTBAMMT:

kind(p(k,z,s,7)) = k
info(p(k,z,s,r)) = =x
seq(p(k,z,s,7)) s
ack(e(k,x,s,1)) = r

[Ipornecc, onuchiBaoInii moseaenne arenta gaunaoro [ICO, nmeer
cAeyoIne IepeMeHHbIe.

1. Maccusst x[m| u y[m], npeHasnadenbie 115 PA3MEIIeHUsT 10~
CBLJIAONIEr0 OKHA U IPHHAMAIOINIEr0 OKHA COOTBETCTBEHHO.

2. Tlepemennsbie enable, b, s, w, nmerorue

® Te JKe MHOXKECTBa 3HAYEHWH, 1

® TOT K€ CMBICJ
KOTOPBIE OHH UMEIOT B IPEJBIAYIIEM ITPOTOKOJIE.
3. Ilepemennbie, cBsi3aHHbBIE ¢ TPUHUMAOIIIM OKHOM:

® " — HH2KHAA I'PaHUIla DIPUHUMAIOIICTI'O OKHA

® U — BEepXHAd I'PaHUlla IIPUHUMAaIONIEro OKHa
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SHaUYeHUd NMePEeMEHHBIX 7" 1 U NPUHaJ/IeKAaT MHO?KECTBY Zn

Eciu B npuHUMAalomneM OKHe MPUCYTCTBYET ITaKeT, HOMED KO-
TOPOTO PABHBIM HUZKHE IPaHUIE TPUHUMAIOIIEro OKHa (1), TO
areHT

e 1epesaér aror naker ceoemy CV, u
e yBesimuuBaeT Ha 1 (M0 MOJYJIIO 1) 3HAYEHWS T U U.
4. Bynesckuii MmaccuB arrived[m|, KOMIOHEHTHI KOTOPOI'O HMEIOT
caenyromuii cMbpics: arrived[i] = 1 Torga u TOJBKO TOrA, KO-

Taa B ¢~ KOMIIOHEHTE MPUHUMAIOIIEro OKHA, COJAEPYKUTCS Tia-
KeT, IOoKa ellé He nepeaanubiii CV.

5. Bynesa nepemennas no_nak, ucnojab3dyemMas B eIy IONAX Tie-
JIAX.

Ecmm arerT momydaer

® JICKaKEHHBIH Ka/Ip, WA

® KaJp, HOMepP KOTOPOI'o OTJIMYEH OT HUZKHE I'PAHUILBI IPH-
HUMAIOIIEro oKHa (r)

TO OH IIOCBLJIAET CBOEMY KOJLJIEre 3alpoc Ha IIOBTOPHYIO Iepe-
Jlady KaJpa, HOMep KOTOPOI'O PaBeH 7.

Hamnbrii 3anpoc vaseiBaercs NAK (Negative Acknowledgement).

Bynesa mepemennasi no_nak MCHOJIb3yeTcs JJjisi TOIO, YTOOBI
n30eKaTh HECKOJBbKUX 3aIlPOCOB Ha, MOBTOPHYIO NEpeIady Ojl-
HOI'O U TOIO K€ KaJpa: dTa IepeMeHHasl nMeeT 3HadeHue 1,
ecan NAK 11 xagpa ¢ HomMepoM 7 enre He ObLT IOCJIaH.

Korma arent mosiyuaer HemcKak€éuubiit Kajp [ Buma data, oH
BBIIOJHAET CJAeJYIONue AeiCTBUS.

e Ecau Homep seq(f) monajaer B IpHUHUMAIOIEE OKHO, T.e. HC-
THHHA (HOpMYIa
between(r, seq(f), u)

rJle MpeJUKATHBIH CUMBOJ between UMeeT TOT ¥Ke CMBICT, UTO
u B upepLayiemM nporokode (em. (8.33)), To arent
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— W3BJICKACT M3 3TOTO KaJpa TaKeT, u
— [OMeIaeT 3TOT HaKeT B CBOS IPUHUMAIOIIEEe OKHO.
e Eciu yciioBue u3 HMpeJbLAYIIEro IyHKTa HE BBIIOJHEHO (T.e.
HOMep seq(f) Kaapa f He momas B MPUHEMAOIIEE OKHO), TO
— HakKeT B TAKOM KaJIpe UTHOPHPYeTCs, U

— y TAKOTO KAJIpa YUUTHIBACTCS JIHIIL KoMmmonenta ack(f).
B mannoM mpoToKoJie YyIacTBYIOT CJIEAYIONHE TaiiMephl.

1. Maccu u3 m TailiMepoB, IOBeJIEHUE KOTOPBIX IPEJICTAB/IIET-
ca nponeccom Timers (cm. (8.32)), ¢ 3ameHoit n Ha m), Kax-
JIBL TajiMep U3 3TOro MacCuBa, IpeIHa3HAYeH J1d OIOBCIICHHI
areHTa O TOM, 9TO

® BpeMd OXKHMJIAHUA IOATBEPXKICHUA ITaKeTa ¢ COOTBeTCTBY-
IOIIUM HOMEPOM U3 IIOCBLIAIONIEr0 OKHA 3aKOHYUJIOCh, U
® HeoOXOAMMO TOCJIaTh KaJIp C ITHM TTAaKeTOM eIé pas3
2. JlonmosHuTE/IbHBINA TafiMep, MOBEJIEHUE KOTOPOI'O NPEICTaABJIs-
eTced CACIYIOMUM IIPOLECCOM:
Init = (t = 0)
(t=1)?

start _ack _timer? ack _timeout!
1 t:=0

t:= :

C @ )
stop__ack _timer?
t:=0

DTOT TafiMep MCIOIB3YETCs CO CIEAYIONE Meblo.
[Tocblika areHTOM TMOJATBEPK/ICHUI Ka/IPOB, TMOCTYIUBIIUX OT
JIPYTOTO areHTa, MOZKeT HMPOU3BOIUTHCS JIBYMSI CIIOCODAMMU:
() HOATBEPKJIEHUE MOCHLIACTCS B COCTaBe HHMOPMAIMOHHO-
ro kazpa (t.e. kaapa suga data), win

(b) moATBepZKAEHIE MOCHIIALTCS OTALIbHBIM KaIpOM BuIa ack.
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Korna arenty HeoOXOAMMO IOCJIATh TAKOE TMOATBEPKICHUE
OH

® BKJIIOYAET BCIIOMOIATe/IbHBIN TafiMep (T.e. BBIIOJIHsIET Jieii-
creue start _ack _timer!),

® eCJIU JIO CUrHaJIa TaliM-ayTa OT BCIOMOraTeJIbHOTO TaiMe-
pa areHT MoJIyYuI HOBBI naker or c¢Boero CV, oH
— dopmupyet KajJp Buaa data ¢ STUM IaKETOM,
— BKJ/IIOYae€T B 3TOT KaAp IIOATBEPZKIACHHE 4 KaK KOM-
MOHEHTY ack 3TOTO Kajpa, u
— IOCBHLIAET TOT KAJIp CBOEMY KOJLIere
® eCJIH MOCJIe HCTeYeHns PAOOTH BCIIOMOTaTeTbHOTO TajiMe-
pa (T.e. moCsIe MOTyYeHns: OT Hero curnaia ack timeout)
areHT TaK W He MOJYYHI HOBBIH maker or cBoero CV,
OH IIOCBLJIaET MOATBEPXKIAEHUE @ OTJAe/JbHbIM KaJPOM BUAA
ack.

Omnmcanue mporecca, IpeJCTaBIAIoNIero MoBeIeHre areHTa JaH-
noro I1CO, Mbl 7aéM B GJIOK-CXEMHOM BH/IE, TI0 KOTOPOMY HECJI0XKHO
MOCTPOUTH OJIOK—CXEMY 9TOr0 IPOIECCa.

B narHOM onmmcaHUM MBI HCHOJIB3YEM CAeAyIoNe 0003HAUeHN 1
COTJIAIIEeHHS.

1. Ecau i — mesoe 4meso, TO 3HaKocodeTanue i1%m obo3HadaeT
OCTATOK OT JAeJeHHs ¢ Ha M.

2. BEcin
® 1MasS — NMs MACCUBA U3 1M KOMIIOHEHTOB (T.€. T, y, arrived,
" TJ.), 0

® | — TeJjioe YHCO,
TO BHAKOCOYETAHME Mmass[i| cJeyeT moHuMaTh Kak mass[i%m).

3. Buakocoueranune Buga send(kind,i) SBASETCS COKPAIEHHBIM
0603HAYEHNEM CJIeJLY IOl IPYIIIBI OlePATOPOB:

Cly(kind, x[i], i, —1)
send(kind, i) = if (kind = nak) then no_nak :=0
7 if (kind = data) then start! (i%m)
stop_ack _timer!
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4. 3nakocoueTaHus
between(a,b,c) m  enable := (w < m)

UMEerT TOT 2Ke CMBbICJI, YTO U B OIIMCAaHUHN NPEABIAYIIETO IIPO-
TOKOJIA.

5. Ecnu B KaKOM-71100 OBaJie IPUCYTCTBYIOT HE OHA, & HECKOJIbKO
dopMys1, TO MBI IIpejro/araeM, 9T0 3TH (POPMYJIbl CBA3AHLI
CUMBOJIOM KOHBIOHKITHAH.

6. B meJadX 9KOHOMHUU MeCTa HEKOTOPBIE BbIpazKeHUA BUIA

fler, ... en)

HAIMCAHBI B JIBe CTPOKK (B 1EPBOit CTPOKe — f, a BO BTOPOIi —
CIUCOK (€1,...,€,)).

[Ipomece, npencrapagomuii mopegenne arenta gawnaoro [1CO,
uMeeT CJAeAYIONUI BUJI:

start

enable = 1
w,b,s,7 =10

u=m=n/2

no_nak =1
arrived = (0...0)

(enable = 1) c7f H@ — @i@)_na; :}
- I+

enable :== (w < m)

+
send(nak,0)
In?xls] , .
timeout 71 . v
ack _timeout?
send(dete,s) | enatiata, ) ergiom o ([ Trame
§:=35 —7|L— 1 ) processing
w:=w+1 l l i i

DparMenT frame processing B 9TOH auarpaMMe BBITJISIIAT CJIEIy-
IOIIIM 0OPa30M.
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no_nak =1

kind(f) = data

seq(f) #r ) +

)N

send

(data, ack(f) —rt 1)

send(nak,0)

start _ack_timer!

between

(r, seq(f),u)
arrived [seq(f)] =0

arrived [seq(f)] :=1
y [seq(f)] == info(f)

kind(f) = nak
between

arrived[r] =1

(b,ack(f)—Til—l,s)

wi=w-—1
stop! (b%m)
b:=b+1

Out !y |r]
no_nak =1
arrived [r] := 0
r:=r+1

n
ui=u+1

n

start _ack _timer!

YuraTtemio mpeajaraeTcd caMOCTOSITETbHO HCCAe0BATD IS TaH-
HOTO IIPOTOKOJIa BCE BOIIPOCHI, KOTOPbIE OBLIN IepevrcIeHbl B KOHIIE

HnpeabLyIero maparpada.

8.5 Kpunrorpadmnaeckume mpoTOKOJIIbI

Ba:kHBIM IpEMEpOM MPOIECCOB ¢ IMepenadeil cOOOIIeHN ABISIIOTC

KpunrorpadudecKkrue IIpPOTOKOJIbI.

8.5.1 IlonaTme KpmnrorpaduviecKoro mpoToKoJia

Kpunrorpacduueckuii nporokosa (KII) — 310 pacipepeéHHbIi

AJITOPUTM (T.e. COBOKYIITHOCTb HECKOJIbKHX B3aI/IMO,ZLeIU/ICTByIOH_[I/IX Ipo-
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eCCOB), TTpeIHA3HAYEHHBI /19 Ge30nacHoil nepenadn, 06paboTKN 1
XpaHeHus HHOPMAIUK WX MaTePUAJIbHBIX 00bEKTOB B HeDe3oImac-
HOU cpee.

B pabore KII npunumaior ydactue HeCKOJbKO areHTOB, KOTO-
PbBIMU MOTYT 6bITb JIFOAW, BBIYMHUCJIHUTEJIbHBIC IIPOUECChI, KOMIILIOTE-
Pbl, ceTH CBsA3U, 0a3bl JIAHHBIX, DAHKOBCKHE KAPTOYKU, DAHKOMATHI,
u T.I.

Kaxkaprit u3 arearos KII ¢byHKIIMOHUPYET B COOTBETCTBUU C HEKO-
TOPBIM TIOCTIETOBATETLHBIM AJITOPUTMOM.

JleficTBus, MCHOJIHAEMbIE areHTaMu, MOTYT HMETh CJIeTyIOIuit
BUI.

e ITochinka coobuieHns IPYroMy areHTy Win IPYIIe areHToB.

B xadgectse coobmienns B KII moxker BeicTynaTh Kak nagopma-
IIMOHHBIN, TaK U MaTepuabHbiil 00bekT. Hanpumep 310 moxer
ObITH HAOOP GAHKHOT WU TOBAP.

e IIpuém coobmieHHUd OT JIPYTroro areHTa.

e Buyrpennee neiictBue, KOTOpoe 3aKII09AETCA B IPEOOPa30-
BaHNW areHTOM MMEIOIINXCS ¥ Hero nHMOPMAIMOHHBIX W MaTe-
pHAJIbHBIX OO'bEKTOB.

['mapuoe orimmune KII oT ocTaabHBIX pacupeneléHHBIX aJIOPUT-
MOB 3aKJIIOYaeTCs B TOM, 4TO

e 1pu dyunknuonuposanuu KII jronyckaercs BblCOKas BEpOsIT-
HOCTbH HEKOTOPBLIX YI'PO3 0€30IACHOCTH COOOINEHNUH, rmepeiaBa-
eMbIx arentamu toro KII,

o KII nmomxkeH comep:KaThb MeXaHU3MBI IPOTUBOAEHCTBUS STUM
yIpo3aM.

[Tos yrpo3oit 6e301macHOCTI COOOIIEHNST TOHUMAETCsI BO3MOZK-
HOCTH BBINIOJTHEHUSI C STHM COODIIEHNEeM KAKOi-Tn00 U3 CJIe Iy OImIX
OnepaIui.

1. Hapymenne kondpuaeHINAIBLHOCTH COOOIICHH, T.C., HAIIPH-
Mep, MepexBaT ITOro cOOOIIeHUs (T.e. MOJyUYeHHe ero KOIUH),
n
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® TI0JTHOE WM YACTHIHOE O3HAKOMJIEHUE C COIEPIKAHIEM ITO-
ro coodmenus cyobeKTaMu, He UMEIOIUMHI st 9TOTO CO-
OTBETCTBYIOIIUX MOJTHOMOYHIA, HIIH

e U3BjIeUYeHHEe U3 COOOIIeHMs] HOBOH MHMOPMAIIUN, HAIIPH-
Mep,

— u3BJevYeHUe n3 MudPTEKCTOB (hparMeHTa KpUITorpa-
(puaeckoro K04a, UCIOAb3YEMOT0 IPU CO3MAHUT ITHX
mu@PTEKCTOB, WK

— HU3BJeYEHUEe U3 COODIIEHUN 0 MOKYIKaX KaKOro-aubo
JIMTIA [IPE/ITOIOXKEHNI 0 €0 (PUHAHCOBOM MOJIOZKEHUN
U O er0 MPEeIMOITEeHUSIX.

2. Hapyrtenue 1mejsocTHOCTH COOOIIEHUS, T.€., HAIIPUMEp, HCKa-
JKeHWe TepeiaBaeMoro TeKCTa B MPOIEcce mepeadn.

3. Kpaxka coobiennst (HampumMep, Kpazka JIeHer WM TOBapa B
[POLECCe UX JIOCTABKH OT OJJHOIO areHTa JPYyroOMY arenty).

4. Ilommena coobiienus, T.e.
e u3bsTHE COOOIIEHNs, KOTOpoe areHT A mocian arenty B,

n

® JIOCBLJIKa al'€HTYy B Apyroro COO6HI€HHH BMECTO U3bATOrO0.

Huxe mon yrposamu 6e300acHOCTH MBI 6yIeM HOHUMATh YIPO3BI
6e30macHOCTH COOOIIEeHN, TepeTaBaeMbIX MeXKIY areHTaMi KaKOro-
au6o KII.

Yrpo3bl 6€30MacHOCTH MOTYT ObITH BHEITHUMU U BHYTPEHHUMH.

1. BHemrHMe yTrpo3bl CBI3aHbI C BTOPYKEHUEM B PADOTY areHTOB
KIT apyrux arentos, ze Bxofgmux B 31or KII (Mx HazbBaOT
IPOTUBHUKAMM).

[TpOTUBHUKH JEAATCA HA CJICLYIONHE JIBA KJAACCA.
(a) ITaccuBHBIE MPOTUBHUKY, KOTOPbIE MOIYT JIUIIb LIEpe-

XBATBIBATH COOOIEHNUS, IEPECHIIAEMbIE JIPYTUMU arenTa-
MW, U aHAJU3UPOBATH UX.

(b) AKTUBHBIE IPOTUBHUKH, KOTOPHIE MOTYT
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® 1IepPexXBaTHIBATDH COODINEHUS, IEPEChLIAeMbIe JIPYTUME
areHTaMu, U aHAJU3UPOBATDL UX

e MOAMMDUIIMPOBATDH WU YIAIATH IepechblIaeMble CO00-
IeHud

® CO3J1aBAaThb HOBLIE COO6H.[€HI/IH 1 IIOCBLJIATh UX APYTUM
aregTaM

® I T.I.

2. BHyTpeHHme yrpo3bl CB43aHBI ¢ HAJIWIHEM CpeJIU areHTOB
KII HeYecTHBIX areHTOB (MX HA3BIBAIOT MOIIIEHHUKAMM ), KO-
TOpbIE MOTYT

® HEIPABUWILHO BBIIOJHATD JIefICTBUS, KOTOPbIe UM I10J1ara-
eTcsd BBIOJHATDL B X0/ paborer KII,

e BbIJIaBaTh cebs 3a JAPYyIUX areHTOB,

® O0BEIUHATHTCA B KOATUIIMH W COBMECTHO HCIOJTH30BATH
coob1enus, nojydaembie umu B xo/ie paborol KII, B 3710-
HAMEPEHHBIX TEJIIX

® U T.I.

CsoiicrBa 6e3onacuoctu KII npegcrasisiior coboit onucanue
BHJIOB YI'PO3 0E30MaCHOCTH, KOTOPBIM MOXKET OBITH OKA3aHO MPOTH-
BojleiicTBUE BO BpeMs pyHKImonuposanus 3roro KII.

Haubosiee nagéxxkubimu cuntaiorca takue Kl g koTopbix nme-
eTcd MaTeMaTHIecKoe JTOKa3aTeIbCTBO YTBEPK/IeHU O TOM, YTO pea-
JuzoBaHHbIe B 3TUX KII MexaHU3MBI IPOTHBOEICTBHA yrpo3aMm He3-
OMMACHOCTH JefICTBUTETHHO BBIMOTHSIOT TMOCTABICHHBIE Tepes HUMI
3aJ1a4 1.

8.5.2 IIIudpoBaHue coodIITEeHMI

Jl1s mpoTHBOIEHCTBUS yrpo3aM HapyIIeHHs KOH(MPUICHITHAIHLHOCTH
HEKOTOPBbIE W3 MEPEChLIAEMBbIX COODIEHUN MOTYT MEepPeIaBATHCA OT
onuux areatoB KII apyrum arenram B 3ammudgpoBaHHOM BHJIE.
IHIudpoBaume coobiieHus M HpeIcTaBIgeT COOOM IpUMeHeHHe
HEKOTOpOro anroputma K mape (K,m), rme K — o0bexT, Ha3biBae-
MBIl KJIFO90OM 1 poBanusg. Pe3yabrar mpuMeHeHus aaropuTMa
mudposanus K nape (K, m) oboznauaercs 3uakocoderanuem K (m).
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Omepanust U3BIEYEHUST UCXOIHOTO COODIEHUs U3 3amupoBaH-
Horo coobmienus m’ HasbiBaeTcd gemmdpoBanuem. lannag oie-
paltusi ToXKe TPeJICTaBIAeT OO0 TpUMeHeHne HeKOTOPOTo aJarOpPHT-
ma kK mape (K',m'), tme K’ — 00beKT, HA3BIBAEMBINl KJIFOYOM [€-
mudpoBaHud. Pe3yibrar npuMenenns ajaropurMma genmdpoBanns
k mape (K', m’) obosznauaercs snakocouerannem K'(m'). Karoun mmd-
poBanust K u nemmdpobanus K 101KHBI OBITH CBSI3aHBI COOTHOIIIE-
HHEM

JUIST KazKJI0r0 COOOIIEHNUS M K'(K(m))=m (8.34)

Ecyim cumBosr K o60o3HavaeT HEKOTOPBIH KJII0Y MuPOBAHUS, TO
snakocouetanne K ! obosnagaer kmou gemudposanns K', yiosie-
TBOpsonuit ycaosuio (8.34]).

Cucremoii mmudposanus (CIII) HasbiBaeTcss mapa, COCTOsI-
mas u3 ajropurma mudpoBanusd U ajaropurMa jemudposanus. Vc-
moJib3yeMble B HacTosmee BpeMst Ha npaktuke CII monpaszaensaorcs
Ha JIBa KJIACCA:

e cummerpudHbie CIII, B KOTOPHIX KaxKIblil K04 MHMPOBa-
Hud K coBHajaer ¢ COOTBETCTBYIOIIMM €My KJI04YOM Jierund-
posanua K1, u

e CIII c OTKPBITHIM KJIFOYOM, B KOTOPBIX KJIIOUN MHMpPOBa-
HUS U JlennPOBAHNS COMOCTABICHB KOHKPETHBIM areHTaM:
ecin cuMmBo A 0603HAYAET HEKOTOPOTO areHTa, UCHOJIb3YI0-
mero CIIT ¢ OTKPBITHIM KJIOYOM, TO 3HaKocoueTanus K u
K, 0b603Ha9aroT COMOCTaBICHHBIE My KJIIOUH MHMPOBAHAS U
nemudposanus B d1oit CIL, mpuuém

— xJiou mudposanns K § (HazbiBaeMblii OTKPBITBIM KJTIO-
qom (OK) arenra A) usBecTeH BCeM areHTaM

— xuio4 gemudposanus K (Ha3biBaeMblil 3aKPBITHIM KJIIO-
qom (3K) arenrta A) u3BecTeH TOJBKO areHTy A
(T.e. ecaim KaKOH-TMOO areHT JOKAYKeT, UTO OH yMeeT Jie-

mudposarh coobuienus suja K 4 (m), To on cosnajaer ¢
A)

[nasubie pazaunans Mexkay CIII ¢ OTKPBITBIM KII0UOM B CHMMeT-
puanbivMu CIIT 3aK/TI09AI0TCST B CJIELYIOMTEM:
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e 110 cpaBuennio ¢ cummMerpudabiMu CIIT, CIIT ¢ oTKpbITHIM KITHO-
YOM ABJIAIOTCS CYHIECTBEHHO 60Jiee CTORKUMEU K aTaKaM, CBd-
3aHHBIM € HapyIIeHHeM KOH(MUICHIIHAILHOCTH 3aimndpoBaH-
HBIX COODIEHUl MyTéM KPUNTOAHATN3A,

® OJIHAKO CJIOYKHOCTD BBITIOJTHEHUSI OTlepaliuii mudpoBanus u je-
mudpoanusg B CIII ¢ OTKPBITBIM KJII0YOM NPUMEPHO HA TPH
MOps/IKa BBITIE CJI0XKHOCTH ITHUX Ollepaldii B CUMMETPUIHBIX

CIII.

[Hostomy Bo MEOTEX KII ncnoaw3zoanue srux Cl HOCuT KOMOMHE-
POBaHHBIN XapakTep:

o Cmvmmerpuunbie CIII wcmons3yrorest /st OCHOBHOI CBsI3M, HO
KJIIOUH, ucnoab3dyembie B 3tux CIII, peryasgpHo 0OHOBISIOTCS.

DTO AeaaeTcs I TOro, 9ToObI y TPOTUBHIKA, MEePEXBATHIBAIO-
IIEero COODIeHns, He OBLIO OOJIBIIOI0 KOJNIeCTBA IepeXBadeH-
HBIX COOOIIeHnH, 3amndpOBaHHBIX Ha OJHOM H TOM YK KJIIYe,
IO KOTOPBIM OH MOT ObI

— BBIYUCJIUTD I/ICHOJIBByeMbIIU/I KJII0Y,

— WJIM UHBIM 00pa30M HAPYIIUTH KOH(MUIEHIIHAIHLHOCTD
nyTéM KPUITOAHAJN3A TePEXBAYEHHBIX COOOIIEHMIT.

e Hosole kioun misa cumMerpuunbix CII mepecwbliaiores uc-
MOJIB3YIOMUM HX areHTaM B 3aIrudpoBaHHOM BHIE, HPUUEM
i poBanme 3TUX KJI049eit mpoucxoaut ¢ ucnosb3opanuem CIIT
C OTKPBITBIM KJIIOYOM.

8.5.3 ®dopmanpHoe onucanue KII

OpauM u3 npocreidmux BuIoB (popMaabaoro onucanusd KII apiaser-
cs 33JIaHMe CITUCKa X JTeWCTBUi, KayK/10€ U3 KOTOPBIX UMeeT BH]T

A—B:m (8.35)

rae A u B — uMeHa areHTOB, I M — BbIpaKeHne, 3HaYeHueM KOTOPO-
IO SIBJSIeTCSI COODIEHNe WX HeolpeleIeHHbIH 00beKT. BoimoHenne
nmeiictBus (8.35) MpouCcXoaUT CaeayIommUM obpa3oM. Ecan 3Hadenme
BBIDAXKEHUA M ONPEJICJIEHO, TO
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e A mocwinaer B coobienne, paBHOE 3HAYEHUIO BHIPAYKEHUS 1M,
u

e [B mpuHUMAET 3TO COODIIEHNUE.

Ec/iu 3Havenne BbIpazkKeHust m He OlpeIeseHo, TO 3TO JIeHCTBIE IPO-
IIYCKAETCs.

JleiicTBus, BXO/IAIINAE B CIINCOK 5, BBIIIOJTHAIOTCS B COOTBETCTBHHI
¢ TeM HOPHAIKOM, B KOTOPOM OHH BXOJST B TOT CIHUCOK. Ecim Teky-
mee JieiicTBAE HE OTHOCUTCS K KAaKOMY-JIHOO M3 areHTOB, TO 3TOT
areHT He PYHKIIMOHUPYET B MOMEHT HCIIOJIHEHHUs STOrO JieficTBUA.

B omucanue KII moryT Takke BXOJHTH YCJIOBHUs, BbIparKaroIne,
HalpuMep, Mepy J0BEpPHsI OJHUX areHTOB JPYTHM areHTaM.

8.5.4 IIpumepn KII

KII npomazku xKxoMIIbioTepa

Y A ectp kommbioTep, a y B ectb jgenbru. B xoder Kymutb y A
KOMIBIOTED, JiTst 9ero B mo/ken nepenatb A nenbru, a A mo1KeH
nepejiath B KoMIbIOTEP.

A u B He BepdT JIpyT APYTY, TOITOMY

[ J A Xo4ueT CHavaJla IMOJYYUTH ACHbI'U, W IOCJIe 3TOTr'0 IepeaaTh
B xoMmmbiorep

e B xouer cHauasa MOJLYyYUTH KOMIILIOTED, U [OCJIE 3TOI0 OTAATh
A JIeHBbI'H.

Takum o6pazom, peruTh TPodIeMY MPOJIAXKI KOMITLIOTEPA CHJIa-
Mu Jath A 1 B HEBO3MOZKHO.

Jannas npobiaema mMozxKeT ObITH periena mpu nomoniu KlI, B ko-
TOPOM KpoMme A u B IpHHIMAET yIacTHe JOBEPEHHBIN MOCPEIHNK
T, orHOCHTEILHO KOTOPOTO ¥ A 1 B mMeeTcst yBEPEHHOCTH B TOM, 9TO
T 6yzeT TOYHO BBIIOJHATEL BCE JIEHCTBUMA, IIPEJITUCAHHBIE €My 3TUM

KII.

Nckomprit KII MoxkeT umMeThb cJeIyIonui BUI:
e A — T KOMIBIOTED

e B — A: nenbru
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e A — T : moaTBep:KI€HNE WU OMPOBEPIKEHUE TOTO, 9TO MOJIY-
deHHasi 0T B cyMMa COOTBETCTBYET CTOMMOCTH KOMIIbIOTEPA
(A mochLIaeT OMPOBEPKEHUE BMeCTe ¢ JeHbramu B)

e T'— B: (or A mOCTYIIWIO MOATBEPKICHNE) 7 KOMIBIOTED
o ' — A: (o1 A nocTynuyio onpoBepKenne) 7 KOMIbIOTED

B stom KII 3nauenue Buipazkenus Buja b?m, riae b — ycjioBue, u m
— coobIreHue

® paBHO M, eciau b UCTUHHO, U
e He OIIpejiesIeHO, eCJii b JIOXKHO.
Yurare o npeaaaraeTcs caMOCTOATETHHO

e pa3paboTaTh A3bIK CHeIUUKAINI, B TEPMIHAX KOTOPOI0 MOZK-
HO OBLIO OBl

— BBIPA3HUTH YCJOBHE TOTO, 9TO A U B JOBEpSIOT MOCPETHH-
Ky T, n

— ¢hopMyIupOBaThH ClIeNUMPUKAIINIO Spec, BHIPAXKAIOILYIO CBOM-
cTBO KoppekTHocTH d1oro KIT

e IIpoaHaIu3upoBaTh coorBeTcTBHE dTOro Kl crienmudpmkarnuu Spec

— ¢ yuérom ycaosud, uto A u B nosepsior T, u

— 0e3 yuéTa 3TOro ycJa0BHUs.

Obeparomme xpunrorpadsl

3a KpyIJIBIM CTOJIOM CHIAT TpU Kpunrtorpada u obemaior. [locie

TOro, KaK OHHU I000ematn, opUIMAHT COODIIAeT UM, 4TO HX 00eI

IIOJIHOCTDBIO OIlJIaY€H, HO HE€ YTOYHIdeT, KTO UMEHHO ILJIaTHUJI.
BozMoxken oiiH U3 JIByX BapUaHTOB!

e 00e]I OILIATII ONUH U3 KPpUITOrpadoB,

e 3a 00en 3amiaTmia PCB.
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Kpunrorpadsbl XOTdT BHISCHUTH, KAKOl MMEHHO U3 BAPUAHTOB MMe-
€T MeCTO, NMPUYIEM, ecJIM HMeeT MEeCTO NEepBbIil BapHaHT, TO Te W3
HUX, KOTOPBIE HE IIATUJIM, He TOJIXKHBI Y3HATH, KTO Ke KOHKPETHO
3aILTATU.

Jlng perntenunst 3ol 3a7a49u npejiaraercs caeayoruit KIT.

[Tocko/ibKy KpuITOTpadbl CHJAT 38 KPYIJIBIM CTOJIOM, TO KarK-
Jlasl mapa cocejieif MozKeT 1oJI0pachIiBaTh MOHETY MeKJIy COOOM, Tak,
YTOOBI PEe3YJIbTAT OBLI U3BECTEH TOJBKO UM JBOUM.

[Toce Toro, Kak Bce TpU Tapbl HMOAOPOCUIH MOHETY, KaKIblii
U3 HUX 3HAET De3yJbTAThl IBYX MOAOPACHIBaHUil (perka uim opén),
KOTOpPbIE MOT'YT OBITH

e 60 ojuHakoBbiMU (00a pasa Oblia perka, uin oba pasa Oblil
opés),

e 60 pasHbIMU (OJMH pa3 ObLIa PerKa, a Apyroil - opé).

Kazk ptit Kpunrorpad roBopuT APYTruM “OJMHAKOBO” UK “IIO pa3-
HOMY”, IPUIEM TOT, KTO 3aILJIATHI, TOBOPUT MPOTUBOIOIOKHOE (T.€.
€CcJIM HA/I0 CKa3aTh “OJIMHAKOBO  TO OH I'OBOPUT “110-pa3HOMY’, U Ha-
06opoT).

Ecym guciao orseToB “mo pasHoMy’ 4YETHO, TO 3TO 3HAYUT, UTO
o6e1 omtaruiaa PCH, uHave - oqUH U3 HUX.

IToaTBep>kneHNe mpuéma

MmeeTrcsa rpynma areHToB, KOTOpPbIE HCMOIB3YIOT oany u Ty ke CILII
€ OTKPBITHIM KJIOUOM, 00JIaJIQIONLYIO CJIe/IYIOIIUM CBORCTBOM: aJIro-
purm gemmcppoanust 3roit CIII mMoxker mCmob30BATHCS TakzkKe u
Juts mudPoBaHKS, TPUIEM UMEET MECTO YCJOBHE:

JUI Kazkoro arenTa A m KaxKoro coodIienus m
K (0 (m) = m (839
ARy =
(6omprmmmcTBo CLI ¢ OTKPBITBIM KJII0YOM 00JIAACT STHM CBOHCTBOM).
YteHBI 9TOI T'PYNNIBI XOTAT OOMEHUBATHCA JIPYT € JAPYTrOM 3a-
U POBAHHBIMU COODIITEHUSAMMU.
Ecau, nanpumep, arear A xoder mociath arenty B coobiienune
m, TO it 37oro A m B npejanosaraior uCHnoJab30BaTh CJIELY IO
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KII u3 aByx nmeficrBuii:

A= B (A Kg(K;(m)))
B = A: (B, Ki(Ky(m)))

T.e. A moceLnaer B mapy, COCTOAILYIO U3

e cBoero umenn (A), arobbl B 3HaJ, OT KOrO eMy IPHIILIO C000-
HICHUE, U

e mudposanuoro coobuenns K5 (K (m)).

[onyuns coobmenne K (K (m)), arenT B Npu MOMOIIH CBOETO
3K K usnekaer u3 uero coobmenue K (m), u3 KOTOPOro OH, HC-
nose3ys OK K, Moxker u3Bjiedb m (3T0 BO3MOKHO HA OCHOBAHUH
(8-36)).

Bropoe neiicrBue B srom KII npejicrasiisier coboit moarsep:x ie-
Hue areHToMm B mosydenus coobiierus oT A: OHO mochLIaercs OT-
MPABUTENIO IJIST TOTO, YTOOBI OH OBLJI yYBepeH, 9TO ero coodIIeHne m
JIONLIO 10 B B HEMCKaKEHHOM BHUJIE.

K coxxanennto, manupiii KII He comep:KuT MexaHm3Ma IPOTHBO-
JIEHCTBUS yrpo3aM, CBS3aHHBIM C MONIEHHU4YeCTBOM. Lcjin HEKOTO-
poiit arent M u3 3TO# TPyl MepexXBaTUI COODIEHNEe

(A, Ky (K3 (m)))

TO OH MOKET H3BJIeYDb U3 HEro COOOIIEHNe 1M, HAIPUMEp, CJIeLYIOIIM
CI10CODOM.

e M nocouiaer B coobmenue (M, KL (K (m)))

B obpabarbiBaer ero B coorsercruu ¢ KlI, T.e. usniekaer us
HETr0 BTOPYIO KOMIIOHEHTY W BBITHC/IAET COOOIEHUE

Ky (Kp(Kg(Ky(m)) = Ky (Ky(m))

o [lonmyuuBruiicst pe3yJbTaT HE COAECPKUT HUKAKOTO CMBICJIa, HO,
coryiacHo ucnosb3yemMomy KlII, B obs3an nocaars M moarsep-
JKIEeHUe

(B, K (K (K3 (K (m)))))

e 113 nmosygennoro coobmenus arent M, ucnosnsy4 csoit 3K K,
u mzsectubie emy OK K7 u K, uzBnekaer m.

298



KII aBycropoHHeil ayTeHTUdUKAINN

lMmeetcsa rpynmna areHToB, KOTOPBIE HCHOJB3YIOT
e oxuy u Ty ke CIII ¢ OTKPBITBIM KJITIOUOM, U
e onHy u Ty ke cumMeTpruunyo CIII.

YreHBI 3TON I'PYHIBI XOTAT OOMEHHMBATLCS JIPYI € JPYILOM 3a-
muPOBAHHBIMHA COOOITEHUSIMH.

Kazkpass mapa arenroB A, B u3 970l IPYIIILI HCHOJIB3YET I
ocuoBHOIT ¢Bs3u cummerpuuanyto CIII, u B mporecce cBoero B3ammo-
neiicteust A m B pemnonaraioT peryaspHo 0OHOBIATH KJIFOUH Tudg-
posanus ms ot CII, T.e.

® HEKOTODBIH MPOMEKYTOK BpeMeHU (KOTOPBIii HA3BIBAETCS Ce-
aHcoM B3amMogeiicTBus) arentol A u B UCHONB3YIOT 151
mupOBaHKs CBOMX COOOIMEHNH OMH K04 (Ha3biBaeMblil ce-
AHCOBBIM KJIIOYOM),

e 3areMm npu nomotnu CIII ¢ OTKPBITBIM KJIIOYOM 3TOT K04 00-
HOBJIeTCs, N A1 mndPOBAHUS COOOIIEHNIT B CIeIYIONEM Ce-
aHce B3anmojeiicteust A u B uCHoib3yeTcs HOBBIT CeaHCOBBII
KJII0Y

® I T.J.

B neadx HpOTI/IBO,ZLGIU/ICTBI/IH BO3MOXKHOMY MOIIEHHUYECTBY, YJICHLI
IPYIIIBI XOTAT IIPOU3BOJUTH OOHOBJIEHHE CEAHCOBBIX KJTIOYeil IpH I10-
Mommu KII, KoTopsiit 7012KeH pemaTh CaeyoNe 3a/1atn:

e areHTH A u B, »KeJaolue CO3JaTh HOBBIH CeaHCOBBIM K0,
JOJIZKHBI [IDUHUMATDb PaBHOIIPpABHOE Yy4aCTHUE B CO3AaHNUU 3TOI'O
KJII04a

e TIepes TeM, KaK HadaTh OUePeHON CeaHC B3auMOICHCTBUS, OHI
XOTAT yAOCTOBEPUTHCH B 1LIOJIJIMHHOCTH JIPYIl JpyTa, T.e.

— areHT A HaMepeH YIOCTOBEPUTHCH, U9TO TOT areHT, COB-
MECTHO C KOTOPBIM OH TeHEPUPYET HOBBII CEaHCOBBIN K0,
9TO JeficTBUTETHHO B, a He MONTeHHUK, BHICTYTAIONINN OT
umvmenu B, u

299



— arenT B umMmeer aHaJgorngHoe HaMepeHue.

[Iponenypa B3anMOmeRCTBUSI AT€HTOB, eI KOTOPOIl SIBJISETCS
MPOBEPKA, TOINHHOCTH KOTO-THO0 M3 HUX, HA3BIBAETCS ayTEHTH-
dukanmeii sToro arenra. Eciu B pesysbrare B3aunMojeiictsusa A u
B onu 10Ka3bIBAIOT CBOIO MOITHHHOCTD JAPYT APYTY, TO TaKas ayTeH-
TuUKANNS HA3BIBACTCS ABYCTOPOHHEMH.

Arentst A uw B cobuparorcst penuTh 33/ 1a9u

® JIBYCTODOHHEI ayTeHTUhUKAINH, U
e TeHepalliil HOBOTO CeaHCOBOTO Kaoda K 4p

npu omotru cienytortero KIT w3 tpéx neitcrpuit (mannprit KIT Haspr-
Baercs KIT Huaxema - ITpenepa (Needham - Schroeder, 1979),
MBI OYJIEM COKPAIEHHO 0003HAYATE €ro 3HaKocodeTanueM NS):

A= B: KE(A Ny
B— A: KX(NA,NB)
A= B: K% (Np)

rjie
e cuMBOJI A B epBOM COOOTIEeHNN 0003HAYAET UM areHTa A,

e cumBoJibl N4 u N obo3Hadalor GUTOBbIE CTPOKH, JJIMHA KO-
TOPLIX paBHA JIJIUHE CO3JaBAeMOI'0 CEAHCOBOro Kjwda Kap.
JlanHuble CTPOKM HA3BIBAIOTCS HOHcCAMU. Kak mpaBujio, HOHC
npeJicTaBiasieT cobOi MMCeBAOCTYIANHYIO IIOC/IeI0BATE/IbHOCTD
OUTOB.

HoHucsl npenna3Hadenbl 1A pelleHus cJIeIVIONUX ABYX 3a1ad.

1. Kaxkaplit 13 HOHCOB SIBJISIETCS BKJIAJIOM CT€HEPHPOBABITIETO €10
arerra B popMupoBaHue Kiaoda K 4p: JaHHBIH KIIOY IO OIpe-
JIeJICHHIO TI0JIaraeTcst PaBHBIM HOOUTOBON CyMMe MO MOJIYJIIO 2
moucoB N4 u Np.

Herpy/iHO BUIeTh, 4T0O yCJ0BUE PABHOLPABHOI'O yYACTUS al'€H-
toB A 1 B B hopmupoBanuu Kai049a K op BHITIOJTHEHO.

2. Homcwl pemaror 3a1ady ayTeHTHMUKAINA CIeIYIONUM 00pa-
30M.
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e Korna B noceutaer A coobmenue K (Na, Ng), on Tem
CAMBIM JIEMOHCTPHPYET CBOIO CIIOCOOHOCTD U3BJICYD U3 TI0-
JydeHHOro uM 3ammdpobannoro coobmennsa K (A, Ny)
HOHC N, (T.K., IO TIPEINONOKEHNIO, B He MO MOJIyUUTh
HOHC N4 HUKAKHUM JIPYTUM CIIOCOOOM).

910 ybexkaaer A B TOM, 9TO TOT areHT, ¢ KOTOPHIM OH B3a-
nmojeiictyer, 3Haer 3K Kg (T.K., IO IPEINOIOKEHUIO,
He 3Hag K g, n3Bjedb coodImeHne m nu3 COODIIEHUS BU-
na K7 (m) HeBo3MOXKHO), T.e. STOT areHT JefiCTBUTE/HHO
ecThb B.

e Korma A moceuiaer B coobmenne Kj; (Ng), on Tem cambiM
JEMOHCTPUPYET CBOIO CIOCOOHOCTH U3BJIEYb U3 IOJIY ICH-
Horo uM samudposannoro coobmennd K (N, Ng) HoHC
Np (r.K., 10 upemiosoxKenuto, A He MOI HOJYyIUTh HOHC
Np HUKaKUM JPYTHM CIIOCOOOM).

910 ybexkaaeT B B TOM, 9TO TOT areHT, ¢ KOTOPBIM OH B3a-
nmojeiictyer, 3Haer 3K K (T.K., IO TPENOIOKEHHIO,
He 3Hag K, n3Bjiedb cooOIenne m nu3 MudpreKcTa BH-
na K} (m) HeBo3MOXKHO), T.e. 3TOT areHT JeficTBUTEHHO
ectb A.

Opnnra w3 yaspumocteit nanaoro KII cBsg3ana ¢ Tem, 4To OanH
u3 areHToB (Hampumep, B) MOKeT MOIEHHHYATh, BbigaBas cebs 3a
npyroro arerTta. Pabora KII NS B 3ToM ciiyuae MOXkKeT UMeTh cJe-

AVIONIAI BHJI.

1. [ocsre Toro, Kak areHT A BBIPA3UT KeJaHUe B3aUMO/IEHCTBO-
Bath ¢ B mo KII NS, u npunuiér emy nepsoe coobinenue (T.e.
K% (A, Ny)), arenTr B MOKeT HCIOIb30BaTh 3TO COOOIIEHUE
JUIS TOTO, 9TOObI

e p3aumojeiicrsoBars 1o KII NS ¢ emé omaum areatom C,

e U B 9TOM B3aumojeiictBuu B OyjeT BblIaBaTh cedd 3a
arenTa A.

g sToro B

e roroapuBaercs ¢ C' o Bzaumosneiicteunu ¢ auM 1o KIT NS,
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e u noceLaet emy coobmenne K (A, Na).

[Toayuus 310 coobiienue u paciudpoBab ero, C' 1e1aeT BbI-
BOJI, 9TO 9T0 coobIIeHne 610 mocano areHToM A (0 aém roBo-
PHUT eMy mepBasi KOMIOHEHTa PacITiudPOBAHHOTO COODIIEHN ).

Ha ocnosanuu storo, C

e renepupyer HOHC Ng, U

e TIOCBLIAET are’HTy B coobIeHue
(mymasi, 9TO OH TMOCHLTAET ero areHry A)

2. B uepecouiaer noxyuernoe or C' coobuienne (8.37) arenry A,
9Ta TMepechlaKka MpeJjcTaBisgeT coboit Bropoe aeiicteue B KII
NS B3aumoneiicteusa A u B.

3. A paccmaTpuBaeT H3BJECYEHHYIO M3 IOJIYYEHHOI'O COOOIIEHHS
(8.37)) xommonenTy N¢ Kak HOHC, CTEHEPHPOBAHHBIN areHTOM

B.

B coorBercTtBum ¢ tperbum geiictueMm KII NS Bzammomeii-
crBust A u B, arent A noceiiaer arenty B coobiienue

K% (Ne)

B usBnekaer N, u nocoliaer arenty C coobmenne K (Ng).

C paccMmaTpuBaeT 3Ty TepechlLIKy Kak Tperbe fefictBue B KII
NS B3aunmoneiicteus A u C.

[Tocte sToro B 3naer HOHCH N4 u No, KOTOpble TIO3BOJUT €MY
BBIYHCJIUTH CEAHCOBBIHl KJIIOY JI/Id IMH(MPOBAHHOTO B3aHMOIEHCTBUS
¢ C', B KoTOpoM OH OyjieT BoICTYIATh OT uMeHu A.

Yurareaio npejjiaraercd caMOCTOATETHHO

e pa3paboTaTh SA3bIK CHEeIU@UKAINIT, B TEPMUHAX KOTOPOT'O MOK-
HO ObL710 OB BBIpa3uTh cBoiicTBo KII mportuBoeiicTBoBaTH MO-
NIeHHTYeCTBY ONMUCAHHOTO BBINIE BU/IA, U

e paspaborarh ajroputrm nposepku coorserctus KII cnenudu-
KaIMsIM, BBIPAYKEHHBIM HA ITOM sI3bIKE.
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I'taBa 9

IIpeacraBiienue CTpyKTyp
JAHHBLIX B BIJE IIPOIECCOB

9.1 IloHsTue CTPYKTYPbl JAHHBIX

Crpykrypa mauubix (CI) — 570 qucKpeTHasi THHAMUYECKAs CH-
cTeMa, KayKJI0e COCTOsTHHE KOTOPOil MOXKHO MHTepPIpPeTHPOBATh KaK
COBOKYMHOCTH JTAHHBIX (T.6. HEKOTOPBIX 3HAYEHUH ), XPAHAIINXCS B
TEeKYLIUil MOMEHT B 9TOH cucTreme.

Kaxk mpasmio, kaxkgoe cocrogane CJ/1 npescrasisger codoii coBo-
KYTTHOCTh W3 HECKOJbKUX KOMIIOHEHTOB, KazK/1asl U3 KOTOPBIX SIBJISI-
eTcsl COJIePKUMbIM HEKOTOPOrO pecypca (HAmpuMep, COJePKUMbIM
AYEHKY TTAMSITH).

Oprum u3 criocobos dhopmasbaoro onucanust ClI sBisiercst npe/i-
CTaBJIEHNE UX B BUJE MPOIECCOB.

Ecom nponecc P apasercs npeactapiaerueM Hekoropoit CJI, To
nMeHa B P MOYKHO HHTepIIPeTHPOBATH KaK TOUKH JTOCTYIA K JAHHBIM,
cogepzkamumMcsd B 31o#t C. O6beKThI, COOTBETCTBYIOININE STHM HMe-
HaM, MOTYT UMeTh BUPTYaJIbHBIN XapakTep. Hampumep, B kKadecTBe
TaKUX 00bEKTOB MOTYT BBICTYIATh KPUNTOrPADUIECKTe KITIOYMH.

[Ipencrapiaenne CJI B BuIe MPOIECCOB TMO3BOJIAET (HOPMATIH3O0-
BATh MOHATHE AKTUBHBIX JAHHBIX (— 3HAHUIT), KOTOPbIe DA3BUBAIOT-
cs B pe3yJibTaTe HAJMWYWS Y HUX HETIOJTHOTHI UM IIPOTHBOPEINBOCTH.
AKTHBHOCTD CTPYKTYP JAHHBIX 3aKIIOYAETCS B TOM, 9TO OHH MOTYT
caM¥ WHUIUHUPOBATH 3aMPOCHI K OKPYZKAIOMIEH Cpejie ¢ MeJbI0 MOJTy-
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YeHUA ,ZLOHOJ'IHI/ITQJIBHOIU/I I/IHCI)OpMaL[I/H/I JJIAd JOCTUZKEHUA COTJIaCOBaH-
HOCTH B 3HAHUAX, KOTOpbIe cojepxkarcd B arux C/I.

B sroit ryraBe MBI TPUBOIUM HECKOJIBLKO IpuMepoB onucanust C/1
B BHUJe TpoIeccoB. KakKaplii W3 3TUX MPOIECcCcOB 3a7aéTcsI B BHUJIE
PEKYPCHUBHOTO OIPEIE/TeHH.

Huzke MbI Oy1emM 0TOXKAECTBIATH TPOIECC, TPEeICTABISIONIHI HEKO-
topyito C/I, ¢ camoit stoit C/I.

9.2 CJI “mamars c 2" gueiikamu”

CJI “namars ¢ 28 gueiikamu” (rge k > 0) — 3To npomece
[M EM(%)] (9.1)
riae M E M), — nporeccHoe nMs, u £ — CIicok u3 2F nepeMeHHBIX BIIA
Z= {z, | me{0,1}*}

Kazk/Jasg U3 KOTOPBIX COOTBETCTBYeT HEKOTOpOil sideiike ImaMgaTu:
as kazgoro m € {0, 1}* smadenne mepemennoit x,, mpeacTaBaseT
co00# CO/IepKIMOe UK MaMATH C aJIPECOM M.

Mer Gyiem mpeanosarath, aro npomnecc [MEM(Z)] paboraer
CJICJIYIONIAM 0DOPa30M:

1. cnavana, ecim k > 0, TO 9epe3 TOUKY JOCTYIA (¢ B IPOIECC
[M EM,;(Z)] nocrynaer agapec m,

2. 3areM 4epe3 TOUKy jgoctyna [ B nponecc [MEM(Z)] mocry-
naeT 3HaveHue v, KOTOPoe HaJ0 3alucaTh B sUeiKe 10 ajapecy
m

3. mocJie 4ero Wepes TOUKy gocryna y upouecc [MEM(Z)] Boi-
TaéT 3HAUEeHHe, KOTOPOe COLEPZKAIOCh B sdeiiKe MO aapecy m
JI0 BBIIIOJTHEHHS [IPEIBLAYIIEro MIara.

[Tporeccol, COOTBETCTBYIONIME ITPOIECCHBIM BbIPAYKEHHUSIM BH/IA
M EMy (%), onpenenstorest caenyomum PO:

e MEMy(z) =B . ylx . MEM,(y)
(mponecce [M EMy(z)] — 910 - adeiika mamMsaTh, XpaHsIIas 3Ha-
JeHue )
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e I Kaxkaoro k >0

MEM1(2-y) =
SWITC

1|
= | MEM(®)[ao/a. Bo/5. /7] \{ oo }
MEM(5) [ /e, $1/8, 11/7] s

rIe

— ¥ -4 — cmucok u3 2! pasamuHBIX mepeMeHHBIX, Tpe-
CTABJACHHBIN B BHAe KOHKATEHAIIHH IBYX CIHCKOB m3 2F
epeMeHHbBIX

— SWITCH - sTo nporiecc, Ha3bIBaeMblil IepeKJrodaTe-
JIEM, U IpeJCTaBIAeMbIil clIeayolei 0.J10K-CXeMOi:

( START )

G

* (he0)—
aplm’ oq!m/
5‘;u Blu
ﬁoylu Bilu
%z?y Ny
vgy "y

rIe
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— M = nepBbIit OuT B GUTOBOI CTPOKE M, U
— m/ = crpoka u3 k—1 6uToB, Oy YaeMast U3 M yAaJeHueM

nepBoro oura.

[Ipouecc [MEM;1(Z - )] n3o6pazxaercs cjeiayomumM n1oToKo-
BBbIM TpacoM:

YuraTe 0 mpeiIaraeTcs CaMOCTOATEILHO JIOKA3aTb, 9TO IIPO-
necc [M EMy(Z)] ynosiaerBopsier cieaytomieil crienudukamm: ecian
k > 0, To ans Kaxkaoro mpoiecca P

( <§m_'_x§f§ .?f EMA®) ) tasn)

< MEM, (%) |
Ay
Onepanus
® YTeHUd 3HaYCHUd, CoUeprKallerocd B d4eifke 1porecca
o agpecy m (6e3 u3MeHeHust COAEP:KUMOr0 STOM A9Uefikn), u
® 3aHeCeHUs TOr0 3HAYEHHS B MepeMeHHYIO y mporecca P

IpeaAcCTaBJaAeTCA IIPOUECCHBIM BhIpazK€EHHUEM

( MEM (%) |

a!m.ﬁ!O.y?y.a!m.ﬁ!y_»y?Z_p)\{06,577} (rme z & P)

9.2)
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YuraTeaio npeajgaraeTcd CaMOCTOATE/JIBHO JOKa3aTh, YTO

oA (0D L fa5)

Moo usmenursb oupesesenue uponecca [ME M (Z)] rak, aro-
OBl HOBBII MIPOIECC YAOBJICTBOPAT CHEITUMDUKAIIH

MEM, ()~

< atm. (B‘?y AT =y) . MEM(Z) + Yz . MEM(Z) )
T.€.

e cravasia B niporecc [M EMy(Z)] BBoaurcst aapec m,

® a [OTOM, B 3aBUCHMOCTH OT BBIGOpPA OKPYZKAMIIEH CPeJIbl,

— 7u60 B [M E M (Z)] 3anucsiBaercst HOBoe 3HAYEHHE TIO al-
pecy m

— 7m0 unTaercs 3Hadenue, xpansiieecst B [M FEM(Z)] no
ajipecy m

st 9T0r0 HA/I0 MO-ApPYroMy onpejeuThb nponece [MEMy(x)]:
MEMy(z) = By . MEMy(y) + Yo . MEMo(z)

Pabora ¢ HOBBIM mporieccom [M EMy(F)] mpoucxomut ciemyro-
M 00pa3oM.

Omneparug 3anucu 3HaYeHUs BbIPAXKEHHS € B d9eilKy IO ajpecy
M NPEJICTABIISIETCH MPONECCHBIM BbIPayKeHUEM

( MEM(Z) | a!m . Ble. 0 )

Omnepanusi ureHus 1poneccoM P 3HavYeHus!, 3AIUCAHHOTO B sTdeii-
ke npotecca [M E M, (Z)] no aapecy m, u 3aHeceHns: 37oro 3ua-
UeHUs B MEPEMEeHHYIO Y mporecca P, IpecTaBIsgercs mporece-
HBIM BbIpazKeHHEM

( MEM(Z) | alm .~?y . P )
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9.3 C/ “crex”

Crek — 310 C/I ¢ ToukaMu JOCTyHa & U 7, C KOTOPO# MOXKHO BbI-
MOJIHSATH CJIeAYIOIIe OMePaIUu:

1. monoxkuTH 3HAUEHHE v B cTeK (neficTBre ! v)

2. ecJiu CTeK HeILyCT, TO B3AThb FOJIOBHOIT 9/1eMeHT creka (jeficTBue
v 7).

CJI “crex” mpeacTaBasIeTCsT COBOKYITHOCTHIO MPOIECCHBIX BhIPa-
JKeHu

{PUSH,(z1,...,2z,) | n >0} (9.3)

rae aag kaxkmgoro n > 0 PUSH, — nporeccuoe ums, u [1B
PUSH, (z1,...,x,)

IpeACTABIISET IPOLIEce “CTeK, XPAHSIIINNA 1 3HAYeHUH .
[Tpoueccer, coorsercryomue 1B u3 cookynuoctu ((9.3]) ompe-
nensaoTes caenywomum PO:

1. PUSHy = «?z . PUSH(z) + 7'$.0
2. misa Kaxkaoro n > 0

PUSHTL—H(fE, Ty, ... ,xn) =
B CELL(z) |
= ( PUSH,(x1,...,2,)[8/a, /7] )\{6,6}

riae [IB CELL(x) upeactaBisier poIece ¢ TOYKAMHE JIOCTYIA v, [3,
v, 0, HA3BIBAEMBIIl AYCMKOI MaMsaTH, U OIIPeIe/IeMbIil CJIe 1Y IOIUM
obpazom:

CELL(z) =
a?y . fle . CELL(y) +
- (7!:10.5‘.@. ((y=$)? PUSHy + (y+#$)? CELL(y) ) )

[Torokoswiit rpad nponecca [PUSH,(x1,...,x,)] umeer ciaemny-
FOIUIT BAJI;
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B B B

7 %) %,
; ; e
%) %,

YnTareqio mpeiaraeTcs caMOCTOITENbHO JT0Ka3aTh, YTO COBO-
KYITHOCTB IPOIeccoB, coorsercTytomux [1B u3 (9.3)), yaosaersopsi-
er ceyonieit cuenudukanum: Jijisg Kaxjaoro n > (

aly . PUSH, 2(y,x, 21, ..., T,)+ )

+
PUSHn+1(I',.ZU17..-,In)N < fylx . PUSHn(:L'h,.Tn)

9.4 C/I “ouepenp”’
Ouepenp — 310 CJI ¢ Toukamu m0CTyma (v U 7y, ¢ KOTOPOH MOZKHO
BBIIIOJIHAT CJEAYIOIIUe OllePalluu:

1. jobaBuTh 3Ha4YeHHe U B KOHEIL odepeau (ueficTBue ol v)

2. ecam o4epe/ib HEIYCTa, TO B3ATh MEPBBIH IJEMEHT O4Yepe/in
(neitctBue v 7 ).

CJ1 “ouepeap”’ nmpeacTaBasieTcss COBOKYITHOCTHIO MPOIECCHBIX BbIPa-
JKEeHUH

{QUEUE, (x1,...,2,) | n >0} (9.4)
rae g kaxkaoro n > 0 QU EUE,, — nponeccroe ums4, u 1B

QUEUE,(x1,...,x,)

[IpeACTABJISET IPOLEce “odepeib, XpAHIIIas N 3HAYeHH” .
[Tpoueccnr, coorsercryomue 1B u3 cookynuoctu ((9.4]) ompe-
npensgroTes caenyomum PO:

1. QUEUEy =a’x . QUEUE(x) + ~1$.0
2. jqaa kaxmoro n > 0

QUEUETH—I(«I, L1, ,xn) =
_( CELL(x) |
- < QUEUE, (21, ...,2,)[8/,6/7] ) \{3.4}
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riae [I1B CELL(x) npeacrasisier porece ¢ TOYKAMH I0CTyIa v, [3,
7, 0, Ha3bIBAEMbIIl AYEMKOI MaMATH, 1 OLPEIe/IIeMblii CJIe Ly FOIIHM
obpazom:

CELL(z) =
(o . (Bl CELL(y)+ 7= . CELL(y) ) +
C\ e 6%y ((y=8$)?QUEUEy + (y #$)?CELL(y) )

[Torokossriii rpad mpomnecca [QU EU E,, (x4, . . ., x,)] nmeer Takoit
JKe BU/JI, KaK U [MOTOKOBBI# rpad B myHkTe [9.3

YuraTtemio mpenjaraeTcad caMOCTOATENBHO T0Ka3aTh, ITO COBO-
KYITHOCTDb ITPOIECCOB, COOTBeTCTRYIomuxX [IB u3 , VAOBJIETBOPSI-
er cuaeayionieit cuernudukanum: Jijisg Kaxjaoro n > (

QUEUE, (%, 71, ..., 25) ~

,.Jf, Oé?y . QUEUEH+2(x7x17 s ’x’ruy) +
“\ Yz .QUEUE,(x1,...,7,)
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I'1aBa 10

CeMaHTHKA SI3BIKA
[IapaJjie;IbHOT'O
ITPOTPaAMMUPOBAHN S

CeMaHTHKA s3bIKa TPOTPAMMHUPOBAHUS MPEJCTaBIgeT cOOOM mpa-
BUJIO, COIIOCTABJISIIONIEE KAXK/JI0NH KOHCTPYKIIUHM 3TOTrO SI3bIKa HEKOTO-
phIii MaTeMaTwdeckKuit oObeKT. B KadecTBe Takoro obobekTa MOKeT
BBICTYIATDh, HAIPUMEP, JIorndeckas GOpMy/Ia WIH MPOIEeCCHOE BBI-
pakeHne.

[naBHoit 1eabI0 ONpeeieHns CEMAHTUKU S3bIKA MPOTPAMMUPO-
BaHUS dBJISIETCS CBeJIeHUE 337129 aHAJIN3a CBOHCTB IIPOrpaMM Ha 3TOM
Jd3BbIKE K 33/[a9aM aHaJIn3a MaTeMaTuIeCKUX YTBEPXKIEHUH, COOTBET-
CTBYIONIUX 3TUM CBOHCTBAM.

B 310l rj1aBe Mbl pacCMOTPUM B Ka4decTBE LpUMepa OlpejeJie-
HIe CeMaHTHKHN MPOCTEHTIeTro a3bIKa Mapaslie TbHOTO TPOTPAMMEIPO-
BaHWA B TEPMUHAX TEOPWUH TPOIECCOB.

10.1 Omnuncanne sg3bIKa TaPAJIIEIHLHOTO IIPO-
rpaMMUPOBAaHUA

B srom maparpade Mbl OHCBIBAEM ITPOCTEHIINI S3bIK TapasLIe/IbHO-
ro TPOrpaMMHUPOBAHUS, KOTOPBIHI MBI OyeM 0003HAYATH CHMBOJIOM

L.
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10.1.1 KoHcTpyKiiuu si3biKa L

Koncrpykiuu si3pika L JeaaTCsd Ha CIeAVIONHe TPH KJIacca.

1. Boipakenuns.

HOHHTI/IG BbIDpa?KEHUA A3BIKA £ COBIIaJaeT C aHaJOT'HYHBIM IIO-
HATHEM, OIIPeJIe/IEHHBIM B aparpade Bripazkenus cTpo-
ATCA U3 nepeMeHHbIX, KOHCTaHT 1 PC. KazKk1oMy BHIpazKeHUIo
€ COTIOCTABJIEH HEKOTOPLIil Tt type(e).

. dexnapaiumn.

Kaxknas gexmapamnusa DD uMeeT OIUH U3 CIAeAYIOMNUX TPEX BHU-

OB

(a) oObsBIEHUE JIOKAJIBHON MEePEMEHHOI:
VAR z (10.1)

rjae © — Mg NepeMeHHOU

(b) obbaBIEeHUE pecypca:
RESOURCE R (10.2)

e R - uMd pecypca, KOTOPBIil MOYKET HMpeICTaBIATh CO-
Ooil, HapuMep, YCTPORCTBO BBOJIA UJIH BBIBOJIA

(c) omucanme MpoNELyPbI:
PROCEDURE G(u,v) IS C (10.3)

rje
e (G — UM IIPONELYPHI,
® U — mepeMeHHasi, H300PaKAIIAs APTYMEHT IIPOIe-

AYPbI

e U — IIepeMeHHAasd, U300ParKalomAasa pe3yaIbTaT MpOIe-
Ay pBL

e C' — onepatop (TeJ0 MPOIEIYPH), B KOTOPBIH Tepe-
MEHHBIE U ¥ U BXOJAT KaK (POpMAILHBIE ITapaMeTphl
9TOH 1IPOLEJLY PBL.
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3. OmepaTopshi.

Kaxkipit oniepatop npejcraniser coboit onrcanne HEKOTOPOro
aJIrOpuTMa.

Huxke

orepaTopbl 0603HATAIOTCS cuMBOJIOM ('

JIeKJIaparuu 0003HAYAI0TCd CUMBOJIOM [)

nepeMeHHbie 0003HAYAIOTCSd CUMBOJIAMU Xy Y, 2, U, U, . ..
BbIpazKeHus 0003HAYAIOTCH CUMBOJIOM €

dbopmyusl (T.e. Boipazkenus Tumna bool) 0603HAUAIOTCS CHM-
BOJIOM b

HpI/I‘{éM IIpH BCEX ITHUX CHUMBOJIaX MOI'YT OBLITD NHIEKCHI.

OmnepaTopbl UMEIOT CJAEIYIONNN BHI,

(a)

(b)

IIpucBanBaHUE:

rae type(x) = type(e)

YCJIOBHBIN IIE€pexo:

if b then C] else Oy

MUKJI:
while bdo C

BBOJ;:

input x
BBIBOJI:

output e
MyCTOI omeparop:

skip

InmocjgegoBaTeJibHadA KOMIIO3UIINA:

C1; Oy
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(h) mapasnenbHas KOMIO3ULMS:

Cl par C2
(i) 6mok:
begin {Dy,...,Dy;C} end

Broxk “cBsa3piBaer” Bce BXOKIEHUSA 00BLEKTOB, OObABJICH-
HBIX B Jekaapanusax Dy, ..., Di: 9TH 00beKTHl IBJIAI0TCI
BHIMMBIME TOJIBKO BHYTPH 3TOr0 OJIOKA.

(j) BBI3OB mpONEMYPHI:
call G(e, 2)
e
e (G — M3 BBI3BIBAEMON IIPOIE/Y PbI,
® ¢ — BBIDAXKEHWe, 3HAYCHHE KOTOPOTO SIBJISIETCS apry-
MEHTOM Tponeaypbl G, u

e - — MepeMeHHast, B KOTOPYIO Oy/ieT 3aHeCEH pe3y/IbTar
BBITIO/THEHUST TIponieypol G.

(k) cBsi3BIBaHUE omepaTopa C pecypcom:
with Rdo C

e R — uMs HEKOTOpOro pecypca.

10.1.2 TIIporpammbl Ha A3bIKe L
ITporpamma na s3pike L mpejcraBiiger coboil omnepaTop
begin {D;,..., Dy;C} end

rjie BCe IMepeMeHHBbIe, PeCYPChI, U MPOIEIYPhl, HMEeHa KOTOPBIX BXO-
gat B C, 00bsIBICHBI

e B neknapanuax Dq, ..., Dy,
® UM B TeX JeKJapamusx, KoTopsie comepzkarcs B C.

[TporpamMa MOKeT B3aUMOJIEHCTBOBATEL ¢ OKPYZKAIOMIeil cpemoii
TOJIBKO HyTéM BBIIIOJIHEHH A OIIEePpaTOPOB BBOJda W BbIBO/A.
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10.2 CemaHnTnka ga3biKa L

B sTom maparpade MBI OmpejesisieM CeMaHTHKY sI3bIKa L, KOTopast
peJcTaB/sier coOol IPABUIIO, COMOCTABIAIONIEE KAXKJIOH KOHCTPYK-
n Q s3pika L nexoropoe 1B (Q)), HazpiBaemoe ceMaHTUKOM KOH-

crpykiun ().
[1pu onpenenennu 310 ceMAHTUKU MBI Oy1eM UCIIOIB30BATD CJIe-

JIyiomue 0003HAYEHUS U COTJIAITCHHS.

1. B kaxjaom 1IB B, coorBercTByioniemM Kako#-jinb0 KOHCTPYK-
muu 13bIKa L, 3HAKOCOYETAHU ST

o, ply 4?7 wm ol

0003HAYAIOT /eiCTBUS, NMEIOINe 3apaHee IPeIoIpe eJTeHHBII
CMBICJT:

(a) 0! obo3HAUAET CHI'HAJ O 3aBEPINTEHNH HCIOJTHEHHS TTPOIIEC-
ca, COOTBETCTBIOIIErO MPOIECCHOMY BbIDakKeHHI0 B

(b) p! obo3HaTaeT BHIBOM 3HAYEHHUS, SIBIISIONIEIOCS Pe3yJIbTa~
TOM paboTHl MPOLECCa, COOTBETCTBYIONErO MPOIECCHOMY
BhIpaxKeHuo B

(c) i? obo3HAaYAET BBOJ 3HAYEHHUS B IIPOIPAMMY

(d) o! obosHauaeT BBIBOJ 3HAYEHUS U3 ITPOrPAMMBI
2. CumBoua done oboznauaer I1B 4! . 0
3. g kaxmoit mapol [IB By, By

(a) smakocoueranue By before By oboznadaer 1B

( BilB/6]167.B2 ) \ {8}

rae [ He BXOIUT B By u By

(b) smakocoueranue By result B, obosnagaer 1B

(B1|B2) \ {p}

315



(c) smakocoueranne By par B, oboznagaer [1B

B1[01/6] |

By[02/4] | \ {01, 02}
01!.09!.done + 05!.9;!.done

rae 0; 1 0y He BXogaT B By u By

4. g Kaxaoro odbeKkTa ¢ UMeHeM N, OObSBJIEHHOIO B HEKO-
Topoit Aeknapanuu D, cumBos L, 0603HaUaeT MOAMHOXKECTBO
MHOXKecTBa Names, cocrosiiee n3 TOYEK JOCTYHa K TOMY

00bEKTY:
{0%7%5,7%7903;}, ecu D = (|10.1
Ln déf {ﬂ-Rv @R}v ecmn D = (|10.2
{ac, 16}, ccan D = (10.3

Ecin umena nqy u ny TakKux 00bEKTOB PA3JIHIHBI, TO

L,,NL,,=0

10.2.1 CemaHTUKa BBIpa>kKe€HUI

Kazx oMy BbipazkeHuto e si3pika L coorserctByer [IB (el), ompee-
JITeMoe UHIAYKINEeH M0 IOCTPOCHUIO BHIPAYKEHHS €:

e T Kaxkjioi rnepemennoit x € Var
() & 7.7y, ply. 0
e 14 Kaxknoil koncrauTtel ¢ € Con
(c) & ple. 0
o s Kaxkjgoro OC f

(fer,....en)) &

act [ {ei) [or/p] |- [den) [on/p] |
= ( p1lxy. .. ppla, . p! f(;[;l’,_"xn).o ) \{01,...,pn}
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10.2.2 CemaHTuKa JaeKJapammii

[Ipy ommcaHWM CeMaHTHKH [IeKJapanuil Mbl OyIeM HCIOJIb30BATh
BcrmomMorarebHbie [1B, coorBeTcTByI0OIMIME IpoIeccaM, OmpeaeaseMbIM
B Bujie PO:

e REG,(y) = a,?z. REG,(2) +v.!y . REG.(y)
(IREG.(y)] = peructp mias XpaneHusi 3Ha9YCHUsT EPEMEHHO
x)

o LOC, ¥ o,? . REG,(y)
(peFI/ICTp 0e3 HavaJIbHOTO CO,ZLep)KaHI/IH)

o SEM, =m,!. o, . SEM,
® SEMR = TI'R! . QDR' . SEMR
CemaHTHKa JIeKJIapaluii uMeeT CJIeTyIOui BU,I.

1. Ecimu D = VAR z, T0

(D) ¥ LOC, | SEM,

2. Ecan D = RESQURCE R, 10

(D) & SEM;

3. Ecsiu D = PROCEDURE G(u,v) IS C, T0 UPOLECCHOMY BbIpa-
xkenuio (D)) coorsercryer PO

LOC, |
| LOG, |
PV=1 agre . ae . ((UD) (O \ L) | Vet )
before 7,7y . v¢ly . (D)

Ecau B PO gna (PROCEDURE. . . |) BmecTO

DD {CD)\ La

6b110 61 Hamucano npocto (C), To HempaBUIBLHO TPAHCIUPOBAIUCH
OBl TaKue MPOIeIyphbl, KOTOPbIE PEKYPCUBHO BBI3BLIBAIOT CAMH CeOs,
T.e. Takue (G, B Tejie KOTOPBHIX ecTh omneparop call G.
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BrimenpuBeiénnas cemanTuka gekrapanuit uga ((10.3) ssaser-
cd HemgeadbHOH. OHA HEMPaBWIBLHO comocTaBiager [IB Takum orme-
paTopaM, B KOTOPBIX €CTh INapaJebHble BBI3OBBI OJHOM W TOU Ke
IpOleTyPhl, HAIPUMED, ONEePaTOpPy BUIA

call G(6, z) par call G(7,w)

Ecin m3BeCTHO MaKCHMAIbLHOE YUCJIO0 1 TOCTYIHBIX IPOLECCOPOB
(T.e. OJHOBPEMEHHO 1 IIPOIELYP MOIYT OBITH AKTUBHBIMHE ), TO CEMaH-
tuky neksiapanuu D Buga (10.3) syume onpenenuts B Buge PO

(D) = (D] ... |(Dbn
Vi=1,...,n
LOC, |
LOC, |
(Db =aca®- | (40D 4EN)\ Lo) VZaU L)
before 7,7y . yarly . (D)
(10.4)

def
rue LG = {aG,17 - 0gn, VG- a’)/G,n}'

10.2.3 CemaHTuUKa onepaTopoB
1 (o :=e) ¥ r,7. (e) result (p?y . a,ly . p.7 . done)

2. (Ch: Co) & (1)) before (Col)

3. (if e then () else ()

def (e) result p?z . (z 7 (Ci) + - ? (Cs))

4. ecom C' = while e do (', 1o [IB (C)) cBsazano co cremyomnm
PO:

z? (C") vefore (C)) + ))

—x 7 done

(C) = (e)) result (p?z. (

5. (begin {D,...,D;:;C} end) &

(D). 14D {CD\ (L, U .. U Lp,)

6. (C, par Co) & (C1)) par (Cs)
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7. (input x| o i?y . a,ly . done
8. (output e) ¥ (e) result (p?z . olz . done)

9. (skip) % done

10. (call G(e,z2) dof

ot (e) result (p?z . aglr . vg?2z . a,!z . done)

11. {with R do C) % 747 . (C) before (pr? . done)

Eciin M3BeCTHO MAKCHMAJIBLHOE YHCJIO 7 JOCTYIHBIX IIPOLECCO-
pOB (T.€. OJHOBPEMEHHO 7 TPOIEAYD MOTYT ObITh AKTUBHBIMHU), W
CeMaHTHKa, JeKJapaluii Buia onpeeasaercs B COOTBETCTBUI
¢ (10.4), To cemanTuky oneparopa call G(e, z) cieyer onpesenIuTh
CJIJIYIONAM 0DOpa30M:

(call G(e, 2)) &

4t e result (p?z . §n acilt . vai?z . a,lz . done
P , G,
i=1

HuraTeaio npeajaraercd CaMOCTOATEJIbHO

® OIPEJIEJUTH CEMAHTUKY KAKHX-TM00 COBPEMEHHBIX $3bIKOB I1a-
paJIIeIbHOTO MM DACpe/ieéHHOro porpamyuposannst (MPI
U T.I1.) WU SI3BIKOB IpoeKTupoBanus 6u3nec-nporeccos (BEPL
U T.IL.), 0

e pa3paboraTh HA OCHOBE dTON CEMAHTUKH aBTOMATU3UPOBAH-
HYIO CHCTEMY JIOKA3aTeJbhCTBA CBOWCTB MPOrPAMM WJIM OTHUCA-
HUHI cHCTEeM Ha 9TUX I3bIKaX.
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I'maBa 11

Wcropnyeckuii o630p n
COBpPEMEHHOE COCTOAHUE aeJl

Teopust mporeccoB 00be THHSIET HECKOJIBKO HAIIPABICHUH HCCIe10Ba-
HU, KaxK/10€ U3 KOTOPBIX OTPaKAET ONPEAeJEHHBIN TOIX0H K MOJIe-
JITPOBAHUIO M aHAJIU3Yy TporeccoB. Huke Mbl paccmarpuBaeM Hau-
OoJiee KpPyIHbIE U3 STUX HATPABJIEHUN.

11.1 Pobun Munanaep

Hawubonbiuit BKIa B TEOPHIO TPOIECCOB BHEC BbITAIOIINIACIT aH-
rauniickuii Mmarematnk Pobur Muanep (cm. [1] - [5]).

Pobun Munnep pogmica B 1934 1. B r. [lmumyre (Aurins) B
ceMbe BoeHHOTO oduriepa. B Hactosmee spems (¢ 1995 1.) oH pa-
ooraer npodeccopom mupopMmaTukun B yHupepcurere KemOpuzka
(http://www.cam.ac.uk). C guBaps 1996 r. mo oktsbps 1999 T
Muinep 3anuMast J0KHOCTH pykoBoauTens Kovmmbiorepnoit JIabo-
patopun B yHUBepcuTeTe KeMOpuaKa.

B 1971-1973 r. Muinep craxkuposaJjicd B JlabopaTropun uckyc-
crBennoro uare/iekra B Craudopackom yausepeurere. C 1973 r. 1o
1995 1. on paboran B orgenenun nHdopmarnku (Computer Science
Department) Yausepcurera Danubypra (IT1Tortanaus), B KOTopom
B 1986 r. oH cOBMeCTHO ¢ KoJiIeraMu ocHoBaJ Jlaboparopuio oc-
HOB KoMITbIOTepHBIX HayK (Laboratory for Foundation of Computer
Science).
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C 1971 no 1980, B Craudopse u 3arem B DauHOypre, OH pPa-
ooras B objacTu aBTOMaTU3AIMU paccyxkaeHuit. CoBMeCTHO ¢ KOJI-
Jeramu oH paspaboran Jloruky Beramcaumeix @ynknuii (Logic for
Computable Functions, LCF), passusarormyio moaxox . Ckorra K
IIOCTPOCHUIO TEOPETUIECCKUX OCHOB IMOHATUA BBIYUCJIUMOCTH, U IIPEI-
HA3HAYEHHYIO J/IsT aBTOMATH3ANN (POPMATBHBIX PACCYKICHU. DTa
paboTa MOC/TY2KIIa OCHOBOM JIIsi IIPUKJIAIHBIX CUCTEM, pa3paboTaH-
HBIX 110JI PYKOBOJCTBOM Musmnepa.

B 1975-1990 Munnep pyKOBOIWI TPYIIOil, KOTOpas pa3padaThi-
Basia Standard ML — mmpoxo ucmoab3yemblii B HHAyCTpUE U 00pa-
30BAHUH $I3bIK IPOrPAMMHPOBAHESA, CEMAHTHKA KOTOPOTO ObLIa TOJI-
HOCTBIO (bopMmasmzoBana (ML gBISETCS COKPAIEHTEM CJI0OBOCOYETA-
Hust “meta-language”). B aswsike Standard ML 6bL1 BriepBbie peain-
30BaH AJTOPUTM BBIBOJA MOJIUMOP(MHBIX TUIIOB. [UlaBHOE JOCTOMH-
crBo Standard ML — BO3MOXKHOCTH ONEPUPOBAHUS C JIOTHIECKUMU
JTOKA3aTe/IbCTBAMU W HAJUYHE CPEJCTB ABTOMATU3AINN TTOCTPOSHHS
JIOTHYECKUX JIOKA3ATEThCTB.

Oxou10 1980 r. Mustaep paspabdoran Mcunciienne B3aumoaeiticTy-
fomux Cucrem (Calculus for Communicating Systems, CCS), oano
U3 MEePBBbIX AJTreOpAnIecKNX UCUYUC/ICHUN [/ aHAJIM3A MapaJlie/Ib-
HBIX ITPOIECCOB.

B xonme 1980-x coBMecTHO ¢ JBYMsi KOJLJIeraMu OH pa3padoTaJt m—
HCUYHCJIEHHE, KOTOPOe SABJSIeTCs OCHOBHON MOJEIbIO MOBEJICHUA MO-
OMJILHBIX B3aUMOIEHCTBYIOIINX CHCTEM.

B 1988 r. Muanep Ob1 u3bpan wienom Koposieckoro OOie-
crBa. B 1991 r. emy Oblia npucyzKjieHa BbICIIasg HArpaja B 001aCTh
nuagopmartukn - npemust nmean A.M.Tvopunra.

[naBuyio 1esb cBoeit Hay4HoOl JesaTeabHocTd caM Mutaep ompe-
JleJigeT KakK IMOCTPOeHHe TeOPHUH, 00beINHSIONIeH MOHITHE BhIIUCIe-
HUS C TIOHATHEM B3auMOIeiicTBHSI.

11.2 MWcuuncieHnue B3auMoaeiicTBYIOIIUX CH-

crem (CCS)

Ucuucnenne Bzanmoneiictayronux Cucrem (Calculus of Communicating
Systems, CCS) 6b110 Briepsbie ony6aukoBano Muanepom B 1980 r. B
kuure [89]. Crangaprabiv yaebrnkom mo CCS sBasercs kaura [92].
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B [89] orpazkensr pesymbrarThl ncciaenosannii Muanepa, mpose-
nénnbie UM B nepuoj ¢ 1973 mo 1980 r.

OcHoBHble paboTel MuaHepa 110 MOJEIAM HapajLlebHBIX IIPO-
[eCCOB, BBIMOJHEHHBIE B 3TOT MEPHOL:

e pabors [84], [85], B Hux MuiHep uccaenyer JeHOTATHOHHY O
CeMAHTHUKY MapaslIeJbHBIX MPOIECCOB

e [83], [88], 3mech, B yacTHOCTH, BBEJEHO MOHATHE HOTOKOBOI'O
rpada (flow graph) ¢ cHHXPOHU3UPOBAHHBIME OPTAMH,

e [806], [87], B aTux paborax nosiBugock coppemennoe CCS.

Ucnomszyemass B CCS moebs B3auMoaeicTBISA Mapa/LIeTbHBIX
IPOIECCOB, OCHOBAHHAS HA IMOHATHU Tlepead COOOINEHU, B3dTa
Munnepom u3 paborsr Xoapa [71].

B crarbe [66] uccnenytorest cunibHast u HabJIIOaeMas IKBUBa-
JIEHTHOCTHU W BBOJIUTCS JIOTUKA XeHHeccu - Muiaaepa.

[ousarus, seeaéunnie B8 CCS, pa3BuBaInCh U B PAMKaX JIPYTUAX
[OJIXO/IOB, CPeI KOTOPHIX CIEJAYET OTMETHTH B MEPBYIO OYepe/lh

o mucuucsenne ([53], [97], [94]), u

® CTPYKTYDHYIO ollepanuoHuyto cemMantuky (SOS), 9170 Hampas-
Jlenne 061710 co3mano [ IL1oTKuHbIM, 1 OyOJIUKOBAaHO B paboTe
[104].

Boutee moapobuas nadopmalus ucropudeckoro xapakrepa o CCS
Mozker ObiTh Hafinena B [105)].

11.3 Teopus B3anMoaeiiCcTBYIOIINX IIOCJIE-
JsoBareabHbIx mporneccoB (CSP)

Teopust B3aMMOZEICTBYIOIUX TOCIEI0BATEIBHBIX Mponeccos (Com-
municating sequential processes, CSP) 6bl1a pazpaborana aHTInii-
ckuM MarematukoM Torn Xoapom (C.A.R. Hoare) (p. B 1934). Dra
TeopHst Bo3HuKJIa B 1976 1. u Oblia omy6iukosana B [71]. Bosee mo-
noe manoxkenne CSP conep:kurcst B kuure [73)].
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B CSP usyuaercss Momesib B3aUMOIEHCTBHSA MapaaeIbHBIX MPO-
IIeCCOB, OCHOBAHHASI Ha Iepeade coodmenuii. PaccmarpuBaercs: cuH-
XPOHHOE B3aUMOIEHCTBHE MEXKY IIPOIMECCAMH.

Onaum u3 KiaoueBsix mouatuit CSP apisieTcs monaTne oxpamse-
MO KOMaH/IbI, KOTOpOe Xoap Mo3auMCcTBOBa U3 padboTsl JlefikcTpb
[52].

B [72] paccmarpuBaercst mogens CSP, ocHoBaHHasi Ha TeOpHU
Tpacc. HemoctarkoMm 3TOH Momean sIBIAsSeTCS OTCYTCTBHE METOIIOB
U3yYeHUsT JeII0KOBOI'O IOBEIeHNs. DTOT HEIOCTATOK YCTPAHEH B
apyroit mogenn CSP (failure model), BBenénnoii B [46].

11.4 Aunarebpa B3amMoaeiiCTBYIOINX MHPO-
reccoB (ACP)

¢l Beprerpa (Jan Bergstra) u fln Buutem Koo (Jan Willem Klop)
B 1982 1. B pabore [37] BBeTM TEepMUE “mporieccHast anrebpa’ (process
algebra), moHEMAas [0 ITUM TEOPHIO MEPBOIO MOPSIIKA ¢ PABEHCTBOM,
B KOTOPOIii MpejMeTHbIe epeMeHHbIe TIPUHUMAKOT 3HAYEHUs B MHO-
JKeCTBe MPOIEeCCOB. 3aTeM pa3paboTaHHble MU MOJXO/Ibl IPUBEH K
CO3JAHUIO HOBOI'O HAIIPABJIEHUS B TEOPUH IIPOLECCOB - aarebphl B3a-
nMoieiictByomux nporeccos (Algebra of Communicating Processes,
ACP), koropoe uznoxeno B paborax [39)], [40], [34].

[naBabivm obbexkToM n3ydenns B ACP apngrorcs morudeckue Teo-
PHH, B KOTOPBIX UCHOJIBYIOTCA (DYHKIMOHAIbHBIE CHMBOJIBI, COOTBET-
CTBYIOIIME OHepalusM HaJl nponeccamu (a., +, u T.11.)

B [30] nmpoBoguTcst cpaBHUTETbHBIN AHATH3 PA3TUIHBIX TOUYEK
3pEeHHsI HA [OHSITHE MPOIECCHON aJreOphi.

11.5 IlIpomeccHble aJredbphnI

Tepvnu mpomeccHas anrebpa (ITA), seenénnbiii Beprerpoii n
KJ10110M, IIOCTEIEHHO CTaJl MCIIOJIb30BAThCA B JIBYX 3HAUCHHAX:

® B [I€PBOM 3HAYECHHH JIAHHBIA TepMUH 00O3HAYAET IPOU3BOJIb-
HYIO TEOPHIO IIEPBOI'O IMOPSIKA € PABEHCTBOM, 00/1aCTbIO WH-
TeprpeTalnud KOTOPOH SBIdeTCd HEKOTOPOe MHOXKECTBO ITPO-
1eccoB,
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® BO BTOPOM 3HAYEHHUH JIAHHBIH TEPMUH 00DO3HAYAET OOJIBITON

KJIACC HAIIPABJICHHH, KaXK10€ U3 KOTOPBIX CBA3AHO C HEKOTOPOIA
arebpanveckoil Teopueil, OIMUCHIBAIOIIEH CBOMCTBA IIPOIECCOB,
B 5TOM 3HAYEHUN JAHHBII TEPMUH UCHOJIL3YeTCs, HalpuMep, B
HaszBaHuu KHUTH “CrpaBodHas KHUIA 10 IPOIECCHOH aredpe”
(Handbook of Process Algebra) [42]

Hwuxe MBI mepeunciasgem HanboJee BayKHbIe HCTOUYHUKH, OTHOCS-
mecst K [TA B 060ux 3HAYEHUSX 9TOTO TEPMUHA.

1.
2.

10.

Cnpasounas kuura mo [TA [42)].
Kparkwuii 0630p ocnoBubix pesyiabraros B [TA: [19)].
Ncropnueckne o63opst: [27], [28], [15].

Pasiudnble MOJXO0/Ibl, CBsI3aHHbIE ¢ [OHATHEM SKBHBAJIEHTHO-
cru npoteccos: [101], [59], [57], [58], [56].

[TA ¢ cemaHTHKO{T 9acTHIHBIX TTOpsAIKOB: [44].
ITA ¢ pekypcueii: [91], [47].

SOS-monens s 1IA: [21], [38].

. Anrebpanaeckue Meroipl Bepuduranmu: [63].

ITA ¢ naaabIME (J€fiCTBES 1 TPOIECCHI ITAPAMETPU30BAHBI 16~
MEHTAMU JIAHHBIX )
e [IA ¢ gamabimu p-CRL

e [62] (ecth mporpammHOe cpeacTBO Jisi BeprdUKAINE Ha
OCHOBE M3JIAraeMOro IojIxXo/1a).

e PSF [79] (ecTts mporpaMmuoe CpeacTso).

e ‘3pik dbopmanpubix omucanuii LOTOS [45].

[TA ¢ BpemeneMm (JeHCTBHSI M HPOIECCHI TAPAMETPH30BAHBI MO-
MeHTaMI BDEMeHHN )

e IIA ¢ Bpemenem na ocuose CCS: [114], [99].
e [TA ¢ Bpemenem Ha ocuose CSP: [107]. Vuebuuk: [109).
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e [TA ¢ Bpemenem Ha ocuoe ACP: [29).

[ J MHTeraHI/Iﬂ JAUCKPETHOIO M IIJIOTHOT'O BpEMEHMN, OTHOCH-
TeJILHOTO M abCOTIOTHOrO BpeMeHn: [32).

e Teopust ATP: [100].
e Vuér Bpemenu B BM: [33].
e IIporpammuoe cpencrso UPPAAL [74]

e IIporpammuoe cpeacreo KRONOS [116] (Bpementbie ap-
TOMATHI ).

e 1-CRL ¢ Bpemenem: [ITI] (sxBanmonaibHble paccyzie-
HUST).
11. BepositHoctHblie [TA (meficTBus 1 IPOIECCH TAPAMETPH30BAHBI
BEPOATHOCTSIMHA ).

Hanubie ITA npenHasHadueHbl 11T KOMOMHHPOBAHHOTO HCCJIE-
JIOBAHUS CUCTEM, TIPU KOTOPOM OJIHOBPEMEHHO TPOU3BOIUTCS
BepuduKaIus, U aHAJIN3 TPOU3BOIUTETHHOCTH.

e [Tuonepckas pabora: [64].

e Bepostrocrusie [1A, ocnosaunsie na CSP: [706]
e Bepostrocrubie [1A, ocnosannsie na CCS: [69)
e Bepostraocrubie [TA, ocnosannsie na ACP: [31].

e [TA TIPP (u cBsi3aHHOe ¢ Heil TPOrpAMHOE CPEJICTBO):
[60].
o TIA EMPA: [43)].

e B pa6orax [50] u [23] paccmorpeno ognoBpemennoe mc-
MOJIb30BaHNE OOBITHON U BEPOATHOCTHO a/IbTePHATUBHOM
KOMIIO3UIIUH [IPOIECCOB.

e B pa6ore [51] pacemorpeno moHsITHE ANTPOKCHMAIIHH Be-
POSTHOCTHBIX IIPOLECCOB.

12. TIporpammubIe cpeacTBa, OTHOCSIIECT K [TA

e Concurrency Workbench [98] (ITA Tuma CCS).
¢ CWB-NC [I17].
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e CADP [54].
e CSP: FDR http://www.fsel.com/

11.6 MobuabHbIe MPOIECCHI

MobujibHbIe TTPOIECCHl OMUCHLIBAIOT ITOBEJICHUE PACIPEICJTECHHBIX CH-
cTeM, BO BpeMs (DYHKIIMOHUPOBAHUS KOTOPHIX MOYKET U3MEHSITHCS

o kouduUrypanus cBsazeil MexK/1y IX KOMIIOHCHTAME, H
® CTPYKTYPa 9THX KOMIIOHEHTOB.

OcHOBHBIE HCTOYHUKH:

1. m-ucuncrenue (Milner u np.):

e crapelii cupasounuk: [53],

e cranjapTHbIi cnpaBounuk: [97],
e yuebnuku: [94], [8], [10], [9]

e crpanuna B Bukumemnuu: [14]

o peam3alus T-UCUUCIeHHs] Ha PACIPEIeJIEHHOM BHIYHCIIH-
TesipHOM cucreme: [115].

® IPUJIOKEHUsI T-UCUUCTCHHA K MOJIETMPOBAHUIO U BepH-
dbukanun kpunrorpabudeckux npoTokosos: [12]

2. The ambient calculus: [48].

3. Action calculus (Milner): [93]

4. Burpadsr: [95], [96].

5. O630p auTeparyphl o MOGHIBHBIM Tporieccam: [11].
6. IIporpammuoe cpejctso: Mobility Workbench [112].
7. CaiiT www.cs.auc.dk/mobility

Jlpyrue uCTOUHUKY:

326



e Jlekuust P. Munnepa “Computing in Space” [6], koropyto ox
IpOYUTAI HAa OTKPBITHH 3jaHud uM. buana [eiiTca, moctpo-
ennom j11g Kommbrorepnoit Jlaboparopun yausepcuTera Kewm-
opumka 1 mas 2002 .

B neknun BBOAATCH onsATus “ambient” u “bigraph”.

o Jleknug P. Murnepa “Turing, Computing and Communication”
7.

11.7 I'mOGpuaHble cUCTEMBI

DTO CHUCTEMBI, B KOTOPBIX
® 3HAYEHHS OJHHUX MEPEMEHHBIX U3MEHSIOTCH JUCKPETHO, W
® 3HAYEHUS JPYTHUX MMePEMEHHBIX U3MEHSIIOTCS HEIIPEPBIBHO.

MogenupoBaHue MOBEIEHUs] TAKKX CHCTEM MPOM3BOIUTCS C KC-
nob3oBaHueM JuddepeHnualbHbIX  aaredpanieckux ypaBHEHHUI.
OCHOBHBIE ITOIXO/IbL:

e 'uGpuusie nporeccusie aarebper: [41], [49], [113].
e ['ubpunabie apromarst [22] [77].

g MogeupoBannsa 1 BepuUKAIUY TUOPUIHBIX CHCTEM pa3pa-
6orano mporpammuoe cpejactso HyTech [68].

11.8 JIpyrue mareMarTmieckKue TeOpUU U
IIPOrpaMMHBIE CPEJ/JICTBa, CBI3aHHBIE
C MOoJeJImpoOoBaHUEM IIPOIIEeCCOB
e Crpanura B Bukuneanu 1no Teopuu mporeccos [13].
e Teopua cereit ITerpu [103].

Teopust gacTuunbx mopsakos [80].

e Temnopasnsnas soruka u model checking [106], [118].
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e Teopus tpacc [108].
e lcuucnenne unpapuantos [24].

e Merpuueckuii moaxo/ (B KOTOPOM H3y9aeTCst MOHSATHE PACCTO-
siHust MexK1y upoteccamn): [35], [36].

o SCCS [90].

o CIRCAL [82.

¢ MELJE [23].

e I[Iponeccuas anrebpa Hennessy [65].

e Mojeu nporeccoB ¢ 6eCKOHEUHBIM ducjaoM cocrosauit: [119),
[120], 121, [122].

e CunxpoHHO B3anMmoeiicTByonie apromarsi: [123], [124], [125].

o AcCWHXPOHHO B3aMMOJEICTBYIONNE PACIIUPEHHBIE ABTOMATHI:
[126]-[130].

e Opmanbusie sa3piku SDL [131], Estelle [132], LOTOS [133].

e Dopmasmam Statecharts, seemenusiit D. Harel’om [134], [135] u
BXOJSAIINNA B I3bIK TpoekTupoBanusg UML.

e MoJiesib B3aUMOJIEHiCTBYIONUX PACIINPEHHBIX BPEMEHHBIX aB-
tomaroB CETA (Communicating Extended Timed Automata)
[136]-[140].

A Calculus of Broadcasting Systems [17], [18].

11.9 DBusnec-nporiecchol
1. BPEL (Business process execution language) [141].
2. BPML (Business Process Modeling Language) [16], [142].

3. Crarpg “Does Better Math Lead to Better Business Processes?”
[143].
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. Crpanmuka “m-calculus and Business Process Management”
[144].

. Crarpsa “Workflow is just a m-process”’, Howard Smith and
Peter Fingar, October 2003 [145].

. “Tperbsa BostHA” B MoOJenupoBanun OusHec-mporieccos: [146],
[147).

. Crarps “Composition of executable business process models by
combining business rules and process flows” [148].

. Web services choreography description language [149].
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