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IIpenucaoBue

IMorokn pator (workflow)

CymecTeyer MHOI'Q Pa3/IMYIHBIX BUA0B padoT, HANPUMED, BbIlIe4-
ka x7eba, NPOM3ROICTBO ABTOMOOIIICH, pa3paboTKa APXHTEKTYPHBIX
NPOEKTOB MM onpoc juoneli juis cbopa craTucTuieckux aHabix. Bo
BCOX FTUX HPHMEPAX MBI MOYKEM BBLIEHNTL KAKOW-HHOY/L OUH 0cA3a-
eMbiit “lipeamer”] KOTOPLIH TIPOU3BOAMTCH WIH U3Meusiercs: xiueb, as-
roMobmL, oM, cratrernaecknit orver. Takoit “npenver” mol Gyem
HASLIBATEL HK3CMILTAPOM paboThl MM NPOCTO 3K3eMIVIsIpoM. B Kaue-
CTBE CHIIOHMMOB MOI'Y'I' HCTIOJIB30BATLCS TAKHE TCDMUHBI, Kak pabora,
OPOAYKT MK YCAyL. DKIEMIUIAp 11e 00si3aH OBITL KOHKPETHBIM 001~
EKTOM; OH MOXKET ObITH 1 DOJICe A0CTPAKTHBIM, KAK, HATIPHMED, Cyaed-
HBIE [Ipoece uny crpaxosoe Tpebopauue, CTpouTeabHbLl TPOEKT BN
cBopka OHOro apTOMODIIS HA 3aBOJE TAKKE ABIAKTCH IPUMEDPAMEI
IK3EMILISIpa paboThL.

Pabora ¢ sk3eMnispoM AMCKpPeTHa To ¢Boell mpupome. Kax et
IKIEMILIAD PABOTHL HMEET HAYAIO M KOHEN H MOKeT ObITH OT/IeNneH or
moboro apyroro. Kamapiil SK3eMIUIsD BBI3LIBAET BbINIOIHCHHE MPO-
necca. [lponece cocTonT U3 HECKONLKHX 34784, KOTODHIE IOJZKHLI
OBITH BLIIOMTHEHLI, W HaADOpa YCHIOBHE, KOTODbLIE OMPEJeHsior MOpsi-
J0K BRIIOHeHus 3aaa4. [Ipomece MomKno TakxKe HasblBaTh TPOLCLY-
poit. Banada — 3T0 JOIHYECKAT €ANUHUA PabOThl, BLLIOIHIEMAS KAK
enunoe neioe ogunum pecypeoM. Pecype — 910 obniee Hazpauue Jiis
MEIJOBCKHA, MAIIUHBI, & TAKMKE I'DYTIIBL JIOACH WA MAIINH, KOTOPHIE
BBITIOJIHAIOT cnenudmieckye 3amaan. Pecype se obg3arensao BhIION-
HSIET CBO 3a/a9y HC3ABUCHMO, HO OH BCET/d OTBETCTBEHEH 34 Hee,

B xauecrse npuMepa Ipolecca paccMoTpuM paboTy co CTPaXOBbI-
M TPeDOBAHUAMHA HEKOTODPOH BBIMBIILICHHON CTPAxX0BOH KOMIIaHUN
(mpavep B3sT u3 kaury [1]). Or kavenra KOMMIAHWE HOCTYHRIA 3a-
sBKa (cTpaxoBoe TpeDOBaHWE) HA BBILJIATY BO3MELICHUS 10 (akry
BOZUHKIOBEHUA KAKOTO-TO cTpaxosoro caydasn (noxap, ATTI, nason-
Henue, ...). CrpaxoBas KOMNAHWS AOJKHA PACCMOTPETH 3TY 3asgBKY



H K4K-TO H& He® OTPearuposars (BBILIATHTH BO3MENIEHHE WIH OTKa-
3a16). B 910l paboTe Mbl MOMKEM BBLAEIUTE CJICAYIOWIKE 3a/AUH:

1)
2)

9)

10)

11)

12)
13)

pe2uCTpauUA TONydetust TpeboBam;

onpedeaenue muna TpebosaHua (HAPHMEp, TOXKap, UyTeme-
CTBHE, TPAHCHIOPTHAS, NPOGECCHOHATBHAN CTPAXOBKA);

HPOBEPKA 704UCH KIMEHTa LIS NOITBEPAIEHAT TOTO, UTO OH
COOTBETCTBYET THITY TpeboBanus;

NMPOBEPKa 63HOCOG KAWEHTA 1A TOATBEPAACHA TOTO, TT0 TTa~
TEKEH JOCTATOYMHO,

amxa3d, eciau 3aa9n 3 wim 4 JAI0T OTPHIATEIBHBI PE3YILTIAT;
TOATOTOBKA NUCHMA 00 0MKa3¢;

ONIEHKA GHIMACGYUGAEMOT CYMMDBL, VCXOAs U3 JieTanelt Tpebosa-
HUS;

HAZHAYMEHHC OUEHIUKG T8 BhISCHeHUsS] 00CTOMTenLCTE yinepha
W OHpEeNeneHusa ero odbemMa;

PACCMOTPEHHE IKCTMPEHHBIT MED 1A OTPAaTienus JadbHeRe-
ro yimepba W yMEHBIIEHUS TOTeph;

ODECTIEUCHHE SKECIMPEHNHBLT MEP, BCJIW HX HEODXOIMHMOCTE OLpe-
Jesena sanatein 9;

OTNpeeJIenue nill IePecMOTP GhNALYUEaemot cymmbl U HHPOD-
MIDOBaHKE 06 3TOM KIHeRTa;

perucTpanida peaxuyul KIAHeHTa: cOlacie WiIH Bo3parKeHHe;

AHAJIHG B03PAHCEHUA U PEIIIEHHE 0 [IePecMOTpe BRIILIAT (3a/jada
11) wum o paccMorpenun gena B cyie (3amata 14):
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14) paccmoTrpeHme jena B cyze;
15) ewraama rpeboBanys;
16) saxpwmue Tpebosanuda (OTIpaBKa Je/la B ApXUB).

B 510M nprMepe BuLIeICHBI MEeCTHAMIATE 38184, KOTophie He 00si-
BATCILIO JOJDKHBI BHINOJHATECS B YKa3aHHOM nopaake. JIpe wim nec-
KOJIBKO 3444, KOTOPbIe JOJKHBL OBITh BBIIOJIHEHBl CTPOrO B yKa-
SAINIOM HOPSJIKE, 1a3LIBAIOTCH nocaedosamentHocmsio. B HexoToprix
CIIY9asX OTAMILULIC 3aa98 MOTyT BOODmEe He BbimosHsTbheA. [lpn-
MEPOM TAKOIO POJia 3a4a4y siRAsSeTcd Hasuatienue sxcrepta. Hoim
TI)EFJ(JBI-IHH(? 11 BLI3LIBACT COMHCHMWIT H BempamHBaemaﬂ CYMMa HHAC
OUPE/IEICHHOTO 3HAYEHA. TO IKCIepTa HPUBIEKATh He HyxHo. JIpy-
THe NPUMEpbl HeoOAZATEABHLIX 3aJ/1atd: NMPHHATHC 3KCTPEHHBIX MED,
aHaIM3 BO3PAXKCHMI WM paccMorpenue Jena B cyjie. B Hekorophix
CIIyadax H{’.DGXO,I(HMO BBILIOJIHHTE TOJBKO O,r'],Hy B3 ABYX WK 60.1'11:].].[(:.‘-
ro 9Heaa 33439, DTO Ha3bIBACTCH 6b560pom. BO3BMOXKHEL TaKKe CUTY-
amnH, KOTJla HEeKOTOPbIE 38891 MOTYT BBITOIHATBECS NapaAteisho. B
HAIIEM IPUMEpPE 3T0 IIPOREPKA TIOJIMCa M HpoBepKa B3HOCOB. [Tpu sTOM
00e YKa3aHHbIE 30aY9N J0/DKHEL DBITE 0DF30TeNbHO 3AK0HIEHRT /10 Ha-
YAJIA BLIIOIHERHs 3089y “0TKa3". DT0 HAZLIBASTCH CUHIPOHUIAUUET.
Ham npumep npornecca cONEP:KNT TAKIXKE wmepauuto (HaH TOBTope-
HMe) — aHAJIM3 BOZPAXKCHUHA U MEPEeCMOTD BLIULIAYUBASMON CYMMbI
MOTYT BEIIOJHSTHCS DOBTOPHO. TEOPeTHYICCKH TAKOE [OBTODEHHUE MO-
JKET TPOIOIHKATHES 10 DeCKOHSYHOCTH.

Ha pucyuxe 1 noc/iei08aTen1bHOCTE BHIIOIHEHHA 38,134 [IpeICTaB-
JIeHa B BHOC AMATPAMME! HPOLECcca: cTPeka or 3amadn A K 3agate B
o3Ha4YaeT, uyre A JIOJDKHA BRIMOMHATHCS panbime, sem B. Jlerko 3ame-
TUTE, 9T0 JgarpaMma cogepkuT Gombnie uapopMalia, YeM CIHCOK
sana4d. Hanpivep, na vei mokasano, 9to Tpebosapue MoxKeT ObrTh 3a-
KPBITO TOJBLKO MIPH YCIOBUH, YTO BCE HEOOXOIUMBIE SKCTPEHHLIE MEPHI
yoxe ObLTH TPHHATLI.

Ha amarpamme xammas oTaenbHast 3anada uzobpakaercs nps-
mMoyronpHIKOM. IIpamoyronbiumx ¢ 4epToil cBepxy — mepsast 3a]a4a
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nmponiecca (pe2ucmpoyia ), TPAMOYTOJILHUKH ¢ YepToil CHH3Y - 3a-
KIIOYATeIbHBIE 3a0a4m (omxas! u saxpuimue).

Opanrl 0603HA9AI0T CIIOcOOB! BETBIEHUS H COETTHEHUA OTIeThHBIX
nutei nporecca. Berpnenns suna “AND-split” cooreercTByior pazbu-
CHUIO IIPOHECCA Ha MTAPATIeNbHbIE TOITPOTIECCh], KaXKAbIH U3 KOTOPhIX
Jospker OBITE BLIMONHEH 40 konna. [locienyiomas cuHXpOHH3ams
obospauaercs cauganem “AND-join”. 91o causinge npousoiger 101b-
KO 11octie 3&38]:)!1181“153 BCEX IIpe,’.E]]IBCTByIOIIHiK LIOIHTPO].[QCCOB. TaKHM
0bpa3oM. 3a1a4a H HAMHET BBIIOJIHATHCHA TOILKO MOCJE 3aBepileHns
N sagaau 3, ¥ 3agaan 4.

Bersnenns eiaa “OR-split”! cootsercrByior BIopy pOBHO 0HO-
Iy 13 HECKOJILKHX BOIMOXKHEBIX HyTGﬁ PazBUTH: LIpOIECcca. CJIC,.'.{OH&—
TeJIRHO, 11OCHE 3aaa' 1 H Moxker BLINOJIHUTLCH HMITH 3allaia 6, WITH Tia-
pasuiedLEbii posos 3amad 7 u 9. Jonosnnsgionieli ¢cTpyKTypoit K Bers-
sernio “OR-split” asisierest comsane “OR-join”, dyukime koToporo
OMCBHIHKI M3 HAZBAHWA.

Ionsoag ©Tol, MOMKHO BBLIGIHTEL YETHIPE OCHOBHBIE KOHCTPYKITUI
B CTPYKTYPE HPOTEcCOB: HOCIe0BATENBHOCTL, BBIOOD, HapaIIeIu3m
1 urepanuio. Bee oy 4acTo BerpevarTed Ha HPaKTHKe, H, B MPUHITH-
e, Bee LPponeccbl MOTYT MOTEIHPOBATLCH € [IOMOULLIO ITHX SETLIPEX
KOHCTPYKIMH.

KoppeKTHOCTh CXEM II0TOKOB padboTr

3aaua BepudUKALMKM CXeM TI0TOKOB PabOT LOSBHIACH CPABHY-
TEILHO HEJABHO, ¢ BO3BHMKHOBCHUEM HHMDOPMALMOHHBIX CHCTEM, Yii-
paBngomux mporeccamy. Takue cucrembl HaspiBaores Cuctemamu
VYupasienus [lotokamu Pator (CVIIP, mo awanornu ¢ CVB/I). B
HUX B Ka4YCCTBE IIPOIPAMMBI HCTIOMb3YCTCs HANMCAHHAS HA KAKOM-
TO rpacuieckoM #A3bIKe cxeMa Tporecca (Hamojobue Toif, Koropas
nzofipazera Ha pucyske 1), B coorercTBHn ¢ KoTOpoit aapo CYIIP

'@axrieckn repvun “OR-split” osmauwaer 3accn “XOR-split”, To ects ne
SHLIIY, a “wexmogaromee WY, Onnako Met v B aansueiiniem GyaeM Ha3bipaTh
ero “OR-split”, cienys cranmapTHON TEPMMHOIOCUN.



(workflow engine) aBTOMATHYECKM MADIMPYTH3UPYET OTACTLHBIE 3a-
JIAtM KOHKPETHBIX 3K3EMIVIAPOB mporecca, B gacraocrd, 3amyckaer
H OCTAHABIUBAET MEXAHU3MBI M HPUIOKCHMS, MEPOCLITAET JOKYMEH-
Thl MCTIOJTHITENAM, OTCICKHBACT TalM-ayThl U T. 1.

OueBniHo, 4T0 HEOOXOLUMBIM YCAOBHCM YCHEILHOCTH PaboThl Téa-
KOW CHCTeMBI AB/ISETCS KOPPEKTHOCTD 3a/I0/KeHHO B Hee CXeMbl 1Tpo-
necca (mampumep, orcyrcrsue Tynukos). Ha pucynxe 2 noxasawbl
HEKOTOPhIe PAacHpOCTPAHCHHBLIE ONHOKH, KOTOPBIE MOTYT BO3HUKATH
1IPH OTIPE/IeIEHHH TIPOIECcCa:

1.

Sadavu 6es yenosuli Ha 6200e u/uau 6wzode. Ecau ana 3anaun
HE 3a7aHBl BXOJHBIE YCJIOBHA, TO HE MOHATHO, KOT/A €6 MOMXKHO
OyieT BHIMOAHUTE. 1SCiH 2Ke He ONpeIe/ieHbl YCIIOBAS HA BHIXO-
J€, TO 9T0 3HAYUWT, YTO 3ajla49a He BHOCHT BKIAJ B YCHAEINIHOE
3aBeprienne patoThl ¢ FKBEMILIAPOM, U, CIENOBATEILHO, MOKET
6brTE Oorynena. B curyanun A nmeercsa oaua 3anada (3ana1a 3)
fe3 BXOIHOrO yC/aOBHS M OxHa 3asa4a (3amaua 6) Oez yonoena
Ha BBIXOLE.

Sabaoxuposcarise 3000Mu: 331291, KOTOPLIC HAKOTIA HE MOTYT
OoiTh BhITOHEHB. OUeBuaio, YT TpoLece, copepAanuit 3adro-
KHpoBanubie (“MeprBbie”) 31491, JBISETC HEXKeTaTeabHbNM. B
ewryarmsax B i C 3anaua 4 nukoria He MoxKeT ObITh BBITOIHEHA,

Tynurx (deadlock): “sasucanne” sksemnisapa 10 TOro, Kak ObII0
JIOCTUIHYTO VCIOBHE 3aBepiuenns npornecca. Ecim B curyarmu E
Ha [epBOM miare BuIOOp Oyuer coesad B O3y 334890 2, TO 9K-
3EMILIAP TPOLECca 3aBEPIIATCH YCIEMHO (B UTOre BhITOJHATCS
3agava 7). Ecim ke pmecto 3amaun 2 GyHer BBILONHEHS 3a1ata
3, TO Mpollece HomaNeT B TYIMK: /15 Bhimosmenust V-cnusinms
He OyeT XBaTaTh Pe3yNnbTaTa 3a/iatH 5, M 3ajava 7T HUKOrza He
cMOXKeT ObITh 3anymeHa.

Axmuennt mynux (livelock): monazarue sxsemiuapa B Gecko-
HewHell ks, B curyanun D wax sl sk3emrisap dyaer ocra-
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BATHCS 10 DECKOHEMHOCTH B [IMKJIE, COCTOSINEM H3 BLIITQTHEHHS
3agaay 2. Jpyramu cnosaMi, B 9T0H CHTVAIIMM HMEETCT MTepa-
THBHBIH MapUIpy? 0e3 BO3MOMKHOCTH BBIXOJA U3 [HKIIA.

on

Hocae docmusicenua Yero6us 3a8EPUIEHUSA TIPOJOAHCAETNCA Gbl-
noAHERUE Hexemopus 3adey. XOpOoIee olpeieseHie 1pouecca
uMeeT dApio 0603HaYerHOe Havallo # Komen. ITocie Toro, Kax
YCIOBAE 3aBEPINEHHsT IOCTHIHYTO, HM OJHA 3a/1ad9a OOIbIIe He
nomkna BeromHaThed. B cwryannn C sagaga 2 moxker cpabo-
TaTh HOC/E HOCTHIKeHMA YC/0BHA 3aBepmenus (cpabaTblBanus
zajiaun 3). Takas cuTyanusa, KOHEYHO, HEXKENATETBHA.

[IpuBegennsie IpUMEpPL! TOKA3LIBAIOT, YTO, JIAXKe HE 3HAS HAYEro
0 PeANILHOM COAEPHKAHEM TIPOIECCa, MOXKHO [0 CTPYKTYDE Olipeaesie-
U MPOTIECCa BBIABIATH HEKOTOPEIE THIIWYHBIE OMUDKHA. DT omrubdK N
CBH3AHBL ¢ MAPHIPYTH3aHed sxk3eMiusipos. JIna toro wrobsl MoxHO
OBII0 ODHAPYIKHUBATH TAKHAE OIMUOKHK ¢ MOMOILBIO KOMIILIOTEPHBIX 1TPO-
I'PaMM, HY2KHO TOYHO ONPEAC/MTD MOHATHE KOPPEKTHOCTH.

B manneix METOAMYECKNX YKa3aHUAX PacCMaTpuBaeTca hopMas-
HBIA NOIXOM, K TPOBEPKE KOPPEKTHOCTH HOTOKOB PaboT, 0CHOBAHHEL
Ha XOPOLIO 3aPeKoMeHI0BaBIIeM cebst OPMATN3ME 18 MOJICTTHPOBA-
HuA 1 anannsa nponeccos — cerax [lerpu. Menonssosarne dhopmans-
HOTO HOAXOAa JAAeT Psiji CyMEecTBeHHLIX TPeMMyliccTs. Bo-TiepBbix,
OHO TPebyeT TOUHBIX ONpeNCaeHnit u, B OTIHINe OT MHOruX Hedop-
MAaJILHBIX CXEM, UCKJOYMaeT JBYCMBICIEHHOCTH, HCOHPEeNeHHOCTH 1
IPOTHBOpetdHs. Bo-BTOPLIX, (hopMaT3M MOKET HCTOIb30BATLCH 1A
0DOCHOBAHHSA MIPOLECCOB, ITO [O3BOJAET, HAPAMED, CO3JABATL 3anac
0bpasuos kKoppekTHbix U agpdexTuBHbx 1poneccos. Bee 1o manps-
MYIO CBHA3RHO ¢ TeM 06CTOSTE/ILCTBOM, 10 upmaibHoe onucaHue,
KaK [IPABIJIO, JaeT BO3SMOXKHOCTD TTIPHMELSITh afaInTHIeCKHe METO/ bl
KaK JUIa aHaIu3a WCTIOTHEHI:, TaK W Uit BepudUKauimm JornIecKux
csoiicTs npoueccos. Kak Oyuer nokazano jgasiee, ¢ HOMOMIbIO AHAJIH-
THYECKIX METOMOB YIAeTcst NPOBEPUTH, AeHCTBATENLHO TH JAHHbIN
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IKICMINIAD IPOLEcca YCIeIHO 3aBepmaeTcs 0 HCTeHeHH HeKOTOPO-
ro nepmoia BpeMeHH.

Cern Tlerpu 6pimu Beaenst B 1962 rony Kapmom Anamom Ier-
pu [14] kak uHCTpYyMeHT IS MOAETHPOBAHUS W AHAIN3A IPOLIECCOB.
10T GOpMAIMEM O3BOJSET MPEJACTABIATL IOTOKM PabOT B SCHON 0
nocrynuoit hopme. Heemorpst Ha To gro cern Ilerpn seasiores rpa-
thuyecKkuM CPECcTBOM, OHH UMEIOT CTPOTOE MATEMATHYECKoe 060CH0-
BaHMe. B oTimune OT MHOTHX JAPYIUX rpadIIecKux NpeIcTaRieHui,
cetu [lerpu nomuoersio hopmanuzoBanbl. Biaronaps CcymecrsoBa-
HUIO TAaKOro Gasmca Mbl MOYXKeM (OPMYIMPOBATE CTPOrMe MaTeMarH-
YECKUE YTBEPMKIEHMsI 0 CBOMCTBAX MOJEJHPYEMBIX Lpoueccon. Mme-
I0TCH TAKIKE BCEBOIMOKHbDIE METOIBI i HHCTPYMEHTHI, KOTOPBIE MOLYT
UCTIONL30BATHCA 1A% aHATH3a 3ajanunoii cern [lerpu.

3a npomemume roibl MOJeNnb, OpemIokeHHas Kaprom Ajamom
[leTpn, pacmupsinace B Pa3iuiHbIX HAMPABIEHHAX. DTO O3BOIAET
MOIEIUMPOBATE CIIGHKHBIC HPOUECCHl TOCTYIHBIM 00pazoMm.
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1. O6bikaOBeHHbBbIE ceTn [leTpu

1.1. MyabTuMHOXKECTBa

Iougarre MymTETEMHOMKECTBA SIBAACTCS €CTECTBEHHBIM 0H001IeHH-
€M NONATHS] MHOXKECTBA. B MyIpTHMHOMKECTBE OOHH H TOT Ke 06hexT
MOKET HAXOHUTECH B HECKOJIBKHX 3K3CMILISPAX.

[Tycrn X — Hemnycroe MAOXKECTEO.

Onpenenenne 1.1. Myavmummooiceemeom M nan maoxecrsom X
nazoigaercst Gyurnus M : X — Nat.
Mougrocmy myneTumuoxectsa |[M| =37 M(x).

Yncna {M(z) | # € X} wassBaiorcs ko3 pHIUEHTAMEA MYyITb-
THMHOMKeCTRA, Kosddummenr M (z) onpemeisier 4ucao 3K3eMIUTAPOB
asnementa £ B M. Ecom Vo € X M(z) < 1, To M siagercst 0DbIMHBIM
MHOMKECTBOM.

M_YJI]JTHMHQH{ECTBO M KOHEYIO, eCAH KOHeYHO MHOMKEeCTBO

{z e X | M(z)>0}.

J\’II)‘.O)!(GCTBO BCEX KOHEYHBIX MWIBTHMHOMKCCTE Hall JTaHHBIM MHO-
wectsoM X oboznagaerca kak M(X).

Onepauyy 1 OTHOINEHKS TEOPUH MHOMKECTE €CTeCTBeHHO PACIIN-
PHIOTCH Ha KOHEYHBIC MYJILTHMHOAKECTEA.

Onpenenenue 1.2. [Tyers My, My, Mz € M(X). Tlonaraem:

e My =M, & Vre X Mi(z)= My(x) — ornomenre pasen-
CTBAa;

o My C My & Vae X M(r) < My(x)— oraoeHne BKIIOYe-
HUSA;

oMy C My & M C My A 3z € X My(z) < Ma(z) —
OTHOIMEeHHEe CTPororo BEKJNOYEeHAH ]
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e M, = Ms + My <& Vo € X M'](:n) == .I'l«fg(:tt) -+ M3(I) =
OTEPAINS CJIOMKEHHS JIBYX MYJIbTUMHOMKECTE;

o M = MonM; & Ve X ﬁ4'1($) = min(ﬂﬁ(:}:),Mg(x)) —>
olepanmya 1epecetennsa IByxX MyJIbTHMHOMXKECTE;

® ﬂf1 — Mz == A{g & Voee X M] (I) = MQ(I) e .f'lvf3(f£) == T8
HOCTH ABYX MYJLTHMHOMECTB (I‘,-';E 5 —— BBIYUTAHME IO Hy’.}lH):

o My =kM;, k€ Nat & Vre X M(z) = kM;y(z) — onepanus

VYMHOMXKEHHA MYITBTHMHOXKCCTBE Ha CKAJAD.

Hpumep 1.1. Pacemorpum My m My — MyZBTHMHONKCCTEA A MHO-
xecrsom X = {a, b, c}, Takue, wro M; = {a,a,b}, My = {b,c}.
Brinonusercs:

Mi(a) = 2, My(b) = 1, My(c) =0
My ¢ My, My 3 Ms;

M + M, = {a,a,b,b, c};

M; N My = {b};

M, — M; = {a,a};

2M, = {a,a,a,a,b,b}.

OnauM u3 c1riocoboB 3aIHCH MYJIBTHMHOMKECTB SABJISTIOTCST BEKTOPHI
naja Nai. I1pn 3170M pasnnyHbIM KOOPAMHATAM BEKTOpPA COTIOCTAB/IS-
I0TCA Pa3TNYHLIE 3JeMeHTEl X

llpumep 1.2. Mymerumuoxecrsa My u My w3 npumepa 1.1 moryr
otk 3anucans kak My = (2,1,0) u My = (0,1,1).

14



1.2. Cern Iletpn

Ounpegenenue 1.3. Obwuxnosennot; cemvio Hempu (ordinary Petri
Net) naspipaerca wabop N = (P, T, F), rje
P — xoneunoe MHOXECTBO HO3ULAH;
T — KoHEYHOEe MHOXKECTBO nepexoios, PNT = (;
EF:(PxT)U(T x P) — Nat — ¢yHKIuS HHIHICHTHOCTH.

I'paduaecku cers Ilerpn nzobpaxaerca KAK ABYHOJLHBIH OpUH-
eHTHPOBAHHELA Irpad. Bepiunbi-no3niuy n3obparkaoTes KpyKKaMu
U XAPAKTCPH3YIOT JIOKAILHBIE COCTOAHMS CETH, BEPIIMHBI-UCPEXOJIbI
A300parKaroTCs IPAMOYTIOJBHUKAME U COOTBETCTBYIOT HEHCTBHAM MO-
aenupyemoit cucremsl. Jyru B rpade (cTpeaku) cOOTBETCTBYIOT dile-
merrram £, B cerax Herpu jonycruMbl KpaTHble TYTH, KOTOphle 000-
3HAMAIOTCH COOTBETCTBYIONIMM KOJIMUYCCTBOM CTPEIOK.

Ounpegenenne 1.4. Ilycres N = (P,T,F) — o0bikHOBeHHAA CETb
Herpu. Pazmemxot (coctosinuem) cern N HasbBaercst QyHKINA BEIA
M : P — Nat, conoctaB/istionas KayKao0i NO3WIHA CeTH HEKOTOPOe
HATYPATTBHOE YHCIIO WA HOJb.

PasMmeTka mozxer PacCMaTpuBaTbHCH KaK MVYJIBTHMIOMKECTBO HAIL
MHOKECTBOM TIO3HIMI ceTH, 1o ectb M € M(P).

I'pacdbutiecku pasmerka M300pazKaercs TpH TOMOIINA MAPKepos (Ha-
3piBaeMbIX “umkamu’) — uepHbIX TOUYEK By Tpu no3unmii. [lpu pas-
verke M B KadcIyio NO3ULAK p nomemaercs posro M (p) dumex.
Ecsin ne xsaTaer MecTa Ha PUCYHKE, TO BMECTO TOYEK B MO3UIHUH DH-
cyerest uuciao M(p).

Onpenenesne 1.5. Mapxuposarnol (pasmevennotd) cemwro Ilem-
pu HasbiBaercs napa (N, Mp) — cers Ilerpu N BMmecTe ¢ HeKOTOPOH
BBLICNERHON pa3Merkoil My, HaspiBaeMoii HaYanbHON pasMeTKOH.

Onpenenenne 1.6. [Iycre N = (P, T, F) — cers [lerpn.
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Puc. 1.1. Cers Herpu, mogemapyonias XHEMAYECKYIO PEAKIAIO

e s nepexona t € T uepes *t u t* 0B03HAUMM MYJIETUMHOMKECTBA
ero BXOJHBIX M BBIXOJIHBIX I]DBI’III,HH, TaKHe, 9TO

Vpe P *t(p) =gy F(p,t), t*(p) =des F(t,p).

e [lepexon t € T 2omos x cpabammueanuso pu pasmerke M, econ
*tCM (B(-.e BXOAHBIC [O3UIHY COAEPXKAT JOCTATOUYHOE KOJIIe-
crBo Quuek).

e ToroBelt K cpabaThiBaHMIO 1IEpeXod T MOKeT cpafomamb, o~
poxcias HoByIO pasmerky M =gop M — *t + t* (ucnons3yercs

oboznavere M - M “),

DKy, HAXOAIMECH B TOR W HHON NOSHIMHA, MOJCHPYIOT Ha-
JTHYHE B CHCTEeMEe TOr0 MM HHO'O pecypca, HCIOIB3YyeMoro HiIH Tio-
poIaemMoro npu cpabareiBanun nepexonos. Hanpumep, B ceru ma
prucynxe 1.1 &k 1300paxaoT MOJEKYJIb BOJAOPOIA, KUCI0POAa U
BOJBI JI0 1 HOCTe XUMIYecKOit peakiun cuuresa pogel. Cama peakips
MOJIEITUDYETCH TePeXOIOM.

Onpenenenne 1.7. [lyers (N, My) — mMapknpoparnas ceTs [lerpn.
Pazmerka M cern N masmBaerca docmusicumoti, ecim CymiecTByeT
NOCIeNOBATENBHOCTE NIepexouos o € T, nepeBonsinas ceTh W3 Ha-
HastbHOTO cocTostHu My B cocrosinue M:

t

Mgﬂ}MliEbM, [ . i = o,



o
yro obosnavaerca kak My — M winum npocto xax My — M.
MHOXKECTBO Beex JIOCTHKMMBIX PasMeToK (COCTOAHUI) MAPKHpPO-
BaHHOil ceTn obosnauaercsa kak R(N, My).

Ha pucynkax 1.2-1.4 npuseiennl NPUMEpsI TOTO, KakK MNPU HOMO-
ug 0BpIKHOBEHHBLIX ceTelt [leTpu MOKHO MOAETHPOBATE HEKOTOPBIC
IJIEMEHTEI PEATTBHBIX CHCTEM.

Ha pucynke 1.2 m3obpacken Oydep orpannyernoit emxoctu. Heza-
BUCHMO OT HOBEIEHHS CETH KOJMYeCTBO (DUINeK B Io3uiuu bydep e
upesbicat AByX. [Ipn sToM KosmmvecTBo dHinek B ciay»kebHOH nos3u-
1K €6060010 TIOKA3BIBAET, CKOILKO ene “Mecta” ocTanoce B bydepe.
[Mpegnoxenaas CrPyKTIypa CeTH YHHBEPCAJIBHA — MBI MOYKEM H3Me-
HATHL MOJAEIMPYEMyI0 eMKocTh Dydepa, mpocTo ysemmumupas Kojude-
¢TBO (DHLIEK B HAYAJLHON pasMeTKe NO3MLINK ¢eobodio. B HagaibHOM
cocTosiHuu Oydep 1MycT, Ha BXOAE MMeoTes Tpi GUIIKE “nanibix’.

Cers 1.3 MojeupyeT cueTeMy pasjenedns JOCTYIA J1Jist JIBYX pa3-
JHYHBIX TPONECCOB K 0btmeil adeike namata. YTobr HCKMIOIuThL O/1-
HOBPEMEHULINA JOCTYI IIPONECCOB K HaMATH (9YTeHue u 3aimuch B JaH-
HOM Cilyvae He Pasnuvaiores), HCIOJBL30BAH0 Kiaccudeckoe cemadop-
HOe peinenne. Vimeerest opun obnmil xmou (Mogenupyercs hbumkoii B
MO3UIIAN KA10W ), KOTOPbIA jaeT tpaso na gocryit. [Toka paborawoummii
HPOILECC He BePHYIT €ro Ha MeCT0, OXKWIAIONINH IPOHECe He MOJKET 1e-
peiitu B pabouee cocrosiaue. B HauanbnoM cocrosinum oba 11ponecca
HAXOUATCS B CTAMMH OXKHJIAHES JOCTYTIE,

Ha pucynxe 1.4 nokaszan snement mamsitu FIFO (ouepens), co-
crosiuit U3 aByx aAgeek (mosumpu 1 u 2). IHosumus 1 mouenupyer
uepsyio aueiiky FIFO (kyma nmoctynaior ganmsie), nosunus 2 — o-
caeanioo (oTKyma onu 3abupatores). B HavanbHoM cOCTOSHAM CHCTe-
MBI 0be saeiiky ¢BODOIHB, HA BXOIE MMEIOTCs TPy DUMIKE “TaHHbIX .

Cern Tlerpu JocTaTovYHO BBIPA3MTENBHBI IS TOrO, ITOOBI MOIE-
JMPOBATH BCE BUABI MapIIpyTH3aluu rporecca (pucynok 1.5).

Crenyromast Teopema (“coiicrso MorOTOHHOCTH cereil Ilerpn”)
OTpaXkael BAXKHEHIIYI0 KOHCTPYKTMEHYIO ocobennocTh cereit Iletpn
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Puc. 1.2. Bydep obbema 2
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Puc. 1.3. Cemachop (pasenenssiit 10CTyI K T1aMaTH)

ceobommno B 1 croboHO B 2

<&

BXOA4  s3amecty B 1

e
b

EPEHECTH 2 AOCTATL W3 2 BhIXOJ

Puc. 1.4. Ouepens (FIFO) u3 asyx siveek
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Puc. 1.5. Mojeaposanue paspersiennit u causauil cersmu [letpu
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— ¢ioco0HOCTH COXPAHATE CTAPOE MOBEIECHHE TIPH LIPOCTOM YBeHye-
HAW HATAJIBHOW Pa3MEeTKH.

Teopema 1.1. ITyemwv N = (P, T, F') — o6sixrosennas cerno [lempu,
M, K € M(P) — uexomopwie pasmemxu, o € T — nocaedosarens-
nocms nepexrodos. Tozda

L MSM = (M+K)S (M +K);
2. M'e R(IN,M) = (M'+K)e€R(N,M + K).

JIoKazaTeIsCTEO TEOpeMbl MOXKHO HailTu, Hanpumep, B [4], § 1.2.

Cro#icTBO MOHOTOHHOCTH TIO3BOJIACT CTPYKTYPHPOBATH MHOKECTBO
JIOCTHKUMBIX COCTOSIHUH ITPY TIOMOIIHM €CTECTBEHHOIO YACTHYHOTO 1o~
PAAKA HA MHOKECTBE PA3METOK COTU — OTHOUICHAS BIOKEHHOCTH
mynuruvuaoxkecTs. Ilomobrast xopomast cTPYKTYPHPOBAHHOCTE T1PO-
CTPAHCTBA COCTOSHMI (KOTOPO# Her, Hanpumep, B MamuHax Thiopun-
ra) NPHBOIHET K DPA3pPeIinMOCTH DAJA KIHOUCBBIX AJTOPHTMHIECKAX
cpojiers. B mactHocTn, musa ceteit [lerpn nocTpoers! aaropuTMbl Ipo-
BEPKH CEOUCTB OCTAHOBA U JIOCTHKHMMOCTH.

Onpenenenne 1.8. Cers [Tlerpy N = (P, T, F) nassiBaercs cemuvio
co c60000HbIM EBBOPOM, ECITR JIJIS TI0DBIX JIBYX HEPEXonos 1) u ty 13
Tor0, U0 *t; N %ty # @ caeuyet, ato *ty = "1y,

Cetn Ilerpn co cBoGOTHBIM BLIOOPOM MPOILE OOBIKHOBEHHBIX (-
reit. Oy 0bIaIa0T PIAOM HHTEPECHLIX CBOHCTB, B uacTHOCTH, MHO-
'HE UX CBOHCTBA MOXKHO IIPOBEPATE IMPH MOMONIH TOJMHOMHAIBHBIX
ANropUTMOB (& He SKCIOHEHIHAIBHBIX, KaK B CiIyqae 00hKHOBEHHBIX
cereit). OupesenuTs TO, 9T0 cerh lleTpu sIBJISIIOTCS CeThiO €O CBO-
6OAHBIM BBIDOPOM, MOYKHO HEMNOCPECTBEHHO 110 €€ ONpeaeeluo, mno-
CIIeA0BATENLIO IepebpPaB MHOXKECTBO TAP NEPeXO/IOR W NMPOBEPUB 1A
KaxkJI0M maphl UxX TIPeayCaOBIs.

Tepmun “cBobofHbLI BEIOOP” B HalHOM ciaydae oDIaTgaeT CIeLyio-
el BHTepupeTan#ei: eclan ABa NEPEXo/ia B CeTH 3aBUCAT OT KaKoro-
TO OJHOTO PEcypca, TO OHI PABHONPABHBI B €0 UCHONL30BAHHU M He
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b1 V! P3 qdi 51 q3

P2 %) P4 42 82 qa
N 1 N. 2

Puc. 1.6. Ceru Herpu co crobomubiM Butbopom (V) i 6e3 cBoboaHoro
euibopa (N3)

BABHCAT OT KaKHX-TO JAPYrux pecypcos. To ecTs cam 9TO pecypc Mo-
et Gorrh “yBepen’ B TOM, HUTO €CJHM B JAHHBIH KOHKPETHBIT MOMEHT
BPEMEHH €ro Moxker 3abpars nepswiit mepexon (£ axTusen), TO 1 BTO-
poil MOKET Cenarh TO xKe caMoe (ty Toxke akrusen). BubGop mexay
nepexogami abcooTHO CBODOIHBIH.

B cern N) Ha pucynxe 1.6 niepexospt {1 1 ty KOHQIMKTYIOT U3-3a
hutex B no3unmsix p; 1 pr. Ho 1npu 5ToM OHM PABHONPABHBL, TO €CTh
e 3aBHCAT OT KAKMX-TO JONOJHUTENBHBIX (pa3jd4HbIX) pecypcos. B
cetn Ny 1IEpexoibl §1 M 83 TAKMKE KOHMIMKTYIOT U3-38 0AHOH humkn
B nosumun ¢s. Ho 3meck ner coboup BIOOPa, TAK KaK [EPexon Sy Ha-
XOMUTCA B “UPUBHICTHPOBAHHOM MOJIOXKEHIHH, TOCKOAbKY HE 3aBHCHT
Honbnie v 0T Kakux pumek. [lepexon sy 3aBUCHT €10E U OT pa3MeTKH
MO3UIHHU (1.

1.3. Meronabl anaausa

PaccMOTpHM HEKOTOPBIE CBOMCTBA CHCTEM M HMPOLECCOB, KOTOPHIE
MoryT 6uTh hopmanmusoBansl opn momontu cereit Ierpa.
[lycrs (N, M) — mapkuposansas cets [lerpn.

Ounpenenenne 1.9. [Hozunus p € P HasbiBaeTesl 02paHuMennol, ec-
o 3n € Nat, takoe, uto YM € R(N, Mp) soiiosmaercs M(p) < n.
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Mapkuposannas CeTh HAZBIBACTCA 02ZPAHUMEHNOU, CCIH BCE 06 1103H-
UM OTPAHUYEHB.

JApyrumu cropamn, KOJM4ECTBO QUIIEK B OrpaHUYCHHON TO3ULHU
orpanuueno. OUeBm/(HO, YTO MIOXKECTBO COCTOAHMIT OTPAHUIEHHOM ce-
TH KOHEYHO, TO ecThb OIPDAHMMCHHAA CCTh 3KBUBAJICHTHA KOHEMHOMY
asromary. Hanpumep, npencragsestas na pucyrake 1.3 Moaens cema-
opa apiseTcs OrpaHUYEHHON CeTHIO, TO eCTh MBI MOKEM IPOBEPATH
£€ CBOMCTBA IPOCTHIM TepebopoM JIOCTUHHUMBIX COCTOSHMIA.

Onpeaenenne 1.10. IHozunus p € PP massigaercs Gesonacnotll, ec-
mn YM € R(N, Mp) semonusieress M (p) < 1. Mapkuposasnast cerb
Ha3BIBAETCH Hesonacholl, €C/IH Bee et No3unmun Oe30MaACHEL.

ITongiTie DEZONACHOCTH SABJISIETCA CYYKEHHEeM TOHATHS OrPDAHUYEeH-
HOCTH. Be3omacHse no3uiiuy MOXHO PACCMATPHBATEL KAK JOTHYECKUE
IepeMentbIe, IIPUHIMAIONTHE OHO U3 IBYX BO3MOXKHBLIX 3HAYEHUI.

Onpenenenne 1.11. MapkupoBanHas ceTb HA3LIBACTCST KOHCEPGQ-
mushot, ecan 3n € Nat, Takoe, aro YM € R(N, My) Buinonnsercs
M| = n.

JIpyruMu cnosaMu, B KOHCEPBATUBHOM ceTH oDLiee KOJIMYECTEO
umex (Bo Beex TO3MIMAX) NMOCTOAHHO M HE H3MEHSCTCH B XOJe ef
dynruporuposarud. OuesugHO, 4TO /IODAST KOHCEPBATHBHAR CETL AB-
JIIETCS OUPaHUYeHHON, TO €CTh KOHCEPBATUBHOCTD — 3TO CYKCHHE NO-
HSITUS OFPAHHYMeHHOCTH CeTH.

Onpenenenne 1.12. Ilepexon ¢t € T mazeBaercsd HCUBHIM, €CIIH
VM € R(N,Mp) 3M' € R(N,M) : °*t C M'. Mapkuposannas
ceThb HA3bIBACTCH HCUGOU, CCIIU BCe €€ TIEPEXOihl MKUBDL.

pyriavu ciiopaMu, XKUBOH NEPexXo] BCeraa 0CTASTCs MOTEHIHATE-
HO AKTHBHBIM {TO €CTh AKTUBHBIM €C/IM HE B JIAHHOM COCTOSIHUM, TO B
KAKOM-TO M3 JIOCTHKHMMBIX OT JAHHOIO0). B 2KuBO#l ceTH HEBO3MOMKHDI
COCTOAHMS, IPH KOTOPBIX KaKne-HuOY (b Mepexo/ibl CTAHOBATCH H30bI-
ToUHBIMK. Bee Tak mim MHave Beerjia eMorTyT cpaboTaTh.
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Puc. 1.7. Mogens nHeHaTEXRKHON TPOUSROIAIIELH CHCTEMbI

ITpumep 1.3. Cucrema Ha pucynxe 1.3 orpaswdena, ODesonacha, He
KOHCE-pBaTHBI'ia H HHUEBa.

Oupenenenuie 1.13. [lepexon ¢ € T' HaznBaeTCH MEPMBHIM, €CTH
VM e R(N, M{;) o ,@_ M.

Jdpyramu cioBavmn, MepTBBIH Mepexoi He aKTHBeH IPH BCeX J(0-
CTIKUMBIX pasmerkax. OOparmre BHEMaHNe, 4TO U3 HE-MEDTBOCTH
mepexoa He cIefyer ero KuBocTh. [lepexon He Moxker GBITH O1HO-
BPEMEHHO M JKMBBIM M MEPTBBIM, OIHAKO CYIIECTBYIOT HEPEXOIBI; KO-
TOPBIE HE ABNSAIOTCS HA MEPTBLIMH, HH JKHBBIMI.

Ipumep 1.4. Cucrema na pucyake 1.7 ne orpaHdvueHa W HE »KUBA.
HeorparngeHnocTs, H, cnegoBareibHO, HEOE30IACHOCTL U HEKOHCep-
BATHBHOCTE OOBLIACHAIOTCH HEOrPAHIHYEHHOCTHIO TO3UIMN NpodyKyua
(rar kak nepexon npousscdcmeo MomeT cpaborarb Jnoboe KoanUe-
cTBO pa3). B To ke spems ceTh He KuBa, TaK Kak B jnobo# mMoment
MOXKeT oiuH pa3 cpaborare nepexon cboil, 110CTe Yero B CUCTEME He
OCTAHeTCsl HU OJIHOTO aKTUBHOIO TMEepPexojia.

Hannas ceTb MONEIMPYET IPOCTEAMIYIO CUCTeMY, B KOTOPO# choit
HEMONPABUM W TPHUBOAMT K Ipexparienuio paborsl. Jlerko Buiern,
470 HeOOJIbLIMEe MOAUGMUKALINN COTH MO3BOJISIIOT MMOLYHUTH MOAE/IH
Anst Dojiee CJOXKHBIX C1y4aeB, HApHUMep, OJ1g CHCTEM C BOCCTAHOB-
JICIHeM TIoc/1e ¢OOEeB, CHCTEM ¢ Pe3epPBHBIM [IPOM3BOICTBOM, CHCTEM C
RKypHAIHpoBaHHeM cOOEB ¥ T. 1.
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Onpenenenune 1.14. Cers [lerpu N nassiBaercs zopowo cgopmu-
POBAHHOI, €CIA CYLIeCTBYeT coctosiane M Takoe, ato cers (N, M) —
JKMBAS U OIPaHuYIeHHAs.

Mycrs (N, My) — pasmeuennas cets Ilerpn. Pacemorper cpaba-
THLIBAHUS BCEX MEPex0jiOB CeTH, AKTHBHBIX 1IpHA pasMmerke My, MBI MO-
JKEM [IOCTPOUTH KOHETHOE MHOKECTRBO PA3METOK, A0CTIKUMEIX 0T My
3a ofuH ar. B ¢Bon 0Yepedns, 0T KaxKI0H U3 HOBLIX PAIMETOK MbI
MOKEM [IOCTPOUTDL BCE OCTUIKHMbIE 33 OJIMH AN PA3METKY, H TaK Jia-
nee. Pesynbratom storo npouyecca GyjieT NpeICTABIEHHE MHOMXKECTBA
JIOCTHIKHUMBIX PA3METOK B BUJIE JIEPEBa. Y3JIbl JIEPEBA COOTBETCTBYIOT
pasMeTKaM, a Ayru — cpabaTbiBaHHAM HEPEXO0J0B, 11peodpasyonium
OIHY pasMeTKy B ApYylylo.

TNonyuaemoe nepeso B 0bmieM ciydae Dyaer HECKOHEeIHBIM, BEIh
CeTh MOMKET COEPXKATh LUKILI U/mmn OpITe Heorpann4eHtoi. YIro-
Obl orpanuuMTh DeCKOHEWHBIH pocT Jiepesa, B 0DO3HAUEHHS pazme-
TOK HO3WTHI 106aBIHIOT CHelHaAbHbIT CUMBOJ W, COOTBETCTRY KON
“meorpanpcHHoMy” (HEHCHeprnaemMomy, DeCKOHEYHOMY ) YnCiLy hHUIIeK.
ITpu 3T0M CTaHaapTHBIE ONEPALNH M OTHOIICHAS TEPEHOCHTCH HA Pac-
IMPEHHOE MHOXECTBO HaTypanbHbix uncea Nat U {w} cremyomum
obpazom: JUig JHoboro HATYPAIBHOTO N 1I0JIAraeM

w>n, WHn=w, w—n=w H w>w.

Hpumep 1.5.
(2,w,1,w) > (2,w, 1,1000);
(3,5,w) + (2,1,0) = (5,6,w);
(10,w) — (2,1000) = (8,w).

Anroputm 1.1. (noanoe noxpwearowee depeso cemu Iempu,)

1. Buwifiepem 6 xauecmee KopHA HavaavHyto pasmemxy My, nome-
MAUM FTNOM. Y3En NPUIHAROM “Ho6evill”,

2. Hoxa cywecmesyrom “noeve” yaan, unosrum caedyrouiee:
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2.1. Buwbepem ooun u3 maxur y3aroe — pasmemxy M.

2.2. Eeau M cosnadaem ¢ kaxoii-mo dpyeoti pasmemxoti, Haro-
; 0 M, CMEH USHAK
dsuetica wa nymu om xopra k& M, mo cmenum np
yaaa M wa “cmapud” u eepremca Ha wae 2.

2.3. Eeau npu pasmemxe M nu odun us neperodos ne axmu-
GEH, MO cMmenum npushar yaaa M wa “mynus” u eepremcs
na waz 2.

2.4. Has wascdozo nepexoda t, axmuenozo npu pusmemse M,
GUROAHUM CAEQYIOULUE tARU:

2.4.1. Bwruucaum pasmemxy M', noaywmoupocs ws M npu
cpabamuiearun t (mo ecmo M’ = M — *t +1*).

2.4.2. Ipocmompum eecv nyms 6 depese om kopnsa do M.
Eeaw ma amom nymu ecmpermuanacs pasmemxka M,
maxas wmo M" C M' (mo ecmv M' noxpwsaem M" ),
mo daa xascdoli nosuyuu p, maxot wmo M"(p) <
M'(p), samenum 6 pasmemne M' xoopdunamy M'(p)
Ha cumson w. To ecmy 6ce NO3UYBY CO CINPO2O YBENU-
YUBWUMCA KOAURCCGOM duwer 0003nawum Kak “He-
ucHepnacmuie’

2.4.8. Hobaeum 6 depeso ysen M’ ¢ npusnarom “noewti” u
dyey om M w M' ¢ umenem 1.

2.5. Cmenum npusnax ysao M we “crmapwii”.

JloKa3aTeNnberBO CXOAUMOCTH 3TOTO AJINOPUTMA MOMKHO HAlTH, Ha-
rpumep, B (4], § 2.2.

Ha pucyske 1.8 upusenen npumep NOCTPOCHHA MOJHOIO HOKPBI-
patomero aepesa ceru Ilerpu. 3aech 0ObIUHAS paMKa y3/1a 03HATAET
npustak “crapeif’, gsoitHas — ppu3HaK “Tynnk’.

HUCTIJOGHHE TOJHOTO MOKPBIBAKINETO ﬂepeﬁa IIO3BOJIAICT BLIZC-
HUTL psif, cBoieTs cern Ilerpn:

L4 HOTWIU,HFI P o2parudena TOTha ¥ TOJbKO ToTAa, KOTIa HY B OAHOM
W3 Y3JI0B JlepeBa OHa He nNoMeHeHa CHMBOJIOM W.
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Puc. 1.8. Tloctpoenne momHOro NOKPLIBAKOINETO Jepesa

o lTosmuus p 6esonacHa TOTNA H TONLKO TOLMA, KOIJIA BO BCEX
V3IaX JIEPEBA OHA [IOMEeYeHa HY/TeM WIH eIuHMIEeH.

e Cerh KoMCEpPEaMUEHaG TOTJIA M TOJABKO TOTIA, Korja obuiee ko-
mriecTso GumIex B moboM y3ne NepeBa cOBHATAET ¢ obimM
KOJIMYMECTBOM (DUIIICK B KOPHE.

e [lepexomt mépme TOTIA W TOIBKO TOTAA, KOUTA UM HE TIOMEIeHa
HY O/11a U3 YT B JICDEBE.

o Ecnu pasmerxka M jocTimkuma OT HAYaIbHON, TO B JepeBe Haidi-
nercst ysen M, rakoit wro M C M’ (npu arom, BO3MOXKHO,
yacth Komnonent 8 M’ Gyner obosuatena w).

IlIpumep 1.6. B cern, nzobpaxkennoi wa pucynke 1.8, nosunum p; u
p3 orpanuyenst u GezonacHbl. CeTh HE KOHCEpBaTHUBHA, HM ONMH M3
IIEPEXOI0B HE SBASICTCA HU MKHUBBIM, HH MEPTEBIM. IIpHMepb! NOKPLI-
BaeMerx pasmerok: (1,50,0,0), (0,100, 1, 5000).

O6parure BHEMaHHE, YTO JOCMUNCUMOCTIL KOHKPETHOH pa3Mer-
K1 B ceru IleTpu Heib3st OUPENeNUTh Yepe3 MOJHOE HOKPBIBAIONIEE
nepeso. Pemaercst Tonsko Gosee ciiaboe cBOHCTBO NOKDBLGAEMOCTL,
TO €CTh JOCTHXKHMOCTH KAKOH-TO PasMETKH, NOKPhIBaonel JanHyo
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(npy 3TOM AJNTOPATM HE JIACT METOJA TOYHOIO HAXOXK/IEHHUST HAMMEHb-
medl U3 NOKPHIBAINIHX PA3ZMETOK ).

Moskro moKasars, 4T0 NpobaeMa KUBOCTH HMEPexoia CBOJNTCH K
npobieme goctmxumocta pasmerku ([4], §2.4). Ilpobnema noctmkn-
MOCTH — OJIHA M3 KJo4esblx B Teopun cereit [lerpu. B nacrosmee
BpeMsl €€ paspemmmocth Aokazana [13], omsako amropurm mposep-
KN BECbMa CIOXKEH M I[09TOMY 3/1eCh HEe LPHBOIMTCH. 3aMETHM, YTO
g yuporiénssix cereil Ierpu (Hanpumep, nus cereit ¢ e boee 1em
JABYMs HEOTDAHHUYCHHBIMY TIOZUIUMAMM MM JUIS cereit co cBoBOHbIM
BBIOOPOM) pazpaboTaibl JOCTATOYHO HpocThie H s peKTHEHBIe aJro-
PUTMBI pemenns npobiemM JTOCTHKHIMOCTH i KUBOCTA.

OraenbHo OCTAHOBMMCS Ha ciyvae orpaHudeHubix cereit [Terpu.
[ns rakux cueteM upobiieMa JOCTHAKUMOCTH Pa3MeTKH U npobaeMa
MKUBOCTH IEPEXOAA MOTYT OBITE JIEIKO PA3PENIeHBI IIPX MOMOTIHN HOJ-
HOIO TIOKPBLIBAIOMIEIO [EpeBa:

e B orpanugennoii cern Ierpu pasmerxa M docmupicuma 0T Ha-
YaJbHOH TOIJA B TOMALKO TOIa, KOTJIA B Jlepene Halilerca ysel,
noMeueHHsit M.

e B OTpPAHUYCHHOH CeTH HE’?‘I‘pH nepexoa L oeus Toria W TONLKO
TOT/IAa, KOLJdd BBITIONHAIOTCH CJeJIVIOININEe IBa cpoiicrea:

1. B aepese net y310B (JMCTHER) ¢ NPU3HAKOM “TYIHK .

2. Ecnmm coenuunTs JIyraMu BCE PASMMYMHBIE Y376 AepeBa ¢
OJHHAKOBBIMHM paSMe’TKﬂJ\'IH, TO B HDJIy‘lCHH oM l"pa.f_l)c B KaxK-
JIOM IHKJIE HAWAETCA Ayra ¢ [HoMerkoi t.

Vtak, B ciay1uae OrpaHnyueHHBIX CETeH TMOTHOE IOKDLIBAIOIIee je-
PEBO PEBPAMAeTCH B KOHEUHBIA Ipad) TOCTHHUMOCTH, 110 KOTOPOMY
MOAHO YCTAHOBUTE ITPAKTHYCCKH m00bIe CBOMCTBA CHCTEMDI, O‘-IEBH.,E'
HO, YTO TOT rpad MOXHO DACCMATPHRATE Kak AMAIDaMMYy Iepexo-
JIOB HEKOTOPOI'0 HEAETEPMHHHPOBAHHOTO KOHe4HOro asromara. Ot-
CIO/IA JIEPKO MOXKHO CJIRJIaTh BLIBOJ, O TOM. Y10 OFPAHHYEHHBIE CETH
erpu sKBHBANEHTHL KOHETHBIM ABTOMATAM.
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2. CeTn moTokoB pabor

2.1. Onpejienenue U cBoiicTBa

Mamnee Mbl npuBOAMM OIPEICICHHE CHEHUATLHOTO MOAKIACCE Ce-
reit ITerpu, KOTOpPKILIt HCIONIB3yETCsT P MOAEITUPOBAHUH TIOTOKOB Da-
Gor (workflow) — 910 Tak nazeisacmbie WF-cern [1].

Oupepenenne 2.1. Ilycte N = (P,7,F) — ofbikHOBEeHHAsA ceTh
IMerpu. Cern N naseBaerca WF-cemuio (cersio motoka paGor), ecnu

1) B Muoxecrse P uMeloTes [Be CleNualbHble MO3UIUH 1 W 0, Ta-
Kue, 4ro *i = 0* = (;

2) moboit ssemenr MHoXKecTBa P U T mexkur Ha nyTd u3s i B 0.

Hozuuus 4 masviBaercst wovaavHol, a MO3HLHS 0 — unasbHol
no3uiued cetn N. ANBTepHATHBHbIE TEPMUHBI — [HO3UIIAA-HCTOTHHAK
1 no3uims-crok. HavansHas pasMerka CeTd HOTOKA paboT cocTouT
U3 OuHON (QUIIKA B NMO3ULMY 4 (1 0DO3HAMAETCH KAk i).

Ilpumep 2.1. Ha pucynke 2.1 uzobpaskena cern Ilerpu, Momemupyro-
11851 OTIHCAHHBIN B LIPCAHCIOBUH Npolece 06paboTKU CTPaxOBbIX Tpe-
topamuil. o cyrn gena, Moaesi, noayaeHa JOOABIEHHEEM B CXEMY [TPO-
Lecea mo3uimit (IpoMerKyTOUMHBIX, & TAKZAKE OJHON HAYAILHROM 1 OQHOR
bunaibHoR) B HECKOMBKHX CyKeDHbIX Nepexonos (OpraHm3yOmNX
paclapa/ieTMBaHue U Iepefayy YIPABIeHNs ).

2.2. BespedekrHocTs (soundness)

ITpasuibHoe 3aBepHIeHHe HPOLECCa, MONCTUPYEMOTO CETHIO, T'd-
PAHTHPYETCS BBITOJHEHIEM CJIE/IYIONIEI0 CBOMCTRA:

Onpenenenue 2.2. WF-cets N = (P, T, F') naseisaercs 6esdegperm-
notd (sound}, ecin
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Puc. 2.1. QopmanbHas MOnens notoka pabor mporecca o6paboTrm
CTPaxoBoro Tpeboranusa
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1. s moboro cocrosuus M, NOCTHYXKHMOTO U3 COCTOSIHHUSA @, Cy-
MECTEYET NOCTEIOBATENLHOCTD CpabaThIBAHMIL, TEPEBOIAIAS CO-
crosnue M B cocrosiune o:

YM € R(N,:) o€ R(N,M).

2. Cocrosnue o sSIBAAETCH SAUHCTBEHHBIM COCTOAHUEM, KOTOPOe JI0-
CTHIKUMO M3 COCTOSIHUSA 1 U COUCPXKHUT XoTs Ob1 oy duiky B

TO3UNNKY O
o+ M'e R(N,i) = M'=0.

3. B cern (N, i) HET MePTBBIX IEPEXOJIOB:

Vte T 3M € R(N,i): *tC M.

HApyvrumn crnopamu, w3 moGoro JOCTHXKMMOIO cocTogHus Oesge-
hexTHON cerTn JOCTIKEMO (bUHANLAOE COCTOAHME, 1IPH FTOM B dHu-
HAJIBHOM COCTOAHMM HE MOMKET OCTATHCT HHUKAKUX “nuimHEIX’ hHiex.
[lepebie jipa yeioBus HA3BIBAIOT TaKXKe TPebOBAHNEM HPABHILHOM 3a-
BepimaemocTu npornecca [2].

Tperse yenosue ozuatiaet, w10 B 6e31eeKTHON ceTH HOT JIHITHUX
nepexonos. Kaxkapiif mepexo/l TEopeTHIecKn MoxeT c¢paborars (mpw
BUATOTIPHATHOM JYI8 HETO XOJE HPOTECCa ).

Jlerko BupeTsh, UTO ceTh Ha pHeyHKe 2.1 Gesnedextra. To ecrb
mo0oil IKZeMIUIAP IpOLEcca, VIPABISEMBI B COOTBETCTBHU C 3TOH
cxemoit, Hyner secTn cebsl KOPPEKTHO (He mouauer B TYIHK wim Oec-
KOHEUHBI LJKJI ¥ B MTOI'e TIPABHILHO 3aBEPILMTCH ).

Pacemorpum upumep cetu ¢ omubkamu:

ITpumep 2.2. Cern Ha pucyHKe 2.2 MOUENHPYET HEKHil mpouecc ob-
pabOTKIM 3ASBOK, KOTOPBIA pa3fiefied Ha ABa MapPaJUIC/IbHBIX TIOMIPO-
necca. MapecTro, ¥TO KakKABIH M3 NOMIPOIECCOE MOXKET 3AaBUCHYTH,
HOITOMY CHCTeMa OTCAEKHBAET HACTyIUIeHHe Taiim-ayToB. B ciywae
raitmMa-ayra (xors 6B 0HONO U3 ABYX) JAOJIKHA 3aryCTHTLCA 3aja4a
NOK, otmensnomast 3asiBKy.
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Puc. 2.2. Hekoppexrablii nponece

HekoppekTHOCTE B JAHHOM C/Iy4dae NPOSBAAETCH B TOM, ©ITO IPH
HACTYIIIEHUH OJHOTO0 M3 TaliM-ayToB (Hanpumep, matsm_aym_ 1) upo-
LECC MOZKET TEPedTH B 3aK/MOYMTEILHOE cOCTosHNe (cpabaThiBanne
NOK wu nosisienue buniki B MO3ANMK 0) 0 TOTO, KAK BCE NPOYHE
33/1aHus CTAHYT HEeAKTMBHLIMM (B HacTHOCTH, aKTHBHBIM OCTAHOTCS
sananue obpabomxa_ 2). Takum 06pa30M, y aK3EMILIAPA HPOLECCa OT-
CYTCTBYCT YeTKHI NPU3HAK 34BCPIICHHSL.

Ucnpaputes curyanmio MOXKHO PasHBIMH CIIOcoDaMu, HallPHMED,
TaK, KaK [I0Ka3aHo Ha pucyHke 2.3. 31ech N3MEHEHO YeJoBUe cpabaThl-
sanust nepexona NOK — oH Teneps MOxKeT cpaboTarh TOJBKO TOCe
TaltM-ayToR B 000uX nogiponeccax. Taxxe nobaRIeHb YeThipe HOBBIX
saKmovnTeasHbIX nepexoaa (N1, N1, N2 u N2'), coorsercreyionme
BCEM OCTaJILHBIM BO3MOXKHbLIM C/Iy4YasM HEYCIeHTHOr0 3aBePIIeHNs K-
SeMILTSIPA TPOIECcca.

[lycrs meobxomumo onpenetnTs, sipisiercs au ganmas WE-cers
N = (P, T, F) 6e3nederrroit. B [11] 6u110 nokazano, 9ro 6e3mederr-
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Puc. 2.3. Vcnpasnennslit npongcc

HOCTL COOTBETCTBYET MKMBOCTH U OrpaHMueHnocTH. Jr10bel cBsi3aTh
6e31eheKTHOCTD € AHBOCTBIO M OrPAHMYEHHOCTHIO, ONPEICINM Pac-
umpennyto cers N = (P, T, F). Cers Herpn N noayuaercs nobaniie-
HHEM HOBOI'O Tepexoia t*, coeiuHsIONIero Mo3UIMK o i i, Pacupen-
tast cerh [erpu N = (P, T, F) oupegensiercs cleiyiomum ofpasom:
P =4o P, T =gef TU{t"}, F =4of FU{(0,1?),(#,0)}.

Hamee M1 OyieM HAZBIBATE TAKYIO PACHIHDPEHHYIO COTh 30MbBIKEHUEM
cetu N, [IpuMep 3aMBIKaHHS] IPUBEICH HA PHCYHKe 2.4.
Cupaseniusa cieaylomas TeopemMa.

Teopema 2.1. WkF-cemv N asasemca besdepermyoti 6 mom u mons-
K0 mom cayvae, xo20a cemy (N, i) — swusas U 02PAHUMEHHAR.

Jokazaremscrso oM. B |11].

W3 sroit TeopeMbl CAEAYET, ITO J/1si NPOBepKn 6e3medexTHocTy ce-
Teif NOTOKOB PabOT MOMKHO MCHONL30BATH CTAHJAPTHBIE METOIbI AHA-
nuza cereit [lerpu, paceMoTpennbie B npeasiaymeii rnase. Crponres
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Puc. 2.4. 3aMmblkanue cetu

HOMHOE HOKpbIBalonice gepeso ceru (N, 1), 3aTeM 1O HEMy OIpEIesis-
@TeH OIPAHMYEHHOUTD CETH, M, B CJIYy4de OIPaHuIeHHOCTH, IpoBepseT-
CH AHHUBOCTDE BCEX Nepexonons:

Hpumep 2.3. Ecim 1ocTpouTh LOJHOE MTOKPHIBAIOIIEE JEPEBO 15 CeTH
Ha pucyHKe 2.4, TO 0KaXKeTes1, 9TO BCe MO3UIUK FTOH CeTH He OrpaHi-
qernl, Taknm 06paszoM, ceTh Ha pHCYHKe 2.2 AeHCTBHTETbHO He SBIIA-
etest HezmederTHOI.

B croto ouepens, nosHOE TOKPBIBAKOITEE TEPEBO Ui UCIIDABJICH-
Hol cetn (pucynox 2.3) He COAEPXKHUT W, TO €CTh COOTBETCIEYIOILH
[IPOLIECC KOPPEKTEH.

2.3. CrpyKTypupOBaHHBIE CETH

Teopema 2.1 nozBongeT NpoBepuTs HeznedeKTHOCTL yiKe MoCTPO-
eHHOH cxeMBbI HOTOKa paboT. OIHAKO B pAle CAYUAEB Mbl MOXKEM €l
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HA ITAIE TIOCTPOCHHS CXEMBl TIOINLITATLCA U30eXKaTh HEKOTOPBIX OLIU-
Hox. Haupumep, He n00aBmaATb B ceTh nepexoapl De3 BXOHHLIX WM
fe3 BRIXOAHLEIX noanuuit. Kpome Toro, ecTectBeHHbiM cIIOCODOM MO
Jleprkatust “OTHOCHTE/NBLHOH NPABUIBHOCTH MOZENN SBIAETCH TPebo-
BalRe TOro, 9Tobnl HpY Kaxk oM gobanernu B ceth U-pazsersliienus
paspaboruuk ¢pasy ke mobasist O coorBercreyoniee M-cnummme
(ananoruuno ans WIN-passersnennst u I -comstans).

Pacemorpum noaxiaacest WF-ceteft, kotopeie Gnarojapst camoi
CBORH CTPYKTYPE HMO3BONAIOT W30eXKATL MHOMMX HEKODDEKTHOCTEH B
cxeme rnponecca. Bee TeopeMbl TpHBOIATCH He3 JOKAZATEIBCTB, JOKA-
saTenberBa oM. 8 [1].

WPF-cerun co cBobomubiM BeIOOpOM

BoasmuHCETEO ¢YHISCTBYIONNX B HACTOSIIEE BPEMsl CHCTEM YTIPAB-
nenus norokamu pador (CVIIP) aberparupyores 0T COCTOAHMI MK~
JIY 3a/[auaMu, TO €CTb COCTOSIHMS B HUX HE NPCACTAB/IeHBI #ABLO (B
suge nosuigiil). B sTHX cHcreMax sl olMcaHWS TPOLENYD MOTO-
KOB paboT HCHOJB3YIOTCH CTpouTe/bibe bnokn M-passersnenne, U-
cimgnne, MJIW-pazserenenne n UWIN-cnusinne. U-passersnenne u U-
CANSHEE HCHONBLIYIOTCH U mapamieasnofl mapmpyrisamm. WJIM-
paspersnenne u WU/IW-cnuanue — qma yesnopmoit maprmpyTasanmm.
Hockonpky 3TH cueTemsl afeTPaArupyOTcs oT cocTosiuil, BeGop B
HiX Beerga gemaercs suyTpu Omoka JJ1M-passersrenne. Ecnu xe
mbl mogemmpyem WJIW-pazsersaenne ¢ nomomeio cerelr [lerpu, To
xoucrpyrimmm WJIM-passeTBnenus COOTRETCTBYET HECKOIBKO TEPEXO-
JIOB ¢ ODIIMM JUTST HUX MHOMKECTBOM BXOJ/IHBIX TO3UIMI. DTO 03HAYAET,
91O MPOReAy pLl H0ToK0B paboT B 31X CYIIP Monenmpyores ceramu
[Terpu ¢o ¢ceOOOUHRBIM BEIOOPOM.

JlefeTBUTeNBHO, TETKO 3aMETHTE, ITO OMHCAHHE IPOLEcca, COCTAB-
JeHHOE TOJALKO M3 Koncrpyknnil U-passersnenne, W-cnusnue, UJIU-
passersrenue u MJM-ciusiane, yaopnersopaer ceolcTBy cBobOIHOr0
BoiBopa. A MMEHHO, ecu JBa nepexoma i1 u ty uMeoT 0Dyl BXojl-
Hy10 nozuumio (*t) N %ty # @), TO OHM ABIHAIOTCH YACTHIO HEKOTOPOTrO

34



WJIW-pasgeTsieHns, 10 ecThb “cBOBOAHOIO BLIGOPA MEXK/Yy HECKOJIb-
Kumu ajprepHaTuBamu. [lostoMy MHOXKeECTBA BXOMHBIX TOIUIUE 1e-
PEXOnos 1] H ty HOJMKHBI YJIOBIETBOPATE YCIOBUIO ('tl = 't;;).

Cerp, nzobparkennas na pucynke 2.1, spisiercs WF-ceThio co co-
Gopmerm BeIOOpOM, a WF-cers na pucynke 2.3 — Her; nanpuMep, me-
pexonsl N2 1 N2' umeror o01Iy0 BXOAHYIO HO3ULAIO, HO MHOXKECTBa
HX BXOJHBIX ITO3UIHNA HEe COBIA/IAIOT.

Ceru [etpn co cBoBoiHBEIM BEIDOPOM NTHPOKO M3YIaJHCh, TIOCKOITh-
Ky OHH HPGJICTELBJIS[H)TCF[ XOpOooIuM KOMIPOMHCCOM MEXILY BBIPA3H-
TEJILHOCTHIO W BO3MOMKHOCTAMH adaausa. s sroro kmacca cerveit
[lerpn mMeIOTCS CUIBHBIE TEOPETHUYECKHE DE3YJbTAaThl H I(PQPEKTHB-
HBIE METOAbLI aHatm3a. B uacTHOCTH, NOKaz3aHo, 9T0 upobieMa Ipo-
BEPKH, ABISAETCS U JIaHHAA CeTh €O CBODOIHBIM BBIODOPOM KUBOH U
OrpaHUYeHHol, MOXKeT OBIThH PereHa 3a HoHHOMAAIbHoe BpeMst. Clie-
JOBATE/LHO, BepHa CleIVIOMAS TeOPEeMa:

Teopema 2.2. Caedyrowasn npobaema paspewiuma 3a NOAUHOMUAAL-
Hoe epema: Onpedeaums, aearemca au dannas WE-cemv co ceobod-
HoeM subopom bezdeexmmor.

Teopema 2.2 ropopuT 0 TOM, TTO sl ceTelt co cBOOONILIM BBIDO-
pom uMeroTes ek THBHBIE aIrOpUTMBI IPOBEPKN De3aedeKTHOCTH.
Bonee toro, sesxas bezuederxrnas WF-cers co cBobomibiM BEIGOPOM
OesomacHa (IpU HAYATIBHOM COCTOAHHE € eOHHCTBEHHOH (duIKoi B
TIO3MIHH )

Teopema 2.3. Besdegiexmnas WF-cemv co ceobodnsm subopom #6-
AAemes 6e30nacHol.

Jnst WF-cereit 6e30maciocTh — KeJIATenbHoe CBORCTBO, TAK Kak
HE HMEET CMBICTA HMETh HEeCKOIBKO (buIlleK B TO3MIMH, TpeJICTaBIsl-
foneit yenosne. Yenopue MoxkeT 6pith smbo uerumnbiM (1 dumka),
00 IokHBM (HeT dhuUmex).

Xora donsmmucreo CYIIP pouyckaer roabko motoxu pabor co
cBobo/iHBIM BLIDOpOM, yesoBHe cBobogaoro seibopa ans WE-cereit ve

35



HCUEPTILIBACT CTPYKTYPHY XapaKTepPU3anuio “XOpomux HOTOKOB pa-
6o1. C onnoit croponnl, bbisaor WF-cerun 6e3 csoboanoro Beibopa, ko-
TOPBIE 1TPEICTABIAIOT pasyMubie noToku pabor (M. prcyrok 2.3). C
JIpYTO#i ¢TOPOHBI, HEKOoTOpLIE Deznedexranie WF-cern co cBobogmem
BBIGOPOM He uMmeT cmbicia. Tem He MeHee ¢BOMCTBO ¢B0DO/IbI BBIDOPA
ABJSIOTCS BEChbMA KeJaTebibiM. Ecim noTok pabor MOXHO MO -
posath WF-ceTnio co cBoboaabM BRIDOPOM, TO TAK U HYXKHO JACAATh.
Crenndmkanys noroka pabor, ocnopannag #a WF-ceru co ¢csoboa-
HILIM BBIGOP{JM, MOXKET HCMOJHATBHCSH GOHBHJHI'IC].‘BOM CHCTEM IIOTOKOB
pabor. K romy xe WF-cerns co cBoboaHbIM BRIDODOM siBfisieTcs Donese
SICHOH B NOHATHON, A/l Hee HMeloTcst 3()eKTUBHBIE METOABI AHATIH-
3a. Hapymawmue ycrnosue cBoGoaHOTO BIOOPA KOHCTPYKIIMM SIBJIS-
0TCH MOTEHIHAJIBHBIM HCTOMHHEKOM aHOMAaJbLHOI'o MNoBelIeHHs, KOTO-
poe TpyaHO 0OHAPYIKUTB.

Xopotiio cTpykTypupoBanabie WF-cern

Hpyroit conocob DOMyIHTE CIPYKTYPHYIO XapaKTepH3anuo ‘Xopo-
wux” noToKos paboT cocTouT B cobumopennn bananca mexxy W/ MJIN-
pazgersacunsgvu u WM/ UJIW-cimsnusivua. TlonsiTHo, 410 jaBa napad-
JIENBHBIX TOTOKA, WHUIEUPOBAHHBLIX M-paspersiennem, He NOJDKHBL
coeuHaTLes ¢ nomousio WMIIW-caustiusa. Ananormdauo jisa ansrep-
HATMBHEBIX [10TOKA, nopoxdenipix WJ/M-paseersienuem, He HOJKHBI
cuuxpornsnpoeatees M-cnmanuem. Kag noxazano na pncymake 2.5,
M-pazsersrnenne nomkno pononaatbes V-cmusgumem, a U/1-passer-
prnerne — coorsercreenno WJIM-comnanmwenm.

Onpenenenne 2.3. Cers [Terpu N HasniBaercst Topouio opzanuio-
6anHol, ecin i b0 Napsl BEPIIWH T, |, U3 KOTOPLIX OJHA AB/IA-
eTCA MO3MLUMEHT, a ApYras — UEPexoaoM, U i JIoObIX ABYX IPOCTHIX
nyreit! € u Cy, BeAYIIMX U3 BEPINHHBI & B BEPIIUHY ¥,

L’l’(cl) M Q(C:g) = {I‘,y} = O =05,

rae a(C) - muoxectso Bepmun na myt C.

Mpocroit myTs — myTh HE3 CAMOIEPCCETEHMIT

36



O~ O

“-..._________._____,’
AND-split AND-join

O O

O R-split OR-join

Puc. 2.5. KoppekTusie ¥ HexOppeKTHBIC CHOcODBI OPraHN3alun pas-
BETRICHHH W CIMAHUI B CXeMaX IOTOKOB pabor

CpoficTBO XOpouIel OPranM30BaAHHOCTH PASPOIIEMO 38 HOJTHHOMH-
AJLHOE BpeMs IyTeéM NOpHEMEHEHus MOJAM(DHOHPOBAHHOTO AJTOPHTMaE
HAXOMICHUST MAKCHMAJILHOIO MOoToKa B cetn. (OKaspiBaeTcs, st XO-
POILO OPTAHU30BAHHKIX CeTell cBOMCTBO CIILIONW CBHZHOCTH O3HAYAET
XOpouiyio cOpMHPOBAHHOCTH (CM. ONpeAcieHus B 1. 1):

Teopema 2.4, Cuavho c643HaA U TOPOWO Op2anusosannas cenve Tem-
PU AGLALTCH TOPOULO CHOPMUPOSAHHOT.

Bynem nazvizars WF-cerb X0pouio cTpyKTypPUPOBAHHOIN, 6CIH e¢
3AMBIKAHME ABJISIETCH XOPOIIO OPraHu30BAHHON CeThIO.

Omnpeneneane 2.4. WF-cers N HasmzaeTcs z10powo cmpyxmypi-
posanmoti, ecim N — XOpOIIO OPraHu30BaHHASL COTh.

Xopouo crpykrypuposadasle WF-ceti obiasaior psIoM HeHHbIX
cpoiicTs. g Hux Oe3aedeKTHOCTL MOXKET DRITE IIPOBEPEHA 34 10U-
HOMMAJIBLHOE BpeMsi, a DesfedeKkTHas ¥ XOPOomo CTPYKTY PHPOBaHHAs
WF-cers sipmstercs Des3onacHoii:

Teopema 2.5. Caedyprowan npobiema pazpetiumae 3¢ nOAUHOMUAAL-
noe epema: dan 3edanHol zopowo cmpyrmypuposernotd WE-cemu
NPOGEPUMD, AGAAENCH AU 0 beadepexmmoi.
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Puc. 2.6. Xopomo erpykrypuposannas WE-cers

Teopema 2.6. Besdefexmman wopowo cmpyxmypuposornas WIE-
cemv A6AAEMCA BE30NUCHOU.

Xopomo crpykrypuposanibie WE-cern 1 WF-ceTn co cBoboaHbmM
eeibopoM umeror moxmkmne cpoitetsa. M B ToM m B gpyrom ciiyuae
6e3/1eheKTHOCTE MOYKHO TIPOBCpUTH OueHL sdxbexTusro, a uz 0e3-
necdexrrOCTH eneayer DesonacHocTh. Heemorpst wa sty moxoxects,
cymecTeyior besaedexTnble xopoumo crpykrypupoanubie WE-cern,
KOTOPBIE HE ABJISIOTCH CETAME CO CBODOIHBIM BLIOOPOM (pucyHOK 2.6),
u cymecteyior beanedextanie WF-cetn co ceobomanm Beibopom, Ko-
TOPBIE HE ABIAIOTCS XOPONIO CTPYKTYprpoBantsivu. Ha camom nene,
MOKHO 1ocTponts besaedexrayio Wl'-cers, koTopas He sBigeTcs HH
CeTHIO €O CBODOJHBIM BHIOOPOM, HI XOPOIIO CTPYKTYPHPOBAHIION.

Ilpumep 2.4. Ha pucynke 2.7 usobpaxena cers Ilerpu, momemmpy-
0D1as ente ofuH Bul nporecca 06paboTKu cTpaxoBbiX TpeboBaHWI
(cerka oTMMYAIOWMICS 0T PACCMOTPEHHOTO paHee).

Ipexcne Becero tpeboBanme perMcTpupyercs (3amgada pezucinpi-
YuA). 3aTeM NAPaIEIBHO BLIIOJIHAIOTCS ABE 3a4a4i: KINEHTY MOCHI-
JIAETCH AHKETa (38J[a9a NOCAGMS  GHKEMY) W NPOUBBOIKWTCH ONEeHKa
TpeboBanus (3agaga ouenka). Ecin ankera BO3BPAIACTCs B TETEHAE
JABYX HEJENIb, TO BhIDONMHIAETCA 337a4a obpabomxa_anwems.. Ecim B
TEYEHAS JJ,ByX HEeIelb: aHKeTa HE Bo3npameﬁa} TO pe3yInTaT aHKeTH-

poBaHus HrHOopUpyetTcs (3aiaua maum-aym). Ha ocnosannu pesyis-
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PEIHCTDHS o

)

c2

HyxHa_obpaboTka

NOK

Puc. 2.7. Beznedertaas WF-cerh, KoTopas He gBISI€TCS HU CETHIO CO
cBODOMHBIM BRIDOPOM, HEH XOPOIIO CTPYKTYPHPOBAHHON CeTHIO
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TaTa ouenkn Tpebosanue mubo pacemarpupaercs, mubo Her. Peansuast
pabora ¢ TpebopanneMm (3amava ofpabomro. mpeboeanui) OTKIAAb-
BAETCA /10 TOrO MOMEHTa, KOTJa OyJeT BBIMOIHENO YCIOBHE ¢H, T. €.
Jbo ankeTa obpaborana, mubO UCTEKIIO0 BpeMs ee oxupanus. Obpa-
Horka TpeboBanua KOHTPOIHPYETCs ¢ MOMOLTBIO 3aJ4a9i KOHmpoaw. B
ROATIE KOHIOB, BBINOJIIACTCA 3dllava aprue.

[ockonbKy 3ana4a obpebomxa_ mpebo6aruA UPOBEPTET HAJININE
(bl'l[]]KH B NO3HUITHA (,'5, JaHHasd COTh HU ABJAAETCH HM XOPOIIO CTPYK-
TYPUPOBAHHON, HYU CETHIO ¢O CBODOAHBIM BHIOODOM.

Kparkne BbIBO/bI

Mer paceMoTpenH JBe CTPYKTYPHEBIE XapakTepuctuky ceteit ITer-
pu (cBOBOMHBIE BWOOP H XOpomasa crpyKTypupoeaHnocts). Obe s1u
XAPAKTEPHCTHKH OMEHb MOJE3HBL [JIS aHAIN3a OIpeaeneHnil cucreM
notoxos pator. Jdma WF-cetu, xoropas ynosnersopger xoTs 6ur o71-
HOt U3 HuX, HMeloTcs BbicoK03beKTHBHBIe aIropHTMEL anammsa. O a-
HAKO, KaK ObLI10 MOKA3aHO, CYNECTBYIOT COTH TOTOKOB paboT, KOTopsle
He SBISIIOTCSH HE CETHMHA cO CBODOHBIM BHIOODPOM, HHU XOPOLIO CTPYK-
TYPUPOBAHHBIMU CETAMM. PaccMOTpRM B KavecTBe IpuMeEpa ceTh Ha
pucyake 2.7, X0oTs JaHHAs CeTH NPEACTaBIsgeT coboit pa3yMHO ITOCTPO-
EHHYIO CHCTeMy HOTOKor pabot, HoabmmucTso coppemenusx CVIIP
He MOJNePyKHIBAIOT TaKHe “HPOJBHHYTHIE CPEJCTBa MAPIIPY TH3AIHHY,
KAK MCITOJIB3YeMas 3aaueit obpabomxa _mpebosanus nporepka dui-
u B nosuiy ¢5. ITosromy B rom cayyae, korma WFE-ceTs He aBiagercst
XOPOWIO CTPYKTYPHPOBAHHOR CETHLIO WM CeThIO €O CBOOOJHLIM BbLIDO-
POM, HMECT CMBICTT JIOKATN30BATE MPUIHHY HADYUIEHHS 9TUX CcBOMCTE
¥ TIPOBEPUTE, ACHCTBUTENIBHO /M OBLIO HEOBXOIMMO HMCHOIL30BAHUE
HACTOJIBKO CIOKHLIX KOHCTPYKimil. BEcim ke HCIOIB30BAHHE KOH-
CTPYKIMHA, HAPYILAOINX CBOMCTBA XOPONIEH CTPYKTYPHPOBAHHOCTH
1 cpoboisl BeIDOPA, OBLIO B HA CAMOM JICIC¢ HEOBXOTUMO, CIEIyeT
TPOBEPHTE MX OCODEHHO BHUMATENbHO KAK INOTEHITMAILHBLIA HCTOH-
auk omnbok. TeM caMbiM MOMKHO TAKKE YIYHIIATE IUTadelbHOCTh
OTIPENEICHNS TOTOKOR PaboT 1 yI0BCTBO WX COMPOBOXAIEHHS.
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