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IIpeaucinosue

IToroku pabor (workflow)

Cy1ecTByeT MHOTO Pa3/NYHbIX BUJIOB pabOT, HAIIPUMED, BBIIIEY-
Ka xJeba, ITPOU3BOJICTBO aBTOMOOWIIEl, Pa3paboTKa apXUTEKTYPHLIX
IIPOEKTOB WJIM OIPOC JIOJell /st ¢cbopa CTATUCTUYECKUX JaHHBbIX. Bo
BCEX ITUX IIPUMEPAX MbI MOXKEM BBIJIEJINTH KAKOH-HUOY b OIUH OCHA3a~
eMbIil “mipeMeT”, KOTOPDIN IMTPOU3BOIUTCS WU U3MEHIeTCs: Xj1eh, aB-
TOMOOMJIb, JIOM, cTaTucTUYecKuil order. Takoit “npeamer” Mbl OyeM
HA3BIBATh 9K3EMILISPOM pabOThl WK IIPOCTO IK3EeMILIsIpOM. B Kade-
CTBe CHHOHUMOB MOT'YT UCIIOJIb30BATbCs TAKHE TEPMUHBI, KAK paboTa,
MPOAYKT WK YCIyTa. JKIEMILISIP He 00s13aH OBITh KOHKPETHBIM 00b-
€KTOM; OH MOKET OBITH U H0J1ee aOCTPAKTHBIM, KaK, HAIIPUMED, Cy1e0-
HBI TIpoIiece ujn cTpaxopoe TpeboBarue. CTPOUTENBHBII TPOEKT UK
cOOpKa OJIHOIO aBTOMOOMIISI HA 3aBOJIE TAKXKE SIBJISAIOTCS [IPUMEDPAMU
9K3eMILIgpa paboThI.

Pabora ¢ sk3eMIIsipoM muCKpeTHa 10 cBoeil mpupome. Karxkmprit
9K3EMILISIpP pabOThI UMEET HAYAJIO M KOHEI[ U MOXKET ObITh OTJICJIEH OT
Jiroboro jipyroro. Kaskblil 9K3eMILISIp BBI3BIBAET BBHIIIOJTHEHHE IIPO-
necca. Ilporecc cocTouT M3 HECKOJBKHUX 3aJ1a4, KOTOPBIE JOJIXKHBI
OBITH BBIIOJIHEHBI, U HAOOpa YCJIOBUil, KOTOPhIE ONPEIE/IAIOT IOPsi-
JIOK BBINIOJIHEHU 3ajia4. [Iporiecc MOXKHO Takyke Ha3bIBATH ITPOIIELY-
poit. 3ajiaga — 5T0 JIOruYecKast e IUHUIA pabOThI, BBIIOIHIEMAS KaK
eJInHOe Tiesioe ojiHuM pecypcom. Pecypc — aTo obiiiee Ha3BaHue Jiis
JeJI0OBeKa, MAIUHBI, & TaKyKe I'PYIIIb JIOJIEH WM MaIllinH, KOTOPbIE
BBIIOJTHSIIOT crienndudeckne 3a1a9u. Pecypce He 06s13aTeIbHO BBITIOJ-
HeT CBOIO 3aJIa9y HE3ABUCHUMO, HO OH BCErJa OTBETCTBEHEH 3a Hee.

B kadecTBe npumepa mporiecca pacCMOTPUM pabOTy CO CTPAXOBBI-
MH TPeOOBAHUSMHM HEKOTOPOIl BBIMBIIIJIEHHON CTPAaXOBOW KOMIIAHUU
(upumep B3siT U3 Kuuru [1]). OT KineHTa KOMIAHUU HOCTYIIHIA 3a-
sBKa (cTpaxoBoe TpeGOBaHHE) HA BBHILIATY BO3MEINEHUs 10 (hakTy
BO3HUKHOBEHHsI KAKOTO-TO cTpaxoBoro ciydast (moxap, ATTI, nasos-
Henue, ...). CrpaxoBasi KOMIAHUS JIOJKHA PACCMOTDETH 3Ty 3asiBKY



1 Kak-TO Ha HeE OTPearupoBaTh (BBILIATHTH BO3MEIIECHUE MJIN OTKa-
3aTh). B 970ii paboTe Mbl MOKEM BBIIEUTH CJIEIYIONIHE 3aaUu:

)
2)

10)

11)

12)

13)

peaucmpayus oIy IeHus TpeOOBAHUSI;

onpedeserue muna TpeboBaHUs (HAIPUMED, MOXKAD, IyTelle-
CTBHE, TPAHCIIOPTHASI, TIPOGECCHOHATbHAS CTPAXOBKA);

IIPOBEPKA, MOAUCA KJIMEHTa, /I TMOATBEPXKIEHUSA TOT0, YTO OH
COOTBETCTBYET TUITY TPEOOBAHMUS;

MIPOBEPKa 83H0CO6 KJIMEHTA NJIA IIOJITBEPXKIACHUS TOTO, YTO ILIa-
TeXKell JOCTaTOYHO;

omxa3, ecau 3a7auu 3 Uau 4 Jal0T OTPUIIATEIbLHBIN Pe3yIbTaT;
[IOJITOTOBKA NUCbMG 00 omKa3e;

OIIEHKA GbINAAGYUBAEMOT, CYMMbL, UCXOII U3 AeTajgeil TpeboBa-
HUS;

Ha3HAYEHHUE OUECHULUKG JIsl BBIICHEHHSI 0OCTOSITEILCTB yIepba
1 OIIpeIeJIEHNsT ero 00bheMa;

PACCMOTPEHUE IKCMPEHHDIT MeP NIl OTPAHUYICHUS JTaIbHEHIIe-
ro ymepba Win yMeHbBIIEHUs TOTePD;

obecrevueHne IKCMPEHHIT MeP, €CIN UX HeOOXOANMOCTH OIIpe-
JeneHa 3ajadeit 9;

OIIPe/IeJIEHNE UJTU TIEPECMOTD 6bNAAYUSLEMOT CYMMbL 1T THDOD-
MUPOBAHUE 00 9TOM KJIMEHTA;

perucrtpalys peakuyuu KJINEHTa: COIvVIaCue WJIN BO3PazKECHUE;

AHAIN3 603PadCeHUA W PEIEHHE O MEPECMOTPE BBILIAT (3a/1a9a
11) mim o paccMoTpenun Jjiesia B cyjie (3azada 14);



14) paccmoTpenue nena B Cyge;
15) swinaama TpeboBanus;
16) saxpwmue TpeboBanus (OTHpPaBKa Jiejia B apXUB).

B sToMm mipumepe BbIJI€JIEHBI IIIECTHAIIATD 33189, KOTOPhIE He 00s1-
3aTeJIbHO JIOJIPKHBI BBIIOJIHATHCS B YKa3aHHOM Iopsijke. JIBe min Hec-
KOJIBKO 33J[a4, KOTOPBIE JIOJIKHBI OBITH BBIIOJHEHBI CTPOrO B YKa-
3AHHOM TIOPSJIKE, HA3BIBAIOTCS NOCACI08GMEALHOCTNbI0. B HEKOTOPBIX
CyYasx OTAeIbHBIE 3aJa9d MOTYT BOODIE HE BBIMTOJHITHCS. [Ipn-
MEPOM TaKOTO POJIa 3aJadl SIBISETCS HA3HAUCHWE dKcrmepra. Kcmm
TpebOBaHME He BBI3BIBACT COMHEHUN W 3ampalmBaeMasi CyMMa, HIXKe
OIIPEJIeJIEHHOTO 3HAUYEHUSs, TO SKCIIEPTa IIPUBJIEKATH He HYKHO. JIpy-
THe TPUMepbl HeoOsI3aTeMbHBIX 3a7ad: TPUHATHE SKCTPEHHBIX Mep,
aHaJIn3 BO3PAKEHUI WM PACCMOTDEHHE Jiejia B CyJie. B HEeKOTOpPBIX
CIIyYIasix HeOOXOAMMO BBITOJHATH TOJIBKO OJHY U3 JABYX WA OOJIbIITe-
ro YnCIa 33Jia9. DTO HA3BIBACTCH 66100pom. BO3ZMOXKHBI TaK»XKe CUTY-
aIym, KOrjga HEKOTOPbhIE 38J[a9i MOI'YT BBIIOJHITHCSI NapastessHo. B
HaIlleM [IPUMEpPE ITO IPOBEPKA MOJINCA U IIPOBEPKaA B3HOCOB. [Ipu aToM
0be yKazaHHBIE 33191 JIOJI?KHBI ObITH 00sI3aTe/IbHO 3aKOHIEHBI JI0 Ha-
4JaJia BBIIOJTHEHUS 33191 “0TKa3 . DTO HA3BIBACTCS CUNTPOHUIAUUEY.
Hamr npumep mporecca CoIep:KuT Takke umepayuto (MM IOBTOpe-
HEE€) — aHAJN3 BO3PaXKEHUIl W MEPEeCMOTD BBIJIAYMBAEMOIl CYyMMBI
MOTI'YT BBITIOJIHSTHCs IOBTOPHO. TeopeTndecku Takoe MOBTOPEHHe MO-
JKeT TTPOJIOJIZKATHCS JI0 OECKOHETHOCTH.

Ha pucysxke 1 mocsie10BaTe/IbHOCTD BBIIOJTHEHHS 33189 ITPEJICTaB-
JIeHa B BHJIE TUATPAMMBI ITPOIIEcca: CTPesIKa OT 3a7adu A K 3amade B
03HAYAET, YTO A HOJIKHA BBIIOJTHSATBCS paHbiie, ueM B. Jlerko zame-
TUTb, YTO JHArpaMMa COJEPXKUT OOJIbIlle WHMOPMAIINN, YeM CIUCOK
zajiad. Hanmpumep, Ha Hell moKazaHo, 9TO TpeboBaHe MOYXKET ObIThH 3a-
KPBITO TOJIBKO IIPU YCJIOBUHU, ITO BCE HEOOXOIUMBIE SKCTPEHHBIE MEPbI
yKe ObLTN MPUHSTEI.

Ha mmarpamme kaxkgasi OTHesabHAsT 3ajada n300parKaeTcs Mpsi-
MOYTOJILHUKOM. [IpsiMOYTOBHUK ¢ 9epTOil cBepxy — TepBas 3ajada
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nporiecca (pezucmpayus), TPIMOYTOJIbHAKA C YE€PTOil CHU3Yy — 3a-
KJIIOUnTeIbHbIE 3aja4uu (omkas! u saxpumue).

OBaJtbl 0603HAYAIOT CITOCOOBI BETBJICHUST U COSTNHEHUST OTAETHHBIX
uureit mporecca. Berienust susa “AND-split” coorBeTcTByIOT pastu-
EHUIO TIPOIIecca Ha MapaJljiesIbHbIe TOIIPOIECCH, KaXK bl 13 KOTOPBIX
JIOMKEH OBbITH BBIMOJTHEH JIO KOHI@. llocienyromast CHHXpOHI3aIs
obozuavaerca causareM “AND-join”. 9To cinsHme Mpon3oiiIeT TOIb-
KO TIOCJI€ 3aBEPINEHUsT BCEX MPEIIECTBYIONNUX TOMpoTeccoB. Taknm
obpasoM, 3ajiada 5 HAYHET BBIMOJIHSITHCS TOJBKO IOC/IE 3aBEPIIeHUsT
" 3a7a49d 3, u 3aaa4n 4.

Bersienus Bua “OR-split”! coorBeTcTBYIOT BBHIGOPY POBHO OIIHO-
TO M3 HECKOJbKNX BO3MOXKHBIX MyTell pas3suTus mporiecca. Craemona-
TeJILHO, TOCJIE 3aJIaYU D MOYKET BBIOJIHUTHCS WK 3a/1a49a, 6, mim mna-
paJsutebHbIN BBI30B 3amad 7 u 9. JomosHsrorieil cTpyKTypoit K BeTB-
seanto “OR-split” saeisiercs ciausiaune “OR-join”, dyukiun koToporo
OYeBUJIHBI U3 HA3BAHUSI.

TlonBosst uTOT, MOXKHO BBIJIEJINTD U€THIPE OCHOBHBIE KOHCTPYKIIAN
B CTPYKTYypPE IPOIECCOB: MOCIEI0BATEILHOCTD, BBIOOD, MTapauie/n3M
u uTepaIuio. Bce oHM 9aCcTO BCTPEYAIOTCA HA MPAKTUKE, U, B IPUHITU-
Iie, BCEe IIPOIECCHI MOTYT MOJEINPOBATHECA C IIOMOIIBIO 3TUX YE€TBIPEX
KOHCTPYKIIUA.

KoppekTHOCTH CXeM MOTOKOB padoOT

Bajaua BepuUKAIUA CXeM IIOTOKOB pabOT IMOsIBUJIACH CPABHH-
TEJIbHO HEIABHO, C BOSHUKHOBEHHEM UH(OPMAIMOHHBLIX CHUCTEM, YII-
PaBJIAIONINX IIpOIEeCCaMM. Ta,KI/Ie CUCTEMBI HA3bBIBAIOTCA CI/ICTeMaMI/I
Yupasnenns [lorokamun Pabor (CVIIP, no amamorun ¢ CYBII). B
HAX B KaJdecTBe MPOrPaMMBbI HCIIOJIb3YeTCsl HAIUCAHHAST HA KAKOM-
TO rpaduIecKOM sI3bIKE CXema Iporecca (Hamogobue Toif, KoTopas
u300pazkeHa Ha pucyHke 1), B coorBercTBHE ¢ KOTOPOii siipo CYIIP

!®axTuueckn tepmur “OR-split” osmaugaer 3mecs “XOR-split”, To ecrb He
“NJIN”, a “nckmrogatoree UJIN”. Opgrako Mbl U B maibHelinieM Oy/ieM Ha3bIBATH
ero “OR-split”, cirenysi craHIapTHON TEPMUHOJIOIUH.



(workflow engine) aBromMarwdecku MapIIpyTH3UPYET OT/AEIbHbBIEC 3a-
Jladll KOHKPETHBIX dK3EeMILIAPOB IIpollecca. B 4acTHOCTH, 3alycKaeT
7 OCTAHABJINBACT MEXAHU3MBI U IPHUJIOKCHNUA, II€PEChIIaCT JOKYMeH-
ThbI UCIIOJIHUTEJIAM, OTCICKUBAET TaliM-ayThl 1 T. 1.

OueBnIHO, ITO HEOOXOIUMBIM YCJIOBHEM YCIIEITHOCTH pabOThI Ta-
KOl cuCTeMBI ABJIAeTCA KOPPEKTHOCTD 3aJI02KEHHOH B HE€ CXeMBbI 1IPOo-
necca (HampuMep, orcyTcTBHe TYHHKOB). Ha pucynke 2 mokasaHbl
HEKOTOPbIE PaCIPOCTPAHEHHbIE OIMUOKU, KOTOPbIE MOI'YT BO3HHKATH
IIDU OIIPEeJIeJICHUHU IIPOIECCa:

1. 3adawu 6e3 ycaosuti na 6xode u/uau evixode. Ecau st 3amadm
He 3aJaHbl BXOJHBIE YCJIOBH, TO HE TOHSTHO, KOTJIa €€ MOYKHO
Oy/IeT BBIIOJHATE. KC/n »Ke He OIpeesieHbl yCIOBUA Ha BBIXO-
Je, TO 9TO 3HAYNT, YTO 3a]a4a HE BHOCUT BKJIAJ B yCIICIIHOE
3aBepIIcHne pabOThI ¢ IKIEMILISPOM, U, CICJOBATEILHO, MOMKET
ObITh omyinena. B curyarun A umeercs ojiHa 3aj1a4a (3aga4a 3)
6e3 BXOIHOIO yCJOBUSI W OJHA 33/ada (3a1ada 6) 6e3 ycIoBust
Ha BBIXOJIE.

2. 3abaoruposarnvie 3adavu: 3a1a41, KOTOPble HUKOT/a HE MOLYT
OBITH BBIIOJIHEHBI. OYeBUIHO, YTO IIPOIECC, COAEPXKAIIUil 320710~
KupoBaHHbIE (“MepTBBIE”) 3a/1a4H, SIBISETCS HesKeIaTeIbHbIM. B
curyarusax B n C 3aa4da 4 HUKOr/1a He MOXKET OBITh BBIIIOJTHEHA.

3. Tynux (deadlock): “3aBucanue” sK3eMIuIsIpa JI0 TOrO, KaK ObLIO
JIOCTHIHYTO YCJIOBHE 3aBeplieHust porecca. Ecm B curyarun E
Ha [IEPBOM II1are BbIOOD Oy/IeT C/lesIat B OJIb3Y 3a/a4H 2, TO K-
3eMILISP [IPOIECCa 3aBEPIIUTCs YCIENHO (B UTOre BBIIOJIHUTCS
saja4a 7). Ecin xxe BMecTo 3azaun 2 Gyer BBIIOJIHEHA 3a/a4a
3, TO MPOIeCC MOMaeT B TYIHK: /Ui BbIoHeHus V-coiustaus
He OyzieT XBaTaTh pe3ysbraTa 3aJadu b, U 3aja4da 7 HUKOIIa He
CMOKET OBITH 3allyIIEHA.

4. Axmuenviti mynux (livelock): nonaganue sxzemiisipa B 6€CKo-
Heunblii 1ukiI. B curyamun D kaxxiplit sK3eMIuisip Oyier ocra-
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BaThCH 70 OECKOHEYHOCTH B ITUKJIE, COCTOSIIEM U3 BBIIOJHEHUS
zagaun 2. pyrumu ciioBaMu, B 9TOI CUTyaIlMU UMEETCS UTEPa-
TUBHBII MapIipyT 0€3 BO3MOXKHOCTU BLIXO/IA U3 IUKJIA.

5. Ilocae docmusiceHus Yeao8us 3a8ePULEHUA NPOJONHCAETNCHA Gbl-
NOAHEHUE HEKOMOPHT 3aday. XOpoIlee OIpeJesieHre IPOoIecca
MMeeT sIBHO OOO3HaveHHOe Hadayo u Komell. [locie Toro, xak
yCJIOBUE 3aBepIeHus JOCTUTHYTO, HA OJHA 3aja4da OoJIbIle He
JIOJIPKHA BBINOJIHSAThCA. B curyanuu C 3agaua 2 moxer cpabo-
TaTh MOCJIE JOCTUXKEHUSI YCIOBHUS 3aBepIieHns (cpabaTbIBaHmst
sajaun 3). Takas cuTyarusi, KOHEIHO, HEXKeJIaTe/bHA.

IIpuBenennbie TPUMEpHI TOKA3LIBAIOT, UTO, JlaKe He 3Has HUYIEro
0 peajibHOM COJIEpKaHUU IIpoIecca, MOXKHO 110 CTPYKType olipejesie-
HUSI TIPOTIECCA BBISBJISITH HEKOTOPBIE TUITMIHBIE OIMMUOKHN. DTHU ONTUOKN
CBSABAHBI ¢ MapIIpyTU3AIHell 9K3eMILIsipoB. st Toro 4robbl MOXKHO
ObL710 OOHAPYKUBATH TAKNE OMMOKN C IIOMOIIIHIO KOMIIBIOTEPHBIX IIPO-
rpaMM, HY2KHO TOYHO OIIPE/IeJIUTD IIOHATHE KOPPEKTHOCTH.

B naHHBIX METOAUYECKNX YKA3aHUIX PACCMATPUBAETCA (DOPMaIb-
HBIH TIOJXO/ K IIPOBEPKE KOPPEKTHOCTU ITOTOKOB PADOT, OCHOBAHHBII
Ha, XOPOIIIO 3aPEKOMEHI0BABIIEM cebst (POpMAII3ME JIJIsT MOJIEINPOBa-
HUSI U aHAJIN3a mporieccoB — cerax Ilerpu. Mcnmonab3oBanue popmasib-
HOI'O IIOAXOJa JAeT PsJ CYLIECTBEHHBIX MPEUMYIIECTB. Bo-IepBhIX,
OHO TpeOyeT TOUHBIX ONPEICJCHUN U, B OTJIUYME OT MHOTUX Hedop-
MaJIbHBIX CXEM, HCKJIIOYaeT JIBYCMBICJIEHHOCTH, HEOIPEIeJEeHHOCTH U
nporuBopetnsi. Bo-BTOpbIX, (pOpMaIN3M MOXKET UCIOJIH30BATHCS s
060CHOBaHMUSI IPOLIECCOB, YTO IO3BOJISIET, HAIIPUMED, CO3/IaBaTh 3aIac
00pa3IoB KOPPEKTHBIX U 3P HEKTUBHBIX IIPOIECCOB. Bee 9T0 Halpsi-
MYIO CBSI3aHO C T€M OOCTOSATEIHLCTBOM, UTO (POPMAaJILHOE OIUCAHUE,
KaK IPaBUJIO, JAET BO3MOXKHOCTD IIPUMEHATDH aHAJTUTHIECKIE METOILI
KaK JIJIgd aHaJIn3a MCIIOJTHECHMNA, TaK 1 JIJId BepI/ICbI/IKaI_H/II/I JIOTNYECKUX
CBOMCTB IporeccoB. Kak OyzeT moKa3aHo JaJjee, ¢ IIOMOIILI0 aHa Id-
TUYCCKUX METOJIOB YJIACTCA IIPOBEPUTH, JCHCTBUTEJLHO JIN JTAHHBIN
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IK3EMILJIAD IIPOIECCa YCIIEHUIHO 3aBEPIIaCTCA 110 UCTEICHNN HEKOTOPO-
'O I1epuo/ia BpEMEHH.

Ceru Ilerpu 6bu BBesieHbl B 1962 roay Kapaom Amamom Iler-
pu [14] Kak MHCTPYMEHT Jijisi MOJEJIMPOBAHUS U AHAJIM3a, TIPOIECCOB.
Dror PopMaAIM3M IIO3BOJIAET [IPEACTABISTEL IHOTOKH paboT B sICHON U
nocrymHoit popme. Hecmorpst Ha To uro ceru Ilerpu sBisrorcs: rpa-
duIeCKUM CPEeICTBOM, OHI UMEIOT CTPOTroe MaTeMaTHIecKoe 00OCHO-
BaHMe. B omimame oT MHOIHX JIPYTUX IpadUIecKuX IpeICTaBIeHH,
ceru IleTpu moJsiHOCTBIO bOpMaAIN30BaHbI. bBiarojgapsi cyiiecTBoBa-
HHUIO TaKOro 0a3mca MBI MOXKeM (pOPMYIUPOBATH CTPOTHNE MaTEMAaTH-
YeCKHe YTBEPXKJIEHUsI O CBOMCTBAX MOJIEJIMPYEMBIX IporieccoB. me-
IOTCSI TAKKE BCEBO3MOXKHBIE METOIbI I HHCTPYMEHTBI, KOTOPbIE MOTYT
WCIIOIb30BAThCS JIJIsI aHaM3a 3a/aHHoi cetu [lerpu.

3a mporre/me Toabl MOJeNh, IpejoykerHas Kapiaom Amamom
IleTpu, pacmupsiiach B pa3jddHBIX HAIPABIEHUAX. DTO ITO3BOJISIET
MOJIEJTUPOBATD CJIOYKHBIE TIPOIECChI JTOCTYITHBIM 00Pa30M.
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1. O6pikHOBeHHEBIE ceTtu lleTpn

1.1. MyJabTUMHO>KECTBa

HOHHTI/IG MYJIBTUMHOXKECTBa ABJAETCA €CTECTBEHHBIM O606IH€HI/I-
€M TIOHSTUS MHOYXKECTBA. B MYJBTUMHOYKECTBE OJIMH U TOT K€ 00bEKT
MO2KET HaXO/UTHCA B HECKOJIbKHUX 3K3eMILJIdpax.

IIycte X — HemycToe MHOXKECTBO.

Onpenenenue 1.1. Myavmummnoorcecmeom M wHam mHON)KecTBOM X
nazwpiBaeTcsa pyukmus M : X — Nat.
Mougnocmo mymsrumuoxectsa, |M| =Y - M(x).

Yuciaa {M(z) | © € X} naspBarorcst KodhDdUIHEHTAME MyJIb-
THMHOXKeCTBa, Koaddurment M (x) onpesesiser 9uciIo 9K3eMILISPOB
ssementa © B M. Ecom Vo € X M(z) < 1, ro M sBisiercst OOBIIHBIM
MHOZKECTBOM.

MysbTuMHOXKECTBO M %0MHEUHO0, €CTIN KOHEYHO MHOXKECTBO

{re X | M(x)>0}.

MHOKECTBO BCeX KOHEUHBIX MYJBTUMHOXKECTB HaJl JAHHBIM MHO-
»kectBoM X obosHaudaercst Kak M(X).

Onepanuy 1 OTHOIICHHS] TEOPUM MHOXKECTB €CTECTBCHHO PACIIIH-
PSIFOTCSI HA KOHEYHbIE MYJIBTUMHOXKECTBA.

Onpepesienne 1.2. Tycrs My, My, M3 € M(X). onaraem:

o My =My, & Voe X Mi(z) = Msy(x) — orHolienne paseH-
CTBA;

o My C My & Voe X M(x) < My(x) — oTHOUIEHHE BKJIOUe-
HUST;

e My C My & My C My A Hl‘EXMl(x)SMg(.%')*
OTHOIICHUE CTPOroro BKJ/IIOYCHUAI,
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o M; = My+ My & Ve e X Ml(.%’) = Mg(l‘) —i—Mg(x) —
orepanud CJI02KECHHA JIBYX MYJIBTUMHO?KECTB;,

e My =MNM; & Vre X Ml(l‘) = mln(Mg(.’E),Mg(l’)) —
onepanusd nepecedenusd ABYyX MYJIbTUMHOZKECTB;

o My =My, — M3 & Ve e X M(x) = My(x) © Ms(x) — pas-
HOCTH JIByX MYJBTUMHOXKECTB (IJi¢ © — BBIYUTAHUE JI0 HYJIsA);

o My =kMs, k € Nat & Vo € X My(z) = kMy(x) — oueparnus
YMHOKEHHsI MYy/JIBTUMHOYKECTBA HA CKAJISD.

IIpumep 1.1. Pacecmorpum My u My — MyJIbTUMHOXKECTBA HaJ MHO-
xkecreoM X = {a,b, c}, rakue, uro My = {a,a,b}, My = {b,c}.
Bormonusiercst:

Mi(a) =2, My(b) =1, Mi(c) =0;
My & M, My 2 Moa;

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

My N M = {b};

M, — My = {a,a};

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

O,H‘HI/H\I nus3 CHOCO6OB 3alliCu MYJIbTUMHOZKECTB ABJIAIOTCA BEKTOPDI
mag Nat. Ilpu sTOM pas3jaudHbBIM KOOPAMHATAM BEKTOPA COIIOCTABJISI-
FOTCsT Pa3InIHbIE DJIEMEHTHI X .

IIpumep 1.2. Mynbrumnoxkecrsa M u Mo u3 npumepa 1.1 moryT
6uiTh 3amucansl kak My = (2,1,0) u My = (0,1,1).
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1.2. Cernu Ilerpn

Ounpenenienne 1.3. O6urnosennot cemwvio Ilempu (ordinary Petri
Net) nazeiBaercs nabop N = (P, T, F), rae
P — KoHeYHOe MHOXKECTBO IIO3HUIIMIA;
T — KoHeuHOe MHOKeCTBO nepexoyos, PNT = ();
F:(PxT)U(T x P) — Nat — dbyHKI¥sI UHIUIECHTHOCTH.

I'paduyecku cerp llerpu m3obparkaercss Kak JBYIOJBHBIH OpH-
eHTUPOBaHHLI I'pad. BepmuHbI-103uny n300pazkaroTcs KPyKKAMI
U XapaKTePHU3YIOT JIOKAJIbHBIE COCTOSHUS CETH, BEPIIHHBI-IIEPEXO/IbI
n306paKaIoTCs MPIMOYTOJHLHUKAMI U COOTBETCTBYIOT JEHCTBUSIM MO-
nenmpyemoit cucremsl. [yru B rpade (CTpeskn) coOTBETCTBYIOT 3J1e-
merntaMm F. B cersix [lerpu momyctumMbl KpaTHbie Ty, KOTOPbIE 000-
3HAYAIOTCS COOTBETCTBYIONIUM KOJUIECTBOM CTPEJIOK.

Omnpenenenne 1.4. Ilycre N = (P,T,F) — OOBIKHOBEHHAsI CETb
[lerpu. Pasmemxoti (cocrostuuenm) cetn N HasbIBaeTCs (DYHKIUS BHJIA
M : P — Nat, conocTaBsonasi KaXkI0il MO3UINH CETH HEKOTOPOe
HaTyPaJILHOE YHCJIO WM HOJIb.

Pasmerka MOXKeT paccMaTpuBaThCs KaK MYJIbTUMHOMKECTBO HAJT
MHOXKEeCTBOM mno3unuii ceru, To ectb M € M(P).

I'pacduyeckn pasmerka nzo6pazkaercsi IPU HOMOIIM MapKepoB (Ha-
3BIBAEMBIX “‘uikamMu’) — 4epHbIX TOUeK BHYTpH no3unuii. [Ipn pas-
MeTke M B Kaxkiyro IO3UIMIO0 p nomerraercs posHo M (p) duiek.
Ecnn me xBaTaeT MecTa Ha PUCYHKE, TO BMECTO TOUYEK B MO3UIUH DHU-
cyercst uucsio M (p).

Ounpenenenne 1.5. Mapruposannoti (pasmevwernnot) cemvro Ilem-
pu HasbiBaercs napa (N, My) — cers lerpu N BMecTe ¢ HEKOTODOIt
BBIZIEJIEHHON pa3MeTKoit My, Ha3bIBaeMOll HAYaJbHOM pa3MeTKOl.

Ounpenenenne 1.6. [lycte N = (P, T, F) — cers [lerpn.
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Puc. 1.1: Cers IleTpu, Momenupyiomnas XUMIIECKYIO PEAKITUIO

e Jlis epexona t € T vepes *t u t* 0603HAYNM MYJTBTUMHOXKECTBA
€I'o0 BXOJHBIX N BBIXOJHBIX l_IOBI/H_T,I/II';I7 TaKue, 9To

Vp S .t(p) —def F(pvt)7 t.(p) —def F(t7p)'

e Ilepexon t € T 2omos % cpabamuviearuto npu pasmerke M, ecian
*t C M (Bce BXOJHBIE TIO3UIUK COIEPXKAT JOCTATOUHOE KOJIUIe-
cTBO (DUIIIEK).

e ['oTOBBIIT K cpabaTHLIBAHUIO MEPEXOa t MOXKET cpabomamb, IOo-
poxxiast HOBYIO pasmerky M’ =g.p M — *t +t* (ucmosbsyercs

t
obozuavenne M — M').

QuIKu, HAXOAIIUECs B TOW UJIU UHOM TO3UITNHU, MOJETUPYIOT Ha-
JIndre B CHCTEME TOI'0 WJIM MHOI'O PECYPCa, UCIOJIB3YEMOT'O WJIM I0-
pOXKJIaeMOro IpHu cpabaThlBaHUU IepexofoB. Hampumep, B ceru Ha
pucynke 1.1 durnkn n300parkaioT MOJIEKYJ/IbI BOIOPO/Ia, KICJI0POIa U
BOJIBI JI0 U [IOCJIe XUMUIECKOI peakiuu cuHTe3a BoJbl. CaMa peakins
MOJIEJTUPYETCS TIEPEXOIOM.

Oupenenenne 1.7. Ilycrs (N, My) — mapkupoBanHast ceTb [lerpu.
Pasmerka M ceru N Ha3bIBaeTCs JOCMUNCUMOL, €CIU CYyIIeCTBYET
[I0CJIEIOBATEILHOCTD 1IEPEXO/IOB 0 € 1™, mepeBojsdmias CeTh U3 Ha-
JaJbHOTO cocTosinust My B coctosiane M:

Mo My 2 5 M, tty. ...ty =0,



(o
qTo obo3Hadaercst Kak My — M wmnn npocto Kaxk My — M.
MHO>KECTBO BCEX JIOCTUKUMBIX PA3METOK (COCTOSIHU{T) MAapKUPO-
BaHHOI cern obosnavaercs kak R(N, My).

Ha pucynkax 1.2—-1.4 npuBeeHbl IpUMEPHI TOIO, KAK IIPU ITOMO-
1 OOBIKHOBEHHBIX ceTeil [lerpm MOXKHO MOzeMpoBaTh HEKOTOPHIE
3JIEMEHTHI PeaIbHBIX CHCTEM.

Ha pucynxke 1.2 nzobpaxken Oydep orpanndennoit emxkoctn. Hesza-
BHCHMO OT TIOBEJIEHUsI CETU KOJMIECTBO (DUIEK B IMO3UIUHU Oydep He
npeBbIcUT JIByX. lIpu sTOM KoJimdecTBO duiliek B CJIyKeOHOM 11031~
MK c600001H0 TOKA3BIBAET, CKOJILKO ellle “Mecta’ ocrajioch B 6ydepe.
[Ipetoxkennas CTPyKTypa CEeTH yHUBEPCAJIbHA — MbI MOXKEM H3Me-
HSITh MOJIEJINPYEMYIO €MKOCTh Oydepa, IPOCTO YBEeJIMINBasi KOJTIIe-
CTBO (bUIlleK B HAYAJIbHONI pasMeTKe HO3UIMU c600600H0. B HavaabHOM
cocTosinnm Oydep mycT, Ha BXOJAE MMEIOTCA TPHU (DUIIKH “ITaHHBIX .

Cetb 1.3 MozeTpyeT cucTeMy pasiesleHnst JOCTYIIa JIJIst BYX pas3-
JINYHBIX IIPOIECCOB K 00IIei sueiike naMsaTu. YToObI UCKIIOYUTD OJI-
HOBPEMEHHBI JIOCTYII IIPOIECCOB K HaMATH (YTeHHe U 3alluCh B JlaH-
HOM CJIy9ae He Pa3IndaloTcs ), HCIOIb30BaHO KJIacCuieckoe cemabop-
Hoe pernenne. ViMeercs: ofuH o0muit Kitod (Mojempyercs buikoii B
MOBUINH K.A10%), KOTOPBIN JaeT nmpaso Ha goctyi. [loka paboraommuii
IIPOIIECC HE BEPHYJI €r0 Ha MECTO, OYKUJIAIONINIL IIPOIIeCC He MOXKET Iie-
peiitu B pabouee cocrostHre. B HauaabHOM COCTOSTHHH 00a IIpoIlecca
HaXOJISITCSI B CTAIUN OXKUJIAHUS JOCTYIIA.

Ha pucynke 1.4 mokazan ssement namsru FIFO (owepens), co-
crosimuii u3 AByx sideek (mosurmu 1 u 2). Iosunus 1 momenupyer
nepsyio siaeiiky FIFO (kyza mocrynaior JaHHbIE), MO3UIHsST 2 — HO-
CJIeJIHIO0 (OTKY/Ia OHU 3a0UpAIOTCst). B HaYaIbHOM COCTOSIHUY CHCTE-
MBI 00€ sT9eiiKu CBODO/IHBI, HA BXOJE UMEIOTCS TPU (PUIIKH ‘TaHHBIX .

Ceru Ilerpu 10CTATOYHO BLIPA3UTENBHDI JIJISI TOTO, YTOOBI MOJIE-
JIMPOBaTh BCE BUJIbI MAPIIPyTU3auu nporecca (pUCyHOK 1.5).

Canenyromas reopema (“cBoiicTBo MOHOTOHHOCTH cereit [Terpn”)
OTPaYKAET BAYKHEWITYI0 KOHCTPYKTUBHYIO 0CODEHHOCTH cereii [leTrpn
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@O0

BXO/] 6yd)ep BbIXOJL

CBODOIHO

Puc. 1.2: Bydep obbema 2

oxuganuel

Puc. 1.3: Cemadop (pas/eneHHblii 10CTYII K IIaAMSITH)

cBOOOIHO B 1 CBOOOIHO B 2

@ﬂ%ﬂ%ﬂ%

BXOZ, 3aHeCTH B 1 IIepEeHeCTH JIOCTaTh U3 2 BBIXOT,
u3 ls2

Puc. 1.4: Ouepenp (FIFO) u3 nByx stueek
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Puc. 1.5: Monenuposanue paspeTBiaeHuil n causuuii cerssmu lerpu
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— CIIOCOOHOCTBH COXPAHSAThH CTAPOE MOBEIEHNE IIPU IMPOCTOM YBeIntIe-
HUU HAYAJIbHON pa3MEeTKH.

Teopema 1.1. IIycmo N = (P, T, F) — obwxnosennan cemo [lempu,
M,K € M(P) — nexomopuie pazmemxu, o € T* — nocaedosamens-
nocmb nepexodos. Tozda

L. MEZM = (M+K) %M +K);
2. M' € R(N,M) = (M'+K)cR(N,M+K).

JokazaTesbCTBO TeOpeMbl MOXKHO HaiiTu, Hanpumep, B (4], § 1.2.

CBOi1CTBO MOHOTOHHOCTH IIO3BOJIAET CTPYKTYPHPOBATH MHOKECTBO
JOCTUZKNMBIX COCTOSTHUIA IIpU IIOMOIIH €CTECTBEHHOT'O YaCTUYIHOI'O I10-
psiJIKa Ha MHOYXKECTBE Pa3MeTOK CeTH — OTHONICHUS BJIOYKEHHOCTH
MyabTEMHOXKeCTB. [lomobnas xoporas CTPYKTYPUPOBAHHOCTDL IIPO-
CTPAHCTBA COCTOsIHUIT (KOTOPOIl HET, HAIIpUMED, B MaImnHax TbIOpUH-
Fa) IOPUBOJUT K Pa3PCIIMMOCTU Dsjla KJIIOYEBbIX aJII'OPUTMUYICCKUX
cpoiicTs. B wacrnocTn, Jyia cereit [TeTpu HOCTPOEHDBI alrOPUTMBI IIPO-
BEPKH CBOMCTB OCTAHOBA U JOCTUKUMOCTH.

Onpepesenne 1.8. Cers Ilerpu N = (P, T, F') Ha3bIBaeTCS CEMbio
€0 c80600HbBIM 6b1O0POM, €CIIH JIjIsI JTIOOBIX JIBYX II€PEX0JIOB 1 U to U3
Toro, uro °ty N *te # @ caenyer, uro °ty = °ts.

Ceru IleTrpu co cBOOGOIHBIM BBIOOPOM IIPOIE OOBIKHOBEHHBIX Ce-
tett. OHE 006JIAAI0T PSTOM WHTEPECHBIX CBOWCTB. B wacTHOCTH, MHO-
rMe UX CBOWCTBa MOXKHO ITPOBEPSATL IPU ITOMOIIU TOJUHOMUATHHBIX
AJITOPUTMOB (& He 9KCIHOHEHIMAJIBHBIX, KAK B CJIydae OOBIKHOBEHHBIX
cereit). OupeseuTsh TO, 9TO ceTh lleTpu sIBJISIOTCS CETBIO CO CBO-
OOHBIM BHIOOPOM, MOXKHO HEIOCPEJICTBEHHO II0 €€ OIpeaeIeHHIO, 0~
cJIeI0BaTe/IbHO 1epedbpaB MHOXKECTBO I1ap MEPEXO/IOB U ITPOBEPUB JIJIst
KaXKJIOW Maphbl UX MPEIyC/IOBUI.

Tepmun “cBOOOIHBIN BEIOOP” B JAHHOM Ciiydae 00JIaIaeT CJIeIyIo-
el MHTepIpeTanuei: ecan ABa Iepexosa B CeTU 3aBUCAT OT KaKOI'O-
TO OJITHOTO PECypca, TO OHU PABHOIIPABHBLI B €I'0 UCIIOJb30BAHUU U HE
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Puc. 1.6: Ceru Ilerpu co cBobommbIM BoIOOpOM (IN7) 1 6€3 cCBOOOIHOTO
BbIOOpa (N3)

3aBUCAT OT KAKUX-TO APYrux pecypcoB. To ecTh cam 3TO pecypc Mo-
2KeT ObITh “yBepeH’ B TOM, UTO €CJU B JIAHHBIIH KOHKPETHBI MOMEHT
BDPEMEHH €ro MOYKeT 3a0paTh MepBblil mepexos (t] aKTUBEH), TO U BTO-
poii MOXKeT cyiesiaTh To ke camoe (fo Toke akTHBEH). BbIGOp Mex 1y
repexoiaMu abCOTIOTHO CBOOOHBIIA.

B ceru N; na pucynke 1.6 nepexojnl 1 u to KOHMIUKTYIOT U3-32
durek B o3unugx p; u pe. Ho 1pu 9TOM OHE PAaBHOIIPABHBI, TO €CTh
HE 3aBUCST OT KAKUX-TO JIONOJTHUTEIbHBIX (PA3/IMIHbIX) pecypcos. B
cetu Ny TIEPEXOIbI S1 U So TaKyKe KOH(MIUKTYIOT M3-3a OIHON (hUIKH
B mo3uruu ¢s. Ho 31ech HeT cBODOIBI BHIOOPA, TAK KaK MEPEXO]T So Ha-
XOJUTCA B “TIPUBUJIETUPOBAHHOM TTOJIOZKEHUH, TTIOCKOJILKY HE 3aBUCUAT
GoJibiiie HU OT Kakux durtiek. [lepexost so 3aBUCKT eMIE U OT pa3MeTKu
MO3UTIAN (.

1.3. MeToabl aHaJIn3a

PaccmoTpuM HEKOTOpBIE CBOMCTBA CUCTEM M IIPOIECCOB, KOTOPHIE
MOT'YyT OBITH (POPMAJIM30BAHBI IIpu mToMoIu cereil [lerpu.
[Tycrs (N, My) — mapkupoBanHas ceTb [lerpu.

Omnpepenenune 1.9. Ilosunus p € P Ha3bIBaeTCA 02paHUY4EHHOT, eC-
mu In € Nat, rakoe, uro VM € R(N, Mp) sbonusiercss M (p) < n.
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MapkupoBaHHas CeTh Ha3bIBACTCS 02PAHUNEHHOT, €CIIN BCe €€ TO3U-
U OTPAHUYEHDI.

Jpyrumu cjaoBaMu, KOJTHYIECTBO (DUITIEK B OTPAHUYEHHON TTO3UIIITHT
orpanngero. OYeBUIHO, ITO MHOKECTBO COCTOSTHUN OTPAHUIEHHOI Ce-
TU KOHEYHO, TO €CTh OrPaHUYeHHAas CETh JKBUBAJEHTHA KOHETHOMY
aBromary. Hampumep, nipejcrapiennas Ha pucynke 1.3 Moesib ceMa-
dopa sBJIeTCS OrPAHMIEHHON CETHIO, TO €CTh MbI MOYXKEM IIPOBEPUTH
€é CBOHCTBA MIPOCTBIM TIePEOOPOM JTOCTHKUMBIX COCTOSTHUI.

Omnpenenenne 1.10. Ilosunus p € P HaspBaeTcst 6e30nacHotl, ec-
m VM € R(N, Mp) somonusiercss M (p) < 1. Mapkuposanuas ceTb
Ha3BIBAETCsT 6€30NaACHOT, €CIIN BCe e€ MO3UITNN Oe30TaCHBI.

IlounsiTHe GE30IIACHOCTH SABJISICTCSI Cy2KE€HUEM ITOHATUA OT'PaHNICH-
HocTHu. bezonacubie O3 MO2KHO pacCMaTPpUBaTh KaK JIOTUICCKHE
InepeMeHHble, IPUHUMAIOIHEe OJHO U3 JIBYX BO3MOXKHBIX 3HAYEHUIA.

Onpenenenue 1.11. MapkupoBaHHasi CeTb HA3BIBAETCS KOHCEPEG-
muenot, eciu In € Nat, Takoe, aro YM € R(N, My) BbimosHsieTcst
|M| = n.

Jpyrumu cjioBaMH, B KOHCEPBATUBHOI ceTn 00Ilee KOJIMYECTBO
dbumek (Bo Bcex MO3WINAX) MOCTOSTHHO M HE M3MEHSIETCSI B XOfe €8
dyuknuonuposanus. OUeBUIHO, ITO JI00asT KOHCEPBATHBHAS CETD SIB-
JIsleTcd OI'PaHUYEeHHOI, TO €CTh KOHCEPBATUBHOCTD — 3TO Cy2KEeHHe I10-
HATHUS OI'PAHUYEHHOCTHU CETH.

Onpenenenue 1.12. Ilepexom t € T Ha3BIBAETCS 24CUGBIM, €CTTU
VM € R(N,My) 3IM’' € R(N,M) : °*t C M’'. MapkupoBaHHast

CEThb Ha3bIBacTCA DfCUGO’Ij, €CJIn Bce eé IIepexo/Ibl 2KHUBBI.

JpyruMmu cjaoBaMu, >KUBOH TIEPEXOJ] BCETIa OCTAETCsI TOTEHITNATb-
HO aKTUBHBIM (TO €CTh aKTUBHBIM €CJIM He B JJAHHOM COCTOSIHUU, TO B
KaKOM-TO U3 JIOCTHZKUMBIX OT JTAHHOTO). B »KUBOIt ceTn HeBO3ZMOXKHBI
COCTOSIHUS, IIPU KOTOPBIX KaKHe-HUOY/Ib IePeXOibl CTAHOBATCS M30bI-
TouHbIMU. Bee Tak mim mHAYe BCErjia CMOTYT CpaboTaTh.
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NIPOU3BOICTBO

Puc. 1.7: Mojiesib HeHa IE2KHON TTPOUBBOJIAIIECH CUCTEMBI

Ipumep 1.3. Cucrema Ha pucyHke 1.3 orpanumveHa, Ge3omacHa, He
KOHCEPBATHUBHA U YKUBA.

Onpenenenue 1.13. Ilepexon t € I Ha3BIBAETCI MEPMEBIM, €CIIH
VM € R(N, M) *t £ M.

JpyruMmu ciioBaMu, MEPTBBII Iepexon He aKTHUBEH MPHU BCEX M0-
CTIXKUMBIX pasmerkax. ObOparwrTe BHUMAaHWE, UTO U3 HE-MEPTBOCTH
repexojia He CJeIyeT ero KUBOCTh. llepexos He MOXKeT OBITH OJIHO-
BPEMEHHO U YKUBBIM W MEPTBBIM, OJHAKO CYIIECTBYIOT IIEPEXOJIbI, KO-
TOpBIE He ABJIAIOTCS HU MEPTBBIMU, HU YKUBBIMU.

Ipumep 1.4. Cucrema na pucynke 1.7 He orpaHuveHa U HE YKUBA.
Heorpanuuennocrs, u, cjie/loBaTeIbHO, HEOE30IIACHOCTD M HEKOHCEP-
BATUBHOCTDH OObSACHSIOTCS HEOIPAHUYEHHOCTBIO MTO3UIUH NPOOYKUUA
(Tak Kak Imepexoji npou3sodcmeo MoxKer cpaborarh J060e KoJmde-
cTBO pa3). B To ke Bpems ceThb He XKHUBa, TaK KaK B JIIOOOI MOMEHT
MOXKET OJIUH pa3 cpaboTaTb IepexoJ cHot, MOCae Iero B CHCTEMe He
OCTAHETCS HU OJIHOTO aKTUBHOI'O IIE€PEXO/IA.

JlaHHasT ceTh MOJEIUPYET MPOCTEHRIIYI0 CUCTEMY, B KOTOPOU cOOi
HEIONPAaBUM W IMPUBOJAT K IMPEKpPaIeHnuio paboTol. JIerko BUiaeTh,
9TO HEOOJIbITE MOJUMDUKAIIMN CETU MO3BOJISIIOT MOJIYUUTH MOJIETN
JUIst 6oJiee CJIOXKHBIX CJIydaeB, HAIPUMED, JJIs CUCTEM C BOCCTaHOB-
JIEHHEeM Tocjie cO0eB, CUCTEM C PE3EPBHBIM ITPOU3BOJICTBOM, CUCTEM C
JKypHAJUPOBaHUEM cOOEB U T. .
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Onpenenenue 1.14. Cerp Ilerpu N HasbBaeTCsI T0powo chopmu-
posannol, eciu cymecrByer cocrosinne M rtakoe, uro cerb (N, M) —
JKUBas U OrPAHMIEHHA.

[Iycrs (N, My) — pasmeuennas cerb Ilerpu. Paccmorpes cpaba-
TBIBAHUsI BCEX MIEPEXOJIOB CETH, aKTUBHBIX IIpU pasmeTke M, MbI MO-
2KEM IIOCTPOUTH KOHEIYHOE MHOZKECTBO pa3MeETOK, JJOCTU2KUMBIX OT MO
3a onuH mar. B cBoio ovuepenb, OT KayKJI0W M3 HOBBIX PA3METOK MBI
MOZKeM IIOCTPOUTH BCEe NJOCTHUKUMBIE 3a OJUH IIal' pa3METKHN, U TaK J1a-
Jiee. PesynbraToM 3TOTO mporiecca OyIeT IpecTaB/IeHre MHOXKECTBA
JIOCTHXKUMBIX Pa3METOK B BUJIE JIEPEBa. ¥Y3JIbl J€PeBa COOTBETCTBYIOT
pa3MerkaM, a JyI'u — CpabaTbIBAaHUSIM IIE€PEXOI0B, IMPeoOPa3yoNM
OHY pa3MeTKy B IAPYyTIYIO.

Tlosryaaemoe mepeBo B obiieM ciydae OyaeT OECKOHEYUHBIM, BEIb
CeTb MOXKET COJepXKaTh HUKJIbI U/Min ObITh HeorpaHudeHHoit. HrTo-
OBl OrpAHUYNTH OECKOHEUHBIN POCT JepeBa, B ODO3HAYEHUS pasMe-
TOK HO3UIHHI T0OABJIAIOT CHEUAJIBHBIA CHMBOJI W, COOTBETCTBY IO
“meorpannveHHoMy”’ (HemcuepraeMomy, 6eCKOHEUHOMY ) UncJLy (UIeK.
[Tpu 5TOM CTaHIapTHBIE ONEPAIINN U OTHOIIEHUS IEPEHOCITCS Ha Pac-
HIMPEHHOE MHOXKeCTBO HarTypasbHbix uncen Nat U {w} ciemyrommm
obpazoM: s JTF0O0r0 HATYPaJbHOTO 1 TOJIAraeM

w>n, wHN=w, w—N=w U W > Ww.

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

AgropurMm 1.1. (noanoe noxpwisarowee depeso cemu Ilempu,)

1. Buwibepem 6 kauecmee KopHA HAUAAbHYIO pasmemky My, nome-
mum amom y3es npudnarom “1oeviis”.

2. Iloxa cywecmeyiom “nosvie” yaavl, BbIMOAHUM CAEYIOULEE:
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2.1. Buwibepem odun us maxux y3a08 — pazmemxy M.

2.2. Ecau M cosnadaem ¢ xaxoti-mo 0pyz01i pazmemroti, Haxo-
7
dawetica na nymu om xopra ¥ M, mo cmerum npusHax
)
yaaa M na “cmapwuid” u eepremcs nwa wae 2.

2.8. Ecau npu pasmemxe M nu odun us mepexrodog He axmu-
6em, Mo cmerum npudnak yasa M na “mynux” u eepremcsa
Ha wae 2.

2.4. Jlasa xaocdozo nepexoda t, axmuerozo npu pazmemxe M,
BHINOAHUM CACOYIOULUE ULA2U:

2.4.1. Buvucaum pasmemxy M', noayuarougproca uz M npu
cpabammsanuu t (mo ecmo M' = M — *t +t°*).

2.4.2. Ilpocmompum secv nymsv 6 depese om xopHsa do M.
Ecau ma amom nymu ecmpemuanacy pasmemxa M,
maxas wmo M" C M’ (mo ecmv M' noxpweaem M"),
mo Oas Kkascdol nosuyuu p, makoti wmo M"(p) <
M'(p), samenum 6 paszmemxe M' xoopdunamy M’ (p)
Ha cumeos w. To ecmb 6Ce NOFUYUU CO CMPO20 YEENU-
YUBWUMCHA KOAUHECMEOM PUWEK 0003HAHUM Kak “He-
ucuepnaemoie”.

2.4.3. Jobasum 6 depeso ysea M' ¢ npusnaxom “noswviti” u
dyey om M x M’ ¢ umenem t.

2.5. Cmenum npusnax yzae M na “cmapoid”.

JlokazaTeIbCTBO CXOAMMOCTH 9TOIO AJITOPUTMA, MOXKHO HAlTH, Ha~
upumep, B [4], § 2.2.

Ha pucynke 1.8 npuBeseH nmpuMep MOCTPOEHHUsI MOJHOTO TOKPBI-
Barorero jJepesa cetu Ilerpu. 3mech 0OBIMHAS pAMKA Y3718 O3HATACT
MIpU3HAK “‘cTapblil’, nBOHAA — IPU3HAK “TYIHUK .

[TocTpoenne TOMHOTO MOKPBIBAIONIETO JIEPEBA MO3BOJISAET BBISIC-
HUTH psifi, cBOMCTB cetn [leTpum:

o Ilogunus p oeparuuera TOrIa U TOJIBKO TOT/IA, KOT/Ia HU B OJHOM
13 Y3JI0B JilepeBa OHa He MoMedeHa CUMBOJIOM W.
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p1 to b3

t D2 t3 D4

Puc. 1.8: IlocTpoenue mosiHOro MOKPLIBAIONIETO JIepeBa

e Ilosumnust p Hesonacha TOTHA W TOIBKO TOTIA, KOTIA BO BCEX
y3J1axX JIepeBa OHa IToOMeYeHa HyJIeM W eIUHUIEH.

o Cerb KoHcepsamuera TOTHa M TOJBKO TOr/a, KOrJa obIlee Ko-
JIm4IecTBO uitiek B J0O0M y3j€ JepeBa COBIAIAET C ODIIUM
KOJINYeCTBOM (PUIIEK B KOPHE.

e Ilepexon t mMépme TOrIa U TOJBKO TOTA, KOTIA UM He TIOMETEHa,
HU OJTHA U3 JIyT B JIEPEBE.

e Eciu pasmerka M JocTuKuMa, OT HAYaJIBHOMN, TO B JlepeBe Hali-
néres yzen M’ rakoit uro M C M’ (upm 3TOM, BO3ZMOXKHO,
gacTh KomnoHeHT B M’ Gyjer obo3nadena w).

IIpumep 1.6. B ceru, nzobparkeHuoil Ha pucynke 1.8, mosuiuu p; u
p3 orpaHndeHbl u OezoracHbl. CeTh He KOHCEPBATHBHA, HU OJWH W3
[IEPEX0/IOB HE SBJISIETCS] HU KUBBIM, HU MEPTBBIM. [IpuMepbl MOKpbI-

BaeMbIX pasmerok: (1,50,0,0), (0,100, 1,5000).

Obparture BHUMAHUE, UYTO JOCTNUNCUMOCTIG KOHKPETHON pasMer-
Ku B cetu llerpu Heb3s OIpere/nTh Yepe3 IMOJHOE HMOKPBLIBAIOIIEe
sepeBo. Perraercst Tosibko Oojiee citaboe CBOHCTBO 10KPHIBAEMOCTIU,
TO €CTh JIOCTU?KUMOCTU KaKOM-TO pa3MeTKH, ITOKPBIBAIOIIEH TaHHYIO
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(IIpH 5TOM aJIrOPUTM HE JTAET METO/[a TOTHOTO HAXOXKICHNUST HANMEHD-
nieif U3 MOKPBIBAIOIIUX PA3METOK).

MoxkHO MTOKa3aTh, ITO MPOoOIEMa YKUBOCTH IEPEX0Ia CBOITUTCS K
upobisieme gocruzkumoctu pasmerku ([4], §2.4). Ipobaema gocruzku-
MOCTU — OJHAa M3 KJIIOUeBBIX B Teopun cereir Ilerpu. B Hacrosimee
BpeMsi €€ pa3permMocTh Jlokasana [13], oJHako aaropuTm mnposep-
KI BEChbMa CJIOYKEH U II09TOMY 3JIeCh He IPUBOJUTCS. 3aMETUM, UTO
JUIst ynpoméHnbix cereii [Terpu (Hampumep, st cereii ¢ He Gosiee uem
JIByMsI HEOI'PDAHUYEHHBIMU MMO3UIUSIMU UJIU JJIsT ceTeil cO CBOOOIHBIM
BBIOOPOM) pa3paboTaHbl JTOCTATOYHO TPOCTHIE U 3(DDEKTUBHBIE AJIr0-
PUTMBI peIeHust MpobJIeM JTOCTUKUMOCTH U YKUBOCTH.

OTaenbHO OCTAHOBUMCS Ha CJIydae OrpaHMYeHHBIX cereil Ilerpm.
st Takux cucreMm mpobiieMa JOCTHXKUMOCTHA Pa3MeTKN M IpobIeMa,
JKMBOCTHU IIEPEX0Ja MOI'YT OBITH JIEMKO PA3PEIIeHbl IIPYU ITOMOIIY II0JI-
HOT'O TIOKPBIBAOIIEro JIepeBa.;

e B orpannyennoii ceru Ilerpu pasmerka M docmustcuma oT Ha-
JaJIbHOI TOI/a M TOJBKO TOrJA, KOrJa B JepeBe HaIETCsI y3e,
rnmoMevdeHHbIn M.

e B orpanmuennoit cetu IleTrpu mepexon t owcug TOrIa U TOIBKO
TOTJIa, KOT/Ia BBIIOJHAIOTCS CJIETYIONINE JTBa CBOMCTBA:

1. B nepese mer y3/10B (IUCTHEB) ¢ TPU3HAKOM “TYIHK’.

2. Ecian coemmHuTh myramMum BCe PA3JIMYHBIE y3JIbI JIEpEBa C
OJIMTHAKOBBIME pa3MeTKaMM, TO B TIOJIy9eHHOM I'pade B KarK-
JIOM IUKJIe HalAETCs Jayra ¢ IOMETKOM .

Wrak, B ciaydyae OrpaHUYEeHHBIX CeTell ITOJIHOE ITOKPLIBAIOIIEe Ie-
PEBO MIPEBPAIAETCS B KOHEUHBIH rpad JTOCTHUKUMOCTH, IT0 KOTOPOMY
MOXKHO YCTAHOBUTD [IPAKTUIECKH JTIFOObIE CBONCTBa cucTteMbl. QueBu/i-
HO, 9TO 9TOT rpad MOKHO PaCcCMaTPHUBATDL KaK AMATPAMMY IIE€PEXO-
JIOB HEKOTOPOI'0 HEIEeTEPMUHMPOBAHHOIO KOHEYHOro asromara. Or-
CIOJIa JIETKO MOXKHO CJIeJIaTh BBIBOJI O TOM, YTO OIpAHWYEHHBIE CETU
[IeTpu 5KBUBaJIEHTHBI KOHEYHBIM aBTOMATAM.
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2. CeTu 1IOTOKOB padoOT

2.1. Ompenenenue u cBOiCTBa

Jlasiee MBI IIPHBOJIIM OIIPE/IE/IEHAE CIENUAIBHOIO IIOKIACCa Ce-
reit IleTpu, KOTOPBIi UCIOJIB3YeTCsI TIPH MOJIEMPOBAHIA IOTOKOB Pa-
6or (workflow) — sro Tak HasbiBaemble WF-cern [1].

Ounpenenenne 2.1. Ilycrb N = (P,T,F) — 0ObIKHOBEHHasl CETb
[Terpu. Cerp N naswiBacrcss WF-cemwvio (cerbio moroka pabor), eciu

1) B MHOX)KeCTBe P MMEIOTCs JIBe ClenuasbHble O3 | 1 0, Ta-
Kue, 4To *i = 0* = (J;

2) moboit ssement MuOXKecTBa P U T j1eKUT Ha IyTH U3 i B 0.

Ilosumust i Ha3BIBAETCS HAYAALHOU, & TO3UIUS 0 — GUHAAGHOT
nozunueir ceru N. AJbrepHATUBHBIE TEPMUHBI — IMO3UIIHMA-UCTOIHIK
u no3urus-cTok. HadagbHas pasmerka ceTu HMOTOKa PabOT COCTOUT
u3 ool duimk B nozunuu i (1 0603HAYAETCST KaK 7).

Ipumep 2.1. Ha pucynke 2.1 uzobpaxena cetb Ilerpu, monennpyto-
mast OMUCAHHBIN B IIPEINCTOBAN MPOIECC 00pabOTKU CTPAXOBBIX TPe-
6oBanuii. [lo cyru jiesia, Mosesb oy deHa Jo0aBJIeHHEM B CXEMY [PO-
ecca Mmo3uIuni (HpOMe}KyTO‘IHbIX, a TaK>Ke OHON Ha4YaJILHON 1 OJHON
buHAIBHOI) U HECKOJIbKUX CJIy’KEeOHBIX Mepexo/oB (OpraHu3yomux
pacnapaJijie/IMBaHue U Nepeiadu yIpaBIeHusl ).

2.2. BeszgedekTHocTh (soundness)

IIpaBusbHOE 3aBepInieHne MmPOIEecca, MOJIEIUPYEMOIO CETLIO, Ta-
PAHTUPYETCS BBITIOJTHEHUEM CJIEIYIONIEr0 CBOHCTBA!

Onpenesnenne 2.2. WF-cets N = (P, T, F') nasbiBaercst 6eadederm-
not (sound), ecin
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Puc. 2.1: ®opmasibuast MOje/Ib MOTOKA PadOT mporecca odpaboTKu
CTPaxXOBOr0 TPeOOBAHUSA
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1. Hursr sroboro cocrostaust M, TOCTUKUMOTO W3 COCTOSTHUS ©, Cy-
IIECTBYET IIOC/IEI0BATE/ILHOCTE CpabaThIBAHMIA, [IEPEBOIAIIAS CO-
croguue M B cocrosiHue o:

VM € R(N,i) o€ R(N,M).

2. CocrosiHue 0 SIBJISIETCS €INHCTBEHHBIM COCTOSTHIEM, KOTOPOE J10-
CTU2KMMO U3 COCTOSAHUSA § U COJEPXKUT XOTs Obl OJHYy (DUIIKY B
IIO3UIIAN O:

o+ M € R(N,i) = M ={.
3. B ceru (N, i) HET MEPTBBIX II€PEXOJIOB:

Vte T 3IM € R(N,i): *t C M.

JpyruMmu cjaoBaMu, U3 JIIOOOI0 JOCTUKUMOIO COCTOsIHHA Oe3Jie-
dexTHOIl ceTn MOCTHAKUMO (PUHAIBHOE COCTOsTHHE, IPU 3TOM B u-
HaJIbHOM COCTOSTHUU HE MOYKET OCTATbCs HUKAKUX ‘JIMITHUX’ (DUIIEK.
[TepBhie 1Ba ycJIOBUsT HA3BIBAIOT TaKKe TPEOOBAHMEM IIPABUIBHON 3a-
BEpIIaeMOCTH Iporecca [2].

Tpetbe ycmoBue o3HaAYAET, IYTO B 6e3/1e(DeKTHOM ceTn HeT JINITHUX
nepexosioB. Kakplil mepexos; TeopeTuieckn MOXKeT cpaborarh (mpu
6JIArOIIPUSATHOM JIJIsi HETO XO/Ie TIPOIECCa).

Jlerko BuaeTh, YTO ceTh Ha pucynke 2.1 Gesmedexrrtna. To ecTb
JII000H HK3EMILIAP IIPOIECCa, YIPABJISIEMbII B COOTBETCTBUHU C ITOM
cxeMoit, Byier Bectn cebsi KOPPEKTHO (He MomajerT B TYIUK W Oec-
KOHEYHBI OUKJI 1 B UTOI'€ IIpaBUJIBHO SaBepH_II/ITCH).

Paccmorpum mpumep cetu ¢ ommbKaMu:

Ilpumep 2.2. Cerb Ha PHUCYHKE 2.2 MOJEJUPYET HEKHUI IIpoIrecc 00-
paboTKM 3asIBOK, KOTOPBIN pasjesieH Ha JBa MapaJulebHbBIX MO/ IITPO-
mecca. M3BeCTHO, 9TO KaXKIbIH M3 MOAMPOIIECCOB MOXKET 3aBUCHYTD,
MOITOMY CHCTEMa OTCIEKMBAET HACTYILUICHUWE TaifiM-ayToB. B ciydae
Taiima-ayra (XoTst Obl OJIHOTO U3 JBYX) JIOJIKHA 3AIlyCTUTHCS 33198
NOK, ormeHsiornias 3asBKy.
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Puc. 2.2: HekoppeKTHBI# mporiecc

HekoppekTHOCTDb B TaHHOM CJIydae MPOSIBJISIETCS B TOM, YTO IPU
HACTYIUIEHUN OJTHOTO U3 TaiiM-ayToB (Hampumep, maiim_ aym_ 1) mpo-
[eCC MOXKET MepPEeHTH B 3aKJIIUUTEIbHOE COCTOsiHMe (cpabaThiBaHue
NOK wu nosiBnenue bUIIKA B MO3UIUU 0) 10 TOTO, KAK BCE IIPOUHE
3a/laHUsl CTaHYT HEAKTUBHBIMU (B YaCTHOCTH, AKTHBHBIM OCTAHETCSI
sasianue obpabomka_ 2). Takum 06pa3oM, y 9K3eMIUIsipa IPOIecca OT-
CYTCTBYET YETKUH IPU3HAK 3aBEPIICHUS.

WcopaBuTh CHUTyaIuio MOXKHO Pa3HBIMU CIIOCODAMU, HAIPUMED,
Tak, KaK IIOKa3aHO Ha pucyHke 2.3. 371ech NU3MEHEHO yCJIOBUE CpabaThl-
Banust nepexojia NOK — oH Terepb MOXKeT cpaboTaTh TOJBKO MOCJIE
TaiiM-ayTOB B 000UX MOAIIpoIeccax. TakKe 100aBIeHbl Y€ThIpe HOBBIX
sak/ounTebHbIX nepexoga (N1, N1/, N2 u N2'), coorsercTyioniue
BCEM OCTAJIbHBIM BO3MOXKHBIM CJIydasiM HEYCIIEIITHOIO 3aBePIICHUsT K-
3eMILIsIpa MPOTIECCA.

IIycTth HEOOXOMUMO OIPEIe/NTh, sSBJsIeTcss au gaHHass WE-ceThb
N = (P, T, F) 6e3nedexrroii. B [11] 6b110 nmokazano, aro 6e3nedexr-
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Puc. 2.3: Ucnpasiiennsrit mporecc

HOCTb COOTBETCTBYET 2KUBOCTHU M OI'PDAaHUYIECHHOCTH. qTO6bI CBA3aThb
6e3/71e(PEKTHOCTD € YKUBOCTHIO U OTPAHUYEHHOCTHIO, OMPEJIETUM pPac-
mupennyio cetb N = (P, T, F). Cers Ilerpu N nosyuaercs gobasiie-
HHUEM HOBOTO Tepexojia t*, coeMHSIONEero Mo3uIue 0 u . Pacimmpen-
Has cerb [lerpu N = (P, T, F') oupejie/sieTcst CJIeyonmM 00pa3oM:

P =qet P, T =qot TU{t"}, F =q¢¢ FU{(0,1"),(t",4)}.

Jajee Mbl 6yIeM Ha3bIBATH TAKYIO PACIINPEHHYIO CETh 3AMbIKAHUECM
cetu N. [Ipumep 3aMblKaHusI IPUBE/ICH Ha PUCYHKe 2.4.
CupaBeyimBa CJIEAYIONIAsl TEOPEMA.

Teopema 2.1. WF-cemv N asasaemcs 6e3dedpexmnoti 8 mom u mosv-
Ko mom cayuae, kKozda cemv (N,i) — orcusas u 02panuverHas.

Hokazaresnscrso cm. B [11].

U3 sT0it TEOPEMBI CIIEYET, ITO /s IPOBEPKH Oe3aedeKTHOCTH ce-
Tell TOTOKOB pa,6OT MO2KHO HCITIOJIb30BaTh CTaH/IapPTHbBIE METO/JIbI aHa-
mm3a cereit Ilerpu, paccMorpennsle B mpeaplayeit riiase. CtponTest
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Puc. 2.4: 3ambikanue ceru

HOJIHOE TIOKpbIBatolee jiepeBo cetu (NN, 1), 3aTeM 110 HeMy OIpeJIelisi-
eTcsl OrpaHMYeHHOCTD CeTH, U, B CJIydae OrPaHUYeHHOCTH, IIPOBepsieT-
sl JKUBOCTDb BCEX IIEPEXO0JI0B.

IIpumep 2.3. Eciu mocTponTh MOTHOE TOKPBIBAIOIIEE TEPEBO /IS CETH
Ha PUCYHKe 2.4, TO OKaXKeTCs, 9YTO BCe TO3UITAN ITOU CETH HE OTPAHU-
qenbl. TakuMm 006pa3oM, ceTb Ha PUCYHKe 2.2 JIefiCTBUTE/IHLHO He ABJIsI-
ercst 6e371ePeKTHOI.

B cBoto ouepesip, 1MoHOE TOKPBHIBAIOIIEE JIEPEBO I UCIIPABJIEH-
HOIl ceTn (pUCYHOK 2.3) HE COJEPKUT W, TO €CTh COOTBETCTBYIOIIUIL
Iporecc KOPpPeKTeH.

2.3. CTpyKTypupOBaHHbIE CETH

Teopema 2.1 mo3BoIsIeT TPOBEPUTD 6€3/1e(DEKTHOCTD Y2KE ITOCTPO-
€HHOI cxeMbl 1T0TOKa paboT. OJHAKO B PsAjie CIYyYaeB Mbl MOXKEM eIIié
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Ha, 9Tale MOCTPOEHUS CXEeMBI IOMBITATHCS N30eKaTh HEKOTOPBIX OIIHU-
6ok. Hanpumep, He 106aBJIATH B CETh IEPEXOJbl 0€3 BXOIHBIX HJIA
6e3 BBIXOIHBIX Mo3uImit. Kpome TOro, ecTeCTBEHHBIM CIIOCODOOM ITOI-
JeprKaHus “OTHOCUTEIbHON MIPaBUILHOCTH MOJIEN sIBJIsSIeTCs Tpebo-
BaHNE TOTO, YTOOBI TP KarKIOM J00aBIEHUN B ceTh V-pa3BeTBieHms
pa3paboTdnK cpazdy ke 106aBJsiii Obl cooTBeTcTBYyIONEe V-cimstHue
(anastoruuno jyist UJIM-passersienus: u UJIU-consams).

Pacemorpum mopkiaaccer WE-cereit, koTopbie Ojaromapsi caMoit
CBOEll CTPYKTYPE IMO3BOJIAIOT M30€:KaTh MHOTMX HEKOPPEKTHOCTEH B
cxeMe mporiecca. Bee TeopeMbl IpUBOASATCS 0e3 J0Ka3aTeIbCTB, JTOKa-
3aTesIbCTBa CM. B [1].

WPF-cetu co cBOOOJHBIM BHIOOPOM

BoJibImuHCTBO CyIIeCTBYIOMNX B HACTOSIIEE BPEMS CHCTEM yIIpaB-
nenusi norokamu pabor (CYIIP) aberparupyrorcest oT cCOCTOSTHUN MeK-
Jly 3ajladaMi, TO €CThb COCTOSIHWsI B HUX HE MPEJICTABJICHBI SIBHO (B
Bujie 1o3unumii). B 9rmx cucremax i onmcaHusi MPOIELYP MOTO-
KOB pabOT UCHOJIB3YIOTCS CTpouTebHble O/10ku V-passersienne, M-
cnustaue, JIN-paspersienne u NJIN-cousiaue. N-paspersienue u M-
CIIMSTHE UCHOJIB3YIOTCS JJIsl TapaJiiebHoit MapmpyTudaruu. JIM-
passerBienne u WJIV-ciusinue — 171 yCJIOBHON MapIpyTU3AIINN.
[TockoybKy 3TH CHCTEMBI aOCTPArUPYIOTCA OT COCTOSIHUI, BBHIOOD B
HUX Bcerga jenaercs BHyTpu Ojioka WJIW-pazsersiienue. Ecim ke
Mbl Mozesmmpyem WNJIN-pazsersiienune ¢ nomorisio cereir Ilerpu, To
koHcTpyKmu NJIV-pasBerBiienns COOTBETCTBYET HECKOJIBKO IEPEXO-
JIOB C OOIIIM JIJIsl HUX MHOYKECTBOM BXOHBIX [TO3UIHIA. DTO O3HATAET,
9TO HPOIIELyphl TOTOKOB padoT B 3tux CYIIP Momenupyores cersimu
[TeTpu co cBOOOIHBIM BHIOOPOM.

JleficTBUTEILHO, JIETKO 3aMETUTh, YTO OMICAHUE ITPOIIECCa, COCTAB-
JIEHHOE TOJIbKO u3 KoHCTpyKiuit U-passersienune, U-cnusauue, NJIU-
pazsersiyienune u UJIN-ciusuune, ynoBaeTBopsieT CBOACTBY CBOOOTHOTO
BBIOOpa. A UMeHHO, ec/Ii JIBa Iepexona t1 U to UMEOT OOINYIO BXOJ-
HyIo no3unuio (*t) Nty # &), TO OHU SBJISIOTCS YACThIO HEKOTOPOTI'O
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NJIN-pa3BeTBIeHUsI, TO €CTh ‘“‘CBOOOIHOIO BHIOOPA’ MEXKIy HECKOJIb-
KuMU ajibTepHaTuBaMu. [103ToMy MHOXKECTBa BXOJIHBIX MO3UIINN TIe-
PExoJoB t U ty JOJKHBI yIOBIETBOPATH yCaoBuio (*t; = *ty).

Cetb, nzobpakennasi Ha pucyske 2.1, sisisiercst WF-cernio co cBo-
6oaubiM BbIOOpOM, & WF-ceTh Ha pucynke 2.3 — HeT; HAIIPUMED, IIe-
pexomel N2 u N2’ umeror oOIyr0 BXOJHYIO HMO3UIIAIO0, HO MHOXKECTBA
UX BXOJIHBIX TIO3UIUI He COBIIAJIAOT.

Cetu IleTpu co cBOGOHBIM BBIOOPOM HMTUPOKO U3YIATUCH, TIOCKOJIb-
Ky OHU IIPEJICTABJISIIOTCS XOPOIITUM KOMIIPOMUCCOM MEXKJIy BBIpa3H-
TEJILHOCTHIO M BO3MOXKHOCTSMH aHaJjm3a. s sToro kiacca cereit
[TeTpu uMmeroTcd cuIbHBIE TEOPETUUYECKUE PE3YAbTaThl U IDdeKTUB-
Hble MeTOJIbl aHa/m3a. B dacTHOCTH, HOKA3aHO, 9TO MPOOJIEMa IIpo-
BEpPKH, SIBJISIETCS JIU JIAHHAS CETh CO CBOOOJIHBIM BBIOOPOM YKUBOH 1
OTPAHWYIEHHO, MOXKET OBITE PeITiena 3a MoTHHOMHuAIbHOE BpeMst. Cire-
JIOBaTEbHO, BEPHA CJIEIYIONAs TEOPEMA:

Teopema 2.2. Caedyrousas npobiema pas3pewsuma 3a nOAUHOMUAAb-
noe epems: Onpedeaumsv, aeasemes au dannas WF-cemo co c60600-
HBoLM GblO0poM be3dedhexmmot.

Teopema 2.2 TOBOPUT 0 TOM, UTO JJIsT CeTel CO CBOOOIHBIM BBIOO-
poM mMeroTcs 3hPEeKTUBHBIE aJIrOPUTMbI IPOBEPKH 6€3/1e(DEeKTHOCTH.
Bonee Toro, Beskast 6esnedexTras WF-ceTh co ¢cBOOOIHBIM BHIOOPOM
6e3onacHa (IIpU HAYAJBHOM COCTOSIHUM C €JIMHCTBEHHON (buIKoil B
HO3UIUH 7):

Teopema 2.3. Bbesdepexmmas WF-cemv co c60600HbLM 6b160pOM AG-
agemes besonacrot.

Jlnss WF-cereit 6e30macHoCTb — KeJIaTe/IbHOEe CBOWCTBO, TAK KaK
HE UMEET CMBICJIA UMETh HECKOJIBKO (DUIIEK B TO3UIUHU, TTPEICTABIIS-
fomieii ycsosne. YeiaoBue MoxKer ObITh jmbo mcerunHHbIM (1 dumka),
JI00 JIOXKHBIM (HET UIlex).

Xotst 6osprmmacTBO CYIIP momyckaer TobKO MOTOKEH paboT co
¢BODOJIHBIM BBIOOPOM, yCI0BHe cBOOOIHOTO BhibOpa s WE-cereit He
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HMCYEPIBIBAET CTPYKTYPHYIO XapaKTEPUBAIUIO “XOPOIINX ITOTOKOB Pa-
6ot. C ofHoit cToponsbl, ObiBatoT WE-ceTu 6e3 cBoGOIHOTO BRIOOpA, KO-
TOpPBIE TIPEJICTABIISIIOT pa3yMHble IOTOKU paboT (cM. pucynok 2.3). C
JIPYTOii cTOPOHBI, HEKOTOpBIe be3nederTHbie WE-ceTn co ¢BOOGOIHBIM
BBIOOPOM HE UMEIOT CMbIC/Ta. TeM He MeHee CBOWCTBO CBOOOIBI BEIOODA
SIBJISIETCsT BECbMa, YKeJIaTeJIbHBIM. Fcjim oTOK paboT MOXKHO MOJIEJIH-
poBatb WF-ceTnio co cBOOOAHBIM BEIOOPOM, TO TaK U HYKHO J1€/1aTh.
Cuernudukanusa 1moroka pabor, ocHoBanHas Ha WF-cetu co ¢BoboI-
HbIM BbI6OpOM7 MOZKET HUCIIOJITHATHCA 6OJIbH_H/IHCTBOM CUCTEM IIOTOKOB
pabot. K Tomy ke WF-cerhb co cBOOOIHBIM BBIOOPOM siBjIsIeTCsH OoJtee
sICHOI M TIOHATHOM, JJist Hee UMeIoTcd d(DPEKTUBHBIE METOIbI AHAIU-
3a. Hapymaromune ycioBue cBOOOIHOTO BBIOOPA KOHCTPYKIIMH SBJIsI-
FOTCsT TTOTEHITUAJIBHBIM UCTOYHUKOM AHOMAJIBHOTO MOBEJEHUS, KOTO-
poe TPyIHO 00HAPYKUTh.

Xoponio crpykrtypupoBanubie WF-ceTtu

Jpyroit crocob moIydInTh CTPYKTYPHYIO XapaKTePU3aIlnio “Xopo-
mmx” HOTOKOB paboT cocTout B cobiroennn basanca mexkty 1 /M-
passersiennsvu u U /UJIU-cimsansvu. [lonsaTHo, uTo nBa mapasi-
JIEJIHBIX ITOTOKa, MHUIIMAPOBAHHBIX VI-pasBeTBieHUEM, HE TOJIXKHBI
coeMHATBCA ¢ 1noMoIbio WJIN-ciusaaus. AHajorndHo jsa ajibTep-
HaTUBHBIX IIOTOKa, HopoxkaeHHbix VJIV-pasBeTBienneM, He MOJXKHBI
cuaxpoHu3upoBarhea U-cimanumem. Kak mokaszano Ha pucyHke 2.5,
N-pasBerBienne JOKHO JIoNONHATHCA U-cnusaauem, a NJIM-passer-
Bjieane — coorBercrBenno WMJIN-ciaustanem.

Onpenenenue 2.3. Cerb llerpu N HazbIBAeTCSH TOPOULO OP2aAHU30-
6aHHOT, €CIn JIJIsT JTI0OOH Tapbl BEPIINH I, Y, U3 KOTOPBIX OJIHA SIBJISI-
eTCsT TIO3UITAEH, a IPYTast — MePEXOIOM, U JJIsT JTIOOBIX TBYX MPOCTBIX
nyteit! C1 u Co, BeLyMUX U3 BEPIINHBI £ B BEPIIHHY 1,

a(Cr) Na(C2) ={z,y} = C1=0Cy,

rie o(C) — muOXkecTBO BepmnH Ha myTn C.

Hlpocroit myTs — myTh 63 caMOIepecedeHtil.
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Puc. 2.5: KoppekTHble 1 HEKOPPEKTHBIE CIIOCOOBI OPraHU3AIUU Pa3-
BETBJICHUN U CJAUSHUN B CXeMaX MOTOKOB paboT

CBoiicTBO XOpolIeil OPraHm30BaHHOCTH PA3PEIINMO 38, [TOJTMHOMHU-
aJIbHOE BpeMsl IIyTeM IPUMEHEHNs MOAU(MUIMPOBAHHOIO AJTOPUTMA,
HaXOXKJAEHNS MAaKCHUMAJLHOIO IMOTOKa B cern. OKa3pIBaeTcs, s XO-
POILIO OPTraHU30BAHHLIX ceTell CBOMCTBO CUILHON CBA3HOCTH O3HATAET
XOpoIIyio chOPMUPOBAHHOCTE (CM. OLPEJIeIeHUs B 1. 1):

Teopema 2.4. Cuavho c8A3HAA U TOPOWLO OP2AHU306aHHGA cemb [lem-
DU ABAAECMCA TOPOULO CHOPMUPOBAHHOTL.

Bynem nazwiate WF-ceTh Xoporno cTpyKTYypUpPOBAHHOM, eciia ee
3aMbIKAHUE SIBJISIETCSI XOPOIIO OPraHU30BAHHON CETHIO.

Onpenenenue 2.4. WF-cerb N Ha3bIBaeTCS TOPOULO CMPYKMYPU-
posarHoti, ecan N — XOPOIIO OPTaHN30BAHHAS CETh.

Xoporto crpykrypupoBatnabie WF-ceTn obiaaior psgoM MeHHbIX
cBoiicTB. st HUX 6e31e(heKTHOCTh MOXKET OBITH IPOBEPEHA, 38, TOJIH-
HOMHAJIbHOE BpeMsi, a Oe3medeKTHass U XOPOIIO CTPYKTYpPUPOBaHHAS
WF-cers siBasteTcst 6€301acHOii:

Teopema 2.5. Caedyrousas npobiema pas3pewsuma 3a noAUHOMUAAb-
HOE 8pema: OasA 3adannol Topowo cmpyxmypuposannot WF-cemu
nposepuMb, ABAACMCA AU 0Ha besdedexmmot.
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Puc. 2.6: Xopormo crpykrypupoBannas WEF-ceTnb

Teopema 2.6. Bbesdepexmmasn xopowo cmpykmypuposanmnas WFE-
cemb ABAAEMCA 6E30NACHOT.

Xoportro crpykrypuposanubie WF-cetu 1 WF-cetu co ¢cBobo1HbIM
BBIOOPOM MMEIOT IOXOXKMe CBoiicTBa. VI B TOM W B JpPyroMm ciydae
6e31eeKTHOCTD MOXKHO IIPOBEPUTH OUeHb 3hdPeKTuBHO, a u3 o6e3-
nedekTHOCTH CieyeT Oe30macHOCTh. HecMOTpst Ha 3Ty IMOXOXKECTh,
CyIecTByIOT Oe3medeKTHbIe XOpoIio cTpyKTypupoBanubie WF-ceTn,
KOTODBIE HE SIBJISIIOTCST CETSIMU CO CBOOOTHBIM BBIOOPOM (pUCYHOK 2.6),
u cymecTByioT be3siedbekTHbie WE-ceT co ¢BOOOIHBIM BHIOOPOM, KO-
TOpBIE HE ABJISIIOTCSA XOPOIINO CTpyKTypupoBanubiMu. Ha camom merte,
MOYKHO IIOCTPOHUTH 6e3nedekTHyio WE-ceThb, KoTOpas He SIBJISAeTCA HI
CETHIO CO CBODOIHBIM BBIOOPOM, HU XOPOIIIO CTPYKTYPUPOBAHHOIN.

IIpumep 2.4. Ha pucynke 2.7 mzobpazkeHa cersb llerpu, momerupy-
joIas emeé oAMH BUJ Ipolecca 00pabOTKM CTPaXOBBIX TPeOOBaHMUil
(csterka OTIMYAIOIIHUICS OT PACCMOTPEHHOI'O PaHee).

[Ipexxge Bcero TpeboBanue perucTpupyercs (3ajada pe2ucmpa-
YuA), 3aTeM NAPAJIIETHHO BBIIOJHSIIOTCS JIBE 3a/Ia9i: KJIUEHTY MOChI-
Jaercst aHKera (3aja9a nocaams _ ankemy) U IPOU3BOIUTCS ONEHKA
TpeGoBanus (3a1aua oyenka). Ecim aHkeTa BO3BpAIAeTCsl B TeUEHHEe
JIBYX HeEJIENIb, TO BBINOJHACTCA 3aJada obpabomka_ anxemot. Ecou B
TedeHue JBYyX Hejleslb aHKeTa He BO3BpallleHa, TO Pe3yJbTaT aHKeTH-
poBaHust UrHOPUpYeTcs (3a1ada matim-aym). Ha ocHOBaHUM pe3yiib-
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Puc. 2.7: Beznedexrnags WF-cerh, koTopast He sSIB/IsI€TCST HE CETHIO CO
CBODOJIHBIM BBIOOPOM, HH XOPOIIIO CTPYKTYPUPOBAHHON CETHIO
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TaTa OIEHKHN TpeboBaHme Inb0 paccMaTrpuBaeTcs, oo HeT. PeanbHas
pabora ¢ TpebGoBanueM (3ajaua o6pabomra_ mpebo6aruA) OTKIIAbI-
BaeTCsd JI0 TOI'O MOMEHTa, KOrJia OyJIeT BBIIIOJHEHO YCJIOBHE CH, T. €.
Jinbo aHkKeTa obpaboTaHa, JIMOO UCTEKJIO BpeMs ee oxkujanus. Obpa-
b6oTKa TpebOBaHUS KOHTPOJMPYETCs C TIOMOIIBIO 338491 KOHMpoas. B
KOHIIE KOHIIOB, BBIIIOJIHSAETCS 331298 GPTUS.

ITockomnbKy 3ajiada obpabomra_ mpebosaHUusA IPOBEPSET HAJIUYLE
dumkn B o3unuu cH, JaHHAS CETb HE SBJISETCS HU XOPOIIO CTPYK-
TYPUPOBAHHOM, HU CEThIO CO CBOOOIHBIM BBHIOOPOM.

KpaTkue BbIBO/IBI

Mpu1 paccMoTpesin JiBe CTPYKTYPHBIE XapaKTepucTuku cereit [ler-
pu (cBOOOIHBIN BBIOOP M XOpOIIasi CTPYKTYPUPOBAHHOCTS). Obe 9TH
XapaKTEPUCTUKN OYEHBb TOJIE3HBI JJIsI aHAJN3a OlpeIeeHril cucTeM
moTokoB pabot. as WF-ceru, Koropast yIoB/IeTBOPsIeT XOTs OBbI OI-
HOI1 U3 HIX, UMEIOTCsI BEICOKOY(h(DEKTUBHBIE aJIropuTMbl aHam3a. O1-
HaKO0, KaK OBbLJIO IOKA3aHO, CYIIECTBYIOT CETH IIOTOKOB PAbOT, KOTOPbIE
HE SIBJISIIOTCS HU CETSIMU CO CBOOOHBIM BBIOOPOM, HU XOPOIIO CTPYK-
TYPUPOBaHHBIMU ceTaMu. PaccMoTpuMm B KadecTBe IpUMepa CETh Ha
pucyHke 2.7. X0Ts JaHHASI CETh IIPEJICTAB/ISIET CODOIT pa3yMHO ITOCTPO-
€HHYIO CHCTeMYy IIOTOKOB paboT, 60bIMUHCTBO coBpeMeHHbIX CYIIP
HE MOJEP>KUBAIOT TaKue “IPOJBUHYTHIE” CPEJCTBA MAaPIIPYTU3AIINAN,
KaK UCIOJIb3yeMasd 3a1adeil oopabomra_ mpebosarus TpoBepKa Duli-
Ku B mo3unmu ¢5. IToaTomy B ToM cayuae, korma WF-ceTh He siBasgeTcsa
XOPOIIIO CTPYKTYPUPOBAHHON CETHIO WJIM CETHIO CO CBODOIHBIM BBIOO-
POM, UMEET CMBICJI JIOKAJIM30BATH IIPUINHY HAPYIIIEHUS STUX CBOWCTB
U MPOBEPUTH, JEUCTBUTEIBLHO JI ObLIO HEOOXOIUMO HUCIOJIHL30BAHUE
HaCTOJIBKO CJIOXKHBIX KOHCTPyKIwmit. Kcim ke ucrnosib3oBanme KOH-
CTPYKIUil, HAPYIIAIONUX CBOWCTBA XOPOIIEH CTPYKTYyPUPOBAHHOCTH
u CBOOOIBI BbIOOpa, OBLIO W HA CAMOM Jiejie HeOOXOIMMO, CJIedyeT
[IPOBEPUTHh UX OCODEHHO BHUMATEJBHO KaK MOTEHITUAJIBHBIN HUCTOY-
HUK OIMUOOK. TeM caMbIM MOXKHO TaKKe Y/IyUIIUTh INTabeIbHOCTH
OIIPeIeJIEHNsT TIOTOKOB paboT U yI0OCTBO UX COIPOBOXKICHUSI.
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