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Bioxkennsre ceru Ilerpu (NP-cetn) — s1o pacmupenue cereit Ilerpu B pamkax
noaxoa “nets-within-nets”, korna duinkm B pazmerke CeTH CaMu SIBJIAIOTCS CETIMU
Ilerpu u 0obsiaal0T ABTOHOMHBIM IIOBEJIEHUEM, IIPU 3TOM UMEIOTCS CPEJCTBa CUH-
XPOHUBAIUU CeTeBLIX urnek u cucreMuoii ceru. Pomanzm NP-cereli mozBoJisieT
€CTECTBEHHBIM 00pa30M MOJIEJIUPOBATH MHOT'OYPOBHEBbIE MYJILTUATE€HTHBIE CUCTE-
MBI C JUHAMHYECKOU CTPYKTypoil. B Hacrosiiee BpeMst He CyIIECTBYEeT HHCTPY-
MEHTAJILHOHN MOIAEPKKN MMUTAIIMOHHOTO MOJIEIUPOBAHNAS U aHAJIN3a BJIOXKEHHBIX
cereit [lerpu. B pabore npesjaraercs mpoBOUTh IMUTAIIMOHHOE MOJIE/INPOBAHNE U
noctpoenne rpada moctuzkumoctu i NP-cereit mytem mepesoga NP-cereit B pac-
kpartrennbie cetu [lerpu u ucnonszosanust nuacrpymentapus CPN Tools B kauecTse
BUPTYAJIbHON MAIUHBL JJIsl UCIIOJIHEHUS U CPEJICTBA aBTOMATUIECKOI'O aHAIN3a UC-
xoHbIX NP-cereii.

1. Bsenenue

B nacrosiee Bpems Hab/IIOMaeTCA CMEIEHNE TTapaJIurMbl BRIYUCECHUNR OT TPAIUINOH-
HOIl, B KOTOpPOil BBIYUCIUTEIbHAST MOIIHOCTL pabodeil CcTaHIUU, cepBepa WU TPYIIILI
CEPBEPOB ABJIACTCA OCHOBHBIM PECYyPCOM IIPOU3BOAMMBIX BBIYMCJICHUHI, K HOBBIM CIIOCO-
6aM opraHu3aIny BBIYUCIEHUI — OOJIavHble, MOBCEMECTHBIE, KOMMYHAJIbHbIE, KPaeBbIe
BbIYUC/IeHUs. B TaKMX BBIYUC/IEHUAX BCe aTPUOYTHI BHIMUCJIEHU, KACAIOTCS JIU OHH ITPO-
FPAMMHOI0 WJIA AIIAPATHOINO 00ECHeUYeHUs, JIOTHIECKOTO YIIPABICHUS WU JTAHHBIX, UC-
MOJTb3YEMBIX BBIYUCIUTETbHBIX WU (DU3UIECKUX PECYPCOB, CTAHOBATCA MAKCUMAJILHO
JENEeHTPaIN30BaHHbIMU U PACIIPEICICHHBIMU.

!Pa6ora Bumonmena B pamkax mporpamvbl Hayuaroro domrga HUY BIID B 2012/2013 rr. (mpoekT
11-01-0032) u npu nomuaepxkke Poccuiickoro douma dbyHmaMenTaabHbIX ucciaegoBanuii (rpantst 11-01-
00737, 11-07-005549) .
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Hogble criocobbl opranuszanuy u CTPYKTYPUPOBAHNUS BBIMUC/IEHUN B TPOIPAMMHBIX U
AIIIAPATHBIX CUCTEMaX MPHUBEIN K PACIpPOCTPaHeHuto MysbruareHTHbIX cucreM (MAC).
B MAC BbrunciieHue pacupeiesieHo Me¥K 1y MHOKECTBOM y3JI0B-areHTOB B3aMOJIeCTBY-
IOIMUX JPYT C JAPYTOM IS JTOCTUZKEHUS JIOKAJTBHBIX ITlesleil, a MX COBMeCTHas CKOOD/IN-
HUPOBaHHas padoTa MPUBOJUT K JIOCTUZKEHUIO ITTODAJILHBIX Tiesieil cucTeMbl. B KadecTse
HarIsaHbIX 1puMepoB MAC MOTyT BBICTYHATH OJHOPAHTOBBIE CETU, I'PHJI-CHCTEMBI, 00-
JIAYHBIE CEPBUCHI, CHUCTEMBI JIOIOJHEHHON PeaibHOCTH, OEeCIPOBO/HBIE CAMOOPTaHU3YIO-
muecd cetu u Jipyrue. [1o00HbIe CHCTEMBI BCTPEYAIOTCS B CAMBIX Pa3HbIX ITPUKJIATHBIX
00J1acTdX, ¥ UX HEIPABUILHOE ITOBEJICHUE MOYKET IPUBECTH K MaTepPUAJbLHBIM yOBITKAM,
yiiepOy 370pOBBIO U KavdecTBY Kus3uu Jiojieit. [losromy npobiiema obecrieuenns: HaIexK-
HoCcTH U KoppekTHocTr paboTel MAC gBISIOTCS BecbMa AKTYaJbHBIMU, U JIJIsT TOCTPO-
eanst KOppeKTHIX MAC HeoOX0[UMO TpUMEHEHHe CTPOTUX MATeMaTHIECKUX METOI0B
MO/IEJINPOBAHNS U aHAJII3A.

OJiHUM U3 YCHENIHBIX U TMOMYJISPHBIX (DOPMAIU3MOB I MOJIEJIUPOBAHUS PacIpe-
JIEJICHHBIX U NApaJlIeJIbHBIX cucTeM saBjsgioTcd cetu llerpu. Opnako Kiaccudeckue ce-
i [leTpu 00J1/TAI0T CTATHYECKON IJIOCKOM CTPYKTYPOIl, UTO SBJISIETCH CYIIECTBEHHBIM
HEJIOCTATKOM IPU MOJIEJTMPOBAHNN MYJIbTHANEHTHBIX cUCTeM. B KadecTBe pereHus 3Toil
npobsembr P. @anpk [20] npegioxkni noaxon “ceru-suyTrpu-cereir” (nets-within-nets),
KOTODBIIl aKTUBHO pa3BuBaeTcs B Teopuu cereit [lerpu, kKak criocod mojiempoBanusi MO-
OUIIbHBIX 0OBEKTOB B pacipe/ie/ieHHbIX cucTeMax |3, 4, 6, 9, 13, 14, 15, 16, 18, 19, 21].

Biroxkennsie cern [lerpu (NP-cern) [1] — 910 pacmupenue cereit I[lerpu , B KoTopom
duinku, 3a1ar011Me MapKUPOBKY CeTH, caMmu sBjgioTca cetamu llerpu. B ormmuane ot
Jpyrux pacmmpenuit cereit [letpu ¢ cereBbIMU (pUITKAMU BJIOYKEHHBIE CETH 00/1a1a10T
ABTOHOMHBIM TIOBEJIEHUEM U B3aUMOJICHCTBYIOT JAPYT € JAPYTOM U C OCHOBHOI ceThio. Ko-
Op/IHAINS AKTUBHBIX 0OLEKTOB Ha pa3HbIX ypoBHAX NP-ceTn obecnieunBaercs nepexoa-
MU CHHXpOHHU3aInu (OHOBPEMEHHOE cpabaThIBAHUE OJIMHAKOBO ITOMEYEHHBIX MME€PEXO/I0B
B CMeXKHBIX ypoBHsX). Momesn NP-cereit umeror cj1aboCBA3aHHYIO JTUHAMAIECKYIO MHO-
TOYPOBHEBYIO CTPYKTYPY, UTO MO3BOJISET €CTECTBEHHBIM 00Pa30M MO/IEJINPOBATH pacIpe-
JIeJICHHBbIE 1 MHOTOYPOBHEBBIE MYJIbTUAI'€HTHBIE CUCTEMbBI ¢ MOJIEJIUPOBATH PaCIIpe/Ie/IeH-
Hble 1 MHOTOYPOBHEBBIE MYJIbTHAT€HTHBIE CUCTEMBI ¢ MOOMJIBHBIM areHTaMu. B pabdortax
[1, 8, 17] 6bL10 MOKa3aHO, Kak ¢ moMoIbio NP-ceTeil MOJIeIMPOBATh TAKKUe MY/JIbTHAIEHT-
HBbIE CHCTEMbI, KaK, HAIIPUMED, OJHOPAHIOBbIE CETEBbIE TPOTOKOJIbI, ITPOU3BO/ICTBEHHBIC
IIPOTIECCHI, MHTEJUIEKTYaJIbHbIe cucTeMbl. [loaToMy paspaboTka MeTo/10B aHAIN3a IOBe-
JICHYECKUX CBOWCTB BJIOYKEHHBIX cucTteM lleTpm gBiigerca BazKHON 1TPOOJIEMOI.

Ormerum, uro NP-cetn He sBisgrorcss ThIOpUHT OJTHBIME, HO CTPOro OoJiee BhIpa3u-
TeJIbHBI YeM OObIKHOBeHHbIe ceTu [lerpu. Tak JOCTHKUMOCTH, )KUBOCTH M OI'DAHUYECH-
HOCTb Hepas3pelMbl JIJIs JIBYXYPOBHEBBIX BJIOXKeHHBIX cereil [lerpu [1|. B cBsasu ¢ s1um
OOJIBINON MHTepeC MPeCTaBIsgeT pa3paboTKa METOJOB U TOJIXOMOB JIJI MMUTAIIMOHHO-
ro MOJIEJINPOBaHUA U BepudUKaIuu BIOKeHHBbIX ceTeil [leTpu. DToit Teme mocssiiena
HacTodmas padbora.

Nmvuranmonnoe MoJie/IMpOBAHUE SIBJISIETCH BaXKHBIM HHCTPYMEHTOM BaJIHIAINN T10-
cTpoeHHoit Mojienu. Muranmonnoe Mojge ImpoBaHue MO3BOJILET JIYUIlle TOHATH TOBeIe-
HUE MOJIe/IN, OOHAPYKHUTD ABHBIE JeMEKThI U y3KHUe MeCTa B TMOBEJECHUN U3yYaeMOl TN
pa3pabaTbiBacMOil CHCTEMBI HA pAHHUX CTAIUAX ITPOEKTUpoBanud. Vcronenne HeCKOIb-
KUX TUIIMYHBIX CIIEHAPHUEB UCIOJIHEHUs MOBBINIAET HAILY YBEPEHHOCTH B KOPPEKTHOCTH
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MOJIEJIN.

JIpyruM BaKHEWUIUM WHCTPYMEHTOM aHaJIn3a MOBEJICHYECKUX CBOMCTB MOJIEN $IB-
nsgercsd rpad jgoctuzkumoctu. MMes: rpad JTOCTHKUMOCTU MOJIEN, MOYKHO C ITOMOIITBIO
ABTOMATHYECKOIO aHaJN3a MPOBEPATh BarKHbIE ITOBE/IEHYECKIE CBOICTBA — JKUBOCTb,
CIPaBeJIMBOCTh, O€30IMaCHOCTh, M OOHAPYKUBATH TaKue j1ebeKThl TIOBeIeHNs, KaK TYIIU-
KU, aKTUBHbIE OJIOKUPOBKU, JTUBEPIeHIINH, HAPYIIEHUS YCIOBUI B3aUMHOI'O UCKTIOUCHUST
u jpyrue. i anaamn3a BceX BO3MOXKHBIX MCIIOJHEHUI MO HEOOXOIMMO TTOCTPOUTD
MOJTHBIN Ipad JOCTHKUMOCTH, YTO BOZMOXKHO JIJI MOJIeJIeil ¢ KOHEYHBIM ITPOCTPAHCTBOM
cocrogamit. [L1st cucteM ¢ OECKOHETHBIM NN OYeHDb OOJIBITTIM YHCJIOM COCTOSHII BO3MOZK-
HO TIOCTpOeHre (hparMeHTOB IIPOCTPAHCTBA COCTOAHMIA. Takue dpparMeHTbl MOTyT OBIThH
OrpaHUYeHbl MAKCUMAJILHON TUIYOMHON UCIOJIHEHNs, MAKCUMAILHBIM BPEMEHEM TOCTPO-
eHus gpparMeHTa, IUC/JIOM JyT BEIOUPAEMbIX it 00X0/1a B y3/1aX BETBJICHUS, UJIA IIPOCTO
00bEMOM TIAMATHU JIOCTYIHOI cucTeMe aHajm3a. HecMOTpsi Ha HEMOJIHOTY Pe3y/IbTaToB
MOJIyYaeMbIX B CJIydae Mojiejieil ¢ OOJIbIUM UIn OECKOHEYHBIM ITPOCTPAHCTBOM COCTO-
SIHUH, aHaJIn3 TaKuxX (PParMeHTOB CIIOCOOEH BBISIBUTH OOJILIIOE KOJUIECTBO He(EeKTOB
MOJIEJIN.

JL1st TpaKTHYIeCcKOro MpUMEeHEeHMs JIF0OOT0 TTOBEIEHIeCKOro (hopMaIm3Ma HeoOX0[uMa
KOMIIbIOTEpHAd MO/JIEPKKA MEPBUYHBIX HHCTPYMEHTOB aHAJII3a MOJIeIeil — MMUTAINOH-
HOT'O MOJIEJIUPOBaHUE U MOCTPoeHudA Trpada JoCTmKUMOcTH. HecMoTpst Ha JTOCTOMHCTBA,
NP-cereit, orcyTcTBIE MHCTPYMEHTATBLHON MOJAEPKKN JIJIT UMHTAIMOHHOTO MOJEIPO-
BaHUd U aHajmn3a cBoiicTB NP-cereill ciibHO OrpaHUYNBAET BO3MOXKHOCTHU MX TPUMEHEHUST
U TPEIATCTBYET JaJIbHEHIIeMy PAa3BUTHIO U PACIIPOCTPAHEHUIO STOT0 (DOpMAIN3MA.

B namnoit pabore MbI TOKa3bIBAEM, YTO UMUTAIIMOHHOE MOJICTUPOBAHUE U BepU(UKa-
1o NP-ceTeit MOKHO IIPOBOUTH ITyTeM X TPAHCJISAINN B PACKpAIIEHHbIE CeTH VeHcenra.
Packpamtennpie ceru [lerpu (CP-cern) [11] — 910 Ki1ace cereii [lerpu BoicoKOro ypoBHs
puMevaTe/bHbI IMUPOKUM CIIEKTPOM NpuMeHennii, a takzke cucremoit CPN Tools [12]
obecrieanBaIoNieil MOITHYI0 MHCTPYMEHTAIBHYIO TOJJIEPXKKY UMUTAIMOHHOTO MOJICTUPO-
BaHUs U aHAJIN3a ITOBEJIEHYECKUX CBOMCTB.

Knaccuueckne BbICOKOYypOBHEBBIE ceTu [leTpm BbIpa3uTe/IbHO SKBUBAJECHTHBI OOBIK-
HOBEHHBIM ceTsiM [leTpm, B TO BpeMs Kak packparirennble cetu llerpu, nomyckarorue
CYETHOE YHCJIO PA3/JIMYHBIX I[BETOB (HATYpaJbHBbIE YHC/IA), TOJIHBI 10 Thiopunry. Kop-
TEXKUW HATYPAJIbHBIX YHCEJ MOTYT OBITHb HMCIIOJIB30BAHbBI JIJId IIPEJICTABJIEHUS PAa3METOK
ceTeBBbIX (uIieK BIOkKeHHBIX cereil [leTpu B packpammennbix cerax [lerpu. Baxkno or-
METHUTh, YTO TAKOEe IPEJICTABICHUE XOPOIIO COXPAHAET CTPYKTYPY MCXOIHOM MOJen 00-
Jlerdasi MHTEPIPETAINIO PE3YIbTATOB.

B pesynbrare Tpanciasanuun mo ucxoanoit NP-cetu crpomTces mMOBeJIeHYECKH SKBUBA-
nenTHas eit mesieBasi CP-cers. Ilocite sToro nMurarimonsoe Moje/IMpoBaHUe WA AHAJIU3
npoBojisTes Ha 1esieBoit CP-cetu. Pesynbrarsr TaKOro MoIeIMPOBAHUS WJIM aHAIN3a, UH-
TepupeTupyroTcd Ha ucxopauoin NP-ceru.

Pabora umeer ciemyroniyio crpykTypy. Pazien 2 coiep:KuT OCHOBHBIE NOHSTHS U
OIIpe/Jie/IeHNs], CBA3AHHBIE ¢ PACKPAIIEHHBIME U BJIoKeHHbIMU ceTamu [lerpu. Paznen 3
MOCBSIINEH TPAHC/ISIUN BJIOYXKeHHBIX cereit [lerpu B packpariennbie. OOOCHOBBIBAETCS
BO3MOXKHOCTU M I10JIe3HOCTH TpaHcasiun NP-cereit 8 CP-cetn u mcrnob3oBaHust WH-
crpymentapus CPN Tools s nMuTarimonHOro MojeupoBanust u anaan3a NP-cereii.
ABHO BBIIEeHbl TPEOOBAHUA K TPAHCISAIIHN, HEOOXOIUMBIE JIJIsI TPOBEIEHNS NMUTAIU-
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OHHOI'O MOJIeIupoBaHus u nocrpoerus rpada gocrmkumoct B CPN Tools. Onucan aJ-
TOPUTM TPAHC/ISIINN, YIOBJIETBOPSIONIEHl yKa3zaHHbIM TpeboBanusMm. Pasziesr 4 mocssien
peasmmzarnuu Tparciaaropa NPN2CPN. Kparko onmcan mpumep UCIHOJIB30BAHUS 3TOTO
TpaHCIATOPA JJIT UMHATAIMOHHOTO Mojeaupoanns u aHagm3a B CPN Tools mpoctoro
OJIHOPAHI'OBOI'O ITPOTOKOJIA. Paszjiesr 5 coepKuUT 3aK/II0YeHne U OIUCAHNE HAaIllPpaBJICHUS
JaJbHEHIINX CC/IeIOBaHNN U PA3BUTHS WHCTPYMEHTaJIbHOM moaaepKku NP-cereii.

OTMeTuM Tak:Ke, IYTO JPYTroil MOIX0 K paspaboTKe MPaKTHICCKU TPUMEHUMBIX Me-
TOJIOB BepUPUKAIINU BJIOKEHHBIX cereil [leTpu MoxkeT OBITH cBsizaH ¢ pazpaboTKoi -
(beKTUBHBIX aJITOPUTMOB JIJIs OTJEIbHBIX mojKaaccoB NP-cereii. B paborax |7, 8] 6buio
MMOKa3aHO, ITO TPU HEKOTOPBIX YCIOBUSX KUBOCTb W orpaHumdeHHOCTH NP-cetn moxker
OBITH YCTAHOBJICHA KOMIIO3UITMOHAJIBHO, TO €CTh KaK CJICJICTBUE COOTBETCTBEHHO KUBOCTH
1 OrPaAHUYEHHOCTH €€ KOMIIOHEHTOB.

2. OcHoBHBIE OIIpeJieIEHIs

[IpuBenenHoe najiee onpejiesieHne packparreHHbIx ceteil [lerpu mourn He oTyimaaeTcs o
kyaccuaeckoro [11|. Bioxkennbie cetu IleTpu siBJIsIIOTCS pacHinpeHueM pacKpalieHHbIX
cereit [lerpu mas crenuaabubiM yHUBepcyMoM. [losToMy ompejiesienre packparieHHbIX
cereii [lerpu mapamerpusoBano ynuBepcymom 3Hadenuit U. Mbl Takzke g100aBjisseM METKH
Ha TIepexo/iax, HeoOXOIMMbIE JIJTsi PeAJTU3AINT CHHXPOHU3AIINN [T€PEX0JI0OB BO BJIOYKEHHBIX
cerax [lerpu.

CuadaJjia IpuBeIeM OIIpPe/IesIeHnsi, KOTOPbIe OyJIyT MCIIOJIHb30BAHbI B OCTABIIEHCS da-
ctu paboTsl. Obo3HaUaeM ¢ TOMOITHI0 N MHOYXKEeCTBO HATYPATbHBIX YACEN, BKIIOYAA HOJIb.
st muOKecTBa S Myavmummoscecmeo m uaj S ecrb orobpaxkenue m : .S — N. Muo-
JKECTBO BCEX MYJILTUMHOMKECTB HaJ S obosnadaerca N°. Mel ucrmoabsyeM + u — Jyid
orepariii CJIOXKEHUsI W BBITUTAHUS JBYX MYJIBTUMHOXKECTB, U =, <, >, < > JJisd CpaB-
HEHUs MYJIBTUMHOXKECTB, KOTOPBIE OIpe/IeJIeHbl eCTeCTBEHHBIM obpas3oM. IlycToe mymb-
TUMHOKECTBO 0003HadaeM depes (), a MpuHaJIeKHOCTD 3JIeMEeHTa MyJIbTUMHOKECTBY —
gepes €.

1. Packpammennbie cetu llerpnm

Omnpenenum packpamennbie cetn [lerpu naj yauBepcymom U.

Kazktasg mosunus packpalieHHol ceTh TUIu3upoBaHa mogmuozxkecrsom U. Jlyru mo-
MeYeHbI BbIPAXKEHUIMU sI3bIKa FIpr HaJ  MHOYKECTBOM IepeMeHHBIX Var 1 MHOMKEeCTBOM
korncranT Con. meercs dpukcupoBanHast nnrepuperaiueii Z, Takas 91o st 000t co-
IJ1acOBAHHOM 110 THIaM olleHku v : Var — U snauenne Z(e,v) € NV soipaxkenus e € Ezpr
onpeiesieHo. MHo»kecTBO MeTOK 1epexooB Lab He comepkuT 7 MeTKoil 7 momevaroTcs
CKPBITBIE TIEPEXO/IbI, TOI/Ia KaK MeTKaMu u3 Lab momMedaroTcs HabIIo1aeMble TepexXObl
CeTHn.

Onpepesienne 1. Packpamiennasi cetb Had yrusepcymom U amo kopmeorc (P, T, F,v, p, A),
20e

o PuT HENEPECEKANOWUECA KOHEHYHDIE MHOMNCECTNEA HOSI/IHI/Iﬁ U IIepexoa0sB,
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o FC(PxT)U(T x P) mnosicecmso ayr;

o v: P — 2V $ynxyus Tunos nosuiwmii, omobpasicarowan P 6 nodmmoscecmea U ;
o p: F — Expr ¢pynkuyus METOK JIyT;

o AN:T — LabU {7} Pynruyus METOK IIEPEXOJIOB.

Hna packpamennoit cetu N = (P, T, F,v, p,\) nan yausepcymom U pasmemra N
ectb dynkmus m : P — NV, rakas, aro m(p) € N*® nna p € P. ITapa (N, m) nasbisa-
eTcst pa3MedeHHoii cerbio IleTpu.

[Iycts N = (P, T, F,v, p, \) packpamennast cerb [lerpu. Ilepexon t € T' axmusen B
pasMeTKe m TOTJa U TOJIBKO Toria, Korga IvVp € P (p,t) € F = m(p) > Z(p(p,t),v).
ARTuBHBI HIepexoJ] t MOXKeT cpabomams TOPOXKas HOBYIO pasdmerky m’'(p) = m(p) —

Z(p(p,t),v) + Z(p(t,p),v) nuga kaxaoro p € P (oboznauaercs m N m’).
Pasmeuennas pacKpalleHHast CeTh OLPEIeISeT CUCTEMY ePeX0/I0B IPEICTABISIONIY IO
HaOJII0JaeMoe IIOBEICHUE CETH.

2. Buaoxennnie cetu Ilerpn

Omnpenenum gaoorcernnvie cemu Ilempu (NP-cemu) Kak paclipeHHbIE PACKPAIIEHHbBIE
ceru IleTpm naj crienuajbHbBIM YHUBEPCYMOM. DTOT YHUBEPCYM COCTOUT U3 DJIEMEHTOB
HEKOTOPOI'0 KOHETHOIO MHOKeCTBa S (HA3bIBAEMBIX ATOMAPHBIMU (DUIIKAMU) U Pa3Me-
YeHHbIMU ceTsiMu [lerpu (HasbiBaeMbIMU ceTeBbIME buriikamu). JIjisi IPOCTOTHI MbI PACc-
CMAaTpUBaeM TOJILKO JBYXypoBHeBble NP-ceTn, B KOTOpPBIX ceTeBble (DUITKHU ABJISAIOTCS
packparlieHubiMu cetssmu [leTpu Hai KOHETHBIM YHUBEPCYMOM.

[TycTe S Oymer KOHEUHOE MHOXKECTBO aTOMaPHBIX 00beKTOB. 151 packpariennoit cetu
[Terpu N ¢ nmomoripio (N, .S) Mbl 0003HATNM MHOXKECTBO BCEX Da3MEUeHHBIX CeTel,
noJsiygaeMbix 13 N j100aB/ieHHeM Pa3METOK HaJl YHUBEPCYMOM S.

[Iycts Ni,..., N, packpamennble ceru llerpm Hajg yuuBepcymom S. Ormpemennm
yuuBepcyM U(Ny, ..., Ni) = S U IM(Ny, S) U - U M(Ng, S) ¢ MHOKECTBOM THIIOB
Q(Ny, ..., Ng) = {S,M(N1,S),...,M(Ng, S)}. Takue muoxkectBa M(N, S) Mbr Oyaem

Ha3bIBaTb TUIIaMU.

Onpegenenue 2. I[Tycmo Lab — muoocecmeo memox nepexodos, u nycms Ny, ..., Ny —
packpawennvie cemu Ilempu nad yrusepcymom S, 6 KOMOPuT 6ce neperodvl MOMELEHDL
memramu uz Lab U {T}. NP-cemv onpedeaum wax wopmeosc NP = (Ni,..., Ny, SN),
2de Ni,...,Np Hasveaomcsa sfseMeHmuumu cemamu, u SN Ha3vieaemcs cucmemHotl
cemwro. Cucmemnasn cemv SN = (Psy,Tsn, Fsny, v, p, ) — amo packpawennas cemo
Iempu nad yrusepcymom U = U(Ny, ..., Ni), 2de nosuyuu munusuposarv. Munamu u3
Q = Q(Ny,...,Ni), nepexodu nomeuenv. memramu u3 Lab U {7}, a aswx memor dye
Expr onpedesen, xax noxazano wuoice. JIAs Kpamrocmu 2080puM, 4mo no3uyus mMuna
M(N,S) umeem mun N .

Hyemo Con mmoocecmeo koncmanm, unmepnpemuposannvr wad U uw Var — mno-
2§HCECTNBO NEPEMENHBIT MUNUSUPOSAHHLT d-munamu. Tozda ewipasicernus asvka Exrpr
CYMB MYALMUMHOACECTNEA daemernmos 0dnozo muna nad Con U Var ¢ deyma donoa-
HUMEALHOMU 02DAHUMEHUAMUY 047 Kadtcdozo nepexoda t € Tyy:



120 Modeauposanue u anarus ungopmayuonnvir cucmem T.19, Ne5 (2012)

1. KoHcmanmbL U MHONCECTNBERHOE BLONCICHUE NEPeMEHHoll He JONYCKAIOMCA 6 6bi-
PAANCEHUALT HA BTOOHBIT AY2aL NEPerodos;

2. kaotcdas NEPEMEHHAA U3 BVIPANHCEHUT HA BLTOOHLIT Jyzax mepexoda t dossrcha
BCMPEUAMBCA 6 OOHOM U3 BLPAHCEHUT, HA BTOOHBLY JY2aL IM020 NEPET0IAIo

B cuny mepBoro orpanndeHus Hejib3sl [IPOBEPUTH PABEHCTBO BHYTPEHHUX Pa3METOK
ceTeBbIX (uriek. Be3 Takoro orpaHnyenus MOKHO PeaU30BATDh IIPOBEPKY Ha HYJIEBYIO
pa3MeTKy ceTeBbIX dutiiek u popmansm NP-cereit cranoButes Thiopuar nmosabiM. Bro-
poe orpaHUYeHre UCKJI0YaeT OECKOHETHOE BETBJICHHE B CHCTEME IIE€PEXOJI0B, IIPEICTaB-
Jgroneil mosegenne NP-cern.

Pasmeuennas sjeMeHTHas ceTh HA3bIBAETCS CETEBOM (PUINKOIL, & 37IeMEHT MHOXKECTBa,
S — aromapHO# (DUIIKOIA.

Pasmerka NP-ceru nosiHOoCTBhIO omnpeneligercsa pa3MeTKOil ee cucTeMHoOil ceru. Pasz-
MeTka B NP-cetn orobpazkaeT KarKIyio IMO3UIUI0 CUCTEMHON CeTH B MYJIBTHMHOXKECTBO
aTOMAPHBIX WA CETEBBIX (DUIIEK COOTBETCTBYIOIIEIO THIIA.

[ToBenenme NP-cetu cocrouT m3 Tpex BHJIOB IIArOB. IAEMEHMHO-ABTMOHOMMHDYIT ULG2
9TO cpabaTbhIBaHUE II€peXo/ia, IOMEYEHHOIO T, B OJIHON M3 CeTeBBbIX (DUIIEK TEKYIIei
pPa3MEeTKH, B COOTBETCTBUM ¢ OOBIYHBIMU ITPpaBUIaMU CpabaThIBAHUS JI/Isi PACKPAIICHHBIX
cereit [lerpu. Takue cpabaTbiBaHMs U3MEHAIOT TOJIHKO BHYTPEHHIOIO PA3METKy OJIHON U3
CETEBBIX (DUITIEK.

Cucmemmo-asmoHomHbll wae 3TO cpabaThiBAHUE MEPEXo/ia, IOMEIEHHOTO T, B CH-
CTEMHOI CeTH, B COOTBETCTBHUU C MPABUIAMH CPAOATBIBAHUSA I PACKPAIIEHHBIX CeTei
[lerpu, Kak eciu ObI cereBble (PUITKK OBLIN IIPOCTO PacCKpalleHHBbIMU (UIIKaMu 0e3
BHYTPeHHEell pa3sMeTKd. ABTOHOMHBIM IIar B CHUCTEMHON CETH MOXKET IepeMeliaThb, KO-
IAPOBaTh, FTEHEPUPOBAThH WM YHUITOXKATH (PUINKH, 38/1eiCTBOBAHHBIE B 9TOM IIIare, HO
HE MOXKET M3MEHUTh UX BHYTPEHHHUE Pa3METKH.

Hlaz (sepmukasvhoti) cCuHTpOHU3aLUY ITO OTHOBPEMEHHOE cpabaThIBaHUE MIEPEXo/Ia,
IIOMEYEHHOI'0 METKOI A € Lab, B CHCTEMHOIT ceTn BMecTe cO cpadaThIBAHUEM IIE€PEXOJIO0B,
[IOMEYEHHBIX A, BO BCEX CeTeBBbIX (DUIKAX 3aJ1efiCTBOBAHHBIX (IOIJIONAEMBIX) CpabaThl-
BaHUEM 9TOIO Iepexo/ia CUCTEMHOI CeTH.

Takum 06pa30M, IAar 3T0 MHOXKECTBO MEPEXOI0B (OIHO3IEMEHTHOE MHOXKECTBO B CJIy-
Jae aBTOHOMHOrO mmara). Msl obosnadaem M > M’ to, uTO CcpabaTbIBANEE IIara S
npeobpasyer pasmerky M B pasmerky M’. OmnmcaHHbIe IIArd eCTECTBEHHBIM 00pa3oM
onpeesior nmosejerne NP-cetn B BUJie CHCTEMBI TIEPEXOIOB.

Heranbroe onucanue NP-cereii Mmoxkuo naittu B [15, 1|. B gannoii crarbe Mbl paccmar-
pUBaeM THUNU3UPOBaHHBIN BapuanT NP-ceTeil, B KOTOpOM JIjIs1 KazK/ION MTO3UIIUK OTIPeJie-
JIEH €€ THII.

3. Tpanciaganus BJIO2KeHHBIX cereii llerpu B packpa-
IIIEHHbIE
B zaBucuMmocTu oT TOrO, Kakoil BIJI aHaIM3a TPEOYeTCs IIPOBECTU JJIsi KCXOIHOM MOJIEIH,

BO3HHUKAIOT pas3/ndHble TPeOOBaHMsI HaK/IabIBaeMble Ha TpaHcsnio. [lepBoe TpeboBa-
HUE CBA3aHO C HEOOXOIMMOCTBIO ITPOBOIUTH UMUTAIITMOHHOE MojiesupoBanue. /s mmura-
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IIMOHHOT'O MOJEJIUPOBAHUS HEOOXOIUMO, ITOOBI IejieBast MOJIE/Ib Ha KayKJIOM Iare Bejia
cebst Tak Ke, KaK MCXOJHAs MOJIEIb. DTO O3HAYAET, YTO MOJE/b JOJKHA IIpeJjiaraTh
TaKoll 2Ke BBIOOp JIeficTBUil 1 cpabaTbiBaHne BLIOPDAHHOTO JIEHCTBUS JIOJIZKHO TEePEBOITD
IIEJIEBYIO MOJIETIb B COCTOSHUE ITOJ00HOE COCTOSHUIO MCXOJIHON MOJIE/IA TI0C/Ie CpadaThl-
BaHUsdA TAKOTo ke JieficTBus. [Ipu 9ToM joryckaercs, 9To 1esIeBoil Moaem HeoOX0 MO
COBEPIIUTH HECKOJIBKO ITPOMEXKYTOUHBIX MIAIOB COOTBETCTBYIOIIUX OJHOMY Iary B UC-
xoHON Mojienn. Onucannoe TpebOBaHUE SBJISIETCS 10 CYIIECTBY HehOPMaIbHBIM OIU-
CaHUEM OTHOIEHHS €00 OMCUMy/IsAun. 3aMeTUM, ITO OIMCAHHAs JAIee TPAHCISIIIUST
obecrieunBaeT Jlaxke OoJjiee CHJIbHOE OTHOIIEHNE CUIIBHON OMCUMYJISIINN.

Bropoe TpeboBanne BOZHUKAET U3 HEOOXOIUMOCTU CTPOUTDH I'pad JTOCTUKUMOCTH JIJIsd
MCXO/THOM MOJICJIH TIO TIeJIeBOI Mojiesin. [Ij1g Toro 4Tobs! 1o rpady JOCTHKUMOCTH TIejIe-
BOII MOJIe/I MOXKHO OBLJIO aHAJIU3UPOBATH MCXOIHYIO MOJIE/Ib, HEOOXOIUMO yCTAHOBHUTD,
KaKiM 00pPa30M y3JIbl TIOCTPOEHHOTO Tpada JOCTUKUMOCTH (COCTOSTHUST TOJTY YeHHOH MO-
JIeJIN) COOTHOCSATCS C COCTOSTHUSIMU MCXOHON Mojiesin. Jlajiee Mbl yCTaHOBUM B3aMMOO/I-
HO3HAYHOE COOTBETCTBUE MEYKJIy COCTOTHUAMU MUCXOTHONW U TOTYYIEHHOU MOJIETIN.

Hakomner, Tperbe TpeboBanue o0yCJIOBICHO AJITOPUTMOM MOCTPOeHUs I'pada JTOCTU-
»kumocTu B uHcrpymente (State Space Tool) uz uncrpymenrapus CPN Tools. s kop-
PEKTHOrO MOCTpOoeHus rpada JOCTHKUMOCTH HEOOXOMMO, YTOOBI cpabaTbiBaHue Iepe-
XOJa TIph JIIo0oi 3aaHH0i oreHke B CP-ceTn 0HO3HATHO ONPEIEsIo CIeIyIoIee Co-
crosiaue CP-cern [22], r.e. mosyuaemast CP-cerb j1o/kHa OBbITH JIeTEPMUHUPOBAHHON OT-
HOCHTEJILHO cpabaThIBaHUs 1epexoja. B 4acTHOCTH, 9TO HAK/Ia/IbIBaeT OrpaHUYIEHUsT Ha,
peas3aliys Iepexo 0B BepTukaibHoil cuaxporu3anuu NP-cetu B nomydennoit CP-cern,
4TO0 OYIET PACCMOTPEHO MPU ITOCTPOCHUU TPAHC/IATIAN.

Taxkum 0O6pazom orpe/iesieHbl cieytornie TpedboBanus K Tpancisamnuu NP-cereit B CP-
CeTu: 10/1001ue OBEeJIEHUI MCXOTHOM U 11eJIeBOMl MOJIe/IN; COOTBETCTBIE COCTOSHUN NCXO/I-
HOI W Te/IeBO#l MOJIE/IA; COBMECTUMOCTD IIEJIEBLIX MOJIEJICH ¢ aJITOPUTMOM TIOCTPOCHUS
rpada gocrmxkumoct B CPN Tools.

AnaropurMm tpancasnuun NP-cereii B CP-ceTu

Ornumem Ttpancisanuio NP-cereit B CP-cern. [lna 3agannoit NP-cetu NPN =
(N1, ..., Ng, SN) ¢ nauasbHoit pazmerkoii My pesynbrarom Tpancisinuu 6yiaer CP-cerb
CPN = (P, T, F,v,p, A\, mp), KOTOpasi yIOBJIETBOPSIET KPUTEPUAM IIEPEIMCTIEHHBIM BbI-
me.

Hng nannoit NP-ceru NPN = (Ny, ..., Ni, SN), ctpykrypa rpada coOTBEeTCTBYOIIE
CP-ceru CPN = (P, T¢, Fo,v, p, A, mg) nonobua crpykrype cucremuoii cetu SN. Oj-
HOBpeMeHHO ¢ noctpoenneM CPN ompenensem ouekimio trp : Pgy — Po 1 CIOPHEKIIAIO
trr : TsyU Ty U---UTNi — Te. llepBasg dpyuKIius oroOparkaeT MO3UITUU CUCTEMHOM
cetn Ha no3urun 1eeBoit CP-ceru CPN, a BTopast 0oToOpazkaeT mepexo/ibl CUCTEeMHON 1
9JIEMEHTHBIX ceTelt Ha nepexoibi CPN.

Tpancssdius COCTOUT U3 CJIEAYIONUX [IATH MIATOB.

IITar 1 onpenenster mosuruu CPN. JIna kaxkmaoit mosumun p € Pgy B CHCTEMHOI ceTn
SN NP-cetu NPN crpourcst HoBas nosuitusi p’ € Po, u 3agaem trp(p) = p'.
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Ecim nosunus p 8 SN TunusupoBana MHOKECTBOM S aTOMapPHBIX OOLEKTOB, TOIIA
p' = trp(p) Takxke tunmsuposana S B CPN.

[Tycrs Teneph p TunmsupoBaHa 3jaeMeHTHON ceTbio F B SN. Torma nosunus p’ =
trp(p) 8 CPN 6yaer THOM3MpPOBaHA MHOXKECTBOM BEKTODOB HATYDAJBHBIX UHCEJT
(KOpTeXK1 HATYpPAJbHBIX YUCEN), TJe PasMepHOCTb BEKTOpa paBHA PAa3MEPHOCTH
pa3MeTOK 3JIeMEeHTHOI ceTn F, T.e. MOIIHOCTH MHOYKECTBa MO3UIHil B F.

Torma, rpadoBasi cTpyKTypa ceTeBoit (putmkn onpeessiercs Tuirom nosumnuun CPN B
KOTOPOIt pactiojiaraercs dputika. Pazmerku cereBoit (putiiku Oy 1y T IPEICTaABIATHCS
KaK BEKTOpa HaTypPaJIbHBIX YHUCE/JI B COOTBETCTBHUH CO CTaHIapPTHBIM BEKTOPHBIM
npejicTaBierneM pasmeTok cereit [lerpu. C momorbio ¢y, (M) obosHauaeM KOpTek
HATYPATbHBIX JHCEJT TIPEJICTABIAIOMNX pasMeTky M.

CPN Tools noiep:kuBaeT KOPTEXKHM, HO UMeeT OrPaHUYEeHU HA PA3MEPHOCTDb BEK-
TopoB. IToaToMmy mIs mpejicraBieHnsT BEKTOPOB HATYPAJIbHBIX UHCEJI UCIIOJIb30BY-
torcst crcku sisbika CPN ML, Onepanun Haji BekTopamu caoorcerue(ms_ add),
Aexcurozpagueckoe(ms _comp) U noasemenmnoe cpasnenue(ms comp_el) pea-
Jm30BaHbl Kak Gyukimn Ha s3bike CPN ML. 9tn dyukinn ncmonb3yorest B BbI-
payKeHusIX Ha JIyrax JJisd SMyJsiun cpabarbiBanuii mepexomnos NP-cern.

IITar 2 sajaer ssemeHTHO-aBTOHOMHBIE ITepexoabl B CPN. st Kaxkjioi mosumnuu p €
Pgy TunusupoBaHHOI 3j1eMeHTHON ceThio = v(p) u jyisa Kaxkjoro nepexoja t €
T OMEUYEHHOTO T CTPOUM HOBYIO Ttepexoji-teriio t' 8 CPN, u oupenensem try(t) =
t'. Tlepexon t' umeer oy BxOJHYIO ayry (trp(p),t') momiucaHHyIO TEpPEMEHHON
2 COOTBETCTBYIOMICIO THIA IECJOYMCICHHBIX BEKTOPOB. EIMHCTBEHHAA BBIXOIHAS
ayra (t', trp(p)) noagnucana “ms_add x te”, tae te 310 pa3HOCTD PE3YILTUPYIONIEN 1
UCXOIHON pasMEeTKH IIpU CpabaThIBAHUU IIEPexoa ' B BEKTOPHOM IIPEJICTABICHUN.

Yrobbl m30eKaTh HENMPABUILHBIX CPA0ATBHIBAHUIN, HAKJIA/IbIBAEM YCJIOBHE cpada-
ThIBaHUe Ha t' JiIg IPOBEPKU aKTUBHOCTH Tiepexoja — “ms_comp_ el x prete”, vue
prete 3TO HEOOXOIMMOE TIPETYCIOBHE B BEKTOPHOM IIpeJIcTaBIeHNn. Pe3ysbrar npu-
MEHEHHS JIAHHOTO Iar Ipou/IIiocTpupoBan Ha Puc.1.

IIlar 3 3ajaeT 3MyJIANUIO CHCTEMHO-ABTOHOMHBIX TIepexoJioB. Jljist Kazki0ro mnepexoja
t € Tsy moMedeHHOrO T, cTpouM HOBbIH nepexon t' 8 CPN, u zamaem tro(t) = t.
s kaxxnoit qyru f = (p,t) wim f = (t,p) B Fsy nobasisiem HoByio ayry f' =
(trp(p),trr(t)) wm, coorBercrenno, f' = (trp(t),trp(p)) nmomedenuyio psn(f).
DTOT Mmar NpouJLIICTpUpoBaH Ha Puc.2.

IIar 4. 3ajaeT SMy/IAIUIO IEPEXoI0B cuHXpoHu3anuu. /s Kaxkoro repexona t € Ty
¢ METKOH CHHXPOHHU3AIMK, CTPOUM HOBBIH Tepexoj t', KOTOPBIi SMyJIupyeT Iaru
BepTUKaabHO# cuaxponu3anun B NPN. CpabaTbiBanue 1mepexoa CHHXPOHU3AITIH
COCTOUT U3 OJTHOBPEMEHHOI'0 cpabaThIBaHUsA CUCTEMHOTO IIepexo/ia U cpadaThbIBAHUI
IIEPEXOJIOB C TAKOM K€ METKOU CUHXPOHU3AIUU B KarKJOU BOBJICYEHHON CEeTEBON
dumke. Takum obpazom, [lar 4 sTo komObunanus [Ilaros 2 u 3. Boipaxkenus na
JIyrax, OIKChIBaIONIe cpadaThbIBaHUS IIEPEX0I0B B CETEBBIX (DUIITKA, ITPUITNCHIBAEM
K BbIxOjgmM gayram t' B CPN. JlobasisteM yciioBusi cpabaThblBaHUsT AHAJOTMIHO
[MMTary 2. Pesyabrar npumenenus Illara 4 npowamocrpupoBan wa Puc.3. Mb1 me
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ps

[ms_le_el [1,0,0,0] x]

[3,0,0,2]

t1

Xr
input(x);
output(xr);
action
let

val rs = ms_add(x,[~1,1,1,0]);
in

(rs)

end;

[ms_le_el [0,0,1,1] X]

L

LIST_INT

\ 4
t2

input(x);
output(xr);
action
let
val rs = ms_add(x,[1,1,~1,0]);
in
(rs)

end;

Puc. 1. [Ilar Tpancadmun i 3JIeMEHTHO-aBTOHOMHOI'O TIEPEX0/1a

10

P1 Pa

(o0 JDEBosa

[3,0,0,2]

X ++y

LIST_INT

[1,0,0,1]

(» IDEG0]

LIST_INT

Puc. 2. Illar Tpancadmus /s CHCTEMHO-aBTOHOMHOI'O IIePexXo/ia

paccMaTpuBaeM BCe TEXHUYECKHE peIeHus sl peanusanuu TpaHcasiun. OmgHa-
KO, 3aMETUM, YTO B CJydae Korja 0ojiee OJIHOrO Iepexojia IIOMEYeHO OTMHAKOBOI
METKOI CHHXPOHMU3AIUN B 3JIeMeHTOo# cetn N, To cpabaThIBaHHe IIePexoia CHHXPO-
HU3AIUN C OIIEHKOI ¥ 3aJieficTByomIeil ceTeByto UKy Tuia N MOXKET U3 JaHHOTO
COCTOAHUA TIEPEBECTU CUCTEMY B PA3JIUYHbIC COCTOAHUA B 3aBUCUMOCTHU OT TOTO Ka-
KO M3 OJIMHAKOBO IIOMEYEHHBIX IIePEexX0/I0B ceTeBoil (huiku ObLIT 3a1eficTBOBaH B

mare CHHXpoHHM3anuu. B cuity orpanudenusi 3, Takoil repexoji He MOXKET ObITh
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input(x,y);
output(xr,yr);
action

let

A Q val rsi
7 val rs2
P4 \;\/ﬂ in
(rs1,rs2)
\ \@ end;
[3,0,0,2]

LIST_INT

ms_add(x,[~1,1,1,0]);
ms_add(y,[~1,1]);

[2,0]

LIST_INT

LIST_INT

[ms_le_el [0,0,1,1] x, ms_le_el [1,0] y]

\ input(x,y);
output(xr,yr);

Y41

action

A
O
t val rs1 = ms_add(x,[1,1,~1,0]);

val rs2 = ms_add(y,[~1,1]);
in

(rs1,rs2)
end;

Puc. 3. llar tpancidmun iy mepexo/ia CHHXPOHU3AIINN

peam30BaH C IOMOIIBIO OIHOTO Iepexoja B KoHcrpyupyemoit CP-cetu. [TosTomy
JIJIsT KazK 10 BO3MOXKHO# KOMOMHAITUN IIEPEX0JIOB CUCTEMHOM U 3JIeMEHTHBIX ceTeil
BOBJIEUEHHBIX B CpabaTbIBaHHe CTPOUTCHA OTJIEJIbHBIN IIePEeXO/I.

HTar 5. [lycte M, mauampuas paszmerka B NPN. Ormerum, uro pasmerka NP-ceru
NPN ompeniesiena Kak pasmerka ee cucremuoit ceru SN. Haganbayo pasmerky
mg nesteBoit CP-cetu CPN noyamM cieyrormmuM oopasom. JIjist Kaxk 1ol mo3uimm
p € SN Tunu3upoBaHHON AaTOMapHBIM THIOM IycTh mo(trp(p)) = My(p), a s
HO3UINH D TUIH3UPOBAHHON 3JIEMEHTHOM ceTbio, mo(trp(p)) = tra(My(p)).

Teopema 1. Ilycmv NPN — pasmevernas NP-cemv, u nycmo CPN — pasmeuernasn
CP-cemv noayuennas xax pedyavmam onucanmnol eviuwe mpancasyuu. Toeda NPN
CPN bucumyrspmo.

[Iycte SN — cucremuasi cetb B NPN. Ilycts 9M(NPN) u 9(CPN) MHO)KeCTBa BCEX
nocTKUMBIX pa3meTok it NPN u CPN coorBercTBerHo. Onpenenum oTHOIeHnE R C
M(NPN) x M(CPN), taxkoe uro (M, m) € R Torma n TOILKO TOIIA, KOTJA JIJI KazK IO
p € SN tunusupoBarHOi aroMapHbiM TUIOM My (trp(p)) = Mo(p), u auist kKaxoit p € SN
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TUIU3UPOBAHHOI 3j1eMeHTHOM ceTbio, mo(trp(p)) = try(Mo(p)). To, aro orHomEeHIEe R
SIBJISIETCST OUCUMYJIISITIEH, HATIPSIMYIO CJIEJIyeT U3 OIPEIeICHNsT TPAHCIISIIIIL.

4. Peammuzanmma u anpodamnms

e

P11

(Eg(pipc):

Pe

Puc. 4. NP-cetb Moziesmmpyotiiast IipocToii OTHOPAHTOBbI TPOTOKOJ U3 [§].

Ornmcannast BBl TpaHCIANNA ObLIa peajn3oBaHa B Buje TpaHciagTopa NPN2CPN
Ha sa3bike Java. B KadecTBe BxojHOro daiiyia TpaHcgdaTop mosydaer onucanume NP-
cetn B hopmare XML. PesynbraroMm paboThl TpaHC/IsATOpa siBgeTcs daitil B popmare
CPN Tools conep:xamuit neneByio CP-cers. Tak kak nosyuennass CP-cerb sBisiercs
UCIIOJIHUMOM, TO CTAHOBHUTCS BO3MOYKHBIM IIPOBECTU UMHUTAIIMOHHOE MOJIEC/IMPOBAHUE C
MOMOIIBI0 HHCTpyMeHTa Simulation tools min ana M3 TPOU3BOIUTETBHOCTH C TOMOIIHIO
mexann3ma Monitors n pyakmum CPN‘Replications mo3Bosisionieit aBToMaTHIeCKN TPO-
U3BOJIUTH HECKOJIbKO ucnoiHeruil mesesoit CP-cetu. [osublii rpad H0CTUKUMOCTH WK
ero HadaybHbI (bparmeHT CP-cetn MoOxXKeT OBITH IOCTPOEH C IOMOIIBIO MHCTPYMEHTa
State space tools. Eciu npocrpancrso cocrosinnit CP-cetn HeOOIbIIOE 1 yaaeTcs 0JI-
HOCTBIO TTOCTPOUTH T'pad JOCTUKUMOCTU, TO CTAHOBUTCS BO3MOXKHBIM ITPUMEHUTH BCE
MHCTPYMEHTHI aHa/m3a State space tools - TPOBEPKY MOCTUKUMOCTH Pa3MeTKHU, *KIBO-
CTHU, CIIPaBEJIJINBOCTU U JPYTUX CBOHCTB, a TakxKe nHCTpyMeHT ASK-CTL s mpoepku
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 CPM Toels (Version 3.2.2, October 2011) == ]
»Tool box
»Help
» Options
¥ppS.con
Step: 1 [ ms_le_el[0,1,0] %, ms_le_el[0,1] y, ms_le_el[0,1,0,0,0,0,0
Time: 0
» Options
- History
¥ Declarations
» Standard p
»Standard d
» Monitors
NpnAsCpn

Binder 0
NpnAsCpn

ER SN [ —

input(,y,z);
output(xr,yrzr’
action

et :
'[0,0,0,1,0,1,0,0,1,0]

T3

input(xIn); input{xIn); input(=In); nput(xIn); input(xIn); in'ﬁl@t{t«ﬁ#}’})}
output{xInr); output(xInr); output{xInr); | putput(xInr); output{xInr) Shiabitadinal
action action action action action 55

let let | t let

"val s = ms_addgatmg <1l Mnfish B g <o &p| o7 [ pERvsarronen
in in in 7 in 55 o o i

(rs) (rs) (rs) i (rs) mstats

end; end; ianEtg«"In); ; Dﬂd; OEg Bgo qijlntbounds
autput(xInr; Bmultbounds
action W s Bhomemark
lat ?_;_ .. ddeadmark
val rs = ms_add(xIn,[1,~1,0,0,0,0,1,~1,0,01); y BdeadTl
= dliveTl
ofairness

None

Puc. 5. CPN Tools ¢ 3arpyKeHHbIM pe3y/JIbTaTOM TPAHC/ISAINN.

BBIIIOJIHIMOCTH TEMIIOPAJIBHBIX CBOMCTB BhIpaykeHHbIX Ha pacmupernn CTL jgoruku Ha-
spBaemoit ASK-CTL. Eciu yraercs mocTpouTh TOJBKO HAaYaJbHBIN (DparMeHT rpada
JIOCTH2KUMOCTHU, TO HEJIb3s IMPOBEPUTH II0OAbHBIE CBOWCTBA CUCTEMbBI, HO COXPaHSIETCS
BO3MOXKHOCTb OOHAPYKUThH J1e(DEKTHI CUCTEMbBI IIPOSAB/IAIONIAECS Y2Ke B HAYaJIe UCIOJTHE-
Hus cucteMmbl. [Ipu obHApyKeHUn TaKoro JAedeKTa MOXKHO IOJIYINTh KaK JOCTHKUAMYIO
pasmerKy meneBoit CP-ceTn, Tak m myTh W3 HaYaJIbHON pa3MeTKH B JIAHHYIO pa3MeT-
Ky. OIHAKO JIJI HHTEPIPETAIINHI IOy YeHHON pa3sMeTKN WJIN IIyTH Ha ncxomgHoit NP-cern
HEOOXOIUMO OCYIIECTBIATH STOT IIEPEBO/I BPYUYHYIO, UCIIOIb3Ysd MeTo/1 orrcannblii B [1a-
re 5. HecmoTpst Ha IpOCTOTY TAKOTO MEPEBO/Ia 3TO 3aTPYAHAET UHTEPIPETAIINIO JITHHHBIX
IyTell U sIBJISeTCS HEJOCTATKOM TEKYIeil pean3aliun.

Tpancasgrop ObLIT alrpoOOUPOBAH HA HECKOJBKUX HEOOIBIINX MOJIE/JIbHBIX IIPUMEpPax.
PaccmorpuMm, B wactHocTr, anaian3 NP-cetn mzobpaxkennoit vHa Puc.4, Mojenmpytorieit
POCTO OIHOPAHOTOBBIIT TpoTOKON u3 crarbu [8]. C moMoIb TpaHCIAIUU ObLIa, MO~
naydena nosejendeckn skBuBasentaas CP-cers. Ha Puc.5 nokazano okno CPN Tools, B
KOTOPOM OTKPHBIT (pparmenT nosryderHnoit CP-cetu. Ha pucynke BujiHO 60/1bIII0OE KOJTHYE-
CTBO II€PEX0/I0B, KOTOPBIE MOJIyUIAIOTCS B pe3y/ibTare mepedopa BeeX BOZMOXKHBIX MIATrOB
BEPTUKAJIBHON CHHXPOHMU3AINN JJIsI KarKI0I'0 Iepexola CHHXPOHU3AINNA CUCTEMHONR ce-
TH, a TaKyKe IOCTPOECHHS IIePEXOI0B-IIeTE/bh B KayKIOM HMO3UIMHA JIJISI BCEX BO3MOXKHBIX
9JIEMEHTHO-aBTOHOMHBIX IaroB. OIHAKO COOTBETCTBUE MEXKIy MO3UIMAMEI M pa3MeTKa-
MU II€JICBOM U MCXOJHOU CeTU yCTaHABJIUBACTCA JICTKO.

Brwi1 npoBejien anans Mojie/in COOTBETCTBYIONIEH HadaIbHOM KOH(MUTYPAIUN ITPOTO-
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koJia ¢ 10 kimenramu, 10 mocrasimkaMu JadHbIX 1 10 JOCTYIHBIMU KaHaJ aMu. AHajIu3
OBLT TIPOBeJIeH Ha KoMIibioTepe ¢ mporeccopom AMD Brisbone 2.2 GHz, oneparmonHoii
cucremoit Windows Vista u nacrpymenrom CPN Tools 3.4.0. 3aMepsl BBIIOJIHAIUCEH C
omMotnpio crapgapraoro uacrpymenta Windows Reliability and Performance Monitor.
I'pad moctuzkumoctu cojepkut 13013 y3/10B u ObL1 mocTpoeH 3a 76 cexkynia. KomOu-
HUPOBAHHAsI TIPOBEPKa YKUBOCTHU, MOUCK OMOPHBIX pasmeTok (home markings) u rpa-
HuUI pa3mMeTok nosunuit 3angaa 106 cekymn. [IpoBepka cripaBeIMBOCTH BBIIOJIHAIACH
154 MuHYTBI 1 TIOKa3aJj1a HaJIMYue HeclpaBeJINBbIX IIePexo/IoB. TakxKe OBLIO IIPOBEPEHO
HECKOJIbKO TTOBEJIEHIECKIX CBOMCTB crcTeMbl BhIpaskeHHbIX Ha s3bike ASK-CTL. Hampn-
Mep, TTPOBEPKa CYIIECTBOBAHUS MyTell B KOTOPBHIX Hada/bHas pa3MeTKa He BCTPedaeTCsd
(NOT(POS (NOT(EV(NF (‘®’,IsInitial))))) sausuia 12 cekynia. B pesynbrare anasmsa
OBLIO0 OOHAPYKEHBI HEJOCTATKH ITOCTPOECHHON MOIEIN U JOCTUTHYTO JIyUIllee TOHNMAHHIe
pabOThI MOJIEJIUPYEMOI CUCTEMBI.

5. 3akJIrouyeHue

B sroit pabore pazpaboranHa TpaHC/AIUsd BJIOXKEHHBIX cereil [leTpu B packparieHHble
ceTn 1 0OOCHOBAHO IIPUMEHEHUS €€ JIJIsi UMUTAITMOHHOT'O MOJIEJINPOBAHUS 1 aHAJIN3a BJIO-
JKeHHBIX ceteit cpencrBavu nncrpymentapus CPN Tools.

Nnes rpancigmum MoJiesiei oiHoro (hopMaJim3Ma B JIPYTOil € 1eJIbIO UCIOIb30BATH CY-
MECTBYIOMUI MHCTPYMEHTapnil B KadeCcTBe BUPTYAJIBHON MAIIIHBI JIJIsT MMUATAIIIOHHOTO
MOJIEJTUPOBAHUS W aHAJIU3a UCXOTHBIX Mojeseil He HoBa. Hanpumep, ToT ke CPN Tools
UCIIOJIB3YETCS B KadecTBe BUPTYyaJbHON Mamunbl Jjisd ucnosnenuss EPC moneneit B un-
crpymente Prom u B uncrpymente YAWL. YAWL B cBot0 odepesib HCIIOIB3YeTCsT B Ka-
JecTBe 1esieBoro a3bika B nacTpyMenTe BPMN2YAWL nmg BPMN wmogedeit [10].

[Ipenoxxennast Tpancsius peann3opana B Buje nacrpymerTapus NPN2CPN| ko-
TOPBIl TO3BOJISIET TPOBOJUTH UMHUTAIMOHHOE MOJIEINPOBAHNE U aHAJIN3 ITPOU3BOTUTEThb-
noctu NP-cereit ¢ momompbio CPN Tools. B ciayuae NP-cereit ¢ KoHeuHbIM U He OYeHb
OOJIBLIITUM TPOCTPAHCTBOM COCTOSTHUI, KOTJIA Y/IA€TCsA MOJTHOCTHIO IIOCTPOUTD I'pad J0CTU-
xkumoctH, ncnoab3oBanne NPN2CPN 1mo3BosisieT [T0moHUTEIHEHO ITPOBEPUTEH UCXOTHY O
CHCTEeMY Ha OIPAHMYEHHOCTD, & TaKrKe MCII0JIb30BaTh Bech dpyHKImoHaa CPN Tools g
aHaJIN3a MOBEJIEHYECKNX CBONCTB M MPOBEPKU BBIMOJTHUMOCTH TEMIIOPAJIHHBIX (DOPMY.I.
B cinyuae cucrem ¢ OosibIuM uin 6€CKOHEIHBIM ITPOCTPAHCTBOM COCTOSHUI 110 I00HDBII
aHaJIn3 MOBEJEHYECKUX CBOWCTB M MPOBEPKA TEMIIOPAJIbHBIX (DOPMYJT BO3MOXKHA TOJIb-
KO Ha HavdaJIbHOM (pparmente rpada jgocrmkumoct. OIHAKO JaxKe aHaIu3 HAYAJIBHO-
ro pparMeHTa UMeeT MPAKTUIECKYIO IeHHOCTh, T.K. MHOTHE JIe(DeKThI MPOABIAIOTCA Ha
UCIIOJTHEHUAX HEDOJIBITION TyyOuHbl. PazpaboTaHHbIil 110/1X0/1 YCIIENTHO alrpoOnpoBaH Ha,
HeOOJIBIINX IIPUMepPax.

OrMernM, 9TO B HACTOMAIIEE BPEMsT PE3YJIbTATHI AHAJIN3A [IEJIEBOW MOJIE/N TPUXO/IAT-
csl MHTEPIPETUPOBAThL HA UCXOJHON Mojenn “Bpyunyio’. B ciyuae maiijiennoro jedek-
Ta TOJIb30BATEIb CaM JIOJI?KEH OCYIIECTBUTDH II€PEBOJI COCTOSHUS WU UCTOPUU UCIIOJTHE-
Hus oopatHo, Ha A3bIK NP-cereil. XoTsa Takoil 1mepeBo/l JOCTATOYHO MPOCT, YKa3aHHbIHI
HEJIOCTATOK 3aTPY/IHAET MPUMEHEHNE TeXHOJIOTUN JJIsi OOJIBINNX cucTeM. B jajbHeiinem
MpeJIoJIaraeTcs Peajn30BaTh KOMIBIOTEPHYIO TOIEPXKKY MHTEPIPETAIINH PE3YIHTATOB
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aHajm3a Ha UCXOMHON Mojienn. Takxke OGOJIBINON UHTEPEC MPEJICTABIISIET UCIOJIL30BAHIE
HoBBIX BosMoxkHOCTeit CPN Tools [2].

Ornucannas B paboTe TPAHCISIUS MOYXKET ObITh pacIIupeHa Ha MHOT'OYPOBHEBBIE BJIO-
»xennble cetu [lerpu. s 31010 HEOOXOIMMO PEATM30BATH BHY TPEHHUE TIEPEXOJIbI (PUTTIEK
u3 60Jiee BHICOKMX YPOBHEl Kak repexo/ipl-mieTsin Ha nosuiusax CP-ceru, B KoTopoit MoryT
OKa3aThCsl 3TU (DUIIKH, BO3MOYKHO, BHYTPH Jpyrux dumiek. [[pumenenune rpanciasdium B
TAKOM CJIydae OCJIOXKHAETCS KOMOMHATOPHBIM POCTOM UUC/IA MEPEXOJIOB-TIETEb.
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Nested Petri nets (NP-nets) are an extension of Petri net formalism within the “nets-
within-nets” approach, when tokens in a marking are Petri nets, which have an au-
tonomous behavior and synchronize with the system net. The formalism of NP-nets
allows modeling multi-level multi-agent systems with dynamic structure in a natural
way. Currently there is no tool for supporting NP-nets simulation and analysis. The
paper proposes translation of NP-nets into Colored Petri nets and using CPN Tools as
a virtual machine for NP-nets modeling, simulation and automatic verification.
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