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The behavior of a wide variety of systems, biochemical, transport, industrial, software, and so
on, is inherently parallel, non-deterministic, and stochastic. The study and design of these systems
requires the use of models that take into account all these aspects, as well as appropriate software
tools. Stochastic Petri nets and their various extensions are successfully used as such models. They
combine the clarity and intuitiveness of the graphical representation with well-developed mathematical
and algorithmic apparatus of analysis. These models allow us to study not only qualitative but also
quantitative properties of systems, such as bandwidth, reliability, waiting time, etc. Software tools
that support the construction, modification and analysis of system models based on various variants
of stochastic Petri nets have already been developed and continue to appear.

This paper provides a detailed overview of several such multiplatfom software tools, namely,
GreatSPN, ORIS, PetriNuts, TimeNet and PIPE2 that are available on the Internet, and got recognized
by users. The introduction, informally, but with proper references to the literature, gives the basic
concepts, defines the classes of Petri nets and terms used later. Then, for each of the software tools,
its structure, features and peculiarities are considered. The tools are then compared in terms of their
functional and performance analysis capabilities, and recommendations to users on how to use the tools
depending on what type of stochastic models need to be investigated are discussed. The main purpose
of the paper is to facilitate the researcher and engineer in selecting the most appropriate modeling and
analysis tool for the task at hand.
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Croxacruueckue cetu [lerpu — MOIIHOE CPEJCTBO MOJIETUPOBAHNS TAPAJLIETbHBIX HEIETEPMUHUPO-
BAHHBIX CHCTEM C BEPOATHOCTHBIMU XapaKTEPUCTUKAMU, IPUMEHsIEMOe B CAMbBIX Pa3HBIX 00/1aCTAX
4e/I0BEeYECKOl JlesitesibHOCTH. OHU COYETAIOT HAIJISIHOCTD IPADUIECKOr0 HPEJICTABIEHUs] ¢ PA3BU-
TBIM MAaTEMATUYECKUM U AJTOPUTMUYECKUM allapaToM aHAIN3a, MO3BOJISIOT W3ydaTh HE TOJIBKO
KavueCTBeHHbIE, HO U KOJUYECTBEHHBIE CBONCTBA CHCTEM, TaKuWe KaK MPOMYCKHAsl CIIOCOOHOCTD, Ha-
JIE’KHOCTD, BPeMst OXKUAaHUs U T. 1. PazpaboTaHbl U TPOJOJIPKAIOT MOSIBJISTHCA HOBBIE TPOTPAMMHBIE
WHCTPYMEHTHI, MO/IIepKUBAIOIINE CO3TaHne, MOINMUKAINIO U aHAJIN3 CBOWCTB MOJIEIEl CUCTEM Ha
OCHOBE Pa3/IMIHBbIX BAPUAHTOB crToxactudeckux cereil [lerpu. B gammoit pabore paccMarpuBaioTcs
HECKOJIbKO TAKUX UHCTPYMEHTOB, IOCTYITHBIX B ceTu VIHTepHeT 1 Mo/ Iy YuBIINX IPU3HAHUE [TOJTH30Ba-
TeJielt, 00CYXKIAIOTCS TPEIOCTABIIEMbIe UMHU BO3MOYKHOCTH U IPOBONTCS ux cpapHerure. OCHOBHAsT
11e/1b paboThl — 00JIErYUTh MCCJIEIOBATEIO U HHXKEHEPY BhIOOp HAanbOJIee MOXOIAIIEr0 HHCTPYMEH-
Ta, MOJEJMPOBAHUS W aHAJIN3a JJIsl PEIIeHUs] CTOSIIENH epes HUM 3aJIaq9u.

KoroueBble ciioBa: croxacrudeckne ceru llerpm, MomennpoBanme, aHAIN3 TPOU3BOAUTETHHO-
CTH, HUHCTPYMEHTATBHBIE CHUCTEMBI.

Beegenne. Ceru [lerpu (CII) [1] — oana n3 nanbosee MOMyISPHBIX MOJE€H, HCMOTb3Ye-
MBIX KaK JIjIsI TEOPETUIECKUX MCCJICIOBAHNI CTPYKTYPhI U MIOBEICHUsI MAPAJLICIBHBIX HeJIeTep-
MUHHADOBAHHBIX CHCTEM, TaK W J/Isi MPAKTUIECKUX MPUMEHEHWH B PA3JUYHBIX 00JIaCTIX aBTO-
MaTU3UPOBaHHOW 00paboTKM MHMOPMAIINK: paCIpeIeIeHHBIX 0a3axX JaHHBIX W OTEePAIMOHHBIX
CHCTeMAaX, apXHTEeKTYPaX BBIUYHUCINTE]bHBIX MAIIWH, CACTEM U CeTell, cucTeMax IpOorpaMMHOIO
obecriedeHns], IPOTOKOJIAX KOMMYHHUKAIAI, CHCTEMAX C 3JIeMeHTAMH HCKYCCTBEHHOIO HHTEJLIEK-
Ta, MPOU3BOJCTBEHHBIX CUCTEMAX, CUCTEMAX IKOJOTHH U MUKPOOUOJIOTUH, CEJIbCKOXO3sHCTBEH-
HoMm mpousBoacTee u aAp. Crpykrypa CII coctour u3 nepexodos, MOAETUPYIONINX IeHCTBHS
CUCTEMBI; MeCMm, TMPeJICTABISIONINX TaMATh JIEHCTBUI; HANPABACHHBIL 0y OT BXOIHBIX MECT
K IepexojaM U OT IIePeXOJ0B K BBIXOAHBIM MectaM. Pasmemka ClI, Mmomenupyoomas cocTos-
aue nosegenus CII, mpucBanBaeT KazkKIoMy MeCTy HAaTypajbHOe KoJmdecTBO duwek. Ilepexon
pazpewen (K cpabamueanuio) npu pasmemie, eCIM Kaxka0e ero BXOJIHOE MECTO CONEPKHUT JI0-
CTATOYHOE KOJUIECTBO (DUIIEK; JTOCTATOYHOCTH ONPEIEISIeTCS 9UCJA0M AyT W3 BXOJHOTO MECTa
B epexo. 1lpu cpabamuieanuy nepexon yaaaseT n3 KaykI0ro BXOTHOTO MeCTa CTOJIBKO (DUIITEK,
CKOJIBKO JIyT UJIeT U3 MECTa B IePeXo/l, 1 T00aB/IsIeT B KazK/10€ BBIXOIHOE MECTO CTOJIBKO (hHIIIEK,
CKOJIBKO JyT HIeT B MeCTO M3 mepexoia. Takmm oOpa3oM, cpabaTbiBaHUsI MEPEXOI0B IPUBOIAT
K cMmeHe pasMerok. [Ipu dpyuknumonupoBanuu CII mopoxkmgaerca nocaedosamesvrocms cpaba-
musanuli neperodos. K nocromucrsam CII orHOCATCS HaTIsiIHOE TPAghUIECKOe IPEICTABICHUE
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X CTPYKTYpbl B 3 eKTHBHBIE METOABI aHaaIn3a nx nopenenns. Ognako ceru Ilerpn HEe MO-
ryT OBITH HCIIOJB30BAHbI [T H3YYeHUs KOJMUECTBeHHBIX (HAIIPUMED, BDEMEHHBIX) apaMeTpOB
(GYHKIIMOHUPOBAHKUST MOJIEIUPYEMBIX CHCTEM, TAKUX KaK BpeMs OTKJIMKA CHCTEMBI MJIH €€ HpOo-
U3BOIUTETHLHOCTD.

Ocoboe mecTo cpegu Mojesieil ¢ peaJbHBIM BPEMEHEM 3aHUMAIOT epemenmvie cemu [lempu
(BCTI). B reopunu cereii [Terpu n3ecTHB pasHOOOpa3Hble BpEMEHHBIE DACIITHPEHNUST, B KOTOPHIX
BPEMeHHbIe XaPAKTEPUCTHKI COMOCTABIISAIOTCS PA3INIHBIM 3JIeMeHTaM (MecTaM, mepexoaam, 1y-
ram, dbuIKaMu) cereBbix Mojeeil [2]. Haubosblnyoo HOmyIspHOCTD TOJYYUIN PACITHPEHUST
cereit [leTpu, rae ¢ mepexomaMu CBA3BIBAIOTCS BpEMEHHBIE 3aJIEPXKKH, & MOJIEJbHbIE Yachl U3-
MEPSIIOT XOJ BPEMEHH B COCTOSIHUSIX CeTH. B jimreparype paccMaTpUBAIOTCS JIBA MOJIXO0AA —
duckpemno-spemernvie CIT (JIBCIT) u nenpepueno-epemennvie CIT (HBCIT). B JIBCIT nmeror-
¢ NI00AIbHBIE YACHI U KAYKIOMY MEPEXOy COMOCTABISETCS MEJT0YNC/IeHHOe 3HAYEeHNe — JIJIH-
TEeJIbHOCTH cpabaTbiBanus nepexoja, Torma kak B HBCII ¢ KaxKapIiM 1epexo oM CBA3BIBAIOTCS
JIOKAJIbHBIE Yachl 1 MHTEPBAJI JIeHCTBUTEIbHBIX YHCE] — BPEMEHHBIX 3aJePKeK cpabaThlBaHMSI
nepexoja (pu 9ToM cpabarbiBaHHe Hepexo/ia cauTaercs MrHoBeHHbIM ). M3Becrno, yro HBCII
paBHOMOTITHB MammuHaM Thiopuara u BrouaT kiaace JIBCII, mosromy nmenno momesim HBCTI
BBI3BIBAIOT HauboabImit mHTEpec y nccaemoparesneit. HBCII umeror cienyromee nmosenenne. Co-
cmoanue HBCIL comepzkuT Tekyuryo pasMerky (pacnpejesierue (uilek Mo MecTaM CeTH) U
BPEMEHHOU BEKTOD TOKA3aHUI YacOB Pa3peIleHHbIX MepexoaoB (T.e. MepexojioB, Bee BXOIHbBIE
MeCTa KOTOPBIX UMEIOT JIOCTATOUHOE KOJIMIECTBO (bUIIeK Mpu JaHHON pasmeTke). [lepexos pas-
pewen (K cpabamuleaHu0) 6 cOCMOARUY TOJTBKO B TOM CJIydae, eCjid Hepexo]| pasperieH Mmpu
9TOI pa3MeTKe W ero 4achl JOCTUTIN MOMEHTa BPEMEHM, KOTOPbIl HAXOMAUTCS B TpPEIeaax Bpe-
MEHHOI'0 MHTepBaJia JanHoro nepexoja. Ilpu dyuknuonuposanuu HBCII mopoxkaatorces nocie-
dosamenvHocmu cpabamul8aHull Neperodos ¢ PEMEHHBMU TAPAKMEPUCNUKGMU, TPUBOIIIINAEC
K JOCTHXKHUMBIM cocTossnusIM. [IpocTpancTBo coctosumit HBCII, npeacrasisgemoe rpadom mo-
CTHKUMBIX COCTOSHIH (rpachoM TOCTHKUMOCTH ), DECKOHETHO M HEJMCKPETHO, YTO yBEJHIUBACT
CJIOZKHOCTD aHAJIN3a MOJIE/IH, IO3TOMY HCIIOIh3yeTcst MeTo KiaccoB cocrosuuii [3]. TIpn dbyHk-
nuonupoBaann HBCII mocsieoBaTeibHOCTD CpabaThiBAHMN IEPEX0I0B MOKET 3aIyCKAThCA C
Pa3JIMYHBIMH BPEMEHHBIMH XapPaKTEePUCTHUKAMH K IIPH 9TOM JOCTHUIaTh OJHON U TOil Ke pas-
MEeTKH, HO, BO3MOKHO, C PA3HBIMU BPEMEHHBIMH BEKTOPAMU, COAEPKAIMUMHI MOKA3AHUS YaCOB
paspelneHHbiX Iepexoa0B. MHOKECTBO BPEMEHHBIX BEKTOPOB CO 3HAYEHHUSIMU, O IAI0IIME B
HHTEPBAJIbl PA3PEIIEeHHbIX IePeX0I0B, IPUHIMaeT (POPMY BBIMYKJIOTO JUHEHHOTO MHOTOIDAH-
HUKA, OOBIYHO HA3BIBAEMOTO 30H0U. Kaacc cocmosnul — 3TO KOMIIO3UIINS PA3METKHA W 30HBHI.
I'pag xaaccos cocmoanui (abemparyus epaga docmuscumocmu,) NpeJCTaBsier cobOi CUMBOJIb-
HOe TpejcTaBienne npocrpancTsa coctossnuii HBCII, roe Bce wachl paspeneHHBIX IepPexXxoioB
HPOABUTAIOTCS ¢ OnuHAKOBOH ckopocTbio. BCII npuromssr ajist cnenupukaium 1 aHaan3a Cu-
CTEeM PeaJbHOTO BPEMEHHU, TAKUX KaK YIIPABJCHUE IIPOIMECCaMU, TPOU3BOJICTBEHHBIE CHCTEMBI,
poOOTHI, ABUAITMOHHBIE CHCTEMBI.

Hpyroe Bpemennoe pactmpenue CII — emozacmuueckue cemu Ilempu (CCII) [4], ocho-
BaHHbIEe Ha KOHIIENIIMH CTOXACTHYECKUX BpeMeHHBIX 3aep:kek. B CCII npeamonaraercs, 9o
BCE TIEPEXObI 3AIYCKAIOTCS ¢ BPEMEHHBIMHU 3aJepKKaMH — CAYYARHBIME BEeJIUIHHAMHU C U3-
BeCcTHBIME 3aKkoHaMu pactpeseneruns. Jacto B CCIl ucnosb3yercs: SKCIOHEHITHATBHBIN 3aKOH
pacmpeeeHnst BpeMeHHu cpabarbiBaHUs epexon0oB, aTo yuporraer anaan3 takux CCII. B CCIIT
C HepexoaMu, UMEIOIMUMHI HEeIKCIIOHEHIIMAJIbHOE paclpe/ie/ieHne 3aepKeK, KaK IMPaBUIO, Ha-
KJIIBIBAIOTC CYIIECTBEHHBIE OIPAHHYEHUs HA CTPYKTYPY CeTel ¢ IeIbio 00JerdeHus ux aHa-
nu3a. B HacTogmee BpeMsi U3BECTHO HECKOJIbKO 1Moaxoi0B K ompeaenennto CCII. Hampuwmep,
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pazpaboranbl CCII ¢ HenmpepbIBHBIM BpeMeHeM (BpeMeHHasl MKajla — HeoTpUIaTeabHble JIeii-
crpuTesibHbIe dncia) [5], obo3nadaembie HBCCII, u auckpeTHBIM BpeMeHeM (BpeMeHHas IKaJa
— marypasbnble uncia) [6], obosznadaemsie JIBCCIL. B o6o6wennox CCII (OCCII) |7] nmeror-
sl HKCMOHEHIHATbHbBIE (¢ 9KCHOHEHIMAIBHO PACIPEIETeHHBIME 3a/IePKKAMH) ¥ MTHOBEHHBIE
(¢ myseBbIMHE 3ajep:kKaMu) epexoabl. JJemepmuruposannve CCII (JICCII) [8] — sro mogens
C 9KCIOHEHITHAJIbHBIME W JI€TePMIUHHPOBAHHBIMHA (¢ (DUKCHPOBAHHOI 3a/1ePIKKOIi) MepexomaMu.
Jlemepmunuposarnve obobwernnve CCIT (JIOCCII) umeror sKCHOHEHTINATBHBIE, MTHOBEHHBIE 1
JeTepMUHUpOBaHHbIe TIepexobl. B pacwupernnwx CCI (PCCIT) [9-10] BO3MOXKHBI EPEXOIbI ¢
HEIKCIOHEHIUATIbHBIME 3aiepKKamu. Pacwupennwe JCCIH (PICCII) [11] MmoryT umers jetep-
MUHUPOBAHHBIE IEPEXO/bl ¢ HEAKCIOHEHIMAIbHBIMU 3a1epKKaMu. Vco/ib30Banue Ciydainbix
BPEMEHHDIX BeJIMYUH 00OrallaeT aHaau3 CUCTeM IIyTeM BbIYHCJICHUS KOJUYECTBEHHBIX IOKA3a-
resieii X 3hGeKTHBHOCTH (IIPON3BOANTENBHOCTH) W HAJEKHOCTH, YTO MO3BOJISIET HA DaHHE
CTAJINH ONEHUTH BHIOOP METOJa MPOEKTHPOBAHUS ¥ MPEIOCTABIAET PEKOMEHIAIME IS STAIIOB
BHeJIpeHHUs U HHTerparuu npoektupyeMbrx cucteMm. CCII mydre noaxonsar B KadecTBe Mome/eit
CHCTEM € PA3JICJIEHHEM PECYPCOB, aDXUTEKTYD «KJIHEHT-CEPBEP», KOMMYHUKAIIMOHHBIX CUCTEM,
HPOU3BOACTBEHHBIX JUHUA U T. 1. B CTOXaCTHYECKUX CETEBLIX MOJEIIX HEPEIKO HPUCYTCTBYIOT
TaK HasbiBaeMble «803Hazpascdenuss (rewards) — GYHKINH, KOTOPBIE COMOCTABIISIIOT YHCJIEH-
HbIEe 3HAYEHUs COCTOSTHUSIM WX IePeX0aM H KOTOPbIe HCIOIb3YIOTCS JIJId MOJIY IeHUs TAKAX Xa-
PAKTEPHCTUK MOJEJIUPYEMOH CHCTEMBI, KAK TOTpeb/IeHrne PecypcoB, JOCTYIHOCTD, HATEKHOCTH
u ap. «Bo3HarpaxkaeHnsy MOTYT TakKe CyMMHPOBATHCA B Xo1e (DYHKIMOHUPOBAHUS MOIEH.

JleranbHOe W3I0KEHHE MATEMATHYECKOTO alfapara, IpPUMepbl i 00CYKIEHHe Pa3JIuIHbIX
KJIACCOB cTOXacTH4YecKux cereil [lerpn amraress mMoxker naiitn B pabore [12]. Mbr Takzxe mc-
oJIb3yeM abOpeBUATYPBI KJIaCCOB, BBEJIEHHLIE B 9TOi padore.

Anamuzupytor CCII 06bIYHO ¢ HOMOIIBIO Mapkosckur npoueccos (MII), HA3BIBAEMBIX Map-
koscrumu yenamu (ML) ¢ auckpernsim BpemereMm (JIBMIIL) pis JIBCCII u ¢ HenpepbIBHBIM
spemenem (HBMII) pus HBCCII. I'pad mocruzkumocrn CCIT mozxker 6bITH HENOCDEICTBEHHO
comocrasiier ¢ MII, kKoropsiit ynosaerBopsier MapKoBCKOMY CBOHCTBY (roBOpsi HECTDOTO, MPH
bUKCHPOBAHHOM HACTOsIIEM Oy/IyIiee He3aBHCHMO OT mporwioro). Kaxaoe cocrosaue B rpa-
de TOCTHKUMOCTH COIOCTABJISETCI € COCTOSTHHEM B MapKOBCKOM IIpOIecce, a cpadaThiBaHHE
Nepexoa ¢ HEKOTOPOI BpEMEHHON 3a1ep2KKONH — € MEPEXOJIOM B MAPKOBCKOE COCTOAHHAE C COOT-
BETCTBYIONIEH BeposaTHOCTHIO. MII uMeoT MHOXKECTBO IPUMEHEHUH B KAUeCTBe CTaTuCTHICCKUX
MOJIeJIell peaJIbHBIX MPOIECCOB, HAIPUMED, TPH U3YUYEHUH CHCTEM KDYH3-KOHTPOJIsI B aBTOMO-
OnsIax, odepejeil KJIMEHTOB, KYpCOB OOMEHa BAJIIOT, JIMHAMUKHU TIOMYJIAIMN KUBOTHBIX U T. JI.
g apanmza HBMII, kak mpaBujIo, HCIOIB3YIOT YUCIEHHBIE MTOAXO0IBI. Koraa B pacmmpeHHbIX
CCII (PCCII) umeroTcst mepexo/ibl ¢ HeSKCIIOHEHIIHATHHBIMA 33JIePKKAMHU, JIEZKAIIUI B OCHO-
BE MOJIEJIM CTOXACTUYECKUH MPOIECC OTHOCUTCS K DOJIee CJIOKHBIM KJIactaM — HEMApPKOBCKUM
nporeccaM [13], HO YHCIeHHOE pelenne Bee ere MOKeT ObITh MOJYUYeHO, eCTH MOJEIb yIO0BIe-
TBOpsieT MapKOBCKOMY CBOHCTBY B OIpee/eHHbIe MOMEHTBHI BPEMEHM, HA3bIBAEMbIC TOYKAMU
pezenepayuy. B 9acTHOCTH, eCIi HOBas pereHepalysa BCeraa JTOCTUTAeTC ¢ BepOATHOCTHIO 1, TO
MOJIEJb MOJIJIePZKUBAET MAPKOBCKUI pererepupyionuii mporecc (MPII), koTopsiii MoxkeT GBITH
pemten uucaenno. Jpyrumu crioBamu, MPII — 310 cToxacTmdeckmnii mporecce, KOTOPBIA paHO
WJTH [TO3/THO 00SI3aTeIbHO JJOCTHTHET PEreHepaIlii.

CroxacTH9IecKuii Mpomecc MMeeT Kak CTAIMOHAPHOEe (YCTONYHBOE) COCTOSIHWE, TaK W Iepe-
xomHoe. Ilo mcredeHmn oIpeieIEeHHOTO BPpEMEHH B HPOIECCe YCTAHABIUBAETCS CIMAUUOHAPHOE
cocmosHue, T.e. KOTIa TeKyllee MOBeJIeHHe CHCTEeMBI COXPAHHUTCSI U B OyaymeMm. Ilepexodnoe
COCTNOANUE — ITO, TO CYTH, BPEMsl MEXKJy HAYATIOM HEKOTOPOTo cOOBITHs (Hampumep, cpaba-
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TBIBAHHEM MEPEXO/I0B) M CTAIMOHAPHBIM COCTOAHIEM. CMayuoraphvil GHaAU3 CTOXACTHIECKOTO
IpoIlecca UCIOIb3YeTCs /I OlIpeieIeHus CTallMOHAPHBIX cocToguuit. [lpu nepexodnom anaruse
[IPOIECCa OCYIIECTBAAECTCA UCCACTOBAHNE BEPOATHOCTEH HAXOXKJACHUA B ONPEICJICHHOM COCTOMA-
HUM B OTpeJIe;IeHHbI MOMEHT BpeMeHH. [lepexomablit amam3 mporeccoB 3aHIMaeT 3HATUTETHHO
HoJibilie BpemMeHu u TpedyeT OOJIbIIUX BbIYUCJIUTEIbHLIX MONTHOCTEH JIjIs Oy YeHus Pe3y/abTa-
ToB. PereneparuBHblii epexo/ublii/crannonapubiii ananms [14-15] — s1o mepexomubiii /cramm-
OHAPHBINH aHau3, BuIMoJHeHHBIHT B pamkax MPII. JIjng ananmsza cToxXxacTHYECKUX MPOIECCOB
JacTO MCHOJb3YeTCA CUMYIANUS WX noBedeHnd. LIpm cmavuonaphotl cumyarayuy TPOTECCOB
BBIUHCISIETCS PElleHre, KOTOPOe He MEHsIeTCsl CO BpeMeHeM, TOTIa KaK IIPH Neperoonoti Cumy il
YUl — MIHOBEHHBIC 3HAYCHNA B KayKJIbIII MOMEHT BPEMEHHU JJid KaxKJION CayvallHoil BeJnYInHBI.
CranuonapHast CUMYJISIIIUsT TTPOUCXOIUT HAMHOTO ObICTpee, 1eM mepexognas. Kpome toro, st
anasmsa CCII npumeHsieTcst MeTOL Kaaccoe cmoxacmuueckur cocmoanud |5, 16|, obbennHsi-
IONIUi TIPOBEPKY KOPPEKTHOCTH BO3MOYKHBIX BAPUAHTOB MOBejieHUst (uIeHTHhDUIMPYEMBbIX Oa-
30BOM HBCH) C KOJJAYECTBEHHON OIIEHKON WX BEPOATHOCTH (HHgyquyeMoﬁ CTOXaCTHIECKAMA
napamerpamu HBCCIT).

OueBnHO, YTO TPU pa3paboTKe MPUKJIATHBIX MPOEKTOB HEOOXOANMO HCIIOJIb30BATH MPO-
rpaMMHBIi nHCTpyMenTapuit. ucrpymentsr, noamepxusatorue CCII, M0KHO HCMOIB30BATH
JJId aHaJAn3a MPOU3BOAUTEILHOCTU CTOXaCTHYCCKUX CUCTEM, a TaKxKe JJid MeHepaluu Koaa, Cu-
MYJISIIIAH, aHaJIu3a U Bepudukanun pasusix Kiaaccos CClLI. Ha ceroandmuuii eHb cyIecTByer
PsIJl TAKAX HHCTPYMEHTOB, pa3paboOTAHHBIX JJisl pa3TudHbIX neneii u cpes (mrardopm). OgHa-
KO UMeeT CMBIC/I PACCMATPUBATD TOJBKO T€ UHCTPYMEHTAJIbHBIE CUCTEMbI, KOTOPbie 00J1a/1a10T
CJACIYIONUMHA CBOUCTBAMU:

— IOJIJIEP:KUBAIOT CTOXacTU4YecKue Mojesn cereil Ilerpu u ux obobienus;

— BKJIIOYAIOT I'padudecKuii peJakTop Mojesaeit, CuMyasaTop, aHUMAaTOD, aHAJIU3ATOD U Be-
pudurarop;

— TpedYIOT pa3yMHbIE allllapaTHbIEe U OOIIE[OCTYIHbIE IPOIPAMMHbBIE DECYPCHI;

— TOJIJIEPZKUBAIOT MYJIBTHILIAT(OPMEHHOCTD;

— JIOCTATOYHO XOPOIIO JTOKYMEHTUPOBAHDIL;

— OecILIaTHBI, IO KpaiiHeil Mepe, IJIs aKaleMHUIeCKUX HCCJIeI0BaHUIA.

B mamnoit pabore maercs geTaJbHbBIR 0030p MATH BBIIEPKABIINX MPOBEPKY BpeMeHeM, CBO-
60/IHO PACHPOCTPAHSEMbIX U OPUEHTHPOBAHHBIX HA Pa3/UYHbIe IJIATHOPMbI UMHCTPYMEHTA b
ubix cucrem (a umenuno, GreatSPN, ORIS, PetriNuts, TimeNet, PIPE2), noxaep:kuparomunx
IMTUPOKUIl CIIEKTP PA3HOBUIHOCTEH CTOXACTHUYECKUX Mojeseil n 06ecrnednBaionuX UxX OIEHKY
HPOU3BOJIUTE/IHHOCTH € OMOIIBIO Y (MEKTUBHBIX METOJIOB PEIIeHNs, BKII0Yast CHMYJIAIMIO CTO-
XaCTUIeCKUX IMporeccoB. PaccMaTprBaeMble HHCTPYMEHTHI CPABHUBAIOTCS ¢ TOYKH 3PEHUS HUX
BO3MOXKHOCTEH (PyHKIIMOHAJIBHOIO U BPEMEHHOI'0 aHaJ/Iu3a MOJIeJiell, a TaKzKe 00Cy K Ial0Tcs pe-
KOMEHJAINHA TTOJIH30BATEAAM 110 UCIMOJAb30BAHAIO THCTPYMEHTOB B 3aBUCUMOCTH OT TOTO, KaKO#
THI CTOXaCTUYECKHUX MOJIe/Iel TpeOyeTcs UCC/IeIOBATh U ¢ KAKUME OTIePAIMOHHBIMYI CUCTEMAaMU
[IOJIb30BATE I PabOTAIOT.

1. GreatSPN. GreatSPN [17-18| (u3HauaibHO paspabaThiBaJIcs B yHUBEpcHTeTe T. TOPOH-
to (tamus), B HACTOAIIEE BPeMs TaKyKe MOJJIEPKUBACTCS B YHUBEPCUTETE T. AJeCCaHpuu
(Uranus)) npeacrasasier coboil MHOrOMYHKIIMOHATIBHBI HHCTPYMEHTAIBHbIH [TPOrPAMMHBIIT
KOMILJIEKC Ha 6a3e pa3/iImaHbIX Moje/eil croxacTudeckux cereit [lerpu, npeanasnadennbiii jiis
crenudUKAINK, aHATN3a, BAJTUIAINN U ONEHKH TPOU3BOIUTEIHHOCTH HapalIebHbIX /PACIpe-
JIJIEHHBIX CHCTEM, (DYHKIIMOHUPYIOIINX B PEXKUME PeabHOTO BPEMEHH.

B GreatSPN Bepcun 3.0 momaep:KuBaioTCs CaeIYIONHE CTOXaCTHICCKUTE MOJIEIH:
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— o6o6mennbre croxacrudeckne cetu [lerpu (OCCIT), 6a30Bble ceTH KOTOPHIX BKJIIOYAOT
HPUOPHUTETHI IEPEXO0B U MHIUOMTOPHBIE JIYTH U KOTOPBIE SBJIAIOTCA YI00OHBIM (hOPMATI3MOM
JIJIST OLEHKH ITPOU3BOJUTEIBHOCTH OOJIBIINX CHCTEM OJIarogaps BO3MOXKHOCTH MX aBTOMAaTHYe-
CKOTO Tpeobpa3oBaHus B HeMpPepbIBHO-BpeMeHHyt0 Mapkosckyio mens (HBMIT);

— OCCII ¢ ngerapivu dumkavu (OIICCIT) [19], koTopble pacmmpsiiorT BO3MOXKHOCTH MO-
JIeTUPOBAHNS MHOTOKOMITOHEHTHBIX CHCTEM;

— OCCII ¢ merepmunuposanuabivu mepexogamu (JIOCCII) n ¢ HeIKCIOHEHITHATBHBIME Tie-
pexogamu (POCCII).

Mogenn MOTYT OBITH MOIY/JIBHBIMH, T. €. COCTOSTH U3 OTAEJIbHBIX He3aBUCUMBIX CeTel, KOTO-
pbie 00BeUHSIOTCS C IIOMOIIBIO AJIredpandecKnx oneparopos Kommnosumnun. [les anann3a mos-
JIEPKUBAEMBIX CTOXACTUYIECKUX MOJIeIeil COCTONT B TOM, 4TOOBI MPOBEPUTH UX MPABUIBHOCTD
C TOMOIIBIO CTPYKTYPHOTO/OBEIEHYeCKOro aHaau3a u nposepkn Mmozenn (model checking).
Kak To/1bKO 1mosib30BaTe/b YBEPEH, YTO MOJIEIb OTParkaeT IOBeAeHUe ITPOEKTUPYEMOil CHCTEMBI,
POIECC aHATN3a KOHIEHTPUPYETCS Ha BEPOITHOCTHBIX ACIEKTaX IIOCPEICTBOM CTOXACTHUIECKOM
HPOBEPKHM MO/IEJIN U BBIYUCJICHUS KJIACCHYECKUX MOKA3aTe/1eifl ONEeHKH IIPOU3BOJAUTEILHOCTH U
HAIEZKHOCTH.

OyHKIMOHATBHBIE BO3MOKHOCTH cucTeMbl (GreatSPN BKIIOUAOT: CTPYKTYPHBIH aHAJINS, UC-
cJeJ0OBaHUE IIPOCTPAHCTBA COCTOSHUM, TpeoOpa30BaHus MK LY MOAePKUBACMBIME (DOPMATH3-
MaMH, BepUMUKAIINIO, TOJIEPKKY IIPUHATHS pelleHus Ha ocHoBe MapKOBCKHX Ielei, duceH-
HBIE pellTeHus, CAMYIanuio MetomoMm MonTe-Kapo.

Cucrema GreatSPN npeacrasisier coboit HabOp HHCTPYMEHTOB, KOTOPbIE MOT'YT OBITH Opra-
HU30BAaHBI 110 WX (PYHKIUIM B CJIEIYIONNE KATETOPUN:

— yHUpUITPOBAHHLIN Tpadudeckuit unrepdeiic, pean30BaHHbIN Ha Java;

— MHCTPYMEHTDI TPAHCISIIUN, KOMIIO3UIINH, PA3BEPTKU MOJIe/Iel /st PAOOTHI ¢ HECKOJIbKHUMHI
dopmaTamu;

— CTPYKTYPHBIH aHaJIM3aTop CBOUCTB MOJeIei;

— TeHepaTop M ONTHMHI3aTOD MapKOBCKHUX MPOTEccoB (Iemeil) /s aHaIn3a CTOXaCTHIeCKHX
MOJICJIEH;

— mposepka Mofeeit (model checker) Ha 6a3e TeMIOPAJBHBIX JIOTHK;

— CTOXACTUYCCKHUA peIIaTenb.

Paccvorpum moipobHee BO3MOZKHOCTH H OCOOEHHOCTH KAXKJIOT0 HHCTPYMEHTA.

I'paduneckuti pedaxmop ssBiIsgeTcsa meHTpaJIbHBIM Moy teM cucreMbl GreatSPN, mockoabKy
OH WCIIOJIb3YeTCs /I TOCTPOEHUsSI MOJIesiel B TpaduIecKoM TPeICTABICHUN 1 OTPEICTeHUsT UX
CBOMCTB, a TakKe /I HHTEPAKTUBHOW CUMYJIAIMA ¢ aHUMaIneil «urpel ¢ (1BeTHBIME) hUII-
KaMu» Mojenn. OH OTBeYaeT TaK:Ke 3a BBI30B KOMAHIHOH CTPOKOM BCEX OCHOBHBIX MOJYJIei
(MozteupoBanust, BepubuKAIUK, AHAJIN3a, CAMYJISIIUNA U T. JI.) U 33 BU3YAJIU3AIHUIO PE3YJIbTATOB
ux paborol. C mespio Oosiee yaoOHOTO 0OMeHa MOJEJASIMH ¢ APYTUMH HHCTPYMEHTAMHU CHCTEMA
GreatSPN mogunepxkuaer crangaprasiii dbopmar PNML [20-21]. K coxkanennto, B neficTByo-
meit Bepcun PNML erie HeT Ha 1e2KaIero cnocoda npecTaB/ieHus CTOXacTHIECKUX aTpuOyToB
9JIEMEHTOB CeTH, U NPH KcropTe Mojaeau B ¢popmare PNML Takue arpudyTh omyckaiorcs. Oc-
HOBHBIM (DOPMATOM BBOJIa OCTAETCS HECTAHIAPTHBINA, HO IIHPOKO MOIAeP:KUBAEMBIH (hopMar
net/def, npu srom nocrynusr u apyrue dopmarst (APNN, GrML, NetLogo). Bo3mozxkna Tpanc-
asust u3 PNML B net/def u w3 UML B cern Tlerpu, pazseprka OIICCIT 8 OCCII, a rakxe
KOMIIO3UIIMS CeTEBBIX MOJIEIei.

CmpyxmypHolli aHasu36mMop BKIIOYACT MOJILYJIH:

— Bbruncyaenus P/ T-uHBapuanToOB/MOTOKOB;
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— BBIYHC/IEHUS] CTPYKTYPHOI OTNPDAHMYEHHOCTH W HEOTPAHUYIEHHBIX ITOCJIeI0BATEIbHOCTEM
EePeXO/I0B;

— BBIYHCJEHUS CTPYKTYPHBIX KOHMJIUKTHBIX MHOYXKECTB, TYMHKOB, JOBYIIIEK W B3aUMOOJIO-
KHUPOBOK;

— aHaJIu3 CETEBBIX CBOWCTB, MPEJACTABICHHBIX (OPMYyJaMU TEeMIIOpaIbHbIX JOruk LT'L,
CTL, CTL* [22].

Mooyav nposepru modeseti (model checker) BrITIOUaET MOLY/TH CHMBOJIBHON TIPOBEPKY MO/Te-
aeit (symbolic model checker) [23] na 6a3e Temmopasboii toruku CT L* 1 MOIY/Ib CTOXaCTHIE-
cKoii mpoBepku mozesieii (stochastic model checker) wa 6a3e HenmpepbIBHO-BPEMEHHO# CTOXACTH-
geckoil Temuopasbuoit soruku C'SLTA i1 BpeMeHHBIX aBTOMATOB, B KOTOPOH BbIYMC/ICHHbIE
MOKA3aTe TN MPOU3BOIUTE/THLHOCTH BBIPAYKAIOTCS C MCIOJB30BAHUEM JIeTEPMUHUPOBAHHBIX BPe-
MEHHBIX aBTOMATOB. Bo3MOXKHO Tpaduydeckoe TpeicTaB/IeHne TAKUX aBTOMATOB B WHTEpdeiice
cuctembl GreatSPN, a 3aTeM HX UCIOJIb30BaHNE I/ BRIYUCIEHNUS MOKa3aTe el IPOU3BOIUTE b~
HOCTH MOJEJIEN.

Tenepamop u onmumusamop Mapkosckuz npoueccos (yeneti) OCyIEeCTBIsIET UX HOCTPOE-
HEe u3 BhICOKOypoBHero si3bika Markov Decision Petri Nets [24], npeanasuadensoro mis cire-
nuduKaANUE BEPOSTHOCTHOTO W HEIETEPMUHIPOBAHHOTO TIOBEIEHUST MOIEIUPYEMON CUCTEMBI 1
CUHTAKCIIECKOTO CIIOCO0a ONpe/ie/ieHns TMepeKJII0UYeHns] MeyKy STUMU JBYMs THIIAMHU MOBee-
HUs, a TaKyKe BBIUHC/seT perteHne MapKOBCKHX TPOIECCOB € HCIOJIb30BAHUEM MOyl Kak
IEePEeXOIHOTO, TAK W CTAIMOHAPHOTO YUCJICHHOTO aHATN3a s MOJIYUYeHUs ToKa3aTeaeil mpoms-
BouTe TbHOCTH 13 MapKOBCKUX TIeTeii.

Cmoxacmuveckul pewamens BKIOIaeT B cebs HAOOp MHCTPYMEHTOB JIJIsT TTPOBEICHUST aHa-
JIN3a C UCIOJb30BaHWEM I'PadOB JOCTUKUMOCTH, CUMYIduu u AuddepeHnnaIbHbIX ypaBHe-
HUMH.

YuceHHbIe pereHust JJIs MePeXOTHBIX U CTAIIMOHAPHBIX MPOIECCOB UCTIOIb3YIOT MOCTPOCHUE
rpadhOB JIOCTUKUMOCTU CeTeBBIX Mogesei. CylecTByeT HECKOJIbKO Pa3HOBHIHOCTEH rpacdon
JIOCTUZKUMOCTH, KOTOPBIE MOYKHO CTPOUTH B CHCTEME:

— rpad mocruzxumoctn OCCII-momereii;

— rpad goctmxkumoctn OLCCII-moneneit;

— rpad TOCTUKUMOCTH CUMBOJBHBIX PA3METOK (00beTHHSIIONNX PA3METKH, IPU KOTOPBIX
paszperiensl oxau u Te ke mnepexojbl) B OLICCII, ucnoapsytomuii cummerpun Mozeseit |25];

— rpad TOCTHAKUMOCTH MapKOBCKHX pereHepupytontux uporeccos (MPII) croxactuaecknx
MOjTeIeil ¢ BO3MOYKHOCTBIO OHOBPEMEHHBIX CpabaThIBAaHUI TIEePEXOIOR;

— rpad TOCTHAKUMOCTH, 3aKOJTWPOBAHHBI ¢ TPUMEHEHNEeM JTUarpaMM IPUHATHS DelleHui
(Binary Decision Diagrams) [26-27].

Pemaresis gyst JIOCCII ucnosnb3yer paciumperubiii hopMam3M CeTeBO MOe/ i, KOTOPbIi
BKJIIOYAET MapaMeTPhl Pa3MeTKH, MapaMeTPbl CKOPOCTH TePeXO0B, OCOOEHHOCTH CpabaThiBa-
HHUsI TIepexX0/I0B (HAIpUMep, 3a/epKKa Mepexoa MOKeT Onpeleaarbes dyHKInell, 3aBucsaei
OT pa3MeTKH), o0Ilee, BOSMOKHO HEIKCIOHEHIMATBLHOE, BpeMsl 3aJIepKKH CpabaThbiBAHUS TTe-
PEXOJIOB U MPeJIOoXpaHuTe I mepexogoB (guards). DTor permaresib MOKeT 00pabaThiBaTh Kak
HBMII B nepexogHOM M CTAIIMOHAPHOM pekuMax, Tak 1 MPII ToJIbKo B cTallMOHAPHOM PEKH-
M€ ¥ HCIOJIB3YeT MepPea0Bbie YNCTEHHBIE METO/IBI.

Cumynsrop Moute-Kap/io mo3BoJisieT BBIYUCISITH MOKA3ATEJN TPOU3BOIUTEIBHOCTH C UC-
[OJIB30BAHUEM MAKEeTHON CUMYJIANIAN B IEPEXOTHOM uJn craruonapHoM pexnme. ma OLLCCII
CUMYJISTUS MOYXKeT OBITh BBIMOJTHEHA JUOO C UCIOJB30BAHUEM OOBIUYHBIX PA3METOK H MepeXo-
JIOB, TUOO C UCHOJIH30BAHUEM CHMBOJIBHBIX pa3zMeToK. CHMYIATOD MOIIePKUBACT CTOXACTUIE-
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CKHWe MOJEJU C TPOU3BOJBHBIM YHCJIOM MEPEXOI0B € PA3JUIHBIMU PACIPeIeIeHusIMIA 3a1ep-
KeK cpabarbiBaHUs MepexoaoB (paBHoMepHOe, Dpianra, Kokca u ap.). CpaBHUTEbHBIH aHa-
713 Bo3MozKHOCTel cumyastopa GreatSPN Moxkno HailTi B cTarhe [28|, riie mokasana BhICOKast
TOYHOCTH U TPOU3BOTUTETHHOCTD aJITOPUTMOB aHAJIU3A, UCTIOIB3YEMBIX CUMYIITOpOM. HCTPY-
MEHT OPUEHTUPYETCs Ha BHIYUC/ICHUE ME/I€BBIX MOKa3aTe el MPON3BOINTEIHHOCTH U BITTOTHSIET
UTEPAIIH IO CO3JaHHBIM COOBITHSM JI0 TEX MOP, TTOKA BCE MOKA3ATeTH He OKAYKYTCS HUKE IM0-
pPOTOBOTO 3HAYEHUS] TOTHOCTH.

CrenepupoBaHHBIE TOKA3ATEIN MPOU3BOINTETHPHOCTH BIPAXKAIOTCH ¢ HCIMOTB30BAHUEM A3bI-
Ka, CIeIUu(MUIHOrO A TPeIMeTHO! 00J1aCTH, MOTYT OBITh SKCIIOPTUPOBAHLI B hopmarax CSV,
Excel, PDF, PNG st 06paboTKu ¢ IOMOIIHIO BHEITHUX HHCTPYMEHTOB.

[Ipeaycmorpensr nBa ocHOBHBIX THIA B3anMmoeiicTeusg GreatSPN ¢ apyruvu mHCTpyMeHTA-
MU

— 3kcnopt Mojeneit n3 GreatSPN B mpuHMMaoOmuit ”HCTPYMEHT, 9TOOBI IPUMEHATH METO/IBI
aHaJM3a, JOCTYIMHBbIE B 9TOM WHCTPYMEHTE;

— MOBTOPHOE HcIoJb30Banue Moayaeit GreatSPN (uim ux gacru) JIpyruMu HHCTPYMEHTAMH.

Nudpacrpyrrypa GreatSPN3.0 ucnosib3oBanach B TAKUX KOHTEKCTAX KaK OMOJIOTHIECKOE
MoJesiupoBanue 29|, mpoekTHpoBaHKe IUCIeTIePCKOTO MeHTpa B ra3oBoii kommanuu [30], ore-
HuBaHue >GGEKTUBHOCTH CeTeBBIX MPOTOKOJI0B [31] m MHorux apyrux. B xome paspaborku
GreateSPN ocoboe BHEIMaHWe yIeJaAJ0CH yI0OCTBY WCIOIb30BAHUS ITOTO WHCTPYMEHTA TPHU
obydeHnu paboTe €O CTOXACTHYECKUME Mojeaamu [32| u s u3ydeHusr GHOTOTHIECKUX CHU-
crem [33].

Hucrpubyrus cucrembl GreatSPN Brirogaer Takzke JOMOJTHATEIbHBIE YTHINTH:

— algebra mpeHA3HAYEHA NI KOMIIO3UITME MOJIeJIell M BU3YAJIU3aIi IpadoB TOCTUKIAMO-
CTH;

— multisolve mpeHA3HAYEHA 71T CEPUAHOTO 3aMyCKa aHAJIN3AaTOPA C BADBUPYEMBIMHU TTapa-
MeTpaMu MOJIEIH.

GreatSPN umeer oTKpbITHI HeXOmHBI KO, mocTynabii [34] Ha GitHub, n paboraer Ha BCex
ocunoBHbIX miaTdopmax (Linux, Windows, macOS).

2. ORIS. ORIS [35-36] (paspabarbiBajicss U nojpjepxKuBaercss YHuBepcutreTroM T. PIio-
perrun (Uranus) u Yuusepcurerom FHOxuoit Kamudopunn 1. Jloc Amkereca (CHIA) — sro
HPOTrPAMMHBIN MHCTPYMEHT JIjIsl MOJETMPOBAHUS M aHAIN3a TPOU3BOIUTE/IHHOCTH U HAI€ZKHO-
CTH CTOXACTHUYECKHX CHCTEM, YIPABJISIEMbIX HEMAPKOBCKUMH TajiMepaMu (HAIPHMED, BDeMeHeM
MeKIy MPUOBITHEM ¥ /WM 00CTyKUBAHUEM, BDEMEHEM OTKa3a, BPEMEHeM DeMOHTa, KOJIeOJIo-
MIAMUCST 33I€PZKKAMHE, TaifiM-ayTaMu), 3a/1aBaeMbIME ¢ HCHOJIB30BAHUEM PA3JUIHBIX (DYHKIHH
IJIOTHOCTH BEPOATHOCTH.

B nenom, ORIS upesgcrasiisier coboit XOPOIIO CIIPOEKTUPOBAHHBINA TPOrPAMMHBIIT UHCTPY-
MEHT, TIOJTHOCTBIO PEeaJU30BaHHbI Ha Java u pa3zpaboTaHHbIil TAKUM 00pa3oM, 4To0bl 0OJIErYuTh
er0o PaCIIUPEHne HOBBIMU CPeJCTBAMHU PabOThI ¢ HEPEPBIBHO-BPEMEHHBIMU CTOXACTUICCKIUMUI
cersamu [Terpu (HBCCII) u peaausamuio HOBBIX METOIOB PEIEHNUS, JTeKAIIUX B HX OCHOBE CTO-
XaCTUIECKUX MPOIECCOB.

B xagecTBe rpaduieckoro dpopmaaInzMa JIast MOJASTHPOBaHs cToxacTudeckKux cucreM ORIS
ucnobzyer HBCCII, B 6azosbeix HBCII KOTOPBIX ¢ KazKBIM TEPEX0I0M MOTYT OBITH CBSI3AHBI:

— (byHKIMSA, KOHTPOJIUPYIONIAS KOJUYECTBO (PUIITEK BO BXOIHBIX MECTaX, HEOOXOIUMOE JIj1s
cpabaThIBaHUS TEPeXOa;

— dYHKIHA, Onpeesionias JOMOJTHATETbHOe KOJTMIeCTBO (PUITEK B BBIXOTHBIX MECTaxX MO-
cJae cpabaThIBAaHUS TEPEXOIa;
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— MHOKECTBO TIePEXOJIOB, /IJIsl KOTOPBIX MPUHYIUTEIHHO MePEeyCTAHABINBACTCS BPEMS C Tie-
JIBIO UX cpabaTbIBAHUS;

— mpuHOpHUTeT W Bec (MPH KOHKYDEHIMH Ha CpabaThiBaHUs BBIOUPAIOTCS MEPEXOIbl ¢ Hau-
BBICIITUM [PHOPUTETOM U € BEPOATHOCTHIO, MPOTOPIMOHATIBHON UX BecaM);

— BpEMEHHble HWHTEpBaJbl CpabaThiBaHUs MePexXoqoB (T.e. BO3MOXKHO 3ajaHue Kak
HEIPEPHIBHO-BPEMEHHBIX 3aJIePKEK, TaK U HYJEBHIX).

B HBCCII ¢yHKINE MIOTHOCTH BEPOSITHOCTH, CBSI3aHHBIE C MEPEeX0JaMu, MOTYT ObITh
HEMe/IJICHHBIMU, JeTePMUHUPOBAHHBIME, SKCIIOHEHIIUAJIBHBIMA U HeIKCIIOHeHITnaabHbIMu. CJie-
ayet nomxaepkKuyTh, ato ORIS nognep:kuBaer HBCCII, B KaxK10M COCTOTHUE KOTOPBIX HECKOTh-
KO TaliMepOB MOTYT ObITH 3aIYIIE€HbI OJHOBPEMEHHO.

ORIS mpenocraBasier kKak rpadudeckuil noab3oBarteasckuii narepdeiic (GUT), tak u ns-
repdeiic npukaagroro mporpamvupobanus (Java API), ocHoBauHBI Ha BCTpoeHHON Java-
oubmoreke SIRIO.

['pacdbudecknii moab30BaTEILCKUAM HHTEPMEHC peJHa3HAYEH JIJIT MOJEIUPOBAHU CTOXACTHU-
geckux cucrem B Bujge HBCCII ¢ nomomnipio rpadudeckoro pegakropa, cumyssiiun HBCCIIT (¢
BO3MOZKHON aHHMauHeﬁ) u xkonmuecteerHoit onenkn HBCCII, BbIimoHSIEMOiT ¢ HCIOIB30BAHIEM
Pa3HOOOPA3HBIX MEXAHU3MOB MPUHSIITHST PENTeHU, MPUMEHIMBIX TIPU PA3JTHIHBIX TPEIIM0I0Ke-
HUAX O JIeZKAIlUX B OCHOBE Mojieiell cToXacTudeckKux IponeccoB. Ilpu stom Java-6ubianoreka
SIRIO 1mo3BoJIsieT HHTErPpUPOBATH METOJBI aHAJIU3a, JOCTYIIHBIE B I'pacdudeckoM unrepdeiice,
B T0JIb30BATEIbCKHE MPOTPAMMbI U MHCTPYMEHTHI M1 BBHITIOJIHEHHS OOIMHPHBIX ITapaMeTpH-
9eCKUX MCCICJOBAHUM, IJe CBOHCTBA CHCTEM (Takhe KaK HPOU3BOIUTEIHHOCTH, HAJIEKHOCTb,
IIPUTOHOCTH) OIEHUBAKOTCS MPH KOMOMHAIIMSAX MHOTHX [APAMETPOB M BAPHAHTOB MOjeJeii,
cuenudUIIPOBaHHbIX ¢ moMoIbo Java API.

Yro0b1 yrpocTuTh Takyio maTerpaiuio, mojaegn HBCCII MoxkHO sKcmopTupoBaTh U3 Ipa-
dugeckoro nnrepdeiica B Buge Java-koma. Kak ToJbKO MOAEIb MOCTPOEHA C UCIOJIb30BAHIEM
Java API, ee MOXKHO aHAJIM3UPOBATH, BBI3BAB JOCTYIIHBIE AHAJU3ATOPBI, U PE3y/IbTaThl (HAIPHU-
Mep, CTallnOHAPHbBIE PACTIPEJICICHUS, BPEMEHHbBIE PAJIbI TIEPEXOTHBIX MIPOIECCOB, Ipadbl KIaCCOB
COCTOSIHUN) MOTYT ObITH COXpaHeHbl B (baill WM MOKAa3aHbl ¢ UCHOJb30BaHueM (GyHKIUi, 10-
CTYIHBIX B I'padUIecKoM pejgakTope. B To Bpems Kak MOCTpoeHne U aHaJIM3 Mojiesieil Hermocpe -
CTBEHHO B IpapUIecKOM pelaKTope MOJe3HBI s OBICTPOro mnepebopa pa3IudHbIX BApHAHTOB
Mmojeieil u anann3a ux nosegenus, Java APl gaer Bo3aMOXKHOCTBH, Bapbupys CTOXaCTHIECKUE
napaMeTphl, TPOBOAUTH OOITHPHBIE TAPAMETPUIECKNE MCCIETOBAHUS MOIEIel.

ORIS mpemocrapisieT MOIB30BATEIO IMUPOKHH BHIOOD BO3MOMKHOCTE CTOXACTHYECKOTO aHa-
JIN3a, KOTOPbIE PeAJTU3YIOT pa3audnble MeTo bl pemenus u oneuku ceoiicte HBCCII, 3amannbix
C UCTOJIB30BAHUEM OJIHOTO W TOTO ke (hopMara BBOJA MApaMeTpOB (HAIPUMED, «BO3HAIDAZK-
Jennii» u ycsosuit ocranosku?®). ORIS rakxke nomiepxusaer anaiuz HBCIIL, ocnosanubiii
Ha abcrpakmun noseaennst HBCIT — rpadpe xraccos cocrosamit. Kaxkapiit Mmeron anain3a Ha-
KJIa/IBIBAET pa3jndHble orpaHntdeHus Ha kiacc jexanmx B ocaoBe HBCCII croxactuaecknx
IPOIIECCOB, YTO HPUBOIUT K OoJiee 3(hHeKTUBHBIM METOIAM PEIIeHMS.

PacemoTpuM MeTOIBI CTOXACTHYECKOTO aHau3a, goctynnbie B ORIS.

! «Bosmarpaxkaennsay — QyHKINIH, KOTOPLIE CONOCTABASIOT THCIEHHbIE 3HAYEHNS COCTOSHIAM HITH HePexXoaaM
¥ KOTODPBIE HCIOJIB3YIOTCH JJIsd MMOJYyYeHUsI TAKUX XaPAKTEPUCTHK MOJEJUPYEMOU CHCTEMbI, KaK roTpebdsenue
PECYPCOB, JIOCTYITHOCTb, HAJIEXKHOCTH U JIP.

2Vc0B7E OCTAHOBKH — JIOTHIECKOE BEIPAsKEHIE, IPH HCTHHHOCTH KOTOPOTO aHAIM3ATOp OCTAHABIUBACT aHA-
JIN3 710 UCTeYEeHNs paHee HA3HAYEHHOI'O CPOKA.
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Maprosckut memod peannsyer cTaHIaPTHBIE METO/IBI TIEPEXOIHOTO U CTAIHOHAPHOTO AHAIU-
3a HelpepbIBHO-BpeMeHHbIX 1eneli Mapkosa (HBIIM) [37]. Bosmozxken ananus Toipko OCCII,
T. €. JIOYCTUMBI TOJIBKO SKCIIOHEHIIMAIbHbIE M MI'THOBEHHBIE TIePEXO0JIbl; Ha IIPAKTUKE, YTOOBI IIpe-
OJI0JIETH ITO OMPAHUYEHUE, KAXKIBIH HEIKCIIOHEHIIUATBHBIN Tepexo (T. €. Tepexojl ¢ BpeMeHHO
3a/1ePKKOil, 3a/[aHHOIl HEIKCIIOHEHITHAJIBHBIM DACIPEICIeHIEeM) MOXKeT ObITh 3aMeHeH (mepej
AHAJIN30M) MOCJIEI0BATEIHHOCTHIO SKCIIOHEHIIHATIBHBIX [IEPEX0/I0B, MOy Y€HHBIX ¢ MOMOIIHIO All-
npokcumaInu ¢Gpa3oBoro THTIA.

Memod ozparurenus 20mosHocmu K cpabamuleanulo neperodos pealn3yeT NepexoHblii aHa-
JIU3 JJIsT MAPKOBCKUX pererepupyomux mnporeccos (MPIT). Bosmozxken ananus Tonbko HBCCII,
B KaK/JJOM COCTOSTHMHM KOTOPBIX He 00/iee 9eM OJUH HEeIKCIIOHEHIIUAJIBHBII [TePeX0/1 pa3perien K
cpabaTbIBaHHIO.

Pezenepamuenniti memod peaansyer mepexoaHbiit n cranmonapubiii anaan3 MPII ¢ Heckob-
KHMH HEIKCIIOHCHIIMAJIbHBIME IePeX0JaMy, Pa3PelleHHbIMUA K CPabaTbIBAHUIO B COCTOAHHUSX.
111 cTalmoHapHOro aHaIN3a TpedyeTcs OrpaHuIYeHHOe YUCI0 cpadaThIBAaHUN TEPEX0I0B JI0 TeX
1Op, IOKa He HPOM30iiJeT pereHepalus — COCTOsIHUE, B KOTOPOM BCE IePeXO/bl OYyAyT BHOBb
rOTOBBI K CPAabATHIBAHWIO, TOT/A KAK /I EPEXOIHOTO aHAJIM3a ITOr0 OTPDAHUIEHUS HET.

«Hanpassenrvitiy memod peamusyer nepexoausiit anaan3 HBCCII 6e3 orpannvennii Ha Ha-
JINYKMe pereHepanuii U Iph 3TOM IepedupaeT KJacChl COCTOAHHE B Irpade KIaccoB CTOXaCTHU-
YeCKUX COCTOSHUU, HAUMHAS ¢ HAYAJIHHOTO COCTOSIHUA, JIO TeX IOP, IMOKa caMoe paHHee BpeMs
cpabaThbIBaHUA MEPEXOJ0B B KaKJIOH TOCIeI0BATETHHOCTH CpabaThIBAHMI MEpeX0I0B He IIpe-
BBICHT IEJI€BYI0 BPEMEHHYIO TPDAHUILY AHAIN3A.

Hedemepmunuposannoili memod anannsa npocrpancTsa cocrosauit HBCCIT mogaepkuBa-
eT MPOBEPKY KadeCTBEHHBLIX CBOMCTB MOJEIN: HAIPUMED, IPOBEPKY TOTO, MOXKET JIH ObITH J10-
CTUTHYTA KOHKPETHasd PasMeTKa WM COAEPXKHUT JIH I'pad KIacCOB COCTOSHHUN pereHepaluio B
KazKJIOM IUKJIe (3TO MO3BOJIsIeT TTPOBOJUTE 00JIee TOUHBII PEreHepATHBHBIN aHAJINS).

Ha nporsikenun muorux jier ORIS ycmernHo ucmoib3yercs B pa3indHbIX KOHTEKCTaxX u 00-
JACTSX TPUMEHeHUs, HanpuMep, B KadecrtBe rpadudeckoro narepdeiica (GUI) musa onenku
nokasareseil paboTOCIOCOOHOCTH B CHCTEMAX KeJIe3HOMOPOKHOM curHaiu3anuu |38, B Kaue-
cTBe mHTepdeiica NPUKIAIHOIO TPOrPAMMHUPOBAHUS /I BBIOJHEHUS aHAJJIN3a TEXHHIECKOIO
OBCIY KUBAHUS B Ta30- U BOJO-PACIIPEIETUTETBHBIX ceTsX [39—40], 1/is OleHKN HATIOJHAEMOCTH
BArOHOB M BPEMEHU OYKH/IAHUS 1aCCazKUPOB TpaMBaiinoil junuu [41].

Uucrpyment ORIS maxomurest B cBoGomuoM goctyme [42], a mexomsbiit Ko7 GuOIHOTEKH
SIRIO nocrymen o nnnensnn AGPL na GitHub [43].

3. PetriNuts. PetriNuts (paspaboran u mpoJoJizKaeT pa3BUBaThCs B BpanaeHOYprekoM
TeXHUYIeCKOM yHuBepcurere T. Kor6yc, [epmanus) — IporpaMMHbIH KOMILIEKC, BKJIIOYAOIII
unctpyments: Snoopy, Charlie, Marcie, Spike, MC2, koropbie momjiepuBaior padory ¢ pas-
JIMYHBIMA KJIaccaMu Mojesieit cereit [leTpn 1 ux CcTOXaCTUIECKUMEI PACIITHPEHU M.

Snoopy [44] — 6a30BBIil HHCTPYMEHT KOMILTIEKCA, MPeAHAZHAYEHHBIH 111 TpadIaecKoro KOH-
CTPYUPOBAHUS, DEJAKTHPOBAHNS U BU3YAJU3AIMN, & TAKKe CUMYJSIUN (¢ BOBMOKHOM aHUMA-
nuell «urpbl ¢ pUIIKaMu» ) ceTeBbIX Mojesiel. THCTPYMEHT MOJJIEPKUBALT CIeYIONHe KIACCHI
MOOETEH:

— oboranste ceru [lerpu (CII);

— cern Ilerpu ¢ wunrubnropusivu  (inhibitor) /auralomumu  (read) /obmyssonumMu
(reset) /3aBHCSIUMI OT MAPKUPOBKH JIyTaMU;

— nenpepoiBubie (continuous) ceru Ilerpn (HCII) [45];

— JINCKPETHO- U HempepbiBHO-BpeMenubie cetu [lerpu (JIBCIT u HBCII);
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— croxacrudeckne nenpepoipabie cetn [erpu (CHCI);

— 06001eHHbIE cTOXAaCTHYeCKUe AUCKpeTHO-BpeMennbie cetu [lerpu (OBCCII);

— neverkue (fuzzy) pacrmpenns HCII u CHCII [46];

— BBINIENEPEYUCTEHHBIE CETEBbIe MOJETH C IBETHBIMU (DUIITKAMH.

[Tomumo ceTeBbIX MO/IEIEHl HA3BAHHBIX KJIACCOB B IpaduieckoMm mHTEpdeiice Snoopy TakzKe
MOXKHO CTPOUTH W BH3YAJN3UPOBATH W Jpyrue rpadbl, B 9aCTHOCTH, rpapbl TOCTUKUMOCTH,
MYJIBTH-TEDMUHAJBHBIE W WHTEPBAJIbHbIE OHHADHBIE AuarpaMMbl pernenuii [47], qepeBbst Hewc-
MMPaBHOCTEH.

g obMmeHa JaHHBIMU € JPYTHMHU WHCTPYMEHTAMH KOMILIEKCA U CTOPOHHHMH CPeJICTBa-
MU aHAJIM3a SNOOPY IIPEIOCTAB/ISIeT HECKOIBKO (hopMaToB (hailyioB mpejcTaBienns Mojaeeii, B
qactHOCTH, cTangaprHbie hopmarsl PNML u SBML (Systems Biology Mark-up Language) [48].

Charlie [49] — peanmnsoBanubIii Ha Java WHCTpyMeHT aHaau3a cereBbiXx Mogeseii. OH mpu-
HUMaeT Ha BXOJI Bce MOJJIepyKIUBaeMble B SNOOPY KJIACCHI Mojiesieil, HO BpeMeHHbIe H CTOXaCTH-
JecKre aTpuOyTHl HTHOPUPYIOTCS, PACCMATPUBAETCS TOTBKO CTPYKTYpa Mojesneit. UHCTpyMeHT
npeJocTaB/isger npocToit rpadpudeckuit unrepdeiic, B KOTOPOM MOYKHO OLPEJIE/sTh TUIl CETH
(KOHEUHBI{T aBTOMAT, MADKUPOBAHHBIA Tpad, ceTh ¢o CBOOOIHBIM BHIOOPOM U JIp.), BBISICHSITH €e
CTPYKTYDHBIe CBOficTBa, HaxoanTh P /T nHBapHAHTHI, JTOBYIIKH U TYIUKH, CTDOUTH W BU3YaJIH-
3UPOBATh MOKPBIBaOMU rpad u rpad goctmkumocTH. Ha ocHOBe 3THX rpadoB aHATU3UPY-
I0TCS TaKue TOBe/IeHIecKhe CBOUCTBA, KaK OTPAHMYEHHOCTh, KIBOCTH, 0OPATUMOCTh, HAJTUIHE
JIMHAMUYECKUX KOH(MIUKTOB, a TaKKe OCYIIECTBIAETCS MPOBEPKA MOJeIeil HA BBHITIOJHUMOCTD
dbopmys remnopanbubix joruk LT L u CT L [22]. Habop ananamuzaTopos n (popMaToB BBOIA aHA-
JINBUPYEMBIX CETEBBIX MOJIE/Iell MOKeT ObITh PACITUPEH C MTOMOIIBI0 MOAKII0YAeMbIX MOJIYJIei.

Marcie [50] — uncrpyment ananusza CCIT u OCCII, B KOTOPBIX MOYKHO JOTNOJHUTEJTbHO
3a/1aBaTh «BO3HAIPaXKJeHus». VIHCTpYMeHT MO3BOJIseT TPOU3BOIUTh KaK TePEeXOTHBIH, TaK 1
CTAIIMOHAPHBIN aHAJIN3 CTOXACTUUECKUX MPOIECcCOB. B 3aBHCHMOCTH OT KJjacca CeTH U pa3Mepa
HPOCTPAHCTBA COCTOSHUI /1T AHAIN3a MOTYT MPUMEHATHCS PA3INIHbIE BHYTPEHHUE BHITHC-
JIMTEIN: TOYHBI YHCIEHHBI (TOJBKO JJIi OrPDAHHYEHHBIX Cereii), ammpOKCHMHUDYIONTHii (mpu
paboTe KOTOPOro MAOBEPOSTHBIE COCTOSHUSA OTOPACHIBAIOTCS) W CHMYJIANUOHHBIA. B Kazx oM
U3 BRIYHCJIUTEEH peam30BaHO HECKOJIBKO AJTOPUTMOB, TAK YTO TMOJb30BATETb MOXKET TOI0M-
parh HamboJee MOIXOAAIINN g KOHKpeTHO! Momenu. Kpome TOro, ¢ MCIOIb30BAHUEM ITHX
BBIYUC/IUTE 1€l MOXKET BBIIIOJIHITHLCS IPOBEPKA Mojiesieit Ha 6ase hopMys1 TeMIOPATBHBIX JIOTUK
CTL, CSRL (Continuous Stochastic Reward Logic) [51] w PLT Le (Probabilistic Linear-time
Temporal Logic with numerical constraints) [52].

Spike [53] — wHCTpYMeHT KOMaHIHON cTpOKU st 3DEKTUBHON CUMYIISAIMA CTOXACTHIe-
CKWX, HETIPEPBIBHBIX W CTOXACTUYECKUX HETPEePBIBHBIX ceTeii [leTpu m ux pacmupenuil MBeTHbI-
Mu putikaMu. THCTpyMeHT npeocTaB/isger pasHoodpa3Hble aJIlOPUTMbl CUMYJIAIME, [I03BOJISAET
OTIPEIEISITH CJIOZKHBIE CIEHAPUU CEAHCOB CHMYJISIINU C BAPbUPYEMBIMH HAPAMETPAMHU U TOTHO
BOCIIPOU3BO/INTH COXPAHEHHBIE CIIEHAPUM.

MC2 [54] — peanuzoBaHHBIN Ha Java WHCTPYMEHT MPOBEPKH MOJeJeil, CBOHCTBA KOTOPBIX
3aaHbl (bopMystaMu TeMnopaabHbiX JoTuK LT Le u PLT Le na MHOXKeCcTBe Tpacc, MOy YeHHBIX
B pe3yJIbTaTe CHUMYJIAINMH CTOXACTUUECKUX U cTOXacTuwdeckux HenmpepwuBHLIX CII u ux paciim-
peruit mBeTHbIME umKamMu. Takue TPACChl MOTYT OBITH TOJIYYEHBI, HAIPUMEDP, C MOMOIIHIO
nHCTPpyMeHTOB Snoopy u Spike. [Tpumep ucnos3oBanus cucrembl MC2 B MogempoBanun po-
cra OHOIIEHOK MOXKHO Haiftu B [55].
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Bce uHCTpyMeHTH mporpaMMHOTO KoMminaekca PetriNuts cBobogHO AOCTYIIHBI 1T HEKOM-
MEepUYeCKOT0 UCIHOIb30BaHusd. OCOOEHHO aKTHBHO M YCIEIIHO TOT KOMILIEKC IIPUMEHACTCA JIJIs
MOJIEJTUPOBAHIS OUOJOTHIECKUX CHCTeM (CM., Hampumep, [56]).

4. TimeNET. TimeNET [57] (¢ 90-x romoB pa3pabarbiBajics B Bepaunckom Texmutdeckom
Yuupepcurere, a ¢ 2008 roja 1o iepKuBaeTcs 1 pa3BuBaercs B TexHndeckoMm Y HUBEPCUTETE T.
Unbmenay (Tepmanns)) — 970 IpOrpaMMHbIH HHCTPYMEHT JJisl MOJETHPOBAHUS M ONEHKH PO~
N3BOJINTEIHHOCTH CHCTEM C UCIOJIb30BaHNEeM croxacTudeckux cereit [lerpu n meneit Mapkosa.
OCHOBHBIMH OCODEHHOCTSIMH HHCTPYMEHTA SIBJILAIOTCS: BO3MOXKHOCTH OIEHKH CTOXAaCTHYECKHX
MoJIesielf ¢ HeSKCIOHEHITNAILHO paclIpeaeIeHHBIMI 3a,1ep:KKAMU cpabaTHIBAHUS EePEX0I0B, pa-
bora co croxacruyeckumu cersimu llerpu ¢ uBerubimu pummkamvu u 3pdekTuBHbIE METOJIbI CH-
MYJISIHN [T MOJIeIell ¢ «PeKUMUy (IIPOUCXOMASIIIUMH ¢ HU3KOH BEPOSTHOCTHIO) COOBITUSIMH.

B TimeNET noazepKuBatoTcs Caeayoliime KIacchl MOIEIe:

— obobmmenubie croxactudeckue ceru llerpu (OCCII);

— nerepmunuposantbie OCCIT (JJOCCII), pacumupsitontue OCCII nepexogamu ¢ bukcu-
POBAHHBIMHU 33I€PKKAMU, [IPU OTPAHUYEHUH, 9TO B JI000{1 pazmerke ceru He 0oJiee 4eM OJUH
TaKOil IIePexX0/] TOTOB K CPabaTLIBAHHIO?;

— paciupeHHbie neTrepMuHUpoBanHbie croxactudeckne cetn [lerpu (PICCII), rue momyc-
KAIOTCS Tepexojibl ¢ HEedKCIOHEHITMAJIBHBIM paclpe/ie/leHueM 3aJiepzkeK cpadbarbiBanus. MHo-
rHe W3BECTHBIE paclpejiesieHust (paBHOMEPHOe, TPEYroJbHOe, YCeUeHHOe IKCIOHEHIUATBHOE,
KOHEUHO-JIUCKPETHOE) OTHOCATCS K 9TOMY KJIACCY PACIPEIeTeHHI;

— croxacrudeckue ceru [lerpu ¢ nerubivu dumkamvu ([ICCIT);

— mmarpammvbl cocrosiauit UML-ipodunst amst MARTE (Modeling and Analysis of Real-
Time and Embedded systems) [58], koropsie Tpancaupytorca B PICCII miag mocsienyormero
aHAJIN3a.

TimeNET cnpoekTupoBana Kak MOTY/IbHAas U paclIinpgeMast CUCTeMa, TeHTPAIbHON JacThIO
KOTODOIi siBastercst rpadbudeckuii maTepdeiic nonapzoparess (moaynb GUI), peasnszoBanubrii Ha
Java. On cayKuT rpaduaecKuM PeJaKTOPOM MOJeIell, CPeJICTBOM 3alyCKa U YIPABIEHUS Pa3-
JUYHBIMHA MOJY/ISIMHU AaHAJIN3a W CUMYyJAnuu, HanucanabiMu Ha C++ u C, JeMoHCTpaToOpoM
pPe3yJIbTATOB UX PAbOTHI, a TaKzKe€ MHTEPAKTHUBHBIM BH3YaJIU3ATOPOM JIUHAMHYECKOIO IOBEIe-
Hus Mmozeseit. Moxynb GUI aBisieTcst yHEUBEpCaJIbHBIM B TOM OTHOIIEHHH, UTO HMOJIEPXKUBaA-
eTcsd eJuHooOpa3Hasd pabora ¢ pa3/IMYHbIMU KJjaccamu Mojiesieit. Kaxkiplii Kiace onuchiBaeTcs
XML-cxemoii, KoTOpasi He TOJBKO HessBHO orpejesiger dopmar daiiia Moiaean, HO 3aaeT U
rpadudecknit naTEpdeEiic, BKIOYas OTPUCOBKY 3J€MEHTOB MOJEN W WKOHKHU, TOKA3hIBAEMBIE
noab3oBareio. Koukpernast Monenb xpanurcs B Bujge XML-daiita, mpoBepsieMoro Ha cooT-
BercTBHE cxeme. [l B3auMoeiicTBus ocTtaabHBIX Moaye# cucremsr ¢ Moayiaem GUI paspa6o-
TaH CUeNUaJIbHBIH nHTEepdeiic, yepe3 KOTOPbIH KaxK bl MO/LyJib MOXKET CO0DIaTh KOHKPETHbIH
KJIACC MOJIeJIeli, ¢ KOTOPBIM OH paboTaet, n nonoaHdaTh MeHio GUI crnennduaabIMI KOMAHIAMH.
Taxoit ToIX0 TO3BOJISIET JIETKO PACIINPITH CHCTEMY, COXpaHss yHU(DUIMPOBAHHBIT HHTEPdEiic
nosib3oBaTesid. Moiyiu aHam3a U CUMYJISIAA MOTYT TaKzKe 3aIllyCKAThCs KOMAHHOM CTPOKO
U CKPUITAMHU.

Jna xnacca PHCCII, Bkmaouatomniero CCII u OCCII kak MOAKJIACCHI, MOAAEPKUBAIOTCA
CJEJYIOINE BO3MOZKHOCTH:

— aBTOMaTHYecKast/MHTepaKTHBHas cumyJsius B moayre GUI;

3OFpaHI/I‘{eHI/Ie OTPpUMEHACTCA JIUIH K YUCJIEHHBIM METOJaM aHaJIn3a, HO HE K CUMYJIAINN.
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— cTpyKTYypHBI anamn3 (Haxoxkaenne P/T wHBapHaHTOB, JOBYIIEK, TYMHKOB, KOH(MINKT-
HBIX MHOXKECTB, OIEHKa pa3Mepa MPOCTPAHCTBA COCTOSHMUIA);

— BU3yasm3anus rpada J0CTUKIMOCTH;

— YHUCJIEHHBIH aHAJIN3 CTAIIHOHAPHOTO MOBEJIEHNUS;

— YHCJIEHHBIH aHAJIM3 HePEeXOIHOTO TOBE/ICHNS;

— CHMYJIATHSA CTANUOHAPHOTO TTOBE/IEHNSI:

— C aBTOMATHWYECKNM OIPeIeeHNeM Hada/a CTAIMOHAPHON (Da3bl ¥ OCTAHOBKON MpPH J10-
CTUKEHUH 33JaHHOW TOTHOCTH;

— €O CIEMUAJTHHBIMA METOJAMU JIJI MOJIeSedl ¢ «PeKUMU» COOBITUSIMU;

— ¢ KOMOMHUPOBAHUEM C YUCJTEHHBIM AHAJM30M;

— CHMYJIAINSA TE€PEXOIHOTO TTOBE/ICHNUS;

— MOCTPOEHWE CJIOKHBIX MOKA3aTe el MPON3BOIUTENHHOCTH, BKIIOYAIONINX BEPOSITHOCTH KO-
JuvyecTBa (UIeK B MecTaxX ceTu M cpabaThIBaHUIl MEePEXOI0B;

— aBTOMAaTHYeCKHU 0OCcUeT mapaMeTPU30BAHHON MOJIETN ¢ BADbUPYEMBIM MapaMeTPOM;

— UMIIOPT /9KCIopT Mojiesn B crangapraom dbopmare PNML.

Jlns xknacca IICCII nogaepkuBatoTcs CaIeayonme BO3MOKHOCTH:

— aBTOMaTHYecKasl/MHTepaKTHBHas cumyJsius B moayre GUI;

— CUMYJIANIAS CTAITMOHAPHOTO MOBEJIeHHS C SBPUCTHIECKONR OCTAHOBKOW IO TOYHOCTHU W CIIe-
MUAJTBHBIMI METOJAMU JIJI «PETKUXy COOBITHIA;

— CHMYJISAIHS MEePEXOIHOTO MOBEICHUs ¢ KOHTPOJIEM TOYHOCTH;

— MMOCTPOEHWE CJIOKHBIX MOKA3aTe el MPON3BOIUTENHLHOCTH, BKIIOYAIONINX BEPOSTHOCTH KO-
JuvaecTBa (puiek B Mecrax cetu u cpabaThiBaHUil MEPEX0JI0B;

— XpaHeHWe TapaMeTpOB CJOXKHBIX Mojeseil B 0a3e JTaHHBIX.

Cucrema TimeNet npuMersiachk I MOIEIUPOBAHNS PA3JINIHBIX MPOIPAMMHBIX, alllapaT-
HBIX ¥ WHIYCTPHATBHBIX CUCTEM, HATPUMED, MPU MPOEKTUPOBAHUN aPXUTEKTYPBI 00JTATHOMN WH-
bpacTpyKTyphl yIpaBIeHUs KeJe3HOJOPOKHBIM TpaHcnopToMm [59] u MogesmpoBaHul MOHU-
topunra ¢ momomsio Aponos [60]. Cucrema TimeNET nocrynma gist ycramosku ma 32/64-6ur
Windows u Linux OC npu ycioBUE HEKOMMEPUIECKOI'O HCIIOIb30BAHMSI.

5. PIPE2. lncrpyment PIPE2 (Platform-Independent Petri Net Editor 2) [61], u3nawann-
HO pazpaboranubiii B Imperial College London, a 3arem ycoBepiieHCTBOBAHHbII /1A THPOBAH-
HBI{l yCHIMSIME JIDYTUX OPTaHU3AIMi, a TaKKe OT/Ie/IbHBIX IPOrPAMMUCTOB, PEaJIn30BaH Ha Java
Juist paboTsl ¢ Mogesiamu Ha ocaose 00branbIX ceteit [Terpu (CIT), 0600IEHHBIX CTOXACTUICCKHIX
cereit [Terpu (OCCII) n ux pacmmpenwnii ipetabivu Gunikamu (OLICCIT). UucTpyment mpeao-
CTaBJIsseT WHTYUTUBHO SCHBIN rpadudecKuii nHTepdeiic 11 TOCTPOEHUS MOJETH, ee WHTePAK-
THUBHON CUMYJIAIINH, COXPAHEHHSI U 3arpy3ku B crapgapTtHoM dopmare PNML, a Takxke js
BbI30Ba MO/LyJie#l, BBILIOJHLAIONIUX pa3/jindHbie BUJbl aHa/m3a. MojyibHas crpykrypa PIPE2,
¢ukcuposannsiit nuaTepdeiic B3anmoneiicteua GUI ¢ Mmoayasymu anan3a u OTKPHITOCTD HCXO/I-
HOT'O KO/ MPEJINOoJaraloT BO3MOKHOCTD JOCTATOYHO MPOCTOTO PACTIHPEHNs (DYHKITHOHATHHO-
CTU WHCTPYMEHTA.

C mocTaBsisieMbIM HAOOPOM MO/l JTOCTYIHBI CJIeTyIONIe BO3MOKHOCTH:

— CTPYKTYPHBII aHAJIN3, BKIKYAIOIINA:

— oupeJeJeHue THIA CeTEBON MOJICIN (KOHequﬁ aBTOMAaT, MapKUPOBaHHBIN Tpad,
(pacrmpeHHasi) ceTh ¢o CBOGOIHBIM BBIOOPDOM M (pACITHpEHHAs) TPOCTAsT CeTh);
— BBIBOJl, MAaTPUIILI WHITIAeHTHOCTH ceTn [lerpu;
— Haxoxkienne P /T nHBapHAHTOB, MUHUMAJIBHBIX JIOBYIIEK ¥ TYIHKOB;
— MOBEJIEHYECCKUI aHAJIN3, BKJIIOYAIONTHIA:
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— ompejiesieHne CBOMCTB YKUBOCTH, H€30MACHOCTH W HAJUYIUS TYITHKOBBIX CUTYAIIWIL;
— MOCTPOEHME U BU3YAJH3AIUIO IOKPBIBAIOIIEro rpada u rpada JTOCTHKAMOCTH;

— WHTEePAKTUBHAsS /ABTOMATHIECKAS AHUMAIIUS;

— YHCJIEHHBI aHAJIN3 CTAIMOHAPHOTO IOBEICHUs, BKIIOUAIOIMIMIA HAXO0K ICHUE:

— MHOYKECTBA CYIIECTBEHHBIX COCTOSHHUN (pa3sMeTOK, B KOTOPBIX Pa3pEeHIeHbl TOJLKO
9KCHOHEHIIHATbHBIE [IePEXO/IbI) U BEPOATHOCTEH ITHX COCTOSHHUIA;

— BpeMeHU MPeObIBAHNS B KayK/IOM COCTOSIHUH;

— CpeJIHero KOJUYeCTBa, (DUIeK /i KayKI0ro MeCcTa CeTH;

— BEPOATHOCTH NPHCYTCTBUS KOHKPETHOI'O KOJHYECTBa (PHUINEK I KayKIOTO MEeCTa
ceru;

— CpeJIHEr0 KOJIMYeCTBA CPADATHIBAHWIT 32 €IUHUILY BPEMEHHU sl KayKJI0r0 SKCIOHEH-
[HAJBHOTO TTePexX0/1a;

— cumysiannsg MorTe-KapJo 11 BBIYUCIEHRS CPeIHEer0 KOJINIecTBa, (DUIIEK B KAZKIOM Me-
cTe;

— HOCTPOEHHUE C MOMOIIBIO IPAPUIECKOrO SI3bIKA CJIOKHBIX TOKA3ATe/eH ITPOU3BOIUTEHHO-
CTH, KOTOPBbIE MOTYT 3aT€M BBIYUCIATHCS CTOPOHHUMH CPEICTBAME AHAIN3A.

Cremyer 3aMeTuTh, 9TO paboTa nocraBasgeMbix moayieit anaan3a OIICCII ocymmecTBisiercs
IIyTeM UTHOPUPOBaHUs (PUIIEK BCeX I[BETOB, KPOMe OIHOTO, 6a30BOIO.

Moaynbnocts PIPE2, dukcupoBanubiit unrepdeiic Bzanmogaeitcrsus moayias GUI ¢ mouy-
JSIMH aHAJIN3a W OTKPBITOCTDh HCXOZHOIO KOIa AT BO3MOXKHOCTH JOCTATOYHO MPOCTOrO pac-
muperns HyHKINOHAJTBHOCTH HHCTPYMEHTA.

Jocrynust gse ocunosusie Bepcun PIPE2: v4 [62] u v5 [63]. Tlepsast u3 nnx mosyunia mu-
POKOE paclIpoCTpaHeHne, HO Pa3BHBAJIACH JIOBOJIBHO XAOTUYIHO, B PE3YJIbTATEe Uero MCXOIHBII
KOJ[ 9TOM BEPCUU CJIOKHO IIOHUMATH 1 MOIN(HUIMPOBaTh. Bepcust vh mepenncana 3aHOBO, apXH-
TeKTYpHO GoJjiee TPaBUILHO, ¢ M30aBIEHHEM OT HEKOTOPBIX OIMMOOK, UMEIOIINXCS B BEPCHH V4,
OJTHAKO 0OJIbINAS 9aCTh MOJLYJIell aHAIN3a B BEPCHIO VO HE IIEPEHECEHA.

6. CpaBHeHNEe MHCTPYMEHTOB. B Tad/1. 1 npuBe/ieHbl pe3yabTaThl CpaBHEHUS PaCCMOT-
PEHHBIX BBIIIE HHCTPYMEHTAIbHBIX CHCTEM HAa OCHOBE ISITH KPUTEPHUEB.

ITo mepBOMY KpUTEpPHIO MPOUCXOIUT CpaBHEHHE ¢ TOYKHU 3PEHUS TOIO, KAKHE CIMOTACmuYe-
ckue modesu TMONIePKUBAIOTCI HHCTpYMeHTOM. Bee mHCTpyMeHTHI, 3a nckiaodenueM Charlie,
no3BoJisiior paborars ¢ CCIT u OCCII. B cucreme ORIS 6a30Boit mogenbio ssisiiores HBCCII,
TOrJa KakK B MHCTPYMEHTE SNOoOpy HPeaoCTaBAsIeTCss BO3MOKHOCTH MogeanpoBanus JIBCCII.
JleTepMUHUDPOBAHHBIE TEPEXOABI MOTYT MPUCYTCTBOBATH B CTOXACTHYECKUX MOJEIAX CHUCTEM
GreatSPN, ORIS u TimeNet, Tak xax momgiepxupaiorcs monenaun JCCII u JIOCCIL. Kpowme
toro, cucreMbl GreatSPN, ORIS u TimeNet nanbosiee mpuBieKaTe/bHbI HPH MOIECJIHPOBAHIH
U aHAJIU3€e MPOU3BOJAUTETLHOCTH U HAJIEZKHOCTU CTOXACTUICCKUX CUCTEM, OIMUCHIBAEMBIX HEMAP-
KOBCKHMMU TIPOIECCAMH, MOCKOIbKY 3TH MHCTPYMEHTHI opumeHTHpoBaHbl Ha padory ¢ PCCII,
T. €. TTOJL30BATEh MOKET HCIOJb30BAThH MTEPEXO/IBl ¢ HEIKCIIOHEHITHATHHBIMEI PACIIPeIeIeHI -
mu. [louru Bce mncrpyments, kpome ORIS, Marcie u Charlie, nojiep:kuBaioT 1iBeTHbIE pac-
ITUPEeHHs CTOXaCTHIeCKuX Mozeseit. Cieayer moau4epKHyTh, YTO MOIY/ I KoMmintekca PetriNuts
MO3BOJISIOT paboTaTh CO CTOXACTHYECKAMH BapHAHTAMHU ITHPOKOTO CIEKTPa MOIMMUKAIII ce-
reii [Terpu (CIT ¢ uHruGUTOPHBIME /auTAOIIME /OOHYJISIOIMME /3aBUCSIIIAME OT MAPKHDOBKH
nyramu, CII ¢ snmementamu Heuerkux Jgoruk, CII, B KOTOPBIX yCIOBHUS 3allyCcKa Hepexomnos ¢hop-
MYJIEPYIOTCSI HA OCHOBE BO3MOYKHO HEIEJIOUUCIEHHBIX MAPaAMETPOB).

BropbiM KpUTepueM CpaBHEHHUs SIBJSIIOTCS (HECMOTacmuyueckue) GyHKyuy WHCTPYMEHTOB.
BoabmuHCTBO HHCTPYMEHTOB IIPEIOCTABIAIOT IpaduIecKuil pe1akTop, MO3BOISIONINN CTPOUTD,
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Tabauya 1
CpaBHeHnne HHCTPYMEHTOB
PetriNuts
Z = =
A E E — =
2 S| 8| & Z | e
< “ 3 ~ < g o <o =
Sl Elz |22 ]2 8 |&
| O | W | A | O | ;m = | B~
CII ° ° ° °
= CCII, OCCII ° ° ° ° °
Q ABCCII
< [HBCCO .
5 JACCII, 10CCII . ° °
§ PCCTII, PICCII o | o .
IICCII, OIICCII ° ° ° °
CHCII
I'paduaeckuit pegaxTop ° ° ° °
A Annvanua ° ° ° .
§ CrpyKTypHBIil aHAN3 ° ° °
C% I'pad mocTmzxkumocTn . . .
T Abcrpakuus rpada R .
g JIOCTUKUAMOCTHU
g IIpoBepka Momeneit ° ° ° °
é* IToxmepxka PNML ° ° o ° °
Pacmmpsaemocts o o °
) Yucnennole permarean ) ° ° °
5 | CuMyasust CToXacTHIeCKnX
13 [} [ ] [ ] [ ] O
2 | mporeccon
§ C10:KHBIE TTOKA3ATEIN o o . . o
O | Ipom3BOANTEILHOCTH
é Java ° ° ° °
& Linux ° ° ° ° ° ° ° ° °
g Windows ° . ° ° ° . ° ° °
é Mac ° . ° ° ° . ° °
ocTymHoCcTh O | C/O | HK | HK | HK | HK | HK | HK

PeAKTHPOBATH U BU3YAJM3UPOBATH CTPYKTYPY CETEBBIX MOJEeii, 1 WHTePAKTHBHBII /aBTOMA~
THYEeCKUAU CUMYJIATOD CeTeBOIO TTOBE/IeHUs], B KOTOPOM, KaK IPABUJIO, AHUMAIHS «UTPHI ¢ DUIII-
KaMI» MOZKeT yIPaBJIATHCsI TTOJIb30BaTeeM (BBIOOp cpabaThiBalouX U3 HAGOpa pa3penieHHbIX
IEPEXOJIOB OCYIIECTBIISIETCS] B MHTEPAKTHBHOM PEKHUME) WM MOYKET ObITH JIeJerHpOBAHA WH-
crpyMenTy (caydaitubiii Beioop). Takne GyHKINE HHCTPYMEHTOB MOTYT ITOMOYb 00y YarOMUMCST
paboTe ¢ ceTeBBIMU MOJEJISIMH JIy9Ilie TOHATH UX 0COOEHHOCTH W JOCTONHCTBA/ HEJOCTATKY MPH
aHaJIIM3e MOJIEJIUPYEMBIX CHCTEM.

Cucrembr GreatSPN, Charlie, Time Net u PIPE2 mmeior mupokuii crieKTp BO3MOXKHO-
creil CTPYKTYPHOTO aHAIN3a CeTeBbIX Mojeseil 1is onpenenenus P/ T-uHBapHanTOB,/ MOTOKOB,
CTPYKTYPHO# OrpaHMYE€HHOCTH, CTPYKTYPHBIX KOH(MDJIUKTHBIX MHOYXKECTB, TYHNHUKOB, JIOBYIIEK,
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B3anMOOJIOKHPOBOK # T. 1. B GreatSPN, B omimume orT Apyrux WHCTPYMEHTOB, MOYKHO TaKZKe
OCYIIECTBIATH CTPYKTYPHBI{ aHAIU3 HA OCHOBE (POPMYJT TEMIOPAJIbHBIX JIOTUK, HPE/ICTaABIISIO-
IIUX CEeTeBbIE CBOMCTBA.

B cucremax GreatSPN, Charlie, TimeNET, PIPE2 crpostca rpadbl J0CTHKUMBIX COCTOSI-
HUl MOJIe/Iell, ¢ TTOMOIIBIO KOTOPBIX YCTAHABIMBAIOTCS KAIeCTBEHHBIE [TOBEIEHIECKNEe CBOMCTBA!
OTPAHMIEHHOCTD, YKUBOCTD, JTOCTHKUMOCTD U T. 7. Ocobennocthio GreatSPN apngercs To, aro
pas3ndHbIe THITH TPAGOB JOCTUKUMOCTH MCIOJIB3YIOTCS TaKYKe W JJIsT CTOXAaCTUIeCKOTO aHa-
JIA3a.

XO0poIIo M3BECTHO, YTO NIPH aHAJN3E PeaJbHBIX CUCTEM BO3HHKAET IpobJIeMa «B3pBIBa IPO-
CTPAHCTBA COCTOSTHUIT», ¢ KOTOPOIl MOXKHO OOPOTHCsSI HECKOJIbKUMHU CIIOCO0AMME, CPEIU KOTOPHIX
eCTb MeTOJ[bl, OCHOBAHHBIE HA MOCTPOEHUN a0CTPAKIN, SKBUBAJTEHTHBIX rpadhaM JTOCTUKIMO-
CTH OTHOCHUTEJHHO HEKOTOPHIX Habopos cpoiicTB. B GreatSPN, ucrmonp3ys cuMMeTprio B Moe-
ngax OLICCII, crpouTcsd cMMBOJIbHBIH I'pad JOCTUKUMOCTH, KaXKJas BEPIIHHA KOTOPOTO COOT-
BETCTBYET HAOOPY COCTOSHUMN, B KOTOPBIX pa3pelleHbl K cpabaThIBAHUIO OJHU U T€ ¥Ke IePEeX0/Ibl,
rorga Kak B ORIS seinosnsercs anaaun3 HBCCII ¢ npumenennem rpada Kiacca cOCTOsSHUN, B
KOTOPOM KazKJIO BEPITIMHE COOTBETCTBYET HAOOP COCTOSIHUI, MMEIOIIUX OHY U TY K€ Pa3MeTKy
1 CXOXKWe BPEMEHHBIE XaPAKTEPUCTHKH.

JIBe XapaKTepUCTUKH, KOTOpble YHUKAJbHBI Jid GreatSPN, — 310 Hamu4ame mojysieit cum-
BOJIbHOH mpoBepku (symbolic model checker) wa 6aze Temnopanbhoit soruku CTL* u cToxacTu-
deckoii posepku (stochastic model checker) Ha 6aze HeMPEPHIBHO-BPEMEHHON CTOXACTHYECKOM
remmopasbhoii toruku C'SLTA. B Charlie Bo3mozkHa IpoBepka TOMHKO KadecTBeHHbIX (Ge3Bpe-
MEHHBIX) CBOHCTB ceTeBbix Mojesteii. C npyroii cropoHbl, oTmauTe bHoi ocobennocThio Charlie
sIBJISIETCS BBISBJICHNE CBOMCTB CETU HA OCHOBE TeopeM Teopuu cereft [leTpu, T. €. cBOMCTB, KOTO-
pble MOI'YT ObITh BBIBEJICHBI U3 HAJTUYHsI/OTCYTCTBUSI YK€ BBISIBIEHHBIX CBOUCTB Y KOHKPETHOM
CeTH W KOTOPbIE CTAHOBATCA W3BECTHBIMU 0€3 TOMOJHUTEILHOrO aHaain3a. B mHCTpyMeHTax
Marcie 1 MC2 ocoboe BHUMaHHe yJIeJI€HO aHAJIN3Y CTOXACTHYECKHX CBOHCTB (HAIpPUMED, BO3-
MOXKHO YUYHTHIBATH «BO3HATDAK/EHUSA» U UHCJIEHHBIE OrpaHudeHus (constraints)), mpeacran-
nmeHubix dopmysnamu goruk C'SRL u PLT Le.

K cymectBeHHBIM (DYHKIMSM HHCTPYMEHTa OTHOCATCA HOJJIEpXKKa CTaHIapTHOro hhopmarta
PNML, npucyrcreytomas B GreatSPN, TimeNet, PIPE2 u wactuuno B PetriNuts (B Tabune
0003HAYAETCsT CHMBOJIOM O), a TaKzKe BO3MOXKHOCTH PACIIUPeHust (DYHKIHOHAIBLHOCTH HHCTPY-
MeHTa ToJb3oBaTeseM, kotopas B Marcie n Charlie peasn3oBana B Bre MONAEPIKKU TOIKJIIO-
qaembix Mogyieit (plugins), a B GreatSPN, PIPE2 u Oris — 3a c4eT OTKPHITOCTH HCXOIHOTO
KOJIa, YTO, BIIpodeM, Tpedyer OoJiee cepbe3Hblx ycuauit. OrMeruM, 9To B OriS HCXOMHBIH KO/I
OTKPBIT TOJBKO Jist Gubauorekn Sirio (0603HATAETCST CHMBOJIOM O).

Tperuit kpurepuit cpaBHEHUS — ITO BOIMONCHOCNU CMOTACTMUYECKO20 GHAAU3G CETEBBIX
Mojtes1el, IpetocTaBigeMbie mHCTpyMeHTamu. He Beera Jjierko mogo0parh MOAXOAATIHI pera-
TeJIb U CIOCODBI €0 MCIOIb30BAHNS TIPH HAJUYIUN TTHPOKOTO BHIOOPA JOCTYITHBIX peInaTeiei,
[O9TOMY MBI KPATKO IEPEYUCIUM XapaKTepHble 0COOEHHOCTH TaKUX MOJIYJIeil B pacCMOTPEHHBIX
HHCTPYMeHTaX. YHc/IeHHbIe pelaTen CTOXaCTHIECKOr0 MOBEJIeHNS PeaJM30BaHbl B CUCTEMAaX
GreatSPN, ORIS, Marcie, TimeNet, PIPE2. Orauuurtenbuoit ocobernnoctbio ORIS saBisgerca
BO3MOYKHOCTH QHAJIM3a CTOXACTUIECKUX MOJIe/Iell, B KOTOPBIX B KaYKIOM COCTOSIHUU MOXKET ObITh
napaJiie bHO BKIIOYEHO HECKOJIBKO TaliMePOB ¢ HEIKCIOHEHITHAIBHBIM PACIPEIeIeHIEM, 8 TaK-
JKeé eCTh BO3MOXKHOCTH pabOThl ¢ HEMAPKOBCKHMH IIPONECCAMHU. DTO 3HAYMTEILHO PACIHIAPAET
KJIacc Mojeseil, MoIIaloNuXcsd YUCACHHOMY PellleHuIo, HO TpebyeT 60jiee BBICOKHX BBIYHCIH-
TeJTBHBIX 3aTPaT, U IIOTOMY IpH paboTe ¢ HHCTPYMEHTOM CJaeayeT BHIOMpaTh HamboJee MOI-
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XOIAIIHI JII9 KOHKPETHBIX 1eseil Mmeron ananans3a. Ha mannberiit Mmoment ORIS mpenocrasiaser
caMble IepejoBble perarean cpeiu jocTyrabix. Caemnyer ormeruth, uro ORIS u Marcie mos-
BOJISIOT OCYIIIECTBJISTH aHAJIM3 Mojeseil, B KOTOPbIX MOXKHO JIONOJTHUTETHHO 33aBaTh «BO3HA~
rpazkaeHus ». Bo3MOXKHOCTH BKJIIOUEHUsT HECKOJBKUX TaliMepOB ¢ HEIKCIOHEHITUATHLHBIM pac-
npeje/ieHneM HeT B JAPYIUX HHCTpyMeHTax, n Tojbko B TimeNet u GreatSPN peau3oBanbi
MEeTOJIbI JJIsi OIIEHKH MOJE/IeH, B KaxKJI0M COCTOSTHUH KOTOPBIX MOYKeT ObITh BKJIOUEH He Oosee
yeM oamH Takoil Taiimep. Ocobennocth GreatSPN — 510 addekTnBHBIE METOABI YNCJIEHHOTO
pemienus, ocuoBanubie Ha cumMeTpudax i OLICCII. TimeNet cocpemoroden Ha YHCICHHOM
ananuse moneneit PACCII B crammonapHoM U mepexogHoM pe:kuMax. OcoOeHHOCTH CHCTEMBI
PIPE2 cocrour B TOM, 94TO OHA OY€Hb KOMIAKTHA U IIPOCTa B padoTe.

Cumyngmust cToXacTHYecKnx mporeccoB nomuep:xkuBaerca B GreatSPN, Marcie, Spike,
TimeNet, PIPE2. Cumynsarop Monre-Kapso nacrpymenta GreatSPN Berancisier mokasaresn
IPOU3BOUTEILHOCTH B MEPEXOTHOM /CTANMOHAPHOM pekuMe. OTIHIUTeNbHON 0CODEHHOCTHIO
uncrpymenTta TimeNet apisiorca 3dpdekTuBHBIE METOIB CTOXACTHIECKON CUMYJIAINH JIJIT MO-
JeJielt ¢ «pesKuMuy (IIPOMCXOSIIAME ¢ HU3KOH BEPOSTHOCTHIO) cobbiTusiMu. Spike mnpeocras-
JIeT PA3JINIHBIE aJITOPUTMbBI CTOXACTHIECKON CUMYJISIIIUN ¢ 33 IaH0eM 1 COXPAHEHNEM CJIOYKHBIX
CUMYJISAIIMOHHBIX CIIEHAPUEB, BHITIOJHAEMBIX ¢ IEPEMEHHBIMU TTapaMeTPaMH.

[TocTpoenne CJIOXKHBIX TTOKa3aTes el IPOU3BOIUTETbHOCTH (HAIPUMED, KOMOMHAIIMST TPUCY T-
CTBUS KOHKPETHOT'O KOJIu4YecTBa (DUIEK B MECTAX CETH U CPEJHEro KOJUYIecTBa cpabaThiBaHmii
nepexosioB) oimonuserca B GreatSPN, ORIS, TimeNET u wactuuno B PIPE2 (B Tabaumne 060-
3HAYAETCS CHMBOJIOM O).

Crenytomuit Kpurepuit — 3T0 NAGME@OPMbL, TOAIEPKUBAEMble WHCTPYMeHTOM. Bce pac-
CMOTpeHHbIe HHCTPYMEHTHI JIHO0 YHUBEPCAJIbHBI (peajn30BaHbl Ha Java), Jub0 HMET BepCHH
JUIsT BceX TpeX ocHOBHBIX miaTdopm: Windows, Linux u Mac, 3a HCKJIIOYEeHHEM TOTrO, 4TO y
TimeNET ner Bepcun gig Mac.

[Tocaeaunit KpuTepuit — 310 JocmynHOCMb, T. €. YCJIOBHUs, HA KOTOPBIX MOYKHO HCIIOJIb30BATh
nnctpyment. Bee komnonentol PetriNuts u cucrema TimeNET nocrasisiorea B Gunapuom Bujie
1 CBOGOJIHO JIOCTYIHBI JIJIs HEKOMMEPUYECKOro HCIoJb30Banug (B tabsuie obosnadaerca HK).
Hucrpymentst GreatSPN u PIPE2 umeror oTKpbiThIii nexoaubiit Ko (o6o3nadaercs O), mepBbiii
no Jjunen3un GPLv2, a Bropoit no qunensun MIT. Ha ucnonbp3oBanne 6unapuoit Bepcun Oris
HUKAKHX OTPAHUYEHUI HET, T.€. HOJb30BATENN IOJIYYal0T CBOODOIHBIN JTOCTYII K WHCTPYMEHTY

(o6ozragaercs C), a ero Java Gubsnorexa Sirio nMeeT OTKPBITHIA HCXOMHBIH KO (0603HATAETCSI
O) mo smuensnn AGPL.

3akgrouyeHue. B crarbe maerca 00630p umHCTpyMeHTaJbHBIX cpelcTB GreatSPN, Oris,
PetriNuts, TimeNet u PIPE2, koropble mpemHasHadeHbl s pabOTBI CO CTOXACTHICCKHMUI
ceTeBbIMU MOAEJIAMHU W KOTOPbIE MHOI'OKPATHO IMPUMCHAJUCH [IJId PpEeHICHUdA Pa3JIMYHbIX 3ada4
MOJIETHPOBAHIS M AHAJN3a CJA0KHO OPraHH30BAHHBIX CHCTEM € BEPOITHOCTHBIMH XapaKTe-
puctukamu. g KaxkJI0ro M3 paccMaTPpUBAEMBIX WHCTPYMEHTOB IPUBEJIEHBI OCHOBHBIE €0
XapaKTePUCTUKH U BO3MOXKHOCTH. /[aHO cpaBHEHHE MHCTPYMEHTOB I10 CJIEIYVIOIMIMM KPHTEPUAM:
MOJIEP’KUBAEMbIE KJTACCH CTOXACTHYECKUX Mojeseil, (HecroxacTrudeckue) hyHKIIUH, BO3MOK-
HOCTH CTOXACTUYECKOIO aHAAN3a, IAT(MOPMBbI, JOCTYIHOCTb. Pe3ybraThl CpaBHEHUS CBEIEHbBI
B Tabaumy. Crarba MOxKeT OBITH MOJE3HON /s HCCIegoBaTes el U WHKEHEPOB MPH BbIOOPE
MOJAXOJANIIEr0 MHCTPYMEHTa JAJIA pa6OTBI CO CTOXaCTHYCCKUMHU MOJCTIAMHU.
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