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IIpeauciaoBue

24-25 nos6ps 2014 rona B Ilapmwxe B MHcTHTYyTe MuH-Tenexkom (Institut Mines-
Télécom)  cocrosuicsi ~ COBMECTHBIH  pPOCCHICKO-(DPAHIY3CKHI  ceMuHap,
MOCBSIEHHBI BONpOCaM BEpU(MKAIMM, TECTUPOBAHUS M OLEHKH KadyecTBa
nporpammuoro obecrieuenus (Software Verification, Testing, and Quality
Estimation). CemumHap OB  NPUypOYeH K  OTKPBITHIO  COBMECTHOM
HCCIIeIOBATENILCKOM J1a00paTOpu MO NpoOJIeMaM OLGHKH KauyecTBa B OTKPBHITOM
BeO-TIPOCTpPaHCTBE, KOTOPYIO opranm3oBanu MuactutyTa MuH-Tenexkom (Ppanius),
MNuctutyt cuctemHoro nporpammupoBanust PAH u Tomckuil rocynapcTBEHHBII
yauBepcuteT. OTHUM W3 HAIPaBICHUH HCCIIENOBaHUH JabopaTopun OyneT OleHKa
KayecTBa BeO-NPUIOKEHHH — OypHOrO pacTyIIero CeKTopa NpOrpaMMHBIX
npuioxenuit. KimoueBoe cinoBo atoro Hanpasienus Quality, MociIy>Kuiio 0oCHOBOH
JUTS HA3BAHHS COBMECTHOH aGopatopun — Qualipso.’

B otkpeiTun cemunHapa npunsnu ydactue [[. Canek, TUpeKTop MO HCCIeJOBaHUSIM
Wuctutyra Mun-TenekoM, akagemuk PAH B.I1. MBannukos, nupextop MCIT PAH
u npopekrop TI'Y J.B. Cyxymmn. IIpucyrcrByromme oduuuaibHbIe
HOPEJCTaBUTENN  OPraHU3alMN-y4acCTHHUKOB  MPOKOMMEHTHPOBAIM  OTKPBITHE
COBMECTHOH J1ab0paTopuu.

. Canek, nupexTop no uccienoBanusim Muctutyra Mun-Tenekowm:

- Ilognucanue HACTOSIIETO COTJIANICHUS B paMKaxX PasBUTHS MEXIYHapOIHOTO
COTPYJHHYECTBA MO3BOJSET HaM KOHCOJMAMPOBATH CYIIECTBYIOIIEE COBMECTHOE
COTPYJHHYECTBO B 00pa30BaTENIbHbIX U HAYYHO-HUCCIIEIOBATENBCKHUX cepax, TAKUM
00pa3oM CHOCOOCTBYSl NMPOJBIDKEHUIO M yCHJIEHHMIO cTaTyca MHcTuTyra MuH-
TenexoM B Mupe.

B.II. VIBannukoB, aupekTop MHCTUTYTa CHCTEMHOTO nporpammupoBanust PAH:

-B HaCTOAIIEC BpEMA (I)OpMaHI)HBIe METOABI aKTUBHO HUCIIOJIB3YIOTCA Ha MPAKTUKE
npHu pa3paboTke mporpaMMHoro obecnedenus. Mccnenosaremn @pannun u Poccun
UMEIOT OOraThlii ONBIT B W3Y4eHUH (OPMANBHBIX MOJCNCH M SA3BIKOB.
KoHcommnanusi OTHONIGHHH MEXIYy 3TUMH CTPaHAMHU M YUYPEKICHUAMH IPH3BaHA
CTUMYJIHPOBAaTh  HOBBIE  HAEH  JUII  COBMECTHOTO  (DPaHKO-POCCHHCKOrO
COTPYIHHYECTBA.

A.B. Cyxymmn, npopekrop mno IIporpammam  pasButus  Tomckoro
rocyJ1apCTBEHHOTO YHHBEPCHUTETA!

- OtkpeITHE 7Ta00pATOPHUU SBISAETCS MTOTOM HAIIUX MHOTOJIETHUX OTHOUICHWH U
CBUJIETEJILCTBOM B3alMHOIO JI0BEpHs OJHOBpeMeHHO. dopmar MexIyHapoIHOU

! IIpoBenenre ceMuHapa U MOArOTOBKA ITyOIUKAIMI COTPYIHHKOB 1 oOydatormxcs TT'Y
YaCTUYHO MOAJepKaHbI MpoekToM 739 roczananus MunO6pHayku PO
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CETeBOM JIabOpaTOPUM OTKPBIBACT JJIsI YYaCTHUKOB HOBBIE BO3MOXKHOCTH TIO
MIPOABHKEHUIO HCCJIEIOBaHUHU B MEXTyHapOTHOM HCCJICIOBATEIHLCKOM
coobmectBe. VHTETpHUpysl HAIIN WCCIICAOBAHUS, MBI IPHOOpETaeM KOHKYPEHTHOE
MPEUMYIIECTBO B CTPEMJIEHHHM K JHUACPCTBY B IPUOPUTETHOM HaIpaBICHUU
HCCJIEJOBAaHUH.

[epBerii noknan Ha cemunape caenan npogeccop A.K. Ilerpenko. B cBoem nokiaze
OH pPaccCMOTpeNl COBPEMEHHOE COCTOSHHE Jel B o0nacTu BepU(UKALUH
OTEPAIIMOHHBIX CHUCTEM W MNPEACTaBWI CTEK MHCTPYMEHTOB W TexHoioruit MCII
PAH, mpu nmomomy KOTOPBIX BeAETCsl BepU(UKAIMs Pa3IMYHBIX OINEPAllMOHHBIX
CHCTEM, HauMHasg OT MHUKposaepHbIXx OC peasbHOr0 BpPEeMEHH M 3aKaHYMBas
moxymsmu sigpa OC Linux u guerpudytuB OC Linux, BKIIOYaommx B ce0s 10
MIWUIHOHa MHTepdeiicoB. BeUM mpeacTaBieHbl BO3MOXKHOCTH Pa3INYHBIX TEXHUK
BepH(HUKAMKA B KOHTEKCTe MX NPUMEHEHHUS K MUKpOsIpaM pasmMepoM okoio 10
TBICSY CTPOK Ha S3BIKE HMPOrPaMMHUPOBAHHUS, K MOAYISIM pasMepoM 10 100 Teicsa
CTPOK, K OHONHMOTEeKaM B JWama3oHe pa3MEepoOB OT THICSYM JO MUIUIMOHA
uHTepeicoB.

IMpodeccop Ana KaBamimu B cBoeM IOKJIaje HpencTaBuia paboThl JenapTaMeHTa
BBIUMCIUTENBHBIX ceTeil yHuBepcutera Tenexkom FOxHbI [lapwxk B HampaBieHUU
TECTUPOBaHMS W MOHHTOPDHMHIa BeO-CHCTeM. OJTa HaydyHas IpyIa MHOTO JieT
paboTaer B 00JacTH MCIOJIb30BaHUs (POPMATBHBIX MOJENEH ISl TECTUPOBAHUS U
OLICHKHM KayecTBa MPOTPAMMHOTO OOecliedyeHHs M HMMeeT OOJbIIoe KOJIMYECTBO
MHTEPECHBIX TEOPETHUECKHUX PE3YJIBTATOB U pa3paboTaHHBIX NpuiokeHui. OxHO n3
Takux npuwioxeHuit, MMT, co3gaHHOE COBMECTHO C IPEeINpUITHEM MOHTHUMaX
(dpannums), wucmonb3yeTcs B PA3NMUYHBIX KOMIIAHMAX JUIS  MOHHUTOPHMHIA
6€3011acCHOCTH KOMITBIOTEPHBIX CHCTEM.

IIpocdeccop H.B. Eptymenko npencraBmia coodmernne Ha Temy «Nondeterministic
FSMs in Model-Based Testing», B KOTOpOoM OBLIO OTMEUYEHO, YTO B HACTOSINEE
BpeMsl JUIS OIMCAHUS JUCKPETHBIX CHCTEM BCE Yallle HCIOJB3YIOTCS MOJCIH C
HEJICTCPMHUHUPOBAHHBIM MMOBEIcHHEM. HemeTepMUHU3M MOSBISIETCS B CHILY
pas3IMYHBIX TMPUYHH, TAKWX KaK OIMIMOHAIBHOCTh B CIEHHU(BHUKAIMAX, YPOBCHB
abCTpaKkIMy, OrpaHUYEHHBIC YIPaBIEMOCTh U HaOuomaeMocTs U 1p. B moxmane
ObLIM  TPEACTABICHBI  Pa3jWYHBIe MOJEIM  HEHUCIPABHOCTH HAa  OCHOBE
HEJCTCPMUHUPOBAHHBIX aBTOMATOB IS CHHTE3a IPOBEPSAIOIIMX TECTOB C
rapaHTUPOBAHHOM MOJHOTOH OTHOCHTENILHO HEePEUMCICHHBIX MOACIICH.

B noxnage 1. Pusepa, H. Kymuk, K. ®broensanuna, A. Kasamnu, H. EBTymenko
«PacmpeHHble  KOHEUHBIE  aBTOMAaTbl C  TailMayTaMM  JUId  OLIGHKH
ynoBieTBopeHHOcTH monb3oBarens OTT  cepBucom» aBTOpEl  MpeIararoT
UCIONBb30BaTh BPEMEHHON pacIIMpEeHHBI aBTOMAT AN OLEHKM KadecTBa
MPEeIOCTaBIsIEMOro Mequa cepsuca. Mcmomb3ys 3Ty Mopenb, NMpoBagep MOXKET
HaWTH «y3KHE MECTa» B MPAaBMUJIAX PACIPOCTPAHEHUS CEPBUCA, & IMEHHO, B OM3HEC
MOJIENIN, ¥ COOTBETCTBEHHO MOBBICUTH CBOIO ITPHOBIIIb.
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Credan Maar B cBoem noknane «Tectupoanne MANETS Ha ocHOBe hopmanibHOM
MOZENM»  OTMETHJ, 4YTO TECTUPOBAaHWE peaju3aluii Ha  COOTBETCTBHUE
cnenn(uKauy (TECTHPOBaHNE KOHPOPMHOCTH) SBJIETCS OTHUM M3 HEOOXOIMMBIX
9TanoB NpH pa3paboTke INPOrpaMMHOTO OOecCleYeHHs B CHCTEMax Iepeladu
undopmanun. [Ipumenenre GpopMabHBIX MOJENEH MO3BOJISET aBTOMAaTH3HPOBATh
npolecc TeHEepalud  TECTOBBIX  IOCJIEAOBATEIFHOCTEH, KOTOpble  OyayT
UCIIOJIb30BAThCsl IPH TECTUPOBAHUM PeaJbHBIX peanu3auuii. OnHaKo HECMOTps Ha
Oospiioe pazHOOOpa3ue METOJOB B ITOH 00JIACTH, OCTAETCSl MHOTO HEPEIICHHBIX
BOIIPOCOB MpPH HCIOJIb30BAaHMU (DOPMAJbHBIX MOAENEH ISl TECTHPOBAHHMS
TIPOTOKOJIOB MapIIpyTH3ALNH MOOMIIBHON CBSI3H (6ecipoBogHEIC
caMoOopraHusyronyecs cetu). s MOHKeHUs Y¥ciIa HEONIPEACICHHBIX BEPAUKTOB
IPH TACCUBHOM TECTHPOBAHHUH, KOTOPBIE BCTPEUAIOTCS TOCTaTOUHO 4acTo, CredaH
Maar mnpemiaraeT HCIONB30BaTh TEXHOJOTHIO, OCHOBAHHYIO HA CaMOIOXOOHHU
BEPILHH CETH.

Hoxmanet C. IlpoxoneHko «Ilouck HeuclnpaBHOW KOMIIOHEHTBI B CETH
pacIIpeHHbIX aBTOMaToB» U M. @OpocThIHOBOH «METOJ CHHTE3a TECTOB IUIA
MPOTPAMMHBIX peajli3alii TEeJICKOMMYHHUKAIHOHHBIX MPOTOKOJIOB HAa OCHOBE
JPEBOBU/IHBIX ~ ABTOMATOB»  IOCBSIIEHBI BO3MOXXHOCTH  HCIMOJb30BaHus |-
SKBHBAJCHTOB IPH IOCTPOCHHH TIPOBEPSIIOMNX W JUATHOCTHYECKAX TECTOB IIO
MOJIETTH PacIIUPEHHOro aBTomMara. MIHBIMU clIoBaMU, JUIs paclIUPEeHHOTO aBTOMAaTa
CTPOUTCS JPEBOBUIHBIA KOHEUHBIH aBTOMAT, MOBEJEHHE KOTOPOrO COBMALAET C
MOBE/ICHUEM HMCXOJHOTO PACIIUPEHHOTO aBTOMaTa Ha BCEX MOCIEI0BaTEIbHOCTIX
qunabl He Oonbime |. B mokmame C. IIpokomeHKO |-5KBHBaleHT CTPOUTCS ISt
KOMITO3UIIMI MYTAIlMOHHBIX PAaCIIUPEHHBIX aBTOMATOB, KaXKJas U3 KOTOPBIX
COOTBETCTBYET HCHCIIPABHOCTAM B ONpEACNCHHOW KoMIoHeHTe. [locTpous
JIMarHOCTHYECKUH  JKCIEPUMEHT JUIsi TaKuX |-9KBUBAJIEHTOB, MO peaKIUH
KOMIIO3UIINH, TPEIbSIBICHHON M TECTUPOBAHHS, TOCTATOYHO YACTO MOXKHO
OTIpEeNeNINTh, KaKas W3 KOMIIOHCHT SBIIICTCS HEHCIIPABHOM, TPH YCIOBHH, YTO
HEWCIIPABHOCTH BO3MOXKHBI TOJBKO B OJHOH KoMmIoHeHTe. B moxmame M.
DOpOCTHIHOBOU MpeIaraeTcsi METO I TIOCTPOCHUS IIPOBEPSIONIETO TeCTa Ha OCHOBE
|-3KkBMBajieHTa  JTAJIOHHOrO  PACIIUPEHHOr0  aBTOMara.  KOMIBIOTEpHBIE
9KCIIEPUMEHTHI, MpoBeacHHbIe ¢ JAVA peanusaiueit nporokoiga TCP (Windows),
MOKa3ajd, YTO TMOJHOTa TECTOB ISl 8-dKBHUBAJICHTA OTHOCHUTEILHO MYTAaIlHid
mJAVA, npakTH4ecku COBMAJAET C MOJHOTOI TECTOB, HOCTPOCHHBIX M3BECTHBIMU
KOHEYHO aBTOMATHBIMH METOJaMHU, KOTOPHIE, KaK W3BECTHO, NOCTaBISIOT TECTHI
BBICOKOT'O KaueCcTBa JJIsl POTOKOJIBHBIX peaTn3aliiii.

Ha cemuHape OBITM TIpEACTaBICHBI JBE TECHO CBS3aHHBIX MEXAy co00i
cratek U. b. BypmonoBa u A. C. KocaueBa «IlocTpoeHne mpsiMoro u oOpaTHOTO
ocToBa KoJulekKTuBoM aBToMaTtoB» U MU. b. Bypnonosa, A. C. KocaueBa u
B. B. Kynamuna «[lapannensHpie BBIUHCICHHS Ha Tpade € IMOMOMBIO oOMeHa
COOOIIEHHUAMMI» , KOTOpBIE IIOCBSIIEHBl PACIPENCIICHHBIM BBIYHUCICHHAM Ha
OPHEHTHPOBaHHBIX rpadax Ha OCHOBE OOMEHA COOOIIEHMSAMH BIOJb IYr MEXKIY
aBTOMAaTaMH{, HaxoAsIIMMHCA B BepiunHax rpada. [lepBas craThs ONMCHIBAeT
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pacIpeleNeHHBIl  aNrOpUTM H3BICUCHUS CTPYKTYPHl 3apaHee HEU3BECTHOI'O
OPHEHTHPOBAHHOrO rpada B BHAE OCTOBOB Uil PACIIPOCTPAHEHUS COOOIICHUI OT
KOpHEBOW BepIIMHEI Tpada K JI000# Apyroi ero BepmmHe M o0paTHO. Bo BTOpOIi
CTaThe aBTOPHl  NpEUIaraloT  ajJrOPUTM  PACHpE/ENIEHHOTO0  BBIYHMCICHHS
MPOU3BOJILHOM (DYHKIMM OT MYJIBTHMHOXECTBA 3HAYCHUH, KOTOPHIMH Pa3MEUYEHBI
BEPIINHBI rpada, UCIOIb3YIOINI NOCTPOSHHBIE TIEPBBIM AJITOPUTMOM OCTOBBI JUIS
3¢ (heKTUBHOrO 0OMEHA COOOIICHUSMH.

B nmoxnane H.I'. Kymik ObuTH MpHBENEHBI PE3YNbTAThl 1O Crioco0aM IOHMKEHHS
CJIOKHOCTH 33/1a4, BO3HUKAIOIIMX NPU BepUPHKALUM, TECTHPOBAHHU U OLCHKE
Ka4yecTBa IPOrPaMMHOTO OOECIEUYEeHUs] Ha OCHOBE KOHEYHBIX aBTOMAaroB. Jlms
MOHIDKEHUSI  CIIOKHOCTH ~ WCIIONB30BAINCH  3BPHCTHKH,  MacIITabHpyeMble
NPE/ACTABICHUS W pEIICHHE 3a]ad g OINpPEICICHHBIX KIacCOB aBTOMAaTOB H
MoTyaBTOMaToB. Bo BTOpOH wacTH JOKIaga OBUIM TPENCTaBJICHBI PE3YJIbTATHI
aBTOpa 10 TOHIXEHUIO CIOKHOCTH 3a7ad, BO3HHMKAIOIIMX IPU OLECHKE KadyecTBa
NPUKJIAJTHOTO MPOTPaMMHOTO oOOecIlieueHHs, IOJNydeHHble coBMecTHO ¢ H.
Estymenko, [.Ilappa, K. ®yensanuna, /1. Pusepa, XK. ITokxpen, B. Mammymu.

B Hacrosiee BpeMs aKTUBHO pa3BUBAKOTCS METOAbl CHUHTE3a TECTOB C
rapaHTUPOBAaHHOM IIOJHOTOM JUI1 CHCTEM, JUIsl KOTOPBIX Ba)KHbl BpPEMEHHbIE
aCTeKThl, U JoKJanel AnexcaHapa TmapmoBckuii «K MMHUMH3aIlMKM aBTOMAaTOB C
Taitmaytamuny, (1 M. I'pomoBa, H. EBTymenko «K MUHUMM3anMu Yynciia BpeMEHHbIX
NEPEMEHHBIX BO BPEMEHHBIX NonyaBToMaTta» U I. Kugsaposoit «O cpaBHeHHU
CKOPOCTH (PYHKIMOHUPOBAHHS ABYX BPEMEHHBIX AaBTOMAaTOB» OBIIM IIOCBSIICHBI
aHaIu3y aBTOMAaTOB M IOIyaBTOMAaTOB C BPEMEHHBIMH OTpaHUYEHUAMH. B nokmane
A. TBapmoBCKOro HpPEUIOKEH METOJ MHUHMMHU3alUM aBTOMATOB C BXOAHBIMH U
BBIXOJHBIMU TalMayTamMu. Eciau B HEKOTOPOM COCTOSHHM aBTOMAara BXOJHOMN
CHMBOJI HE NOCTYNAaeT B TEUCHHE OMNPE/IEIICHHOTO BPEMEHH (BXOJIHOTO TaiiMayTa),
TO aBTOMAT MOXET CIIOHTAHHO MEPEUTH B JPYroe MNPEANHCAHHOE COCTOSIHUE.
BrixonHoi TailMayT ompenensieT BpeMs BBIIOJHEHUS IEPEX0Aad, T.C. 3aACPKKY
BBIIaUU  BBIXOJHOTO CHUMBOJIA OTHOCHUTEIBHO IIOJAHHOI'O BXOJHOTO CHUMBOJIA.
IIpennoxkeHHbld METOZ JOCTaBISET IPUBEACHHBIM aBTOMAar, T.€. aBTOMAT, B
KOTOPOM HUKAaKHE JIBa COCTOSIHUSL HE DKBUBAJICHTHBI, YKBUBAJICHTHBIA HCXOIHOMY
aBToMary c¢ TaiiMayramu. VMEHHO & NPUBEICHHBIX BPEMEHHBIX aBTOMATOB
CYHIECTBYIOT ~METOABI CHHTE3a TECTOB C TapaHTHPOBAaHHON  IOJHOTOM.
Iloka3piBaeTcs, 4TO B OTIMYKME OT KJIACCUYECKHX aBTOMATOB, aBTOMAaT C
TaliMayTaMn MOXKET MMETh HECKOJIBKO NMPHUBEAEHHBIX (OPM, KOTOPHIEC MOMapHO He
n3oMopdubl. B noknane M. I'pomoBa ObUIM NPEUIOKEHBI JOCTATOYHBIE YCIOBUS
JUIl YMEHBIICHUS YHCNa BPEMEHHBIX MEPEMEHHBIX BO BPEMEHHOM IOIyaBTOMAaTe
6e3 m3MeHeHus ero moBeneHus. B poxmane I'. Kupspooil Obuto mpezsioxkeHO
MacmTabupyeMoe MpeACTaBICHHE IS CPaBHEHUS CKOPOCTH (DYHKIIMOHHPOBAHUS
JIByX BPEMEHHBIX aBTOMATOB.

B nokmame O.B. KomgpartseBoid, A. Kaamum u H. EBrymenko «Pemenue
ABTOMATHBIX YPaBHEHUH IS BPEMEHHBIX aBTOMAaTOB OTHOCHUTENBFHO MapajlieIbHON
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KOMITO3HMIIMM» PAaCCMaTPUBAETCS MapajulelibHas KOMIO3WIMS AaBTOMAaToOB C
taiimayramu. [Ipemnaraercst ciocod pemieHus ypaBHEHHUS IS TaKOH KOMIIO3HUITHH,
W, B 9acTHOCTH, popmyrna s HaubomsIero (obmero) pemenus. OTMmedaercs, 9To
JUISL HaXOXJIEHHsl OOINEero pelleHus ypaBHEHHs JUIS aBTOMAaTOB C TaWMayTaMu
MOHATHE TAaKOTO aBTOMaTa HEOOXOAMMO pacUIMPHUTh, JIOMYCTHB MHOXECTBO
BBIXO/IHBIX TaliMayTOB Ha Iepexojax aBToMaTa. Ha ocHOBe pelieHUst ypaBHEHHS
MOXHO YacTUYHO YIPaBIATh KauyeCTBOM CHHTE3UPYEMOH KOMIIOHEHTHI B
KOMITO3MIIMH BeO CEpPBHCOB, B YaCTHOCTH, ONTHMHU3HPOBAaTh KOMIIOHEHTY IIO
BpeMeHU 00paboTKH nHpopManum.

B gokmage B.X. Jla m A. Kapamm «MccnenoBanue OTKa30yCTOMYUBOIL
MapIIpyTU3aii B OECIPOBOIHBIX CETSIX» OTMEYAETCS, YTO B HACTOSIIHA MOMEHT
AaKTUBHO Pa3BHBAIOTCSI MOOWJIBHBIC CEHCOPHBIC CETH. DKOHOMUS PECYPCOB B TaKHX
CeTSIX  OTPAaHWYMBACT  BO3MOXKHOCTH  O€30MacHOTO  MPOCKTHPOBAaHUS U
WCIOJIb30BaHUE COOTBETCTBYIOIINX, YCTOMUUBBIX K aTakam, IpoTokojioB. C apyroit
CTOPOHBI, TOCKOJBKY CCHCOPHBIC NATYUKHA (DYHKIMOHUPYIOT HE3aBHCHMO H B
JIOCTATOYHO CJIOXHBIX YCJIOBUAX, TAKHE CETH OCOOCHHO CKIIOHHBI K OTKa3aM H
yS3BUMBl K TNpeAHaMepeHHbIM atakam. Jlisg HaaexxHoro U 0e30MacHOro
(YHKIIMOHMPOBAaHUS TaKHX CeTel, HEOOXOJUMO HCCIICAOBaTh M Pa3BHUBATh
YCTOWYMBOCTh K TIOTEHIIMAIBHBIM BTOpXKEHHSIM. B J0KIaze paccMaTpuBarOTCs J1Ba
TaKUX YCTOHYMBBIX MPOTOKOJA MapumpyTu3auuu, a umeHHo, INSENS and ITSRP,
AHANMM3UPYIOTCI WX CBOHCTBa. MoJAeNHpOBaHHE U aHANMW3 OBICTPOICHCTBUS
MOKa3aJk, 9To 00a MPOTOKOJIA TOCTATOYHO XOPOIIH C IPAKTHIECKOW TOUYKH 3PCHUS.
B noxmane K. Toymu, M. Aynu, A. KaBamiu «MozenupoBaHue U TECTUPOBAHHE
0e30MaCHOCTH TPU B3aUMOICUCTBUH CEPBUCOBY aBTOPHI PACCMOTPEIH W3BECTHBIC
MOJXOIBI K MOJCITHUPOBAHUIO M TECTUPOBAHHUIO OE30MACHOCTH B3aUMOICHUCTBUS BeO
CEPBUCOB C WCIOJB30BaHUEM (OPMATBHBIX MOZENCH. Brumi mpenoxKeHbl OleHKH
Pa3IUYHBIX TEXHOJOTHUH aKTUBHOTO U TMACCUBHOTO TecTupoBaHus. [lomydeHHbIE
pe3ynbTaTthl  ObUIM  TIPOJAEMOHCTPUPOBAHBI IS  peajbHOH  CHCTEMBI  C
WCIIOJIb30BaHNEM METOJIOB MACCUBHOTO TECTUPOBAHUS.

B OGonpmmHCTBE METOMOB TMOCTPOEHHUS MPOBEPSIONIMX TECTOB MO aBTOMATHOM
MOJIETT PAcCMaTPUBAETCS] WHUIMAIBHBI KOHEYHBIH aBTOMAaT, ¥ COOTBETCTBEHHO
MPOBEPSIOIINE TECThI CTPOSTCS KaK HA0OP BXOIHBIX MMOCICI0BATEIBHOCTEH, MEpe.
Kaxaol u3 kortopeix mnonaerca curHan CBPOC, mnepeBopsmimii aBTOMaT B
HavallbHOE cocTosiHue. Eciu mocneaHuii SBAsSETCs] TOCTaTOYHO JOPOTUM, TO UMEET
CMBICIT TIOMBITATHCS TOCTPOUTH OAHY IOCJIEIOBATENILHOCTh, KOTOpasi MO3BOJISET
BBISICHUTD, SIBJIICTCS JIM TpOBepsieMasl peann3anus KoHPopMHOI cnenudukanuu. B
noknane A. EpmaxoBa «IlocTpoeHre NpoBEPSIIOMIMX IMOCIEAOBATEILHOCTEN Is
HEJETEPMUHUPOBAHHBIX aBTOMATOBY NPEJJIaracTcsl ajJrOpUTM CUHTE3a aJJallTUBHOM
MPOBEPSIOLIEH IMOCIEeOBATEIbBHOCTH, NpPHU YCIOBUHM, YTO HCXOJHBIA aBTOMAT
o0namaer pasleNsouiei MOCIeIOBATEIEHOCTEI0 U ICTCPMUHHPOBAHHBIM CHIIBHO
CBSI3HBIM MOJIaBTOMATOM, HYTO TapaHTHPYET, YTO TOJHKO aBTOMAT, M30MOPQHBIN
HEKOTOPOMY IMOJaBTOMATy CHENU(UKAIMKA C TEM XK€ YHCIOM COCTOSIHHMA, MOXKET
OBIT penyKIMei aBTomara-crienupukanuu. Kpome Toro, mpeamonaraercsi, 4To
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MpOLECC TECTUPOBAHUSA SIBIACTCA aJAaNTHUBHBIM, T.€. CIEIYIOIINN BXOJHOW CHMBOJI
OTIPEZIETISICTCS 110 BBIXOAHON PEaKIMM TECTUPYEMON Pealn3alliy Ha HPEIbIIYINne
BXOJIHBIE CHMBOJBI. 3a CYET aJalTHBHOTO MOAXOJa K TECTHPOBAHUIO AJHMHA TECTa
MOXeET OKa3aTbcsi 0ojiee KOPOTKOM, YeM JJIMHA TECTOBBIX IOCIEN0BaTEIbHOCTEH,
MOCTPOCHHBIX 3apaHee M0 Haudana Ipolecca TectupoBaHus. Kpome Toro,
OTMEYaeTcs,, 4YTO, IIOCKOJBKY IPOBEPSIOIIas MOCIEIOBATENbHOCTh MOJAeTCs
aJIaliTUBHO, YCJIOBHS Ul aBTOMara-clielnu(UKanud MOTYT OBITh OCNAOJICHBI; B
YaCTHOCTH, BMECTO JAETEPMUHHPOBAHO JOCTHXKHMBIX COCTOSHMM  MOXHO
UCIOJIb30BaTh  ONpPENENEeHHO-AOCTHXKUMBIE COCTOSIHUS M COOTBETCTBYIOIIME
npeaMOynbl, a BMECTO pa3ZICiAIONIEH IOCIEeI0BATEIBHOCTH - Pa3HYaronIUi
TECTOBBIH IIPUMED, €CIIM TAKOBBIE CYIIECTBYIOT B aBTOMAaTE-CIEU(HUKAIIH.

B nmoxnazne X. Jlomrera, C. Maara, JX. Mopaneca «Macmrabupyemslii METOJI OICHKH
JUISL CHCTEM YTpaBJICHHs JOBEpHEM Ha OCHOBE pacIpeleCHHBIX CHCTEM OHJIANH
MOHHUTOPHHIa» PACCMATPUBAIOTCS MHOTOKOMIIOHEHTHBIC (KOMIIO3UTHBIE) CHCTEMBI,
KOTOpBIE CTaHOBSITCS BCce Oojiee MOMYyJISAPHBIMHA, H TpPeOOBaHUS K UX
BSaHMOHeﬁCTBHIO IIOCTOSSHHO ITIOBBIIIAKOTCH. COOTBCTCTBGHHO, B TaKHUX CHCTEMaX
MOXHO pa3peu1HTL BBIIIOJIHCHHUC TOJIBKO TECX [[el‘/lICTBI/II\/’I, KOTOpI)IM MOXHO [[OBepHTb;
anqu pemeHHe, C KEM U HaA KaKux yCHOBI/IﬂX B3aHMOZ[eI710TBOBaTI;, HpI/IHI/IMaeT
Kaxxaas (o) CHUCTeMa CaMOCTOSATENIBbHO. B okimage aBTopsl COKYCHPOBAIKCH Ha
BepJII/IKTaX I[OBepI/I)I, KOTOpI)Ie «BBIHOCATCA» HA OCHOBC IIOBCACHHSA AaArCHTOB H
pacmpeieNieHHOro OH-JIAaH MOHUTOPHHTA CETH. DTO JaeT BO3MOXKHOCTh 00ECIIEUUTh
YIPaBICHUE JOBEPUEM B CHCTEME C TOUKH 3PEHHS OIbITa KOHKPETHOM MOACUCTEMBI,
0P YCIOBUH, UYTO AQHAIM3UPYETCS TaK HA3bIBAGMOE «MSTKOE JIOBEPHEY.
[pennaraercst MacITabUPyeMbIil METOA U OH-TAalH OLCHKW/aHAIN3a JOBEPHSI C
MCIIONIb30BAaHUEM JIOTIONHHUTEIIFHOM MOJIENIM PACIIUPEHHOTO IMOJyaBTOMAaTa W
METO/IbI TIOHMKEHHSI OLIEHKH BPEMEHH HA OCHOBE U3BECTHBIX PE3yJIbTaTOB.

B 3akmoueHne ceMuHapa ObLIH 00CYKAEHBI IUTaHBI MEPONIPUATHI, KOTOPBIE OyayT
MPOBOIUTHECS B paMKax pabOT COBMECTHOW HCCJICIOBATENbCKON J1abopaTopuu
Qualipso. JlaHHBI COOPHHK COJCPIKUT CTAaThbH, KOTOPHIC OBLIH HAIMCAHBI II0
pe3ysbTaTtam OOJIBIIMHCTBA MTPECTABICHHBIX HA CEMUHAPE JIOKIAI0B.

3aBenyromas kadenpoit HGOpMaMOHHBIX TEXHOIOT Ut

B UCCJIEJOBAaHUM JUCKPETHBIX CTPYKTYp TI'Y,

3aBenyromias yadboparopueli KoMnproTepHBIX HayK,

npodeccop H.B.EBtymenko

3aBenyromast oTesn0M CeTeBoro mporpaMMHUPOBaHHS
uHctutyTta Tenexom, FOxnsi [Tapmxk, nmpodeccop Amna P. KaBanmu

3aBeayrouuii otaenom TexHomoruit
nporpammupoBanust UCIT PAH,
npodeccop A.K.Ilerpenko
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Preface

The 1% Franco-Russian seminar ‘Software Verification, Testing, and Quality
Estimation’ has been held in Institut Mines-Télécom, Paris, France, on November,
24-25, 2014. Together with the seminar another important event took place: the
joint Franco-Russian Research Laboratory that will focus on the use of formal
methods for dealing with issues concerning service validity and reliability. The
laboratory members are the Institut Mines-Télécom, France, the Institute for System
Programming, of the Russian Academy of Sciences, Moscow, Russia, and the
Tomsk State University, Tomsk, Russia. One of the laboratory research directions is
the quality estimation of web applications and services that nowadays becomes one
of the main areas of software development. The key word here is ‘quality’ and thus,
the title of laboratory Qualipso has been established.

The seminar has been opened by the key persons of the organizing institutions,
namely, David Sadek, Research Director of Institut Mines-Télécom, Viktor P.
Ivannikov, Director of the Institute for System Programming of Russian Academy
of Sciences, and Dmitriy V. Sukhushin, Vice-Rector for Strategic Development of
Tomsk State University.

According to David Sadek, Director for Research of Institut Mines-Télécom, “this
kind of action, that comes within our international partnerships policy, allows us to
consolidate our existing cooperation with flagship teams and institutions in our own
research and education areas, thereby contributing to the worldwide influence of
Institut Mines-Télécom.”

For Viktor P. lvannikov, Director of the Institute for System Programming of
Russian Academy of Sciences, “On the one hand, formal methods have begun to be
really used in Software Engineering practically; on the other hand, France and
Russia have deep traditions on different formal models and languages. This gives
hopes in new innovations for our French —Russian joint cooperation”.

For Dmitriy V. Sukhushin, Vice-Rector for Strategic Development of Tomsk State
University, “The opening of the joint laboratory is the result of our long
collaboration and mutual trust. This international joint laboratory provides new
opportunities for its members encouraging the integration of the research in the
international scientific society. We believe that the integration of our studies will
contribute to our mutual competitive advantage aiming at being leaders in the
priority research areas.”

The first presentation was made by Professor Alexander K. Petrenko (Institute for
System Programming). The speaker discussed the state of the art of the verification
of operating systems (OS) and presented the variety of instruments and technologies
developed at the Institute for System Programming which are used for the

! The seminar and publications of TSU teachers and students are partially supported by
project 739 Goszadanija MinObrNauki RF
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verification of various operating systems starting from microkernel real time OS up
to core modules of Linux and its distributives that contain millions of interfaces.
The facilities of a number of verification techniques have been demonstrated in the
context of their use for microkernels which have more than 10000 lines in
programming languages, for modules with up to 100000 lines, for libraries having
from 1000 up to one million interfaces.

Professor Ana Cavalli (Institut Mines-Télécom, Institute Télécom SudParis)
presented a number of methods and techniques for web systems testing and
monitoring developed at the department of Network Software. This scientific group
has been working in the area of using formal models for testing and verification for
many years, they have developed many novel methods and applications and it is
recognized throughout the world for their scientific results. One of applications,
MMT, developed together with the Montimage enterprise is now used in many
companies for monitoring the safety of web systems.

Professor Nina Yevtushenko (Tomsk State University) presented the lecture
‘Nondeterministic FSMs in Model-Based Testing’ underlining that this time formal
models with nondeterministic behavior are widely used. The nondeterminism
appears due to the following reasons, such as the specification optionality,
abstraction level, limited controllability or/and observability, etc. The presentation
contained a number of fault models developed for nondeterministic Finite State
Machines (FSMs) and some methods for deriving complete test suites w.r.t. these
models.

In the presentation «A TEFSM-based Framework for QoE Evaluation of OTT
Services» by Diego Rivera (the paper authored by D. Rivera, N. Kushik, C.
Fuenzalida, A. Cavalli, N. Yevtushenko), a new approach has been presented for
modelling multimedia OTT services, integrating not only the functional aspects of
the service but also non-functional variables, which are classified into objective,
subjective and business-related. The functional requirements are modeled using a
Timed Extended Finite State Machine (TEFSM), which is augmented with context
variables representing non-functional requirements related to the quality metrics
QoS, QoE, and QoBiz. Using the proposed model a provider can detect bottlenecks
for a developed service in order to increase the revenue.

In his presentation, «Model-Based Testing for MANETSs», professor Stéphane Maag
(Institut Mines-Télécom, Institute Télécom SudParis,) noted that the conformance
testing in network engineering is a crucial phase in the development of complex
communicating systems. Whilst many model-based techniques have been developed
for testing, their application to test wireless routing ad-hoc protocols still raises
many issues. Special attention has been given to presenting the node self-similarity
reducing the number of inconclusive verdicts often met in traditional model based
testing.

The presentations by Svetlana Prokopenko “Locating a faulty component of an
EFSM composition” and Maria Forotyanova “Test derivation based on tree FSMs
and tree automata” (Tomsk State University) have been devoted to deriving tests for
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an Extended FSM (EFSM) by the use of their l-equivalents. Given an Extended
FSM, a tree FSM is derived such that its behavior coincides with the EFSM
behavior for each input sequence of length up to I. Svetlana Prokopenko proposed to
derive such l-equivalents for mutation EFSMs of the EFSM composition under the
assumption that only one component EFSM can be faulty. If there exists a
distinguishing (adaptive) input sequence for the derived l-equivalents then based on
the response of a composition under test to this input sequence a faulty component
can be located. Maria Forostyanova proposed a method for deriving a test suite for
an EFSM based on its I-equivalent and presented the experimental results for TCP
implementation (Windows). A Java implementation of this protocol has been
mutated by the tool mJava and the fault coverage of a number of test suites has been
determined w.r.t. the set of obtained mutants. The experiments clearly show that the
fault coverage of a test suite derived based of a 8-equivalent of the corresponding
EFSM almost coincides with that of test suites returned using the known FSM
methods which are widely used for deriving high quality tests for protocol
implementations.

Two close related presentations of I. Burdonov, A. Kossatchev “Building direct and
back spanning trees by automata on a graph» and I. Burdonov, A. Kossatchev, V.
Kuliamin “Parallel calculations by automata on direct and back spanning tees of a
graph” (Institute for System Programming) addressed distributed computations for
oriented graphs based on the message exchange between automata which are
situated in the graph nodes. The proposed algorithm builds two spanning trees of the
graph: the direct spanning tree, which has the root node as the tree root, and the
back spanning tree, directed to the root. The complexity of the algorithm is
evaluated. In the second part, a parallel computation algorithm for calculating the
arbitrary function value on a multiset of values distributed on oriented graph nodes
has been presented. The key idea of the algorithm is to use structural information on
the graph that can be extracted by its parallel exploration and encoded into
structures of direct and back spanning trees of the graph, which were constructed by
the algorithm mentioned in the former part of the presentation.

The presentation of Natalia Kushik addressed the complexity reducing when solving
problems of test derivation and quality evaluation. For this purpose, different ways
are used such as proper heuristics, scalable representations and solving techniques
for proper automata and FSM classes. In the second part of the presentation, some
results of the complexity reducing when evaluating the software quality have been
mentioned. These results have been obtained in the collaboration with N.
Yevtushenko, A. Cavalli, J. Parra, C Fuenzalida, D. Rivera, J. Pokherel, W.
Mallouli.

Nowadays a lot of attention is paid for deriving high quality tests for systems for
which time aspects are important and there were three presentations on this subject.
M. Gromov proposed some sufficient conditions for reducing the number of time
variables in finite automaton along with preserving its behavior while G. Kidjarova
proposed a scalable representation for comparing the performance of two timed
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FSMs. The presentation of Alexandre Tvardovskiy ‘On the minimization of timed
Finite State Machines’ addressed the problem of minimizing an FSM augmented
with input and output timeouts, since almost all methods for deriving complete test
suites are developed for reduced (minimal) timed machines, i.e., FSMs where every
two states are not equivalent. If at some state no input is applied until the
corresponding (input) timeout expires then the FSM can spontaneously move to
another prescribed state. An output timeout describes the time that is necessary for
executing a transition that is the number of time instances needed for producing an
output after an input has been applied. The author proposed a technique for
minimizing such machines and has shown that differently from classical FSMs, an
FSM with timeouts can have several minimal forms which can be not pair-wise
isomorphic.

The presentation of O. Konratyeva “Web Service Composition Quality
Management with Timed Finite State Machines” (the paper O. Kondratyeva, N.
Yevtushenko, A. Cavalli ”Solving parallel equations for FSMs with timeouts”) was
devoted to using compositions of FSMs with timeouts for optimizing web services’
compositions. The authors derive the general solution for a parallel equation over
FSMs with timeouts and propose a way to extract from it a solution that can
minimize the time of the message exchange in the composition of web services
modeled as such FSMs.

In the presentation of Vin Hoa La (the paper Vin Hoa La, Ana Cavalli “Intrusion-
tolerant Routing in Wireless Sensor Networks”), the wireless Sensor Networks
(WSNs) have been considered. The resource constraint characteristics of WSNs
limit the secure design and development of security protocols for them whilst,
sensor nodes usually operating in unattended and even harsh environments are
prone to failures and are vulnerable to malicious attacks. In the presentation, two
intrusion-tolerant routing protocols for WSNs, namely INSENS and ITSRP, were
analyzed and it was shown by using the simulation and performance analysis that
both of them are practical. The presentation K. Toumi, M. Aouidi, A. Cavalli
“Modeling and security testing of services interoperability” has been devoted to the
modeling of services interoperability and the application of active testing and
monitoring techniques, based on passive testing, to the validation of secure
interoperability properties. The application of the proposed techniques was
illustrated by an industrial case study.

Most FSM based methods for test derivation are developed for initialized FSMs and
the latter means that a reliable reset is assumed in an implementation under test in
order to glue test sequences together. If the reset is rather expensive then the number
of test sequences has to be reduced and when it is reduced to a single sequence and
this sequence is called a checking sequence. Anton Ermakov (the paper A. Ermakov
“Deriving checking sequences for nondeterministic FSMs™) proposes a method for
deriving an adaptive checking sequence when the specification FSM is
nondeterministic and the conformance relation is the reduction relation. The latter
means that the behavior of a conforming implementation should be contained in the
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behavior of the specification. A method returns an adaptive checking sequence that
detects each nonconforming implementation that has not more states than the
specification FSM under the conditions that the specification has a distinguishing
sequence and a deterministic strongly connected submachine. The author notes that
these conditions can be weakened for the case when the specification has a
distinguishing test case and each state of the specification is definitely reachable
from another state. The testing process is adaptive, i.e., the next input is determined
based on the outputs produced for the previous inputs. Such adaptive distinguishing
sequence can be shorter than a preset checking sequence.

In his presentation, Jorge Lopez (the paper J. Lopez, S. Maag, G. Morales “Scalable
Evaluation of Distributed On-line Network Monitoring for Behavioral Feedback in
Trust Management”) addressed the trust problem in collaborative systems which are
growing in use and popularity and thus, trustworthy interactions of the different
systems become a priority. The decision regarding with whom and how to interact
depends on each system itself. The authors focus on providing trust verdicts by
evaluating the behaviors of different agents, using distributed on-line network
monitoring. This will provide trust management systems information regarding a
trustee experience for systems based on so-called "soft trust”. The authors propose a
scalable evaluation method for any on-line network monitoring system by using the
model of an extended finite state automaton (EFSA), and the known methods for
reducing the time complexity of the evaluation algorithm.

Moreover, at the seminar meetings, joint events have been discussed which will be
organized by the Qualipso research laboratory. Most papers presented at the
seminar are published in the journal issue.

The head of the Department of Computer Science of
TSU,
Professor Nina Yevtushenko

The head of the Department of Network Software of
Institute Télécom

SudParis, Professor Ana R. Cavalli
The head of the Software Engineering Department of ISP

RAS,

Professor Alexander K. Petrenko
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