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Aunnoraumsi. UniTESK — TtexHonorus TecTUpOBaHMs, OCHOBaHHas Ha (HOPMaIbHBIX
MozeIsiX (M crienuduKanusax) TpeOOBaHHUH K MOBEICHUS MPOTrPaMMHBIX MM arlapaTHBIX
KOMIIOHGHTOB. B cTaThe oOmIMCHIBAaIOTCS Hauboyiee 3HAYUMBIC NPUMEHEHHS TEXHOJIOTHU
UniTESK B mpOMBIIUIEHHBIX MPOEKTaX, CYMMHPYETCS WX ONBIT H OIIEHUBAIOTCS
HEPCICKTUBHBIC HANPABICHUS PAa3BUTHS KOMIIOHEHTHBIX TEXHOJIOTMil TECTUPOBaHHS Ha
OCHOBE MOZENIEH.

KniodeBble ciI0Ba: TeCTHPOBAHHE Ha OCHOBE MOJENEH; cHenudukanuy; BepUHKAINS;
aBTOMAaTU3UPOBAHHAsI FEHEpalys TECTOB

1. BBepeHue

TectupoBanne Ha ocHoBe Mozeneit (Model Based Testing, MBT) siBnstiercst ogHOM
13 HamOollee MHTEHCHBHO pPa3BHBAIONIMXCS OOJIACTEH MPOrpaMMHON WHXKCHEPHUH.
OpHa U3 IPUYXH TAKOTO aKTHBHOTO Pa3BUTHI — TOT (akT, uto MBT HaxomuTcs Ha
MepeceuyeH HECKOIBKUX 0oJiee MMPOKUX obmacTeil. DT 00JacTH BKIIOYAIOT, B
YaCTHOCTH, METOJbI OMNHMCAHUS, (POPMATH3ANUA W MOICIUPOBAHHS TPEOOBAHMIA,
METOJIbI aHaju3a GopManabHBIX MOJAENEH, METOIbl CTATUYECKOTO U JTUHAMHYECKOTO
aHamu3a KOJa, METOJbl YIPAaBICHUS YPOBHEM aOCTpakiMd W TpaHChOopMaiuu
Mojeneii. Takoe MmoJio’keHHue Bellel JaeT BO3SMOXKHOCTh TexHosorusiM MBT 6b1cTpo
aJlanTUPOBAThCA K TOCJIEIHUM JOCTHKECHHSIM B CMEXHBIX obnacTsx. OmHako, 10
CUX TOp HE CYIIECTBYET TOTOBBIX [JIsI MPOMBIIUIEHHOIO HCIOJb30BaHUs
uHcTpyMeHTOB MBT, KOTOpble MOXHO OBUIO OBl MPHUMEHATH C JOCTaTOYHOMH
3((HEeKTUBHOCTBIO B NIMPOKOM KJIACCE MPOCKTOB pa3pabOTKu U TecTHpoBaHUs. s
JanpHemero pa3sutus TexHomormii MBT HeoOXoquM aHAW3 TPUYHH TaKOU
CUTYalliu, OCHOBAHHBII Ha OMBITE UX MCIOJb30BaHUs B niociennue 15-20 ner. Oto
MTOMOJKET BBISIBUTH MPOOJIEMBI CYIIECTBYIOMINX TEXHOJIOTHI H YBUAETh BO3MOXKHBIC
MyTH HUX pelieHus. B JaHHOW cTaTbe MBI KPaTKO ONMHCHIBAEM JTallbl Pa3BUTHUS
texHonorun  UniTESK  (UNIfied TEsting and Specification toolKit,
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YHUQPUITUPOBAHHBIH HAa0Op MHCTPYMEHTOB CHEIHU(PHUKAIMA W TECTUPOBAHMS) Kak
OJHOW W3 NEPBBIX TEXHOJOTHM, HALEICHHBIX HAa NPUMEHEHHE IJI1 TECTUPOBAHHS
HIMPOKOro kiacca cucreM. Ilo Xomy CTaTbn MBI BBIIENMM IIO3UTHBHBIE U
HETaTUBHBIE WTOTH WCIIOJNB30BAHMS OSTOH TEXHOJOTMH. OTa CTaTbsi SBIAETCA
pacIIMpeHHBIM BapHaHTOM paOoTH [36] W mpencraBisier coOOW aHAIM3 OMBITA
MPOMBIIIJIEHHOTO HCIHOJb30BAHUS TEXHOJOTMH M MHCTPYMEHTOB, M IMO3TOMY HE
COJICP)KUT IIOCTAHOBOK HAYYHBIX IPOOJIEM WM M3JIOKEHUS HOBBIX TEXHHK H
METOJIOB PELICHUs KaKUX-T100 3a1a4y. TeM He MeHee, IPOBE/ICHHBINA aHaJIu3 MOXKET
OBITH IOJIE3eH HUccnenoBaTensM B obmactu MBT.

Texunonorus UniTESK [1,2] Obuta co3naHa Ha OCHOBE OIIBITA, TOJIyYEHHOTO IPH
paspaboTtke cucrtembl aBromarnzupoanHoro tectupoBanuss KVEST [3] ms sapa
OTIepallMOHHON cucTeMbl peanbHOro BpemeHu. Pabora Hag KVEST Hawanace B
1994 romy, Kkorma TEepMHH «TECTHpPOBaHHME Ha OCHOBE Mojeneil» eme He
WCIIONB30BANICA. JTOT TEPMHH MOSBIIICA B camoM Hadane XXI cronerus. Ceftgac
MBT ouens ObicTpo pa3BuBaercs. Texnomorun MBT momnepxuBaroTcss MHOTHMUA
SHTY3MaCTaMH M €aMO TIIOHATHE «TECTUPOBAHMS HAa OCHOBE MOJENEH»
HHTEpIpETHpYeTCs No-pazHomy. s akkyparHoro ananmmsa mecta UniTESK cpenn
JpYTHX MOJIXOA0B HYXXKHO CHadajga ONpEAEHINTb, YTO MOJAPa3yMEBAcTCsA MOJ ITHM
TepMHrHOM B pamkax texHojoruu UniTESK.

OOBIYHO TOBOPSAT, YTO TECTHPOBAHHUE HA OCHOBE MOJIEJICH HCIONB3YET pa3indHbIC
MOJIETIH JJIs TTIOCTpoeHust TecToB. OHAKO, Y TTO0OHOTO YTBEPKACHHUS OYEHb MHOTO
pa3NUYHBIX TOJKOBAaHWI — OOJIBIIMHCTBO HCCIENOBaTeNed M WHXXEHEPOB,
ucnons3ytomux MBT Ha mpakTuke, moapa3yMeBalOT IMOJ 3TUM TEPMHHOM OoJjiee
crenuduyeckue TEXHUKU TecTHpoBaHus. [lepBblil Bogopazgen — 4YTO MMEHHO
SBJSIETCS  MOJENMPYEMBIM OOBEKTOM: HEKOTOPbIE MOJCIHPYIOT —IOBEICHUE
Tectupyemoir cuctemsbl (system under test, SUT), apyrue — okpykeHue
TECTHUPYEMOH CHCTEMBbI, B YaCTHOCTH, MOXKET MOJEIHPOBATECS IMOBEJCHHUE TECTOB
WJIM TECTOBOM CHCTEeMBbI Kak 4acT 3Toro okpyxenus. B UniTESK monenupyercs
MOBEJCHUE TECTUPYEMON CHCTEMBI. B pamkax Takoro moaxofa BbIAEISAIOTCA
meronsl MBT, uncnonb3yromue pasnudHble CIOCOOBI omucaHus mnoBexeHus. O
nepBoM u3 3THX cnocoboB AH Ilemecka (Jan Peleska) roBopur [4]: «moBeneHme
SUT 3apmaeTcs MoAenbro, KOTOpasi NPeACTaBIeHA B TOM K€ CTHIIE, KaK U MOJIENHN,
UCTIONb3yeMble Al pa3paboTku». Takue crenudukanyuy Uiav MOAEIN Ha3bIBAIOTCS
ucnoanumsimy. Poiib MCTIONHUMON MOAETH MOXKET MIPaTh MPOTOTHII Peann3yeMoi
CHCTEMBI WJIH IpyTas MOJENb, I KOTOPOH €CTh MOHSITHE BHIOIHEHUS, HAlIpUMeED,
KOHEYHBIN aBTOMaT, ceTh [leTpu, MarimHa ¢ abcTpakTHeIM coctosiHueM (ASM) [5].
IIpumepamu Mojeneit Ipyroro BHUAQ, HEUCNOJHUMbIX, CIyXaT anredbpamdecKue
cnenn(UKaIuy, a TakKe MPOrpaMMHBIE KOHTPAKTH B BHJE IpPEA- W ITOCTYCIOBHHA
¢dbynkui. Paznuaable BUABI MOJeNedl MMEIOT CBOW JOCTOMHCTBA M HEJOCTATKH,
Oosiee MM MeHee MOAXOJST AJIsl TECTUPOBAHMSI CUCTEM pa3JIMUHBIX THIIOB. Tak, npu
TeHepallud TEeCTOB HYXHO CTPOUTb HE TOJIBKO TECTOBbIE JaHHBIE U
MOCJIC/IOBATENILHOCTH BBI30BOB PA3IMYHBIX OIEpaluid, HO M Jpyrue apredaxTsbl,
HalpuMep, TECTOBbIE OpaKyldbl — KOMIOHEHTBl TECTOB, aBTOMAaTHYECKU
oueHnBatomue pe3ynsratel padoTel SUT 1 BBIHOCAIINME pEIICHHE, COOTBETCTBYIOT
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JU OHU TPeOOBaHMSIM MM HeT. VICTIONMHWMBIE MOJENHM HE BCEraa MOAXONAT IUIS
TeHepanuy OpaKyJoB, HO JOCTaTOYHO 3(P(PEKTHBHO MCTIONB3YIOTCS JJIS IOCTPOCHHUS
TECTOBBIX  IOCIeNOBaTeNbHOCTEH.  IIporpaMMHbBIE  KOHTPAakThl  YOPOILAIOT
TEHEPALMIO OPaKyJIOB, HO Ul IIOCTPOEHUS TECTOBBIX MOCIENOBATEIBLHOCTEN HE TaK
ynoOHeL. [pyrumu cioBamu, A 3(GGEKTHBHOTO ITOCTPOSHHUS BCEX JIICMEHTOB
TECTOBOM CHCTEMBI JIydllle HCI0JIb30BaTh MOAEIH Pa3IMYHBIX TUNOB. Bo3Bparasice
k UniTESK, oTMeTnM, 4TO OCHOBHOI BHJ MOJENIEH, HCIOJNB3YEMbIH B ASTOH
TE€XHOJIOTUM — 3TO TPOTpPaMMHBIE KOHTpakTel. OJHAKo, U1 TeHepaluu
HETPUBHAJIBHBIX ~ TECTOBBIX  IOCIEAOBAaTEIbHOCTEH B  HEM  MCHONB3YyIOTCA
ABTOMATHbIE MOJIEIH.

Texunonoruss UniTESK moxer ObITh peann3zoBaHa B paMKax pa3iHYHBIX CHCTEM
pa3paboTKM M Ha pa3nInyuHBIX s3bIKkax. Ceifuac MCIOIB3YIOTCS pean3aliy MMoaxoaa
UniTESK wa ocHoBe s3pikoB C, C++, Java, Python, 3T0, COOTBETCTBEHHO,
urctpymentst CTESK, C++TESK, JavaTESK u PyTESK [6].

UniTESK sBnsiercst uccienoBarensckoir pazpaborkoit UCIT PAH. WHcTpymeHTHI
UniTESK pmoctymnHbl 1moj CBOOOAHOW nulleH3ueld. BMecTe ¢ TeM, UMEETCS OTBIT
MIPOMBIIIJICHHOTO UCTIOJIh30BaHUS 3TOW TEXHOJIOTHH. HekoToprie TecTOBbIe HAOOPHI,
co3manHple ¢ mnomomipto UniTESK, wucnome3yrorcs mms cepTUQHKANINA U
aTTeCTAllUd TPOMBIIUICHHOTO mporpammHoro obecrmedeHus (I10). Ipmmepom
sBysiercss TecToBblil HAbop OLVER [7] — oauH u3 cambiXx OOJBLIMX TECTOBBIX
Ha0OpOB, CO3AAHHBIX MPH MoMoIH TexHoJoruit MBT, ycrynaromuii Tumms cucreme
TECTOB, pa3paboTaHHOH B paMkax MHHIMATHBEI MO MOIAEPIKKE B3aMMOJICHCTBHSA
Microsoft (Microsoft Interoperability Initiative) [8].

2. 0630p npumeHeHun UniTESK

Paccmorpum Hambosiee HMHTEpECHBIE MPUMEPHI  HCIIOIB30BAHMS  TEXHOJIOTHH
UniTESK u nony4eHHBIE B paMKaX 3TOTO HCIOJIB30BAHUS YPOKH.

Iepsrm npumenennem UniTESK 6sm1 mognepsxanssiii Microsoft Research mpoekr
Mo pa3paboTke TecToBoro Habopa g peanmsamuu [Pvo [9]. TIpoekT craproBan B
2000 romy. Torma UniTESK Tompko HauyMHAN CO3MABAThCS, MMOITOMY MPHUIIIOCH
HCIIONBE30BaTh OOJETYeHHYIO peanu3anuio TexHojormu Ha sizbike C — CTESK-
light. HecmoTps Ha HecTaOWIBHOCTP WHCTPYMEHTa yJAallOCh IIOCTPOUTH
3 QeKTUBHBIH TECTOBBIH HA0Op, KOTOPBIA Hamen AedeKTbl, paHee He
oOHapy>XeHHBbIE JPYTUMH TEeCTOBHIMH HabopamMu. DTO ObUT TEPBBIA  OMBIT
UCIIOJIb30BaHHMs KOHTPaKTHBIX cneuuduKanmii Ut TECTUPOBAHUS
TEIEKOMMYHHKALIMOHHBIX ~MPOTOKOJOB. bBbUIO MOKa3aHO, 4YTO KOHTPAKTHbIC
crienudUKai B COYETAHUHN C TEXHUKOW TECTHPOBAHUSI CHCTEM C aCHHXPOHHBIMH
uHTepdeiicamu, paspadoranHoii B pamkax UniTESK [10,11] mo3BomsroT cTpouTh
3¢ peKTUBHBIE TECTH. DTH TECTHI BBISIBUIN OOJbIIE OMMOOK U TPeOOBAIN MEHbIIE
yCWIMH s CO3JaHMs M CONPOBOXJICHUS NPH 33/JaHHOM YPOBHE KadecTBa
TECTUPOBAHHUSI, YEM TECTbI, IOCTPOSHHBIE 110 TPaIUIMOHHBIM TEXHOIOTHsIM. BmecTe
C T€M, OIBIT TECTUPOBAHUS ITPOTOKOJIOB ITOKa3aJ, YTO IS 3 (EKTUBHOMN reHepauu
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MOCJIEIOBATENIbHOCTE TECTOBBIX BO3JEHCTBUM MPH TECTUPOBAHHWU IPOTOKOJIOB
TMIOJIE3HO UMETh U MCIIOJIHUMBIE MOZEIH.

OmauM W3 TepBBIX OMBITOB ucnoib3oBanuss UniTESK  mis  tectupoBaHms
MPOTPAMMHBIX ~ KOMIIOHEHTOB Java [12] depe3 mporpaMMHBIII  HHTEpdeiic
(Application Programming Interface, API) cram mpoekT TecTHpOBaHUS OTHOH W3
peanmu3anuii CTaHIAPTHOW OMOIHMOTEKHM IMOANCPKKH BPEMEHH HCIIONHEHHs Java.
PaspaboTka Momeneld W TECTOB HE BBI3BIBaJAa OCOOBIX MpoOIeM, Tak Kak
uHTEpQEHcH OBIIN XOPOIIO JOKYMEHTHpOBaHEL. [lomimMo uHTEpdeiicoB Ha Java B
cucreMe Takke ObutM mHTepdeiickt Ha C++, HO OONBIIMX TPOOJIEM U 3TO HE
BBI3BAJIO, MOCKONIBKY apxurekTypa TectoB UniTESK mnpenycmarpuBaer cioit
TECTOBBIX ajanTepoB. boiee cepre3Hble MPOOIEMBI MOSBUINCH, KOTJa HA4YajoCh
COOCTBEHHO  TECTHpPOBaHME, B paMKaX KOTOPOrO TEHEpaTop TEeCTOBOW
MOCJIE/IOBATENILHOCTH JIOJDKEH ObUT paboTaTh Ha 6a3e caMoil TeCTHPYEMOM CHCTEMBI,
emie He CTaOMIIBHOW B 3TO BpeMsl.

OnuuM w3 3HaunMblx npuMmepoB npumeHeHuss UniTESK wa mmatdopme Java
SBIISETCA MIPOEKT TECTHPOBAHUS nHppacTpyKTyphI pacnpeneneHHoN
MH()OPMALMOHHOM CHCTEMBI OJHOTO M3 KPYIHBIX ONEPaTOPOB MOOMIBHOW CBSI3H,
KOTOPBI TpoJOIDKaeTcs W ceiyac. Bo3MOXHOCTH (opMampHOH M CTPOTOH
(ukcaru  MHTEpP(EUCOB KOMIIOHCHTOB ATOH  UPE3BBIYAWHO OONBIION W
Pa3HOPOJHOM CHCTEMBI cTajla ISl 3aKa3dWKa CaMbIM TJIaBHBIM IPEUMYILECTBOM
UniTESK mo cpaBHeHHIO C IpYyrUMH HWHCTPYMCHTaMH (QYHKIIHOHAIEHOTO
TecTHpoBaHUi. B pamkax mpoekra ObutM (OpManbHO CrHenU(UIMPOBAHBI H
MPOTECTUPOBAHBI COTHH KOMIIOHEHTOB. Y’k€ K KOHIly IEpBOTO roja MpUMEHEHHUs
TEXHOJIOTUH MOJI0XKUTEIbHBIN 3P (EKT NPOsSBUICS B yCKOPEHUU CPOKOB WHTETPALIUH
HOBBIX BEPCHUM pacIpellelICcHHON CUCTEMBbl. BMmecTe ¢ TeM, BCKpBUIACH CEPbE3HAs
npobnema. Ecnu B mpeapinymux npoekrax npuMmeneHust UniTESK tpeboBanus k
Oosiblieil yacTM HMHTEp(ENCOB ONpENeNSUINCh CTaHAapTaMd WIH  JIPYTUMH
TIIATENBHO Pa3pa0OTaHHBIMHU JOKYMEHTaMH, 37IeChb YPOBEHb JIOKYMEHTHPOBAHHUS
YacTO  OKa3bIBAICS  HEJNOCTATOYHBIM  JUIS  TIOCTPOCHUS ~ KOHCHCTEHTHBIX
cnerdukanuii. BocctaHoBIeHNE TOKyMEHTAaMH WM TpeOOBaHUH K MHTepdelicam
B CHCTEMax TaKOro pa3Mepa OKa3bIBacTCs NMPAKTHYECKH Hepa3perIrMon 3anauei,
YTO HE MO3BOJIsET Hcnoib30BaTh MBT B mosmHOM o6beMe. O MyTsIX pemieHus 3Toi
npoOJIeMbl OyAET KpPaTKo CKa3aHO B 3aKIIIOUEHHN.

CampiM kpymHBIM TipuMepoM npuMmerneHuss UniTESK cran npoexkr OLVER (Open
Linux VERIification) [7], kotopsiit mpoBoamsics B 2005-2007 rojax npu moafaep:Kke
MunucrepctBa obpazoBanus n Hayku P®. llenpto mpoekra Obuta (opmManbHas
cnenudukanus uHTepdeiicor crangapra Linux Standard Base (LSB), Tounee ero
nentpanbHas yactu LSB Core. B LSB Core Bxoaar Hanbosee BaxHble OMOIHOTEKH
OTIePAallMOHHOW CHCTEeMBI LinuxX, KOTOpBIE B 3HAYUTENHHOM YaCTH pPEaTH3YIOT
craagapt POSIX. Crporoe onmcanue crangapta LSB u Hammane Habopa TecToB,
KOTOPBI MOT OBl Ka4eCTBEHHO IPOBEPHUTh COOTBETCTBHE DA3HBIX peann3anuii
6ubmmorek Linux TpeboBaHMSIM CTaHIApTa, ABIIIOTCS HEOOXOTUMBIMH YCIOBHAMU
JuIst 00ecriedeH sl IepeHOCUMOCTH ITPIIIOKeHUH Juts Linux ¢ ogHOro ANCTprOyTHBA
Ha npyroii. [Ipobinema nepeHocMMOCTH NpuIloKeHui mox Linux siBisiercst kpaiiHe
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OCTpOH, TIOCKONBKY ceHYac J[OCTYHHO YK€ HECKOJIBKO COTEH pa3lInYHBIX
IUCTpUOYTHBOB. Pe3ynbraThl mpoekTa omyOJMKoBaHbl [7]. Bbuim  mocTpoeHbI
KOHTpakTHbIe crnenudukamuun Oosee vem 1500 wuHTepdeiicoB Ha s3bike C.
WucTpymMenTOoM MoaenupoBanus U renepanuu tectoB 001 BIOpan CTESK. B xoxe
MPOEKTa OBLIH BBISBICHHI poOiemsl B camux cranaapTtax: LSB (ISO/IEC 23360) u
The Single UNIX Specification, o0CHOBHYI0 4acThb KOTOPOTO COCTaBJISIET CTaHAAPT
POSIX.1 (on xe IEEE Std 1003.1, on xe ISO/IEC 9945, on xe The Open Group
Base Specifications Issue 6). Pa3paboTaHHbIli TecTOBBI HAaOOp BKJIFOYCH B MAKET
cepTH(UKAIMOHHBIX ~TECTOB  MEXAyHapojHOro KoHcopuumyma The Linux
Foundation [13].

OmnbiT Qopmanuzanuy UHTEPPEHCOB OOJBIIOr0 WHAYCTPHUAIBHOTO CTaHIapTa U
pa3paboTKu TecTOBOro Habopa UIsi HEro Jajl MHOTO IOJIE3HBIX YPOKOB. OJHUM U3
HUX CTajJo TOHMMaHWE BAXHOCTH OpraHu3alud  MHOOPMALMOHHOTO |
METOIMYECKOTO OOECIEUCHHsI TAKOro TIPOeKTa. MaccuB IOKyMEHTallMd M
HCXOAHBIX TEKCTOB OmbOmmorek Linux, 0cOOEHHO ¢ yd4eTOM MHOTOYHCICHHOCTH
BEpCHH W BAapHAHTOB, CBA3AHHBIX C Pa3IMYHBIMH aNNapaTHBIMH IIATGOPMaMH,
ABJIsIeTCS OrpoMHBIM. Kpome Toro, B pa3paboTKy COOCTBEHHO CTaHAapTa U B
pa3paboTKy ero peanu3anuii BOBICUCHBI THICSYM JIOJEH, pacIpeAeIeHHBIX IO
BCceMy MHpY. M3 3TOTO cienyeT, 9To OpraHu3anus «I0KyMEHTO000pOTay SBISETCS
OMIHOM W3 BaXXHEHIIUX COCTaBISAIONIMX MPOEKTOB Takoro kamuOpa. B
OPTraHU3al[HIOHHO-METOIUYECKOM IUIaHE MBI CTOJIKHYJHCh C T€M, 4TO OOydeHHe
HOBBIX COTPY/ZHUKOB M KOHTPOJIb 33 Ka4eCTBOM clielM(UKAIUIl U TECTOB Tpedyer
MHOTO yCHJIMi ¥ TPU OTOM OBICTPO JOCTHYh HEOOXOJMMOTO  YPOBHS
npodeccroHanu3Ma HEBO3MOXKHO. To ecTh, MacIITaOMPYEeMOCTb IPOEKTOB IO
ucnonp3oBaHuro MBT B 1ulaHe pacliupeHus 4uclla YYacTHHKOB IIPOEKTA,
3aJeHCTBOBAHHBIX B caMOM paboTe 1o crennduKanuy TpeOOBAaHWH M OTIIAAKE
TECTOB, — 3TO OJHA M3 CaMbIX CJOXHBIX NPOOJEM, MeNanas HIMPOKOMY
BHenpenuto MBT.

OnHOM W3 METOAMYECKHX TNpoOJieM sIBIsSeTcS BBIOOP ypOBHS aOCTpakiuH, Ha
KOTOPOM CTpPOHUTCS MOJIelb. boiee abcTpakTHBIE MOJIETH WM pa3/ielieHHe MoJereh
Ha J[Ba-TPW CJIOS, OTJIMYAIOIIMECS YPOBHEM aOCTpaKkIWH, YIPOIIAIOT 3ajgady
MOBTOPHOT'O HCTIOJIb30BAHMS MOJIENIEH U TECTOB, IPX 3TOM OOIINI pa3Mep CHCTEMBI
BO3pAacTaeT, U ee CIIOKHOCTh TaKkKe pacTeT. B 0ONTroCpoYHOM IITaHEe BBITOIHEE
MMETh MHOTOCJIOMHBIE MOJIENH, B KPATKOCPOYHOM — MOJEJIH, OJIM3KHE 10 YPOBHIO
JNETaJbHOCTH K  peaju3allid, KOHEYHO, €ClIH peanu3alusi YyxXKe ecCTb.
IIpodeccroHanbHbI ONBITHRIA BepHU(PUKATOP yYMEET HAXOAWTH OallaHC MEXIY
aOCTpakTHBIM ONMCAHWUEM [OBEJCHHUS, Hampumep, GaiiIoOBOH CHCTEMBl |
0COOEHHOCTSIMH, JeTasiIMH HHTep(delica KOHKpETHOH peanm3anuu (¢ailoBoit
cucremsl. B UniTESK wnmeercs crmenmanpHas MOAAEpXKKa pa3felieHHS ypOBHEH
abctpakuuu. B wactHocTH, crnenuduka KOHKPETHBIX MHTep(deiicoB MOXeT ObITh
CKpblTa B CJOH ajanTtepoB. BpiOop OamaHca BO MHOTOM  OINpEENseTcs
JIONTOCPOYHBIMY TUIAHAMH 110 MCHOJIB30BAHUIO M Pa3BUTHIO MOJENEH M TECTOBOTO
Habopa. To ecTp, Takoro posa pabora TpedyeT AOCTATOYHO IIMPOKOTO KPYyrosopa,
Yero TPYAHO TpeOOBaTh TO OOBIYHBIX MHXKEHEPOB-TECTUPOBIIUKOB.
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Pesynpratel mpoekta OLVER BrnociencTBun ObLTM MCTIONB30BaHBI B pa3pabOTKe
TECTOBOrO0 Habopa IJIT POCCHUICKOW OMEpPaIrMOHHON CHCTEMBI PEabHOTO BPEMEHH
OC 2000/3000 [14]. Dta cucrema TOIIEPKUBAET [BE TPYIIBI HHTEPPEHCOB.
Ilepas orBewaer TpeboBanmsaM POSIX, Bropas — TpeboBanmsmM ARINC 653,
MEKAYHAPOIHOTO CTaHIApTa JUId KPUTHUYECKUX BCTPOCHHBIX CHCTEM. Brinenenue
YPOBHSI aJjaiTepoB, pa3AeisAIoIlero MOJAEIbHOE U PeaTH3allMOHHOE MIPEICTaBICHHE
unTepdeiicos, 3anoxenHoe B apxutektypy UniTESK, cymectBenHo ymnpocTiiio
nosTopHoe ucnonszoBanue OLVER B naHHOM npoekre.

OnHoBpeMeHHO ¢ HadasioM pabor mo OLVER Obumn pasBepHyTH pabOTHI IO
npumeHennto UniTESK misi UMHTAIMOHHOTO TECTHPOBAHUS MOJEIEH OTHEIBHBIX
6moxoB  Mukpomporeccopos [15]. IlomydeHHble TeCTBI HCIOJIB30BAIUCH IPU
pa3paboTKe POCCHHCKMX MHUKPOIPOIECCOPOB ¢  apxuTekrypoit MIPS wu
MuKporpoueccopoB ¢ anemenTaMu VLIM/EPIC. Pa3mep THIOBBIX OJIOKOB B TaKuX
MHUKpOIIPOLIECCOPAX —  HECKOJIBKO MWUIMOHOB  BeHTwied. [lns  uenei
cremudrKau U TeHepalud TECTOB HE MOTPeOOBaIOCh OONBIIMX W3MEHCHHH B
HHCTpYMeHTaX, 3a ocHOBY ObuT B3aT CTESK. B TexHHWYeckoM IDIaHe MpHUBS3KA
CTESK k API nma sspike C He crama mpoOiieMOH, TaK KakK OOJBIIHHCTBO
CHMYJISITOPOB, paboTaromux c S3BIKAMHA MOJIETTMPOBAHHUS JIOTHKA
mukponponeccopoB (High Level Design languages, HLD), manpumep, VHDL
Verilog, mnpenocraBnsior yAoOHBIH HMHTepdeHC Ui  B3aUMOJCHCTBHSA C
nporpamMmamMu Ha C. Heckonbko HM3MEHMJIaCh CEMaHTHKa IPEIyCIOBUH B
KOHTPAKTHBIX CHEUU(HUKALUIX, OHU CTAJIH ONMCHIBATH HE CTOJBKO pa3pelieHHYIO
007acTh BXOJHBIX JAaHHBIX, CKOJBKO YCJIOBHS BO3MOXXHOCTH BBIIIOJHEHUS
MHUKpPOOTIEPAllMi Ha COOTBETCTBYIOIIEM TakTe, YTO, KCTaTH, XapakTepHO U Ui
CEMAHTHUKU  TpPENycIOBUH  AaCHHXPOHHBIX  COOBITHM  THpHU  TECTHPOBAHUU
napajuiesnim3Ma. Tak ke, Kak U B Cllydae MOJEIMPOBAHUS MPOTOKOJIOB, BBISIBHIIACH
MOTPEOHOCTh B HCIHOJNB30BAHWM HApsAgy C MOCTYCIOBUSIMHM, SIBHBIX MOJeEeH
MIOBE/ICHHS TECTHPYEMOTO yCTPONCTBA.

Kak m B mpoekTax 1o BepH(HKAIMK MPOTPAMMHBIX CHCTEM OJHOH W3 TJIaBHBIX
npobiiem, Memaromux BHeapeHntro MBT mnpu  Bepudukanum anmapaTHOTO
obOecrieyeHrsl (Kak W OOJBIIMHCTBA IPYTUX METOJOB BEPU(PHUKAINHN), SBISICTCS
OTCYTCTBHE HYETKMX M JCTAIbHBIX ONHCAHWH (YHKIMOHAIBHBIX TpeOOBaHMI K
KOMIIOHEHTaM. Bwmecte ¢ TeM, cuTyanuss B pa3paboOTKe MHKPONPOLECCOPOB
HECKOJIBKO JIyullle, TaK KaK B €€ XoJe NpuHATo Hapsaay ¢ HLD monensamu cTpouts u
CHUCTEMHBIC WJIH apXUTEKTypHBIC MOJENH, OMNMCHIBAIOIINE CEMaHTHKy Habopa
MHCTPYKLUH. DIEMEHTHI TAKUX apXUTEKTYPHBIX MOJIEeH MOXHO HCIIOIB30BATh IS
BOCTIOJIHEHHS ~ HENOCTAIOMMX 3HAHWH O TIOBEACHHH HEKOTOPHIX OJOKOB
MHUKponporneccopoB [16]. Xopomied HOBOCTBIO OKa3aJOCh JOCTaTOYHO IIPOCTOE
peleHne 3aJaun pacnapaieuBaHus BBITIOTHEHHUS TecTa Ha KiacTepax. THndHbe
pa3sMepbl KOHEYHOTO aBTOMaTa, KOTOPBIM IN€HEpUpPYyeTCs NpPH BBINOJHEHUU TECTa
OJTHOTO CJI0X)KHOTO 0JI0Ka MHKPOIIPOIIECCOPa — 3TO HECKOJIIBKO MUJIJIMOHOB Y3JIOB U
JECSITKH MHWJUIMOHOB TepexooB. OKa3anoch, 4TO IeHepalus TeCTa C MOMOILBIO
00Xo/la HEM3BECTHOTO KOHEYHOrO aBTOMAara XOpOIIO paclapaieMBacTcs Ha
knacrepax a0 200 y3moB, ¢ HakiIagHBIMH pacxojamu Bcero mumb 10-15%. Ipu
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3TOM HaJ0 MOMHHUTB, YTO HPH MMUTALUOHHOM TECTUPOBAHUH BHICOKOYPOBHEBOI
MOJIETTH YCTPOWCTBA OCHOBHOE BpeMs yXOIUT Ha paboty cumynstopa HDL, t.e.
Takas MacIITaOMPYEMOCTh CBS3aHA C BO3MOXKHOCTBIO 3aITyCTHTh Ha KaXKIOM y3IIe
OTAETBHBINA CUMYIATOP W BBIIOJHATH MAapaUICIbHO MHOTO JICHCTBUH B Pa3IMIHBIX
COCTOSIHMAX. MacmTaOupyeMocTh pacnapayieIMBaHUs TECTUPOBAHUS CHCTEM
JPYTHX THUIIOB, CKOpPEe BCEro, Oy/IeT He TaKOH BBICOKOM.

Baxno oTMETHTP 3amauM BepU(HKAIMM, KOTOPbIE HE YAaloCh CBECTH K
MOJICTTMPOBAHMIO HAa OCHOBE KOHTPAKTHBIX CHELU(HKAINN, M3-3a YETO OHH JaJH
TOMYOK At pa3paboTku HOBbIX MeTonoB MBT. B mepByio ouepens criemyer
VIOMSHYTh 3a/ladyy TECTUPOBAHUS KOMIIMJIATOPOB M 3a/Jady TECTUPOBAHUS
MHKpOIIpOIIeccopa B 1IeJI0M, TaK Ha3bIBaEMBIH «core testingy». B o0oux ciry4asx 3to
3aJja4yll CUCTEMHOT'O TECTUPOBaHMs, IJe TpeOyeTcsl mojaBaTh Ha BXOJ OOJBLIOTO
«UEPHOTO SIIUKa» TECTOBbIE BO3JCHCTBUA (B HAlleM ClIydyae 3TO TECTOBBIE
MpOTpaMMBbI, KOTOPBIE IOJAIOTCS HAa BXOJ KOMIWIATOPY WM 3arpy’karTcs B
MaMATh CUMYJIITOPAa MHKPOIIpOLiECcOopa), HO MPU 3TOM MHTEPECHO TECTHPOBAThH HE
BCE MOJIpSAA, & JIMIIb HEKOTOpPHIE 33JaHHBIE PEXHWMBI WIM 3aJaHHYIO TpPYIIY
MOJyJIell KOMIWIISITOpa WM TIpolieccopa. B ciyuae TecTupoBaHUs KOMIHISITOPOB
6b11 paspaboran mHCTpyMEeHT OTK, KOTOpBIH MCrOmb30Bancs A TECTUPOBAHMA
ONTUMIBHPYIOMUX KoMmuiaTopoB Intel wm Simulink [17,18]. On mo3Bomser
HalleJIMBaThCS HAa 3a/laHHBIC BHMIBI ONTHMU3ALUM. (71 CHCTEMHOrO TeCTHpPOBAHUS
MHKpPOIIPOIIECCOPOB  ObLT  paspaboran  umHCTpyMeHT MicroTESK [19,20,21].
OCHOBHOI 3a71a4eli 3TOro HHCTPyMEHTa OblIa IIPOBEpKa Pa3HOOOPa3HBIX CUTYaLUH,
CBSI3aHHBIX C HauOoJiee CIOXHBIMHU IOJCHCTEMaMM YIPAaBJICHHS MaMsATH: OJOKOM
TPAHCISALUYU alpecoB, K3IIaMH Pa3HbIX YPOBHEH MM OJIOKOM YIpaBIEHUS MaMATHIO
B IIEJIOM.

3. BbiBOAbI U HanpaBneHUs ganbHenwero pasBuTUA

Haunem ¢ mo3uTHBHBIX BBIBOJIOB.

3.1. Mo3umueHble 8bI8OObLI MO COBPEMEHHOMY
cocmosiHuro MBT

e Ucropus mnpumenenuit UniTESK B npoMbllnuieHHBIX —pa3paboTKax
noAaTBepkIaeT MUpoBoi ombIT [22]: MBT MoHO 3¢ (G eKTHBHO IPUMEHSTH
B IIPOMBIIIJICHHBIX MPOEKTaX, MIPU 3TOM II0 CPABHEHHUIO C TPAJUIMOHHBIM
TECTHPOBAHUEM ITOT HOAXO AaeT YHUKAIBHOE MPEUMYIIECTBO — YAAeTCS
HaXOAMTh JOCTATOYHO MHOTO OIIMOOK B TPeOOBAaHMSX, KOTOPHIE HACTO
CYIIECTBEHHO JIOPOXKE OIIMOOK B peasii3anunm.

e VYiaaercs MOCTHYh YPOBEHb TECTOBOTO IOKPHITHS CYIIECTBEHHO BBIIIE
TPaANIOHHOTO (Jla)ke B CPAaBHEHUH C TECTHPOBAHMEM «OEJIOTO SIINKa).
Tak, B cnyuae npumeneHus OTK ans TecTupoBaHHMsS KOMIWISATOpa gCC
yAaJ0Ch JOBECTH YPOBEHb MOKPHITUA 10 95%, a B cilyuae KOMOMIATOpPA
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Intel mo 75%, YTO CYIIECTBEHHO TMPEBHINIANO YPOBEHb IMOKPHITHA?
MOJIYYEHHOTO TPaIUIIMOHHBIME TecTamu [18].

XoTsi MHOTOCTIOWHAs CTPYKTypa crenupukanuid (HECKOJBKO YpOBHEH
abCTpaKkIMM) PEAKO HCIOJIB3YETCsl Ha MPAKTHKE, SBHOE BBIACICHHE CIIOS
aJlaliTepoB YNPOIIAET IEPEHOC M COIPOBOXKICHHE, M, HA00OpOT, €ro
OTCYTCTBHE CYIIECTBCHHO YCIIOKHSACT pPa3pabOTKy TECTOBBIX HAOOPOB, UYTO
ObLI0 MOKa3aHo B mporpamme Microsoft Interoperability Initiative [23].

I'eHepamysi TECTOBBIX MOCIENOBAaTeNbHOCTEH B BUIe 00X0Ia HESBHO
3aJaHHOTO KOHEYHOI0 aBTOMAaTa XOPOLIO paclapajuleIMBacTCs |
HO3BOJISICT HCIIONIb30BATh BBIYUCIHUTEIBHBIE MOLIHOCTH KJIACTEPOB IPH
HakJIaHbIX pacxonax B 10-15%, no kpaiineil Mepe B cirydae TECTUPOBaHMS
MoJeJIel MUKPOIIPOLIECCOPOB.

Pacrer BoctpeboBanHOCTE MBT B 00macTH KPUTHYECKHX CHCTEM H
HpHHO)KCHHﬁ. BTO, B 4YaCTHOCTHU, HaAXOJAUT OTpaXCHUE B CTaHAapTax,
olpesieNsIOMUX TpeOoBaHUSA K IIpoleccaM pa3pabOTKM TaKHX CHCTEM,
Hanpumep, B DO178C [24] u B Common Criteria [25].

3.2. HeezamueHbIe acriekKmbl cO8pPeMeHHO20 COCMOSIHUS
des1 8 obnracmu MBT
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Camas TjlaBHas TPYIHOCTb, MPENATCTBYIOMIAS IIAPOKOMY
pacnpoctpanennto MBT — 3T0 OTCyTCTBHE [OOCTaTOYHO YETKUX H
JeTaIbHBIX Mojenel (cneuudukanuii). Takoe MOJ0XKEHUE el 4acTo
SBIISICTCS HE TOJIBKO CIIEACTBHEM HEJOCTATOYHOTO BHUMAaHHA K pa3padoTke
cnenu(UKauil Wik 3KOHOMHAU CPENICTB, YaCTO OCHOBHAS NMPUYHHA €0 —
OTCYTCTBHE TPaMOTHBIX CIEI[HATIICTOB, KOTOPHIC OJHOBPEMEHHO BIAJICIOT
MPEIMETHOW 00JIaCTBI0 M B COCTOSHUH MOCTPOHUTH MOJECTH, HEOOXOIUMYIO
JUTSL TOCTPOCHUS TECTOB.

Yame Bcero B MBT HCIONB3YIOTCS MOJENH, CO3[aBa€Mble CIEHAIBLHO
JUISl TJIbHEWIIEro IOCTPOECHWsI TECTOB Ha MX ocHoBe. OnHaKko u3-3a
MIOCTENIEHHOTO PacIpOCTpaHeHHs pa3paboTKH Ha ocHoBe Mozenel (Model-
Driven Development, MDD) Ha pykax pa3pabOTYHKOB BO3HHKAIOT JPYyrUe
monenu. Co3gaHune OcCOObIX MOAENeH s TECTUPOBAaHHS NP ITOM
BOCIIPHHHAMAETCAd KaKk HEeNpUeMJIEMbIE JIOTIOJIHUTEIbHBIE  PAacXOJBI.
Oxa3pIBaeTCs, YTO MPH TIIATEIHHOM IUIAHUPOBAHWH MHOTHE KOMIIOHEHTHI
MoJiesieii pa3paboTKN MOXKHO MCIIONB30BaTh U IS T€HEPAIlMK TECTOB, YTO
MoKa3aHo, Hampumep, B guccepramun M. M. Uynumnko [16]. Onnako
MOJIyYeHHE peajbHOW TOJB3bI OT HCIIOJIBb30BAaHMS MOjENeH pa3paboTKu
IpU  TECTUPOBAHUS TpeOyeT JIONMOJHMUTENbHOM KBaIMpUKALUK U
TIIATEJIBHOTO aHAIM3a IOJIy4aeMbIX PEe3yJIbTaTOB — HHAu€ 4Yalle BCEro
TECTBI, CO3JaHHBIE IO TEM € JIeKaJaM, 4TO U TeCTHpyeMas CHCTeMa,
MPOCTO HE B COCTOSIHMN OOHAPYKUTh B HEH HUKAKHX OLIMOOK.



JIBySI3bIUHBIE CUCTEMBI T€HEpAIMK TeCTOB THIa NepBhIX Bepcuii UniTESK
u SpecExplorer [26], a Takxke crienuanbHble cnenuprKaluOHHbIE HOTALUH,
Jake TPUOMIDKEHHBIE K s3BIKAM IPOTPaMMHPOBAHHWSA, HAIPHUMED,
JML [27], 3arpynmstor BHeapeHue TtexHonoruid MBT. JIBys3pIYHEIC
HOTAaIlMH TPeOYIOT CIEeNHANTbHOW TOATOTOBKH TMEPCOHANa M 3aTPYAHSIOT
pa3BUTHE CO3[aHHBIX Ha MX OCHOBE TECTOBBIX HaOopoB. [Ipm sToMm
coBpeMeHHble OO $53BIKM YK€ HMEIOT pPa3BUTBIE CPEACTBA, KOTOpHIE
MO3BOJISIIOT OMHUCHIBATH CliCHU(UKALNKE CPEACTBaMH 6a30BOTO si3bIKa [26-
31].

3.3. HanpaeneHusi pazeumus

Hdns  obecriedeHusT  BBICOKOH  A(PQEKTHBHOCTH  HCIIOIB30BAHHSA
uHctpymentoB MBT npu TecTMpoBaHMM pa3HOOOPAa3HBIX CHCTEM HYKHO
obecrieunBaTh  pa3HoOOpa3We  MOJJEPKHUBAEMBIX UMM  [ApajurMm
MOJCJIUPOBaHNA, B YaCTHOCTU, KOHTPAKTHBIC CHeHI/I(l)I/IKaHI/II/I COBMCCTHO C,
HalpuMep, KOHCUHbIMU aBTOMaTaMM Win cTpykrypamu Kpumke. Kaxasrit
U3 BUJOB MoJieNell HalleJieH Ha o0JierYeHne aHaIu3a JIUIIb ONpeeleHHbIX
aCTIeKTOB IOBEJCHMUA CHUCTEMBI M MOXET 3aTpyIHATh aHaimu3 Apyrux. K
COXKAJICHUIO, Yalle BCEro HauOoJiee BBITOJHO HCIONB30BaHHE Pa3HBIX
MozeNiel Ha pasHBIX YPOBHAX aOCTpakUUHM, M BCE HX INPUXOJUTCA
cO37aBaTh BPYYHYIO, O3 BO3MOXKHOCTH aBTOMAaTH3allMH Mepexola OT
onHOW Moxemu K JApyroil. JIroOble NPOIOBIKEHHS B HANpPaBICHUH
ABTOMATU3alMHM TaKUX CJIOXKHBIX, CBS3aHHBIX C W3MEHECHHEM YPOBHS
abcTpakiyy, TpaHchopMaluidi MoIeNIel, MOTIIH OBl OKa3aTh 3HAUYHTEIILHYIO
TMOMOIIb B IMPAKTUYECKOM HCIIOJIB30BAHMU OCHOBAHHBIX Ha HUX MCTOJ0B
MBT.

TpeOyeTcs pa3BuTHE CPEICTB MOJISITHUPOBAHHS U OMUCAHUS Crieu(uKamii
st ueneir MBT. Xota Habmrogaetrcs mporpecc B 00JIacTH TEXHOJIOTHI
pa3pabOTKH C HKCIOJIb30BAHUEM IMPOOIEMHO-OPUCHTUPOBAHHBIX S3BIKOB
(Domain Specific Languages, DSL), B mpakTU4eCKOM IIJIaHE CHCTEMBI,
6a3I/IpyIOHII/IeC$[ Ha YHUBEPCAJbHBIX A3bIKaX BBIMI'PBIBAIOT 3a CUCT HAJTNYUA
0OJBIIOrO YHCIIA CICIMATKCTOB, BIAJCIONINX TAKUMHU SI3BIKAMH, U
HIMPOKOH WX TOMACPKKH Pa3HOOOpa3HbIMH HHCTpyMeHTamu. To ke
MOXHO CKa3aTh M MPO MOHOS3bIYHBIE CHUCTEMbl — OHH BBIMIPBIBAIOT Y
MYJIBTHSI3BIYHBIX 32 CYET OOJIbILECH MPOCTOTHI UCIIOIB30BAHUS U PA3BUTHSL.

CoBpeMeHHBIE JOCTHXEHHUs] B 00JACTH CTATHMYECKOTO U IMHAMUYECKOTO
aHaJIM3a TO3BOJIAIOT WHTErPHPOBaTh 3TH TEXHUKH B cucrembl MBT,
npuueM OOBEKTOM aHaln3a JAOJDKHBI OBITh Kak MOJENH, Tak W
MPOTrPaMMHBIH KOJ TECTUPYEMOI CUCTEMBI.

Jns  mpeonmoneHust mpoOieM, CBA3aHHBIX € KaTacTpoduueckum
HEJIOCTATKOM JETAIBHBIX CHEUM(HUKALUA B pealbHOM NPaKTHUKE, HY>KHO
pa3BUBaThb M BHEAPSITH HWHCTPYMEHTHI paboThl ¢ TpeOOBaHMSAMHU U
MoJeIsiMU (M., HanpuMep, [33]), B 4acTHOCTH, ¢ MOJEISIMU IPOTPAMMHO-
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anmapartHeix cucteMm [34,35]. J[ns MHOTOKOMITOHEHTHBIX CHCTEM HYXHO
unterpupoatb MBT co cpenctBamMu BBISIBJICHUST M PEUHKUHHMPUHTA
APXUTEKTYPHBIX U POCKTHBIX PEIICHHH.
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How the story of UniTESK technology
applications mirrors development of model
based testing

Ivannikov V.P., Petrenko A.K., Kuliamin V.V., Maksimov A.V.
ISP RAS, Moscow, Russia
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Abstract. UniTESK (UNIfied TEsting and Specification toolKit) is a testing technology
based on formal models (or specifications) of requirements to behavior of software or
hardware components. It was created with experience gained during development of the
framework for automated testing of a real-time operating system kernel during 1994-2000.
Software contracts were the main kind of models in the first version of the technology.
Automata models were also implemented to support generation of complicated test
sequences. UniTESK was first used in 2000 in the development of the test suite for IPv6
implementation. It was the first experience of using contract specifications in testing of
implementations of telecommunication protocols. This project demonstrated that contract
specifications in combination with the technique of testing software systems with
asynchronous interface developed within UniTESK are very effective. Applications of
UniTESK to testing software components in Java include the project on testing of
implementation of standard library for Java runtime support and the project on testing of
infrastructure of information system for one of large mobile operators in Russia. The most
significant application of UniTESK happened in 2005-2007 in the Open Linux Verification
project. Formal specifications and tests for interfaces of the Linux Standard Base were
created during the project. These results then were used in development of the test suite for
Russian avionics real-time operating system.

Positive lessons learned during development and using UniTESK include effective
application of model based testing methods in large industrial projects, high level of test
coverage achieved by the generated tests, applicability of model based testing to critical
systems and applications. Negative lessons include the lack of well-defined and detailed
models and specifications, extra development expenses caused by creation of test specific
models, problems with introduction of model based testing technologies using bilingual test
generation systems and specific notations.

Keywords: model based testing, specification, verification, automated test generation
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