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AnHoTamms. JlaHHas CTaThs MOCBSIICHA MWCCICIOBAHUIO BO3MOXKHOCTCH HpPHUMEHEHUS
COBPEMEHHBIX METOJIOB JMHAMUYECKOTO aHajin3a IPOrpaMM Ha OCHOBE CHMBOJIBHOTO
UCHOJIHCHUST K  HPOrPaMMHOMY  OOCCIICUCHHIO, MpEloCTaBIsiomeMy — rpaduueckuit
HOJB30BaTeNbCKUH MHTepdeiic. OTINYNTENFHBIMA OCOOCHHOCTSIMH ITOJOOHBIX HpPOrpaMM
SBJIICTCS MHTEpaKTHBHash o0paboTka IaHHBIX W IPUMEHEHHE IapajuleNbHBIX MOTOKOB
KoMaHJ. JlaHHBIE OCOOCHHOCTH 3HAUUTENIBHO YCIOXKHSIOT 3(Q()EKTHBHOCTH NPHMEHEHHUS
MOAXO/IOB aBTOMATHMYECKOTO0 00XoJa IyTeH BBHIMOJHEHHWS HA OCHOBE CHMBOJIBHOTO
UCHONIHEHMs. B pamkax cTaTbu Ipe/uiaraetcs MNPOBOAWTH AHAIM3  IIPOTPaMM,
NpeAocTaBIAIomMX Tpadudeckuii uwHTepdeiic, ¢ MOMOImBIO TUOPHUIHOTO METOJa,
BKJIFOYAIOIETO CUMBOJIPHOE MCIOJHEHHE W CTAaHAAPTHBIC MOAXObI K M3BICYCHHIO MOJEIN
rpaduyeckoro nHTepderca s MOCTPOCHHSI TECTOBBIX CIICHapHeB. B crarbe mpelcTaBiieH
0030p CyIIECTBYIOIIUX MPOrPAMMHBIX CPEJICTB, IPEJOCTABIISIONINX BO3MOKHOCTH aHAIM3a U
TecTupoBaHus nporpamm, U BeieneHsl cpencta GUITAR u Coffee Machine, coBmenienue
KOTOPBIX TMO3BOJsieT (G QEKTUBHO aHAIM3UPOBaTh Java-porpaMMbl ¢ TrpapUIecKUM
MONB30BaTeNbECKUM — HHTepdelicoM. PaccmarpuBaeTcss cXema BHEIPEHUs — MoOXyJeit
WHCTpyMeHTauuu OaifT-koga cucrembl Coffee Machine B pabounii mukn WHCTpyMEHTa
GUITAR. Mogenb CTpyKTyphl Tpadudeckoro wHTepdeiica, H3BIeKaeMas HHCTPYMEHTOM
GUITAR, pacmmpsiercss QparMeHTaMd NpPEAWKAaTOB MYTH, MOCTPOCHHBIX C TOMOMIBIO
CHMBOJIBHOTO HCIOJHEeHHs. [Ipe/icTaBlieH alrOpuTM COCTABJICHHS NPEAHUKATOB B CIIOXKHBIC
Tpaccel, oOpabaTbiBaeMble  HHCTPYMEHTAMH  IPOBEPKH  BBIIOJHUMOCTH  OYJIEBBIX
Ol'”paHl/I‘leHl/Il\;I, HOSBOJ’[S[I’OIJ_U/lﬁ ABTOMAaTHYCCKU TI'CHEPUPOBATH TECTOBBIC CLCHApUU IJIA
o0Xola pa3IMYHBIX IMyTeil BBIMOJIHEHHS MO Koay GyHKIUH 00pabOTKH COOBITHI

1 . .
Pabota mpoBoautcs npu puHaHCOBOM Moanepxkke Poccuiickoro ¢ponga
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B3aMMOJICHCTBUS C dJIeMeHTaMu rpaduueckoro nHTepdeiica. IIpencraBieHsl IpaKTHISCKUE
pe3ynbTaThl  NMPUMEHEHHsS  COBMENIEHHOTO  METOZa,  IIO3BOJIMBIIETO  OOHApPYXHThH
HeoOpaOoTaHHBIE NCKIIOUEHHUS B Psifie NIPOEKTOB C OTKPHITBIM HMCXOJHBIM KOJOM, M JaHa
OLICHKA TMOJY4YEHHBIX PEe3yJbTaTOB. B 3akitoyeHHy craThu Haércs oneHka 3(QQGEeKTHBHOCTH
MPEIOKEHHOTO METOZa M PACCMOTPEHBI OCHOBHBIE OTPaHHYEHHs, H30aBIeHHE OT KOTOPBIX
MpeICTaBIISIETCS aKTyalbHBIM HallpaBICHUEM JAIbHEHIINX UCCIIeT0BaHUI.
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1. BeedeHue

B HacTos11ee BpeMsl COBpEMEHHBIE BHICOKOTEXHOJIOTUYHBIE YCTPONHCTBA CTAHOBATCS
HEOTHEMJIEMOH 4acThIO MTOBCETHEBHOM XKU3HU 4esloBeKa. PacTymas nomyaspHOCTh
KOMITBIOTEPHBIX TEXHOJIOTMH HEpa3phIBHO CBs3aHA C NPHUMEHEHUEM Ipau4ecKoro
MOJIB30BATENILCKOTO  MHTep(deiica onepannoHHONH CHUCTEMBl M TPHUKIAIHBIX
NPWIOKEHUH, KOTOPBIM IO3BOJISET MPEAOCTABIATh HMHPOPMAIMIO U YIPaBIATH
yCTpOHCTBAMH B HMHTYUTUBHO TOHATHOM BHAe. Hampumep, KOJIH4eCTBO
MOJIB30BATENEH YCIYTH MOOMIFHOTO OaHKWHTA I 9acTHBIX JuIl B Poccnm 3a 2015
rog ysemmumnoch Ha 58 % [1]. Co3manme NPHIOKEHHH C TpaduIecKUM
MOJTb30BATENILCKUM ~ MHTEp(HEHCOM CONPSHDKEHO € JIOCTAaTOYHO — TPYAOEMKUM
MPOLIECCOM TECTUPOBAHUS pa3paboTaHHOrO NpuiIokeHHs. CII0XHOCTH Ipolecca
TECTUPOBAaHHMsS  CBSi3aHa  C  KOJMYECTBOM  DJIEMEHTOB  TI'paMuecKoro
IOJIL30BATENILCKOTO  MHTepdeiica NPUIOKEHUS: YeM  OOoJibllle  JJIEMEHTOB
yOpaBieHus TrpaduyeckuM MOJB30BATEIBCKUM  HHTEP(ENCOM  HCIONIb3yeTcs
MIPUIOKEHUEM, TeM OOJIbIIIE KOJIUYECTBO BO3MOXKHBIX CLIEHAPUEB PabOTHI, KOTOPHIE
HEOOXO0IMMO MPOTECTHPOBATS.

CoBpeMeHHbIE CpelCcTBa Pa3padOTKU IPOTrpaMM HPENOCTABIIOT BO3MOMXKHOCTH
AaBTOMATH3allMMd CO3JaHHUS TPWIOKEHHH ¢ TpadUUecKuM I0JIb30BaTEIBECKUM
uHTepdeiicom. JlaHHBIC HHCTPYMEHTAJIBHBIE CPEACTBAa OPHEHTHUPOBAHBI HA CO3JJaHNe
MOJENY,  ONHUCHIBAIONIEH  CTPYKTYpY  Ipad)uueckoro  Imojib30BaTEIBCKOTO
uHTepdeiica. Ha ocHoBe Mozenm mpu y4acTHM JKCIEPTa CO3JAIOTCS TECTOBBIC
CLIEHAapHUM, OIUCHIBAIOIINE MOCIEJOBATENILHOCTh MACHCTBUH Haja 3JIEMEHTaMu
rpauyeckoro MoJb30BaTeIbckoro wuHTepdeiica. BocmnpousseneHne TECTOBBIX
HaOOpOB M OTCIIC)KMBaHUE PabOTHI MPOrPaMMBl OCYIIECTBISIETCSI aBTOMAaTHYECKH.
[To pe3ynpraTaM HCIIONHEHUS] NPOTPAaMMBI C MCIOJIb30BaHUEM TECTOBBIX HAOOpPOB
KOHTPOJIMPYETCs KAauecTBO IPOrpaMMHOro obecredeHus. B To BpeMsi kKak Takoi
MOAXOA TO3BOJIIET NMPUOIM3UTh HA0Op TECTOBBIX CIEHAPHUEB K OXXKHUAAEMBIM OT
MOJI30BATENS JCHCTBUSAM, OH HE TO3BOJIET MOAPOOHO HMCCIEAOBATh AITOPUTMEL,
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Jexalmye B OCHOBE  (PYHKIMH-O0OpaOOTYMKOB  COOBITMII  OT  3JIEMEHTOB
MOJIB30BATENLCKOTO MHTep(eiica. Ecian naHHbIe anropuTMBI TOCTATOYHO CIIOYKHBI,
TO BEpPOSTHOCTH OOHAapy)XEHHs IOCIIEIOBATEILHOCTH JICHCTBHHA MOJB30BaTENs,
NPUBOASIICH K HapyIIEHHIO pabOThl MPOrpaMMBI, SIBISETCS AOCTATOUYHO HHU3KOM.
INomo6GHast mpobnema akTyalbHa, HAapUMeEp, M NPOTpaMM, IPeIOCTaBIIOINX
rpadudeckuii mHTEp(EHC MOTB30BaTENS U COCTABICHIS CIOXKHBIX BBIPAXCHUN H
3amycka o0paboTkM HaHHBIX BBIpaXeHHH. [IpocToit 00X0J IMmOCiIeToBaTeIHHOCTH
B3aMMOJCHCTBHS € dIEMEHTaMH IPaUIECKOT0 MOJIb30BaTENBECKOTO HHTEp(elica He
NO3BOJIUT OOHAPYXKUTh OSKCTPEMalbHBIE CUTYallMd M KpaeBble CIydaW JUIs
BCTPOCHHOTO pa30OpIINKa BBIPAKECHUA W MOXIYJNSA MOACYeTa 3HadeHWH. MOXHO
OTMETHUTh, YTO rpaduueckuii MHTEpQEeHC B JaHHOM Cilyyae MacKUpyeT Hamboiee
CJIOKHBIE (hparMeHThI KOia IPOrpaMMBbl, 8 HHCTPYMEHTBI, COCTABJISIOIINE TECTOBHIE
CIIEHapHH 10 M3BJICYCHHOW MOJIENIN CTPYKTYpHI rpaduyeckoro unrepdeiica, oyayr
MPOBOJUTH HEJOCTATOYHO I PEKTUBHBIN aHANN3.

B Hacrosiiiee BpeMsi pa3BUBAIOTCSI METO/IbI HTEPATHBHOTO AMHAMUYECKOTO aHaJN3a
NporpamMM, TIPOBOJSIIME OOXOJ pPAa3IMYHbIX IyTEH BBINONHEHUS C 1IEJbI0
BBISIBJICHUS KPAeBbIX 3HAUEHHH BXOIHBIX JAAHHBIX JUIS QITOPUTMOB IPOTPaMMBI U
oOHapy)XeHHsT TOTCHUHMAJBbHBIX nedekToB W ys3BUMocTeil. JlaHHBIE METOJBI
UCIIOJNIb3YIOT MPHUHIIMITBI CUMBOJILHOTO HCIIOJTHEHUS M aHaJM3a OTOKa NOMEYEHHBIX
JaHHBIX TpOrpaMMbl Ui cOOpa NpEenuKaToOB IIyTH (Tpacc OrpaHHYEHHH) H
pemaTeny OyJeBBIX OTpaHUYCHHI (COJNBEpHI) U1 aBTOMATHYECKOTO IOCTPOCHHS
HabOpPOB BXOJHBIX TaHHBIX.

K coxaneHHio, HX NpsMOE NPUMECHEHHE K TPIIOKCHHUSAM, INPEIOCTABIIIONIM
rpaduyecKuil NOIb30BATEIbCKHIT HHTEpdEHic (1 B 00IEM CMBICIIE — K HHTEPaKTHBHBIM
TIPUIIOKEHHSM) 9acTo He ObIBaeT MocTaTouHO 3 (heKTHBHBIM. K OCHOBHEIM (hakTopam,
00yCIaBIMBAIOIIMM JaHHBIA (KT, MOKHO OTHECTH CIEAYIOLIHE:

e aKTHBHBIE  TOTOKM  JaHHBIX  IIPOXOJSAT  depe3  OMOMMOTEKH,
OCYIIECTBIISIOIINE OTOOpaskeHne 3JIeMEHTOB Tpaduueckoro nHrepdeiica n
00paboTKy B3aMMOJCHCTBHS C JIaHHBIMH 3JIEMEHTAMH CO CTOPOHBI
MOJIE30BATEIIS, YTO MPUBOJIUT K HEOOOCHOBAHHOMY YBEIIMUEHHIO 0OBeMa
Tpacc BBITOJIHEHHUS;

®  MHOTOMOTOYHOE BBIMIOJIHEHUE, B PAMKAaX KOTOPOTO MPOUCXOHUT OKUIAHUE
M OTKIIUK Ha JICUCTBHUS TOJIb30BATENS, 3aTPY/IHSCT BbIICICHHE aKTyalbHbIX
(hparMeHTOB TPACCHI.
B cBsI3M ¢ 3THM CTaHOBUTCSA aKTyalbHOH 3a/Jaya CO3JaHUSA U Pa3BUTUS METOJOB
aHalin3a IporpamMm, 06'I)GJII/IH${I-OHH/IX TIOAXO0JAbI ABTOMATHYCCKOIr0 TECTUPOBAHUA
MPWIOKEHUH ¢ rpadUuecKuM MOIb30BaTEILCKUM HHTEP(EHCOM U THHAMUYIECKOTO
CUMBOJIBHOTO HctonHeHus. [TocTpoerne moaenu rpadudeckoro uarepdeiica oyaer
MMPEAOCTABIIATE BO3MOKHOCTDh CO3JaHUS KOPPEKTHBIX CIICHAPUEB BSaHMOHeﬁCTBHﬂ C
MpOrpaMMoOif, a MPUMEHEHHE CHMBOJIbHOTO HCIIOJHEHHUS IO3BOJIUT HCCJICI0BAThH
JIOTHKY pabOTHI IPOTPaMMBI B paMKaX JaHHBIX CIIEHAPHUEB.
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B nmanHO# cTaTthe ommMcaH MOJXOJl, COBMEMIAIONINI aBTOMATHYECKOE IMOCTPOEHHUE
Mojenu Tpadudeckoro wHTEpdeica ¢ aHAIM30M, OCHOBAaHHBIM Ha CHMBOJIHHOM
WCIOJHEHUM KOAa NporpamMMm. B paMkax moaxoja MPOBOJUTCS HUCCIIEOBaHHE
MporpaMM Ha si3bIKe Java.

CraThsi IMeeT CIEeAYIONIYI0 CTPYKTYpYy. B pasn. 2 mpmBoguTCs KpaTKoe ONMCAHHE
METOJIMK aHajn3a, COBMEIEHUE KOTOPHIX MO3BOJHUT MOIYYUTh MPEUMYIIECTBA AJIS
aBTOMATHYCCKOI'O aHalli3a TNpPOrpaMM C rpadUyeckuM  MOJIb30BATEILCKAM
UHTEepP(EHCOM, W CYNICCTBYIOIIUX HWHCTPYMCHTOB, PCATU3YIONIMX METOIUKUA B
paMKax JaHHBIX HampaBjieHuid. B pa3g. 3 omucaHbl OCHOBHBIE TOJOMXKEHUS
MpeajgaraeéMoro COBMELIEHHOTO MeToJla aHanu3a. B pasn. 4 paccMaTpuBarOTCs
pe3ynbTaThl MPUMEHEHHs COBMEIIEHHOTO0 METOJa aHalu3a K psALy HpPOEKTOB C
OTKPBITBIM HCXOIHBIM KOJOM M [aeTcs OICHKAa MOJYYCHHBIX pe3ylbTaToB. B
3aKIIFOYCHAN TIpE/ICTaBICHA OIEHKA MPOACTAaHHOM paboThl W PacCMOTPEHBI
MIEPCICKTHBHEIC HATIPABJICHHUS NANbHEHINIETO Pa3BUTHS TEMBI.

2. O630p cywiecmeayrowux peweHul

B naHHOH ri1aBe MpoOM3BOANTCS 0030p CYLIECTBYIOIINX METOJOB M MHCTPYMEHTOB,
UCTIONB3YEMBIX JUII TECTHPOBAHMS IPOrpaMM C IpaduuecKiM IONb30BATEIBCKIM
uHTEp(PEHCOM U TIPUMEHAEMBIX U JAWHAMHYECKOTO CHMBOJBHOTO HCIIOJIHEHUS
HPOTPaMM.

2.1 ABTOMaTU3aUuAa TeCTUPOBAHUA Nporpamm c rpadmyeckum
nosnib3oBaTeNbCKUM UHTepcencom.

BOoNBIIMHCTBO CPEACTB TECTUPOBAHMS MPOrPaMM C rpapuyeckuM HHTEpQeicoM B
CBOeil paboTe HCHOJB3YIOT MOAXOJABL, HE 3aBHCSIIUE OT KOAA MCCIEeNyeMBbIX
nporpamM. CraHIapTHasi cxeMa JaHHBIX IIOJXOJOB BKJIIOYaeT B cebs paboTy c
MOJIeTIbI0  Tpaduueckoro  mojb30BaTeJIbCKOrOo  uHTepdeiica  mporpammbl,
OIMCHIBAIOLIEH CTPYKTYPHBIE 3JIEMEHTBHI J@HHOTO HHTepdeiica U 0COOSHHOCTH
B3auMO/ieiicTBUS MeXy HUMHU. C MIOMOIIBIO SI3bIKA OITUCAHKS TECTOBBIX CIIEHAPHEB
Ha OCHOBE JIAHHOM MOJENH OCYIIECTBISIETCS CO3JaHHE TECTOBOTO IOKPBITHUS; JUIS
BBIIIOJTHEHHSI JAHHBIX CLEHApUEB HCIIOJIb3YIOTCS KOMIIOHEHTHI, IPOrpaMMHO
IMYIHUPYIOLIHE ACHCTBHSA MONB30BATENl O B3aMMOACHCTBHIO € IpaduuecKum
H0JIB30BATEIILCKUM HHTEP(PEHCOM POrpaMMBlL.

Cpeny yCICIIHBIX M PACIPOCTPAHEHHBIX HMHCTPYMEHTOB, CICAYIOIIUX JAHHON
METOJIMKE, MOXHO BBIJCIHTh TaKue CpeAcTBa, kak Ranorex [2], Abbot [3],
Maveryx [4], Squish [5], Sikuli [6]. OcHoBHBIE OTJIIMYMS  JIaHHBIX
MHCTPYMEHTAIBHBIX CPEJCTB CBOAATCS K OCOOEHHOCTSIM MOJENH CTPYKTYPBI
rpaduueckoro uHTEpdelica, MexaHu3MaM HIACHTH(DHUKAIMN U B3aMMOJEHCTBHUS C
alieMeHTaMK rpaduyeckoro uHTepdeiica, I3pIKaM ONHCaHUsI TECTOBBIX CLIEHAPHEB.
OtnensHo crout Bbienuth wuHCTpyMeHT GUITAR([7], paspaGoranHblii B
MbapuiieHACKOM yHHUBEpcuTeTe. B OTiHuYMe OT yKa3aHHbBIX BbIIIE HHCTPYMEHTOB
GUITAR mo03BOJSI€T COCTaBISATh CIEHAPUU TECTHPOBAHHS B  MOJHOCTHIO
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ABTOMATHYECKOM peXuMe 0e3 ydacTHs JKcrepra. 3a cuéT JaHHOTO CBOWCTBa
uctpyment GUITAR Hamiydmmm o0pa3oM MOAXOMUT JUIi COBMEIICHHS C
JPYTUMH aBTOMAaTHYECKUMH METOJaMM IMHAMUYECKOro aHajlu3a MporpaMMm WU B
9aCTHOCTH, AMHAMHUECKOT0 aHaJIN3a Ha OCHOBE CUMBOJIBHOTO HCIIOJHEHHUS.
HNucrpyment GUITAR wumeer ueThlpe B3aUMOCBSI3aHHBIX KOMIIOHEHTBHI, CXeMa
paboTHI KOTOPBIX MpejcTaBlieHa Ha puc. 1.

. > GUI > Model Test case Test
[GUI Ripper Structure conversion EFG generation
N

Application Test case
under test execution

\

GUI states Test case
and logs evaluation

Results

Puc. 1. Cxema pabomut uncmpymenma GUITAR
Fig. 1. GUITAR tool scheme

[IpakTHyeckn Kaxaoe TNPWIOKEHHE ¢ TrpadHyecKuM  IOJIb30BATEIECKUM
uHTep(dEeicOM HMEEeT HECKOJBKO OKOH, KOTOpBIE OTKPBIBAIOTCS B pe3yJbTaTe
ONpeJIeJICHHBIX ~ NeHCTBUI  Moib3oBaTess. [ paduyeckuil  MONIB30BATENbCKHUMA
uHTepdeiic NPUIOKEHUs] TPEICTaBIsieT CO00i HEepapXUYecKyl CTPYKTYpy, B
KOTOPOH BEpXHHUM D3JIEMEHTOM SIBISIETCS TJIABHOE OKHO, Ha CPEIHUX YPOBHSX
pacrnonararoTcsi KOHTEWHEpBl HJIIEMEHTOB TpaMyecKoro  I0JIb30BATEIHCKOTO
uHTepdeiica U Ha HIKHUX — KOHTEHHEpH M OTAENbHBIE 3J1eMeHThl. KoMmoHeHT
nactpymenra GUITAR Ripper mpoBomutr aHamm3 BceX OKOH H  HEpPapXud
KOHTEHHEpOB M 3JIEMEHTOB YIPaBICHHS TIpauIecKoro I0JIb30BATEIHCKOTO
unrepdeiica. [lpn ananmmse OKOH, oTOOpa’kaeMbIX HA JKpaHe, KOMIIOHEHT Ripper
VHUIMUPYET BBIIOJHECHNE 00pPa0OTUMKOB COOBITHI B3aMMOJACHCTBHS C BIEMEHTAMHU
uHTepdeiica, HAXOIAMMXCS B 0TOOpaskaeMbIX OKHaX. TakuMm 00pa3zoM MMHUTHPYIOTCS
JeiictBus nosp3oBatens. KommoneHnt Ripper coxpansier nHpopMaiuio 00 eMeHTax
rpapuueckoro  uHTEepdeiica, 00 HM3MEHEHHSX  CTPYKTYpbl  TIpadHYecKoro
MOJTB30BATENBECKOTO  MHTepdeiica, KOTOphIE IPOM3OLUIN IOCTE  COBEPIICHHS
JISWCTBHH, a Takke MapaMeTpsl OTAETBbHBIX 00BekToB. Coxpansemas uHpopmanms
3amuceiBaeTcsl B ¢opmare XML u cOCTaBisieT MOJENb CTPYKTYpPHI Tpadudeckoro
uHTepdeiica, ¢ KOTOpoi OymeT MPOU3BOANTHCS NalbHEHIIas paboTa HHCTPYMEHTA.

TTocne monydenuss HeoOxoaumoil wuHpOpMammu 00 »diIeMeHTax TpaduIecKoro
untepdeiica, crpoutcs EFG (Event Flow Graph) — opuenTupoBanHsIi rpag moToka
coOBITHII. B HEM omNMCHIBAIOTCS B3aWMOCBSA3HM MEXIY 3JI€MEHTaMHU TPa(IIecKoro
uHTepdeiica. CBs3M MeXIy OdJIEMEHTaMH B Tpade OIKMCHIBAIOT MHOKECTBO
BO3MOXHBIX  MOCJIEJOBAaTEIBHOCTEH  B3aMMOAEHCTBHA €  NPHIOKEHHEM.
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IIpon3BoseHBI TyTh B Tpade OT OTHOTO W3 DIEMEHTOB B OKHE IPIIIOKCHHSA,
oToOpakaeMOM TIPH 3aIrycKe, IO APYTOro AJIEMEHTAa 3a4aeT BO3MOXKHBIM TECTOBBIN
cueHapuil. ['eHepanus TECTOBBIX CIIEHapHEB MPOBOAMUTCS KOMIOHEHTOM Test case
generator, OCYIIECTBIISIONIMM BbIICIEHHE IyTel B rpade Mo 3aaHHbIM aJITOpUTMaM
(Hanpumep, ciydaiiHas BBIOOpPKAa WJIM HCUEpIIBIBAIONIAs BBIOOpKA BCEX MyTeH
3aJlaHHOM AJMHEI U T. A.). BocponsBeneHue TeCTOBOTO CLEHAPHSI OCYILECTBISETCS
KoMItoHeHTOM Replayer.

OnucaHHBIN aNrOPUTM MPEJOCTaBIAET BO3SMOXKHOCTh HHCTPYMEHTY aBTOMaTHYECKH
(opMHpOBaTE TECTOBOE IIOKPHITHE B BHJAE BO3JCHCTBHUS Ha  DIEMEHTEHI
rpagpu4ecKoro MoJIb30BaTENILCKOro HHTEpdeiica 1 BOCIPOM3BOAUTH €T0.

2.2 ABTOomaTtuzauus obxopa nyTed BbINOSIHEHUS Ha OCHOBe
CUMBOJILHOIO UCMOSTHEHUS

MeToabl WUTEPATHBHOIO IHHAMHYECKOTO aHalh3a HPEeJOCTABISIOT BO3MOXHOCTB
ABTOMAaTUYECKH  OOXONUTh  BO3MOXKHBIC IIYTH  BBIIOJHEHHS  IPOrPAMM.
LleHTpadbHBIM MEXaHH3MOM B paMKax HTEPAaTHBHOTO JUHAMHYECKOTO aHalu3a
SBISCTCS. CHMBOJIbHOE HCIIOJIHCHHE. B paMKaX CHMBOJBHOTO HCHOJNHEHHS UL
NPOU3BOJIHOTO ITyTH BBINOJHEHUS coOUpaeTcs Tpacca OyJeBBIX OrpaHHYCHHH
(mpexukar myTH), 3aJarolias CBA3b MEXIY BXOAHBIMH JaHHBIMH IMPOTPaMMbl U
BHYTPEHHUMH JaHHBIMH IIPOTpaMMBbI, 00pabaTbiBaeMbIMH BO BpeMs BBINIOJTHEHUs. B
COCTaBJIAEMBIX TpaccaX OIpPaHWYEHHH MOXKHO BBIIENSATh TOYKH BETBJIICHUS,
COOTBETCTBYIOIIME  YCJOBHBIM  KOHCTpYKuusM. Mopaudukanus  OysieBoro
OTpaHHYCHUsSI, TOPOXKIECHHOTO HWHCTPYKLUHUSMH B TOYKE BETBJCHHUS, MO3BOJISET
OIUCATh MPEANKAT, COOTBETCTBYIOIINI albTEPHATUBHOMY ITyTH BBIITOJHEHUSL.
MoanduunupoBaHHbIe MPEAUKATHI MyTH MEPEAAIOTCS HA 00pabOTKy MHCTPYMEHTaM
MPOBEPKH BBIMOIHUMOCTH OyJeBbIX (DOPMYyI, KOTOpBIE MO3BOJISIOT YCTaHOBHUTD,
SIBJISIETCS JIM TIPEUKAT BBIMOJHUMBIM Ha KaKOM-IH00 HaOope 3Ha4eHHH BXOIHBIX
JaHHBIX. B ciydae BBIMOJHUMOCTH MHCTPYMEHTHI NMO3BOJIAIOT MOCTPOUTH OAUH W3
NOJOOHBIX HAaOOpOB. 3alyck MporpamMMbl Ha IOJYYCHHOM Habope MpPHUBEIET K ee
BBITIOJTHEHHIO 0 albTepHAaTUBHOMY myTH. [locnenoBarenbHbIil 00X0a B 00paboTka
TOYEK BETBICHUS B MPOrpaMMe MO3BOJIIOT OCYIIECTBISTh CO3JaHHE HaOOpOB
BXOJHBIX JAHHBIX JUISl HCCIICOBAHUS Pa3INYHbIX ITyTeH BBIIIOJIHEHHs, 0OecIieynBast
BBICOKHI YPOBEHb ITOKPBITHS KOJA.

Cy1ecTByIOIIIE HHCTPYMEHTBI, HCIIONB3YIOLIHE PACCMOTPEHHBIC BBIIIE MPUHIMIIBL,
OTIMYAIOTCS TMOAXOJaMH K 00paboTke Koja IPOrpaMMBI C LEJBIO IMOCTPOCHUS
NPEUKATOB  IIyTH, JOMOJHUTENBHBIMH  BO3MOXKHOCTSIMH 110  ONTHUMHU3ALUH
NpPEeIUKATOB MYTH W METPUKAMH, ONpPEICISIOIINMH [OCIe0BaTeIbHOCTh 00X0/1a
TOYEK BETBJICHUS B [IPOrpaMme.

Wncrpyment Java Pathfinder [8, 9], paspaborannsiit B NASA u npencraBisiomuit
U3 cedsl ClenUaIu3UpOBaHHYI0 BUPTYaJIbHYIO0 MallMHy Java, cTal OCHOBOI s
CO3J]aHUS PA3IUYHBIX MHCTPYMEHTAIBHBIX CPEJCTB JJISl aHajlu3a M TEeCTUPOBaHHS
Java-mporpaMmm. B uHCTpyMeHTe peanu30BaH MOAXOJ K  HPOBEACHUIO
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JMHAMHMYECKOr0 aHayin3a, Oa3MpYIOLIMKCS Ha CHMBOJILHOM HcroyiHeHuH. Kop
UCCIIEAyeMOll IporpaMMbl HMHCTPYMEHTHPYETCS C ILEJbl0 IOJIYy4EHHUs JepeBa
COCTOSIHUI mpuiioxkeHHsa. JlaHHOe JepeBO Kak IPOCTPAHCTBO COCTOSIHHI
aHAIM3UPYETCS ¢ MOMOIIBI0 MpoBepku Ha Mozaenu (model-checking). B mpouecce
JUHAMHYIECKOTO CHMBOJIPHOTO HCIONHEHHS CTPOSITCS OyJIeBBI OTpaHWYEHUS, Ha
OCHOBE KOTOPBIX TCHEPUPYIOTCS HAOOpBI BXOIHBIX 3HAYEHHH U1 TECTUPOBAHHSA
nporpammsl. Java PathFinder mo3Bossier reHepupoBaTh TECTOBBIE BXOTHBIC JaHHBIC
¥ CTPOUTH KOHTPIIPUMEPHI UTA OTACIBHBIX CBOHCTB MOJIEINH.

JDart [10] — UHCTPYMEHT IMHAMHYECKOTO aHajW3a MpPOTpamMM, pa3paboTaHHBIN B
HUccnenoBatensckom 1ieHTpe JiiMca NASA. MHCTpYMEHT pealm3yeT CHMBOJIBHOE
UCIIONIHEHHE TIPOTPaMM M COCTOMT M3 JIByX OCHOBHBIX Momyneii — Executor u
Explorer. Moxynp Executor oTBeuaeT 3a MCIIOJHEHUE aHATH3UPYEMOMN POTPAMMBI
W CO3JaHWE CHUMBOJIBHBIX OTPAaHMYEHWH HA MWCIOJb3yeMble JaHHbIC. JlaHHBIA
MOJIyJb peajn30BaH Kak pacimpeHue uHCTpymeHTa Java PathFinder. Explorer
MO3BOJISIET HaXOAUTh HEUCCIICOBAaHHBIC IyTH MCIOJHEHUS IPOrpaMM Ha OCHOBE
CHUMBOJIBHBIX OTpaHu4eHui. JlaHHBIH MOAyNb Hcnonb3yeT oubmuoreky JConstraints
B KaueCTBE [OMOJHHUTEIBHOTO YpOBHS abcTpakuuud st 3GGEKTUBHOTO
npeoOpa3oBaHKsl CUMBOJIBHBIX BBIPQKEHHUI U MpeJoCcTaBiIeH s o01iero narepdeiica
pemaTensiM OyJeBBIX OrpaHHYeHHH. THCTpyMEHT HoaaepKuBaeT TaKhe peliaTeit,
kak CORAL, SMTInterpol u Z3. [JonomautensHeM MoaynieM JDart sersercs JUnit
JUTS TEHEPAIX TECTOBBIX HA0OPOB.

Wuctpyment JavaFAN [11] mpenHasHadeH mns  (GOpPMaIbHOTO — aHAIH3a
MHOTOIIOTOYHBIX Java-porpamm, Kak Ha ypOBHE HCXOZHOTO KOJa, TaK ¥ HA YPOBHE
GaiiT-kos1a BUPTyasIbHON MammuHbl Java. HCTpyMEHT MOIIepKUBAaeT CHMBOJIBHOE
WCIIOJIHEHNE TPorpaMM, 00X0/ B IIHPHHY HPOCTPAHCTBA COCTOSHUN MPOTPAMMBI C
LENbI0 HAaXOXK/ACHWS HapyLIeHUH CBOWCTB 0OE30MacHOCTH, MPOBEPKY Ha MOJEIH
CBOWCTB Joruku numHeHHoro BpemeHun (LTL) gams mporpaMM ¢ KOHEYHBIM
MPOCTPAHCTBOM COCTOSIHMHA. B xome paboTel mHCTpyMeHTa Java-mporpamma
TpaHcaupyeTcs B Maude-onucanue, 4To MO3BOJISIET MPOBOAUTH Oosiee A3 PeKTHBHOE
HCIIOJIHEHUE, TOUCK U NpoBepKy Ha monenu LTL.

Wncrpymenr Coffee Machine [12], paspaboranssiii B MHCTHTYTE CHUCTEMHOTO
nporpamMupoBanns  PAH,  mpenmoctaBiseT = BO3MOXKHOCTH — CTaTHYECKOMH
MHCTpyMEHTalMM 0alT-Koja mporpamm Java ¢ Lesiblo CO3JaHusl Tpacc OyJIeBBIX
OTPaHHYEHUH U Tpacc COOBITHH, HCIONB3YIOIUXCA M IOMCKAa Je(eKTOB
cuaxpoHmsanuu  [13].  VYmpapmsrompe  MOAYTH  WHCTPYMEHTa  IO3BOJISIOT
OpPTaHM30BBIBAaTH 00XO BOSMOJKHBIX ITyTEH BBITOTHEHHS IPOTPAMMBI i HHTETPAIHIO
C pemaTensiMu OyJIeBBIX OrpaHHMYEHHH IS TOCTPOESHUS HAOOPOB ITyTeH.

IIpumeHerne craTHuecKkod HWHCTpyMeHTarmu nemaer cpenctBo Coffee Machine
HE3aBUCUMBIM OT KOHKPETHOM peanu3aluy BHUPTYaJlbHOM MalMHbl Java, 4To
pacmmpsier o0JlacTh INPUMEHMMOCTH HHCTPYMEHTa (B YAacTHOCTH, IO3BOJISIET
OCYLIECTBIISITH ~ aHAlM3 TNPWIOXKEHUH  onepanmuoHHOW  cuctembl  Android,
UCTIONB3YIOLeH BUpTYyansHyto ManuHy Dalvik).
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3. OcobeHHocmu npedsiazaeMo020 COBMeWEeHHO20 Memooda
aHanusa

Io nToram aHanm3a NpeaIMETHOW 00JIACTH B KayecTBE 0a30BBIX MHCTPYMEHTOB VIS
UCCIEJIOBaHNsl M pa3pabOTKM METOJOB COBMEIIECHHOTO aHallu3a MPWIOKEHUH,
NPEIOCTABISIONMX IpadUUeCKUil MOJIb30BaTENbCKUI nHTEp(dEiic, OblIM BHIOpaHBI
cpeactBa GUITAR wu Coffee Machine. Bpibop uHCTpyMeHTOB 0O0YCIIOBIIEH
CJICTYIOLTMMH 0OCTOSTENECTBAMU:

o UMucrpymentst GUITAR u Coffee Machine pacrpocTpaHstoTcss cBOOOTHO
BMECTE C MCXOJHBIM KOJOM, YTO MO3BOJISICT MPOBOJUTH MOIUPUKAIMIO H
pacupenue ero (pyHKIHOHAIEHOCTH;

e Unctpymentr GUITAR mnpenocraBnser NOANCPKKY psna Oubmmorex
pabotsl ¢ rpaduyeckum uHTepdeiicom (SWT, Swing mis crangapTHOU
BUpTyasibHOM MamuHbl Java HotSpot; Oubnuoreka opraHuzanuu
uHTepdeiica TNpUIOKEHHH omnepanuMoHHOM cucreMmbl  Android s
BUpTYyalbHOH MamtiHbI Dalvik);

e  Uucrpymenr Coffee Machine ucrnonb3yer cTaTHYECKYyI0 HHCTPYMEHTAILINIO
OaiiT-koma I 00pabOTKKM MPOTpPaMM, YTO IMO3BOJIIET HCIOJIB30BATh €ro
JUISL pa3NINYHBIX BUPTYaJbHBIX MAIWH, BKIIOYas meneBele Java HotSpot n
Dalvik. Moxynu WHCTpyMEHTAallWH, MPOBOMASIINEC MOAU(DHUKALHMIO KOJA C
LEeNbI0 CO3JaHMsA Tpacc OyJNEBBIX OrpaHMYCHWII TIPH  BBHITOTHEHUH
MpOTpaMMbI, MOTYT HCIIOJIb30BAThCSA HE3aBUCHMO OT YIPAaBISIOLIETO
moxyns Coffee Machine, 4To MO3BOJSET C JIETKOCTHIO BCTPOUTH HX B
uHctpymeHT GUITAR.
B pamkax COBMEIIEHHOTO MeETO/a aHajIW3a MCHONB3YeTCs CXeMa HHCTPyMEHTa
GUITAR pns ompeneneHHs MOJICIH CTPYKTYpHI Tpaduueckoro HUHTepdeiica
HCCIeyeMOM MPOrpaMMBbl U BBISIBICHHS CBA3EH MEXy 3JIeMEHTaMH IpauIecKkoro
uHTepdeiica IS CO3MaHMS TECTOBBIX clieHapueB. OmpenelieHHe MOJCNU U
uccieI0BaHne TECTOBBIX CIIeHapHeB MPOBOANTCS JUIst 3apaHee
MPOMHCTPYMEHTHPOBAHHOW MPOTPaMMBI, YTO MO3BOJISAET CTPOUTH (PPAarMEHTHI TPacc
orpaHMYeHui s QYHKUMHA-0OpaOOTYMKOB  COOBITHMII  B3aMMOJCUCTBUSL  C
3JIEMEHTaMH NOJIb30BaTeNIbCKOr0 HHTepdeiica. PparmMeHTs! Tpacc 00bEIUHSIIOTCS B
Oouiee CII0KHBIE KOHCTPYKIWH JUIsl OIPEIEIIEHHS TECTOBBIX HA0OPOB, MO3BOJISIOIINX
WCCIIe/IoBaTh IMEPCIeKTHBHBIE TOYKM BETBJICHHS B 00padOTYMKax COOBITHH
B3aUMO/ICHCTBUSI C 31IeMeHTaMu rpaduueckoro nHrepgeiica.

3.1 CwumBONbHOE WUCNOSIHEHME nporpamMm ¢ rpaduyeckum
nonb30oBaTeNbCKUM UHTEpPdencom

CylecTByIoy€e HHCTPYMEHThI JUHAMUYECKOTO aHajln3a Ha OCHOBE CHMBOJILHOIO
WCIIOJIHEHUsI CTAaHAApPTHO 00pabaThIBAIOT TaKME MCTOYHUKM BXOJHBIX JAHHBIX, KaK
(haiiirel, ceTeBble MHTEP(EHCH, IEpEeMEHHbBIE OKpYXeHus u ap. Mccnenosanne Toro,
KaK IIporpamMMa IpOH3BOJHUT JOCTYI K COACPKUMOMY JaHHBIX HICTOYHUKOB, OOBIYHO
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peann3yercst ¢ HOMOIIBIO IepeXBaTa BXOAHBIX JaHHbBIX, IOJIyYEHHBIX OT (GYHKIMNA 1
CHCTEMHBIX BBI30BOB. IlepexBaueHHbIC MJaHHBIE HCIIOIB3YIOTCS MPOTrPaMMO
HETOCPEICTBEHHO M SIBHO Y4YacTBYIOT B MOTOKe JaHHBIX. CocTaBieHHE NMpeanKaTa
MYTH TIO3BOJAET 33/1aTh (YHKIMOHAIBHYIO 3aBUCHMOCTb MEXKIY CHMBOJIBHBIMH
MEPEMEHHBIMH, ONHCHIBAIOIIAME 3HAUYCHUS BXOIHBIX JaHHBIX M 3HAYCHHUS
OIEpPaHA0B UHCTPYKLUH.

Jns npunoxenuit ¢ rpagudeckuM HHTEp(QEHCOM IOHATHE BXOJHBIX JaHHBIX
ompenemnsercss Oonee mupoko. [loMHAMO pacCMOTPEHHBIX BBIINIE HWCTOYHHUKOB
(daiinsl, ceTeBble HHTEPQEHCH U Op.) B KaYeCTBE BXOTHBIX JAaHHBIX HEOOXOIMMO
paccMaTpuBaTh B3aMMOJCHCTBHE IOJB30BATENA C DJJIEMEHTAMH HHTepgeiica.
IlocnenoBatebHOCTE  JEUCTBHI  (TECTOBBIM  CIEHApHWi)  HEMOCPEICTBEHHO
ompenenseT paboTy IPOrpaMMBbl, OJHAKO B SBHOM BHIE HE MOXKET OBITH CBS3aHA C
MOTOKOM JAHHBIX, 00pabaThIBAEMBIM HHCTPYKIUSAMHE Ko/ia (Ha YPOBHE sSTIEEK MaMsTH,
PETHCTPOB | T. 1.). J[s obecriedeHus: BO3MOKHOCTH MAHMITYJISIIIUU COCTABIISIONIMMHU
TECTOBOT'O CIIEHApHs HEOOXOIMMO BBECTH B TPACCy OrpaHHYECHH HOBbIE CUMBOJIbHBIE
MepeMEeHHbIC, 3a/IaI0IINe HICHTH(PHUKATOPHI 3JIEMEHTOB rpaduyeckoro uurepdeiica, u
HOBBIC OI'paHUYCHHSA, CBA3BIBAIOINUEC JaHHBIC TEPEMEHHBLIC C IIOTOKOM JaHHBIX
nporpammsbl. [10100HBIe MOTU(PHUKALIUK TPACCHI OTPAHUYCHUM SBIISIOTCS YaCTHIHBIM
pei€HuEM HU3BECTHOU HpOGJ’IEMLI CHUMBOJIBHOTO HCIIOJTHCHUA, OTHOCﬂmeﬁCﬂ K TakK
Ha3bIBACMBIM 3aBHCHMOCTSIM I10 TIOTOKY YTIPABJICHUS.

[TocTpoeHue Tpacc OyJieBBIX OrpaHMYEHHH B pPaMKaX COBMELIEHHOTO MOAXOAa
Oa3mpyeTcs Ha CIICAYIOMINX IPHHITUIAX

e B Tpacchl orpaHuueHH MONANAI0T TOIBKO WHCTPYKIIMH, BBHITIOIHSIONIHECS
B (QyHKIMAX 0OpabOoTKM JeHCTBUII Haln 3JeMeHTaMH TIpaduueckoro
uHTepdeiica (HanpuMmep, B QyHKIMAX, BBIIOJIHSIOMMXCS KaK OTKIMK Ha
Ha)KaTue KHONKM WJIM M3MEHEHHE COCTOSHUSI TIEepeKiIiovarelisi) WiIH 0
BBI30Ba NIEpBO (YYHKIIMU 00pabOTKH IeHCTBHI.

e [lpu OTCIEeKMBAHUM MOTOKA JAHHBIX B MPOrpaMMe MPUMEHSETCS MOJCIb
NEePENOMEYCHHOCTH — BCE JOJITOXHUBYLIHE OOBEKTHI, KOTOPBIE MOTYT
UCIIONB30BATECSl OJJHOBPEMEHHO B HECKOJNBKHX (QYHKLIHUSIX 00paboOTKH
JEHCTBUI HaJ JJIeMEHTaMH rpau4yecKoro uHrepdeiica, paccMaTpHBaOTCS
KaK CUMBOJIbHBIC INepeMeHHble. [y GalT-koga Java K TakuM OOBeKTaM
OTHOCSTCS:

o ConepXuMoe CTaTHYECKMX TMOJNCH TNPUMHUTHBHBIX  THUIIOB
3arpy’kK€HHBIX BUPTYaJIbHOW MAaIIMHOM KIIacCOB.

o MaccuBel NPUMHTHBHOIO THNA W TOJII OOBEKTOB, JOCTYIl K
KOTOPBIM ~ MOJKHO  OCYIIECTBUTh W3 CTATHYECKUX  HOJEH
3arpy’kK€HHBIX BUPTYaJIbHOW MAaIIMHOM KIIacCOB.

e [IpomexyroyHble OOBEKTHI, CO37aBacMble BHYTPH (QYHKIHH 00pabOTKH
JISWCTBHI HaJ 3JIeMeHTaMHM rpaduieckoro uHTepdeiica, paccMaTpuBarOTCs
KaK CUMBOJIbHBIE TIEPEMEHHBIE TOJIBKO B TOM CIIydae, €CJI OHH HAIpsIMYIO
3aBUCAT OT OOBEKTOB, YKa3aHHBIC BBILLIE.
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e @parMeHT mpeAUMKaTa MyTH, MOPOXKIACMbIH HHCTPYKUHMSIMH (QyHKIHH
00paboTKM JEHCTBUSI Haa dJIEMEHTOM TpadudecKkoro uHTepdeiica,
00paMJIsIeTCs CTICIUATbHBIMU MapKepaMH Havyajlk U KOHIIA COOBITHS.

3.2 C6op npegukatoB nNyTM U COCTaBJieHME TECTOBbIX
cueHapueB

O6paboTka nporpammsl pu oMoty nacrpyMeHTa GUITAR ocymecTBnsiercst s
UCIIONIHAEMBIX (alIoB, MHCTPYMEHTUPOBAHHBIX C II€JBbI0O IOCTPOSHUS Tpacc
orpanndyeHuid. [lodToMy mnpH CcOCTaBICHUM MOAEIH CTPYKTYpBl TIpaduyecKkoro
uHTepdeiica CymecTByeT BO3MOXKHOCTB COIIOCTABHTh KaXKIOW Tape {d3IeMeHT
rpadudeckoil nHTEpdeiica, aericTBie Hax rpadpudeckuM MHTEpdericom} pparmeHt
noATpaccel. B momydaemsIx gparMeHTax MOATPACC BBIAEISIFOTCS TOYKH BETBIICHUS.
ITo obmieii cxeme NMpoBeACHUS IUHAMUYECKOTO aHaJN3a Ha OCHOBE CHMBOJIBHOTO
WCTIOJIHEHUSI OCYIIECTBISETCS MOAU(UKAINSA OTPAaHIMUYCHUS B TOUKE BETBJICHHS VIS
00Xx0/1a aNbTEPHATHBHOTO ITyTH BBHIONIHEHMS. OHAKO pacu€T BXOIHBIX JAHHBIX MU
MOJIU(UIMPOBAHHON TPACCHl OTPAHWICHUH HEOOXOIMMO OCYLIECTBISATH C yIETOM
JIpyrux (parMeHTOB Tpacc, COOTBETCTBYIOIIMX 00pabOTKe JEWCTBHH Haj
3IEMEHTaMH Tpaduueckoro uHTepdeiica, T.K. HMMEHHO IIOCIEAOBATEIbHOCTh
HeﬁCTBHﬁ " ABJIISACTCA Ha60pOM BXOOHBIX JAHHBIX.

Hdns  noctmwkenus mnomobHoro sddekra B pamkax GUITAR wucnomnesyercs
MOJU(DUIMPOBAHHBIA MOJYJb TeHEPAllMd TECTOBBIX cleHapueB. JlaHHbBIH MOIyib
COCTaBJIE€T TPaccy OrpaHUYEHHH OCOOOH CTPYKTYpbI, y4YHTBIBas rpad MoToKa
coObiTuii M Mozenp rpaduueckoro uHrepdeiica. OOmas CTpyKTypa Tpacchl
BBITJIATUT CIEAYIONIMM 00pa3oM:

(((31 = i) A(e; = i) Ao A(ey = ilN)) \
((91 = i) A(e; = iy) Ao A(ey = iZN)) \

(Cey = Iga) n (g = dgy) B AiEs= Igy))) A
((((eg = iDAit))V((er= i) Ait) V.. V((e; = iy) A ity)) V
(((ez = i)NAit)V((ez = i) Aity) V.. V((ez = iy) A itM)) \

((te-1 = i) A it)) V ((ey—1 = i) A i) V.. V ((ey—1 = in) A ity))) A
((ey = ix) A ity)

3nech:

€j - CTIleMaIbHasi CHMBOJIBHAS TIEPEMEHHAs, OIIPEeNAIoas i-0e COOBITHIA B

TECTOBOM CIICHAPHH; JaHHBIE IEPEMEHHBIE MOT'YT IPHHUMATH 3HAYCHHUA 11, ..., Iy,

COOTBETCTBYIOIINE BCEM COOBITHAM (TapaM <dlIeMeHT; Tpaduyeckoro naTepdeiica,

JeiictBre Haj rpa¢pudeckuM HHTEpdercoM™) B MOAETH

it — parmenT Tpaccel, mopoxkaaeMbIil QyHKIIMENH 00pabOTKN COOBITHS ij;
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ix — COOBITHE, TOUKA BETBJCHHS B MOATPACcCE KOTOPOTO 00pabaThIBaCTCsi MOAYICM
TeHEepaIMU TECTOBBIX CLIEHAPHEB;

fi, ..., ljy — BO3MOHBII TIyTh B rpad)e MOTOKA COOBITHIA;

N — MakcuManpHas JUIMHA TECTOBOTO Habopa;

M — konmmaecTBO coOBITHIT B MOMeNnu rpadudeckoro nHTEpdetica;

K — KonmdgecTBO BOZMOXKHBIX ITyTeH B rpad)e TOTOKAa COOBITHIA.

WHCTpyMEHT TNpPOBEpKM  BBINOJIHUMOCTH  OyNeBbIX (OPMyNl  OCYLIECTBIISIET
00paboTKy maHHON Tpaccel. B cmywae €€  BBINONHUMOCTH HHCTPYMEHT
MPEIOCTaBIsIeT HAOOp 3HAUCHUIA €, ..., BN, KOTOPBII:

L4 [TO3BOJIIET 000NTH Hy)KHI:IfI IIYTh BBIMTOJHCHUS 10 06paGaTLIBaeMOﬁ TOYKEC
BCTBJICHUA,

e  3aJaeT KOPPEKTHBII TECTOBBIN CleHapuil COMIaCHO MOAENHU IpadhuIecKOro
unrepdeiica.
TeM camMbplM B paMKaX COBMEIIEHHOIO PEXHMa OCYLICCTBIISIETCS MOCTPOCHHE
TECTOBBIX CIICHAPHUEB, HAIPABICHHBIX HA HCCJEJOBAaHHE TOYECK BETBJICHHS BHYTPH
00pabOTYMKOB COOBITHH, YTO TO3BOJSIET OOHAPYXKHWBAaTh HE TONBKO NE(PEKTHI
NPOCKTUPOBAHHUS CaMOro WHTepdelica, HO M PacKpBIBATh OIIMOKH BO BHYTPEHHHX
anroputMax o0pabOTKU TaHHBIX.

3.3 Noaxoa kK reHepaLun onacHbIX BXOAHbIX 3HAYEeHUN

Psan ys3BEUMOCTEH B IPOrpaMMHOM O0ECIIEUECHHH CBSI3aH C OTCYTCTBHEM IIPOBEPOK
Ha pa3pelieHHblC 3HA4YeHUs o00padaThlBaeMbIX JaHHBIX. Tak, JOCTATOYHO
pacnpocTpaHeHHOH OIIMOKOW SBIISCTCS CUWTHIBAHWE IAaHHBIX W3 II0JIeH BBOJA
(EditText) m ux manpHelmmas oOpaboTka 0Oe3 NpeABapUTENBHOW IPOBEPKH Ha
COOTBETCTBHE ONpenesieHHOMY (opMaTty. Hampumep, paccMOTpHM CIEAYIONIYIO
KOHCTPYKLHIO:
float £ =
Float.parseFloat (editText.getText () .toString());

Ecnu BBeieHHBIE B TEKCTOBOE T0OJI€ JAHHBIE COJIEPKAT HEAOIMYCTHMbIE CUMBOJIBI, TO
CpeICcTBaMHU BHUPTyaJIbHON MAIIUHBI Oyner CO3aHO UCKITIOUCHHE
java.lang.NumberFormatException. AHamu3 mporpaMmbl ¢ TOMOIIBIO
CHMBOJIbHOTO HCIIOJIHEHHS IOCTPOEHHOTO Ha HMHCTPYMEHTallMM Koja Java-
MPOTPaMMBI HE CMOXET O0HAPYXHUTh JaHHYIO YS3BUMOCTB, €CJIM TOYKH BETBIICHHS,
OTBEYAIOIINE 3a MPOBEPKY (opMaTa BXOTHBIX [AHHBIX, CKPBITHl B pealU3aliy
BUPTyaJlbHOH MammHBL. K TOMYy K€, HHCTPYMEHT HE HMEeT BO3MOXHOCTH
TeHEePHPOBATH JIaHHBIE JIJIs BBOJA B TEKCTOBEIE ITOJIS HANIPSIMYIO, HO B CiIydae, Koraa
COJZIEPKUMOE TaKUX IMoJIeH (HOPMHUPYETCS TOCPEACTBOM B3aMMOACHCTBHI C IPYTUMHU
3JIEMEHTaMH TpapuIecKol CTPYKTYpHI (HaXXaTuil Ha KHONKU U T. [.), CTAHOBUTCS
BO3MOJXKHBIM CO3[]aHME MeXaHu3Ma JUIsi oOHapyKeHHs Takoro pojaa omubok. s
pelieHust AaHHOM NpoOJeMbl J00aBIISETCS HMCKYCCTBEHHBIM YCJIOBHBIH IEpexo[
nepes COOTBETCTBYIOIIEH YysI3BUMOHN omepanueidl. YcIoBHE B TakOM IEepeXojie
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JOJDKHO COOTBETCTBOBAThH IIPOBEPKE OINACHBIX JAHHBIX Ha KOPPEKTHOCTh, TOTAA BO
BpeMs HHBEPTHPOBAHMS 3TOTr0 Iepexona OyIeT MoJydeHa IIOCIIEIOBATENbHOCTh
coObITui, opmupyromas AaHHbIE, TpUBOAAIIME K omuOke. [loxxon Moxer ObITh
peann3oBaH C IOMOLIBIO BHEIPEHMS Mepes YSI3BUMOH HMHCTPYKLIHMEHW MeToja-
CHMYJISITOpa, TEHEPHPYIOIIET0 TPACCy YCIOBHOTO Iepexoia.

B pamxkax peanuzanuu coBMelleHHOTo Metona B nHeTpyMeHT Coffee Machine Obit
J00aBJIeH psiJi CUMYJISITOPOB, HAIIPaBJICHHBIX Ha OOHapy>KeHHE MOJAOOHBIX OIINOOK,
BKJIIOYAMOLIMHA MPOBEPKY (YHKLMH TpaHcopMmanuu ¥ 0OpaOOTKH NMPUMHUTHBHBIX
THIIOB sI3bIKa Java.

4. OuyeHka npeods1oXeHHO20 peuweHus

Jdns uccnenoBanuss 3(QGEKTHBHOCTH pa3pabOTaHHOTO METoJa aHaiu3a ObUIo
MPOBEJICHO TECTHPOBAaHHE HHCTPyMEHTa Ha Habope peanbHbIX NpoeKToB. Jlis
MOJTHOIICHHOM MpPOBEpKM KadecTBAa aHalIM3a IPUIOKEHHS BBIOHMpPANUCh B
COOTBETCTBUU CO CJIELYIOIIUMH KPUTCPUIMHU:

e  0OJIBIIOE KOJTMYECTBO IEMEHTOB YIIPABIICHHUS;

e HajgM4yMe CKpHITOH 3a  HHTep(pelHcoM  BBIYHUCIUTEIBHOW  JIOTHKU
IIPUIOKEHHUS.
JlanHble TpeOOBaHUsT HEOOXOAMMBI JUIsl CO3AaHMs HArpy3KH Ha pelaTesb OyJIeBbIX
OTpaHUYEHUN, YBEIMYCHUM KOJIMYECTBA IIOMEUCHHBIX JAHHBIX U YMCJA UTEPALMM.
Hcxons u3 3TuX KpUTEepHUeB ObUIM IPOAHANTU3UPOBAHBI CIIEAYIOIINE IPOEKTHI:

e Calculator — mpuMUTHBHBIA KanbKyIsTOp st Iathopmbl Android;

e ProgCalc — kanpkymstop must tiatgopmel  Android, mo3Bosstonit
MIPOBOJIUTH BBIYUCICHHS B PA3TUUHBIX CHCTEMAaX CUHCIICHHUS;

e Calculator — kanbkynsitop juis miarhopmel Swing.
B kadecTBe KOHTPOJILHOTO HCIBITAHWS OBUI TPOBEIEH AHAIM3 TMPEIUIOKEHHBIX
nporpamm uHCTpyMeHTOM GUITAR 0e3 Momudukammid, pe3yabTaThl KOTOPOTO
npuBeJNeHbl B Tabmume 1. AHanM3 3aKiiodaeTcss B MOCTPOSCHHM MOJEIH
rpadudeckoro uHTEepdelica TecTupyeMoro IpPUIIOKEHHS, T€Hepalud Ha OCHOBE
9TOH MOJENHM TECTOBOTO IOKPBHITHA M €ro IOCIEIYIOIIEro BOCIPOM3BEICHHUS.
TecTtoBOoe TOKpBITHE TMpPEACTaBIsieT Co0O0i HAa0Op OTACNBbHBIX TECTOB —
(DUKCUPOBAaHHOE  KOJMYECTBO  B3aUMOJICWCTBHI €  IMPHIOXKEHHEM. TecThl
MPEJCTABSIIOT 000 BCEe BO3MOXKHBIC KOMOHMHAIMH 3JEMEHTOB uHTep(eiica,
MO3TOMY pa3Mep TECTOBOTO IOKPBHITHS 3aBHUCHT OT BEIMYMHBI MOJIENH H OT
KOJINYECTBA B3aMMOJEHCTBHH B KaxaoM Tecte. Jlis mpoBemeHUs aHamu3a OBLIO
CT€HEpUPOBAHO TECTOBOE IMOKPBITHE, COCTOSILEE M3 JBYX B3aUMOJAEHCTBHUH, Kak
ONTUMAJIbHOE C TOYKU 3PEHUS BPEMEHH BOCIPOM3BENEHHUS] U JOCTATOUYHOCTH JUIs
obHapyxenus: nedextoB. M3-3a BEIMUYMHBI TECTOBOTO IOKPBITHS TaKOW aHAJIM3
NPOBOJUTCS JOCTATOYHO JOJITO, MpH4eM Ooinbiiee BpeMs aHaiuza Android-
NPWIOKEHNH OOYCIIOBIICHO 33/IepXKKaMu TpH  B3auMoJeHcTBun  (peliMBOpKa
GUITAR wu Android-yctpoiictBa (3myisitopa). B pesynbrate mHpoOBEAEHHOTO
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TECTUPOBaHMs ObLTM OOHApYKEHBI MPOTrpaMMHbIE AE(PEKTHl B HPUIOKECHUSIX H
JIOCTaTOYHO OOJIBLIOE KOJMYECTBO BXOJHBIX JAHHBIX JUISL UX BOCIpOHM3BelcHUs. B
npwioxenun Calculator (Android) Obwio Haiineno 3 nedexTa, CBS3aHHBIX C
HeoOpaboTaHHOM HCKIIIOYUTEIIbHOM cuTyanuen THIA
java.lang.NumberFormatException, 51 17 Ppa3IUYHBIX
MOCJIE/IOBATENILHOCTEH B3aUMOJICHCTBUH € TOJIb30BATENILCKUM UHTEpdEHCOM At UX
BocnpousBenenus. B mpunoxenun ProgCalc (Android) Oputo obGnapykeno 2
YSI3BUMOCTH: omnoka JIeTIeHUs Ha HOJIb
(j ava.lang.ArithmeticException) © TmepemnojHEHHs OKHAa BBOJA,
MPHUBOAIIETO K He0OpaboTaHHOW HCKIFOUYUTEIFHON CUTYaIlnd HEBEPHOTO opmara
yucia (java.lang.NumberFormatException), At KaxaoW ysS3BUMOCTH
0 OHOM TocenoBaTeNbHOCTH coObITHI. B mpnnoxxennu Calculator (Swing) 6pn1a
HalieHa | ys3BUMOCTb, CBsI3aHHAas C 0OpabOTKO HENOITyCTHMBIX CHMBOJIOB
(java.lang.NumberFormatException), 51 5 Pa3InYHBIX
MOCJIE/IOBATENILHOCTEH COOBITHH, MO3BOJISIOIINX BOCIIPOU3BECTH NE(EKT.

Taba. 1. Pesynsrars! unctpymenta GUITAR
Table 1. GUITAR results

[poext Calculator | PrgCalc Calculator
(Android) | (Android) | (Swing)

Hatineno nedexron 3 2 1
[MokpeiTHe 587 1507 608
Bpewmst (1) 4 12,5 0,66
OxoH 1 1 2

Pasmep Moz | D’IEMCHTOB 42 51 47
CoObITHit 2 30 30

PesynbraThl NpUMEHEHUs IPEIJIOKEHHOTO MeToja TpenacTaBieHsl B «Tadi. 2.
JluHamMpu4eckuii aHaJM3 Ha OCHOBE CHMBOJIBHOTO HCIOJHEHHS — ITO3BOJIAI
CYIIECTBEHHO COKPAaTUTh BpEeMs TECTUPOBaHHS, OJHAKO B pe3ylbTare ObLIO
HaWJICeHO MEHBIIee YHUCIO YSI3BHUMOCTEH, YeM IPHU BOCHPOU3BEACHHU TECTOBOTO
MOKPBITHSI. DTO CBA3aHHO CO CIMIIKOM CHJIbHBIM OrPaHHUYEHHEM JJIHHBI 1IEMOYeK
COOBITHI TpaUIeCKOTO MOJIB30BATENBCKOT0 HHTEPdeiica, KOTOPOE MPUHYIUTEIHHO
ObI0 BBICTaBJIeHO B 3HadeHue 2. Tak, B mpuioxkeHuu Calculator (Android) 6wuto0
00HapyXEHO TOJILKO 2 YSI3BUMOCTH U 2 Ha00pa ysA3BUMBIX BXOJHBIX JAaHHBIX JUIS UX
BocnpousBeaeHus. B nprmnoxennu ProgCalc (Android) Obut Halinen oqus aedekr,
CBSI3aHHBIM C JeJEeHHEeM Ha Houb, a B mpuioxeHnn Calculator (Swing) He ObLIO
HalijieHo Hu ojHoro nedekra. [Ipexne Bcero, 370 00YyCIOBIECHO TEM, 4TO
HEKOTOpPBbIE YSI3BUMOCTH HE HaxXOJATCS Ha OTIECIbHOM IIyTH HCIOJHEHHS
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MPOTPaMMBI, ¥ BOCIIPOM3BEICHUE TOJIBKO OJHOTO HAaOOpa JaHHBIX, MO3BOJISIOLIETO
JOCTHYb TAaKOTO ITyTH, HEAOCTATOYHO. YacTh ys3BHMOCTEH Oblna OOHapyXeHa C
MOMOIIBI0 MEXaHHU3Ma IIOCTPOEHUS! YCIIOBHUMH, BBIMIOJIHUMOCTb KOTOPBIX O3HAa4daeT
BO3HMKHOBEHHE OIIMOKM Ha JaHHOM ITyTH, OJTHAKO OTPAHUYCHHS 3TOIO METOZa He
MO3BOJMIIN HallTH ocTalbHBIE YsA3BUMOCTU. HO B CBS3U C OrpaHUYEHUEM Ha JUIUHY
LENOYKH COOBITHH Tpa)uuecKoro IoJib30BaTeIbCKOr0 HHTEpdeiica B 1Ba COOBITHA
y MHCTPYMEHTa He OBbLIIO BO3MOKHOCTH BBECTH CIIMIIKOM JUIMHHOE YHCJIO, YTOOBI
CIPOBOLIMPOBATh HMCKIIOYUTENBHYIO CHTYallMI0 HENpaBHIbHOrO (opmara 4wucia.
IIpennoxennas cxema pabOTHl HHCTPYMEHTA IPOU3BOAUT OOHOBJICHHE MOAEIH HA
Ka)XJJOH HTepaluy, OAHAKO B JAHHOM CIIydae MOJENN OCTAIMCh HEH3MCHHBIMHU B
CHILy TOTO, YTO paccMaTpUBacMble MPHIOKEHHS THO0 HE MMEIOT HOTIOJIHUTEIbHBIX
3JIEMEHTOB, JIMOO OHM HE CTAaHOBSTCS AKTHBHBIMH IIPH MWCCIEIOBAaHHM ITyTEH
UCTIOJTHEHUSL.

TabJ1. 2. Pe3yapTaThl CHMBOJIBHOTO HCIIOTHEHUS

Table 2. Symbolic execution results

Ipoekr Calculator | PrgCalc Calculator
(Android) | (Android) | (Swing)

Haiineno nedexTon 2 1 0
KommgectBo nreparmii 35 17 21
Bpewmst (4) 0,42 0,33 0,06
OxoH 1 1 2

Pasmep Mojenn | DTIEMEHTOB 42 51 47
CoObrTHit 2 30 30

5. 3aknroyeHue

B pamkax paboTbl, MIPEeACTaBICHHON B CTaThe, pa3paboTaH COBMEUIEHHBIH METOA
JMHAMMYECKOTO  aHalu3a  [porpaMM,  IPEAOCTaBISIOIINX  rpaduyeckuii
TIOJTb30BATENILCKUH MHTEepdeiic. JlaHHbII METO BKIIOYAaeT B ce0s aBTOMAaTHIECKOE
W3BJICYEHHE  MOJEeNM  rpadHuyeckoro  II0JIb30BAaTENLCKOTO  uHTEpdeiica,
OIMCHIBAIONIEH BO3MOXKHBIE IOCIIEIOBATEILHOCTH B3aUMOJIEHCTBUSI C 3JIEMEHTaMH
uHTepdeiica (TecTOBbIE CIIEHApHM), W HANpPaBICHHOE IOCTPOSHHE TECTOBBIX
CIIEHapHeB, MO3BOJISIONINX 00OHTH BOZMOXKHBIE ITyTH B IIPOTpaMMe.

Jns peanmszanuu MeTofa OBUIM MCIIOJIB30BaHbI CBOOOJHO pPAcHpOCTpaHsEMbIe
nrctpymentel GUITAR u Coffee Machine; nuactpyment GUITAR Obu1 pacuipen
TEHEpaTOpOM TECTOBBIX CIIEHApHEB, KOTOPBIM BBIYMCISET TECTOBBIM ClEHApUil
UCTIOJIb3YSl CHMBOJIBHOE HCIIOJTHEHHE.
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JlaHHBII MeTOJ TMO3BOJISIET LICJICHANPABICHHO J00WBATHCS YBEIMYEHHS ITOJIHOTHI
MOKPBITUSL KOAa TPH aHajM3e NporpaMM M 00XoJa TOYEK BETBICHUS B KOJE
00paboTYMKOB  COOBITUH  B3aUMOJCHCTBUSL C  d3JEMEHTaMH TpadUuecKoro
MOJIB30BATENILCKOTO HHTEpdetica.

C noMouiplo MOJY4YEeHHOTO0 WHCTPYMEHTa ObUI MPOAaHATU3UPOBAaH HAOOp CBOOOIHO
pacnpocTpaHseMbIX TNPUIOKEHHH Ha s3blke Java (OmbOnmoreka ympaBieHHS
rpaduueckum wuHTepdeiicom B coctaBe OC Android; O6ubnmoTeka ynpapicHHS
rpadpudeckuM wuHTepdeticom Swing). C momompi0 HampaBiIeHHOro 00xoxaa
BHYTPCHHHUX TOYEK BETBICHHA B 0OpabOTIMKax cOOBITHII OBUIM OOHApy)KEHBI
ZeeKTHI, CBA3aHHBIE C HEKOPPEKTHOW 00pa0OTKOM HCKIFOUNTEIFHBIX CUTYAITHH.

B To e Bpems, pu MPOBEACHUN IPAKTHIECKUX SKCIIEPUMEHTOB OBIIM 3aMEUCHBI
OTPaHWICHUS MPEACTABICHHOTO METOJa. B mepByro odepensb, KOHCTPYHPOBAHHUE
Tpacc ¢ mepebopoM IeicTBHH Han siIeMeHTaMHu uHTepdeiica mpUBOANT K emié
OospIieMy yCyTyOJIeHUIO IPOOIEeMbI 3KCIOHEHIIMATBHOTO POCTa KOINYECTBA IyTeH
JUISL aHAJIN3a, TIPUCYINEH METoAaM aHaJIu3a Ha OCHOBE CHMBOJIFHOTO HCTIOJIHEHNS. B
cTaThsiX, NOCBSIEHHBIX HHCTpyMeHTY GUITAR, yka3pBauch NpakTHYECKUE
OrpaHHYeHUsI Ha nepebop CleHApUEeB B3aUMOACHCTBUS, BKIIOYAIONINE (UKCAIHIO
MaKCUMaJdbHON JUIMHBI CO3/aBacMbIX CIlcHapueB. Ilpu paboTe B KOHTEKCTE
CHUMBOJIBHOTO MCIIOJIHEHUS JTaHHOE OrpaHUYCHHE TIPUXOAUTCS YCUIITUBATb.
Bo-BTOpBIX, YCIOKHEHHME CTPYKTYyp Tpacc MPHBEIO K YBEJIWYEHHIO 3aTpaT Ha
MIPOBEPKY BBITIOIHUMOCTH JaHHBIX TPAcC; B OOIIEM Cydyae JaHHOE YBEJINYEHUE HE
OTPaHUYMBACTCS TUHEHHBIMH 3aBUCUMOCTSIMH.

Ha ocHOBe yKa3aHHBIX HENOCTaTKOB MOXKHO OIPEJIEIUTh HANpaBICHUSA
JaNbHEHIINX HWCCIeJOBaHUH B O00JAacTH aHamu3a NporpaMM C rpaguyecKum
MIOJIb30BATEIIbCKUM nHrepdeiicom. Texnuueckue YIay4lIeHUSA paboThI
pa3pabOTaHHOTO MHCTPYMEHTa, HaIpaBlIeHHBIE HAa OTCIEKHUBaHHE OCOOEHHOCTEH
rpagU4ecKUX SJIEMEHTOB M HUX CBOMCTB, IO3BOJST COCTaBISITH 0oJiee TOYHYIO
MOJIeTb Tpad)uuecKoro IOJIb30BATENHCKOTO HHTEp(eiica, YTo B CBOIO OdYepelpb
CHM3HT KOJIMYECTBO CIIEHAPHEB BBIMOJIHEHUS IIPOTPaMMBbI, TPeOYIOIIMX aHann3a.
Bropoe HampaBneHMH HcCleOBaHMH CBS3aHO € ONTHMHU3AIMAMH  TPacc
OTPaHWYEHUH U MCIIOIb30BaHMS BO3MOXKHOCTEH COBPEMEHHBIX peliaTesield OyieBbIX
OTpaHWYEeHNH (MHKPEMEHTAJILHOE PELICHNE, BBISIBICHHE TPYIIT 3aBUCHMBIX YCIOBHUH
U 1p.).
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Abstract. In this paper, we explore the possibilities of applying dynamic symbolic execution
(or concolic testing) methods to applications with graphical user interfaces. Such applications
inherently feature interactive user input processing and multithreaded execution. These
features typically decrease the effectiveness of dynamic symbolic execution by increasing the
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volume of processed code not related to actual application functionality. We present a hybrid
approach that combines commonly used GUI test automation methods based on GUI model
excavation with dynamic symbolic execution methods to construct test cases for checking
internal application logic. We have implemented this approach using two open-source tools —
test automation framework GUITAR and Java byte-code static instrumentation framework
Coffee Machine. GUI model extracted automatically by GUITAR tool is extended with
symbolic traces relevant to application GUI event handlers. Our test generation module for
GUITAR combines these symbolic traces into complex queries to be processed by SMT
solver. The resulting test cases are valid within automatically extracted GUI structure model
and allow to check different execution paths in GUI event handler code. We have checked
our hybrid approach on a set of small open-source applications and identified several bugs
caused by uncaught exceptions. The paper is concluded with an overview of current
limitations and possible improvements of the hybrid approach.
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