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AnHoTanusi. B naHHOH craThbe pacckasblBaeTcsi O KPUTEPHUSIX TECTOBOTO MOKPBITHS, IIPUMEHIEMBIX B TEXHOJIOTHU
UniTESK u oCHOBaHHBIX Ha CTPYKType KOHTPAKTHBIX crenu(ukauuii (QyHKIHOHAIBHBIX TpeOoBaHUil. DTH
KPUTEPUH MOYKHO HCIIOJIb30BaTh MPU TECTUPOBAHUH C HCIOJIb30BAHHEM KOHTPAKTHBIX crienudukaiui (mpen- u
NOCTYCIIOBUI Omepanuii), HE3aBUCHMO OT MPUMEHSIEMOH MpPH 3TOM TEXHOJOTHUH. I[IPUBOAMTCS ANTOPHTM
OIIpEeNIeNICHUs JOCTHKUMBIX KOMOMHALMK 3JIEMEHTAPHBIX YCIOBUH U3 KOJA MpPEA- U IOCTYCIOBHH, HCIIOIb3yEeMBIi
IUIsL aBTOMaTHYECKOTO YAJICHUSI HEJOCTIDKMMBIX CUTYallid U3 OTYETOB O TECTOBOM IOKPBITHH.
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1. BeeOdeHue

OnHuM u3 Hambojee IIMPOKO HCIOJB3YeMbIX METOJIOB KOHTPOJS KayecTBa MPOTPAMMHBIX H
anmnapaTHbIX CHCTEM SIBIIETCS TeCTMpoBaHuEe. OHO OIpenenseTcs Kak NpOBEpPKa COOTBETCTBUS
MIOBEJICHUS CUCTEMbI TPeOOBaHMUSM K HEH, BBIIOJHSAEMAas Ha OCHOBE PE3yJIbTATOB PabOThI 3TOU
CHCTEMBI B HEKOTOPOM KOHEYHOM Habope cHenuaabHO CO3JaHHBIX curyainwmid [1]. B stom
OIIPEIETICHUN [TOAUYEPKUBACTCS, YTO TECTUPOBAHUE SBIICTCA KOHEUHOMU MIPOLIEAYPOH, OHO BCETIA
BKJIIOUAET KOHEYHOE YHMCIIO KCIIEPUMEHTOB C TECTUPYEMON CUCTEMOM WIIA TECTOB.

OpHako NPaKTUYECKH 3HAYMMBIE CHCTEMBl HACTOJBKO CJIOXKHBI, YTO KOJIMYECTBO PA3JIMUYHBIX
CUTyaIMi, KOTOpbIE HEOOXOJMMO TMPOTECTUPOBATH JJISI TIOJHOW TPOBEPKU OJIHON TaKOU
CHCTEMBI, MPEBOCXOIUT BO3MOXKHOCTH CKOJb YTOAHO ILIEAPO (PMHAHCHPYEMOIO MpPOEKTa M
TpeOyeT KoJoccaabHOrOo BpeMEHH sl BhIMONHEHUA. [loaToMy ncuepmbiBaoiiee TeECTUPOBAHHE,
XOTS U BO3MOXXHO TEOPETHYECKH H3-3a (PU3MYECKOH KOHEYHOCTH JI0OOH BBIYMCIUTEIBHOM
CUCTEMBbI, TPAKTUYECKH COBEPIICHHO HEBBIMOIHUMO. DTOT (DakT 3a)UKCUpPOBaH B HM3BECTHOM
¢dpaze [eiikcrpol: «TecTUpoBaHHE MOXKET OBITH HCIOJIB30BAHO JAJSl JEMOHCTpAMK HAJTUYUs
oIMOOK, HO HUKOT1a — JIJIs TOKA3aTeNIbCTBA MX OTCYTCTBHS» [2].

TeMm He MeHee, Ha MPAKTUKE UMEHHO TECTHPOBAHUE Yalle BCETO CIYXUT OCHOBOMW ISl OILICHKU
Ka4yecTBa CJIOKHBIX CHUCTEM, B TOM YHCJIE, U JJISI ONPEAEICHUS TOro, HACKOJIbKO MHOI'O B HUX
OIIMOOK, BKJIIOYAs HEBBISBICHHBIE. ECTh TN Kakue-Iu00 OCHOBAaHMS I 3TOro? BOIbIIMHCTBO
WH)XEHEPOB CYUTAIOT, YTO 32 CUET aKKYpPaTHOTO U CHCTEMATHYHOTO BHIOOPA TECTOBBIX CUTYAIUi
— BXOJHBIX JAHHBIX, CIICHAPUEB BBIMIOIHACMBIX ACUCTBUH M KOHPUTYpallUi TECTUPYEMO
CHCTEMBI, UCTIOJIb3YEMBIX B HUX, — MOYXHO 00ECIIEUYHTh JOCTATOYHO BBICOKHI YPOBEHB JIOBEPUS
K pe3yibTaTaM TecTHpoBaHUA. TO ecTh, aKKypaTHBIH BBIOOpP HEOOJBIIOTO KOHEYHOro Habopa
TECTOB TO3BOJISIET €MY aJ€KBAaTHO OTPa)XaTh Kaye€CTBO CHUCTEMbI B IE€JIOM, WJIH, IPYTUMH
CJIOBaMH, CTaTh CTAaTHCTHYECKH IMPEICTAaBUTEIHLHON BBHIOOPKOW M3 OTPOMHOTIO MHOXKECTBA BCEX
CUTYyaIlii, B KOTOPBIX CUCTEMA JIOJDKHA ()YHKIIHOHUPOBATD.



HaGop mpaBmi, ciiemys KOTOPOMY MPOU3BOAMUTCS CHCTEMATHYECKHH OTOOpP KOHEYHOTO HYMCIia
TECTOB, MPUHATO HA3BIBATH KpUmMepuem NoIHOMbl mecmuposanus (WA Kpumepuem e2o
aodexeamnocmu) [3]. OnpexneneHue MOAXOAALICTO IS TECTHPYEMOH CHCTEMBI KPUTEPHSI
TIOJTHOTHI SIBJISICTCSI OJHOM M3 BAKHEHIIMX 3aj1ad, KOTOPbIE HY)KHO PELINTh MPH OpraHU3aiuu
TECTHPOBAHUS, HAPSIY C ONpeIe/icHHeM TPeOOBaHU T K TECTUPYEMOI CHCTEME.

Yame Bcero KpUTEpHil MOIHOTHI OCHOBBIBACTCS HAa PAa30MEHHM BCEX CHUTYaIMid, B KOTOPBIX
cucreMa JIOJDKHa paboTarh, Ha KJIAacChl OSKBHBAJCHTHOCTH HA OCHOBE HEKOTOPBIX
NPEANIONOKEHU O TOM, YTO B SKBHBAICHTHBIX CHTYaIMsIX CHCTEMa pPabOTaeT NPHUMEPHO
OJIMHAKOBO, M NMO3TOMY JINOO B 00€uX MPHUCYTCTBYET OIMOKa, 1100, HA000POT, B 00EHX OIINOKH
HeT. Takue KpUTepHH TOJHOTHI HA3BIBAIOTCS KPUMEPUAMU MeCmOo8020 NOKPbIMus, a TIOIHOTA
TECTUPOBAHUS C UX ITOMOILBIO U3MEPSIETCS KaK 0OCMUSHYnoe mecnogoe noKpbimue — IPOLEHT
KJIaCCOB 9KBUBAJICHTHBIX CHTYAIlM, 3aJeliCTBOBAHHBIX B XOJ€ TECTUPOBAHMS, IT0 OTHOIICHHIO K
YHCIy BCEX KJIaccoB. DJTa METpHKa OCHOBaHa Ha IPOCTOW HBPUCTHKE — dYeM Oouiblie
HEOKBHBAJIICHTHBIX, <CYIIECTBEHHO PA3IMYAIOIINXCSI» CUTYyalllil POBEPEHO, TEM IOJHEE OBLIO
TECTUPOBAHUE, U TEM JIyUIle OHO OTPAXKAeT PeaIbHOE Ka4eCTBO CHCTEMBI.

[IpenmonokeHus, Ha OCHOBAaHUHU KOTOPBIX BBIOMPAIOTCS KPUTEPHUHM IOKPBITUS, MOTYT HUMETh
paznuuHyto mpupoxy. OOBIYHO HCIONB3YIOTCS JBa BHAA MPEANONOKEHUH — pa3inydHbIC
CUTyallii, BO3HUKAIOIIKE MPH pabOTe TECTUPYEMOM CHCTEMBbI, OOBSIBISIOTCS YKBUBAJICHTHBIMU
1100, KCXOJIA U3 TOTO, YTO K HUM OTHOCHUTCS OJMH U TOT e HaOOp yTBEPKACHUN B TPEOOBaAHUSIX
K cucTeMe, J1M00 Ha OCHOBE TOTO, YTO B HUX 3aJCHICTBOBAH OJUH U TOT kK€ HAOOp 3JIEMEHTOB
camoii cuctembl. Kpurepuu mepBoro BHIa HA3BIBAIOTCS (DYHKYUOHATbHHIMU, BTOPOTO BUAA —
CMPYKMYPHBLIMU.

OyHKIMOHANbHbIE KPUTEPUM TOKPBITHS YAOOHBI ISl MPOBEPKH COOTBETCTBHS MOBEICHHS
CHUCTeMBl TpeOOBaHUSAM — IIPU HMX HUCIHOJIB30BAHUU TECThl HAICIUBAIOTCS HA IPOBEPKY
TpeOOBaHUH, UHOT/Ia B PA3JIMYHBIX HETPUBHUAIBHBIX COUYETAHHSX, U JIOCTATOYHO JIETKO MOXKHO
O0HapyKUTh, YTO KaKHE-TO TPeOOBaHUS COBCEM He peanu3oBaHbl. CTPYKTypHBIE KPUTEPHH
HOKPBITUSL YAOOHBI 7Sl TECTUPOBAHUS OTICIBHBIX MOJAYJEH MM CLieHapueB B3aUMOJCHCTBUSA
HEOOJIBIIIOrO YMCiIa MOJYJEH, UX HCIHOJIb30BAHUE TAKXKE MO3BOJIAET BBIABUTH HEIOCTHUKMMBIN
KOJ M Y4YacTKHM KOJA C HESICHBIM IpEeJHA3HAYEHHEM, IOJ03PUTENbHbIE KaK C TOYKH 3pEHUs
HaJIM4Mg B HUX OWIMOOK, TaK M C TOYKU 3PEHUS 3AILUIIEHHOCTH TECTHPYEMOM CUCTEMBI U
Oe3omacHOCTH ee paboThl. YacTo Ha MpakTHKE HCIOIB3YEeTCs HEKOTOopas KOMOMHAIMS W3
(YHKLIMOHATIBHBIX M CTPYKTYPHBIX KPHUTEPHUEB MOKPBITHS, IOCKOJIbKY B COYETAaHUM OHU
KOMIIEHCUPYIOT HEIOCTATKH JIPYT Ipyra, COXpaHss JOCTOUHCTBA.

[Ipu co3gaHuM TEXHOJOIMM M MHCTPYMEHTOB ABTOMATU3aLlMM TECTUPOBAHMS HCIIOJIb3yEMBIE B
HUX KpUTEPUM TECTOBOIO TOKPBITHS WIPAIOT BAXKHYIO pOJIb, OIpENeNsas Kak OTAEIbHBIC
JJIEMEHTBl JTHUX HMHCTPYMEHTOB M TEXHOJIOTMH, TaK W TPaHHULBl HX HOPUMEHUMOCTH. B
pa3paboranHoii B IHCTUTYTE crucTeMHOro mporpammupoBanusi PAH TexHonoruu tecTupoBaHus
UNITESK [4-6] ucrmons3yioTcs, B OCHOBHOM, (DYHKIMOHAIBHBIE KPUTEPHH IOKPBITHI. ITH
KPUTEPHUH  OINpPENENAIOTCS  Ha  OCHOBE  CTPYKTYpbl  (DOpPMaNbHBIX  CrEHU(pUKAIHIA
(YHKLINOHATIBHBIX TPEOOBAHUI K TECTUPYEMOM CHUCTEME, SIBJISIOIIUXCS OCHOBHBIM MCTOYHHKOM
TECTOB B paMKaX 3TON TEXHOJOTHH, H MOITOMY, SBISACH (PYHKIIMOHAIBHBIMU TIO CYIIECTBY, O
GopMe OHM O4YEHb IIOXOXKM Ha CTPYKTypHble. TecToBble cHUTyauuu OOBSABIAIOTCA
SKBUBAJICHTHBIMU B MX paMKax, €ClId B 3THUX CUTyallUiX 3aJeHCTBOBaH OJUH U TOT K€ HAOOp
9JIEMEHTOB CllelU(UKAL, TPEICTABIAIOIINX TPEOOBAHUS K TECTUPYEMOH CUCTEME.

JanHast cratesi npexactaBiser npuMmensemble B UNITESK kputepun mokpeiTusi, KOTOpbIE C
PaBHBIM YCIIEXOM MOTYT HCIOJIb30BAThCA U B JIPYTUX MOAXOJAX, II€ BOZHUKAIOT KOHTPAKTHbBIE
cneun(UKanuy B BUIE TPe- U MOCTYCIOBUI Oneparuii, HCHoIb3yIOUMX MOJCIbHBIE COCTOSHUS
ONHKCBHIBAEMON cHCTeMBl. B craThe Takke OINUCBHIBAETCS AITOPUTM OIPENENIEHUsl KJIacCoB
HKBHUBAJIEHTHBIX CUTYallM} 10 OTHOIIEHHUIO K CAMOMY AETAIbHOMY U3 MCIOJIb3YEMBIX KPUTEPUEB
— Kpumepuio KOMOUHayuil 102udeckux ycnosuil 6 cneyuguxayusax. Kpome toro, o6cyxaarorcs
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BO3MOXHBIC BapI/IaHTBI paSBI/ITI/IH MCXAHU3MOB OIIMCAHUA U HCIIOJIB30BaHUA KpI/ITepI/ICB
MOKPBITHS B TECTaxX, co3aaBaeMbIx ¢ momornpio UNITESK.

2. Kpumepuu nokpbimusi 8 UniTESK

[Mpexne, yeM npucTynuTh K onucanuo npuMenseMsix B UNiTESK kpurepreB mokpeIThs, CTOUT
paccMOTpeTh OOLIYIO CTPYKTYPY crienu(UKaALHi, UCTIONb3YEMbIX B TON TEXHOJIOTHH.

2.1. CTtpykTypa chopmanbHbIx crneuudpukaumm UniTESK

B texnomorum UNITESK s onucanus TpeOOBaHUI K TECTHPYEMON CHCTEME HCIOJIB3YIOTCS
@opmanvhvie Kowmpaxkmuvle cneyuguxayuu [4-6]. Dto o3Hayaer, 4ro uUMH (HOPMaIBHHO
(UKCUpYETCsl CHHTaKCHC MHTEpdeiica TeCTUPYeMOil CUCTEMbl — Ha3BaHUsSl ONEPAIid U THUIIBI
MapaMeTpPoOB U PE3YNbTATOB JJISl KAXKIION U3 HUX, & TAKIKE NPOSPAMMHbIL KOHMPAKM KOKIOU U3
ornepanuii [7].

[IporpaMMHBII KOHTpPaKT OIEpalMU COCTOUT U3 npedyciosus W nocmycirosus. llepBoe
¢ukcupyer TpeOOBaHUS K KOPPEKTHOMY HCIIOJIB30BAHUIO ATOH OINEpalud CO CTOPOHBI
OKPYKCHHSI CUCTEMBbI — TPU KaKUX OTPaHUYCHHSIX HA apryMEHTHI OOpaIIeHHe K dTOW Onepanun
KOppPEeKTHO. BTopoe ompenensier 00s3aTeqbCcTBa CHUCTEMBI 110 OTHOIICHUIO K pe3ylbTaraM
BBI30BOB JTOH oOlepaly — KaKhe OTPAaHUYCHHS Ha Pe3yNbTaThl PaObOTHI OMEPALUU JTOJIKHBI
OBITH BBITIOJTHEHBI TIPH KOPPEKTHOM pabOTe CHUCTEMBI, €CIM OOpalmieHne K Hel ObUIo
paBWIBHEIM. [Ipy HapyIIeHHH MPEAYCIOBUS ONepalliy 0OpalleHne K Heil MOXKET UMETh JTI00bIe
MIOCJIC/ICTBHSI, TOBEJICHUE CHCTEMBI B 3TOM ciydae He ompeneneHo. COBMECTHO Tped- U
MOCTYCIIOBUS CTPOTO OIMPENETSAIOT TpeOOBaHMSI K padOTe CHCTEMEI.

[Ipu ananmmze CIOKHOW CHUCTEMBI C OOJBIIMM KOJIMYECTBOM HHTEPQEHCHBIX OMepaluii KpaiHe
HEYI00OHO paccMaTpUBaTh UX BCE BMECTE KaK OJHOPOAHBIN HabOp, HE0OX0AUMO pa3dUeHue ITUX
orepanuil Ha Kakhe-TO JIOTUYECKUE TPYIIbI MO pealu3yeMbIM UMH (YHKIUSAM. DTHU TPYMIbI
IIOYTH BCETJa COOTBETCTBYIOT KOMIIOHEHTaM WJIM MOJYJISIM CHUCTEMBI, OTBETCTBEHHBIM 3a
peanuzanuio 3Tux ¢GyHKoui. Yacto Takue KOMIIOHEHTH HMMEIOT BHYTPEHHEE COCTOSHUE,
HEIOCTYITIHOE JJIsi HENOCPEICTBEHHOTO HaONIOJEHUS HW3BHE CHUCTEMbI, HO BIUSIOIIEEC Ha
MOBE/IEHNE BbI3bIBAEMBIX ONEpalliii KOMIOHEHTA U U3MEHSIEMOE UMHU.

[ToaTomy nnst omucaHusi OTPAaHUYESHUH B MPE- U MOCTYCIOBUAX HEOOXOIUMO KaK-TO yUUTHIBATH
BHYTPEHHEE COCTOSIHHME€ KOMIIOHEHTa, Olepald KOTOPOro OMHUCHIBAIOTCS. UTOOBI caenarb 3TO
BO3MOXXHBIM, KOHTPAKTBI OIEpaIii OAHOTO KOMIIOHEHTa OOBEIUHSIOTCS B CHEIH(PUKAIUIO
3TOT0 KOMIIOHEHTA BMECTE C OMUCAHUEM CIMPYKMYPbl €20 MOOEIbHO20 COCMOSHUSL.

CtpyKTypa MOJIENBHOTO COCTOSHHSI KOMIIOHEHTa He 00s3aHa cOoBHanaTh CO CTPYKTYPOH ero
pEeaIbHOTO COCTOSIHUS, 3aMKCUPOBAHHOM B €ro Koje, HampuMep, KOMIIOHEHT, pealu3yIoLIuil
CIIMCOK, MOXET HMCII0JIb30BaTh CCHUIOYHYIO CTPYKTYPY JAHHBIX, B TOM BpeMs, KaK CTPYKTypa €ro
MOJIEJIbHOTO COCTOSIHUSA B crenu(uKalnuiax MoOXKeT ObITh OCHOBaHa Ha MaccuBe. B cTpykType
MOJIEJIbHOTO COCTOSIHUSI MOTYT COBCEM OTCYTCTBOBATh HEKOTOPBIE YACTH PEAJbHOIO COCTOSHUS
KOMIIOHEHTA, cJ1a00 cBA3aHHbIE C €r0 (YHKIIMOHAIBLHOCTBIO, HAIPUMED, PA3IMYHOTO POJia KAIIU
U JIpyrue€ JaHHble, HCIOJNb3YyEMbIE [UISl YBEJIMUYEHUS INPOM3BOAUTEIBHOCTU. BakHo, 4TO
CTPYKTypa MOJIEJIBHOIO COCTOSIHUSI KOMIIOHEHTA JI0JKHA COAEpKaTh JaHHbIE, TOCTATOUHBIE AJIs
MIOJTHOTO OMUCAaHUs (YHKIMOHAIBHOCTH B MPE/- U MOCTYCIOBHX OIepalfii 3TOro KOMIIOHEHTA.
[Ipu sTOM mpenycioBHE 3aBUCUT OT ApryMEHTOB BbI30Ba OIEpallMd W JaHHBIX MOJIEIHHOIO
COCTOSIHUS IIPH ITOM BBI30BE, WU npe-cocmosinus. I1ocTycnoBue 3aBUCUT KaK OT apryMEHTOB U
IIPE-COCTOSHUS, TaK U OT pe3ysbTara U JaHHBIX MOJEJIBHOTO COCTOSHHUS MOCIE BbI30Ba, WU
HOCM-COCMOSIHUA.

Hanuuue cinoxHON CTPYKTYpbl MOAEITBLHOTO COCTOSTHUSI TPUBOIUT K HEOOXOAUMOCTH YUUTHIBAThH
B KOHTpAKTax OIMepalii OrpaHWuYeHUs Ha €ro JaHHbIE, KOTOPBIC OJDKHBI BBIMOITHITHCS B
CTaOUJIBHBIX COCTOSIHUSAX CHUCTEMBI, KOTJIa HM OJIHA M3 Olepanuil He BbIMOJHsAETCS. Takue
orpaHuuYeHus: OQOPMIIIOTCS B BHJIE UHBAPUAHMOE MOJCIBHOTO COCTOSIHHS. VHBapuaHTHI
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SIBJISTFOTCSI OOIIMMH YacTsIMH TIPEI- W TMOCTYCIOBHI BCEX OIepalii, Kak-TO 3aTparuBaroIInux
COOTBETCTBYIOIINE KOMIIOHCHTHl — OHH JOJIKHBI BBITIOJHATHCS KaK B MPE-COCTOSTHUU JII0O0TO
BBI30BA, TaK U B €T0 IIOCT-COCTOSIHHU.

[Mpeaycnosus, moctycnoBus u uaBapuantel B UNITESK odopMiIstiioTcs Ha paciiupeHud 0THOTO
U3 SI3IKOB TIporpaMmMupoBanus. Kakaas u3 3TUX KOHCTPYKIMI TIpeCTaBisieT co0oi OJIoK KoJa,
BO3BpALIAIOIINI 3HAaUCHHE OYJIEBCKOTO THIIA M IMOMEUYEHHBIH U HATJSIIHOCTH CIICIUATBHBIM
KJTFOYEBBIM CIIOBOM, COOTBETCTBEHHO, pr €, post WK i nvari ant .

2.2. Kputepum TecTOBOro NOKpbITUS HA OCHOBE CTPYKTYPbI Npea- u
NoCcTycrnoBun

CaMbIM NIPOCTHIM M3 UCTIOJIB3YEMBIX Ha MIPAKTHUKE SBISCTCS KPUMeEPUll ROKPblnuUsA onepayuil, B
paMKax KOTOPOT'O SKBUBAJICHTHBIMU CUHTAIOTCS BCEe OOpallleHHs] K OJHOW M TOH K€ OIepalyy.
OTOT KpUTEpUil HANMEHEE IeTaTIbHbIH, U CTOIMPOLEHTHOE MOKPBITHE COTJIACHO €MY TapaHTHPYET
TOJIbKO MHUHHMAaJIbHOE KayeCTBO TECTOB — KaX/las TECTUpyeMas OINepalusi BbI3BaHA XOTs ObI
OOMH pa3. MOXHO 3aMeTUTh, YTO OINpENeNICHHE 3TOTO0 KPHUTEpUS HUKAaK HE CBA3aHO C
UCIIOJIb30BaHUEM CICIU(PHUKAINN TN TPEOOBAHHA.

bonee peranbHble KpUTEpUM MOKPBITUS HA OCHOBE KOHTPAKTHBIX CHELU(PHUKALMNA YyxKe
ONUpaTcsa Ha UX CTPyKTYpy. Ilpen- um moctycnoBus omepauuii MpeACTaBIsAIOT COOOM 3amuch
TpeOOBaHUI K ONUCBIBAEMOW UMHU CHCTEME, I0OITOMY KPUTEPUHU MOKPBITUS, OCHOBAaHHBIE HAa UX
CTPYKTYpe SBISIOTCS (PyHKIHOHAIBHBIMUA. C JAPYroil CTOPOHBI, Mpel- U MOCTYCIOBUS MOXKHO
paccMaTpuBaTh Kak HEKOTOPBIN KOJ U OMPEAEATh KPUTEPUU €0 MOKPBITUS TAKHM K€ 00pa3oM,
KaK 3TO JIeaeTcs I KOJa IIPorpamm.

OOBIYHO  TMOCTYCJIOBHE  OINEpaly  OMNKCHIBAET  HECKOJbKO  Pa3HBIX  PEXKHUMOB €€
¢ynkunonuposanus. IlpenycnoBue 3ampemiaer Bce KOMOMHAIMU 3HAUYEHUH MapameTpoB, HpU
KOTOPBIX TOBEJEHUE Olepalnuu He ompeaeneHo. OAHAKO cpelr pa3peliaeMblX MpeayCclIoBUEM
CUTYallMii MOTYT OCTaThCSl TaKHe, B KOTOPBIX BBINOJIHUTH CBOIO OCHOBHYIO (DYHKIIHIO OTeparus
HE MoOXeT. Bwmecto 5Toro oHa J0KHAa BEpHYTh HEKOTOPBIM KOA OIMIMOKM, CO34aTh
HCKIIIOYUTCIIBHYO CUTYAIIMIO WJIM KAaK-TO MHAYC CHUTHAJIM3UPOBATH O TOM, YTO €€ OCHOBHAas
3aJjaya HE MOXET OBITh pellleHa B Takod cuTyanuu. [[oMUMO peXHMMOB CHUTHAJIM3alUU O
HCBO3MOXHOCTH BBINIOJHUTHL OCHOBHYIO q)yHKI_[I/IIO, CaMO €€ BBITIOJIHCHUC MOKCT UATHU Pa3HBIMU
nytamu. Hampumep, onepanusi KOHKaT€HAIMM JABYX CTPOK MOKET MPOBEPATH, HE SIBISIETCA JIU
OJIMH U3 €€ apr'yMEHTOB MyCTOM CTPOKOH, U B 3TOM CJIy4yae MPOCTO BO3BPAILATh KOMHUIO APYTOro
apryMEHT, HE BBITIOJIHSS HUKAKUX JNeUCcTBUI Haj Hel. Ecium ke 006a aprymeHTa He IMyCThl, KOMHUS
OJTHOTO M3 HHUX JOJDKHA OBITh MOJABEpPrHyTa MOIM(UKAIMH, 4YTOOBI MOJIYYHUTH pE3yIbTaT
oreparu.

[Tpu HammcaHWU TOCTYCIIOBUH yIOOHO BBLACIATH TAaKHE pPa3sHbIC PEKUMBI, HHAYE MOCTYCIOBUE
npeBpamaeTcss B OOJNBIIYI0 M CIOXKHYIO (opMyiy, TPyIHYIO JJs aHajdW3a M MOHWMAHHWs, 4TO
IPOTUBOPEYUT OCHOBHOM LIENU CO3JMaHMsi (POPMATBHBIX crenuduKanuii. PaznudHbie pexHUMBI
paboThl OIepalii OINKUCHIBAIOTCS B BHJEC HWMIUIMKAIMHA C HECOBMECTHBIMH HOCBUIKAMHU
(mocTycnoBre TIpU 3TOM BBINIAANT Kak Gopmyna X1 = Y1 & ... & X, = Y,)) wiu B BUE pa3HbIX
BBIPXCHUH Ui BO3BPAIIAEMOT'0 PE3yJIbTaTra MpU pa3HbIX UCXOJHBIX YCIOBHSX, T.C. Pe3yIbTaT
HIOCTYCJIOBHUS BBIYHMCISIETCS] B PA3HBIX BETBAX HEKOTOPOTO YCIOBHOTO OIIEPAaTOpa WM OIeparopa
BbIOOpa mo-pasHomy. [1o3ToMy 3TH pa3HbIC PEKUMBI HA3BIBAIOT 6emEAMU (DYHKYUOHATbHOCMU
(nu QYHKIMOHATLHBIMU BETBSIMHU) OIICPALIHH.

COOTBETCTBEHHO, CIICIYIOIIUM B CTOPOHY MOBBIIIEHUS JETATLHOCTH TTOCIIE KPUTEPHUS MOKPBITUS
Olepanuil SIBISICTCS Kpumepuili noKpelmus eemeeil @yukyuonanvhocmu. OH OOBSBISET
OKBUBAJICHTHBIMA BCE€ BBI3OBHI OJIHOM ONEpald, B KOTOPBIX BBIMIOJNHSAETCS OJHA U Ta IKe
(GyHKIIMOHATbHAS BETBb.



B unctpymentax UNITESK, oCHOBaHHBIX Ha MCIIOJIb30BAHUY PACIIMPEHHI Pa3IMYHBIX S3BIKOB,
UCTIOJIb3YIOTCSl HECKOJIBKO pa3Hble KOHCTPYKIMH JUISl BBIIAEICHUs (YHKLIMOHAIBbHBIX BeTBeH. B
pacipeHu JavaBBOAUTCS ONEPATOp br anch, KOTOPBIN MOMEYaeT BETBb YCIOBHOIO OllepaTropa
WIN Olleparopa BbIOOpa B KOJE MOCTYCIOBHS, COOTBETCTBYIOLIYIO BETBU ()YHKIIMOHAJIBHOCTH U
orpenenseT UASHTH(PUKATOP 3TOI BeTBU (PYyHKIIMOHATIHHOCTH.

[Tockonbky KpuTepun TecToBOro mokpeitus B UNITESK ucmons3yroTcst BO BpeMs BBITIOJTHEHHUS
TECTOB HJIA q)HJ’IBTpaI_II/II/I TECTOBBIX HOAdHHBIX U 0T60pa TOJIBKO TaKHUX BbI3ZOBOB, KOTOPBLIC
IOBBIIIAIOT YK€ IOCTUTHYTO€ IOKPBITHE, Ha pa3MEIIEHHE OIEpaToOpoB branch HaI0XEHBI
orpannyeHus. OHU TO3BOJISIIOT TEHEPUPOBATh (GUIBTPHI, KOTOphIE Oe3 oOpalieHuss K camoi
TECTUPYEMOW OIEepaluyd MOTYT ONPEAETUTh BETBb (YHKLIMOHAIBHOCTH, COOTBETCTBYIOLIYIO
POM3BOJILHOMY HA0Opy €€ apryMeHTOB. OTpaHUYCHHUS COCTOAT B CICIYIOIIEM.

* Bce BeTBIIeHUS HA MYTH IO MOTOKY YIpPaBJIEHUS OT Hayaja MOCTYCIOBUS A0 JIIOOOT0O U3
OMepaTopoB br anch IOMKHBI 3aBUCETHh TOJIBKO OT apryMEHTOB BbI30Ba M JJAHHBIX Ipe-
cocrostHus. [Ipu coOnmoieHun 53TOTrO YCIOBUS BETBb (DYHKUHMOHAJIBHOCTH MOXHO
BBIYMCIINTH, HE BbI3bIBAsl caMmy omepanuto. [lo cyTH, NaHHbIE MOCT-COCTOSIHUSI MOTYT
MOSIBUTHCS B ITOCTYCIIOBUHU TOJIBKO ITOCJIE OJTHOTO U3 ONEPAaTOPOB br anch, mo3TOMy Takue
OMnepaTropsl MOMEYAKOT B IMOCTYCIOBHM MECTa, B KOTOPBIX BBI3BIBACTCA TECTHUpyeEMas
orepanus Bo BpeMs paboThl TECTa.

* Ha n1060M myTH MO MOTOKY YHpaBieHUS OT Hayaja MOCTYCJIOBUS A0 BBIXOJa M3 HETO
JOJDKEH OBITh POBHO OJUH M3 ONEpaTtopoB branch. DTO MO3BONSAET OTHECTH KasKIbIH
BBI30B, YIOBJIETBOPSIIOMINN PEAYCIOBHIO K OJJHON M TOJIBKO OJJHOM M3 (YHKIMOHAIBHBIX
BETBEl.

B pacumpennn szpika C, ucnosnbp3yeMoM aisi pa3paOOTKH TECTOB C MOMOILIBIO TEXHOJOTHH
UniTESK, BeTBH ()yHKIMOHAILHOCTH OIPEICHSIOTCS B OJIOKE coverage, OTICICHHOM OT
noctycnoBusi. Takne ONOKM HCHONB3YIOTCA Ui BBIYHCICHUS KJIACCOB OSKBHBAICHTHOCTH
TECTOBBIX CUTYyallUii 1O pa3HbIM KPHUTEpPHUSIM, B TOM 4YHUCIE M MO KPUTEPHIO TOKPHITHA
(GYHKIIMOHATIBHBIX BETBEH.

Bce nmpyrue kputepuu mokphiTHs, ucnoibdyembie B UNITESK, sBustores Oosiee feTanbHBIMH,
YeM KpUTEpHil MOKPHITUSI BeTBeW (DYHKIMOHAIBHOCTH. B mopsike yBenuueHus eTaJbHOCTH OHU
MIPUBE/ICHBI HIKE.

*  Kpumepuit nokpslmusa nome4eHHvlX nymeil.
Omneparopsl branch, ompenenstomyue BeTBH (YHKIMOHAILHOCTH, 1O CYTU SIBISIFOTCS
CHelHaTbHBIMH METKaMM, C TOMOIIBI0O KOTOPHIX B KOJE IOCTYCIIOBHUSI BBIJIEISIOTCS
KJIACChl SKBHUBAJICHTHOCTH BBI30BOB COOTBETCTBYIONICH omepanuu. PaccTaHOBKY MeTOK
MO>KHO HCIIOJIb30BaTh U JUIsl 00Jiee THOKOTO ONpeeeH s MOKPITHS.
Jjis 3TOTO MCTOIB3YIOTCSI METKH B BUJE ONEpaTOpPOB nmar k ¢ UIeHTU(HUKATOPOM JaHHOU
MeTKU. Takre MEeTKH MOXKHO HCIOJIb30BaTh KaK B MPEIyCIOBUH, TaK U B MMOCTYCIOBUH, C
€IMHCTBEHHBIM OTPaHNMYEHHUEM — HE CTaBUTh UX BHYTpH IUKJIOB. [Ipu cnegoBanuu emy
CYUIECTBYET JIUIIb KOHEYHOE MHOXKECTBO IIEMOYEK METOK, KOTOpbIE MOTYT OBbITh
MPOWJEHBl TPH BBHIMOTHEHUHA TMPOBEPOK TMPEAYCIOBUS U TOCTYCIOBHs. MOXKHO
paccMaTpuBaTh KaK SKBUBAJICHTHBIE BHI30BbI, KOTOPbIE IPUBOAST K MPOXOXKICHUIO OJTHOM
U ToOW ke Takoil mociemoBarenbHocTH. OnHako B UNITESK kiacc skBHBaCHTHOCTH
BBI30BA JIOJDKEH OBITh BBIYMCIMM 0Oe€3 OoOpalleHHs K CaMOW TeCTHPYeMOW OIepariu,
M03TOMY TaKHe LENOYKH HYKHO OOpbIBaTh MPU MPOXO0XKACHUHU oriepaTopa br anch.
Kpumepuu nokpvimus nomeuennvix nymeti paccCMaTpUBaeT KaK 3KBUBAJICHTHBIE BbI30BbI
oriepaIy, TPUBOSIINE K TMPOXOXKICHUIO OJTHOW U TOM ke LEMOYKH OIepaTopoB mar k B
Mpe- U TMOCTYCIIOBUHU 3TOM OINEpalny, 3aKaH4YMBaromieiicsa omneparopoM br anch. Takum
0o0pa3oM, KIJIacChl BBI30BOB IO 3TOMY KpPUTEPUIO BBIUYMCIUMBI 03 oOpaiieHus K
orepary, a caM KpUTepuil sBIsIETCS HE MEHee JIeTalbHBbIM, YeM KPUTEPHUH MOKPBITHS
BETBEH (PyHKIIMOHAIBHOCTH.
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Kpumepuit nokpeimus onpeoensaioujux nymeil.

Paccmotpum rpad motoka ympaBiieHHs MPENyclIOBUS, B KOTOPOM BCE LIUKIIBI CTSIHYTHI B
BCPIIWHBI, T.C. BCC BCPIINHBI rpa(ba, BXOOAIIIMUE B OAWH U TOT XK€ HUKJI, OTOXKACCTBJICHBI B
OJIHY BepUIMHY, Bce pedpa, BXOIAIINE B HUX, BXOAST B 3TY BEPILUHY, BCE BHIXOAAIINE —
BBIXOOAT M3 HEEC, a BCE pe6pa, paHee BXOIUBIIME B COCTaB IHUKJIOB, OT6pOH_IeHBI. B
MOJIy4aeMOM TakUM 00pa3oM rpade HeT IIUKJIOB, a 3HAYUT KOJUYECTBO MyTEH, BEAYIINX
U3 €ro CTapTOBOM BEPIUMHBI, COOTBETCTBYIOLIEH Hadalay IpPENyCIIOBHs, B OJHY W3
KOHEUYHBIX BEPIINH, COOTBETCTBYIOIIMX BBIXOJYy U3 MPEIYCIOBUs, KOHEYHO. T0 ke camoe
BCPHO U IJIA rpaq)a IMOTOKa YIIPAaBJICHUA ITOCTYCIOBUA, B KOTOPOM BCC HNUKIIbI CTAHYTHI B
BEPLINHBI, U BCE IyTH 000pBaHBI Ha omeparopax br anch.

Onpeoensaowum nymem Ha3bIBAETCs MyTh MO TpadaM MOTOKA YIPABIECHUS NPETyCIOBHS
U TMOCTYCJIOBUA CO CTAHYTBIMH B BCPIIMHBI THKIIAMU, KOTOpBIfI OKaH4YHBacTCA
orepaTopoM br anch M IPOXOAUTCS MPHU BBIIOJHEHHUHU IIPOBEPOK IIPH OJHOM M3 BBI30BOB
omepai. M3 cka3aHHOro BbIIIE CIEAYET, YTO CYIIECTBYET JIMIIbL KOHEUYHBIH Habop
OTIpeNIeNIAIONMX IMyTel, U 1000 BBI3OB ONEpaluyd COOTBETCTBYET OAHOMY U3 HHX,
MOCKOJIbKY Ha JII0OOM MYTH MO MOTOKY YIpaBiieHUs OT Hayaja MOCTYCJIOBUS A0 BBIXOa
13 HEro CTOUT POBHO OAMH orepaTop branch. MOXHO OTMETHTh TaKXe, YTO KaKJbIi
ONPENEIAOMNNA MyTh OJHO3HAYHO ONpPENEsAeT JEXKAllyld Ha HEM IENOYKYy METOK,
KOoTOpast 3aKaH4YMBAETCS orepaTopom branch.
Kpumepuii noxpeimus onpedensiowux nymeu CUYATACT SKBUBAJICHTHBIMH BBI3OBBI
olepanuy, MPUBOIAIIME K IPOXOXKICHUIO OLHOIO M TOIO K€ ONPEAEIAIOIIETO IYyTH.
OTOT KpUTEpHUM MOKPHITUS HE MEHEE AETaJ€H, YEM KPUTEPHUIl NMOKPBHITUS NOMEUYEHHBIX
MyTEH.

bawxalllluM aHAJIOTOM 3TOTO KPUTEpUS SBISETCS Kpumepuil NOKpblmus eemeel
ucxoaunoro koga (branch coveragemnu decision coverage) [3,8]B ero pamkax
S3KBHUBAJICHTHBIMU SBJISIIOTCS O6paH_IGHI/I}I K OIl¢paluru, IMpu KOTOPLBIX BLIMNOJIHACTCA OJAUH
U TOT ke Habop BeTBel BO BCEX YCIOBHBIX oOIllepaTopax, ONeparopax BbIOOpa WK
oreparopax Imkina. ONpenensionii myTh TOXXE COOTBETCTBYET HAOOpy BeTBEH B
MOCTYCJIOBUH, 0€3 pacCMOTPEHHMsI LIMKIIOB U BCEro KOJa B HUX, a Takke 0e3 yuyera Koja,
BBIIIOJIHAEMOT'O I10CIIE OnIepaTopoB br anch.

Kpumepuit nokpvimusa Komounayuii 31eMeHmapHslx ycioeuil.

OnemenmapHvim ycrnoeuem B JaHHOW cTaThe OylieM Ha3bIBAaTh JIOTUYECKOE BBIpaKEHHE,
SIBIISFOIIEECS YacThIO YCIOBHUS OJIHOTO M3 YCJIOBHBIX OINEPAaTOpPOB HWIIHM OIEpPaTOpPOB
BbIOOpa B MpeA- WIM TOCTYCIOBUHM ONEpaliyd Ha OINPEeAeNsIomEeM IyTH, KOTOpoe
HEpa3JI0KUMO Ha 0osiee MEJIKUE JIOTUYECKUE BBIPAKECHHUS.

3HaueHus NIEMEHTAPHBIX YCIOBHM OMPEICIIOT BEIOOP BETBEH B YCIOBHBIX OlepaTopax
U Oomeparopax BHIOOP, a 3HAYUT U MYyTh O MOTOKY YIpaBJICHHs MpPel- U MOCTYCIOBHUS,
MIPOXOUMBI TIPH ITUX 3HAUCHUSX.

Ilonnou KombuHayuel 31eMeHMAPHLIX YCA08UNl MBI Ha3blBaeM HAOOp 3HAaYCHUU
AJIEMEHTAPHBIX YCIOBHI, B KOTOPOM Ka)JIOMYy YCIOBHIO COTIOCTaBJICHO JTMOO 3HAYCHUE
true (@ictuHa»), oo false («woxkp»), AMOO HeEoONMpeacIeHHOE 3HAYCHHE, MPHUEM
uMeronmiicss Habop omnpexaeneHHbIX 3HadeHuit (tfrue w false) ogHo3zHauHO 3amaer
HEKOTOpBIM ONpeleNsIolMi MyTh B Tped- U IOCTYCIOBUM OIEpalud, U Bce
oTpejieNieHHbIC 3HAYCHUS XOTS Obl OJWH Pa3 BBIUMCISIIOTCS MPHU MPOXOXKIACHUU 3TOTO
nytu. [locneanee orpannueHre o3HavaeT, YTO HEOMPEEIIEHHOE 3HAU€HHUE MOTYT UMETh
T€ W TOJBKO T€ 3JIEMEHTAPHBIC YCIIOBHSI, 3HAYCHHSI KOTOPHIX HE BIHSIOT HA BHIOOP MYTH.
[Tpoun3BoabHBIN HAOOP 3HAYEHUH AIEMEHTAPHBIX YCIOBUH HAKpbleéaem NAHHYIO TTOJHYIO
KOMOWHAIINIO, €CIM 3HAueHHs, OINpEIeTICHHBbIE B JTOH KOMOWHAIIMHU, COBMAJAIOT CO
3HAYEHUSIMH, ONIPEICTICHHBIMU B 3TOM Halope.

Kpumepuii  noxpvimus ~ KomOumayuii  31eMeHMApHbLIX  YClo8uli  OOBSBISET
SKBHUBAJIEHTHBIMU BBI30BBI OJIHOM M TOH K€ ONepaluu, Mpu KOTOPBHIX HAOOpbI 3HAUEHUN
AJIEMEHTAPHBIX YCIOBUW B TPEJ- M TMOCTYCIOBHHM HAKPHIBAIOT OAHY U Ty K€ IMOJIHYIO
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koMOuHaimo. [10CKONIbKY 3JIEMEHTapHBIX YCIOBUN KOHEYHOE MHOMKECTBO, MX IOJHBIX
KOMOMHAIMI Takke KOHEYHOE MHOXKECTBO, NpHUYeM Kaxkdas TMOoJHas KOMOHMHALUS
OJTHO3HAYHO 3aJ1a€T OINpPENeNAIOMUI MyTh, XOTS HEKOTOpBIE Pa3iIM4yHbIe KOMOWHAIUH
MOTYT 3aJaBaTh OJWH M TOT JK€ ONpPEACSIONMA MyTh (M3-32 HCIOJIb30BAHUS
JTU3BIOHKIMIA HECKOJIBKHX JJIEMEHTAPHBIX YCIIOBUII B OJHOM YCJIIOBHH BETBJICHUS). DTO
03HAYaeT, YTO KPUTEPUN MOKPHITHS KOMOWHAIMK SJIEMEHTApHBIX YCIOBHU HE MEHEE
JETAJICH, YeM KPUTEPUI IIOKPBITHS OIIPEACIIAIOIINX ITyTEH.

AHANOTUYHBI KPUTEPUM MOKPBITUS KOJA HA3bIBACTCS Kpumepuem HNOKpblmus
komounayuti  ycrosuu  (multiple  condition coverage) [3,9]. Onnako, coriacHo
ONpENEICHUI0O B €ro paMKaxX OJKBUBAJCHTHbl TaKHE CHUTyallMdM, B KOTOPBIX BCE
3JIEMEHTApHbBIE YCIIOBUS, UCIOIb3YyEMbIE B BETBIECHUAX, UMEIOT B TOYHOCTH OJIHU U TE K€
3HaueHus. Mcronb30BaHue HEONpeaeIeHHBIX 3HAaU€HUN OOBIYHO UTHOPUPYETCS, XOTS Ha

MpakTHKe OHO Heobxoammo. Hampumep, ecnu yciaoBue nMeer Buj (object != nul 1)
&& object.isCertain() , B HETO BXOJAT JBa DJIEMEHTApHBIX YCJIOBHUSI — oObject !=
nul | u object.isCertain() — mpuueM, eclu mepBoe uMmeeT 3HaueHue false, To

3HAYEHUE BTOPOTO HE OMNPEICICHO U HE MOXKET OBITh OINpPENeIeHO KOPPEKTHO U
ocMmbicieHHO. Hambosiee ecTecTBEHHOE paCIIMPEHHE OMPEISICHUSI JTOTO KPHUTEpHs,
JOIyCKAaIoIlee HEONPEAEIIEHHBIC 3HAUYECHHUS, BCE-TaK HECKOJIBKO OTJIIMYAETCS OT JaHHOT'O
BBIIIE ISl KPUTEpUsl KOMOWHANMK yciioBui B cnenudukanusax. [lepBoe, B oTiauamne oT
BTOPOTO, UCIIOIB3YET 3HAYCHHS BCeX (POPMYII, KOTOPhIE MOYKHO KOPPEKTHO OMPEEIUTh,
a HE TONBKO TeX, KOTOpble HEOOXOMMMBI JJIs BBIYHCICHUS MYyTH MO Tpady MOTOKA
yrpaBiieHUs. B nmepBoM citydae HeolpeaeeHHbIC 3HAYEHUSI MOTYT OCTaBaThCsl TOJIBKO Y
TaKMX YCIIOBUH, JJI1 KOTOPHIX BBIYHCICHUE 3HAYCHUH TpeOyeT, YTOObl JPYTrHe YCIOBHUS
HMEIIM KOHKPETHBIE 3HAYEHUs, KaKk B IIPUBEACHHOM NpPUMEpPE C YCIOBUIMU
object.isCertain() H object = nul | .

2.3. MpumMep UCNonb3oBaHUS KPUTEPUEB NOKPbLITUS

JInst mosiCHEeHUsl ONpENENIeHU U3 MPEIbIAYIIEro pasliela, pacCCMOTPUM KJIACC, PEAU3YIOIIUMI
(GyHKIMU [pOCTOro OaHKOBCKOIO CYeTa C M3MEHSIEMbIM MHUHHMMAJIbHBIM DPa3pEIIEHHBIM
3HayeHueM OanaHca. Takoil cueT JOJKEH MMETh TeKylllee 3HaueHue OajlaHca U MHUHHUMAJIbHOE
pa3pellieHHoe 3HadeHue OanaHca; Uil IPOCTOTHI OyldeM CUMTaThb 00a 3TUX 3HAYEHUS LEIbIMU
YuclIaMHU, IPEACTaBUMBIMU THIIOM i nt B s3bIKe Java.

VY paccmarpuBaeMoro Kjacca MMEIOTCSl ONepaluyd W3MEHEHHS MHUHHMAJIbHOTO DPa3peuIeHHOIro
3HaueHusl OanmaHca W W3MEHEHHUs TEKYIIero 3HaueHus OamaHca. Huke NMpUBEACHBI OMUCAHHE
CTPYKTYpPbl MOJIEIBHOTO COCTOSIHUS ISl TAKOTO Kjacca U KOHTpaKTHas crerudukanys BTOPOH
oTepalyy Ha paclIMpeHnH A3bika Javaucnoaszyemom B UNiTESK.

B npuBeneHHOM mpuMepe ecTh ABa pa3HbIX pekrMa padoThl onepanuu u3MeHeHus Oananca. B
OJTHOM pEXHMME BO3MOXKHOE MEPEOIHEHNE UM HapylIeHUe OrpaHuYeHUs, TPeOyIOILIero, YTOObI
TeKyllee 3HaueHue OanaHca ObUIO HE MEHBIIE MHUHHUMAIBHOTO Pa3pelieHHOro €ro 3Ha4yeHHs,
NPUBOIAT K TOMY, YTO COCTOSHUE CUe€Ta HE U3MEHSETCS W BO3Bpallaercsa pesyibrar fal se;
IIPOBEPKH, COOTBETCTBYIOIIME 3TOMY PEXKHUMY IOMEYEHBI omeparopoM branch NoChanges . B
JAPYroM peXMME HMKAKHE OIpaHMYCHHUSA HE HAPYUIAKOTCS, W IICPCIIOJIHCHHUE HE HPOUCXOIMT,
MO3TOMY TeKylllee 3HaueHue OanaHca HM3MEHSETCsl Ha BEJIMYMHY I[apaMeTpa oIepanud u
BO3BpalllaeTCd Pe3yJIbTaT t r ue; 3TOT PEXKUM IIOMEYEH orepaTopom br anch NormalCase

speci fication cl ass AccountSpecification

i nt balance =0;
i nt minBalance = 0;

i nvari ant bal anceNot LessThanM ni nmum()

{

r et ur n balance >= minBalance;



speci ficati on bool ean deposit( int s)
{
post
t aut ol ogy (balance >= minBalance) && (s >= 0 || Integer.MIN_ VALUE -
s <=0);

i f(s>0&& Integer.MAX_VALUE - s < balance)
mar k "Overflow";
el se if( s<0&&minBalance <0 && minBalance - s > ba lance
[| s <0 && minBalance >= 0 && minBal ance > balance +s

mar k "Under minimum®;

el se
{
br anch NormalCase;
return balance == pr e balance +s
&& minBalance == pr e minBalance
&& deposit == true;
}

i f(s<0&&Integer.MIN_VALUE - s > balance)
mar k "Underflow";

br anch NoChanges;

return balance == pr e balance
&& minBalance == pr e minBalance
&& deposit == fal se;
}
}

}

Kpome TOro, ¢ moMoIIpi0 OmepaTopoB mar k BBIACICHBI OCOOBIC CHUTYAIMH: MEPENOIHEHHE C
IIepeXoI0M uepe3 MakCHMallbHOE 3HaueHue Ienoro yucia B Java (Overflow)epenontenue ¢
NepexooM Yepe3 MUHUMaIbHOe 3HadeHue nenoro umcia B Java (Underflow)n BozmoskHOe
HapyIICHHE OTPaHUYECHUS Ha MUHUMAaJIbHOE TeKyIiee 3Hadyenue 6amanca (Under minimum).

Kiaccel sKkBHUBajIeHTHOCTH BBI3OBOB, OIIPCACIACMBIC JIA ONCpallMi H3MCHCHHUSA TCKYILICTO
3HAYCHUs OajlaHCca KPUTEPHSIMH ITOKPBITHS, OIMCAHHBIMY B MPEIBIIYIIEM pa3zelie, IPUBEICHBI B
Tabmuue 1. IlonHble YCIOBHUS, COOTBETCTBYIOIIME OMPEACISAIONIMM MYyTSAM, M 3JIEMEHTapHbIC
dbopmynel npuBefeHbl B Tabmune 2. 3Haku ‘+ w ‘= B Tabmune 1 o0o3Ha4aroT 3HAYCHUS
aNeMeHTapHbIX ycioBuii true u false, coorBercrBenHo. Ilycras kierka B CTpOoKe KOMOWHAIUU
0003HayYaeT, YTO COOTBETCTBYIOIIEE AJIEMEHTAPHOE YCIOBHE B JaHHOW KOMOWHAIIMK HMEET

HCOMPCACIICHHOC 3HAUYCHUC.

B paccmarpuBaeMoM IpuMepe KPUTEPUN MOKPBITHS IIOMEYEHHBIX U ONPEACIIAIOMUX ITyTeH JaloT
OIIHM U T€ K€ KJIACChI DKBUBAJICHTHOCTU — KaX/bI ONPEIEIAIOIINNA IMYTh MPOXOIUT 4Yepe3
YHUKaJIbHBIA Ha0Op MeTok. OfHako B 0OLIEM cilydae KPUTEpUN MOKPBITHS ONPEACISIOIINX
nyTeil okaszpIBaeTcs 6oJiee NeTalbHbIM, YeM KPUTEPUI TTOKPBITHS TOMEYCHHBIX ITyTeH.

BerBn Onpenens- Kom0nHanuu 31eMeHTAPHBIX YCJI0BHI
¢pyHknuo- ITomeyeHHbIe MyTH P Cl |C2 |C3 |[C4 |C5 |C6 |C7
oIHe NyTH
HAJILHOCTH
NormalCase NormalCase P1 ; i —
+ - + -
NoChanges Overflow; NoChanges P2 - + +




Under minimum; P3 + - — + _
NoChanges + _ ¥ ¥ _

Under minimum;
Underflow; NoChanges P4 N A +

Tadoanuna 1. Kiaaccbl 3KBHBAJIEHTHOCTH, BbljeJIsieMble OMMCAHHBIMH KPUTEPUAMHU NMOKPBITHA B IpUMepe.

2.4. HepgocTuXXuMble cuTyauum

B TaOnune 1 nmepeuncieHbl TOIBKO JTOCTHXKMMBIE, BCTpEYAlOIIMECSs Ha MPAKTUKE KIACCh
DKBUBAJICHTHOCTU IO PAa3IU4HBIM KpUTEpUsAM. B mpuHuuie, U3 ynpasislOUX KOHCTPYKLHN
KOJla TOCTYCJIOBHS MOJXHO CJejlaTh BBIBOJ, 4YTO BO3MOXKHA IIOCIEIOBATEIBHOCTL METOK
Overflow; Underflow; NoChanges . HegoctmxuMocTb ee ciienyeT u3 TOro, 4To YCIOBHE
mnpoxona d4epe3 MeTKy Overflow BriIro4aer s > 0 , a ycjoBHe mpoxoja 4depe3 Underflow —
s<0

Boree TsDKENO ONpenenTh HEAOCTIKUMOCTh KOMOMHAIIMH dlIeMeHTapHbIX yciaoBuit C1 = true,
C2 = false, C4 = false, C6 = true, C7 = trdépu 3TUX YCJIOBHUSIX BBIIOJIHEHO S < 0 ,

minBalance >= 0 , balance < Integer.MIN_VALUE - s . I3 mepBoOro ycioBus u TOro, 4To
Integer.MIN_VALUE SIBISETCS HAaUMEHBIINM BO3MOXKHBIM 3HAYE€HUEM THIIA i nt, CIEAYET, YTO
Integer.MIN_VALUE — s <=0 ; U3 DTOTO U YCJIOBHUA C7 —4ro balance <0 ,a oTpuIlaHHE
ycioBusi C4 BMecTe C TOCIETHUM CJEACTBHEM AatoT balance < minBalance , 9YTO HpPSIMO

HapyliaeT WHBapuaHT. TakuMm o0pa3oM, yka3zaHHas KOMOMHAIUS 3HAYCHHH 3JIEMEHTapHBIX
YCJIOBUM IEUCTBUTEIIBHO HEAOCTHKMUMA.

Yc10BUSA BBINOJHEHHS onmpeaecJasasoumnux nyTeﬁ
(0 < s && Integer.MAX_VALUE — s < balance) && !(s < 0 && minBalance <

P1 0 && balance < minBalance — s || s < 0 && !(minBala nce < 0) && balance
+ s < minBalance)

P2 0 < s && Integer.MAX_VALUE - s < balance && !(s < 0 && balance <
Integer.MIN_VALUE —s)
(0 < s && Integer.MAX_VALUE — s < balance) && s < 0 && minBalance <0

P3 && balance < minBalance — s || s < 0 && !(minBalanc e < 0) && balance +
s < minBalance && !(s < 0 && balance < Integer.MIN_ VALUE - s)
(0 < s && Integer.MAX_VALUE — s < balance) && s < 0 && minBalance <0

P4 && balance < minBalance — s || s <0 && !(minBalance < 0) && balance +
s < minBalance && s < 0 && balance < Integer.MIN_VA LUE —-s

DJieMeHTapHbIe YCJI0BHS

C1 s<0

C2 O<s

C3 Integer. MAX_VALUE - s < balance

C4 minBalance < 0

C5 balance < minBalance — s

C6 balance + s < minBalance

C7 balance < Integer.MIN_VALUE —s

Tadanna 2. YcaoBusi onpenesiioNInX MyTeil U JJIeMeHTapHbIe YCI0BHS B IPpHUMepe.

Jl1s mocTpoeHusi KOPPEKTHBIX TECTOBBIX OTYETOB HEOOXOAMMO BBIIEISATH HEAOCTUKUMBIE CPEIn
KJIACCOB HKBUBAJICHTHOCTH, 33/1aBa€MbIX KPUTEPHUSMU TECTOBOTO MOKPBITUS. DTH KJIacChl HE
JOJKHBI YUUTHIBATHCSI B OTYETaX, U UTOTOBOE TECTOBOE MOKPHITHE JOJKHO BBIYUCIATHCS HaA
OCHOBE TOJIBKO JIOCTHKUMBIX KJIaCCOB HSKBUBAJIEHTHOCTU. OMNpenenuTh HEJOCTHKUMOCTb
HEKOTOPOM CHUTYyallUd Ha MPAKTHKE BCEria BO3MOXKHO — MOKHO MPUIYMaTh HMCKYCCTBEHHBIE
NpUMEpPBI, B KOTOPBIX 3TO HEBO3MOXHO H3-3a CBSI3U ATUX INPUMEPOB C HEPa3pEelICHHBIMU
MaTeMaTUYeCKUMU MpoOJeMaMH, OJHAKO B pealbHBIX CHCTEMax TaKue CHUTyallud He
BcTpevatoTcs. OJHAKO JAenaTh 3TO BPYYHYIO [UISL CIOXKHBIX CHUCTEM, HMMEIOUIUX ThICSYU
UHTEp(ENCHBIX Oomepaluuii U AECATKH, a TO U COTHHM HE3KBUBAJICHTHBIX BHJIOB CUTYyallul AJis
KOKIOW oreparuu, KpaifHe TpyJoeMKo. B To ke Bpems, eclu HEeIOCTHKUMBIC KIACChl OYAyT
MPUCYTCTBOBATh B OTUETAX O TECTUPOBAHWH, MHOTHE TecThl He OynyT maBath 100%mokpeiTHeE,
XOTS YIY4YIIUTh UX HE OyIeT HUKAKOW BO3MOKHOCTH. [l03TOMYy HEOOXOIMMO MMETh CpPEACTBA
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AJI1 aBTOMAaTUYCCKOI'0 YCTpaHCHUA HCOOCTUIKUMBIX KJIACCOB CI/ITyaL[I/Iﬁ N3 OTYETOB O TECTOBOM
IOKPBITHH.

B unctpymentax UniTESK, nognepxuBaromux pa3paboTKy TECTOB Ha paclIMpeHun Javarakue
CpelcTBa ecTh. B wacTHOCTH, ISl yKa3aHUs HEIOCTHKUMOCTH yKa3aHHOM Bblllle KOMOWHAIUU
3JIEMEHTApHBIX YCJIOBUM B HAIlleM MPUMEPE UCIOJIb30BaHa masmoso2us t aut ol ogy (balance
>= minBalance) && (s >= 0 || Integer.MIN_VALUE - s <=0) . TaBTOJIOrMYU yKa3bIBAIOT
JIOTUYECKHE BBIPAXKEHUA, KOTOPHIE UCTUHHBI B CHUJIY CMBICJIA UCIIOJIB3YEMBIX B HUX IIEPEMEHHBIX
U olepanuuii, a HE B CHJIy CBO€H CHHTAKCHMYECKON CTpPYKTypbl. OHM HCHOJB3YIOTCS
UHCTPYMEHTOM IIOCTPOEHHUS TECTOB, YTOOBI OTCEKATh HEBBIMOIHIUMbIE KOMOMHALIUN YCIOBHM.

[TomMumo TaBTONOTHH, YKa3aHHBIX MOJb30BATEISAMU, MHCTPYMEHT HCIOJIB3YEeT €CTECTBCHHBIC
TaBTOJIOTUH, OTpaXkaloliue O0a30Bble CBOWCTBAa OIEpalMii CpaBHEHWs sl THIOB B Java,
HarpuMep, JUis JIIOObIX BbIpakeHHH X M Y BepHO (X ==VY) || & != V), npu m00BIX YHCIOBBIX
BBIPOKEHUSX X, Y, Z BBIMONHEHO /(X <Y && Yy <Z && z < X). TaBTOJIOTHH TAaKOTO THIIA HE HY)KHO
BIKCHIBATh B CHICIU(DUKAIINH.

JIOCTHKUMOCTD Pa3IMYHBIX MOMEUYEHHBIX WK onpeaessiomux myreii B UNITESK Beraucnsercs
Ha OCHOBE JTOCTH)KMMOCTU COOTBETCTBYIOIIMX KOMOMHALWI 3HAYCHUN 3JIEMEHTAPHBIX YCIOBHM.
7151 3TOTO MPUMEHSETCS AITOPUTM, ONTUCAHHBIN HUXKE.

2.5. OnpepeneHne [OCTUXUMbIX KOMOUHaLUM 3rIeMEeHTapHbIX YCINOBUMN

[IpuBOAMMBI B 3TOM pazfelnie aJropuTM HMCIOIB3YeTCs A BBIYMCICHUS HA00Opa JOCTHKUMBIX
KOMOWHAIIMKA 3HAYCHUN DJIEMEHTAPHBIX YCIIOBUM, U3BJICUEHHBIX U3 MIPEA- U MOCTYCIOBUS OJTHON
OTepaLNH.

W3Bnedennple u3 Koaa crenu@uKanuii 3JIeMEHTapHbIC YCIOBUS CUMTAIOTCS OJJMHAKOBBIMHU, €CIIH
OHH COBIAJAIOT TEKCTyallbHO. Takoil crmoco0 WX OTOXKIIECTBJICHHS HAKJIAIbIBACT CIICAYIOIINE
OTpaHWYEHUS HA HANMCAHUE MPEJ- U MOCTYCIOBUMA.

* OauH ¥ TOT X€ WACHTU(PHUKATOP, HUCIOIb3YyEeMBbIH B YCIOBUSAX pa3HBIX BETBICHHH,
J0JDKEH 0003Ha4aTh OAHO U TO JK€. DTO OTPaHMYCHME JOJDKHO BBIOMHATHCS Kak s
UCTIONIB3YEMBIX HICHTH(HUKATOPOB TOJIEH KJIACCOB, TaK M JUIS JIOKAJIBHBIX HEPEeMEHHBIX.
[TosTOMy HENb3s ONPenesATh B pa3HBIX YAaCTAX MOCTYCIOBUSA JIOKAIbHBIE TIEPEMEHHBIE C
OJTHUM M TEM K€ HACHTH(HUKATOPOM, W HCIIOJIH30BaTh MX B YCIOBHUSIX BETBICHUH WIIN
oreparopax BbIOopa.

* Kpome TOro, ecnm mepeMeHHas WCIIOJIB3YETCS B YCIOBUSAX HECKOJIBKUX Pa3IUYHBIX
BETBJICHHUH, €€ 3HAUYE€HHE MEXIY HCIIOIb30BAHUSMU HE JOJDKHO M3MEHAThCS. MHaue
OJIMHAKOBBIE TEKCTYaJIbHO yca0Bus (X > 0) OynyT 03Ha4aTh pa3HbIC CHUTYaI[UH.

AJNTOPUTM HCHOJIB3YET CIHMCOK BXOXKICHHUM 3J€MEHTAapHBIX YCIOBUN B MpPEJ- U MOCTYCIOBUS, B
KOTOPOM BXOXKJICHHS TEPEUUCISIOTCS B TOM K€ IMOPSAKE, YTO U B YCIIOBUSIX BETBJICHHUHN HIH
orepaTopax BbIOOpa B KOJAE MpPENyCIOBUS M IOCTYCIOBHS. 3aME€TUM, YTO OIHO U TO K€
AJIEMEHTapPHOE YCIIOBUE MOXET BXOJUTh B HETO HECKOJBKO pa3, MOCKOJbKY HECKOJBKO pa3
MOJKET BCTpEeUaThCsl B pa3HbIX MecTax Kojaa. KaxknoMy BXOXKIEHHIO yCIOBHS Ha KaXIOM MIare
QITOPUTMa TPUCBAaWUBACTCs OJHO W3 3HaueHWil true wiam false. Criucok Tekymux 3HauCHHIA
BXOKJCHUM 3JIeMEHTapHbIX (opMys OyJeM Ha3bIBaTh TaOIWLIEH 3HAUYECHUI, HOMEP BXOKICHUS B
3TOM CIHICKE — WHJIEKCOM 3TOTO BXOXKJICHHUS.

Ha kaxznoM mare airopurma OINPENENSIeTCS MHOXECTBO CYIIECTBEHHBIX BXOXKICHHUU
DJIEMEHTAPHBIX YCIIOBUH, T.€. T€X, YbH 3HAYCHUS UCIIOB3YIOTCS ISl BRIYMCICHUS TyTH 0 Tpady
NoTOKa ympaBieHus. B rpade moToka ymnpaBlieHHs BCE LHKIBI CUHUTAIOTCS CTSHYTHIMH B
BEPILKHBI, TO3TOMY YCIIOBHS IIUKIIOB U YCIIOBUS BETBJICHHUI BHYTPHU IIUKIIOB B pabOTe aroputMa
HUKaK HE y4acTBYIOT.
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Pesynbrar paboThl anroputMa — HAOOP AOCTIKUMBIX KOMOWHAIMHA 3JIEMEHTApHBIX YCJIOBHH,
YIOBJIETBOPSIFOIIMX BCEM E€CTECTBEHHBIM WM SBHO ONMCAaHHBIM TaBToJorusm. Kpome storo,
COCTaBJIACTCA Ta6JII/II_[a COOTBETCTBUI MCXKAY OSTUMHU KOM6I/IHaLII/I$IMI/I H OonpeaAcCiIArOIINMHA
NYTSIMH, COCTOSIIIMMU U3 MPONMJEHHBIX BETBEH, a TAKKE NMPONACHHBIMH TOCJIEI0BATEIbHOCTIMU
oneparopos nar K.

Beenewm crenyronue 0603HaYCHHS.

*  MHOXeCTBO 37eMeHTapHbIX ycnoBuil: PC.

* KounyecTBO BXOXKIEHUM 31€eMEHTapHbIX yCiIoBUi: N.

*  MHOXECTBO MHJIEKCOB BXOXaeHu# 3emenTapHoro ycinosus f [ PC: I(f) O [1..N].

* Tekymee 3HaucHHE BXOXxaeHUs yemoBus ¢ uaaekcom | 1 [1..N]: v(i) O {true, false}.
*  MHOXeCTBO CyIiecTBeHHbIX Bxoxaenuit: Ess [ [1..N].

*  MHoxecTBO HaOOPOB JOCTHKHUMBIX KoMOMHanmii: Reachable.

1. Hauaio paGoThl: CHayana BCEe 3HAYCHHS YCIOBUI paBHBI falSe, MHOXECTBO CyIIECTBEHHBIX
BXOXKJICHHH ITYCTO, MHOYKECTBO HAOOPOB JOCTHIKUMBIX KOMOMHAITUH TTYCTO.

Oi O[1..N] v(i) := false

Ess:=0

Reachable := [

2. ''maBHBIA UKIT.

3. BiOXeHHBIN LUK YCTPAaHEHHS Pa3IMYHBIX 3HAYEHUH BXOXKIEHHH OJHOTO YCIIOBHS.
[Toxa ecTb pa3nv4YHbIC 3HAYECHUS BXOKACHUNA OJHOTO YCIOBHS
gopPCO, OI(f)i <j & v(i) # V().
Haxomgum mapy BXOXIEHHH OJHOTO M TOTO K€ YCIOBUSA C PAa3HBIMH
3HAQ4YECHUSIMU, B KOTOPOM BTOPOE BXOXKICHUE UMEET HAUMEHBIINN UHACKC Cpeau
BCEX TaKUX Map JUIA BCEX YCIIOBUIl M MEHseM B 9TOil mape 3HauyeHue falseHa
true.
Haxomuwm (i, j) O [1.N]X[1..N]: j = min{k: Cm <k O O PC mk O I(f) & v(m) #
vk} & OOOPCi,j OI(f) & i <j & v(i) # V(j)
Brimosnasem
V(i) = false= v(i) := true
V(j) = false= v(j) :=true
BosBpaiaemcst kK mpoBepKe YCIOBHS BJIOXKEHHOTO LKA 3.

Ecnu ycrnoBue BIOXKEHHOTO IMKIA HE BBIIOJHEHO — HET (GOpMyl C pa3HbIMHU
3HAUEHUSMHU BXOXACHUH, IEPEXOIUM K CIEIYIOIEMY ITYHKTY.

4. TTposepka TaBtojoruii. [IpoBepsieM BBITIOJIHEHHE BCEX E€CTECTBEHHBIX TABTOJOTHHA U
TaBTOJIOTUM, yKa3aHHBIX B oOlleparopax tautol ogy, Ha TeKkylleM Habope 3HaueHUi
YCJIOBUH.

Ecmu xotst OBl OJIHa TAaBTOJIOTHUA HApPYIICHA, ,I[O6aBJ'I$IeM B MHOXCECTBO CYIICCTBCHHBIX
BXOXKJICHUMN MEPBLIC BXOKACHUA UCTIOJIb3YCMBIX B Hel 9JICMCHTApPHBIX yCHOBHﬁ.

Ecimu Bce 3HaueHHUs CYIIECTBEHHBIX BXOXKICHHN paBHBI true, KOHEI[ IIaBHOTO
mukiaa (uageM B 1. 7).

WNHaye MeHseM 3HAYCHHUE [MOCIEIHEr0 BXOXICHHS, TPEIIICCTBYIOIIETO
MocJeIHEMY CYIIIeCTBEHHOMY U paBHOe false,Ha true,a Bce ciaenyroiue 3a HUM
3HaueHuss — Ha false,nenaeM MHOXKECTBO CYIIECTBEHHBIX BXOXKICHHI MYCTHIM.

Haxomum i [0 [1..N]: i £ maxEss) & V(i) = false.
Brinmonasem
V(i) := true
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Oji<j<N=v() :=false
Ess:=11.

[TpomomkaeM riaBHbIN UK (MIEM B II. 2).
Wuadve, ecii BCe TaBTOJIOTHH BBIMOJHEHBI, IIEPEXOAUM B CIICAYIOIIUI MyHKT.

5. BeluncnsieM MocieoBaTeNbHO YCIOBHS BETBICHUH B NPEAYCIOBUHM  OIEpaLUH,
UCTIONB3YSl MUMEIOIIMICS HabOp 3HaYeHUH BXOXAECHUI (OPMYN M MpaBHiia BBIYUCICHHHA
JIOTUYECKUX BBIPAKECHUN B MCIOJIB3YEMOM SA3BIKE, M IPOXOIS B TE€ BETBHU, YCIOBHS
KOTOPBIX BhIMONHEHBI. KaXkoe BX0XKaeHHe, 3HaUeHUEe KOTOPOTo MOHAA00MIIOCh TIPU 3TUX
BBIUHUCIICHUSIX, 100aBJIsIEM B MHOXKECTBO CYILIECTBEHHBIX BXOXKICHUH.

Ecnu pesynbsrar npenyciosus paseH false:

Ecnu 3HaueHus BCeX CYIIECTBCHHBIX BXOXKICHHUH paBHBI tru€, KOHEI[ TIIaBHOTO
mukiaa (ugeM B 1. 7).

Wuaue, MEHsIEM 3HAYCHHE IMOCICIHEr0 CYIIECTBEHHOTO BXOXKICHHS, PaBHOTO
false, ma true, a 3HaueHWs BCEX BXOXICHUMH, CICAYIOUIMX 33 HUM,
npupaBHuBaeM false, m [gemaeM MHOXKECTBO CYIIECTBCHHBIX BXOMXKICHUI
MYCTBIM.

Haxomum i [ ESs: V(i) = false.
Brinmonasem

V(i) ;= true

Oji <j<N=V() :=false
Ess:=01.

[TpomomkaeM riaBHbIN UK (MIEM B I1. 2).
WNuayge, mpogomxaem padboTy, IEPEXOs B CIACIYIOIINH MyHKT.

6. BeruncnsieM 1OCiIeOBAaTENIbHO YCIIOBHMSI BETBJICHMM B IOCTYCIIOBHM OIEpalH,
UCTIONB3YSl MUMEIOIIUICS HAaOOp 3HaYeHUN BXOXAECHUH (OpPMYN M NpaBHiia BBIYUCICHHHA
JIOTUYECKUX BBIPAKECHUN B MCIOJIB3YEMOM SA3BIKE, M IPOXOIS B TE€ BETBHU, YCIOBHS
KOTOPBIX BBIMOJHEHBI. Kaxmoe BXOXIEHHME, Ybe 3HAYCHHE IMOHAJOOMIIOCH IMPH 3TUX
BBIUUCIICHUSIX, 100aB/IsIeM B MHOXKECTBO CYIIECTBEHHBIX BXOXAeHUH. JlemaeM Tak, moka
HE JIOMJEeM 10 OJTHOTO U3 OIepaTopoB br anch.

Ctpoum Tekymmii Habop 3Ha4YeHWUU CUrrent: s BCeX CYIIECTBEHHBIX BXOXKICHUM
3aHOCHM B HETrO 3HAYEHUSI COOTBETCTBYIOIINX 3JIEMEHTAPHBIX YCIOBHIA, a I OCTaIbHBIX
ycnoBuid (y KOTOPBIX HET CYIICCTBEHHBIX BXOXKICHHMU Ha JAHHOM MPOXOJIE) 3aHOCHUM
HEONPEIETICHHOE 3HAYECHHE.

Of OPCI(f) n Ess# O = current(f) :=v(i), i O I(f)
Of O PC I(f) n Ess=0 = current(f) := undef
Reachable := Reachable [1 {current}.

Eciu 3HaueHHs] BceX CYIIECTBEHHBIX BXOXICHHH paBHBI true, KOHEI[ IIaBHOTO IIHKJIA
(umem B 1. 7).

WNuade, MeHsieM 3HauCHHE IMOCJCIHETO CYIIECTBCHHOTO BXOXICHUs, paBHoro false, Ha
true, a 3HaveHus1 BCeX BXOKICHHUH, CIEAYIONINX 3a HUM, pupaBHuBaeM false,u nemaem
MHOKECTBO CYIIECTBEHHBIX BXOXKIECHUHN MyCTHIM

Haxomum i [ Ess: V(i) = false.
Brimoansem

V(i) :=true

Oji <j<N=\V() :=false
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Ess:=0.
[TpomomkaeM riaBHBIN MUK (MIEM B II. 2).

7. Koner riiaBHOro ukKIia.
Bosspaiaem mocrpoeHHoe MHOkecTBO Reachable.

TO, qTo HpHBC,Z[GHHBIfI AJITOPUTM BO3BpAlIACT TOJIBKO BBIITOJHHUMBIC KOM6I/IHaI_[I/II/I 3HAYCHUN
3JIEMEHTAPHBIX YCJIOBHH, CIeNyeT U3 NEHCTBUM, BHIMOIHACMBIX B 1. 3 1 4. OHU TapaHTHUPYIOT,
YTO B JAJbHEHMIIMX MYyHKTaX HCIOIB3YIOTCA TOJBKO TakHe HAOOpHI 3HAUCHHM, B KOTOPBIX BCE
BXOJKJICHHS OJJHOTO YCJIOBHUSI UMEIOT OJJHO 3HAYEHHE U BCE TABTOJIOTUU BBITOTHEHBI.

[lonmHoTy BBIHaBaeMoro Habopa KOMOMHAIMKA JOKa3aTh HECKOJNBKO  CIIOXKHEE. OITO
JI0Ka3aTeIbCTBO OMMPACTCS HA TO, YTO NMPH HAJMYUH HECKOJIBKUX BXOXKICHHH OJHOTO YCIIOBHS,
UX 3HAa4YeHUs HaIo MepedHpaTh OTAEIbHO, YTOOBI HE BBIOPOCHTH CIIy4allHO JOCTHXKHUMYIO
koMOuHanu. COOTBETCTBYIOIINI TIEpeOOp BBHIMOIHSIETCS B 1. 3.

Kpowme Toro, ontumu3zaius nepebopa 3a cueT BHIOpAachIBaHUS KOMOMHAIM, OTIMYAIOIIMXCS 110
3HAUYEHHUSM HECYIIECTBEHHBIX BXOXKICHUH, ITOCIEe HAPYIICHHUs TABTOJOTHH BBITIOIHSACTCS MHAYE,
YeM Iocjie HapYIIeHHs MPEeayClIOBUS WIM MOJHOTO IPOX0ja MO Mpeld- U MOCTYCIOBUIO. JTO
TaK)Ke CBA3aHO C BO3MOYKHOCTBIO IPOITYCKa TOCTIXKUMBIX KOMOMHAITHIA.

3. 3aknroyeHue

B cratee ommcaHbl KPUTEPHH MOKPBITHS, WCIOJIb3yeMbIe B TEXHOJOTHU TIOCTPOCHHUS TECTOB
UnITESK u ocHOBaHHBIE Ha CTPYKTYpEe KOHTPAaKTHBIX CHEeUU(pHKANUil (YHKIMOHAIBHBIX
TpeOOBaHMUI K MPOrpaMMHOMY oOecriedeHuto. HecMoTpst Ha psim 0cOOEHHOCTEH crienrpuKaImii,
ucrone3yemMeix B UNITESK (omeparopbl branch W cBs3aHHbIE ¢ HHMH TpeOOBaHHS 00
UCIIOJIb30BAHUM Tpe- M IOCT-3HAYCHUH), OTH KPHUTEPUH MOXKHO HCIIONB30BaTh U IS
NPOM3BOJILHBIX KOHTPAKTHBIX CHEIU(HUKANNNA, B KOTOPBIX MPEIYCIOBUS M MOCTYCIOBHUS
SIBIISIFOTCS] BBIYUCISIEMBIMHE 110 HEKOTOPOH CXeMe MperuKaTaMu.

AHaIOTH KPUTEPUEB TMOKPHITUS (PYHKIIMOHAIBHBIX BETBEH W KOMOWHAIIMN 3HAYCHHI
DIIEMEHTAPHBIX YCIOBUH JOCTATOYHO JIETKO MepeopMyaupoBaTh i TeX CIydaeB, KOTaa
MOCTYCJIOBUE SBJISICTCSI €IUHOM JlorndecKoi opmynoit. B Takux ciydasx mocTycioBre 0ObIYHO
NPE/CTABISCTC KOHBIOHKITMEH HECKOIbKUX UMILTHKaImid (X1 = Y1 & ... & X, = Y)), MOChUIKH
KOTOPBIX HECOBMECTHBI (T.€. Xj, ..., Xn MOMAapPHO MCKIIOYAIOT ApYT Apyra). Kpurepuit mokpeITus
(YHKIIMOHATBHBIX BETBEW COOTBETCTBYET KPUTEPHIO MOKPBITUS MOCBIIOK — 3KBUBAJICHTHBIMU
OOBSABISIOTCA CUTyalluH, B KOTOPBIX BBHIMOJHEHA OJHA W3 MOCBUIOK X;. Kputepuil mokpsiTus
KOMOWHAIMI 3HAYEHUH 3JI€MEHTapHBIX YCIOBUH OCHOBAH Ha IPEJCTABICHUHM KaXKIOH MOCHUIKH
Xi B IU3BbIOHKTUBHOI HOpMalbHOU (pOopMe, IPU 3TOM SKBUBAICHTHBIMU CUUTAIOTCS CUTYaIlUuH, B
KOTOPBIX BBIMOJIHEH OJIUH U TOT K€ JU3BIOHKT B OHOU U TOMH K€ MOCHIIKE.

Ha mpakTuke J0CTaTOYHO YacTO dJIEMEHTApHBIC YCIOBHUs, BXOISIINE B MOCBUIKH ITOCTYCIIOBHSI,
HE ABJIAKOTCSA HE3aBUCHUMBIMU. BO-HCpBBIX, OHU MOT'YT 6I>ITB B3aUMOCBA3aHbI, CCJIN UCIIOJB3YIOT
paBeHCTBAa M HEPABEHCTBA MPOU3BOJILHBIX OOBEKTOB, a TAKXKE MOPSIAKOBHIC CPABHEHUS YHUCEI.
Bo-BTOpBIX, OHH MOTYT OBITH CBsI3aHBI OJIaroAaps Crienu(pUIECKOMY CMBICIY BXOASAIIMX B HUX
NepeMeHHBIX U (PYHKIINH, MpUMep Yero MpUBEACH B pazaeine 2.3.

Jis  ompeneneHuss JNOCTIXKMMBIX KOMOWHAIIMK 3HAYEHUN DJIEMEHTAPHBIX YCIOBHHA B
uactpymenrax UNITESK Obi1 paspaboTan anroput™, MpeaCTaBicHHBIH B pasaene 2.5. On
MO3BOJISIET ABTOMATUYECKH YJAISATh K3 OTUYETOB O TMOJYYEHHOM TECTOBOM MOKPBITUU
HEJIOCTH)KMMbIE KOMOWHAIIMU, CYIIECTBEHHO COKpallas TeM CaMbIM TPYIOEMKOCTh aHalin3a
pe3yNbTaToOB TecTUpoBaHMs. V3BECTHBI MpPAaKTHUECKHUE MPHUMEPHI CHENUUKAINN, B KOTOPBIX
KOJIMYECTBO JOCTHXKMMBIX KOMOMHAIMIN YCIOBHI MCUUCISETCS COTHSIMH, U IPUMEPHO TaKOE JKe
KOJIMYECTBO KOMOWHAIIMI HETOCTMKUMO. B 3THX ciydasx pa3bupaTh BpYUHYIO, Kakue H3
HETMOKPBITHIX KOMOMHAITUH MOYKHO TTOKPBITh, @ KAKWE — HET, KpaliHEe TSIKEO0.
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OnucaHHbIi AJITOPUTM OIHUPACTCA HA YKA3aHHBIC IMOJIB30BATCIICM TABTOJIOTHMH, BBIPpAXXAKOIIUC
JIOTHYECKUE 3aBUCMOCTH MEXIY dJIEMEHTAPHBIMH YCIOBHsIMH. KpoMe TOro, HCIONTB3YIOTCS TaK
Ha3bIBA€EMBIC €CTCCTBCHHBIC TAaBTOJIOTNH, BBHIIIOJITHCHHBIC B BHGMCHTapHOﬁ TCOpHUU PAaBCHCTBA U
HEPaBEHCTBAa OOBEKTOB (PABEHCTBO SIBJISIETCS] OTHOIICHHEM SKBUBAICHTHOCTH M MIEPEHOCUTCS HA
BCE aTpUOYTHI PaBHBIX OOBEKTOB) HJIM B TEOPHUSAX TMOPSJIKA HA LENBIX WM JACUCTBUTEIbHBIX
gyucinax (C y4eToM MAIIMHHOTO TPEICTABICHUS 3TUX udmceln). [l aBTOMAaTHYECKOTO aHaln3a
€CTECTBECHHBIX TaBTOJIOTUI HCIOJIB3YIOTCA CHCI_[I/I(bI/I‘-IeCKI/IC AJITOPUTMBbI, OITUCBIBACMBIC B APYTUX
paborax.
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