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AHHOTauun

B craree mpencTtaBineH MOAXOA K MOCTPOEHHUIO apXUTEKTYyphl MHCTPYMEHTApHs MU TECTUPOBAHMS HA OCHOBE MOJEINEH,
UCTIONB3YIOIIETO COBPEMEHHBIE KOMITIOHEHTHBIE TexHoiormu. OnHa W3 OCHOBHBIX HEH, JEXalMMX B €0 OCHOBE —
IIPUMEHEHUE TEXHUK HEWHBA3UBHOM KOMIIO3MIMM, TIO3BOJIIONIMX C MUHHMAaJbHBIMHM 3aTpaTaMd UHTErPUPOBATh
MHO)KECTBO HE3aBHCUMO pa3pab0TaHHBIX KOMIOHEHTOB B CJIOXKHYIO CUCTEMY M EPEKOH(UTYPUPOBATh €€, He U3MEHsIS Ko/ia
KOMITOHEHTOB. Takke ONMCHIBACTCS MPOTOTHUITHAS PEan3aliu MPEAIOKEHHOTO IMoJX0/a Ha 0a3e CBOOOJHO JOCTYITHBIX
OMOIMOTEK M IPUMED €€ UCIIOIb30BaHMUS ISl IOCTPOCHHS TECTOB.

1. BeedeHue

VBenndeHne pazHooOpa3us M KOJIMYECTBA 3ajad, BO3JAraéMblX B COBPEMEHHOM MHpPE Ha
BBIUUCIIUTENIbHBIE CHUCTEMbI, NPUBOJUT K IOCTOSSHHOMY POCTY MX CJIOKHOCTHU U YCIIO)KHEHHIO BCEX
BUJIOB JESTEIBHOCTH, CBSI3aHHBIX C HMX IOCTPOEHHEM U colpoBoxiaeHueM. Ha pemenue mnpoOiewm,
CBSI3aHHBIX C O3TUM PpOCTOM CJOXHOCTH, HAleJIeHbl AaKTUBHO pa3BUBAIOLIMECS B IOCIEIHUE
JECSTUICTUST KOMNOHenmubvle mexuonozuu [1,2] mocTpoeHust Kak MPOrpaMMHBIX, TaK W amllapaTHBIX
COCTABJIAIOLINX BBIYMCIUTEIbHBIX CUCTEM.

[Ipy MX NOpPUMEHEHUU CHCTEMbI BBICTPAUBAIOTCS M3 OTHOCHUTEIBHO HE3aBUCUMBIX KOMNOHEHMOS,
KaX/IbIil U3 KOTOPBIX pelaeT Y3KMi Habop 3a7ad M B3aUMOJCHCTBYET ¢ OKPYKEHHUEM TOJBbKO uepes3
YEeTKO OIpeleleHHbI uHTep(delic, T.e. sBuserca moodyrem. IloMuMo 53TOro, mnporpaMMHbIE
KOMIIOHEHTHbIE TEXHOJOIMH OO0ECleYMBalOT COBMECTHYIO paboTy M OOJIETUYEHHYI0 HMHTETPaLUIo
KOMITOHEHTOB 0€3 HEe0OXOIMMOCTH CIEeLHaIbHBIX oOlepanuii cOOpKM M CBS3bIBaHUS (TOYHEE, ITH
OIEpaLliy BBIMOJHAIOTCS aBTOMAaTHYECKHM M 4YacTO Ha JIeTy, 0e3 mpepbIBaHHUsA pabOThl CHCTEMBI),
TOJIBKO 3a CUeT MOMEUICHHUS TOTOBBIX KOMIIOHEHTOB B OMHApHOM BHJE B PAMKH TEXHOJIOTMYECKOMN
MHOPACTPYKTYphl CHUCTEMBbl. B pe3yibpTrare KOMIIOHEHTBI MOTYT CO3JaBaTbCsi M IOAJIEPKHUBATHCA
COBEpIIEHHO HE3aBUCHMBIMH OPraHU3alMsIMU U Pa3pabOTYNKaMU, YTO JA€T BOZMOKHOCTh IOCTPOEHUS
BEChbMa CIJIOKHBIX CHUCTEM O€3 CYIIECTBEHHBIX pPACXOJ0B Ha TOIJEPKKY HX HHTErPUPOBAHHOMN
pa3pabOTKH U COMPOBOXKICHHUS.

KOMITOHEHTHBIE TEXHOJIOTUY MO3BOJIMWIINA 3HAUYUTENIBHO MOBBICUTH CJIOKHOCTb CO3/1aBAEMBIX ITPOIYKTOB
U U3JENHUI, OJHAKO MX Pa3BUTHE M PACHPOCTPAHEHHUE IOKA HE CONPOBOXKIAETCA COOTBETCTBYIOIIUM
IIPOrPECCOM B TEXHOJIOTUSIX KOHTPOJIS KadecTBa nporpammHoro obecnedenus (I10). B cBs3u ¢ atum
npo6sieMbl o0ecrieueHnsl KadyecTBa KOMIIOHEHTHBIX CHUCTEM, BKJIIOYAroIre oOecredeHne U MpOBEPKY
HAQ/IeKHOCTH M KOPPEKTHOCTH MX paOOThl, COBMECTHUMOCTH M 3alllMIIEHHOCTH, HE MOJIYy4aroT
a/IeKBaTHBIX TEXHOJIOTMYECKUX PEIICHUH, a JIMIIb YCYT'YyOJIIIOTCSl ¢ BO3PACTaHUEM CIIOKHOCTHU CHCTEM
U OTBETCTBEHHOCTH PEIIAEMbIX UMH 3a1a4.

HcTouynukoM Takux MpoOJIeM CIYXHUT OOBIYHO YpEe3BBIYAITHO BBICOKAs TPYJOEMKOCTb IPOBEPKU
KOPPEKTHOCTH IOBEACHUS CUCTEM IIPU HEJIIMHEWHO PACTYLIEM C YBEJIMYEHHEM YHCIAa KOMIIOHEHTOB
KOJIMYECTBE BO3MOXKHBIX CLIEHAPUEB MX B3aUMOJEHCTBHUS M CIIOXKHBIX, YAaCTO HESABHBIX CBS3EH W
3aBUCUMOCTEN MEXIYy HUMHU. B CBOIO ouepenb, 5TU TPYIHOCTH UMEIOT CIEAYIOIIUE IIPUYUHBIL.

e CnoXuBIIascsl MPAKTHKA HETIOJTHOTO ¥ HETOYHOTO ONMHMCAHUS WHTEPHEHCOB KOMIIOHEHTOB. DTH
HETOYHOCTH W HEMOJHOTa M TMPUBOIAT K BO3HMKHOBEHHWIO MHOXKECTBA TPYAHOYJIOBHUMBIX
3aBUCUMOCTEH MEXIy KOMIIOHEHTaMH, MPOSIBISAIOLIMXCS MPU 3aMEHE KOMIIOHEHTOB Ha HX
HOBBIE€ BEPCUH WJIM HA aHAJIOTU OT APYrUX MOCTABIIMUKOB. /[€10 B TOM, 4TO MONHBIN HHTEpGeiic
MOAyJsA, Kak OH ToHMMajcs B paborax Ilapuaca [3], omHOTO W3 OCHOBOMOJOXHUKOB
MOJYJIBHOTO moaxoaa K paspabotke 110, nomkeH 3agaBaTh HE TOJNBKO €r0 CHHTAKCUYECKYIO



CTpyKTypy (MMeHa peajqu3yeMbIX OIEpalui, THUIBI HMX MapaMETPOB M PE3yJIbTaToB, U
COOTBETCTBYIOIINE CTPYKTYPHI JJAHHBIX), HO U CEMAHTHKY (TpaBHiia UCIIOIb30BAHUS ONEpaIiii
U OKHIaeMOE B OTBET MOBEeHHE MOYJIs1). Ha mpakTuke ske 00BIYHO OrpaHUYHUBAIOTCS TOJIBKO
¢uKkcanuel CHHTaKCHUCa, CEMAHTHUKA OIMUCHIBACTCS, /1a U TO, Yalle BCEro HE IMOJIHOCThIO U HE
BIIOJIHE OJHO3HAYHO, TOJBKO JJIsi MHTEP(ECOB, BXOISIINX B CHCTEMHBIC OUOIMOTCKH U
MMEIOIIUX JIOCTATOYHO JOJITYI0 UCTOPHIO McHoib30BaHus. C TakuMu uHTepdeiicaMu 0ObIYHO
CBSI3aHBI BBICOKME PHCKHM M HAKIQJHBIE pacXoipl B ClIydae HECOBMECTUMOCTH HWIIU
HEKOPPEKTHOTO B3aMMOJCHCTBUS KOMIIOHEHTOB, HCHOJB3yIOmMX uX. OpHako «MeHee
PUCKOBAaHHBIX» WHTEP(DENCOB, IJIsI KOTOPHIX CEMaHTHYECKHE TPEOOBaHHWS HE OMHCHIBAIOTCS
coBceM WM (UKCHPYIOTCS B BHJE OAHOM ¢pas3pl, YyKa3bIBAIOUIEHI UX OCHOBHYIO
(YHKIIMOHATTBHOCTh B HOPMAJIBHOW CHUTYaIlMH, Tropa3go OOJbIle, W MEHBIIHUE PACXOJIbI,
CBSI3aHHBIE C OTACNBHBIMH OIIMOKAMH, B CyMME JAlOT OYE€Hb 3HAYUTENbHYIO BEIUYHHY. B
2002 rogy romoBbie MOTepU OJHOW TONBLKO 3KOHOMUKH CIIIA OT MHOTOYHMCICHHBIX OMIMOOK B
1O 6butH oreHeHb! B 60 MULTHAPAOB 10JU1apoB [4].

e TpyaHocTH WHTErpalMu B TEXHOJOTHYECKHME mporecchl pa3padbotrku [1O  cpeacts
BepUUKALMK U TECTUPOBAHMS HA COOTBETCTBUE TpeOoBaHMsAM. Takue cpeacTsa mo Oojblen
YaCcTH MPEACTABICHBI B BUJE «MOHOJIMTHBIX)» HHCTPYMEHTOB, PEATU3YIOMIMX OOJIBIIIOE YUCIIO
pa3zHoo0pa3HbIX (GYHKIUH, OT odopMiIeHHs TPeOOBaHMIA 10 CO3/IaHUS OTYETOB O MPOBEIECHHOM
tectupoBaHuu. [IpudeM HAOOp NEATEIBHOCTEH, BBIMOIHICMBIX B XOJ€ KOHTPOJISI KAa4yecTBa,
CBS3M MEXKIY HUMH, a TAaKXKe IMOANCPKUBACMBIE TCXHUKH BEpU(UKAINNA W TECTHPOBAHUS,
OTIpEeICTSAIOTCA Pa3padOTYMKaMU MHCTPYMEHTAa U HE MOTYT OBITh M3MEHEHBl M PACIIUPEHBI
CKOJIb-HUOY/Ib CYIIECTBEHHBIM 00pa3oM. bosee Toro, B mocienHee BpeMsi MHOTHE KOMITAHHU,
IpenocTaBisAImue cpeactBa pa3paborku [1O, mpemmaraloT HHTETPUPOBAHHBIC PEIICHUS,
OXBAaTBHIBAIONIME MPAKTUYCCKH BECh TIPOIECC pa3pabOTKH, MPUYEM BKIIOYCHHE B HUX
MIOCTOPOHHUX, 3apaHee He MPEAYCMOTPEHHBIX TEXHHUK M CPEACTB HEBO3MOXHO, JHOO OUYeHBb
TpynoeMko. Bmecte ¢ Tem, mporecchl pa3padotku [1O B pasHbIX OpraHu3anusx CHIBHO
pa3nuyalTCa, B CBSI3M C OTIIMYMSMU B CO3/1aBa€MbIX HWMH Nporpammax, B TpeOOBaHMSIX
KIIMEHTOB W CIoco0ax B3aWMOJCHCTBHS C HUMH, B HCIOJIB3YEMBIX OM3HEC-MOJEISIX U T.H.
[ToaTromy Bce Oonee BOCTpeOOBaHBI HMHCTPYMEHTHI pPa3pabOTKH, HMEKOIIHNE MOIYIbHYIO
ApPXUTEKTYPy, CIIOCOOHBIE ¢ MHUHUMAIBHBIMH HAKJIQJHBIMH PacXOoJaMH HHTETPHPOBATHCS C
IpYyTMMHU HMHCTPYMEHTAaMH W BKJIIOYAaThb MOJYNH, pealu3ylollhe TepeaoBble, Oomee
3¢ (HeKTHBHBIC TEXHWKHU BBHITIOJHEHHUS OTIEIBHBIX BUIOB JeATeIbHOCTH MO paspabotke I10.
Otu TpeOoBaHUS MOKHO CYMMHPOBATh TaK: HHCTPYMEHTHI pa3paboTKU CIOKHBIX CHCTEM TOXeE
JOJDKHBI  OBITh KOMIIOHEHTHBIMA UM OOJIeT4aTh CBOE BKJIIOYCHHE B Pa3HOOOpa3HbBIC
TexHoJoruueckue 1enodku. Cpeau cpeacTB BepUbUKAMKM TaKUMH CBOWCTBAMHU IOKa
00JIaaf0oT JIMIIb HMHCTPYMEHTBI MOOyabHo20 mecmuposanus (Unit testing) [5], cambiM
W3BECTHBIM M3 KOTOPBIX siBisercss JUnit [6], MOIYTbHBIX MHCTPYMEHTOB, MOACPKUBAIOIINX
0ojiee CIIOXKHBIC BUABI BepU(DHUKAIMM WM TECTHPOBAHUE HA COOTBETCTBHE TPEOOBAHHSM,
MIPAKTUIECKH HET.

e OrcyTcTBHE NOAAEPKKHA MACIITAOHOTO MHOTOKPATHOT'O MCIIOJIb30BAaHUSI BOSHUKAIOIIUX B XOJ€
KOHTPOJIsSI KauecTBa apTeakToB — TECTOB, BEpUPHUIIMPOBAHHBIX YTBEPKIECHUHN, MOJIeNIel U TIp.
Orta mnpobiieMa OCOOCHHO Ba)KHA HMEHHO /ISl KOMIIOHEHTHBIX TEXHOJOTHH, MOCKOJIBKY
BepU(UKalLMg OJHOIO KOMIIOHEHTAa 4alle BCEro MMEET MPHUEMIIEMYI0 CTOMMOCTb, B €€ XOJe
CO3JIAI0TCSl MHOTOUYHMCIIEHHBIE BCIIOMOTaTebHbIe apTe(akThbl, a MCIOJIb30BaTh UX Jlayee Mpu
IIPOBEPKE B3aMMOJICHCTBYIOIIMX KOMIIOHEHTOB WU ropas3fo 0ojiee JOpOrocTosIieM KOHTPOJIEe
KayecTBa CHCTEM, BKJIIOYAIOIIMX MPOBEPEHHBIN KOMIIOHEHT, yke He ynaaercs. ObecreueHue
MHOTOKPAaTHOTO HCIOJb30BaHUS TaKUX apTe(akToB MO0 Obl 3HAYWUTENbHO CHHU3UTh
U3JIEPKKHU Bepudukauu komnoneHntHoro I10.

HpeOI[OJ'ICTB BO3HHUKAONIUE TPYAHOCTH MOXKHO C IIOMOIIBIO KOMNOHEHMHbIX mexHoio2ull
eepuqbukauuu MNpOrpaMMHBIX U allllapaTHBIX CHCTCM. Takue TeXHOJOTHH IO3BOJHINA OBl HE3aBHCHMO
MIPOBEPATE KAa4Y€CTBO OTACIBHBIX KOMIIOHCHTOB B COOTBCTCTBHU C Tpe6OBaHI/IHMI/I K HHM, H



HCIOJIb30BATh MOJYYaCMbIC IIpU 3TOM MOACIHU, TCCTBI W IIp. IAJIA Ooitee AKKYPAaTHOI'O KOHTPOJIA
KOPPEKTHOCTH HX HHTETpallMMd MW KadceCTBAa KOMIIOHCHTHBIX CHCTEM, IIOCTCIICHHO HapaliuBasa
KOJIMYCCTBO MPOBCPCHHBIX KOMIIOHCHTOB, MOACUCTEM, PaA3JINYHBIX Tpe6OBaHI/II>'I K CUCTEMC B IICJIOM.
bonee JA€TaJIbHO, HO,I[O6H35[ TCXHOJIOIHsA JOJIXKHaA O6J'IaI[aTB CICAYIOIUMHU XapaKTCPpUCTUKAMMU.

e IlpenocraBisTh CpeACTBA OIpeAeieHuss TpeOyeMbIX CBOWCTB OTAEIBHOTO KOMIIOHEHTA,
BKJIFOYAIOIMX TPEeOOBAaHUS KOMIIOHEHTa K €ro OKPYKEHHIO M €ro OTBETHbIE 00s3aTebCTBA,
MIPEJOCTABIIIEMbIC UM CITYKOBI U MX XapaKTEPUCTUKH.

e JlaBaTh BO3MOXXHOCTb HCIIOJIb30BaTh T€ K€ CPEICTBA A (PUKcAMU HEOOXOAMMBIX CBOMICTB
HOJCUCTEM, OOBEIMHSIONIMX B ce0e HECKOIBKO KOMIOHEHTOB (M IPYrHX MOACUCTEM).

e [IpenocraBisTh HUHCTPYMEHTAPUN JJI1 HE3aBUCUMOM IPOBEPKU KOMIIOHEHTOB U IOJCUCTEM Ha
COOTBETCTBUE TPEOOBAHUSAM K HUM.

e (OO0ecreunBaTh KOHTPOJb B3aMMHOIO COOTBETCTBMSI B3aUMHBIX TPEOOBaHMH U 00s3aTEIbCTB
KOMIIOHEHTOB M ITOJICUCTEM IIPU UX UHTErPallMi U COBMECTHOH paborTe.

o [Ilo3BomAaTh 3(1)(1)CKTI/IBHO HCIIOJIB30BATh PE3YJIbTAThl HPOBCPKU OTACIBbHBIX KOMIIOHCHTOB U
MOJICUCTEM M HapaboTaHHBIE B €€ XOJle¢ MaTepualibl B BHAE (OPMalbHBIX MOJENEH,
OIpaHUYEHUI HCHOJB30BAHUSA, BEPUPUIMPOBAHHBIX YTBEPXKIEHUH, TECTOB M T.I. B
HCHU3MCHHOM BUIC ITPHU KOHTPOJIC KAYCCTBA BKIIOYAOIINX UX IMOACUCTEM U CUCTCM.

[ToMUMO 3THX CBOWCTB, YTOOBI TOJYYUTh MPU3HAHHUEC HA MPAKTHKE, KOMIIOHEHTHAs TEXHOJOTHS
BepU(PUKALUN JODKHA OBITh PACHIMPEHUEM OJHON W3 CYIIECTBYIONIMX KOMIIOHCHTHBIX TEXHOJIOTUN
pa3pabOTKKU M 3a7elCTBOBATh 1O OOJIBIICH YacTH €€ 3JIEMEHTHI, y)KEe 3HAKOMBbIC W TPUBBIYHBIC IS
pa3paboOTIYHKOB.

CBoiicTBa TEXHOJIOTUH, CBSI3AHHBIE C €€ TMOKOCTHIO, BO3MOXKHOCTBIO MCIOJIB30BAHUS JIS PELICHUS
LIMPOKOTO MHOXECTBA 3a/lay, BO MHOIOM OOYCIIaBJIMBAIOTCS JIXKalllell B €€ OCHOBE apXUTEKTYpOil,
oIpeeIAoNei o0IIy0 opraHu3aiuio padoT, BXOAHbIE U BBIXOAHbIE JaHHBIE Ha KaxaoM dTane. s
KOMITOHEHTHON TEXHOJOTMH apXWUTEKTYpHbIE pellleHus eme Oosiee 3HAaYMMbl, IIOCKOJIbKY OHHU
HEMOCPEJCTBEHHO ONPEACTA0T CHCTEMY MpPaBUI CO3[JaHMs, pa3BUTHS M J0OaBJIEHUS HOBBIX
KOMIIOHEHTOB, HMX pPa3sHOBHMJIHOCTH, IIa0JOHBI OpraHU3alMM WX B3aUMOJIEHCTBUN, BO3MOXKHBIE
KOH(MUTYpaluu U mp.

B nannoit paGoTe mpeacTaBieHbl HEKOTOPHIE DJIEMEHTHI KOMIOHEHTHOW TEXHOJOTHU BepHU(UKAIUH,
WCIOJNIL3YIONIEH METO/bl TeCTUPOBAaHUS HAa OCHOBE MoOJeled M Oa3upyromleicss Ha KOMIOHEHTHBIX
TeXHOJIOTHSX TUIaThopMbl Java, OJIHAKO TIPEACTABJICHHAS TEXHOJIOTHS HAaXOJMWTCS B TIpoliecce
CO3/IaHHS U B OKOHYATEIHHOM BHJE TOKa He copmupoBaHa. OCHOBHAsS K€ YacTh CTaThH MOCBSIICHA
apXUTEKTypHOMY Kapkacy (framework) 5Toil TeXHOJIOTMH, BKIIOYAIOIIEMY €€ HHCTPYMEHTaJIbHbIE
OuOIMOTEKH, a TaK)Ke HA0Op OCHOBHBIX THIIOB KOMIIOHEHTOB M MPaBUJIa UX HHTETPALMU. DTOT KapKac
MOXET OBITh MCIOJIB30BaH B HECKOJBKO OOJIEe MIMPOKOM KOHTEKCTE, UeM cama TEXHOJIOTHs, TTOITOMY
11€J1ecO00pa3HO UMETh €ro OT/AEIbHOE OMHCaHUE.

W3noxeHne opraHu3oBaHO CIEAYIOIIAM o0pazoM. Bo BTOpoM pasmene paccMaTrpuBaeTcsi MOIXOM K
TECTUPOBAHUIO HAa OCHOBE MOJENIeH, aHAIM3UPYIOTCS €ro TpeOOBaHUS K  apXUTEKType
MOJIICP)KUBAIONIETO WHCTPYMEHTApUSl W pealm3alus JTHX TpeOOBaHMH B yKE HMEIOIIUXCS
MHCTpYMEHTax. 3aTeM (HOpMYyIUPYIOTCS MPHHLMIB KOMIOHEHTHOM pa3pabOTKU W HpeACTaBISIOTCS
OCHOBHBIE JJIEMEHTHI IMPEUIaraéMoro apXUTEKTYpHOTo Kapkaca. Jlamee omucaH HEOOJBIIOW TpUMep
CO3JIaHMsI TECTOB C €r0 MOMOIUIbIO0. 3aKIIOUYEHUE CTaThU PE3IOMHUPYET €€ CojiepKaHue U 0OpHCOBBIBAET
HaTIPaBJICHUS TaTbHEUIIIETO PAa3BUTHS U3JT0KESHHBIX HIICH.

2. TecmupoeaHue Ha ocHoge ModeJsieli U UHCMPYMeHMbl mecmupoeaHusi

Tecmuposanue na ocrnose mooener (model based testing) [7,8] mpencraBnser coboit momxom K
TECTHPOBAHUIO, B paMKaX KOTOPOTO TECThI CTPOSITCS BPYYHYIO, aBTOMATH3UPOBAHHBIM 00pa3oM HIIH
TEHEPHUPYIOTCS TIOJIHOCTHIO aBTOMATHUYECKH HAa OCHOBE MOOenu Nno6edenusi TECTUPYEMON CHCTEMBI U
Modenu cumyayuil, CBI3aHHBIX C e¢ pabOTOi.



e  Mooenv noseoenus (behavior model) popmanusyer TpeboBaHMs K TECTUPYEMOil CUCTEME, T.C.
OIKMCHIBACT, KAKME BHENIHUE BO3JCHCTBUS Ha HEE€ B KaKMX CHUTYALUSX IOMYCTHMBI, M KaK OHa
JI0OJDKHA pearupoBaTh Ha 3TH BO3JCHCTBHS, KaK OHa JOJKHA paboTaTh.

Moyens TOBEAEHHsT CITYKHT OCHOBOM it mecmoeozo opaxyia [9-11] — KoMItoHeHTa WA
MPOLIEAYPHI, IPOU3BOIAIIEH OILIEHKY IOBEICHHSI CHCTEMBI BO BPEMSI TECTHPOBAHHUSL.

Yaie BCEro MpH TECTUPOBAHMH HCIIOJIB3YIOTCS MOJEIM B BHJE aBTOMAaTOB Pa3sHOrO BHjA:
Hanbojiee MPOCThIe KOHEYHBIC aBTOMATHI, PACIIHPEHHBIC aBTOMATHI, CHCTEMbI MOMEUCHHBIX
nepexozoB [7], Statecharts [12,13], Bpemennsic aBromartsi [14,15] u T.1. OmHako B Takom
Ka4eCTBE MOKHO  HCIIOJIb30BAaTh  JIPyrHe€  Pa3sHOBHIHOCTH  MOJENEH: KOHTPAaKTHBIE
crien(UKAUKM B BUJE NPEA- W MOCTYCIOBHU OIEpaluii, airedpandeckue crennpuKaiui B
BUJI€ NPABWJI SKBUBAJCHTHOCTH Pa3/IMYHBIX IIEMOYEK BHI30BOB OIEpalliii, TPaCcCOBbIC HIIH
CIIEHapHBIE MOJICIM, OIKMCBHIBAIONIME BO3MOXHBIE IOCIIEIOBATEIBHOCTH BO3JICHCTBUN H
peaKunii CUCTEMBI.

o Mooenv cumyayui (Situation model) dopmanusyer CTPYKTYpy BO3MOXHBIX TECTOBBIX

CHUTYalUil, COCTABISIONIMMH KOTOPBIX SIBIISIFOTCSl BHEIIHUE BO3ACHCTBHS M COCTOSHHS CaMoii
CHCTEMBI U €€ OKPYXCHUsI, OTPEICIIeT Pa3InYHbIC KJIACCHI CUTYAI[Mid U UX BAKHOCTH C TOYKH
3peHust KOHTpoJs KadecTBa. OOBIMHO Takas MOJENb OHpeNelisieT KOHEUHbI HabOp KIIaccoB
OKBUBAJICHTHOCTH CHTYAIMi, MOAPa3yMeBasi, YTO MPHU TECTHPOBAHUH JOCTATOYHO MPOBEPHUTH
paboTy cucTeMbl XOTsI Obl B OJHOM CHUTyallMH W3 KaKAOro Kiacca. JOCTATOYHO YacTO TaKkKe
JUIS 337JaHKsI MOJIENIHM CUTYallMi UCTIOJIb3yeTCs KOHEUHBIM HAOOp 3JIeMEHTapHbIX COOBITHIH, Ipu
ITOM KaXK[asi CHTYallusi COOTBETCTBYET HEKOTOPOMY MHOXKECTBY TakHX coObITHH. [IprMepom
TAKOTO COOBITHSI MOET SIBJISTHCS BBIMOJHEHHUE 33aHHOW MHCTPYKIUU B KOJC TECTUPYEMOIl
cuCTeMbl. B OoJiee CIOXKHBIX CIydasix ONpe/essieMble KJIACChl CUTYallUil MOTYT MepeceKkaThes,
U UM MOTYT MPHUIUCHIBATHCS MPHOPUTETHI M BeCa, MOKA3bIBAIOIIAE, HACKOIBKO BAXHO
HPOBEPUTH OJIHY M3 CHUTYyaIHii TAKOTO KJlacca.
Mopens cuTyanuil UCIONB3yeTCs ISl PEIICHUsI IBYX TECHO CBSI3aHHBIX 3a7a4: OIPEICIICHHUS
Kpumepus. a0eKamuocmuy WA noaHomsl mecmupoganusi [16] u omnpeneneHuss YHCIOBBIX
METPHUK MOJHOTHI TECTUPOBAHHS. 3aMETHM, YTO TIO]{ TIOJIHOTOM TECTUPOBAHMUS 371€Ch UMEETCS B
BUJly YIOBJICTBOPEHHE OIPEICICHHOMY KpUTEpuio (CckaxeMm, aoctikeHue 80% MOKpPBITHS
KOJa), @ COBCEM HE HMCUEPIIBIBAIONIMI TMepeOOp BCeX MPAKTHUECKH BO3MOKHBIX CHTYAI[Hd.
Kputepuii moNMHOTBHI TECTHPOBAHUS 3a7aeT CBOWCTBa HAOOpa TECTOB, MO3BOJISIOIINE CUMTATH
ero JOCTaTOYHO XOPOLIO MPEJICTABIIIOIINM pa3sHOOOpa3HOE IMOBEICHHE MPOBEPsSeMO
CHCTEMBI JJIsl PEIICHUs] HEKOTOPOro Kpyra 3ajiad W OOJblIe TECTOB HE CO37aBaTh. MeTpUKH
MOJTHOTHI TECTOB MPEJICTABIISAIOTCS B TEPMUHAX MPOIIEHTHON JOJIM MPOBEPSCMBIX UMH KIIACCOB
cutyanuii pasHpix BHIOB. OOBIYHO B KayeCTBE KPUTEPHs MOJHOTHl TECTHPOBAHUS
YCTaHABIIUBACTCS JTOCTHKEHHE KAKOTO-TO 3HAYECHHs] METPUKH, HO TPH 3TOM CaMO 3HAYCHHE
METPUKH OBbIBaeT TIOJIE3HO 3HATh JOMOJHHUTENbHO. Yalne BCero MOJHOTa TECTHPOBAHUS
OMpENeNseTCs] Ha OCHOBE MOKPHITUS KJIACCOB DKBHBAICHTHBIX CHUTYAI[MH MM SJIEMEHTApPHBIX
COOBITHI, M B OTHX CIIy4asX TOBOPAT O Kpumepuu mecmosoeo NOKPbIMus, MempuKe
mecmogo2o NoKpvlmus, a TOCTUTHYTBHI B XO0J€ TECTUPOBAHHS MPOLCHT MOKPHITHIX KIACCOB
CHUTYalUil Ha3bIBAIOT MeCmMOBbIM NOKPbIMUEM.

[TocTpoeHne TecTOB Ha OCHOBE MOJIENEH 3aKIIOYaeTcsi B TOM, YTO CO3/aeTcs (M3BJIEKAETCAd U3
MIPOCKTHBIX JTOKYMEHTOB HJIH, PEKE BCETro, OEepeTcsl OTKyJa-TO B TOTOBOM BHJE) MOJENh MOBEIACHUS
TECTUPYEMOW CUCTEMBI, CO3/AETCA MOJENb CUTYalLMi, OTPAKAIOIIAs OCHOBHBIE IPUOPUTETHI U PUCKHU
MpOEKTa M, Yalle BCEro, MCHOJIb3YIOWAas CTPYKTYPHBIE 3JIEMEHTHI MOJENW TOBEICHHS, M 3aTeM
cTpouTcsi (TeHepHpyeTcsi aBTOMATHUYECKH, CO3JIaeTCs BpPYUYHYIO, WM  pa3pabarhiBaeTcs C
CYIIIECTBEHHONW TMOMOIIBI0 MHCTPYMEHTOB) KOMIIJIEKT TECTOB, MPOBEPSIOIMIUX COOTBETCTBHE MEXKIY
peabHBIM TIOBEJIEHUEM TECTUPYEMOI CUCTEMBI U €€ MOJIeJIbI0 MoBeAeHUs. [Ipy 3TOM TecToBBIN HAOOP
CO37aeTCsl TaK, YTOOBI OH YAOBJIETBOPSII KPUTEPHIO IMOJTHOTHI TECTUPOBAHUS, 3aJJAHHOMY MOJIEIIBIO
CUTYyalUH.

HCHOJ’IBSyeMBIe AJIA MOCTPOCHUA TECTOB METOAbI MOXKHO Pa3ACJINTh TPU THUIIA.



Beposmnocmuvie  memoObi  WUCTONB3YIOT — IICEBJOCIYYallHYIO  TEHEepaluio  JaHHBIX
3JIEMEHTAPHbIX TUIIOB, IICEBJOCITY4YalilHOE KOMOMHUPOBAHHUE UX B 00JI€€ CII0XKHBIE CTPYKTYPBI U
IICEBJIOCTYYalHyl0 K€ TIE€HEpalUIo I0CJIEI0BaTEIbHOCTEH TECTOBBIX BO3JCHCTBUM, eciu
HEOO0XOAMMO MPOBEPATHh IOBEJECHUE CHCTEMBbl B pa3HbIX COCTOSHMAX. IIpu 3TOM mHOIHOTY
TECTUPOBAHUS CTAPAIOTCS OOECIIEYHUTD 32 CUET OOJBIIOT0 KOJIMYECTBA Pa3HOOOPa3HBIX TECTOB,
TaK Kak [IOCTPOEHHUE KaX 100 OT/IEIHOIO TeCTa TpeOyeT HeOOIbIINX 3aTpaT.

Hayenennvie Mmemoowvl, HA000pOT, CTPOST TECTOBbIE JaHHBIE U IIOCIEIOBATEILHOCTU
I[eJICHAPABJICHHO, TaK, YTOOBI T€ YIOBIIETBOPSUINA OINPEACIICHHBIM CBOMCTBAM, Yallle BCET0 —
pEaIN30BBIBAIM CUTyallUM M3 OINPEICIICHHBIX KIACCOB, 3aJaBA€MbIX MOJCIBIO CHTYalUi.
Kpurepuii moaHOTHl TECTUPOBaHUSA IPU HCIOJIb30BAHUM TAaKUX METOJOB YIOBIETBOPSIETCS
OJM3KUM K MUHUMAJIbHOMY KOJMYECTBOM TECTOB, HO IOCTPOEHUE KaXAOr0 TecTa OOBIYHO
TpeOyeT 3HAUYUTETbHBIX YCUIIMH YeTOBeKa U/WUJIH 3aTPaT BEIYUCIUTEIbHBIX PECYPCOB.

Kombunamopnvie memooOs CTpOST TECTOBBIE JaHHBIE W IIOCIEIOBATEIBHOCTH C MOMOIIBIO
KOMOMHUPOBaHMsI PA3JIMYHBIX THUIOB HX O3JEMEHTOB IO OIpeleleHHbIM cxemaM. OHu
3aHMMAIOT NPOMEKYTOYHOE MOJO0XKEHHE: Ha CO3/1aHHE OJHOTO TECTa HY)KHO CYIIECTBEHHO
MEHBIIEC YCWIHI, 4eM TIpH HAIeJICHHOM IIOCTPOSHHH, HO HECKOJBKO OOJbIle, YeM IIpH
BEPOSITHOCTHOM. TeCTOBBI HAOOp IMOJIydaeTcss 3HAUUTENBHO OOJbIIE, YeM MPU HAlEICHHOM
TECTUPOBAHWU, HO MHOTO MEHBINE, YeM IIPH BEPOSTHOCTHOM, XOTS B HEM U JIOCTHTaeTCs
Oonbiee pasHooOpasue. Kpome Toro, KOMOMHATOPHBIE METOJII OOBIYHO TAPAHTUPYIOT, YTO B
MOJYYEHHOM HabOpe HET COBEPILEHHO MJICHTUYHBIX TECTOB, KOTOPBIE OYEHb YaCTO BO3HUKAIOT
B CIy4YailHO CreHepupOBaHHBIX Habopax. HekoTopple KOMOWHATOpHBIE  METOJIBI,
ucronp3yonme 3pHEeKTHBHYIO (GHIBTPALNIO «IUIIHUX», HE BHOCAIINX COOCTBEHHBIN BKJIAJ B
JOCTHMOKCHUE IIOJIHOTbBI TECTOB, BIIOJIHE COIIOCTaBHMbI C HAICJICHHBIMHU METOAAMHU IIO
XapaKTEePUCTHKAM II0JIy4aeMOro TeCTOBOro Habopa. IIpumepom cirykaT TEXHUKH MMOCTPOCHUS
TECTOB HAa OCHOBE aBTOMAaTHBIX MOJENEH, CO3/aloIne TeCThl B BUJe Habopa myreil mo rpady
Nepexo70B aBTOMAaTa, MUHUMH3UPYS €ro C TOYKHM 3pEHHs] MOKPBITHS M TPOBEPKU BCEX
BO3MOKHBIX COCTOSHUI U Nnepexoa0.s.

2.1. TpeboBaHus K NpeacTaBNeHUAM Moaeren

NHCcTpyMeHTBI, TOAEPKUBAIOIINE TECTUPOBAHUE HA OCHOBE MOJIEINIECH, JOJDKHBI padoTaTh ¢ KaKUMU-
TO MPEICTABICHUSAMHU MOJEIEN NOBEICHHUS W MOJENed curyauuil. s MOJHOUEHHOW NOANEPKKHU
ATOTO MOJAX0/a K TECTUPOBAHUIO M TIOBBIIIEHUS YI00CTBA €r0 UCIIOIh30BAHUS B TIPAKTUKE Pa3pabOTKH
[10, >Tu mpencTaBiIeHUs JOMKHBI 001a/1aTh CIIEAYIOIUMU CBOMCTBAMH.

Mopenu noBeneHus.

o Cpexactsa i ONMMCAaHUS TPSOOBAHUIA B Pa3HBIX CTUIISX, KAK MUHUMYM B BHUJE YHCTHIX
JeKJIapaTUBHBIX OTPAaHUUYEHUH (YTBEPKIACHHUHN O CBOMCTBAX BXOJHBIX JIAHHBIX OTEpaIlHii
U WX pPEe3ylbTaTOB), B BHJEC KOHTPAKTHBIX crenudukammii (mpea- W TMOCTYCIOBUI
orepanuit), UCIONb3YIOIIMX MOJEIbHOE COCTOSIHME, B BMJE HCIOJHUMBIX MOJENei,
OTIPEIETISIONINUX CIOc00 paboThl MPOBEPSEMON CHCTEMBl Ha 0OJiee BHICOKOM YPOBHE
abctpakiuu. 910 TpeboBaHHE 00YCIOBICHO HEOOXOAUMOCTHIO, C OJTHOM CTOPOHBI, KaK
MOXKHO OoJyiee SICHO OTpakaTh HWMEIOIIMecss TpeOoBaHUs, C(HOPMYIHMPOBAHHBIE Ha
€CTeCTBEHHOM sI3bIK€, M, C JpPYrod CTOPOHBI, JIOIYCKaTb BO3MOXKHOCTh HX
nepeOpMyIHPOBAHUS B JPYTOM CTHIIE B XOJ€ IMOCTPOSHHS MOJEJEH, TOCKOIBKY OHO
MO3BOJISIET BBIIBUTh HETOYHOCTH, PACCOTJIACOBAHMSI M HEMOJIHOTY B HMCXOJHBIX
TpeOOBaHUSAX U YIIIyOUTh UX MoHUManue [17].

o CpexactBa amns SBHOTO YKa3aHHS CBS3EH C JOKYMEHTaMH, COJEPKAIIMMH TPEOOBAHHUS, U
CTaHJApTaMH, €CIIM OHH OTHOCATCS K TIPOBEpsSEMOW cucTeMe. Takue CBS3H
WCIOJIL3YIOTCS JIJIsl IPOCIICKUBAHUS HCXOIHBIX TPEOOBAHUI U YCTAHOBJICHHS TOTO, YTO
BCE HEOOXOIUMBIC OTPaHUYCHUS JCHCTBUTEIBHO MPUCYTCTBYIOT B MOJEIH, & JUIITHUX



OrpaHWYCHUN B HEM HET. B JalbHEWIEeM OHU K€ IO3BOJSIOT IIPOCIEOUTH CBS3HU
TpeOOBaHUH C MMOJyYCHHBIMH aBTOMAaTHYECKU TECTAMH.

o0 Bo03MOXHOCTb aBTOMaTH4ECKOI'0 IPE0Opa30BaHUs MOJEIIEH B TECTOBbIE OPAKYJIbL.

o BO03MOXHOCTP HCIONB30BaHMS CTPYKTYpbl MOJEIEH IJIsl OIpPENEICHHUsS KPUTEPHEB
TECTOBOT'O IIOKPBITHS.

o Crout noxepKuBaTh BO3MOXKXHOCTU MCIIOJIB30BAHMS TAKUX MOZEIEH B PaMKaxX APYTuX
TEXHUK BepUDUKAIUH.

o Ilone3na Takxke BO3MOXKHOCTh MPEOOpa30BaHMs MOJIENH MOBEJCHHS B OJIHO3HAYHYIO U
HOJHYIO JOKYMEHTAIHI0 Ha MOJEIupyemyro cuctemy. OIHAKO CIOCOOBI peann3aliu
3TOM BO3MO>KHOCTHU OCTAIOTCS 32 PAMKAMU JIaHHOU paOOTHl.

e Moaenu cutyanuu.

o Cpexactpa il ONUCAHUS CUTYAIlNi, CBSI3aHHBIX C PA3JIMYHBIMU aCTIEKTaMU MMOBEACHUS U
CTPYKTYpBI TECTHUPYeMO# cucteMbl. Ha mpakThke KpUTEpUH MOJHOTHI TECTHUPOBAHUS
UCIOJNIL3YIOT Pa3HOOOpa3HbIe CBOWCTBA [JISl XapaKTePU3aLUU CUTYALUN: CTPYKTYpYy
BXOJHBIX JAHHBIX M PE3YyJbTATOB, BHYTPEHHHE COCTOSHUS CHCTEMBI, BBITIOJHIEMbIC
MHCTPYKLUMU KOJA W BbI3bIBa€Mble BHYTPHU (PYHKIMH, MIA0JIOHBI Mepenaydl AaHHbBIX
BHYTPH CHCTEMBbI, IIA0JIOHBI B3aUMOJCHCTBHUSL PA3JIMYHBIX YaCTe CHUCTEMBI MPHU
BBITIOJTHEHUH OMNEpallii, XapaKTEPUCTUKUA OKUIAEMOTrO IOBEIEHHUS, BO3MOXKHBIC
OIHUOKHU B CUCTEME U TIP.

o CpexactBa A SBHOTO YyKa3aHUs CBSI3€H OIpeNEIseMbIX KJIACCOB CUTYallUH C
UCXOJTHBIMU TPEOOBAHUSIMH K CHCTEME.

o Bo03MOXXHOCTH aBTOMAaTHYECKOTO MPeoOpa3oBaHUsI B KOMIIOHEHTHI, OMPEIEISIOIINE
KJIACC TEeKYIIEH CUTYyalllH, U3MEPSIOILIUE IOCTUTHYTOE MMOKPBITHE.

o Bo03MOXHOCTH aBTOMAaTHYECKOTO W3BJICUYEHUS U3 OINUCAHMUS KIJIACCOB CHUTYallU
OrpaHWYEHUI Ha BXOJIHBIE JAHHBIE U COCTOSIHUE TECTUPYEMOM CHUCTEMBI WIJIM MOJENEH
€€ MOBeIeHMsI, YTOObI MOXKHO OBUIO MX HCIIOJNIB30BATh JJIA HAIEJIECHHOTO MOCTPOCHUS
COOTBETCTBYIOIIMX TECTOB.

Kax BHUHO, Tp€6OBaHI/I$I K MpEaACTaBJICHUIO Moz[eneﬁ ACIAATCA Ha TPpU TUIA: AOCTATOYHAA JJIA
MPAKTUYCCKUX ueneﬁ BBIPA3UTCIIBHOCTD, IIPOCJICIKUBACMOCTL K Tpe6OBaHI/I$[M 1N BO3MOXHOCTb
ABTOMATHUYECCKOI'O pCHICHUA PA3JIMYHBIX 3a1a4 ITOCTPOCHUA TCCTOB.

2.2. AHCTpYMEeHTbl MOAYIbHOIO TECTUPOBaHUA

PaccmoTpum Tenepb UMEIONIHECS WHCTPYMEHTBI TECTUPOBAHUS C TOYKU 3PEHHUS MX MPUOTMKEHHUS K
KeJTaeMOMY UJealy — WHCTPYMEHTapUIO Ha OCHOBE KOMITOHEHTHOW TEXHOJIOTHH.

BakxHBIM KJTacCOM HMHCTPYMEHTOB TECTUPOBAaHHWS, B OOJBLION CTENEHH O0JaJarolIiX CBOMCTBaAMHU
MOJIYJIBHOCTH, SIBIISTIOTCSL CPEJICTBA MO0y abHo20 mecmuposanus (UNit testing) [5]. Haubonee u3secten
u3 Takux uHCTpyMeHTOB JUnit [6], HamcanHblil Ha Java U npeHa3HAYCHHBIH ISl TECTUPOBAHUS KO/
Ha 9TOM SI3bIKe, XOTs UcTopruecku nepsbiM 0611 SUnit [18,19] s mporpamm Ha Smalltalk.

JlJis 5TUX MHCTPYMEHTOB XapaKTEPHBI BHICOKAsI THOKOCTh, BO3MOXKHOCTH MOJAKIIOUEHHUSI COBEPIICHHO
HEC3aBUCUMBIX Mop;ynef/i JJISA peaﬂmaunn JOITIOJIHUTCIIBbHBIX (i)YHKI_H/II\/’I 1 BO3MOXHOCTH UCITIOJIB30BaAHUA
B pamMKax 0oJjiee CIOKHBIX TECTOBBIX cucTeM. OIHUM M3 WHCTPYMEHTOB MOJYIBHOTO TECTUPOBAHMSI,
obmamaromux Hambosiee OoraToi ¢GyHKIHOHATBHOCTBIO, sBisieTcs TestNG [20,21]. Ero ocHoBHBIE
XapaKTePUCTHKHU TaKOBBHI.

e Kondurypauus TecTos.

o OCHOBHBIE 2JIEMEHTHI TECTOB — TECTOBBIE KJIACCHI M TECTOBBIE METOIbI, OTTMCHIBAEMbBIC
KaK KJIacChl M METOJIBI sI3bIKa Java, umeroniue annotanuto (@ Test.

o KoMmiekT TecToB HMMeeT HepapXHMYecKylo CTPYKTYpU3allMiO: B HEM BbIACIAIOTCA
TeCTOBBIE HAOOpHI (test suites), cocrosimme U3 TecToB (tests). Jlamee B 3TOM chmcke
XapaKTePUCTUK 3TH TEPMHUHBI UCIHOJB3YIOTCS TOJIBKO B Y3KOM, CHELM(PUUECKOM IS



TestNG cwmbiciie. TecTsl 1 TeCTOBbIE HAOOPBI ONPENENAIOTC KOHQUeypayuell mecmos,
omuCchIBaeMoi B HEKOTOopoM (opmare Ha 6aze XML. Tect cocraBisercs U3 METOAOB
HECKOJIbKUX KJIACCOB, BBIOMpaeMbIX JIMOO HA OCHOBE WX HMEH, JHUOO II0
IIPUHAJICKHOCTHU K TPYIIIaM, yKa3bIBa€MbIM B AHHOTALUAX METO/IOB.

o Meroapl uHMIManu3auuu (set-up) U ¢unammzanuu (tear-down), ucronab3yemblie st
MHULIMAIU3AlUN HEKOTOPhIX JaHHBIX IE€pe] BBINOJIHEHUEM TECTOB M OCBOOOKIECHHUS
3aHATBIX PECYPCOB IMOCJE, MOTYT OBITH OIpPECNICHBI JJISl BCEX AJIEMEHTOB HEPApXHU:
11 Ha0OPOB, TECTOB, KJIACCOB U METOJIOB.

o Bo3MoxHO ompeneneHne 3aBUCHUMOCTEM MEXKIY TECTOBBIMH METOJAMU U MEXIY
METOAAMU M TpyIIaMH{, IO3BOJIAIOLIEE YIPABIATh IOPSIAKOM HX BBINOJHEHHUS H
OTMEHATH BBINOJHEHHE TECTOBOI'O METOJAA, €CJIM OJWH M3 TECTOBBIX METOJOB, OT
KOTOPBIX OH 3aBUCHUT, BBIIIOJIHUIICA C OIINOKaMH.

e TecroBhIe JaHHBIC 1 OOBEKTEHI.

o TecroBbie Metonbl B TestNG moryt ObITh mapameTpuzoBaHHbIMH. HaGop 3HaueHMit
rapaMeTpoB, UCIOJB3YEeMbI B paMKax TeCTa, YKa3blBAe€TCi C  IOMOIIBIO
JIOTIONIHUTENBHOW aHHOTAlMM WM B KOH(QUTrypanHoHHOM (aiiie U JOJKeH
NPEACTaBIAThCS JIMOO B BUAC 33JaHHOW KOJUIEKIMM OOBEKTOB, JHOO Kak
MOCJIEIOBATEIbHOCTh PE3YJIbTAaTOB, BO3BPAIAEMbIX OIPEACIIEHHBIM METOJOM IpU
pabote Tecra.

o MoxHo co3naBath (HaOpUKU 0OBEKTOB, CTPOSIIUE Pa3HOOOPA3HBIE OOBEKTHI TECTOBBIX
kiaccoB. Bee Bxoadiue B Te€CT METO/IbI BBHITIOTHSIOTCS AJIs KaXKIOTO TAKOTO OOBEKTA.

e IIpoBepka pe3ysbTaTOB TECTUPOBAHMSL.

o OCHOBHOM CIIOCOO OMMCAHUS BBITOIHAEMBIX TECTOBBIMH METOJaMH MPOBEPOK, KaK U BO
MHOTHX JIPYTUX HMHCTPYMEHTaX MOMYJIHHOTO TECTUPOBAHUS — OSTO HCIOJIH30BaHUE
OuOIMOTEeKH METOA0B-yTBepkaAeHUN. Kaxkapiii Takoit meTon (OOBIYHO MX HA3BaHUSA
HAYMHAIOTCS C assert) MpoBepsieT MPOCTOE CBOWCTBO CBOMX apryMEHTOB (PaBEHCTBO,
HepaBeHCTBO null, BxoxkIeHne CHMBOJIa B CTPOKY, BXOXKICHHUE 00bEKTa B KOJJIEKIIUIO U
p.) ¥ TP €r0 HAPYUIEHWHU BBIAET TPACCUPOBOYHOE COOOIIEHNE, TAKKE YKA3bIBAEMOE
B BHJIE apT'yMEHTA.

o [HomomuurensHo TestNG mnomnep:kuBaeT yka3zaHHE BO3MOXKHBIX HCKIIOYEHHH W
OTrpaHUYEHUI Ha BpeMs pabOThI TECTOBOTO METO/1a B €r0 aHHOTAIUH.

WHCTpyMEHTH MOIYJIBHOTO TECTUPOBAHUS aKTUBHO HCIOJB3YIOT Pa3BUBAEMbIE HE3aBUCHMO MOJYIIN
AL pelieHus] pa3HbIX Oonee cneuuduuHbix 3amad. Hampumep, dbUnit [22] — nmns opranusaium
paboThl ¢ 0a3aMH JaHHBIX B MOJYJIBHBIX TecTax Hcmoib3yercs, httpUnit[23] — mis obpaboTku
HTTP-3anpocoB. [list Gonee HarisaHON 3alUCH BBINOJHAEMBIX B TECTax MPOBEPOK (ONM3KON K
(hOpMYyTUPOBKAM €CTECTBEHHBIX SI3BIKOB) MOXXHO TPUMEHATh OWUOIMOTEKH, MPEIOCTaBIsIEMbIE
WHCTPYMEHTaMH pa3paboTku Ha ocHoBe (yHkmuoHanbHOCTH (behavior driven development),
Hanpumep, JBehave [24] unu NSpecify [25], nis opranu3zaiu TeCTOBBIX 3ariylliek — OHOIMOTEKH
Mockito [26], EasyMock [27] u T.x.

2.3. MHCTpyMeHTbI TeCTUpOBaHUSA Ha OCHOBe MoAaeneun

HHCTpyMEHTHI TECTUPOBaHMUS HAa OCHOBE MOJEJEH ¢ TOUKH 3peHHs] UX MPUOIMKEHUS K KeJaTeIbHON
KOMIIOHEHTHOM apXUTEKTYpPE MOKHO Pa3JI€IUTh HA TPU TPYIIIIHI.

e TpaauIMOHHBIE «MOHOJIUTHBIE» MHCTPYMEHTHI, HCIONB3YIOIINE crenu(uueckue sI3bIKU IS
opopmiienuss Moxeneil. [loOaBieHHEe HOBBIX KOMIIOHEHTOB B HHX MOXET Ha TMPAKTHKE
OCYIIECTBIISATHCS TOJIBKO UX pa3pabOTYMKaMH, a UX UCIIOIh30BaHUE B paMKax 0oJiee IMIMPOKOTO
MHCTPYMEHTAapUsT BO3MOXXHO, TOJBKO €CITU pa3padOTYMKU 3apaHee I[03a00THUIINCh O
MPEAOCTABIICHUH TTOXOIAIIETO Habopa HHTEPHEHCOoB.

K I/IHCTPYMCHTaM TaKoIro THIIA OTHOCATCA HpaKTI/I‘IeCKI/I BCC MHOI'OYHUCJICHHBIC



UCCIIEIOBATENILCKUE TPOTOTHUITHBIE CPEJICTBA TECTUPOBAHMS Ha OCHOBE Mojeneil u psan Oonee
CTaOMIIbHBIX HHCTPYMEHTOB, HCIIOJIH30BABIINXCSI BO MHOTHX pa3HBIX MPOEKTaxX. B 3Toi BTOpO#
kateropun Haxomstcs TorX [28,29], TGV [30,31], BZ-TT [32] u Gotcha-TCBeans [33,34].
Bce OHM OCHOBaHBI Ha MOJICIIMPOBAHUM IPOBEPSIEMON CHUCTEMBI B BHUJC PAa3JIMYHBIX
aBTOMAaTHBIX Mozeneil. Ha Tex jke NpuHIMIAX B LEJIOM IOCTPOEHBI M KOMMEPUECKHE
uacrpymentsl Conformic Qtronic [35] u Smartesting Test Designer (panee Leirios) [36].

WMHCTpYMEHTHI Ha OCHOBE PAaCIIMPEHHUH IHUPOKO HMCIOJB3YEMbIX S3BIKOB IMPOTPaMMHUPOBAHUS,
KOTOPBIE  COXPaHSIOT «MOHOJIUTHOCTBY. [lpuMepamu  SIBISIOTCS  TOJICPKUBAIOIIHE
texHonoruto  UniTESK [37-39] wunctpymentst CTESK wu  JavaTESK, a Taxke
SpecExplorer [40,41], pa3pabareiBaeMbiii B Microsoft Research. B o6oux ciyuasx s
MO/JICIIMPOBAHUS TIOBEJICHUS TECTHPYEMBIX CHCTEM HCIOIb3yeTCsl KOMOMHALINS U3 aBTOMATHBIX
MOJIeJIeH ¥ KOHTPAKTHBIX CHeIH(HUKAIINAN.

WHCTpYMEHTBI,  HCHONB3yIOIMEe  UIs  OQOpPMIICHHS  Mojeieid  OObIYHBIE  SI3BIKH
MIPOrpaMMHUPOBAaHUS U O0JIaJaroIIue PSIIOM XapaKTePUCTUK MOAYJIBHOCTH. B wacTHOCTH, 3TH
XapaKTEPUCTHKH BKIIOYAFOT BO3MOYKHOCTH JTIOCTATOYHO JITKOH MHTETrpaliy ¢ KOMIIOHEHTaMHU
OT HE3aBUCHMBIX Pa3pabOOTUYMKOB M HCIOJIB30BAHMUSA CAMHX TaKHMX MHCTPYMEHTOB KaK YacTH
OoJiee IMUPOKOTr0 HHCTPYMEHTAPHSI.

Takue MHCTPYMEHTHI HayaJld MOSBIATHCS HE TaK JaBHO, OKOJIO 4-5 neT Haszan. J[Ba Haubosee
u3BecTHhIX mpumepa — 3To ModelJUnit [8,42] u NModel [43,44]. Tloxoxuil MHCTPYMEHT
mbt.tigris.org [45] wucnonp3yer Iuis OmHMCaHHS MOJENeH TpadUYecKyl HOTAIMIO, MMOITOMY
ropas/io MeHee MPHUCIIOCOOIICH ISl UCIIOIb30BaHMS B PAMKax 4yXHX pa3padoTok. MHOro poxaa
npuMep — HeJaBHO co3fanHas B Microsoft Research 6ubnmoreka uist onucaHust 1 KOHTPOJIS
JekmapaTuBHbIX orpannucHuil Ha moBenenue .NET komnonentoB CodeContracts [46,47].

B03MOXHOCTH MHCTPYMEHTOB IOCJIEAHETO BUJIA CTOUT PACCMOTPETH MOJIPpOOHEE.

ModelJUnit 1 NModel nmocTpoeHbl Kak pacHIMpeHHs MPOCThIX CPEICTB MOAYJIBHOTO TECTUPOBAHMS.
OHM WCTHONB3YIOT JJIS TIOCTPOCHHUSI TECTOB TOJIBKO MOJENH MOBEICHHS, MOJENb CHTYallui SIBHO HE
3aJjaeTcsl, HESIBHO DPAa3HbIE KPUTEPUH IMOJHOTHI 3aKJA/bIBAIOTCA B MCIIOJIb3YeMbIE Ui MOCTPOECHHUS
TECTOB QJIrOpUTMBL. MoJenp TNOBeAeHUsl MpeodpasyeTcs B CONPSIKEHHYIO MoOoenb mecma,
OIIpeIEIIAIONIYI0 HE caMo TpedyeMoe MOBECHHE, a CII0CcO0 €ro UCCIeJOBaHUS U IPOBEPKHU.

Mogienb TecTa OMUCHIBAETCS B BUE PACIIMPEHHOTO KOHEYHOTO aBTOMATa, MPEICTABICHHOTO Ha
s3plke nporpammupoBanus (Java miam C#) B BHUJE TECTOBOIO Kjacca, Kak M B CpPEICTBaX
MOJYJIBHOTO TecTHpoBaHUs. Takoil kimacc MO0 TOMEYaeTcsi C TMOMOIIBID HEKOTOPOH
anHoTaruu (atpubyra B C#), b0 peanusyeT omnpeaeseHHbIn HHTepdeic. DIeMeHThI
aBTOMATHOI MOJIETTM — COCTOSIHUSI, TIEPEXO0/IbI, OXPAHHBIE YCIOBHS MEPEX0JA0B — 33/1al0TCS C
MTOMOIIIEI0 METOOB U TOJIEH 3TOTO Kilacca.
Cocrosane B NModel 3amaercs HaOoOpoM 3HaueHUW TOJEH TecTOBOro kiacca (MOXXKHO
OTIPEETIATH TOJIsA, HE BKIIFOYaeMbIe B COCTOSIHUE, TOMeUasi UX CHeIHalbHBIMU aTpUOYTOM), a B
ModelJUnit — pesynbratom metomaa getState().
Heticmeus, B pe3yabTaTe BBIMOJHEHUS KOTOPBIX BBIMOIHSIOTCS MEPEXOJbl B MOJAETU TECTa,
MIPEJICTABJISIOTCS METOAAaMH, MOMEUEHHBIMU OIpeAeNieHHOW aHHoTanued (arpubyrom). B
NModel nelictBus MOTYT OBITh TapaMETPU30BAaHHBIMU, PUYEM HAOOp 3HAYEHHI MapaMmeTpos,
HCIOJIb3YEMBIN B paMKaX TECTa, YKa3bIBA€TCS C IIOMOIIBIO TOTIOJHUTENHHOW aHHOTAIIUU B BUJIE
KOJIJICKITH OOBEKTOB COOTBETCTBYIOIIETO THTIA.
JIeicTBUSL MOTYT UMETh OXpaHHble YC08Us, KOTOPbIE IOKHBI OBITH BBIMTOJHEHBI, YTOOBI
MOKHO OBLIO BBITIOJIHATH COOTBETCTBYIOIIEE AeicTBHe. B 000uX ciydyasx oXpaHHBIC yCIOBHS
MIPEJICTABJICHBI KaK METOJbI, HMEIOIINe UMEHA, MTOCTPOCHHBIE M3 MMEHH COOTBETCTBYIOIIETO
METOJ1a-IeUCTBUS C HEKOTOPBIM MOCT(HUKCOM.
NModel 1omoaHUTENHHO UMEET CIAEAYIOIINE BO3MOKHOCTH.

o KoMmmo3unusi HECKOJbKHUX  MOJENIEH, B KOTOPHIX OJHOMMEHHBIE JEHUCTBUSA

paccMaTpuBalOTCA KaK BBHIMOJIHSIEMBIE OJHOBPEMEHHO. Mojenu isi KOMITO3UIIUU



YKa3bIBAIOTCA  MHCTPYMEHTY  IIOCTPOCHUS  TECTOB  IIEPEUUCICHHUEM  HUMEH
COOTBETCTBYIOIIUX KJIACCOB.

o IIpoBepka moxeneii (model checking). CpoiicTBa 6€30MaCHOCTH TPOBEPSIFOTCS 3a CUET
aHaJM3a BO3MOXKHOCTH HApYIICHUS HWHBAPUAHTOB COCTOSHHM, MPEACTABICHHBIX KaK
METOABI ¢ 0cOObIM aTprOyToM. CBOWCTBA KMBYYECTH MOTYT YIOCTOBEPATHCS 33 CUET
aHaJM3a JOCTHKMUMOCTH CTaOMJIBHBIX COCTOSHHM, B KOTOPBIX CIIEIHMATBHO OTMEUYCHHBIC
XapaKTePUCTHYCCKUE METObI BO3BPALIAIOT true.

bubmuoreka CodeContracts mnpemocTaBiasieT CpeAcTBa Uil OMHCAHUS YHCTO JICKJIApATHBHBIX
OTpaHMYCHUN Ha CBOMCTBA BXOJHBIX IapaMETPOB U pPeE3yNbTaTOB omnepauuil. MonaenupoBaHue
COCTOSIHMSI HE MOJiIep)kuBaeTcs. IMeroTes ciaeayronye BO3MOKHOCTH.

e OrpanudeHHs 3aNUCHIBAIOTCS Ha s3bIke C# B BHJIe OYJICBCKUX BBIPAXKCHHM, TEPEIaBaACMbIX KaK
apryMeHThl OMOIMOTEUYHBIM METOIAM.
e MOXHO ONUCHIBATH OTPAHUYCHUS CIICTYIOIINX BUIOB.
o IIpenycnosus onepanwmii (meton Contract.Requires).
o IlocrycnoBus onepanuii npu HopmaibHO# padote (Contract.Ensures).
o [IlocrycnoBus onepanuii mpu Beinaue uckitouenus (Contract. EnsuresOnThrow).
O VYTBEpXKICHHS O BBINOJHEHUH HEKOTOPHIX CBOICTB B KaKOW-TO TOYKE KOJa BHYTPH
metona (Contract.Assert).
o HuBapuaHThI KJ1TacCCOB — O(QOPMIIIIOTCS B BUJIE METOJIOB CO CIIEIMATBHON aHHOTaIKEH,
coaepkanux obparienus k Contract.Invariant.
e [lomumo 0OBIUHBIX BbIpaxeHH Ha C# MOXKHO HUCIIOJIB30BATh CIIEIYIOIINE.
o KsanropHuble BbIpakeHus, OQOpPMIIGHHbIE B BHIE OOpalleHHl K MeToAaM
Contract.Exists u Contract.ForAll.
o OOpamieHre K 3HAUYEHUSM BBIPAKEHUN 1O BBINOJHEHUS IMPOBEPSIEMOTI0 METO/la B
MOCTYCJIOBUSX B BUAE Bbi3oBa Metoza Contract.OldValue.
o OoOparieHne K 3HAUEHUIO pe3yNbTaTa B MOCTYCIOBHIX ¢ moMolnbio Contract.Result.
e bubmuorexa CodeContracts qomoaHseTCS AByMsI MHCTPYMEHTAMU: JIJIsl CTATUYECKON MPOBEPKU
chOpMYyIMPOBAHHBIX OTPAaHUYCHU Ha OCHOBE JICYKTUBHOTO aHAIHM3a U JIJIS UX JUHAMHUYECKOM
MIPOBEPKHU MPH BBHITIOTHEHUH METOAOB, OTPAHUUYEHHS K KOTOPBHIM OTHUCAHBI.

2.4. UTorn o630pa cyLiecTBYHOLWMUX UHCTPYMEHTOB

) MMPUBCACHHOT'O 063opa BUJHO, YTO KOMIIOHCHTHBIC CPCACTBA TCCTUPOBAHUSA HAa OCHOBC Moneneﬁ B
IOCICIHUEC roabl AKTUBHO Pa3sBUBAIOTCA, OJJHaKoO IIOKa HE JOCTUTIIN HCO6XOI[I/IMOI\/'I
(I)YHKI_[I/IOHB.HBHOCTI/I, OTCTaBas 110 pAAYy BO3MOXKHOCTEH OT HHCTPYMCHTOB MOAYJIBHOT'O TCCTUPOBAHUA .
HCO6XOI[I/IMO JOITIOJIHUTH UMCKOIIIHNECCA Hapa6OTKI/I CJICOYIOIUMHU BO3MOKHOCTAMMU.

o JSIBHOe ompeaeleHHe MOJe/IM TOBeJAeHUS] MPOBEPAEMOro KOMIIOHEHTAa, OTJeJbHOE OT
Mojeau Tecta. Takoe pasjielicHre HEOOXOAUMO, TPEXkJIe BCEro, JUIS MOICPKKH TOYHOCTH U
MOJIHOTHl MoOJeIHpoBaHUs. He MeHee BaKHO W MHOTOKpPAaTHOE HCIOIb30BAaHUE MOJIENEH,
HOCKOHBKy Ha OCHOBE 0}1H017I MOACIN IIOBCACHHUS KOMIIOHCHTA MOFYT 6BITB HOCTpOGHBI
pa3HoOOOpa3HbIe TECTHI, HAICJICHHbIE HA JOCTIDKEHUE Pa3NUYHBIX IIeNied, Kak JUIsl 3TOTO
KOMITOHEHTA, TaK M JUIS COJEpIKAIIUX ero mojcucteM. Eme oxHa moyie3Has BO3MOKHOCTh —
MCIOJIb30BaHNE TaKUX MOJIENEH B paMKax APYTruX TeXHUK Bepuukanuu. [Ipumep BbiieneHUS
Mozen noseaeHns gaet ounonmoreka CodeContracts.

e PacmmpenHble BbIpasuTeJbHbICE BO3MOKHOCTH [UIS ONMCAaHUSI Mojeseil moseneHusi. B
YaCTHOCTH, HY’)KHO 00€CIIEUNTh BO3MOKHOCTb UCIOJIb30BAHUS PA3HBIX CTUIIEH MO/IEIMPOBAHUS
U COYETaHMs pa3HOOOPa3HBIX METOJIOB M TEXHUK IIOCTPOEHHUS TECTOB, a TaKXkKe JIPYTuX METOJI0B
Bepuukanuu. ITO0 TpeOOBaHME SBISETCS CIEACTBUEM CIOXXHOCTHM M pa3sHOOOpasus
TpeOOBaHUH K  COBPEMEHHBIM  IPOTPaMMHBIM  KOMIIOHEeHTaM [48,49].  bubOmuorteka
CodeContracts 1mM0o3BOJIIET YKa3bIBaTh TOJIBKO YHCTHIC JEKIApaTHUBHBIC OrPAaHUYEHHS, YTO



CYIICCTBCHHO CHMXXACT BO3MOKHOCTU €€ HCIOJb30BAHUA IJIA OOJIBIIIMHCTBA MPaKTUUICCKHU
3HAYHUMBIX CUCTEM, ITOBEACHHUEC KOTOPBIX 3aBUCUT OT BHYTPCHHHUX COCTOSIHUM UX KOMIIOHEHTOB.

SIBHOe ompenesieHue Mojesiell CHUTyaluil Ui TOCTpoeHHss TecToB. HesBHoe 3amaHue
MOJICJIM CHTyallMd B MMEIONIMXCS CeHYac HMHCTPYMEHTaX OrPaHUYHMBACT BO3MOXHOCTH
MCIOJIb30BAaHUS PA3TUYHBIX KPUTEPUEB MMOJHOTHI TECTUPOBAHUS U 3aTPYAHSIECT UX OCO3ZHAHHBIN
BBIOOp pa3pabOTYNKAMH TECTOB.

CpencrBa sIBHOI NMPUBSI3KH Mojiesieii K TpeOOBaAaHMSM HA eCTeCTBEHHOM s3bike. Takwe
BO3MOYXHOCTH, HEOOXOJMMBIE TSI TPOCIICKUBAHUS TPEOOBAHUN, UMEIOTCS B WHCTPYMEHTAX
CTESK wu SpecExplorer. B cpencrBax MoayJIbHOTO TECTUPOBAHHUSI TaK MOKHO HCIIOJIb30BaTh
TEKCTOBBIC COOOIICHHS B METOIaX MPOBEPKH YTBEPHKICHUH, OTHAKO MOJOOHBIX BO3MOKHOCTEH
mumensl NModel u ModelJUnit. OtmeTtnm, 4To 100aBJIeHHE TaKOW (PYHKIIMOHAIBHOCTH B
MOJIYJIbHBIN HHCTPYMEHT HE MPEACTABISAET OOJIBIIOTO TPY/Ia.

CoBMecTHOE MCIOJIb30BAHHE MOJe/Ied INMOBeAeHHMs, CUTYallMil M TeCTOB, CBS3aHHBIX C
Pa3JIMYHBIMU  acHeKTaMH (YHKIMOHAJIBHOCTH OJHOI0 KOMIIOHEHTAa HA OCHOBe
HEMHBA3UBHON KOMMO3MLMHU. 32 CYET STOTO MOKHO CYIIIECTBEHHO OOJIErYuTh MHOTOKPATHOE
UCIIOJIb30BaHUE MOJIENe B TECTUPOBAHMM M APYrux TexHukax Bepudpukammu. NModel
YaCTUYHO pEIIaeT 3Ty 3ajady IJisi MOJENed TECTOB 3a CYET HCIOJIb30BaHUSI BO3MOKHOCTH
pacIIUPSITh ONMPEISICHHS KJIACCOB HOBBIMHU IOJIAMHU U MeToaamMu B CH#.

3. ApxumekmypHbIl KapKac OJsisi mecmupoeaHusi Ha OCHoee modesiel

B naHHOM paszzpene OnMCHIBAET IPEUIaraéMblid MOAXOA K IMOCTPOCHHIO KOMIIOHEHTHOM apXUTEKTYpPbI
MHCTPYMEHTOB TECTUPOBAaHUS HAa OCHOBE MOJEJIEH, yIOBJIETBOPSIONIEH CPOPMYIMPOBAHHBIM BBIIIE
TpeboBaHusAM. OAHAKO MpEXAE CTOUT CHEeNaTh psj 3aMEUaHUll, KacarollMXcCsl BBIOMpPAEMbIX CPEACTB
pelIeHus NOCTABICHHBIX 3a]1a4.

Kak oTmeuanochk Bblle, HEOOXOAMMO MCIIOJIB30BaTh B MOJENAX Pa3Hble TEXHUKU ONHCAHMS
OrpaHUYEHUI Ha MOBEJICHHME TECTUPYEMBIX KOMIOHEHTOB. IIpu 3TOM HyXHO OTHaBaTh cebe
OTYET B TOM, YTO MOJJIEP)KKA COBEPUICHHO MPOM3BOJIbHBIX BUIOB MOJIENEH B pamMKax OJHOMI
TEXHOJIOTHH, CKOPEE BCETO, HENOCTHKUMA. 1103TOMY HYKHO cpa3y OTMETUTH Psiji IPAaKTUYECKH
BaYKHBIX TIOX0JI0B, COBMECTHAsI MOJIEPKKA KOTOPBIX peain3yema.

IIpy MonenupoBaHMM MPOrpaMMHBIX HHTEPPEHCOB C  YCTOSBIIMMUCS TpeOOBaHUSIMU
JIOCTaTOYHO yIOOHO MPUMEHSTh KOHMPAKmusle cneyugukayuy B BUJE MPea- U MOCTYCIOBUH,
ONMPAIOUINXCA HAa MOJEIBHOE COCTOSHUE MOJENMPYEMBIX KOMIOHEHTOB. [loaxoasl Ha mx
OCHOBE TIPOJAEMOHCTPUPOBAIIM JIOCTATOYHYIO MAacIITabupyeMocTb U 3(PQEKTUBHOCTh B
TEpMHHAX TPYJ03aTpaT Ha OMHCAHKE HEKOTOPOro Habopa anemeHToB uHTepdeiica [38,50,51].
C npyroil CTOPOHBI, ISl MOJEIUPOBAHMS BBIUMCICHUW C IUIABAIOMICH TOYKOHM, CIIOKHBIX
MIPOTOKOJIOB U pafa aApyrux BuaoB 10, unorna Oonee yqo0HO MCHONB30BATh ONEPAYUOHHDBIE
MoOenu,  ABIAIOIIMECS, 1O  CYTH, aJbTEPHATUBHBIMU  pealM3allUsIMH  TOH  XKe
¢ynkunonanbHocTH. Hanbonee y1oOHBIME Ha IPAKTUKE MOJAEISIMHA TaKOTO BHJIa OKa3bIBAIOTCS
paciiipeHHbIe aBTOMAThI U CUCTEMBI IEPEXO0JIOB C BO3MOXHOCTBIO UX KOMITO3ULIHU.

[Ipu MonenupoBaHUM HEKOTOPBIX PEAKTHBHBIX CHCTEM, 00pabaThIBAIOIIMX OOJbIINE MOTOKU
COOBITUH, WK CIIYyXO0, NMpeJHa3HAYEHHbIX Ui PETyIsipHOW oOpaOOTKM JaHHBIX U3 OOJIBIION
0a3bl, TOJIE3HBIMH OKA3BIBAIOTCS HOMOKOBblE KOHMPAKMbL, OTIMCHIBAIOIINE OrpaHUYEHHS HE Ha
KOHEUHBIN pe3yibTaT 00paboTkM, a Ha 00pabOTKy OJHOTO CTPYKTYPHOTO DJIEMEHTa BO
BXOJIHOM ITIOTOKE JIAHHBIX

Mogenu noBeieHUsT U MOJEIN CUTyalluid, a TAKXKE CAMHU TECThI M 3JIEMEHThl HHCTPYMEHTAPHUS
pa3paboTKu mpesmnosiaraeTcss oGOpMISITH B BUJIE KOMIIOHEHTOB HJIM HAOOPOB KOMITOHEHTOB
(moxcucreM) B paMKax BBIOpaHHOUN 0a30BOM KOMIIOHEHTHOW TEXHOJOTHH, ¢ MHUHHUMAIbHBIM
n00aBIICHHEM KaKUX-THOO HOBBIX KOHCTPYKIIMH, TPEOYIOMIMX TOTOJHUTEIHHON SI3BIKOBOW WU
MHCTPYMEHTAJILHOU MOAIECPKKH.

Tako# mox0/1 MO3BOJIUT MPUMEHSATH ISl pa0OTHI C STUMU MOJIEIISIMH U JJI UX MHTETPAIUH C



MPOBEPSIEMBIMH KOMIIOHEHTaMH BCE€ HMHCTPYMEHTBI, CpPEACTBA W TEXHUKH, IMpeiaraeMble
0a30BOI KOMITOHEHTHOM TexHOJoTHeH. COOTBETCTBEHHO, 3HAUYNTEIHLHO CHIDKAIOTCS 3aTpaThl HA
COMPOBOXKICHUE U PA3BUTUE UHCTPYMEHTApPHUsl, OIECPKUBAIOILIETO TaKyl0 TEXHOJIOTHIO. JTO
obecrieunBaeT BO3MOKHOCTh MCIIOJIb30BAHUS TOTO YK€ MHCTPYMEHTAPUS M CO3JaHHBIX MOJIEIICH
KOMIIOHEHTOB TIPH pa3pabOTKE TECTOB JJIsi MOJCUCTEM U KPYIHBIX CHCTEM. TeM caMbIM
CO3JaCTCS OCHOBAa I BBIOJHEHUS TPeOOBaHM K KOMIIOHEHTHBIM TEXHOJOTHSIM
Bepudukanum.

[IlppumeHeHre IIMPOKO  paAcCIpOCTPAHEHHBIX KOMIIOHEHTHBIX TEXHOJOTHMH M S3BIKOB
IPOrpaMMUPOBAHUS  TO3BOJIAET  CHU3UTh  TPYAHOCTH  OOY4YCHHS  HCIIOJIB30BaHMIO
MHCTPYMEHTAapHs, a Takke [pu HEOOXOAWMOCTH HCIIOJIB30BaTh  MHOTOYHCIICHHBIC
BCIIOMOTaTeNbHbIe OMOMMOTEKH, pa3paboTaHHBIE [UIS pEUICHUs ClIeUu(pUYecKuX 3aaad
MOJYJIBHOT'O TECTHPOBAHHS.

BepudukanroHHbie CHCTEMBI YacTO U3-3a 00JIce MHOTOYHCIIEHHOTO aCCOPTUMEHTA Pa3IuUIHbIX
KOMIIOHEHTOB IIOJYYalOTCsA CIIOKHEE CHCTEM, JJISi HPOBEPKH KOTOPBIX IPEIHA3HAUYCHBI.
[TosToMy emie Oosiee BaKHO CHIDKATh UX CJIOXHOCTh M TPYIAOEMKOCTh WX TOJJICPKKUA WU
pasButHs. Jns  oOmeryeHWs HMHTErpalMd MW MEPEKOH(UTYPUPOBAHHS  CHCTEM U3
MHOTOYHCIICHHBIX ~ KOMIIOHEHTOB MpEAjaractcs Be3/le, TJI€ MOXHO, HCIOJIb30BaTh
HCHMHBA3UBHBIC TEXHHUKH KOMITO3UIIMM W HMHTETPAIMH KOMIIOHCHTOB, M30Eraroiue BHECCHUS
KaKHX-JTM00 U3MEHEHHUH B MX KOJ. DTO MOXXHO OOECIICUUTh 3a CUET NIMPOKOTO UCIOIh30BAHUS
obpasma BHeapenus 3aBucumoctedt (dependency injection) [52] W TOQIEPKUBAIOIIMX €TO
OMOJIMOTEK-KOHTCHHEPOB, a TaKXKe JIPYTMX CPEICTB COBPEMEHHBIX KOMIIOHEHTHBIX
TEXHOJIOTH.

3.1. Buabl KOMNOHEHTOB U UX UHTErpauus

OCHOBOW WHCTpYMECHTAapHsi TECTHPOBAHUsS Ha OCHOBE MOJIEJEH IMpPEeAIaraeTcsi CAeNaTh KOHMmelHep
sneopenust  3asucumocmeti (dependency injection container), mo3BoJSIONINE 3a1aBaTh CIHCOK
KOMITOHEHTOB, BXOJSIIMX B CHCTEMY, HHUIIMAIN3UPOBATh MX COCTOSIHUE W ONPEAENATh CBSI3H MEKIY
HUMHU BHELTHUM 00pa3oM, 6€3 BMENIaTelbCTBa B KOl 3TUX KOMIIOHEHTOB.

BepI/I(l)I/IKaHI/IOHHaﬂ CUCTEMA CTPOUTCA U3 KOMIIOHCHTOB PAa3JIMYHBIX TUIIOB.

CoOCTBEHHO, MPOBEPSIEMbIE KOMITOHEHTHI.

Ha Hux HaknaapiBaeTCsd TOJBKO OJHO OrpPaHUYEHHE: BO3MOXHOCTH HX BHELIHEH
WHUILMAIIM3AIMHU C TIOMOIIbIO KOHTEeHHEpa BHEIPEHUS 3aBUCUMOCTEN. B OONbIIMHCTBE CllydaeB
3TO OrpaHUYCHHE BBIMOIHAETCS, WHAYE OOBIYHO JTOCTATOYHO MPOCTO HAMHMCATh KOMITIOHEHT-
00epTKY, YAOBIECTBOPSIOMIUA €My U MPETOCTABIISIONINN TOCTYIN K MPOBEPSEMBIM OIEpaIUsIM
HCXOJHOTO KOMITOHEHTA.

[TpoBepsieMble KOMIOHEHTHI HE UMEIOT 3aBUCUMOCTEN OT TECTOBOM CUCTEMBI, 3a UCKIIOUCHHEM
3ariIymieK, MOAMEHSFOIINX HEOOXOUMbIE UM ISl pa0OTHI KOMITOHEHTHI.

Monenu noBeaenust (00001IEHHBIE KOHTPAKTHI).

Onu odopmisitorcss Ha 0a30BOM S3bIKE MPOrpaMMHUpPOBAaHUS KaK KIACChl C HECKOJIbKUMHU
METOJIaMH, BBINOJHAIOIIMMYU OIpeleeHHble ponau. Hampumep, ecaum HCNonb3yercs 4HCTO
NeKIapaTUBHAs cHelu@uKalus, B HEMl MOJDKHBI OBITH OMNpENENeHbl MpEeA- U IMOCTYCIOBUS,
npuyeM JI000H MEeTOJ|, BO3BpAIIAIOUINi OyleBCKOe 3HAU€HUE, MOXKET UTpaTh 3TU poiu. Jns
crnenu(uKanuy, HCIONb3YIOMEeH MOJEIbHOE COCTOSHUE  KOMIIOHEHTa, HE0OXO0IUMO
OIIPEJIeNIUTh CHHXPOHU3ATOP COCTOSIHUS, BBI3BIBAEMBIH, YTOOBI MOJIEPKUBATh B COOTBETCTBUU
COCTOSHUE MOJEIM U peallbHOE COCTOSHUE IPOBEPSIEMOr0 KOMIOHEHTa. VcnoiaHumeble
crienu(UKauK TOJHKHBI ONPEAEIATh MPETyCIOBUS U MOJIETIbHbIE OTepalHH.

Mogenu moBeAeHUs 3aBUCIT OT IPOBEPSAEMBIX KOMIIOHEHTOB HJIM, B CIIy4ae CYIECTBEHHBIX
pa3nuumii B uHTepdeiicax MeKIy MOJEIBI0 U MOJCITUPYEMbIM KOMIIOHEHTOM — OT a/1allTEpPOB,
YCTPAHSAIOUX TaKUE PasInyMsL.



Moaenu B3auMOACHCTBUS.

[Ipy onmMcaHMM MHOTOKOMIOHEHTHBIX CHCTEM WHOT/A, IMOMHMO MOJEJIEH OTACIbHBIX
KOMITOHCHTOB, HEOOXOJMMO SIBHO BBOJWUTH MOJEIb WX B3aMMOJCHCTBUS, MO3BOJISIOIIYIO
OIICHUTh KOPPEKTHOCTH CJIOKHBIX KOHIJIOMEpPATOB BO3JEHCTBUM W pEaKIMil, B KOTOPBIX
3a/ICICTBOBAHO HECKOJIbKO KOMIIOHEHTOB, KaXKIbII M3 KOTOPBIX OCBEAOMJIEH JHUIIb O
COOBITHSX, OTHOCSIIMXCA K ero uHTepdeiicy. Hanmpumep, Moaenbi0 B3aUMOICHCTBUS SBIISACTCS
TaK Ha3bIBAGMAs CeMAHMUKA 4epedosanusi Il aCHHXPOHHBIX B3aWMOJCUCTBUI MapalIeIbHO
paboTarIMX KOMIIOHEHTOB, B paMKaX KOTOPOW KOPPEKTEH 000 HaOOp COOBITHIA, KOTOPBIN
MOXKHO JMHEHHO YHOPSAIOYUTH TaK, YTOOBI KaKIO€ OTACIbHOE COOBITHE B TAKOM TOPSIKE
CTajJ0  KOPPEKTHBIM  OTHOCUTEIBHO  MOJEJEH  KOMIIOHEHTOB,  CO3JAIOMIMX WU
obpabaTeiBaronux ero [50].

Mopenu B3auMOACHCTBUS OGOPMIISIFOTCS B BHJIE IIA0JOHHBIX OMOJHMOTEUHBIX MOJYJICH,
MPUBSI3BIBAEMBIX B KOH(MUTypanmnOHHOM (aiijle K COOTBETCTBYIOIIMM UM TpyIIam
KOMIIOHEHTOB. J[JI KaKJI0ro KOHKPETHOTO B3aMMOJCHCTBHS MOPOXKAACTCS SK3EMIUISIP TAKOI0
mabJIoHa, 3aBUCIIUN OT MOJAC/ICH ITIOBEICHHUS BOBJICUCHHEIX B HEI'O KOMIIOHECHTOB.

Mopenu cutyanuii.

Mopnenu cutyanuii opopmisitorcs Ha 6a30BOM SI3bIKE MPOTPAMMHPOBAHHS B BUIE METOOB,
(UKCHPYIOIUX HACTYIUICHUE OMPECIICHHBIX CUTYAIlMi TMOCIE MPOBEPKH OMMMCHIBAIOIINX WX
orpanuueHuil. Mozaenu cuTyalnuii A7 HEKOTOPOW oOmepanuy MOTYT BKIIOYaTh Kak Ipe-
CUTYAIINH, ONPEILISIEMbIE BXOJHBIMU apTyMEHTAMU OIEpaIlMi U COCTOSTHUSIMUA BOBJICUEHHBIX
KOMIIOHEHTOB JI0 €€ BBbI30Ba, TaK M IMOCT-CUTYallMH, COOTBETCTBYIOIIME OIPEICICHHBIM
CBOMCTBaM pE3yJIbTAaTOB M COCTOSTHUN KOMIIOHEHTOB TOCie pabOThl oneparuu. Mojaenu mocr-
CUTYyalluii MOTYT UMETh MOJEIBHOE COCTOSHHE U METOJbI-CHHXPOHHU3ATOPbI, TaK K€, KaK U
KOHTPAKTHBIC CTICTIH(PUKAIIH.

Mopnenu cutyanuii 3aBUCAT OT MPOBEPSEMBIX KOMIIOHEHTOB, MOJIeJIe MOBEICHUS WM TECTa,
co00pa3HO TOMY, B KAKUX TEPMHHAX OHU OMHCHIBAIOT CUTYaIIUH.

Mopnenu cuTyanuii MOTyT OBITh CT€HEPUPOBAHBI aBTOMATUYECKH W3 MOJIENel MOBEIeHUS,
UHTEp(DENCOB M KOJA TMPOBEPSEMBIX KOMIIOHEHTOB, TIOCKOJbKY KPHUTEPUU TOJTHOTHI
TECTUPOBAHUSI HA OCHOBE CTPYKTYPHI KOJa WU (PYyHKIIMOHAIBHOCTH YaCTO UCHOJIB3YIOTCS TPH
MMOCTPOCHUU TECTOB. Takue KOMIIOHEHTHI, TeHEpUPyEeMbIe U3 JIPYTuX, Aajiee OyJeM Ha3bIBaTh
8MOPUUHBIMU.

TecTsl.
Tectbl, Tak »e, Kak W MOJEIM CHUTYyallMil, MOTYT CO3/aBaTbCid pa3padOTUMKaMU HIIU
TeHEepPUPOBAThCS U3 MoJeNell MoBeneHUs U HHTep(EeHCOB TECTUPYEMBIX KOMIIOHEHTOB.
Kaxnplii Tect JOMKEH ONpeAensaTh IOCIeI0BaTeNIbHOCTh OOpalleHuid K  oleparusam
TECTHUPYEMOr0 KOMIIOHEHTa (OBITh MOXKET, COCTOSIIYI0 M3 €IUHCTBEHHOro oOpallleHus) U
3HAYEHUS MapaMeTpoB ATUX OOpallleHul, TECTOBBIE JaHHBIE.

o s pelieHus NepBoy 3aa4un MOKHO MCIIOJIb30BaTh J1BA MOIX0/A.

* Ha npaktuke 60see 4acTo MPUMEHSETCS CBSI3Ka U3 aBTOMATHON MOJIETH TecTa U

reHeparopa myteil 1no rpady nepexojoB aBTOMara. JTa TEXHHKA IOJIOKEHA B
ocHoBy ModelJUnit u NModel.
B »TOM ciydae aBTOMaTHas MOJENb TECTa JOJDKHA OMNPENENATh METOJBI,
WUTPAIOLIME POJIb JEUCTBHM, OXPAaHHBIX YCJIOBHMH, a TaKXe BO3BpallarOIINe
TEKyIlee COCTOSHME aBToMaTa. Mojenb Tecta MOXKET 3aBUCETh  OT
MIPOBEPSAEMOT0 KOMIIOHEHTA UJIM OT €r0 MOJENU OBEIECHUSI.

= Jlna pspa ciaydaeB Oosee 3(PQPEKTMBHO NMPUMEHSITh MOHOJHUTHBIM TeHepaTop
MOCNIEZIOBATENbHOCTEH, MCIONB3YIOIUNA  HHPOPMAIMI0O O  TECTHPYEMOM
uHTepdeiice.

o T'eHepanusi TECTOBBIX JaHHBIX, OCOOCHHO JAHHBIX CII0XKHOM CTPYKTYphI, MOXET
MCIOJIb30BATh OOJIBIIOE KOJMUYECTBO KOMIIOHEHTOB, UTPAIOIINX PA3IMYHbBIC POJIH.



» [lepBuuHBIC reHEPaTOPbI, KOTOPBIE CTPOAT OOBEKTHI HEKOTOPOro Tuma. Takoii
TEHEpATOp MOXKET ObITh YCTPOEH KaK UTEPAToOp MO HEKOTOPOH KOJIEKIUH.

®* QuIbTpbl, BBIIOJHAIOIIME  OTCEB  JAaHHBIX, HE  YIOBJICTBOPSAIOLIUX
OIIpEAEICHHBIM OTPAaHUYEHUSIM.

* Pemarenn = orpaHW4eHuid, TpPAMBIM  00pa3oM  CTpOSILUE  JIaHHbBIC,
YIOBJIETBOPSIOLNE HEKOTOPBIM OIPaHUYCHUSIM.

=  KomOuHATOPBI, CTPOSIINE TaHHBIE CIOKHOTO THIIA U3 TPOCTHIX 0OBEKTOB.

* [IpeoOpa3oBarenu, TIeHEpUPYIOIIME JaHHbIE HEKOTOpOro THMa 1o Oojee
IIPOCTOMY KOAMPOBAHHOMY UX IPEICTABICHUIO.

AnanTepsl.

AnanTepbl yCTpaHAIOT BO3MOXHBIE pAcXOXKACHUS MeEXAy uHTepdeiicamu wmojeneil u
MOJIEITUPYEMBIX UMH KOMIIOHEHTOB.

Agnantepsl 3aBUCAT OT IPOBEPSAEMBIX KOMIIOHEHTOB. B Tex ciydasx, Korja OHM OTBEYaroT 3a
CUHXPOHH3ALMI0 MOJEJIBHOIO COCTOSIHMS, MMEETCS 3aBUCUMOCTb U OT COOTBETCTBYIOLIECH
MOJEJIH ITIOBEICHHUS.

MOXHO OTMETUTb, YTO BO MHOTHMX CIIydasiX HEOOJbIINE PACXOMKICHHUS MEXAY MOJCIBHBIM U
npoBepsseMbIM HHTep(delicamu He TpeOyeT HamucaHusl ajanTtepa, MOCKOJIbKY MOTYT OBITh
yCTpaHEHbl YKa3aHUeM OuOJIMOTeYHON mpouesypbl HpeoOpa3oBaHus. IDTO OTHOCUTCS K
ClIly4asiM, B KOTOPBIX DPa3jau4Ms CBOAATCSA K OTCYTCTBMIO psla IapamMeTpOB, NEPECTAHOBKE
apaMeTpoB MECTaMH HJIM HPOCTHIM MPEOOpPa3OBaHHUSIM THUIIOB, HAIIPUMED, YHUCEN B CTPOKH U
obpatHO. Bo Bcex 3THX ciydasx agantep CTPOUTCS HE BPYUYHYIO, @ aBTOMAaTHUYECKH, JIUILb 110
YKa3aHHUIO COOTBETCTBYIOLLErO IpPeo0pa3oBaHUs B KOHQUI'YpaLMOHHOM (aiiyie TecTOBOM
CHUCTEMBI.

Barmymiku (Stubs, test doubles).
3ariaymKky MoJAMEHSIOT BO BpeMs TecTa KOMIIOHEHTHI, OT KOTOPBIX 3aBUCAT MpoBepsiembie. OHU
OBIBAIOT ABYX BUJIOB.

o Vnpasnarowas 3aenywxa (mock) mepemaer B MPOBEPSEMBId KOMIIOHEHT KaKHE-TO
JTAaHHBIC B BHJIC BO3BPAI[AEMBIX €€ METOJaMHU PE3YJIbTATOB U CIIYKHUT JIOTIOTHUTEIHLHBIM
HMCTOYHUKOM BO3ACHCTBUIA HA TECTUPYEMbII KOMITOHEHT.

o Habmooarowas 3aenywka (test spy) pukcupyeT BBI30BHI €€ Onepaluii 1 UX apryMeHThI
JUIS IPOBEPKU KOPPEKTHOCTH CIEIAaHHBIX TECTHPYEMbIM KOMIIOHEHTOM OOpaIIeHU.

B mpuHImme, ogHa 3ariayika MOXKeT UTpaTh 00€ pOJIM OJJHOBPEMEHHO, HO Ha TMPAKTHKE TaKas
NOTPEOHOCTh BO3HUKAET KpaiHe peaKo (3TO MPU3HAK OUYEHb CIOKHOW OpraHu3allH TecTa,
KOTOPYIO, BO3MOXHO, IMEET CMBICIT TIEPECMOTPETH ).

Ecnu 3arnymiku ucnonb3yroTesl, MPOBEPSEMbIii KOMIIOHEHT 3aBHCHUT OT HUX. TeCT WU MOJeNb
MOBEJICHUS 3aBUCSIT OT HAOIOMAIONICH 3ariIyIIKd, KOTOPYIO OHH HCIOJIB3YyIoT. M Haobopor,
yIpaBISIONIas 3ariIylika cama 3aBUCUT OT TeCTa, MOCKOJIbKY UMEHHO TECT JOJKEH OMPEeNsITh
pe3yIbTaThl OUEPETHOTO BHI30BA €€ OTepaIlHii.

Bcnomorarenbaple KOMIOHEHTHI. K BCIoMorarenbHBIM OTHOCATCS KOMIIOHEHTHI, PeIIalolIne
MHOTOYHCIICHHBIE 33J]Ja4d OpraHu3aluu paboThl BEPUPUKAIMOHHON CHUCTEMbI, HHTETPALUU €€
COCTaBJISIFONTUX B cOOpa HHPOPMAIIUU O TIPOUCXOIAIINX COOBITHSIX.

o TpaccupoBIIMKH pa3iINYHBIX BUIOB cOOBITHH. [lo CyTH, K KaXJOMy KOMIIOHEHTY
MPUKPEIISETCS  OTACIBHBIM  TPACCUPOBIIUK  COOBITHH, CBS3aHHBIX C  OTUM
KOMIIOHEHTOM. Bce TpaccupoBOYHBIE COOOIIEHUS COOUPAIOTCS OJHUM WM
HECKOJIbKUMU T€HEPaTOpPaMH TPacCC.

o [lnaHupOBUIMKK TECTOB, BKJIIOYAIOIIMX ACMHXPOHHBIE BO3JIEWCTBHS, OTBEYAIOLIUE 3a
CO37IaHUE OT/AEIBHBIX MPOIECCOB U HUTEW BHYTPH TECTOBOUW CHCTEMBI M PaCIIpeCIICHHE
BO3JEHUCTBUS 110 HUM.

o /Jlucmeruepsl W CHHXPOHM3ATOpPBl OTIEIBHBIX ONEpAallMii B ACHHXPOHHBIX H
napajuieIbHbIX TeCTax.

o Konduryparopsl, onpenesisomniie cBsi3u BHyTPH HEKOTOPBIX IPYII KOMIIOHEHTOB.



Pucynok 1 nemMoHCTpupyeT OgHy M3 BO3MOMKHBIX KOH(UIYpallii TECTOBOW CHCTEMBI Ha OCHOBE
npeularaeMo  apXuTekTypbl. CBs3M MeXJIy KOMIIOHEHTaMM, W300pak€HHbIE Ha PHCYHKE,
NPEJCTABISAIOT COOON 3aBUCHUMOCTH, XapaKTEPHbIE JUII KOMIIOHEHTOB TaKOTO THIa (XOTS HE Bce
BO3MOJKHBIE 3aBUCUMOCTHU M300paxkeHbl). CBsA3M reHepaTopa Tpacchl U KOHPUIypaTopa He MOKa3aHsbl,
IIOCKOJIbKY BCE€ MJIM TIOYTH BCE KOMIIOHEHTHI CBSA3aHbl C HUMH.

(" N
Konreitnep BHenpeHus 3aBUcuMocTeil N
I'eneparop I'enepatop
[ Kondwuryparop ] myTen JTAaHHBIX
A A
A2
( ) )
Mogens Mopnenn Mopenb Komb6unarop
CUTyanuit MOBEJCHUS TecTa JTAHHBIX
(. / J
Ananrep Mogenb
CHUTYallni
I'eneparop Hab6monaromas IIpoBepsemsrit
Tpaccel 3arIymKa KOMITOHEHT
- J

Pucynok 1. Cxema nocTpoeHusi TeCTOBOM CHCTEMBI.

KoHnkpeTHblif HAO0OpP KOMIIOHEHTOB U CBS3U MEX/1y HUMH OIUCBIBAIOTCS B KOH(UTYpaLlMOHHOM (aiine
B XML-dpopmare, nocrynaromieM B Hayajae padOThl HAa BXOJ KOHTEHHEpPY BHEAPEHUS 3aBUCUMOCTEH,
KOTOPBI MHUILMAIN3UPYET BCE KOMIIOHEHTHI M CBS3BIBa€T MX HYXKHBIM oOpa3oMm. Takoi cmoco®
3aJlaHus CBA3EH MO3BOJISET CTPOUTH Pa3IMYHbIe KOH(UTYpallMM TECTOBOM CHUCTEMBI, HE MEHsA KOJla ee
KOMIIOHEHTOB, M JaXX€ HE UMes K HeMy JocTyna. BMecre ¢ TeM, BO3MOMKHO OIpPEACIICHUE KECTKUX
CBsI3el B CaMOM KOJZie, a TaKke Ooyiee TMOKOE CBSI3bIBAHUME C IMOMOILBIO aHHOTALMH U CO3AaHUE
CHELUANbHBIX KOMIIOHEHTOB-KOH(DUIYpaTOpoB, KOTOpBIE COAEPKAT SBHYIO HMHULMAIN3ALUIO
KOMITOHEHTOB U CBSI3e€l MEX]ly HUMH Ha 6a30BOM SI3bIKE IPOTrPAMMHUPOBAHMUSL.

3.2. Peanu3auusa npeanoxeHHOro noaxoaa

Jlna peanuzaiiny IpeiioKeHHON apXUTEKTYphl B KauecTBe 0a30BOTO SI3bIKA MPOTPAMMHUPOBAHUS ObLT
BbIOpaH s3bIk Java. OH 001aaeT MHOTMMHU S3BIKOBBIMH BO3MOXKHOCTSIMH, HEOOXOJAMMBIMH TS
OMMCaHUs Pa3IUYHBIX POJIEH KIIACCOB U METOJOB, a TAKXKE CBA3EH MEX1Y KOMIIOHEHTAMU. CPEICTBAMHU
OMHCaHUsl JIEKJIApAaTUBHOW HHGPOpMaIMK 00 3JIEMEHTaX KOJa B BHUAC AHHOTAIMH M MOIJIEPKKON
MOJIy4eHUsI B JUHAMHUKE HHQPOpPMAIMU O CTPYKType KOMIIOHEHTOB M CHUTHATypax WX Omepanui
(uHTpOCTIEKIMS WU pedercus).

B kauectBe KOHTeilHepa BHEIpEHUs 3aBUCUMOCTeH Oblla BBIOpaHa OTKpbITas OubIMOTEKa
Spring [45,46], moaaep kuBaroIasi JOCTATOYHO OOJIBIIONH HAOOP (QYHKIIUI CHCTEMBI TAKOTO THIIA.

Jlns ommcaHus Mojielnieil oBeeHns Oblia pa3paboTaHa HeOoJbIIass OUOIMOTEKA, TIOX0Xasl, C OJHOM
CTOPOHBI, Ha OHWOJMOTEKH TPOBEPKH YTBEPXKJACHHH B CPEACTBAX MOIYJIBHOTO TECTHPOBAHUS
(ucnonp3yroTCs pasHOOOpa3Hbie MeTobl assert()) u, ¢ apyroii croponsl, Ha Microsoft CodeContracts
(s mocTyma K pe3yabTaTy Olepaliy 1 Mpe-3HaueHusIM BBIPAKEHUH UCTIONB3YIOTCS METO B! result() u
oldValue()). B otinuune ot CodeContracts moaaep:xuBaeTcst Co3/1aHue KOHTPAKTHBIX CIEIH(PUKAIINHT,
WCTIONB3YIONIUX MOJIENBHOE COCTOsiHHE. B pa3zpaboTaHHON OMOIMOTEKE OTCYTCTBYIOT MMEIOIIHECS B
CodeContracts kBaHTOpHBIC BBIPOKEHUS U MOIZICP)KKA CTATUYECKOTO aHAIM3a OrPaHHYCHHI.

Jlnst omucaHus MOJENEH CUTyalluid TakXke co3faHa HeOonblmas OuOnmoTeka, OOecTieurBaromiast
TPACCUPOBKY MH(OPMAIMH O MOKPHITHU YKa3bIBAEMBIX CUTYAIHH.



Tecter odopmusitorcss B crwie, aHajgorudHoM ModelJUnit u NModel, HO ¢ HEKOTOpPBIMU
paclIMpEeHUsIMUA, YACTUYHO 3aUMCTBOBaHHBIMU U3 TestNG.

o [lomnepkuBaeTcsi pacUIUPEHHAs HEpapXus AJIEMEHTOB TECTOB: TECTOBBIE HAOOPBI, TECTHI,
TECTOBBIE KJIACChI, TECTOBBIE METOABI. TECTOBBIM HAOOP COCTOMUT W3 TECTOB, OJIUH TECT MOXKET
BKJIIOYATh B c€0s1 HECKOJILKO TECTOBBIX KJIACCOB.

TecToBbIN KJIaCC OMUCHIBACT PACIIMPEHHBIN KOHEUHbBIM aBTOMAT.

e CoCTOSHMEM 3TOr0 aBTOMAaTa CUYMTACTCA pe3yibTaT PabOThI BCEX METOJIOB, ITOMEUYCHHBIX
aHHoTarueit State. Takoe pereHue aemaer BO3MOXXHBIM JTOOABJICHHE HOBBIX DJIEMEHTOB B
cocrosiHue 0e3 MoaudUKaluU paHee HamMcaHHOTO Koaa. COCTOSIHHE TecTa SBISICTCS CITUCKOM
COCTOSIHUM BXOJAILMX B HETO KJIACCOB.

e TecToBble METOABI OIPENEISAIOT JCWCTBUS aBTOMAra, BO3MOXKHO IapaMETPU30BaHHEIC.
3HaueHUsT TMapaMeTPOB W3BICKAIOTCS W3 CBS3aHHOTO C TECTOBBIM METOJIOM IpoBaiinepa
nanubiX. [lpoBaiizep MoeT OBITH TIeHepaTOpoM HAOOPOB 3HAUCHHUM, ONPEICIICHHBIX,
HampuMep, Kak 3JEMEHTHl HEKOTOPOW KOJUICKIIHH, & MOKET OBITh MOCTPOCH TUHAMHUYCCKH W3
TEHEPAaTOPOB JAaHHBIX JUIS PpPa3HBIX IapaMEeTPOB C  OMNPEACICHHOHW CTpaTerHed Hx
KOMOWHUpPOBaHHS (BBIOMpATh BCe KOMOWHAIMM, KAXKI0€ 3HAYCHHE KaKJOro Iapamerpa, Bce
BO3MOJKHBIE TMapbl 3HaA4eHWH u 1p.). [IpoBailimepsl MaHHBIX M CIOCO0 MX KOMOWHHUPOBaHUS
3aJIAl0TCS C TIOMOIIBIO AaHHOTAIMA METO/1a ¥ €0 OTACIBHBIX TapaMeTPOB.

e JleiicTBHUSI MOTYT UMETh OXPAaHHBIE YCIIOBUS, OhOpMIIsieMbIe B BUJE METO/I0B, BO3BPAILLIAIOLINX
OyJleBCKUH pe3yibTaT M 3aBUCSIIMX OT COCTOSHUS OOBEKTa TecTOBOro kiacca. OxpaHHOE
YCIIOBUE TIPUBS3BIBACTCS K TECTOBOMY METOJY TPH ITOMOIIY aHHOTAIWM, 0€3 MCITOJIb30BAHHUS
cornameHuii o0 MMeHoBaHWU MeToHoB. [loaTOMy OAHO M TO K€ YyCJIOBHE MOXKET OBIThH
WCIIOJIb30BAHO IS Pa3HBIX METOJOB, M OJWH METOJ MOXXET HMETh HECKOJIBKO OXpPaHHBIX
ycnoBuil. Kpome Toro, oxpaHHble YCIOBHSI MOTYT MMETh B KAadecTBE IapamMeTpoB JI0OOI
Ha0Oop, SIBJISIOMINNCS HAYaJIOM Ha0Opa MmapaMeTpoB COOTBETCTBYIOIIETO METO/A, B TOM YHCIIE
MyCTO# (B 3TOM Cllydae OXpaHHOE YCIIOBHE 3aBHCUT TOJBKO OT TEKYIIIETO COCTOSHHS).

e Tak xe, kak B TestNG, m000# TeCTOBBIN 3J€MEHT — Ha0O0p, TECT, KIACC, METOJ — MOXKET
UMETh KOHPUTYPAIMOHHBIC METO bl MHUIMATH3AINH 1 (pUHATH3AIUH. JJOTIOTHUTETEHO MOXKHO
OTpeAeNsATh KOH(QUTYPAIIMOHHBIE METOMbI, BBI3BIBAEMBIE IMPU TOCEHICHUH OYEPEIHOTO
COCTOSIHUSI.

JUis TOCTpOeHUs 3arilyllieK MCIoyib3yeTcs cBoOogHass Oubmuoreka Mockito [26]. Ona wumeer
JOCTaTOYHO OOTaThle BO3MOXXHOCTH JUISl ONPEIENICHHs YIPABISIOMNX ¥ HAONIOMAIONINX 3aTrTylIeK U
UCMOJIb3yeT MHTYUTUBHO MOHATHBIA CUHTAKCUC MPU MX OMUCAHUU. DTOT MPUMEpP MOKA3BIBAET, YTO NMPHU
Hanu4yuK Java-OuOIMOTeKN ¢ HEOOXOauMOM (YHKIIMOHAIBHOCTBIO, OHA 0€3 OCOOBIX YCHIIUUA MOMXKET
OBITh HCIOJIB30BAHA B paMKaXx MpelaraéMoi apXUTEKTYpHl.

4. lNMpumep nocmpoeHussi mecma

Jlanee onuchIBaeTCsl MPUMEP HCIOJIB30BAHUS MPENTIOKEHHBIX PELIEHUN NPU MOCTPOCHUU TECTOB JUIS
npocToil  peanu3anuu  (YHKIMOHAJIBLHOCTH OaHKOBCKOro cyera. MHTepdeiic TecTupyemoro
KOMITOHEHTA IIPUBEJIEH HIKE.

public interface Account

{
int getBalance();
int getMaxCredit();

Validator getValidator();
void setValidator(Validator p);

AuditLog getLog();
void setLog(AuditLog log);

int transfer(int sum);



Metoabl getBalance () M getMaxCredit () CIyXaT JUIs TOJTYYEHHUS TEKYIIMX 3HaueHWi OamaHca U
MaKCUMaJIbHO BO3MOXXHOIO KpeauTa. bamaHc He MOXXeT ObITh OTPHLATENBHBIM M MPEBOCXOSAIUM
MaKCHUMaJIbHO BO3MOXHBIN KPEIHUT MO a0COIOTHON BEIUYHHE.

MeTtoq int transfer () OCYLIECTBIIET IEPEBOJ ACHET CO CUETA WIIM HA CYET, B 3aBUCUMOCTH OT 3HAKa
CBOETO aprymeHTta. Eciu apryMeHT MOJOXKHUTeNIeH, COOTBETCTBYIOIIAs CyMMa J00aBiseTCcsl Ha CUerT,
yBEIIMYMBas €ro TeKyuuii Oamanc. Ecim oTpunareneH, 3Ta cyMMa CHHCBIBA€TCS CO CUETa, €CIU IMPH
3ToM OanaHC HE BBIXOAM 3a pPAaMKH MaKCHUMajJbHOrOo KpeauTa. Pe3ympTaT 3TOro Meroga —
nepeseieHHas cymma win 0, eciiu mepeBo/] He ObUI C/IeNaH.

,HaHHBIﬁ CYCT IIO3BOJIACT HMCIIOJIB30BaTh CHCHI/IaJ'II/If&I/IpOBaHHHﬁ BaJIM1aTOp TpaHSaKHHﬁ, Validator,
KOTOpBIfI OoIpamunBacTCA IpH I000M IIEPEBOJIC C MOMOIIBIO IIPEAOCTABIICMOI0 UM METOAA boolean
validateTransfer (Account a, int sum) M MOXKET Pa3peIIMTh WIH 3a0JJOKUPOBATH MEPEBOI.

Eme oana ¢yHkums cueta — 3amuch JAHHBIX O TMOMNBITKAaX IepeBoja JEHer B Tpaccy Ui
nocneAyromero — ayauta. I[Ilpm sToM  BbI3BIBAIOTCA ~ METOABl  MHTepdeiica  AuditLog:
logKind(String s), logOldBalance(int b), logSum(int sum), logNewBalance(int b),
3amuchIBarONMe, cooTBeTcTBeHHO, uTOor TpaH3akiuun (SUCCESS B cimyudae ycnemHoro rmnepeBoja,
BANNED B ciyuae ero 6iokupoBku Banuaatopom, IMPROPER B citydae MOnbITKY CHATUS CIUIIKOM
OOJIBIIION CYMMBI), TIPEIIIECTBYIONIee 3HaUeHHEe OanaHca, MEePEeBOAMMYIO CYMMY M HOBOE 3HAu€HHE
OanaHca.

Mopens noBeaeHus I c4eTa ONKcaHa B BUJIE ABYX HE3aBHCUMBIX KOMIIOHEHTOB: MOJIEIN OCHOBHOMN
(YHKLIMOHATBHOCTH U MOJENU PabOoThl C TPACCUPOBKON MEPEeBONOB. DTO IMO3BOJISET U3MEHSATh U
IIPOBEPATh 3TU JBE IPYIIbl OrpaHUYEHUI He3aBucUMO. OmucaHMe OCHOBHOM (PYHKIMOHAJIBHOCTH
BBITVIAIAT TaK.

public class AccountContract

{
int balance;
int maxCredit;

Account checkedObject;

public void setCheckedObject (Account checkedObject)
{
this.checkedObject
this.balance
this.maxCredit

}

checkedObject;
checkedObject.getBalance() ;
checkedObject.getMaxCredit () ;

public boolean possibleTransfer (int sum)

{
if (balance + sum > maxCredit) return true;
else return false;

}

public boolean transferPostcondition(int sum)
{
boolean permission =
checkedObject.getValidator () .validateTransfer (checkedObject, sum);

if (Contract.oldBooleanValue(possibleTransfer(sum)) && permission)
return
Contract.assertEqualsInt (Contract.intResult (), sum
"Result should be equal to the argument")
&& Contract.assertEqualsInt (balance, Contract.oldIntValue(balance)+sum
"Balance should be increased on the argument")
&& Contract.assertEqualsInt (maxCredit, Contract.oldIntValue (maxCredit)
, "Max credit should not change");
else



return
Contract.assertEqualsInt (Contract.intResult (), O
, "Result should be 0")
&& Contract.assertEqualsInt(balance, Contract.oldIntValue (balance)
, "Balance should not change")
&& Contract.assertEqualsInt (maxCredit, Contract.oldIntValue (maxCredit)
, "Max credit should not change");

}

public void transferUpdate (int sum)

{
if( possibleTransfer (sum)
&& checkedObject.getValidator () .validateTransfer (checkedObject, sum))
balance += sum;

}

3I[GCB IIOKa3aHkbI IIOCTYCIIOBUE METOAA transfer () U COOTBGTCTBYIOH_[I/Iﬁ CUHXPOHH3ATOP MOACIILHOI'O
COCTOsAHMHA.

Onwucanue TpeboBaHMI K paboTe ¢ Tpaccol s ayaurta JaHo Huke. OHO HUCIONB3YyeT CBOOOIHO
pacnpocTpaHsieMyr0 OMOMMOTEKY Ul OpraHu3anuu 3ariayniek Mockito, BCTaBisisl 3ariyIliKy JUis
Ha6HIOIICHI/I$I 3a CACIIAHHBIMU BBI3ZOBAMHU MCKAY CUCTOM U CBA3AHHBIM C HHUM TPACCUPOBIIMKOM. B
X0/1e pabOTHI 3ariIyIIKa IPOBEPSIET, YTO METOJIbI TPACCUPOBIIMKA BHI3BIBAIHNCH B HY)KHOM IOPSIZIKE U C
HY)KHBIMH aprymeHTamu. II0CKOIbKY IOCTpOEHHas 3ariyllka UMEET MOJEIbHOE COCTOSHHUE, B HEH
TaKXe ONpe/IelIeH METOA-CUHXPOHU3ATOP ITOr0 COCTOSTHUS. 3ariyllka J0JKHA WHULMATU3UPOBAThCS
[I0CJIe KayKAOTO BBI30BA transfer (), JUIL 3TOTO B HEH OMPEAETICH METOJ initSpy ().

public class AccountLogSpy
{

int balance;

int maxCredit;

Account checkedObject;
AuditLog logSpy;

public void setCheckedObject (Account checkedObject)

{
this.checkedObject
this.balance checkedObject.getBalance() ;
this.maxCredit checkedObject.getMaxCredit () ;
logSpy = Mockito.spy(checkedObject.getLog())
checkedObject.setLog(logSpy) ;

}

checkedObject;

int oldBalance;
boolean wasPossible;

public boolean possibleTransfer (int sum)

{

if (balance + sum > maxCredit) return true;
else return false;

}

public void initSpy(int sum)

{
Mockito.reset (logSpy) ;
oldBalance = balance;

}

public void transferLogSpy(int sum)
{

boolean permission =



checkedObject.getValidator () .validateTransfer (checkedObject, sum);

if (wasPossible && permission)

{
Mockito.verify (logSpy) .logKind ("SUCCESS") ;

Mockito.verify(logSpy) .logNewBalance (balance);
}

else if (!'permission)
Mockito.verify(logSpy) .logKind ("BANNED") ;

else
Mockito.verify(logSpy) .logKind ("IMPROPER") ;

Mockito.verify(logSpy) .logOldBalance (oldBalance);
Mockito.verify(logSpy) .logSum(sum) ;
}

public void transferUpdate (int sum)

{
if( possibleTransfer (sum)
&& checkedObject.getValidator () .validateTransfer (checkedObject, sum))

{

wasPossible = true;
balance += sum;

}

else
wasPossible = false;

}

Onwucanue MOAETN CHUTyallui MPeICTaBlIeHO HUKe. B Hell cuTyanmn KI1acCHQHUIUPYIOTCS 110 YEThIPEM
XapaKTEpUCTHKaM: KOPPEKTHOCTb IIEPEBOJA, IPOXOXKIACHUE BANUAALMH, 3HAK IPEAIIECTBOBABILEIO
3HaueHusl OajaHca M 3HAaK NepeBoAUMON cyMMbl. IlockonbKy ompesesneHrne CUTyallMd 3aBHCHUT OT
MOZICJIBHOTO COCTOSIHUS CYE€Ta U HYXKIAETCA B CHUHXPOHM3aTOPE COCTOSHMSA, 3Ta MOJIENIb HACIECIyeT
MOJIeNH (PYHKIIMOHAIBHOCTH, UCTI0JIb3Ys TIOBTOPHO ONPE/IEICHHbIE B HEW AIE€MEHThI KOJa.

public class AccountCoverage extends AccountContract

{

public void transferCoverage (int sum)

{
boolean permission =
checkedObject.getValidator () .validateTransfer (checkedObject, sum);

if (possibleTransfer(sum)) Coverage.addDescriptor ("Possible transfer");

else Coverage.addDescriptor ("Too big sum");

if (permission) Coverage.addDescriptor ("Permitted");

else Coverage.addDescriptor ("Not permitted");

if (balance == 0) Coverage.addDescriptor ("Zero balance");
else if(balance > 0) Coverage.addDescriptor ("Positive balance");
else Coverage.addDescriptor ("Negative balance");
if(sum == 0) Coverage.addDescriptor ("Zero sum");

else if(sum > 0) Coverage.addDescriptor ("Positive sum");
else Coverage.addDescriptor ("Negative sum");

}

Mopaenb TecTa /TSl cueTa BBITIISIUT CIASAYIOIMNUM 00pa3oMm.

@Test public class AccountTest
{

Account account;

boolean permission = true;



@Mock Validator validatorStub;

public AccountTest ()
{

MockitoAnnotations.initMocks (this) ;
Mockito.when(validatorStub.validateTransfer (Mockito.<Account>any ()
, Mockito.anyInt())).thenReturn (true);

}
public void setAccount (Account account)

{

this.account = account;
account.setValidator(validatorStub);

}

public Validator getPermitterStub() { return validatorStub; }
@State public int getBalance() { return account.getBalance(); }

@State public boolean getPermission() { return permission; }

@Test
@DataProvider (name = "sumArray")
@Guard(name = "bound")

public void testDeposit (int x)
{

account.transfer (x);

}

@Test

@DataProvider (name = "sumIterator")
public void testWithdraw(int x)

{

account.transfer (-x);

}

@Test
@Guard(name = "bound")
public void testIncrement ()

{

account.transfer(1l);

}

@Test
public void switchPermission ()

{
permission = !permission;
Mockito.when(validatorStub.validateTransfer (Mockito.<Account>any ()
, Mockito.anyInt())).thenReturn(permission);

}

public boolean bound()
{

return getBalance() < 5 || 'permission;

}
public int[] sumArray = new int[]{1l, 2};

public Iterator<Integer> sumlterator()

{
return (Utils.ArrayToTypedList (sumArray)) .iterator();

}



CocTosiHME TecTa COCTOMT W3 JIBYX DJJEMEHTOB: TEKYIIEro 3HA4YCHHs OanaHca W 3HAYCHHS OIS
permission, ONPENENSIONIETO pPe3ylbTaThl pPalbOTHl  yNpaBJSAIOUICH 3ariyliku — BalugaTopa.
TecTupoBanue CHATUS JACHET M MOMEUIEHUS X Ha CYET Pa3HECEHO IO Pa3HbIM TECTOBBIM METOJIAM,
XOTS MPU 3TOM BBI3BIBACTCA OJUH U TOT K€ METOJ| TeCTHpyeMmoro oonekra. Becero mmeercs uerbipe
TECTOBBIX METO/Ia, COOTBETCTBYIOIIUX JCHCTBUSAM B OIKUCHIBAEMOM aBTOMATE.

e MeroJ testDeposit () IPOBEPSET IOMELICHHUE JeHEr Ha cueT. OH mapaMeTpu30BaH, 3HaYCHUs
apameTpoB Ipu paboTe TecTa OepyTcs U3 MaccuBa sumArray. Kpome TOro, 3ToT METo1 UMEET
OXpPaHHOE YCJIOBHE, IO3BOJIAIOIIEE BBI3BIBATH €r0 TOJIBKO B TEX CiIydasx, KOrja TeKyILuiH
OaaHC He MPEBOCXOJUT 5 ¥ BaIUATOP-3arJIyIIKa JOIYCKACT BBIIOJIHEHUE ONEPaIUi.

e Meron testWithdraw () IPOBEPSIET CHATUE JCHET CO CUeTa. 3HAUEHHs €ro rnapamerpa oepyrcs
U3 TOTO K€ MacCHBa, HO C UCIOJIb30BAHUEM METO1a-UTEPATOPA.

e Mero testIncrement () MPOBepseT 100ABICHUS HA CUET CYMMBI, paBHO# 1. OH nMeeT To ke
camoe OXpaHHOE YCJIOBHE, UTO U METOJl testDeposit ().

e Meron switchPermission() HHMYEro HE MPOBEPSET, OH TOJIBKO MEPEKIIOYAET TEKYIlee
3Ha4YeHUE NOJ permission, YTOOBI MPOTECTUPOBATh PAOOTy CUETa C pa3HbIMM OajlaHCAMU U
pa3sHbBIMU pe3yJbTaTaMH BaJUAALUU 1EPEBOIOB.

Hakonen, koHQUTYpanMOHHBIA Qaityl uisi cpeasl Spring, OMPEACISIONMNNA CBSI3W MEXIY BCEMHU
M€PEUYHCIIEHHBIMA KOMIIOHEHTAMH, BBITJIA/IAT TaK.

<?xml version="1.0" encoding="UTF-8"7?>

<beans xmlns="http://www.springframework.org/schema/beans"
xmlns:aop="http://www.springframework.org/schema/aop"
xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance"
xsi:schemalocation="http://www.springframework.org/schema/beans
http://www.springframework.org/schema/beans/spring-beans-3.0.xsd
http://www.springframework.org/schema/aop
http://www.springframework.org/schema/aop/spring-aop-2.5.xsd">

<bean id="accountImpl" class="mbtest.tests.AccountImpl"></bean>

<bean id="accountTest" class="mbtest.tests.AccountTest">
<property name="account" ref="accountImpl"/>
</bean>

<bean id="accountContract" class="mbtest.tests.AccountContract">
<property name="checkedObject" ref="accountImpl"/>
</bean>

<bean id="accountCoverage" class="mbtest.tests.AccountCoverage">
<property name="checkedObject" ref="accountImpl"/>
</bean>

<bean id="accountLogSpy" class="mbtest.tests.AccountLogSpy">
<property name="checkedObject" ref="accountImpl"/>
</bean>

<bean id="accountContractExecutor" class="mbtest.contracts.ContractExecutor">
<property name="postcondition"
value="mbtest.tests.AccountContract.transferPostcondition"/>
<property name="updater" value="mbtest.tests.AccountContract.transferUpdate"/>
<property name="object" ref="accountContract"/>
</bean>

<bean id="accountCoverageExecutor" class="mbtest.coverage.CoverageExecutor">
<property name="coverage"
value="mbtest.tests.AccountCoverage.transferCoverage"/>
<property name="updater" value="mbtest.tests.AccountCoverage.transferUpdate"/>
<property name="object" ref="accountCoverage"/>



</bean>

<bean id="accountSpyExecutor" class="mbtest.contracts.SpyExecutor">
<property name="initialization" value="mbtest.tests.AccountLogSpy.initSpy"/>
<property name="postcondition"
value="mbtest.tests.AccountLogSpy.transferLogSpy" />
<property name="updater" value="mbtest.tests.AccountLogSpy.transferUpdate"/>
<property name="object" ref="accountLogSpy"/>
</bean>

<aop:config>
<aop:aspect id="accountContractAspect" ref="accountContractExecutor">
<aop:pointcut id="accoutTransfer"
expression="execution (* mbtest.tests.Account.transfer(..))"/>
<aop:around pointcut-ref="accoutTransfer" method="execute"/>
</aop:aspect>

<aop:aspect id="accountCoverageAspect" ref="accountCoveragekExecutor">
<aop:pointcut id="accoutCTransfer"
expression="execution (* mbtest.tests.Account.transfer(..))"/>
<aop:around pointcut-ref="accoutCTransfer" method="execute"/>
</aop:aspect>

<aop:aspect id="accountSpyAspect" ref="accountSpyExecutor">
<aop:pointcut id="accoutSTransfer"
expression="execution (* mbtest.tests.Account.transfer(..))"/>
<aop:around pointcut-ref="accoutSTransfer" method="execute"/>
</aop:aspect>
</aop:config>
</beans>

B aroit KOH(I)I/Il"ypaLII/II/I YKa3aHO, KaK MHUIHAINU3UPOBATH 00BEKTHI BCEX NEPCUUCIICHHBIX THUIIOB, H,

KpOME TOro, OIpejeseHa MpHBS3Ka MOCTYCIOBUM M CHHXPOHU3ATOPOB BCEX MOJEIEH K METOAY
transfer () C IIOMOUIbIO MOAJEPKUBAEMOM Spring TEXHUKU MPUBS3KH aCIIEKTOB.

IIpuBeneHHBI NpUMep IEMOHCTPUPYET HEWHBA3MBHOCTH MCIIOIB30BAHHOIO METOJA IMOCTPOCHHUS
TECTOBOW CHCTEMbI M3 33JaHHBIX KOMIIOHEHTOB — BCE€ 3TU KOMIIOHEHTHl HUYEro HE 3HAIT JPYT O
Apyre, KpOME TUIOB 00BEKTOB, OT KOTOPHIX OHM HETIOCPEICTBEHHO 3aBUCAT. B nanHON KoHUTrypanun
MOJI€JIb OCHOBHOM (PYHKIIMOHAJIBHOCTH U MOJENb CUTYyallud NpPEJCTaBJIECHbl Pa3HbBIMH OOBEKTaMH,
OJTHaKO, TIOCKOJIbKY BTOpasi Hacjae1yeT NepBoii, MOKHO ObLIO Obl peaan30BaTh UX MPU MOMOIIHU OJHOTO
U TOT'O K€ KOMIIOHEHTA, UTPAIOIIEro JBE PA3HbIE POJIH.

5. 3akno4yeHue

B pabote npencraBieHa KOMIOHEHTHAs! apXUTEKTypa MHCTPYMEHTApHs JJIsl TECTUPOBAHUS Ha OCHOBE
MOJICJIEH, IIOCTPOECHHAss HA OCHOBE KOMIIOHEHTHBIX TEXHOJIOTMM C MCIOJIb30BAHUEM IIPUHIIMUIIA
HEMHBa3MBHON Komno3unuu. OnucaHa peanusaius NpeuioKeHHOro moaxoaa Ha 0asze cpenbl Spring,
peayn3yrolmell TEXHUKU BHEIpPEHMs] 3aBHUcHMocTed. KpoMe Toro, mpuBeneH MpUMeEp €ro
WCIOJIb30BaHUS I TIOCTPOEHUS TECTa, BKIIIOYAIONIEIO HECKOJIBKO MOJENEH Ppa3HBIX acCHEeKTOB
MIOBEJICHUS TECTUPYEMOI'0 KOMIIOHEHTA.

Nmeromasics Ha HaCTOﬂHHﬁi]MOMeHT pcairsanua OIMHCBIBAEMOI'0 MmoaxoJa COACPKUT CICAYIONHEC
HCEAOCTATKHU, KOTOPBIC HYKHO YCTPAHUTD.

e Bo-nepBbiX, HY)XHO MOAU(MUIIUPOBATH CTAHAAPTHBIA KOHTEKCT BHEIPEHHUS 3aBHCHUMOCTEH B
Spring, 4T0OBI OH pacro3HaBal CHEHMU(PUIHBIC TSI TECTOBBIX CHCTEM BHUIBI KOMIIOHCHTOB
(Mozenb MOBEACHHUS, 3ariTyllIKa, MOJAEIb CUTYyalluid, MOJIENb TeCTa | Mp.) U TPeOOBaJI MEHBIIE
MapaMeTpoB JUIsl UX HWHUIHUAIW3ALNUK, a TaKKe aBTOMATUYECKH CTPOMJI UX aCHEKTHYIO
MPUBS3KY K TECTUPYEMBIM KOMIOHEHTaM. DTO MO3BOJIUT 3HAYUTEIBHO YIPOCTUTH CO3JaHUE U
MoaU(UKAINIO KOH(UTYpAIIMOHHBIX (DaliIoB, yAaIuB U3 IPUBEIEHHOTO BBILIE TPUMEPa MOYTH
BECh TEKCT B paMKax AJIEMEHTA <aop:config>.



e Bo-BTOpBIX, TIOKa HE PEAIM30BAHBI MHCTPYMEHTHI ISl TEHEPAIUH BTOPUYHBIX KOMIIOHEHTOB,
MoOJIeNIel cuTyanuii u Mojaenel TectoB. [Ipeanonaraercs pa3paboTaTh UX HA OCHOBE OJTHOM M3
OTKPBITBIX OMONIMOTEK Uit TpaHchopmamuu OaiiT-xkoma Java. Takas peanuzamust caenaer
BO3MOKHOW TEHEpaIiio BTOPHYHBIX KOMIIOHEHTOB 0€3 J0CTyna K HCXOAHOMY KOOy HX
pooOpa3oB.

e B-Tperbux, JOrMYECKU pa3IUYHbIC AJIEMEHTHI Kapkaca AJisi MOCTPOCHHs TECTOBbIX CHUCTEM —
reHepaToppl IMyTed IO aBTOMAaTHOW Mojenu, OuOIMOTeUHble TeHEepaTophbl JIaHHBIX,
KOMOMHATOPHl M Mp. — TakKe HYXHO BBIACIUTh, B BHUJAC BHEIIHE OMPEICISIEMBIX U
KOH(UTYPUPYEMBIX KOMIIOHEHTOB.

Opnako yxe ceifyac Ipe/UIoKEHHasi apXUTEKTypa IEMOHCTPUPYET CBOM OCHOBHBIE JOCTOMHCTBA I10
CPAaBHEHMIO C TPAJULHMOHHBIMH «MOHOJIMTHBIMU» MHCTPYMEHTAMHU IOCTPOEHUS! TECTOB — BBICOKYIO
rHOKOCTh, BO3MOXKHOCTH COBMECTHOTO HCIIOJIb30BaHUSI C pa3HOOOpasHBIMH  OHOIMOTEKaMH,
MHOTI'OYHMCICHHBIMM HMHCTPYMEHTaMH, NpEAHAa3HAYEHHbIMU JJs1 paboThl C KOMIIOHEHTaMu Java
(cpenamu pa3pabOTKH, aHATM3AaTOPAMU KOJa, OTJIAAYMKAMHU U T.J.), BO3MOXXHOCTb HHTErpaluu B Oojee
MOIIHBIE CPEJIBI.
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