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AHHOTauuA

KVEST  (Kernel  Verification and
Specification Technology) — TexHONOTHA
crenuuKaIun u BepuduKaun

IPOrPaMMHOT0 O0ECTIeueHNUs, OCHOBaHHAsl Ha
ABTOMATHU3UPOBAHHOI TI'eHEpalud TECTOB W3
(dopManbHBIX crieldukanuii. 9Ta TeXHOIOTHS
Obuta pazpaboTaHa B paMKax KOHTpaKTa C
Nortel Networks u 0Oa3upyercsi Ha OIIBITE,
MOJY4YEHHOM B pE3yJIbTaTe aKaJeMHYEeCKUX
uccrnenoBanmii. K 1999 rogy meromomorus u
HabOp HMHCTPYMEHTOB IPHMEHSUIUCH B TpeX
WHIYCTPUANBbHBIX INPOEKTax BepH(UKaLH

TEJIEKOMMYHHUKALIUOHHOTO I10. IlepBrrii
mpoekt, The Kernel Verification project, man
Ha3BaHHUE METOI0JIOTHU u Habopy

WHCTPYMEHTOB. Pe3ynbpTarsl 3TOro mpoexra
npucyrctBytor B Formal Method Europe
Application database [28]. DOto omHO U3
KPYNHEHIINX  TMPWIOKEHHH  (HOPMAITBHBIX
METOJZI0B, NPHUCYTCTBYIOIINX B 0a3ze NaHHBIX.
JlaHHasT cTaThsl COAEPKHUT KPATKOE ONHCAHUE
[OAX0/1a, CPaBHEHHE CO CXOAHBIMH PabOTaMM
¥l TIEPCIICKTHBBI PA3BHTHS .

1. BeedeHue

1.1 ObpaTtHasa u npsamas uHxeHepwus NO

3agaun [IPOrPaMMHON HHXEHEPHU
(software engineering) yCIOBHO  MOXHO
pa3zenuTh Ha JBe OOJIbIIUE IPYIIIBI — PeBepc-
win obparHas uHXeHepus U Qopsapa-
WHXKEHepHUs (reverse- and forward-
engineering). Pa3Hble wucciemoBatenw H
MIPAaKTHYECKHE Pa3padOTYMKH POTPaMMHOTO
obecrieuennst (I10) ynensror 3THM rpyrmaM
pa3HyIO JOJIO BHHMaHHSA, OJHAKO ceidac yxe
HM OJHa IPOMBINUICHHAs pa3padoTka He
MOKET MTHOPHPOBATh IPOOIEMBI KaKIOW U3
3TUX TPpyIIL. DopBapa-nHKeHEpHs
HEeoOXoauMa AJIsl TOro, 4TOObI HOAJNEPKUBAThH
noctynarensHoe  pasutue 11O, pesepc-
HH)KGHEpUsT HeoOXoauma JUIsl  MOJICPKKH
MMPEEMCTBCHHOCTHU q)yHKI_ll/IOHaﬂ])HOCTl/I u
TAKUX XapaKTEPUCTUK KaK  HaJEKHOCTb,
YIPaBISIEMOCTh, OTKPBITOCTh K N3MEHEHHSM U
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B xoHTEKcTE MHIYCTpHAIBHON pa3paboTKu
u passutus [10 BaxxHO 00BEANHEHNE METOIOB
U TexHonoruit aHamusa u cozganus 110. Ilpu
HEJOOLEHKE BaYKHOCTH TaKOTO OOBEIMHEHUS
JIETKO OKa3aThCsl B CHUTyallld, KOTJAA OJHU
¢da3pl  xku3HeHHoro wmukia [10  momywaror
runepTpoGUpoBaHHO  pa3BUTHIE  CPENCTBA
MOAAEPKKU, YTO, B YACTHOCTH, NPUBOIUT K
pocty oowemoB 10, a apyrue ¢asbl, He nMes
aJIeKBaTHOM  TOJIEPXKKH, BCTPEYAIOTCS C
HETIPEOIOIMMBIMU TPYAHOCTSIMU. OUYEeBHUIHBIM
MIPUMEPOM  371€Ch CIY)KUT Pa3BUTHE S3BIKOB
MIPOTPaMMHPOBAHUS, B YaCTHOCTH, OOBEKTHO-
OpUEHTHUPOBAHHBIX (00) SI3BIKOB u
COOTBETCTBYFOIIUX KOMITHJISITOPOB u
WHTETPUPOBAHHBIX CPENCTB MOAICPKKH. JTO
NMpPUBETIO0 K  TMOSBICHUIO  YPE3BBIYANHO
TPOMO3JKMX  MPOTPAMMHBIX  KOMIUIEKCOB,
MoJJIepKKa, Hu3yuyeHHe U Moaudukaunms
KOTOPBIX CTAHOBATCS HEBO3MOXHbIM 663
CrICAJIbHBIX ME€TOJ0B U UHCTPYMCHTOB.

B nanHOll crathe '"peBepc-umkeHepus'
4acTo IpeamecTByeT "(hopBapa-uHKeHepuH".
DT0 OOBACHAETCA IBYMsI OOCTOSTEIHCTBAMHU.
Bo-mepBrIX, aBTOpaM OJIDKE STOT AacCIeKT,
MMOCKOJBKY HWMEHHO C peBepC-HHKEHepUH
HAYMHAINCH paboThI 1o CO3/1aHUIO0
TEXHOJIOTUH, O KOTOPBIX MONAET pedb HIKE.
Bo-BTOpEIX, 1 3TO, MOXKET OBITH, 0OJIee BaXKHO,
3aJa4yd  PEeBEpC-MH)KEHEPHUH BO  MHOTHX
OTHOUIGHHSX mpoue (OpManu3ylTcs, U MO
9TOI NpUYMHE Ha 3aJa4yax peBepC-MHKEHEPHU
UMEIOTCSl ~ pealbHble  MPENIIOCBUIKM  JUIs
anpo0anuy  CaMbIX HOBBIX  METOJOB U
WHCTPYMEHTOB IOJUIEPXKKH pPa3pabOTKH U
pazsutus [10. Ipocrora hopmanuzamun 31ech
oOyclmaBnuBaeTcss TE€M, 4YTO  HCXOITHBII
MaTepuall UIs peBepc-UHKEHEpUH — ITO
TIOJTHOCTBIO (POPMATM30BaHHBIA TPOTPAMMHBIN
MaTepuall — MUCXOJIHBIE TEKCTH mporpamMm. B
ciydae  (opBapI-MHKEHEPHH B  KadecTBE

"HCXOTHOTO MaTepuana' BBICTYTNAIOT
CYIECTBEHHO MeHee MarepualbHbIe
cyOCTaHIIMM:  METOABl  INPOEKTHPOBAHUS,

HaBBIKM  Pa3pabOTUMKOB,  HedopMabHbIE
cnenudukanuu TpeboBaHuii u mp. Takum
00pa3oM, HECMOTPSI Ha TO, YTO LIENIBIO CTAThU
SBISIETCSl  Pa3BUTHE KOHLENIUH  EIUHOTO
MoJaxoJa K pEIICHHI0 3amad  peBepc- H



(dbopBapa-MHKCHEPHUH, Jaiee Mbl  OyJeM
COXpaHATh TOT € NOPANOK PacCMOTPEHHMs
acIIeKTOB  IIPOTPaMMHOW  WHXKCHEpUH  —
cHayaya "peBepc", a 3arem "dopsapa’”.

1.2 ®opmanbHbie MeToabl B
pa3pab6oTtke MO

Hatp TouHOe ompernencHue "(popMarbHBIM
MeronaMm'", Kak OHHM  IIOHUMAIOTCS B
HpOrpaMMHPOBaHHH, JOCTAaTOYHO
3aTpypHuTenbHO. OgHa W3 NPHYUH  3TOTO
COCTOHT B TOM, YTO MPOTPaMMBbl U METOJBI UX
KOMIWJIAIMU W HUHTEPIIPETAlMM HCCOMHEHHO
SIBJISAFOTCS (l)OpMaIll)H])IMI/I, Mo3TOMY HU BCE
MeTOoIbl  pa3pabOTKM  HporpamMM  JIETKO
00BsIBUTH (opMalIbHEIMU. BmecTe ¢ Tem, mox

TEPMUHOM "(hopmanbHbIE MeTob!"
CKpBIBAETCS HEUYTO, OTIMYAIOLIEe PYTHHHOE
HalMCcaHue TEKCTOB Ha SI3BIKE

MIPOTPaMMHUPOBAHUS OT aHAJIN3a 3THX TEKCTOB
U aHaIM3a MOBEAEHHS IIPOTPaMM, 3aIJaHHBIX
9TUMH TEKCTaMH, MPUYEM aHaIu3a 10 AyXy
OIM3KOro K MaTEMaTU4EeCKUM HCCIIEAOBAHUSM,
HCIIOJIB3YIOUIET0 MaTeMaTHYeCKUe HOTAlUU U
CHOCOOBI  pacCyXIeHHH | JJOKa3aTeJlbCTB,
MPUHATBIC B MaTCMaTUKE. B cBs3u ¢ stuM
MHOTHE aBTOpHl  JAalOT  OIpEIeJICHUE
"(hopMaNbHBIX METO/IOB" MPOCTO Kak METOIOB
paspaboTku porpamm, B KOTOPBIX
UCTIONIB3YIOTCSI ~ MaTeMaTHdecKass — HOTaIMs
(notation) H/AIH MaTeMaTHICCKHE
paccyxnerus  (reasoning). MBbI  TOTOBBHI
OCTaHOBHTBCSI ~Ha  3TOM  ONpPEICICHUH,
MOCKOJIBKY ~HE BHAUM TPHYMH  HCKaThb
JIYYILIETO.

®dopmaibHbIE METObI B
NIPOrpaMMHPOBAHNH, [10-BUIUMOMY,
MOSIBWIINCH TIPAKTUYECKH OJHOBPEMEHHO C
caMHM TIporpaMmupoBaHueM. U3 pesynbTaToB
COBETCKO MPOTrPaMMUCTCKON IIKOJIBI
HAMOOJIBIIYI0 M3BECTHOCTH IMOIYyYMIIA PabOTHI
A.A Mapxosa (anroputmsl Mapkosa) [24] u
paboter A.AJlamyHoBa [25] U ero y4eHHKOB
(mampumep, cxembl SHoBa [26]). B OGoiee
MIO3ZIHUE T'O/IbI MHOTO BHUMaHUs (pOpManbHbIM
meromam B CCCP ynaensioch B paborax
KHEBCKHX, HOBOCHOMPCKHX, JICHUHIPAJACKUX U
MOCKOBCKHX yueHbIX. Hanbosee u3BeCTHON U
pacnpocTpaHeHHOH (opManbHOW HOTarmen
SIBIISIETCA HOTaLMs Bakyca-Haypa,
UCIIOJNIB3YIOMIAsCS Ul ONHMCAHMS CHHTaKCHCa
(opManbHBIX S3BIKOB. 3aT€M MOXKHO Ha3BaTb
MamnHy ThlOpHHTa, KOHEYHBIC ABTOMATHI
(Finite State Machine — FSM or Finite
Automata — FA), ceru Iletpu, s3bIkn
ONHMCAaHUs B3aUMOJEHCTBYIOIINX IIPOLIECCOB
K.AXoapa (C.A.Hoar) wu  P.Munnepa
(R.Milner) u p.

Ilo ecTecTBEHHBIM IpUYruHaM MPAKTUYCCKU
Bce paboThl 10 (OpMAILHBIM METOJaM ObLTU
HaueneHsl Ha  QopBapA-npwioxkeHus. B
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Ka4yecTBe ujeana paccMmarpuBaliach
cnepyromast cxema. Ha s3bike (opMasibHBIX
cnenuduKanuit OTIMCHIBAIOTCS
(YHKIMOHAIbHBIE TpeboBaHus K
MIPOTpPaMMHOMN CHCTEME. IIytem
AHATUTHYECKOTO HCCIICIOBAHUSA
YCTaHABJIMBACTCS KOPPEKTHOCTH
crenuuKaIun — cnennuKaIus

Bepuduuupyerca. 3aTreM [OpH  IOMOIIU
HEKOTOPOTO ~ HMHCTPYMEHTa  Ha  OCHOBE
¢dopMmanbHBIX crenupUKauil TeHepUupyeTcs
KOJ IporpaMMmHoil peanmzauuu. Heckoibko
Ooyiee pEATMCTUYHBIA CIIEHAPUH JOHOJHSUI
ONMCAaHHYI0  BBIIIE  CXEMy  IPOLECCOM
MIOCTETICHHOTO ~ YTOYHEHHWs  crenudukanui
(refining). Kaxnprii  mar  yTouHeHus
MIPOBOANTCS YEIIOBEKOM, KOTOPBIA HAIpaBIIseT
rpotecc YTOUHEHHUS. IIpu 3TOM
COOTBETCTBYIOIINE WHCTPYMEHTBI CIIEAAT 32
TeM, YTOOBI ouepeiHoe YTOUHEHHE
crenu(uKay He IPHILIO B IPOTUBOPEUHE C
UCXOAHBIMH  cnemudukanusimMu. B obonx
CIICHApUSIX B KaueCTBE UTOTOBOTO pe3yJibTaTa
JOJDKHaA MOABUTHCA porpaMMHas peajin3alus,
yJIOBJIETBOPSIIOLIAsI BCEM
crneuupUIUpPOBaHHBIM TpeOOBaHUAM M HE
coJleprKaIasi ONIMOOK.

B 70-e rompl NOABMAMCH  SI3BIKU
(dopManpHBIX  cHeNU(UKAINA, KOTOpPHIE C
OIHOM CTOPOHBI HMMEIM MHOTO O0O0mero c
S3bIKAMH  TIPOTPAMMHPOBAHUS, a C APYroH
CTOPOHBI ~ MPEJOCTABISIM  CIELHUAIbHBIC
CpeAcTBa, CONMMKAIOIINE UX ¢ MATEMAaTHIECKON
HOTauued u oOyeryamoume paccyXICHUs o
CBOWCTBAaX TakuxX (OpPMaNbHBIX TEKCTOB. B
Ka4ycCTBC HaI/l6OJ'I€e H3BCCTHBIX YIOMSIHEM
CSP [13], CSS [14], VDM [15], SDL[16],
LOTOS [17].

Hecmotps Ha o310, Oosblnas dacTb
nccIeIOBaHuN MO (OPMaTBHBIM METOJAM I10-
NpeXXHEMY COXpaHsla TaKk Ha3bIBaeMBIH
"akagemudeckuil" xapaktep. I[lo-Bummmomy,
IJIaBHBIM MCKJIIOUEHHEM CIyKaT paboThl MO
koHeyHbIM aBTOMataM (KA), xoTopsle Hamum
camoe MINPOKOE IIPUMEHEHHE B
NIPOCKTUPOBAHUM W TECTUPOBAHUU CPEACTB
aBTOMAaTHKH, CBA3U n BBIYHMCJIMTEIILHOM
TexHukd. OneiT  wucnonb3oBanus KA B
pa3paboTke amnmaparypsl TPHUMEHSUICS W B
paspaborke IIO, XOTI B CYyIIECTBEHHO
MEHBIIMX MacmrabaXx 10 CpaBHEHUIO C
pa3paboTKoii armapaTypel.

Becpma CKpPOMHBIE PEe3yNbTaTHI,
MIPOJIEMOHCTPUPOBAHHBIC MIOTIBITKAMHU
NPUMEHNTH (OPMATBHBIE METOB! B PEabHBIX
MPOEKTaX,  MOPOJWIM  PACHpPOCTPaHEHHE
CKENTUYECKOro B3IJIsla Ha BO3MOXKHOCTH
U3BJICYb MOJIb3Yy us3 9TUX MCTOOOB,
COM3MEPUMYIO  C  3aTparaMH,  KOTOpBIE
HEOOXOAMMO BIJIOXKHTb B JIOTIOJHHUTEIbHBIE



paboThl, CBsi3aHHBIE C  pa3paboOTKOi U
aHAIM30M  (OPMATbHBIX  creluduKanui.
BwMmecrte ¢ Tem, Ha OTIEIBHBIX HANpaBICHUSIX
(opManbHble METONBI M, B YaCTHOCTH, SI3BIKU
¢dopManbHBIX  crenudUKanuid  JTOCTUININ
3HAYMMBIX YCIIEXOB. DTH YCIEXH, C OJHOH
CTOpPOHBI, OBUIM  OOYCJIOBJCHHl  YAaYHBIM
COUeTaHWEM  TOTPEOHOCTeH  IpeAMEeTHOMH
00acTH W BO3MOXHOCTEH  (OpPMaATBHBIX
METOJIOB (B MEPBYIO OUYepedb 3TO MpPOOIEMBI
OIUCaHUA TEeJIEKOMMYHHKAIIMOHHBIX
mpotokosnoB; SDL, LOTOS - mpumepst
S3BIKOB CHeLlH(l)PIKaLlMﬁ, HCIOJB3YIOINXCA B
3THX OOJIaCTSX), W C JPyrod CTOPOHBI,
NpUOIMKEHUEM  SI3BIKOB  CIlelM(UKAIUN K
¢dopMam, TPUBBIYHBEIM B  TPAJAUIMOHHOM
NpOrpaMMHpPOBaHHU (B IEPBYIO OdYepelb 3TO
Benckuit merom — Vienna Development
Method — VDM wu ero pazButue — SI36IKH Z U
RAISE).

Eme oaHuM  ¢aktopoM, cO30aBIINM
HPEIIOCHUIKY Ul IPOJIBIKEHHS (hOPMATIbHBIX
METOJIOB B peaJbHOE IMPOrpaMMHUpPOBaHHE
(software production), cTax uHTEpeC K
BOIIPOCaM PEBEPC-MHIKEHEPUH BOOOLIE M K
3aja4aM aBTOMATH3allMM TECTHPOBAHUS Ha
OCHOBE HCIIOJIb30BAHUS (hopManbHBIX
cnenuduKanyii (TeM caMbIM, CIyCTHUBIINCH C
HeOec  Ha  3eMJII0,  CICHUAIMCTHl IO
(dopMaTEHBIM METOAAM OTOPOCHIIM MeduTy 00
MOPOXKACHUU TporpaMMm ©Oe3 omuboK, a
pEeLIMIN  HCIONB30BaTh CBOM METOABI I
MOMCKa  OIMMOOK, KOTOpbIe  HEU30ekKHO
Bcrpevarored B I10).

'maBHOE NpeMMyIIECTBO, KOTOPOE JaeT
UCIIONIb30BaHNE  (OPMANBHBIX METOJOB B
Ipolecce  peBepc-MHXKEHEpHH, —  3TO
BO3MOXKHOCTb CTpPOTOTO OIIMCaHUS
nHTepdeiicoB W MOBeAEHHS IPOTrPaMMHON
CHCTEMBl. JTa BO3MOXHOCTB, BO-IIEPBBIX,
TIO3BOJISACT (buKcupoBaTh 3HAHUSA 0
(YHKIMOHAIBEHOCTH OTIEIBHBIX KOMIIOHEHTOB
W TOACHCTEM, 3HaHWSI O  IpaBHIax
B3aMMOJICHCTBHA, 00 OrpaHHYEHHSIX Ha
BXOJIHbIE JlaHHEIE, BPEMEHHBIE
XapakTepucTuku U ap. Tem  cambiMm,
MOABJIACTCA NMPEANOCHIIIKA NJIsI PEHICHUA caMoi
[JIABHOW TPOOJIEMbl COBPEMEHHOW peBepc-
nwkeHepud. OHa COCTOMT B TOM, 4YTO Ha
CETOHSALIHNN MOMEHT pPEe3yJIbTaToM palboThI
110 M3YYEHHIO MPOrpaMM (3TO M €CTh peBepc-
WHXKEHEPHs B Y3KOM CMBICIE 3TOTO CIIOBA)
SBJICTCS 3HAHUE OTIENBHOIO WHIAMBUAA. DTO
3HaHUE HE OTYYXKIAETCs OT MHIAMBUIA U JIETKO
TepsieTcd KaKk CaMMM MHAMBHIOM (M TPYIIION,
B KOTOpOW OH paboTaer), Tak W 3aKa3uMKOM
peBEepC-UHXKECHEPUH, KaK TOJBKO JaHHBIHA
UCIIOJIHUTENb  NEPEKIIOUMICS Ha  JPYrylo
pabory. UzBectHo, 4TO (hupmbI
npousBoauTenn 110 3aTpaunBaloT OrpoMHBIE
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cpezacTBa Ha co3jganue nokymeHrarmu o I10.
OpHako JMIIb HEMHOrue (GUPMBI HaXOJST
JIOCTaTOYHO CHJ M BpPEMEHH, YTOOBI
MOJ/IePKUBATh JTOKYMEHTALMIO B aKTyaJbHOM
COCTOSIHMU. OJTa CUTyalusi Kaxabll pa3
MOPOXKIAaeT  HEOOXOAMMOCTH B peBepc-
WHKCHEpHUH. PeanbHBIM BBIXOAOM M3 3TOTO
0ECKOHEYHOTO IUKJIA SBIACTCS (UKCAIHS TaK
Ha3bIBa€MbIX "MPOTPAaMMHBIX  KOHTPAKTOB"
(software  contract),  KOTOpblE  MOXHO
paccmarpuBaTh Kak MaTepuanbHoe
NpEe/ACTaBJIeHNE 3HAHUH O (DYHKIIMOHAIBHOCTH
nmaunoro I10.

[IporpaMMHBIH ~ KOHTPakT  OIMCHIBAET
CHUHTAaKCHC M CEMaHTUKy HHTep(deiicoB cucrem.
Kak mpaBmiio, 3TOT TEpMHH HMCHOJIB3YETCSl TO
OTHOUIECHHIO K TaK Ha3bIBaEMbIM
"wHTEepdeiicaM  MPHUKIAAHBIX  mporpamm"
(Application Program Interfaces — API). API —
9T0 WHTEpPENC, KOTOPBIA MPEIOCTABISIETCS
CYLIHOCTSIMH, COCTaBJIIOIIMMH IPOTpamMMmy,

HaIpumep, npolLesypamy, GbyHKIMAMY,
MeTtogamu OO KJ1accoB U T.II.
ITomumo COOCTBEHHO (uxcanuu

MPOrPAaMMHOTO  KOHTpakrta,  (opMayibHas
crienuUKanus MO3BOJISIET CHCTEMATU3UPOBATh
(yHKIIMOHATBHOE TECTHPOBAHUE (uacto
HA3bIBAEMOE TECTHPOBAHHUEM 110 METOMY
"gepHoro smuka"). [Tockonpky (opmanbHBIE
crenupuKamn CTpOro OIIUCEIBAIOT
TpeOOBaHMUs KaK Ha BXOJHbBIC JAHHbBIE, TAK U HA
OKHUJIaeMbIe PE3yJIbTaThl, (YHKIMOHAIBHBIX
crienuUKauid JOCTaTOYHO JJISi TOTO, YTOOBI
MIPOBECTH TECTHUPOBAHUE BHEITHETO MOBEACHUS
CHCTEMBEIL.

3ameTnM, 4T0 0€3 CTpOrux creuudukaui
TaKoi CHUCTEMATH3MPOBAHHBIN MOJXO/T
HEBO3MOXCH, IMOCKOJBbKY HET NAaHHBIX HH 00
00JacTH  JOMYCTHMBIX  BO3JCHUCTBHIA  Ha
LENEBYI0 CHUCTEMY, HH O KPHUTEPHUSIX OLCHKU
MOJYYEHHBIX  pe3yJbTaTOB — Kakhe U3
pe3yJbTaToOB  CIEMyeT  TPaKkTOBaTh  Kak
MpaBWIbHBIC, KaKWe KakK JIOKHBIE. OTO
SIBIICTCSI  OJHOM W3 MPHYMH TOTO, YTO
GoJibIIas 4acTh HCCIIEI0OBAHUI o
TECTHUPOBAHUIO TOCBAIICHA TCCTUPOBAHUIO HA
OCHOBE MCXOJHBIX TEKCTOB. MICXOqHbBIE TEKCTEI
SIBIISIFOTCSL  CTPOTMIM  OTIMCAHHUEM CTPYKTYPBI
peanu3anyu, MO3TOMY OHHU IIPEICTABISIOTCS
MOIXOASIIAM MATEPUAIIOM JUIS W3BICUYCHUS
TECTOB (TECTOBBIX BO3JICHCTBUIN) U IS OLICHKU
MOJHOTHI TECTOBOrO TOKphITUsL. OnHAKO, B
OTIIMYHE OT (PYHKIIMOHAIBHBIX CIICI(PHUKALINH,
Ha OCHOBAHUM HW3Y4YCHUsS] HCXOIHBIX TEKCTOB
HENB3sl BBIHECTH 3aKIIOUCHHUS O KPHTEPHIX
MPOBEPKH  COOTBETCTBHS  pEAIM3aLUU €€
(YHKIMOHAIBHBIM TPEOOBAHUSIM, B YACTHOCTH,
0 MOJIHOTE PeaTU3AIUH.

Eme omHO OOCTOSTENBCTBO — SIBIISETCS
Yype3BbUaiiHO BakHBIM. Ecnmu cnenmdukammum



(opManbHBl, TO OHM MOTYT paccMaTpHBaThCs
Kak "MmammHHO-unTaembie". Tem  cambiM
MOSIBIISIETCS MPEANnoChUIKa MOJIHOCTBIO
aBTOMAaTU3UPOBAaTh KaK TEHEpPalri0 TEeCTOB,
TaK U aHaJIU3 Pe3yJIbTaTOB TECTUPOBAHMUSI.
Cepbe3HBIM HaIpaBICHUEM B
WCTOJBh30BaHUN  (POPMAaNbHBIX METONOB B
[OCJIEAHUE JECATh JIET cTraja “IpoBepKa
mogeneil” (model checking). Dror moaxon
JIEMOHCTPUPYET KOMIIPOMHCC MEXITY
HJleaqbHOM MEeUTOMH 0 BepupUKaIH
(opMaibHON CHCTEMBI M pealibHOM MPaKTUKOU
paspaborku I10. Cyrp moxonma COCTOUT B
[IOCTPOEHUH MOJENIM PEAIbHON CHUCTEMBI U IO

BO3MOXHOCTHU IOJIHOM IPOBEpPKE
KOPPEKTHOCTHU ,HaHHOﬁ MOACIIN. HpOBepKa,
€CiIn BO3MOJXHO, TMIPOBOAUTCH

aHAJMTUYECKMMHU  MeTojamu. Ecim  3T10
HEBO3MOXHO, TPOU3BOJUTCS TECTHPOBAHHE
Mojenu. [Ipu 3TOM CJI0XKHOCTh MOJENH, KaK
MIPaBUJIO, BBIOMPAETCS TAKUM 00Pa3oM, YTOOBI
ObL1a BO3MOXKHOCTb MIPOBECTH
“ncuepmnpiBaroinee” TectupoBanue (exhaustive
testing). Cnaboe MeCTO IJaHHOTO MOAXOJa —
9TO MpoOJEeMBbl TIOCTPOEHUS MOJIEIU U
JI0KA3aTeNIbCTBO TOTO, YTO MOJEIb JOCTATOYHO
coJieprKaTeNbHa, YTOObI HA OCHOBAHUU MOJIEIH
MOXHO OBLJIO CYAUTh O CBOWCTBaX peajbHOU
CHCTEMBI.

Pesromupyss  maHHBIH ~ KpaTKuii  0030p
MO3UTHBHBIX  CIBHITOB B  HCIIOJIb30BAHUU
(bopManbHBIX METOJOB B HWHIYCTPHAJIbHOU
pazpabotke I1O, oTmermM, dYTo ceHdac
HaMETHJIOCh JIOCTATOYHO YETKOE pasJielieHHe
MeTOﬂOﬂOFMf/II )41 MOAACPKMUBAIOIIUX ux
HHCTPYMEHTOB, OPUEHTUPOBAHHBIX Ha
aKaJieMUYEeCKUe  WCCIIEJIOBAaHMS U Ha
UCIONIb30BaHKe B npombinuieHHoctd 10,
IMocnenHue OTIMYAOTCS OT TEPBBIX HE TOJIBKO
Oosiee Pa3BUTBHIMH CPEICTBAMH MOJIEPIKKU
MPOTPaMMHBIX TPOEKTOB, HO W CPEICTBAMH,
MO3BOJISIIOIIUMH [IEPEKUHYTh MOCTHK MEXIY
crienmuUKausIMA U COOCTBEHHO IIEJIEBOM
cucremoit. K Takum cpenctBam B MeEpBYIO
ouepenb OTHOCSTCS KOMITUJISITOPBI
HUCIIOJIHUMBbIX IIOAMHOXECTB S3BIKOB
cneuuuKaii B A3bIKM NPOTrpaMMUPOBaHUS,
CpCACTBa corjacoBaHus Cl'le]_II/I(bI/lKaLlI/IOHHI)IX
U peaju3alMOHHBIX CYHIHOCTEH, CpeacTma,
YIPOIIAoIINe KOHPUTYPUPOBAHHE EJIEBBIX U
TECTOBBIX ~ CHCTEM, B  KOTOPBIX  YacCTh
KOMITOHEHTOB CO3/IaeTCsl BPYYHYIO, & 4acThb
SIBISIETCSl ~ pe3yJIbTATOM  TEHEepaluu W3
dopmanbHBIX crenudukanuii. PasHoobOpasue
TAKUX BO3MOXKHOCTEW IO3BOJISIET 3aKJIIOYHTh,
YTO HEKOTOpbie (PopMajibHbIE METOAOJIOTHU U
HaOOpBl MX HMHCTPYMEHTOB YK€ BBIIUIM Ha
YPOBEHb MPOrPaMMHBIX MNPOAYKTOB, U B
Ommkaiiliee  BpeMsl  ClIeAyeT  OXKHIATh
3HAQUUTEJIBHOIO  pAaCHIMPEHHs  KaKk  UX
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(YHKIMOHAIBHOCTH, TaK M MacliTabOB HX
UCIIOJIb30BAHMUS.

2. Ucmopus u ocHO8HbIe udeu
KVEST

2.1 Uctopusa pa3paboTku n
ncnonb3oBaHua KVEST

B 1994 rogy Nortel Networks
(mpenpimyme Ha3BaHUS: Bell-Northern
Research, Northern Telecom wu Nortel)
mpemiokun  MCIT  PAH  paspaborath
METOJOJIOTUI0 M KOMIUIEKT HHCTPYMEHTOB
aBTOMATU3alUi TECTHPOBAaHMUS HHTEpQelcoB
NpUKIagHbIX porpaMm (Application Program
Interface — API). IlepBbIM mNpakTHUECKUM
NPUMEHEHHEM  METOJOJIOTHH  CTajo  SAPO
OTIEPA[IOHHOW CHUCTEMBI PEaIbHOTO BPEMEHH.
Bbu1 cTporo onucan mporpaMMHBIA KOHTPAKT
sapa OC M co3maHbl TECTOBBIE HAOOPBI IS
MIPOBEPKH BBITTOJTHEHHSA peanuzanuen
MIPOTPaMMHOTO KOHTPAKTA.

B cnyuae ycmexa mpoekra Nortel momrydan
BO3MO>KHOCTh aBTOMAaTHU3UPOBAHHOI IIPOBEPKU
COOTBETCTBUSI ~ IIPOTPAMMHOMY  KOHTPAKTY
crepyrommx Bepcud  sapa.  Kpome Toro,

HOSABJIATIACH BO3MOXHOCTb YIY4IIUTh
CTPYKTYPY MPOTPaMMHOI0 MPOIYKTA B LIEJIOM,
MTOCKOJIBbKY BO BpeMs onpenaeIeHus

nporpammHoro konrpakta MCII npennoxun
YCTQaHOBUTH MHHUMAaJbHOE W OPTOTOHAILHOE
MHOXkecTBO uHTEep(eticos sapa OC.

UCII opranm3oBag COBMECTHYIO TPYIIILY
uccienoBaTeNieil u  pa3paboTymkoB. UeHBI
TpynIbl UMeTH OOraThlii ONMBIT B pa3paboTke
OTIEPAI[IOHHBIX CHCTEM, CHCTEM pEaIbHOTO
BPEMEHHU, KOMIWIATOPOB U B HCIIOJIb30BaHUU
(dhopMabHBIX cneruduranuit JUTSt
CHUCTEMaTHYECKOr0 MOJX0Ja K pa3pabdoTKe U
tectupoBanuto 110 [2, 9, 10].

3a mepBoe mnonyronue WCII mpenmoxun
nepByto Bepcuio uHrtepdeiicos sapa (Kernel

Interface Layer — KIL) w mnpousBen
CPaBHHUTEIbHBIH aHamu3 JIOCTYIHBIX
Metonoioruil cnenupuimpoBanus. KIL Obmn
TIPUHSIT c HE3HAYUTELHBEIMU

MoaudukarmusamMu. Haubonee moaxomsmmm
SI3BIKOM  crieniuukanuy Obl1 mpu3HaH RSL
(RAISE Specification Language) [11, 12].

3a cremyronme mojroga ObUT pa3paboTaH
Hpe}lBapHTeﬂbeIﬁ BapUaHT METOA0JIOTHUU
crienu(UKAUU U TeHEPALUU TECTOB, CO3aHbI
MPOTOTUNBI  crieluduKanuii, pa3paboTaH u
peaM30BaH TEHEPATOp TECTOBBIX OPAKYJIOB.
[TpoToTHI MPOAEMOHCTPUPOBAT BO3MOKHOCTh
HCTIOJB30BaHUS (POPMATBHBIX CHenH(pUKAIIit
B TMNpOMBIIUICHHOH paspabotke I10. B
Ka4yeCcTBe OCHOBHOTO THMNA creludukaui
OBLITH BBIOpaHBI AMIUTUIATHBIE
cnermprkanuu. Takke OBUIH yCTaHOBJICHBI



OCHOBHBIC le/IHHHHbI aHaJiu3a TECTOBOI'O
nokpeiTua. KVEST merononorust ucnons3yer
MO UKAIHIO C}lHd)* KpuTepus s
pa3oueHus MIPOCTPAHCTBA BXOJIHBIX
MapaMeTPOB, OLEHKH TECTOBOTO TOKPBITHS U
BEIOOpA TECTOBOM CTpaTeTruu.

3a cumemyromuii TOox OBUTH  CO3IAHBI
OKOHYATENbHbIE BEPCHU cHenupuKammi u
WHCTPYMEHTOB ISl TEHEPAIlUN W BEHITIOTHEHUS
tectoB. C cepeaunnl 1996 nmo nHawama 1997
rojfla TOYTH BCE TECTOBBIE HAOOPHI ObUIH
IOy YEeHBI u AOpO OC  ycmemrHo
[IPOTECTUPOBaHO. Pe3ynbTaTsl TECTUPOBAHUSA
OKa3aJIuCb HCOXUIAAHHBIMU [JId 3aKa34dyuKa.
Hukro He nymai, 4TO B KPUTMYECKOU 4acTH
I1O, uncmone3zyemoro B 3Tol obmactu Oolee
JIECSATH JIeT, OyJIeT OOHapyKEHO HECKOJBKO
JIECATKOB OIIMMOOK!

2.2 OcHoBHbIle ngen KVEST

Bynem  pa3nmuuarh  METOMOJIOTHIO |
TEXHOJIOTHIO, COBOKYIHOCTh TEXHHYECKUX
pellIeHHiT U HHCTPYMEHTOB, ITOIIEPIKHUBAIOIINX
KVEST wmeronmonoruro. (Ha pycckom s3pike
cinoBo  "MeTtomonorusa"  3BYYHT  CIHIIKOM
NpEeTCHIIMO3HO, TEM HE MCHEEC Mbl €TI0
UCIIOJIb3yeM, MOCKOJBbKY 3TO KOpodYe, 4YeM
"COBOKYIHOCTh ~ METOJOB" M  IOJHOCTBIO
aJIeKkBaTHO TpakToBKe cioBa "methodology” B
AHIVIOSI3BIYHON  JITEpaType). MeTomonorus
KVEST HalelneHa Ha (uKcammio
MPOTPaMMHBIX ~ KOHTPAaKTOB M  Pa3iH4HbIC
crocoObl  WCTONB30BaHUS  crenu(uKaImit
MPOrPaMMHBIX KOHTPAKTOB.

B KadecTBe OCHOBHOT'O METOoaa
crenuQpuKanuu UCTIONB3YETCS TaK
Ha3bIBAEMBIii "MoJ1es1e-OpHEeHTUPOBAHHBIN"

nnu  "OpHUEHTUPOBAHHBIM Ha cocTosHHE"
(model based or state based) momxon. OTOT
MOJXO0J SIBISIETCSl ajbTEPHATUBHBIM K Tak
Ha3blBaeMoMy '"anreOpamueckomy’ MOAXOAY,
CUHOHMMaMH KOTOpOTO SIBIISIFOTCS
"akcmoMaTn4yecKkuin” " " neficTBHE-
opueHTHpoBaHHBIN" (action based) momxombl
[21, 22]. B wmomene-opueHTUPOBAHHOM
moaxo/e crenuduKanus npeacTaBiseT coOoM
MIPUBBIYHYIO MPOTPAMMHUCTaM COBOKYITHOCTH
(GYHKUMH W ONMCAHWI JAaHHBIX, C KOTOPBIMU
naHHble QyHKUuMU onepupytor. Kak mpasuio,
KaKI0M omepauuud (Ipoueaype) LeJeBoi
CHCTEMBI COOTBETCTBYET HEKOTOpast
creuuuKaoHHas byHKIHSA. Co
CTPYKTypaMHu JaHHBIX KapTHHA CYLIECTBEHHO
CIIOJKHEE. Paszmuuarorcs "BunuMele"
peamm3aliOHHBIE  JaHHBIE W CKPBITHIC.
BumnMmpiMi  Bcerga SBIAIOTCS BXOTHBIE U
BBIXOJHBIE MapaMeTphl Omepanuii (Iporenyp,
MeTonoB). Takue naHHBIE, Kak TJIOOATBHBIC

*CJIH®D — COBEpUICHHAs TU3bIOHKTUBHAS
HOpMaJibHas Gopma.
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NepeMeHHbIe, CTaTUYeCKHe O0JIacTH IaMsTH,
€CIM OHHM BKJIIOYAIOTCS B  IMPOTrPaMMHBIN
KOHTpPakT  (4TO, TpaBla, MPOTHBOPEUHT
TpeOOBaHMSAM  TPAaMOTHOTO,  MOJYJBHOTO
MOCTPOCHHUS nuHTepdeicon), TaKkKe
oOBpsBIATOTCA  "BUAMMBIMA". B mpoTHBHOM
cly4ae OHH pacCMaTPHUBAIOTCA Kak "CKpPBITHIE".
Buanmble naHHBIE MOIENUPYIOTCS B MaHEpe
Oym3koi K ux peanuzanuu. CKpbBIThIE JaHHBIE
MOTYT MOZAEIHUPOBATLCS 0€3 MPSIMON NMPUBA3KU
K peanu3anuy. OTO TMO3BOJSIET, BO-TIEPBBIX,
caenath crnenudukanuu B OoJbLIeH CTENEeHU
peaTM3aliOHHO-HE3aBUCUMbBIMH,  BO-BTODBIX,
Oosee abCTpakTHBIMH, M, CJEJOBATEJIbHO,
3a4acTylo 0ojee KOPOTKMMH U TIOHSATHBIMH.

B MO/IeJIe-OPUEHTHPOBAHHBIX
cnenu(uKaKsIX HCHONB3YIOTCS JIBa BHAA
onucaHus (pYHKIMA — SKCIUTHIUTHEIC (SBHBIC)
U WUMIDIMOATHBIE (HesiBHBIE). [lepBble —
3HAKOMBI BCEM IIOJIb30BATENSIM  OOBIYHBIX
SI3BIKOB MIPOTPaMMHUpPOBaHUs. Takue OnucaHus
MIPEACTABISIIOT COOOH OMHCaHWE aNropuUTMa
BBIYKCIICHUS pe3yJsbrara (yHKIMH.
MMIIIMOUTHEI €r1oco0 COCTOUT B ONUCAHUU
OrpaHMYECHUI Ha  BXOAHBIE  MapaMeTpsbl
(mpenycnoBue) u OrpaHHYCHUS Ha
COBOKYIMHOCTH ~ BXOAHBIX M BBIXOJHBIX
napamerpoB (mocrycnosue). W mpen-, u
MOCTYCJIOBHE — 3TO MpPEAUKaT, TO €cThb
GYHKIMA, pe3ynbTaToM KOTOpOH sBisieTcs
OyneBckas BennunHa. [IpemycioBue MCTHHHO
TOrAa W TOJNBKO TOTAA, KOIZa BXOIHBIC
napaMeTpel BXOISIT B 00JACTh JOIMYCTUMBIX
3HauUeHMH JaHHOW (yHKUMM (HOBeJeHHE
(GyHKIMK BHE 00JIaCTH AOMYCTUMBIX 3HAUEHHI
HE OIIPEJIEIICHO u HOATOMY He
paccmarpuBaeTcsi M HE  TECTHUPYETCs).
[TocTycnoBre UCTHHHO TOT/IA M TOJIBKO TOTJIA,
KOTZIa COBOKYITHOCTH 3HAU€HHMH BXOJIHBIX H
BBIXOAHBIX  TApPaMETPOB  YAOBICTBOPSET
TpeOOBaHUAM, 3a1AF0IIIM
(YHKIIMOHAIBHOCTb,  Ha3HAYCHWE  JITAaHHOU
¢yukuun. TeM caMbIM, MOCTYCIOBHE MOXKHO
paccMmatpuBaTh Kak (popmanbHOE ONpeeeHue
KpHUTEpUs MIPaBIIIbHOCTH MOJTy4EHHOTO
pesyJnbrara.

3aMeTHM, YTO UMIUIMIHUTHAs (Gopma JIETKO
MO3BOJISIET ONHUCHIBATh HE TOJIBKO KOHKPETHOE
3HAUEHHE, KOTOpOE [OJDKHA  BBIYUCIHUTH
(YHKIMS, HO U KJIACC JOIyCTUMBIX 3HAYEHHH.
IIpn onmcanum peanbHBIX HPOrPaMMHBIX
KOHTPAaKTOB 3TO OYEHb BaXXHO. PaccMmoTpmm
IBa mpumepa. B mepBom mpumepe He BaXkHO,
Kak 3a1aBaTh (DYHKIHIO, B UMIUIMLUTHOM HIIH
SKCIJIMLIUTHOM BHIE. Bo BTOpoM mpumepe
SKCIIIIMLUTHAS ¢dhopma MIPaKTHYECKN
HerpHemiieMa.

[lepBeiii TpUMep — 3TO QYHKUMS, KOTOpast
BBHIIIOJIHAET  HEKOTOphle  apu(MeTHUecKHe
BBIYKCIIEHHS HaJl LEJIBIMU Ynuciamu. V3BecTHa



¢dopmyna (ogHa U3 BO3MOXHBIX), IO KOTOPOU
BBITIOTHSIOTCS JTAaHHBIC BBIUUCIICHUS,
obosnaunm ee f(x), rme X — aprymentel. B
TakoM Cllyyae OSKCIUIMIUTHAS crerudukanms
nenesoit ¢pynkuuu tf(X) 6yaer umers Bum (X —
THUI apryMEHTOB; Y — THII Pe3yJIbTaTOB)

tT:X->Y

tf(x) is f(x)

WmnnunuTHas cneuudukanus Moryia Obl

HUMETh CJIEIYIOLINN BUL
post-tf : X x Y — Boolean
post-tf(x, y) is y = f(x)

// 31ech X — apryMeHT,

// a'y — pe3ynbTaT HeJIeBOH QYyHKIIH

3ameTM, dYro 00€  PacCMOTPEHHBIC
crenuuKaIun MOTYT OBITH
peanu3aunoHHO-HEe3aBUCUMBIMH, ITOCKOJIBKY
MBI HE JeJaeM HHKAKHX IPEINOJIOKCHUH O
TOM, TI0 Kakod QOpMyIlle BBIIOIHIIOTCS
BBIUMCIICHHS B peaIn3alliyl IeJIeBOi (QyHKINH.
BaxxHo nMub TO, 4TO pe3ysbTar LEIEBOU
(GYHKUMK JTOJDKEH COBIANATh C PE3yJIbTaTOM
BbIunciieHus o popmyie f(x).

Bropoit npumep:  QyHkums, Kortopas
BBIICISIET  HEKOTOPYH  00JacTh  IaMsATH,
JIOJDKHA BO3BPATUTh HIACHTU(GUKATOP ITOU
oOmacTu. PeannzanmonHo-He3aBUCHMAs
crenUKanus HE MOXKET IpeJcKa3aTh, KaKoe
HMEHHO 3HAaYCHUE TIPUMET TaKOH
unaeHTupuKaTop. Bmecre ¢ Tem, B
MMIUTAITATHON thopme JIETKO 3a1aTh
OrpaHMYEHUE Ha TakoW pe3ynbrar. HoBbIN
UACHTU(DHUKATOP HE JOJDKEH COBMAAATh HU C
OJIHUM u3 UICHTU(DHUKATOPOB,
COOTBETCTBYIOIIUX JAPYTUM O0JACTSM HaMSTH.
OObIYHO 3TOrO  TpeOOBaHHMS  HApPAAY C
TpeOOBaHUSAMH, 3aJAIOIIUMH  OTPAHUYCHUS
TUTA, JTOCTATOYHO I CHCIH(DUKAIUU TaKou
GbyHKIMN.

Bosppamasice k mepBoMy  IpuMmepy,
3aMeTHM, YTO €ciH OBl apryMEHTOM IIeJIEeBOM
¢yHKIMM OBUTM  JCWCTBUTENBHBIC dHCTIA,
IKCIUTMLIUTHYI0 (GopMy 0e3 HOMOJIHUTEIbHBIX
cormamieHn#i 00  WHTepHpeTaluud  TaKUX
crienuUKaUi HCMOJIb30BaTh OBLIO HEJb3S.
I[lpu  cneumdukanuu  BBIYUCICHHH  Haj
JNEHCTBUTEIIbHBIMUA ~ YUCJIAMH  [IPUXOJUTCS
JIOTIOJIHUTENIFHO CHEIM(DUIIUPOBATh TOYHOCTH
BEIYMCIICHUA W TOYHOCTh IIPE/ICTABICHUS
pe3ynpTaTtoB. [N 3THX Ieinell WMILUTUIUTHAS
¢dopma Oymer mpenmourutTensHee. Hampumep,
cnemmpukanus ¢yakuuu tf Morma Obl MMeTh
CIEeAYIOUIUI BU:

post-tf : X x Y — Boolean
post-tf(x, y) is abs(y-f(x)) < delta

OTKa3 OT TPUBS3KHA CHEIUPUKAIUN K
QITOpUTMaM, HCIOJIB3yEMBIM B peaIH3aliH,
IenaeT  crlenu(uKanuyd  peann3aluOHHO-
HE3aBUCHMBIMH JIMIIb (DOPMANBHO, a HE MO0
cymectBy. OT Xopoineil crenudukamnii, B
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CpPaBHEHMHM C pealu3alueld, Mbl OXHIaeM
Ooyilee  SIBHOTO, IIPO3PA4yHOrO  OIHMCAHMS
"cMbIcna". 31ech Mbl KacaeMcsl O4€Hb TOHKUX
MaTepuil. Tpynso JlaBaTh cTporue
OTIpEJIeNICHNs], TO3BOJIIOIINE CPAaBHUTH JBa
TEKCTa C TE€M, YTOObI yKa3aTh, B KAKOM M3 HHUX
CMBICT TpeAcTaBieH "Oomee sBHO". Tem He
MEHee, IPaKTUIECKH BCET/a OKa3bIBACTCS, UTO
"xopomas" cnenuPUKAUSA OTIUYAETCI OT
peanu3au Oonee a0CTpaKTHBIMHU
CTPYKTypaMH [JAaHHBIX, MHCIONB3yEMBIX B
onucanuu wuHTepdeiico. B cBoio ouepens
MOXHO CKa3aTh, 4YTO CTPYKTypa IaHHBIX
"Oosee aOcTpakTHa" TOrAa, KOrna IIPH ee
ONMCaHUM MBI B  OoJjblIeld  CTeleHH
UCIIONIb3yEeM TaKue MaTeMaTH4ecKHe IOHSATHS
KaK MHOXXECTBa, OTOOpakeHUWs, rpadbl, HX
pasHoBHAHOCTH H T.aI. [lo-Buammomy, He
UMEET CMbICIa TOBOPUTH O TOM, HYTO
MareMaTudeckas  HOTalus W TPHEMBI
MaTeMaTU4ECKUX ONMCAaHUM, PpacCyKICHUM,
peoOpa3oBaHUi JIydIlle COOTBETCTBYIOIIUX
CPEACTB, MCHOJB3YIONMXCS MPOrpaMMHUCTaMU
B HUX pEaJbHOW IpakTUKe. BaxxHO nuIb TO,
4TO MareéMaTudeckasd HOTalusd MOOUIPACT
aHanmuThKa (software designer) B3MITHYTH Ha
IIporpamMMy, €e peajn3aluio, ee MOBEeICHHE C
HEKOTOPBIX HOBBIX JUIsi Hero mo3unuii. Takoe
paccMOTpeHHe MPOrpaMMbl B HOBOM pakypce,
[10-BUAMMOMY, U SIBJISIETCS [1aBHOW MPUYUHOM,
00BsICHSFOIIIEH IUTOJIOTBOPHOCTh
UCTIONB30BaHUA (POPMATBHBIX METOZOB AaXe
TaM, TIJ€ TOJHOCTBIO  aBTOMAaTHYECKOE
MOPOXKJCHUE MPOrpaMM U3 creuudukanui u
TIOJTHAs aHaJMTHYEeCKast BepUHKALHS
porpamMM HEBO3MOXKHA.

KVEST B nonHoil Mepe HCHOIB3YET 3TOT
IIPUEM OIHCAHMS ITPOTPAMMHBIX KOHTPAKTOB C
UCIIONIb30BaHMEM  aOCTPAaKTHBIX  CTPYKTYp
JAHHBIX. OJTO OTHOCHTCS Kak K THIIAM
BUANMBIX JaHHBIX, TaK W K OIHCAHHIO
CKPBITBIX JaHHBIX. Tak TpH  ONHUCAaHUH
apupmerHueckux GYHKIMH, padoTaroIux c
nensiMu pasHoit mHbl, KVEST onpenenser
THII TIETIOTO OECKOHEYHOU IJIMHBI. DTOT MIPHEM
II03BOJISICT BCKPBITH HEMaAJIO OHJI/I6OK B
peanuzalu  Ka3aJloch  Obl  HECJIOXKHBIX
¢byHKMid. B neiicTBUTENBHOCTH 3TH (QYHKIMN
HE CIOXHBI TOJNBKO B  KIACCHYECKOM,
"6eckoHeuHO-3HauHOM" apudmernke. Tam, rue
NosIBJIIETCS apu(MEeTHKa C KOHEYHON IJIMHOU
meNoro WM Oe33HakoBas — apu(MeTHKa,
NTOPUTMBI  CTAQHOBSITCS HE OYECBHUAHBIMH.
ComocraBiieHHE BBIYMCICHUH, BbINOJTHEHHBIX

B "OeckoHeyHOi" U B "KOHEeuHOH" apudmMeTHKe
TT03BOJISIET €IMHOO00pa3HBIM crmocooom
MIPOBECTH BepUBHKALUIO OoudIMoTeK

apu(MeTHUECKUX OTeparui.
B eume Oousblueid CTENEHU IOBBIIIEHUE
YpOBHSI aOCTPaKIUK OTHOCHTCSI K OIHUCAHHIO



Mozenen CKPBITBIX JIaHHBIX. M
COOTBETCTBYIOT TaK Ha3bIBaeMbIe
"abctpakTHBIe"  TepeMeHHble.  CTpyKTypa
aOCTPaKTHBIX IEPEMEHHBIX MOXET OBITh
COBEPIIEHHO HE IOXOXEH Ha CTPYKTypy
CKpbITEIX. bonee Toro, coctaB abCTPakTHBIX H
CKPBITBIX  TEPEeMEHHbIX, Kak  IPaBUIIO,
CYLIECTBEHHO pasznuuaercs. EanHcTBeHHOE
TpeboBaHUE, HCXOIS U3 KOTOPOTO BhIOMpaeTcs
Habop aOCTpaKTHBIX TIEPEMEHHBIX, — OTO
BO3MOXKHOCTb ~ MOJEJIUPOBATh  IOBEACHHE
LIEJICBOM CUCTEMBI, €€ (DYHKIUH U, TEM CaMbIM,
KaK MHHHMYM, OIICHHMBaTh IIOJIy4aeMble OT
LEeNeBBIX (DYHKIMN pe3yIbTaThl.

2.3 OCHOBHbIe NOHATUSA

PaccMoTpuM  HEKOTOpPYIO HPOrpaMMHYIO
cHCTEMY,  coiepKalmyr  (YHKIHOHAIBHO
3aMKHYTBIII Habop mponenyp. Heobxommmo
ompenenuTh (PyHKIIMOHATBHBIE CrIeH(DUKAIIIT
BHELIHNX HMHTEP(EHCOB, TO €CTh ONPENeNnuTh
IPOrPaMMHBIN KOHTPAKT, a TaKKe pa3paboTaTh
TECTOBBIE HAOOPBI, IPUTOIHbIE ISl IPOBEPKH
BBHIIIOJIHEHHUS ~ peayn3alueil  MporpaMMHOTrO
KOHTpAKTa. [MockonbKy JJIEMEHTaMHU
MIPOrpaMMHOTO KOHTpaKTa SIBJISIFOTCS
MIPOLIEAYPHI, MOKHO TOBOPUTH O TECTUPOBAHHUU
nporpamMmmHOro uHTepgeiica, APl [lanee
OyzeM cuMTaTh, YTO MPOTPAMMHBIH HHTEp(eiic
COCTOHT TOJIBKO M3 mpoueayp. CymecTByroT 1
apyrue Buzabl snemeHToB API, Takue kak
omepaund, QyHKIUH, Meroasl (B C++),
noxnporpaMMel (B @oprtpane) u T.4. bymem
paccMaTpuBaTh BCE OTH TEPMHHBI  Kak
CHHOHHMBI M HUCIIOJIb30BaTh VIl HUX TEPMHH

«TporeIypar.

3ameTuM, 4YTO pedyb He HUAET O
TECTUPOBAHUU HEKOTOpOit KOHKPETHOM
peanuzanuu MIPOrpaMMHOT0 KOHTpAKTa.

BakHO TOCTPOMTH Takyl METOJOJIOTHIO,
KOTOpasi IMO3BOJISIET TECTHPOBATH MOBEICHHE
NPOrpaMMBbl, He HAKJIaabIBask JONOIHHTEIBHBIX
OTpaHMYCHU Ha BHYTPEHHIO CTPYKTYPY
peanmm3anu. YToOBI MOAYEPKHYTH OCOOYIO
BO)XHOCTh 3TOr0 TPeOOBaHMS, MBI Ha3bIBaeM

HallK criennpuKauu peannu3anoHHO
HC3aBUCHUMBbIMU.

HJanum Heckonbko omnpeneneHuid. Yactsb
TECTOBOM CHCTEMBI, HEIOCPECTBEHHO

YYacTBYIOIIYI0O B IIPOLECCE  BBINOJIHEHHS
TECTOB M B3aMMOJICUCTBHUS C TECTHPYEMOM
cucremoit (SUT — system under test), Oyaem
Ha3bIBaTh  MECMOBLIM — OKpYJCeHueMm  (test
harness). B HexoTopsix cimydasx Bmecto SUT
MBI OyaeM yHnoTpeOyATe TEpMHUH «IlelieBast
cuctema». OCHOBHYIO 4acTb  TECTOBOTO
OKPY)KEHHSI COCTaBISIIOT TaK Ha3bIBaeMble
mecmosvle opaiisepwi (test drivers).
DyHKIMOHAIBHOCTh ~ TECTOBBIX  JIpailBEpOB
onupaercs Ha cucmemy HOOOEPIHCKU BpeMeHU
svinonnenus (test bed). TectoBele apailiBeps
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OOBIYHO  pa3padaThIBAIOTCA C  y4ETOM

crenuUKA 1eeBOil CHCTEMBbI, TOTAa Kak

CcUCTEeMa TIOAJCPKKH BPEMEHH BBIIOJHEHHUS

HE3aBHCUMA OT LIEJIEBOH CHCTEMBI.

Msbl pa3nuyaeM JBa YpPOBHS TECTOBBIX
npaiiBepoB. HazoBem 0a30BBIM JpaifBepoM
TECTOBBIH ZipaiiBep JUISt HEKOTOpOi
MIPOLEAYPHI, KOTOPBIN BBIMOIHSACT CIEAYOLIHE
3a7aun:

e TpPOBEpSET BBHINOJHEHHE IPELYCIOBHS
LEeNeBOl  Ipoueaypsl Ha  HEKOTOPOM
Habope BXOJHBIX IaPaMETPOB;

e BbI3BIBACT  IEJEBYI0  HpoLEaypy ¢
JAaHHBIMM BXOJIHBIMHM TapaMeTpaMu |
COXpaHseT MIOJTy4EHHBIE 3HAYCHHMS
BBIXO/IHBIX [TApaMETPOB;

® BBIHOCHT BEPOUKT O KOPPEKTHOCTH
paboTHI IENeBOH MPOLETYPhI;

e cobupaer wuH(DpOPMAINIO, HEOOXOIUMYIO
JUIL OLEHKH TECTOBOTO IOKPBITHSA, HIIH
UCCIEIyeT NPUYNHBI OIINOKH.

HazoBem cxpunm-opatieepom TECTOBBIH
ZpaiiBep AJi1 HEKOTOPOW IIEJIEBOM MpOLEeAypbl
WM TPYIIbI IPOLEAYDP, KOTOPBI BBIIOJIHAET
CIIEAYIOIINE 3a/1a4H:

e  yHTaer 3HAYCHHMS napaMeTpoB
TECTHPOBaHUS,

e  TeHepHupyer MHOXXECTBO BXO/IHBIX
apaMeTpoB B COOTBETCTBUH c
MOJTy4YeHHBIMHU rapameTpamu
TECTUPOBAHMUS;

e  BEI3bIBaeT 0a30BBIH ApaiiBep ¢ HEKOTOPHIM
Ha0OPOM BXOJIHBIX TTAPaMETPOB;

e ecmu HEOOX0ANMO, HPOU3BOJUT
JIOTIOJTHUTEIBHY O OpPOBEPKY
KOPPEKTHOCTH paboThI LeNIeBOH

HpPOLETyphl U BHIHOCUT BEPIUKT;
e eCcaM KEIaeMOe TECTOBOE IOKPBITHE HE

JOCTHTHYTO, TPOAOJKAET T'€HEpHPOBATH

HaOOpBI 3HAUYCHWH BXOAHBIX IapaMeTpPOB

¥ BBI3BIBATh 0A30BBIE ApaiBEpPEI.

HazoBem mecmogvim ninanom mporpammy,
KOTOpasl ~ ONpelenseT MOPSJOK  BBI30BOB
CKPUNT-APaiBEpOB C JAaHHBIMU MapaMeTpamu
TECTUPOBAHUS, NMPOBEPSIET YCIOBUSA BHI30BA U
KOPPEKTHOCTh 3aBepIleHHsT PabOThl CKPHIIT-

JIpaiiBepoB.
Kpome 0a30BBIX W CKpHIT-ApaiBEpOB H
HHTEpIpeTaTopa  TECT-IUIAHOB TECTOBOE

OKPY>KEHUE TaKXe COJEP>KUT PENO3UTOPUN U
WHCTPYMEHTHI JIJIS BBIIOJTHEHUS TECT-TUIAHOB U
aHamm3a  pe3yJbTaTOB,  XPaHAMHUXCS B
pETo3UTOpHUH. Penosurtopuii COIEPKUT
nHpOpPMAIMI0O O BCEX MPOTOHAX TECTOB,
JIOCTUTHYTOM  TECTOBOM  HOKPBITHH IS
Ppa3JIMIHBIX npoueayp C Ppa3JIMYHbIMU
KPUTEPUIMU TECTOBOI'O MMOKPBITHS u
uHpopMainuio 000 BCeX CHUTyalUsaX, Kormaa
TECTOBBIM  JpaiiBep BbIHEC BEPAUKT O
HECOOTBETCTBUU cnenuGuKauu u



peanuzanuu.
2.4 Warn meTogonorun

KIL MeTomonorus cocTosiT U3 HECKOIbKUX

maros (cM. puc. 1):

e oOIpeAesieHHe  CcocTaBa  [POTPAMMHOIO
KOHTPAKTa;

e pa3paboTKa CreupUKAIHL;

® TeHepalus TeCTOBBIX HAOOpPOB;

®  BBINIOJIHCHUE TECTOB u aHaju3
Pe3yIbTATOB.

CormB e B0 AT

oo et Teser = e rure

I

<” Hoi et o

Beonbiposahnee 10

wara

Teetoge ApaiBepyl

Teotogele BapiaT flokymerrayus

Puc. 1. KVEST Metomonorus — maru u
pe3ynbTaThl

2.4.1 OnpedeneHue cocmasa
rpo2paMmMHO20 KOHmMpaxkma

Ilemm sToro miara:
® ONIpeneTuTh MUHUMAJIbHBIHA u

OpPTOTOHAIILHBIN HHTEPEIC;
® CKPBITh BHYTPEHHHE CTPYKTYPHI JAHHBIX H

JICTAIN peaTU3allHu.

Cneuyﬂ 9TUM Ja(SAI0Y MBbI JOJI’KHBI
MHUHUMH3UPOBATH OrpaHUYCHUA Ha
BO3MOJKHBIC ~pCAU3AIMOHHBIC PCIICHUS U
3HAHUS, HEOOXOIUMEBIC IS HCIOIB30BaHUS
mporpaMMbI, ¥ CIelaTh  BO3MOXHBIM
pa3paboTky JIOJTO’KUBYIIIUX TECTOBBIX
HAO0OpPOB O  TPOBEPKH  BEHITIOJHEHUS
MIPOrPaMMHOTO KOHTPAKTa.

2.4.2 Paspabomka crieyughukayuti

Tenu:
e Crporo onucaTh (HyHKIMOHAIBHOCTB;
e Co3math BXOIHYIO HHGMOPMAIHIO LIS
TeHEepaIuy TECTOB.
bazoBrie JipaiiBepbl MOTYT OBITH
Cr€HEpPHPOBAHbI IOJHOCTHIO AaBTOMATUUECKH.

2.4.3 'eHepavus mecmosbix Habopoes

Tlemu:
® CreHepHpoBaTh TECTOBbIE HAOOPHI;
® JIONOJHUTH CICHECPHUPOBAHHLIC TCCTOBLIC
HaOOpbI KOMIIOHEHTaMH, pa3padoTaHHBIMU
BpyuHyl0o  KommoHeHtamun (MDC  —
manually-developed component).
BonpmmacTBo MDC mpencraBisitor coboi
KOHBEPTEPHI MEXTY MOJIETBHBIM u
peaTn3aioHHBIM TIPEACTABICHHEM JaHHBIX,
MHUIAAIA3aTOPBI TECTOBBIX CTPYKTYP AAHHBIX
u HUTEPaTOPEI. TectoBrie HabOPEI
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TEHEPUPYIOTCSl Ha OCHOBE crenudukanui u
MDC. TIlocne 3aBepIIeHHS  T€HEpaLUU
JIOTIOJTHATENbHAS ~ MOJU(UKAIMA  TECTOBBIX
HabOpOB He TpedyeTcs.
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Puc. 2. O6mas cxema KVEST Texnomoruu
2.4.4 BbirosiHeHUe mecmos U aHau3

peayrnsmamos
K uHCTpyMeHTaM i mporycka TECTOB U
aHan3a pe3yabTaToB MIPEIBSIBISIOTCS

cleaytole TpeOOBaHUs:

® ABTOMATH3AIIUS BHIMOIHEHUS TECTOB;

e cOop TpaccupoBOuHON uH(OpMALUK U
BBIYHCIICHHE  JIOCTHTHYTOTO  TECTOBOTO
TTOKPBITHS;

® IpenoCTaBJICHUE HaBUTAIHOHHBIX
BO3MOKHOCTEH;
® BO3MOXKHOCTH «MHKPEMEHTaJIHHOTO

TECTUPOBAHH», TO €CTb BOCCTAHOBJICHHE
LeJIeBOM CHCTeMbl TMOciie OIIMOKK WIH
Kpaxa 1 NPOJIOJKEHHUE BINOJIHEHHS TECTOB

C MecTa, IJie OHO OBLIO IIPEPBAHO.

Ha puc. 2 0000meHHO mpeacTaBIeHbI
UCXOJHbIE IaHHBIE W PE3yJbTaThbl, KOTOpHIE
noixyvyaroTcs mnpu ucnonb3zoBanuu KVEST
METO/I0JIOTHH.

2.4.5 Memo0d mecmuposaHusi
I[Ipu paspaboTke TecToBOTO IpaiiBepa
HEO0OXO0IMMO PEIINTh TPH MPOOTEMBI:

e KaK CreHepupoBaTh OpPaKyla, TO €CTb
IporpaMMy, KOTOpas BBIHOCUT BEPIHUKT O

KOPPEKTHOCTH paboTsI L[EJIEBOM
MIPOLIEYPHI;

® KaK  OLEHUTb  IMOJHOTY  TECTOBOIO
MTOKPBITHS;

e Kak InepeOMparh KOMOWHAIMHM TECTOBBIX

BXOJHBIX JaHHBIX.

TecToBBIE OpaKyJbl OYCHb IIOXOXKH Ha
moctycnoBusa. O0e (QyHKIMHM BO3BpamaoT
JIOTUYECKOe 3HAYEHHE, MMEIOT T€ K& CaMble
mapaMeTpel M BO3BpALIAlOT  HCTHHHOE
3Ha4YeHNE B TOM U TOJBKO B TOM CiIydae, Koraa
LesneBast Mpoueaypa Mpou3BOAUT KOPPEKTHBIN
pesynbrar. Takum  oOpa3oM, TeHepauus
OpaKyJIOB 3HAYMTENIFHO MPOIIE, €CIIH UMEIOTCS
TIOCTYCIIOBHSI.

Kpurepuii TecroBOoro mHOKpHITUS — 3TO
METpUKa,  ONpeJeNieHHas B TEPMHUHAX



peanusanuu Wik crnenudukanun. HanbGonee
W3BECTHBIMH ~ KPUTCPUSIMH  TOKPBITHSL B
TEepMHHAX PEATTH3ALMH SBISIOTCS:

e (1 — Bce onepaTopsl MOKPHITHI;

e (2 — Bce BETBH IOKPBITHIL.

B ciydae wcmonp3oBaHHSA CHeNH(UKAIIA
JUIL  ONPEeNeNICHUs  KPUTEPHS  IOKPBITHUS
UCIIOJB3yeTCSd TaK  Ha3bIBaeMBIil  MOAXOX
TECTUPOBAHUS  JOMEHOB, MPH  KOTOPOM
HPOCTPAHCTBO BXOJHBIX 3HAUCHUH
pasouBaercss Ha obsactu. Kaxmas o0nacts
COOTBETCTBYET  KJIAacCy  OKBHBAJIEHTHOCTH.
PazOuenue MoxeT ObITh BBIBEJEHO HU3
crieuUKaLH, KOTOpbIC OIUCHIBAIOT
OTpaHWYCHWs] HA BXOJHBIC MapaMeTpbl H
CBOMCTBA BBIXOJHBIX MAPAMETPOB LIEJICBOM
NpOLENyphl, KOTOPbIE SBHO IMPUCYTCTBYIOT B

mpe- " MTOCTYCIIOBUSAX (hopMabHBIX
UMILIALIATHBIX cnenuuKanmii. Taxkum
o0pasom, HCXOIs u3 AMIUTHIATHBIX

cnenudrKanuii, MBI MOKEM YCIIEIIHO PEeInTh
po6JIeMy OLIEHKH TECTOBOTO MOKPBITHSI.

Xopouiee TOKPBITHE JOMEHOB, Jaxe
JIOTIOJTHEHHBIX HWHTEPECHBIMHU TOYKaAMHU
(HampuMep, HaXOAANIMMUCS Ha TpPaHHIAX
JIOMCHOB), ~HE  TapaHTHpPYeT  XOpOILETo
MOKPBITUSL pEaTU3alMOHHOTO KoJa. TeM He
MeHee, Halll ONBIT ITOKa3bIBAeT, YTO CPEIHUI
ypoBeHb mokpbrtust npu KVEST TexHOnOTHN
cocrapiter or 70 pmo 100 mnpoueHTOB
OTIEpPaTOPOB peaTU3aIHH.

Msl pa3nu4aeM JBa YpPOBHA KPHUTEPHEB
NOKphITUsA. IlepBBlii YPOBEHb — 3TO IOKPBITHE
BCEX BETBEH IocCTyciaoBus. Bropoir —
MOKPBITHE BCEX AU3BIOHKTOB (3JIEMEHTapHBIX
KOHBIOHKIIHIA) B MOCTYCJIOBHUH,
MPEJCTAaBIEHHOM Kak CIHD, TaKxe
NpUHUMasT BO  BHUMaHWE MPEIYyCIOBHE.
KVEST TexHonorusi mo3BoJisieT MpOU3BOAUTD
pasomenue B TepmuHax BerBer m CIAH®D
crenn(PUKAuy  MOTHOCTHI0 aBTOMATHYECKH.
Ongra w3 Hambonee CIOXKHBIX MpodiIeM —
BBIUMCIIEHHE JOCTHKMMBIX JH3BIOHKTOB U
yAaJeHne HEIOCTIKUMBIX JW3BIOHKTOB. B
KVEST »3ta mnpobnema pemaercs myTeM
HCIOJb30BAHUS  CHEHHUAIBHBIX  NPHEMOB
HaIlMCaHUs MPEYCIOBUM.

HabmoneHrne 3a JOCTUTHYTHIM TECTOBBIM
MIOKPBITUEM [IPOU3BOJIUTCS CKpHUIT-
npaiiBepamu. OCHOBBIBAsICh HAa 3TUX JIAHHBIX,
CKPHIIT-/IpaiBep MOXKET MTOJICTPAaNBATh
apaMeTpsI TECTHPOBaHUS 13707011
JUTTENEHOCTH TECTHPOBAHUS.

2.5 TexHONOrMA reHepaLum TeCToB
2.5.1 Knaccucpukauyusi API

Jnst Havana paccMOTpUM KiacCH(UKAIMIO
API. Kiaccudukanus ompenenser BbiOOp
croco0a reHepaluyd TECTOB, MPUMEHUMOIO K
JTAHHOM Mpoleaype WU IPpyIIe IpoLeayp.
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Msbl  paccMaTpuBaeM IMSATh  OCHOBHBIX
kiaccoB APl u HexoTopble pacIIUpeHUs: ITUX
KJIaCCOB, BKJIIOYAIOLIUE TECTHUPOBAaHUE
MapajyIeIbHOTO  BBINOJNHEHUS MpoLeaAyp U
TECTUPOBAHUE MPOLEAYpP, KOTOpPBIE MOTYT
BBI3BATh aBAPUITHOE 3aBEPIICHHUE IIPOTPAMMBI.

OTH KIacchl YIOPSIOYEHBI — EPBBIH KJlace
HaKJI/IbIBAeT CaMbleé CTPOTHE OrpaHNYEHHs Ha
mpoueaypy, a  HOCJHEAyIOIMe  KIAcChl
MIOCTETICHHO 3TU OTPaHUYEHHS OCIA0IISIOT:

Kaace 1. Bxognple nanHble MOTYT OBITH
MIPEJICTABIICHBI B JINTEPANbHON (TEKCTyaJIbHON)

¢dopme, B3aMMO3aBUCHUMOCTH MEXITY
napameTpamu OTCYTCTBYIOT. Takue
MPOLIEAYPHI MOTYT TECTUPOBATHLCS

MOOJMHOYKE, TaK Kak Juil TeHepaluu
3HAQUEHWH BXOIHBIX IApaMETPOB M aHAIM3a
pe3ynbTaToB He TpeOyIOTCS HUKAaKHWe IpyTHe
LIEJICBBIE MTPOLEAYPHI.

IIpumepsl  B3aMMO3aBUCHUMOCTEN  MEXITY
napameTpamu OyIyT IPUBEICHBI HIXKE.

Kaace 2. BsanMmo3aBHCHMOCTH MEXIY
BXOIHBIMHU napaMeTpamu OTCYTCTBYIOT.
O[lHaKO 3HAUYCHUA BXOJHBIX IapaMETpPOB HE
00s13aTeNbHO UMEIOT JIMTepalIbHbIN Bua. Takue
NpOLEAYpPHl TAaKXKE MOTYT TECTHPOBATHCS
MOOJAUHOUKE.

IMpumep: Ilponenypa c ykaszarenem B
Ka4ecTBE BXOIHOTO MapameTpa.

Kmace 3. CymecTBylOT  HEKOTOpEIC
B3aMMO3aBHUCUMOCTH ~ MEXIY  BXOJHBIMHU
napamMeTpamH, OJTHAKO BO3MOKHO
TECTUPOBAHUE OTACIBHON MPOLETYPBI.

IIpumep: IIponenypa c JIBYMSI
rapameTpamMM — MacCHB U 3HaY€HHE OJHOTO U3
3JIEMEHTOB MacCHUBa.

Kmace 4. Ilpouenypst He  MOryr
TECTUPOBATHCSI 0 OTIEIBHOCTH, ITOCKOJIBKY
3HAUEHMs HEKOTOPHIX BXOJHBIX IIapaMeTpOB
MOTYT OBITh ITTOJydEHBI TOJIBKO B pE3yJbTaTe
BbI30Ba JAPYIMX TPOLENyp TPYHNbl H/HAIN
pe3ynbpTar paboTsl MOJKET OBITH
MIPOAHAU3NPOBAH TOJBKO BBI30BOM JPYTHX
pouexnyp.

IIpumep:  Ilpouenypel, peanusyromue
OIepanuu co CTEKOM, KOTOpBIE MOTY4aroT CTeK
B KayecTBe MapameTpa.

Kaace 5. [Ilpouenypsi He  MOryT
TECTUPOBAThCSL 1O  OTHENbHOCTH.  YacTb
BXOJHBIX M BBIXOAHBIX J@HHBIX CKpBITA, TO
€CTh I0JIb30BaTeNlb HE UMEET K HUM IPSIMOTO
JIOCTYTIA.

[Ipumep: 0OBEKTHI KJIACCOB C 3aKPHITHIM
BHYTPEHHUM COCTOSTHHEM, TPYIHIbI IPOLERYp,
HMEoIMe JOCTYl K IEpPEMEHHBIM, HE
BUAVMBIM IS TIOJIb30BATEISL.

Pacmupenne ximaccoB APl mnsa  ciygas
NapajuleNbHOTO BBINOJIHEHHS. TeopeTnueckw,
MpoLeIypsl  BCEX  KJIACCOB JIOJDKHBI
TECTUPOBATHCS NMAPAIIEIBHO HA CIIy4ail, Korjaa



MEXIY HUMHU uMeeTcs Kakoe-Jimoo
B3auMmoeicTeue. Ha camoMm genme, umeer
CMBICI TECTHPOBaTh MapajuIEIbHO TOJIBKO
IpoLEenyphl MSATOr0 Kiacca, MOCKOJIbKY OHHU
pasziensioT  o0mme pecypcsl M OLIMOKH
HanboJiee BEPOSTHBI B 3TOM CIIydae.

[pmmep: Ilpouemypsl, paboTaromue ¢
MOYTOBBIMH SIIMKaMH (TIpHEM M TIepeaada
COOOIIEHNH U T.I1.)

Pacuiupenue kiaaccoB API gas caydas
Nnpoueayp, KOTOpble MOryT  BbI3BaTh
aBapuiiHoe  3aBeplIeHHMe  NPOrPaMMbI.
CymiecTByeT CHEeNUaNbHbIN KIacc Mpoueayp,
JUIsl  KOTOPBIX  aBapUMHOE  3aBeplICHUE
IIPOrpaMMBI SIBJISIETCS. KOPPEKTHOM peakuuei B
HEKOTOPBIX CIIydasX.

IIpumep: Ilpouenypa, B KOTOPOH MOXKET
[IPOU30UTHU JAEJIEHUE HA HYJIb, IOJYyYEHHBIA B
KayecTBe BXOAHOro mapamerpa. Ecimm 31a
mpoueaypa HE BO3BpAIlaeT HUKAKOTO KOJa
BO3BpaTa, TO HOpPMaJIbHOM peakuuend Ha
OIINOKY MOJKET OBITH 3aBepILICHIE
MporpaMMBl.

2.5.2 Cxema ckpunm-Opatieepa. Npumep
APl knacca 5

BelenprBeieHHas TaKCOHOMHS SIBIISI€TCA
XOpolIed OCHOBOM misi  KIacCH(DUKAIUU
crioco0oB reneparmu TectoB. s API kimacca
1 BO3MOXXHA TOJHOCTHIO aBTOMAaTHUYECKas
reHepanysi TecToB. Bce ocTanmbHBIE Kiacchl
TpeOyIoT HEKOTOPBIX JIOTIOTTHUTEIBHBIX
yemnuii mo cozmanmo MDC. Oti  ycwims
IUIAaBHO BO3PACTalOT OT Kjacca 2 K Kiaccy S.
CrienpayibHble pacIIMPEHUs] KIacCOB TPEOyroT
OOJIBIIINX YCUIIUH, YEM CaMH KJIACCHI.

Yeunus no coznanuto MDC o0ycioieHs
CIOXKHOCTBIO HAlKCaHWS U OTJIAAKH CKPHIIT-
IpaiiBepoB. Huke MBI paccMaTpUBaeM TONBKO
OHy CXeMy CcKpunr-apaiiepa — s API
kiacca 5. Bce ckpunt-gpailBepbl HUMEIOT
MOXO0XYI0 CTpYKTypy. OCHOBHOE paznniue B
MIPOTIOPIIMN MEXKAY OOBEMOM aBTOMATHUYECKH
Cr€HEPHPOBAaHHBIX U CO3JaHHBIX BPYYHYIO
koMrioHeHT. CkpunT-mapaiiBepsl  kiacca |
TEHEPUPYIOTCSl MOJTHOCTBIO aBTOMAaTHYECKH,
Kjlacca 2 — IMOYTH aBTOMATHYECKH U T.J.

Cxkpunr-gpaiiBep — 3T0 Iporpamma,
KOTOpass COCTaBJIACTCA W KOMIIMJIMPYCETCSA 110
KVEST rtexnonornu. OO0mas cxema CKpHIIT-
JpaiiBepa ornpeneneHa (opManbHBIM
OMNHCAaHHEM, KOTOPOE HAa3bIBAETCSA CKEIETOHOM.
Jlms kaxmgoro kimacca APl ummeercs cBoi
ckeneToH. Kaxnplil CKpunT-apailBep COCTOUT
u3  Jekynapauuid  u Tena.  Jlexknapanuu
TEHEPUPYIOTCSl aBTOMAaTHYECKH HA OCHOBAaHHUU
CIMCKAa TECTHPYEMBIX IpOLEAyp U UX
cnernudukanui.

Teno ckpunr-gpaiiBepa HAUUHACTCS C
pa3dopa TapaMeTpoOB TECTHPOBaHMS. ITH
napaMeTpsl OIPENEeNAIOT rIyOuHy
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TECTUPOBAHUS, TO €CTh YPOBEHb KPHUTEPHS
TECTOBOT'O MOKPBITHS u HEKOTOPbIE
crneuuUYHbIe JaHHbIe, TAKHE KaK MHTepBaJIbI
3HAYEHMH, ITPOIOJDKUTENBHOCTH TECTUPOBAHMS
U T.IL.

Jo Havanma TeCTHpPOBAaHUS MPOU3IBOIUTCS
WHUIWanm3anus. Hampumep, mo Hagama
TECTHPOBAHUS  TPOIENyp  3alUCH/YTCHUS
¢daitma HE0OX0AMMO 3TOT Gail OTKPHITH.
Takas wWHUIWATM3anHUA OHUIIETCS BPYYHYIO.
[locne wWHUIMANM3aMKM HadyWHAeT pabory
OCHOBHasl 4aCTh CKpPUIT-ApaiBepa.

Ckpunt-apaiiBep Kkiacca 5 peanusyer
oOmuit  anmroputM o0xoma  abCTPaKTHOTO
koHeunoro asromara (FSM — Finite State
Machine). Llens anroputma — oOoHTH Bce
COCTOSIHHSI aBTOMATa M BCE MEPEXOIBI MEXKIY
COCTOSIHHSIMHU. CocrosHus KOHEYHOTO
aBTOMaTa COOTBETCTBYIOT KJlaccaM COCTOSHHUI
MOJEIA WCXOMHOH IOACUCTEMBI. Karkabli
IePeX0] COOTBETCTBYET BBI30OBY TECTHPYEMOI
MIPOIIE Iy PHI.

ANTOpPUTM  CKpUNT-ApaliBepa  3aBHUCHT
TOJILKO OT MOJEJIN MCXOIHOM MOJCUCTEMBI, HE
UCIIONIB3YsT HHMKAaKUX JeTalled pealu3aluy,
KOTOPBIX HET B clielU(pUKALIUH.

Haubonee nHTEpECHBIH acHEeKT alropuTMa
CKpHUNT-ApaiiBepa COCTOMT B OTCYTCTBHHU
SIBHOTO OINHCaHWA KOHEYHOTO aBTOMATA.
[Ipsimoe ommcaHWe KOHEYHOTO aBTOMAara
TpeOyeT IOMOTHHUTENBHBIX YCHINAH, KOTOPBHIX
mo KVEST TtexHoiornn MOXHO H30€XaTh.
Cy1miecTByIoT TIOTIBITKA MOCTPOCHHS
KOHEYHOr0 aBTOMara [0 HMIUTHLIUTHBIM
cnerudukanusam [7]. OnHaKO MOKa HUKTO HE

cMor MPEAJIOKUTD IIOJTHOCTBIO
ABTOMATHUYECKOrO crocoba TaKoro
HOCTPOCHHSI.

BmecTo sBHOrO OHHMCAaHUS KOHEYHOIO
aBromata, KVEST ncnonp3yeT ero KOCBeHHOE
npeacrasnenue. s omucaHUs KOHEYHOTO
aBTOMara cO3/aTelb CKPUIT-ApaiiBepa JOIKEH
UMETh  MBICICHHYI0O  MOJENb  KOHEYHOTO
aBTOMATa M 3a7aTh (DYHKIHIO, BBIYUCIIIOIYIO

COCTOSAHUEC KOHCYHOT'O aBToMara Ha
OCHOBaHHUH MOICIJIIBHOTO COCTOSAHHUA
IIOACUCTECMBI.

Paccmorpum Oosiee JeTabHO QJITOPUTM
CKpUNT-ApaiiBepa kiacca 5. [lnga npumepa
paccMOTPUM TECTUPOBAHHE TPYHITBI IPOLIEAYP.
[Tpearnonoxnum, 4TO MBI NPOIUIA HECKOJIBKO
COCTOSTHMH KOHEYHOTO aBTOMaTa, TO €cThb
HECKOJIBKO Pa3 BBI3BAIH IIEJIEBBIC MPOLETYPBHI.
Tenepb Mbl JOKHBI ONPEAEIUTD CIIELYHOIIMN
nepexoj. DIEMEHTAPHBIN LUK TECTHPOBAHMS
COCTOHT U3 CIEAYIOIIUX IIaroB:

e BriOupaem ouepenHyr IpoueAypy U3

TPYIIIBL.



e Bri3eiBaem UTEepPaTOPBI, KOTOpBIE
GbopMUpPYIOT HA00p 3HAYCHHUH BXOIHBIX
NapaMeTpoB JUIA ATOH NPOLERYPHL.

e Ecnu ureparopam yznanochk chopMHpOBaTh
HOBBIH KOPPEKTHBI Habop 3HauYeHUi,
YIOBJICTBOPSIOMINI TIPe Iy CIOBUIO,
CKpPHIIT-IpaliBep BEI3BIBACT
COOTBETCTBYIOIINI 0a30BBIi ApaiiBep ¢
STHUMH TapaMeTPaMH.

e FEcmu KkoppekTHoro Habopa 3HadYeHUH
c(OpMHUpPOBATH HE YAAIOCH, BO3BpAIIAEMCs
K Hayaly M I[OBTOpPSEM TMOMNBITKY JUIs
CIeAyIoNIei Npoueaypshl.

e [Ilocme TOro, kak 0a30BBI ;paiiBep

3aKOHYHIT paborty, CKpUNT-JIpaiiBep
MPOBEPSIET BEIHECEHHBIM UM BEPAMKT.

e Ecimu BEPAUKT MOJIOKUTEIbHBIN
(amemMeHTapHBIN mar TECTHPOBAHUS
3aKOHYMJICSI  YCIICITHO), CKpPHIIT-IpaniBep
BBI3BIBACT (hyHKIHIO BBIYUCIICHUS
0YepeTHOTO COCTOSIHUS KOHEUHOT'O

aBTOMara, CcOpachIBaeT TPACCUPOBOYHYIO
UHPOPMALIUIO 00 OYSPEAHOM COCTOSTHHH U
mepexoje M MPOAOIDKAeT  OOXOIHTh
KOHEYHBIN aBTOMAT.

2.5.3 Komnosuuyusi mecmogozo Habopa

Bepuemcs k Bompocy coeaunenus MDC u
aBTOMATHYECKH TEHEPHPYEMBIX KOMIIOHEHT.
CxpunT-apaiBepsl CO3/Iaf0TCs cienys
TpeOOBAHUSAM COOTBETCTBYIOIIETO CKEJIETOHA.
Ham wHeoOxommmMo 5  CKEJNETOHOB  UIA
10CJIe10BATEILHOTO TECTUPOBAHUS API
KJIaCCOB 1-5; omwH  CKeNeTOH  IA
napajjieJibHOI'O TCCTUPOBAHUA )44 IIATh
CKEJIETOHOB JUIsl TECTHPOBAHHs TPOLEAYD,
KOTOpbIE MOTYT BBI3BATh aBapuiiHOe
3aBepiieHMe  nporpammbel.  Ha  ocHoBe
CKeJIeTOHa W  chelu(uKamuii  IEeNeBhIX
pouenyp o KVEST TEXHOJIOTUU
TeHepHUpyeTCs MabJIOH CKpHIT-IpariBepa. [t
kmacca | mabnoH mpeacTaBiseT  coOOi
TOTOBYIO IIporpammy. B mabnonax octaibHbIX
KJIACCOB HMMEIOTCS THE3/1a, 3all0JHEHHBIC
3HAYCHUSAMHI 1o YMOJTYaHHIO JUTS
WHULIMAIN3ATOPOB U ureparopoB. Eciu
pa3paboTYHMK CKPHIIT-IpaliBepa HE HYXIAeTCs
B YJIYYIICHUU COJCPKMMOTO THE3Z, MaldiIoH
MOXET OBITh CKOMIIHJIMPOBAH W BEHITIOJHEH.
Ora oOblyHast curtyanms mias kiacca 2. s
OCTaJBHBIX KJIaCCOB Pa3padOTYHUK OOBIYHO BCE
e TOJDKEH T00aBUTh HEKOTOPBIE HTEPATOPHI U
WHUIMAIA3aTOpel. B moboM cimywae, mis
KIaccoB 4-5 O0H JODKeH  OIpeneNnuTh
byHKIHIO, BO3BPAIIAIOIIYIO TeKyIIee
COCTOSIHE KOHEYHOTO aBTOMATa.

BbazoBble npaiiBepbl, BbI3bIBAEMbIE CKPHUIIT-
JpaiiBepaMu,  TEHEPUPYIOTCS  TOJHOCTHIO
ABTOMATUYECKH. EnuncTBenHbIC MDC,
BbI3bIBaCMbIC M3 0a30BBIX JPABEpOB — 3TO
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KOHBEPTEpbl ~ JaHHBIX M3  MOJAEIHHOTO
NpPEACTaBICHUsT B pEalM3alMOHHOE U
Hao000pOT. MogensHoe IpeCTaBICHUE
JAHHBIX OTJIMYAeTCs OT pealu3allOHHOrO0
ypoBHeM aOctpakumu. Hampumep, Mopnenu
MOTYT HCTIONIb30BaTh «OECKOHEYHBIE)
MIPEACTABICHUS LEJNBIX YHCEN, MHOXECTB,
OTOOpaXeHHH W JAPYTUX CTPYKTYp [aHHBIX,
noaxomimmx A cnenudukanuu. HMeHorma
MOJIETIbHOE TPEICTaBICHUE OUCHb IOXOXKE Ha
peanuzanioHHoe. B 3ToM ciyuae Takas

TpanchopMarus MIPOU3BOIUTCS o
CTaHAAPTHOMY QITOPUTMYy HpeoOpa3oBaHUs
SI3BIKA crerudukamu B SI3BIK
MPOrPaMMUPOBAHHUSI.

(RusE cnemcbuxauni] 1 CHENeToHE! u\-pum-;panaepos,

II’eHepaTop BascHB ppansepoel I Ten epaTop cHpUNT-ApanEepoR |

MHeTpymenTel
(L) Irauepa TOR TECTOEEN BARWEAH TOR I

Y []

r TpaHcnaTop RAISE = usnesol AEe |

Lienesan nnatdhopma
v

P '] ¥ N

| {Ea‘sucume ;pausepu] TecroRble ' CypunT-gpaneepbl I
napam ety

Y TecTosuin Habop ol

Puc. 3. Cxema TreHepanu TECTOBOTO
Habopa, HE3aBHCHUMOTO OT IIEJIEBOTO S3bIKa
MIPOrpaMMHPOBAHU

KVEST wucnonb3yer reHepatopbl TECTOB,
HE3aBUCHMBbIE OT fI3bIKA peaIU3aliM LEJIeBOU
cHUCTeMBl. Y BC€X TEHEpPaTopoB Ha BXOJlE U
BbIXOJIE TeKCT Ha si3bike RSL. EnuHcTBEHHBIE
KOMIIOHEHTBI, KOTOpPbIE THIIYTCSI Ha S3bIKE
peanuzaly — 3TO KOHBEPTEPHl JaHHBIX. DTH
KOMIIOHEHTHI HAXOAATCS BHE 30HBI
OTBETCTBEHHOCTH T€HEPAaTOPOB TECTOB. TaKuM
00pa3oM, pe3yJabTaTOM IIpoIecca TEeHEpaluu
TECTOB SBJSETCA MOJHBI TEKCT TECTOBOTO
Habopa Ha s3pike RSL, koTopwili 3artem
TPAaHCIUPYETCs B s3bIK peanu3anuu. YToObl
MEPEHECTH TECTOBBIN HAOOP, MOCTPOCHHBIHN 1O
KVEST TtexHonoruu, ¢ OJHOTO IIEJICBOTO
SI3BIKa B JPYTOMW, TOJIB30BATEII0 HEOOXOIUMO
rnepenucarb BCE€ KOHBEPTEPHI JIAHHBIX U
npegoctaBuTh TpaHcasaTop ¢ RSL B menesoit
s3plk, a Takke CIIBB. Cxema reHepamuu
TECTOB HAXOAUTCA Ha puUc. 3.

2.5 NHTerpaumna obpaTtHon 1 npsiMmon
MHXeHepuum MO

B 1999 rogmy KVEST nauunHaer
NPUMEHATBCS  [UII  COBMECTHOW  paboThl
MPOEKTHPOBIINKOB U BepupuKaTopos. ['pymma
pa3paboTUHKOB B OrtraBe oyzner
pa3pabathiBaTh MPOEKTHYIO MOKYMEHTALUIO H
peanu3anuo, B TO BpeMs KaK JIpyras rpymnmna B
MockBe mapajenapHO OyneT pa3padaThiBaTh
dopmasbHble CcrelupHUKAMA U  TECTOBBIC
Habopbl. Takas cxema MO3BOJISET YIIYYIIUTh



KayecTBO  MPOCKTHOM  JOKYMEHTAllMd U
cOo3J1aTh TECTOBBbIE HAOOPHI €lle J0 TOro, Kak
Oyzmer roroBa peanu3anus. JTO OIUH U3
crioco0oB ucnonp3oBanust KVEST B nipomecce
npsimoii unxenepuu I10.

B 1998 TOIy HCII Hayal
HCCIIEAOBATENIECKUE PAOOTBl 1O TEeHEpaluu
MOKYMEHTAllMd Ha ©CTECTBEHHOM  SI3BIKE.
PesynbraToMm 3TOH paboOTHI CTanm NPOTOTHII,
KOTOPBIN IEMOHCTPHPOBANICSA Ha KOH(pEepeHINH
ZUM’98 (bepnun, cenTsi0ps 1998)

3TOT NPOTOTHUI Ha OCHOBE (POPMaJIbHBIX U
He(OpMaTTbHBIX KOMIIOHCHTOB CIeIM(pUKAIIT
CHUHTE3UpyeT AokyMeHTauuio B ctuwie UNIX
IIPOrpaMMEI man. PesynbraTs
JIEMOHCTPUPYIOT ~ PEAIBHYI0  BO3MOXKHOCTb
TeHEepallud  JOKYMEHTAalWH. AKTyalbHOCTh
JTIOKYMEHTAIIUN TIPOBEPSETCS TECTaMH,
KOTOpBIE  TEHEpUPYIOTCI W3  TOTO  JKE
UCTOYHHMKA MH(opManuu — creruduKanuii Ha
s3pike RSL.  PabGora mo  pacmmmpeHuto
TeHepUpPyeMBIX  (OpM  JOKyMEHTAIlMH |
YIIy4IIEHUIO KauecTBa A3bIKa MPOIOIDKACTCS.

3. CoepemeHHOe cocmosiHue
mMemodoe 2eHepayuu mecmos
u3 ¢ghopmarsibHbIX
cneyudgukayul

B sTOM pasnene mMbl Oynem paccMaTpUBaTh
CUCTEMBI, B KOTOPBIX, C OJHOH CTOPOHBI, B
porecc BepUpHUKaLUH HCIIOJIB3YIOTCS
¢dopmanbHble crienuUKanUM, a C JApyrou
HpeyIaraeTcst JOCTAaTOYHO obmas
TEXHOJIOTHYECKas cxema, TIOCKOJIBKY
peanu3anys TEOPETUYECKOTO pelIeHns
OTHAEJBHBIX 3amayq CTAJIKUBACTCS co
3HAYUTEIHHBIMH TPYIJHOCTSMH npu
[PaKTUYECKOM HX IPHUMEHEHHUH B IIpoliecce
Bepudukanuyu nHycrpuainbaoro I10.

3.1 Cuctema ITEX (Interactive TTCN
Editor and eXecutor)

ITEX [29] — aT0 cuctema 1uisi pa3paboTKu
TECTOB ISl CHCTeM KoMMyHHKanuu. OHa
BKitoyaeT UHCTpyMeHTsl TTCN u ASN.1 nns
aHaIM3a W TIPOEKTHPOBAHMS, TECTOBBIH
SMYJIATOP M TOIJEPXKKY Ui TeHepalun
MOJHBIX BBIIOJIHUMBIX TECTOBBIX HAOOpOB
(BTH). OcHoBHbIe Bo3MokHOCTH ITEX:

e TecroBelii HabOp cocToMT U3 HabOpPOB
TECTOBBIX [1apaMETPOB, 3aJaHHBIX B (opMe
Ta0JIuIL,

e ITEX mpenocraBisieT HabOp XOpOIIO
WHTETPUPOBAHHBIX ~ MHCTPYMEHTOB  JUIA
CO3JaHUSl M TOIIEPKKH AOCTpaKTHBIX
TecroBeix Habopos (ATH), HanrcaHHBIX B
TTCN;

o JETX MOAJEPKUBAET TaKue (hazer
pa3paboTku  TecTOBBIX  HAOOpOB  Kak
TeHePaInio HaboOpoB TECTOBBIX
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napameTpoB, pellaKTHpOBaHue,

BepU(HKALUIO U BBITIOJIHEHHUE.

Ortor HabOp HWHCTPYMEHTOB  XOpOIIO
uHTerpupoBan ¢ SDT - cucremoit
NIPOEKTUPOBAHUSA SDL cneruduKanuii.
TectoBele HaOOpPBHI, ONHMCAHHBIE C TMOMOIIBIO
TTCN, MoryT OBITH TIpeoOpa3oBaHkl B GOpPMY,
KOTOpast TI03BOJISIET TECTUPOBATh u
peanM3auio Ha S3bIKE NMPOTPAMMHPOBAHUS U
SDL crneunukarum.

OCHOBHBIM HEZOCTATKOM JJAaHHOTO MOAXO0/a
B KOHTEKCTC HaIIUX HCCJ’IC}IOBaHI/lﬁ SABJIACTCA
HeBo3MOXHOCTh TecTupoBaHus API. TTCN e
MI03BOJISIET WCIIOJIL30BaTh yKas3aTesd U Jpyrue
IIPOTrPaMMHBIE CYIIHOCTH, KOTOPbIE HE MMEIOT
JIUTEPAITBEHOTO MPEJCTABICHHMSI.

Kpome TOTO, OYEHb CepbE3HBIM
OTpaHUYCHUEM SDL-nogo0HbBIX
crenupUKaIi SBISETCA UX SKCITHLIUTHOCTD.
DTO 3HAYMT, YTO JOBOJBHO JIETKO MOCTPOHUTH
MOJENM ¥ TPOTOTHUNBI HAa OCHOBE 3THX
cnenuduKanuii, HO 09eHb TPYIHO pa3paboTaTh
CUCTEMY OIpaHWYEHH, KOTOpas OIpeJelseT
KJ1acc BO3MOXKHBIX peanusanui.
NMIUIMIUTHBIE CICHU(UKAIIMYA PEIIAIT ATy
npoOemy.

3.2 ADL/ADL2

Ortor moxxon [27] Hamboiiee MOXOXK Ha
pabory Hameli rpymmbel. W3 QopmanpHBIX
cnemudukanuii ADL reHepupyer TecTOBBIE
OpaKylnbl W CKEJIETOHBl JUIS MOCTPOSHHS
TECTOBBIX JpaiiBEpoB MU JHOKymMeHTauuu. He
OUCHb OOJNIBIIOE, HO WHTEPECHOE OTIMYHE
cocrout B ToM, uto ADL wucnomne3yer He
paclpoCTpaHEHHBIM  YHUBEPCAJIbHBIN  SI3bIK
cneuudukanym, a pacmmpenue si3pikoB C u
C++. B pamkax KV mnpoekra Ha »3Tane
CO3JIaHUsl NPOTOTHNA OBUT pa3paboTaH S3BIK
SPP — aHanmoruuHoe pacHIMpeHHE LEeIeBOro
s3pika. OH mokymeHTtmpoBaH B KV Project
Report [20]. AHaTOTHIHBIN croco6
pacmupeHuss Opu1  mpemnmokeH  Bapbapoit
Jluckos (B.Liskov) [6]. CymectBytoT uueu
pacumpeHuss Java u  Opyrux OOBEKTHO-
OpPHEHTHPOBAHHBIX S3bIKOB, HAIIPABJICHHBIC Ha
paspaborky 1O mno npuHIMIY «QU3aliH IO
KoHTpakTy» (design-by-contract) [5, 27, 31].
Onnaxo, HECMOTpS Ha OYEBUJIHBIC
NpEeUMyIecTBa JIy4ylllero TIpHeMa TakKuX
SI3BIKOB cO00IIecTBOM pazpadboTtunkoB 110, mo
o0mell KOHLEMIUMK eIe Jajeko, oormas
HOTAIUs He BBIpaboTaHa.

Pasaumy B pesympratax KVEST m ADL
MOXXHO OOBSCHUTH pa3HHIEeld B kimaccax API,
JUI KOTOPBIX Ta M APyTrasi METOAOIOTHH MOTYT
MPEAOCTaBUTh CPEACTBA CHEUUPUKAIUH U
reHepaunu TectoB. ADL mpenocraBnser
HWHCTPYMEHTHI U1 aBTOMaTU3allui réHepalunuu
TECTOB TOJIBKO JISl IPOLIEAYP, KOTOPBIE MOTYT
TECTUPOBATHCSI HE3aBUCHMO, C IapaMeTpaMH,



JIOMYCKAIOIIMMH HE3aBUCHMBIN mepedop. Ilo
KVEST xiaccupukammu 3TO  IpOLEAYpHI
MIEpBOTO M BTOPOTO KJIACCOB. DTO 3HAYUT, YTO
OpOUEaypbl C 3aBUCHMBIMH MapaMeTPaMH,
IIPOLEAYPHl, KOTOpble TPeOYIOT COBMECTHOTO
TECTHPOBAaHMUS, HampuMmep open/close, wmm

TPOIIETYPHI, KOTOpBIE HE00XO0AUMO
TECTHPOBATH napajiesbHo, HaIpuMep,
lock/unlock, WA send/receive,

otOpaceBatoTcsi. Kpome Toro, ADL He
pacnosHaer APl xmacca 1, g KOTOpBIX
BO3MOXKHA aBTOMATHueCKas IeHepalys BCETro
TECTOBOro  Habopa,  BKJIIouYas  HaOOpEI
TECTOBBIX IIAPAMETPOB U TECTOBBIE OPAKYJIBI.

Hutepecusim MomentoM ADL  sBnsercs
BO3MOXXHOCTb T'€HEpalMy JOKYMEHTAllUW Ha
€CTeCTBEHHOM S3bIKE. BaskHO, UTO OOWH U TOT
xKe MEXaHU3M HCTIOIB3YyeTCs TUTS
OKYMEHTHPOBAaHUS KaK IEJICBOH CHCTEMBI,
TaKk W TecTOBbIX HabopoB. Iloxoxke, d9TO
aBTopel ADL co3HaTenbHO HE HCMOIH30BAIH
TexHosoruik w3 obmactu NLG (Natural
Language Generation). OTO TMOHSITHO |3
MPaKTHYECKUX COOOpakKeHH, HO HE 3HAYUT,
YTO COBPEMCHHLIC MCTO/bI I'CHEpAIIUNU TCKCTa
Ha €CTECTBEHHOM S3bIKE HE MOI'YT NOMOYb B
TeHepallid  MPOTPAMMHOM  JIOKYMEHTALUH.
Bosmoxknoctu  KVEST nmo  renepauuu
JIOKYMEHTALM! PEaTn30BaHBl B IPOTOTHUITHON
¢dopme. OgHAKO, B IPOTUBOMONIOKHOCTE ADL
KVEST HCIOJIb3YET KOMITBIOTEPHYIO
rpaMMaTUKy W CJIOBaph AHTJIIMHACKOTO S3bIKa
JUI aHaJIW3a W TeHepanuu (parMeHToB Ha
€CTECTBEHHOM S3bIKE. JTO  CIIOCOOCTBYET
YMEHBUICHHUIO YHUCJIa OLlII/l6OK B TEKCTC Ha
€CTECTBEHHOM sI3bIKE M JIeJlaeT TEKCT OoJee
yuTaOeNbHBIM 0€3 JOIOJIHUTEIFHON pYyYHOU
MIPaBKH.

3HauuTenbHBIM Ipeumyiectsom ADL2 B
cpaBaeHun ¢ KVEST sBnsercs Bo3MOXXHOCTh
cnemu(pUKaud ©W TECTUPOBAHHA KIACCOB
00BEKTHO-OPHEHTHPOBAHHBIX SI3BIKOB
MIPOrPaMMHUPOBAHHUSL. Orot HEIOCTAaTOK
KVEST o0bsicHsIeTCS OTpaHUYCHUSMHU SI3bIKa
crerupukanuun RSL. Pacmmpenne KVEST
IS Bepudukanuu 00BEKTHO-
OpPUEHTHPOBAHHOTO IPOrpaMMHOTO
obecnieueHus wianupyercs B 1999 roxy.

3.3 Ucnonb3oBaHMe TecToBbIX
OpaKkysoB, CreHepUpPoBaHHbIX U3
NporpaMMHON [OKYMeHTauumn

Pabota [8] sBIsIeTCS MccaenoBaTEIbCKON H
HE MOXET pacCMaTpHUBaThCs KaK TEXHOJOTHSI,
MIPUTOIHAS JUIst MIPOMBIIILIEHHOTO
ucronp3oBanuss. OCHOBHOI HMHTEpec B ITOM
HCCIIeJOBAaHUU MPEACTABIISIET aHaJm3
(akTOpOB, KOTOpBIC, MO MHCHHIO aBTOPOB,
MPEMATCTBYIOT IMUPOKOMY PAaCIPOCTPAHCHHIO
(dhopManbHBIX cneruduranui JUTSt
HWHAYCTPUATHLHOTO TECTHPOBAHUS
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MIPOTPAMMHOTO obecrieyeHusl. ABTOpBI
(GOpMYJIMPYIOT TMATh OCHOBHBIX IPOOJIEM,
oOmiee pelieHre KOTOPHIX, MO0 HMX MHEHHIO,
IpU  CYHIECTBYIOIIEM  IIOJIOKEHUHM Il
HEBO3MOXHO. OTH IIATh MpoOJIeM HMEIT
MHOTO 001Iero ¢ HabopoM XapaKTepUCTHK, Ha
KOTOpPBIX OaszupoBanacek kinaccudukanus API B
KVEST. Takum o6pasom, [.Ilerepc (D.
Peters) u I.ITapnac (D.Parnas) u mMbl ipunum
K 0o0meMy MOHMMAaHHIO, YTO 3TO KIFOYEBHIE
mpobiemMsl B 3aJade  aBTOMATH3ALUHU
TECTUPOBAHUSI, WUCIIOJB3YIOUIEro (OpMalIbHBIC
creuuuKaImH. KVEST MPOAOIIKAET
UCCIIEIOBAaHUS B JTOM HAaNpaBICHHH U
npeajaraeT TEXHOJIIOTMYECKYI0 CXEeMy  JUls
YaCTHYHOM  aBTOMAaTH3allMM  pa3paboTKu
TECTOBBIX HAOOPOB s Bcex KimaccoB API.

3.4 ®dopmanbHbIM BbIBOA KOHEYHOrO

aBTOMaTa gnf TeCTUpoBaHuA
Krnacca

Ora pabora [7] Takke  sBISIETCA
nuccienoBareabckod. B To ke Bpems, oOHa

MpPEACTaBIISIET HHTEpEC, IIOCKOJIbKY
npemjiara€T CXeMy TECTHUPOBAaHHUSA TPYIIIbI
npouenyp, aHAJIOTHYHO cxeMme,

ucnons3yromeiicas B KVEST. B kauectBe
s13bIKa crienuukanuy ucronssyercs Object-Z,

a B KavyecTBe LIEJICBOTO SI3BIKA
MIPOrpaMMHPOBAHUS - C++. 3amada
dopMynHpyeTcs  CIEAYIOIMHUM  00pa3oM:

MIOCTPOHTh TECTOBBIE HAOOPBI JUIS IPOBEPKH
COOTBETCTBUS pealn3alui M CleHU(pUKaLUH,
UCIONB3yss  (opMalibHble  crenudukanmum
METOJZIOB Kiacca. Kak KpuTepuil TECTOBOTO
TOKPBITUA HCIIOJIB3YCTCH 06])eﬂl/IHeHl/Ie ABYX
KPUTEpPHUEB:  MOKPHITHE  BCEX  KJIACCOB
9KBHBAJICHTHOCTH, KOTOpPBIE IPEACTABISAIOT
co0oii obnacT, TOJy4YEeHHBIE B pe3yjbTare
aHanu3a pa3OMeHW H, 3aTeM, MpOBEpKa
pe3yinbTaTOB Ha TpaHUNAX W PIIOM C
rpaHULAMU.

ABTOpBI 3TOW pabOTBl HE MBITAIOTCA
PELINTD npobiemy HIOJIHOCTBIO
aBTOMATHYECKON TeHepaluu TecToB. Takxke
OHHM HE JENIAIOT IMOIBITOK MOJJEPIKKH KaKHX-
100 3IIEMEHTOB MOArOTOBUTENBHON (a3bl ¢
IIOMOIIBIO Kakux-Jmoo HHCTPYMEHTOB.
O[lHaKO, BC€ OJOTH IIaru OIIMCaHbl OYCHb
CHCTEMAaTHYECKd W MOTYT OBITh CBEACHBI K

Pas3IuuHBIM peoOpa3oBaHUAM
crenuUKaImi.
Amnamms pa3oueHuit u TpaHUII

MIPOU3BOJUTCS BPYYHYIO B COOTBETCTBHM C
MPEUIOKEHHONH  aBTOpaMH  METOJI0JIOTHEH.
AHaJIO0rM4HbIM obpazom CTpOSITCS
crienupuKanuu OpaKyJIoB. Opaxkyu,
ckoMnuiupoBaHHeli B C++,  BbI3BIBAET
LIEJIEBYIO poLenypy u poBepsieT
COOTBETCTBUE  PE3yJIbTaTOB €€  paboThl
cnenudukanuy.



HaubGonee  wuHTepecHa cama  cxema
TECTUPOBAHUS, B COOTBETCTBHH C KOTOPOM

JUHAMHUYECKH  TEHEpUPYIOTCS  TECTOBBIE
MOCIEI0BATEABHOCTH  BBI30BOB  IEJIEBBIX
mpouenyp.  ['eHepauus  KOHTpPOIHPYETCS

ONHMCAaHNEM KOHEYHOTO aBTOMAaTa, KOTOPBIH
MpeCTaBIsIeT abCTPaKTHRIA Tpad TepexomoB
MEXIy COCTOSHHSAMH TECTHPYEeMOro Kiacca.
ABTOpHI OTIMCHIBAIOT METOJI0JIOTHIO
MOCTPOCHHS  CHeUM(pUKALMA Uil KJIacCOB
COCTOSIHUH ¥ TIEPEXOJI0OB MEXAy HHMH,
OJIHOBPEMECHHO  paccMaTpuBas — podiemy
HUCKIKOYCHUA HEJOCTUKUMbBIX COCTOSTHUH.

Teoperudeckass cmaboCTh 3TOTO IMOIXOAA
COCTOMT B OTCYTCTBHU IIONBITOK CO3JIaHUS
(dhopmansHOU METOI0JIOTUH co3/1aHus
cnenudukanuu nepexomoB. OYeBHIHO, YTO
MpU TOMBITKAX MNPUMEHHUTH 3TOT METOI K
3aJadaM peaNbHON CIOXHOCTH OOHApy)KaTcs
cepbe3Hble Mpobiemsbl. [IoHATHO, 4TO BBIBOJ
TECTOB W3 crennHKaluili NpOU3BOIUTCS B
OCHOBHOM BpYYHYIO, YTO OTPAaHHYHMBAET
MNPUMEHUMOCTb 3TOro METOJa B HHAYCTPHUU
I10.

OcnoBHoe otmauune KVEST ot »sroii
pabotsl cocrour B TOoM, uto KVEST He
TpeOyeT TOJHOrO  OIMCAHWUSA KOHEYHOTO
aBTOMaTa, KOTOPBIA MOJCITHPYET COCTOSHUC
meneBoil cucremsl. Bmecto srtoro KVEST
mpeyiaraeT  YHUBEPCAJIbHBII ANTOPUTM,
KOTOPBIH TUHAMUYIECKA OIIePKUBACT
JIOCTYTIHBIE COCTOSIHHS M TIEPEXOIBI MEXIY
rapaMH COCTOSTHUM.

4. 3aknro4yeHue u HanpaeJsieHus
OdanbHeliwelu pabomsi

Omnbir KVEST mnokazain, uto dopmasibHbie
METOAbI MOryT HCIIOJIb30BAThCA B
npoMbinuieHHOH paspaborke I10. Yposens
CIOXKHOCTU U pasmepsl npunoxenuit KVEST
MOJI/ICPKHUBAIOT TOT TE3HC.

Bmecre ¢ TeMm, TeKymee COCTOSHHE
KVEST u cocrosiHUEe Aen B IEJIOM IUKTYIOT
HEOOXOAMMOCTh ~ WHTEHCHBHOTO  Pa3BUTHSA
MOJXOJJ0B, METOJIOJIOTUH U MOJIEPKUBAIOIINX
X HHCTPYMEHTOB. MOXHO c(hOpMynInpoBaTh
CIEIyIONIe BaKHBIE MPoOIeMbl, Tpedyromue
CBOET0 PELICHUS:

o [lonp3oBareny s36IKOB MPOIPAMMHUPOBAHHMS
HE BIAJCIOT S3bIKAMU CHEeUUpUKAIUA U
(opMaNbHBIMH METOJaMH, 3TO SBISETCS
IJIAaBHBIM  (DaKTOpOM,  CIEP)KUBAFOLIMM

Ooitee IIHPOKOE HCIIOJIL30BaHHE
(hopMaIbHBIX METOJIOB;
e Meroaonoruy, TEXHOJIOTUH, CASE

CHCTEMBI, MOJICPKHUBAIOIINE Pa3paboTKy
10, «kak TmpaBwIO, HaleNeHbl  Ha
pa3paboTKy u aHaIm3 CTPYKTYD
(apxuTeKTYyp) peamm3anmuid. ITOT MOIXO.X
3aTpylIHsET pPaccMOTpEHHE COOCTBEHHO
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¢yukmmonansHocT 10, Meromomoruid,
KOTOPBIC yJIaYHO COYETAIOT MPEUMYIIECTBA
000MX  TOIXOIOB:  CTPYKTypHOTO U
(yHKIIMOHATIBHOTO, — ITOKA HET;

e Craruueckue (ancro (opmaibHbIE)
METO/IbI aHamM3a nporpamMm
NPEIOCTABIISIOT MCYEPITBIBAIOIINE

pemieHust mpodieM, HO MPUMEHHUMBI JIHIIb
Uil (parMEeHTOB  pEalbHBIX  CHUCTEM.
Junamudeckue METOJIbI THUIIA
MO/JIEIUPOBaHUS WA TECTUPOBAHUSA
OMUPAIOTCA HAa HEKOTOpbIEe 3BPUCTUKH,
MO3TOMY HE MOTYT CIYXXUTh 0a30i s
HCYEPNBIBAIOILETO aHanu3a. B cBs3u ¢
9TMM  BCTaeT IHpoOiieMa  HMHTEeTpalyu
CTaTUYECKUX U AUHAMHUYECKUX METOJOB, C
TEM YTOOBl M3BJEYb IPEHMYIIECTBA
KaXJI0TO U3 HUX.

Jia pemenns 3TuX HpoOIeM MBI BHIUM
CIEIYIONIHNE MyTH:

e Couamxenue SI3bIKOB cHeUHPUKANUM U

SI3bIKOB MPOrPpaMMHPOBAHMSI.

I/ICXOILSI us3 TOTrO, 4qTo 3aCTaBUTH
mnmporpaMMucTa nu3ydatb HE TOJIBKO HOBBIN JJIs
HEero s3bIK CHEeNU(UKANH, HO M MPOCTO
HOBBIN SI3BIK POTPaMMHUPOBAHHS
HEBO3MOXHO, JIETKO IMPHUHUTH K BEIBOXY, UTO
HAJIO  CHelaTh  Tepexox  OT  s3bIKa
MPOTPAaMMHPOBAHUA K S3BIKY CHEIH()UKAIIIN
6omnee He3aMeTHBIM. [IOMBITKM COMM3UTH ATH
SI3BIKA  IENTANIACh  yKe JaBHO. [Ipumepamu
TaKWX SA3BIKOB ciykat pacmmpenune CLU [18],
Alphard [19], Eiffel[27, 31], iContract [5],
SDL [16], SPP [20].

Hexoropsle s3biku, Hampumep, Larch [23],
IIpeAJiaraioT JieyaTh 3TO COJIMDKEHHE 3a CYeT
YIPOIIEHHs COOCTBEHHO CHEeUM(HUKAIUOHHON
YacTH IIPU OJHOBPEMEHHOM paclIMpEeHHH
CpPEenCTB Ui OTOOpaxeHus (OpPMaIbHOMN
MOJIENIA B SI3BIK peanu3anuu. Jpyrue s3bIKH,
Hanpumep SDL, mome3ysce crenudukoi
pobIeMHOI obmactH, 3aHMCTBYIOT
BO3MOKHOCTH SI3BIKOB ITPOTPAMMHPOBAHUS U
3a CUET OJTOTO TMO3BOJSIIOT TE€HEPHUPOBATH
WCIIOJTHUMBIN KO MPSIMO M3 CHELU(PHUKALIIH.

HNmeercs u  BHOJNHE YJAYHBIA  OIBIT
BCTPEUHOro JBIKeHMs. Hampumep, aBTOpHI
ADL nyrem  HeOompmmx  J00aBICHUMN
pacummpsitor C, C++, Java, u IDL. B
pe3ynpTate Ui MONMB30BAaTeNsl  s3BIKa
MIPOrpaMMHPOBAHUS HET HUKAKHUX TIPOOIIEM, 110
KpaifHell Mepe, B YTEHUH CIeH(DUKAITHIA.

KVEST B cBOEM MepCreKTUBHOM Pa3BUTHH
paccMaTpuBaeT Kak OCHOBHOM MOCJIEIHUNM U3
MEPEYNCICHHBIX TIOAXOM0B. B  Hacrosmee
BpeMsi pa3padaThIBacTCs BEPCUS CHCTEMBI,
KOTOpast B Ka4yecTBe MHCTPyMEHTa
crenuUIUpoOBaHKUs  TpeaaracT  CpeacTBa
C++, BO3MOXKHO, IIOIIOJIHEHHEBIC HECIIOXKHBIM B



pcaiusannu u B IIOHUMAaHHUHU
“CHHTAKCHYECKUM caxapom’ .

3aMeTHM,  YTO  KOHIEMNIMS  TakKoro
NOTIOJIHEHUsT ~ HYXKJaercss B IIIyOOKoH
popadoTKe. IMocnencTBus “OpOCTBIX

pemreHmit” Jerko BUIeTh Ha mpumepe ADL.

OTCYyTCTBHE METOIOB W COOTBETCTBYIOIINX

CPEICTB IJIs TIOBBIIICHHUS YPOBHS aOCTpaKIuu

HE N03BOJIAAIOT nosb3oBareasiM ADL co3nasarts

crenupuKanuu MTOBBIIIEHHOTO YPOBHS

abcTpakmMi W B JOCTaTOYHOW CTENEeHU

aBTOMATH3UPOBAaTh TIEHEpaIMI0 TECTOB I

TPyl OpOLEIyp UK KIIACCOB.

e CuHHTe3 MeTO/I0B aHA/IN3a M Pa3padoTKu
NMporpaMmM, HaNmpaBJIEHHBIX HA ONHMCAHUE
(pYHKIHOHAJILHOCTH W Ha ONHMCAHHUe
CTPYKTYPHBI peajM3anun.

Hekotopeie acmextsl moBemeHust 110
IUIOXO YKJIAIBIBAIOTCSA B PaMKH PacCMOTPEHUS
API. B kadectBe npumMepa MOKHO MHPHUBECTH
CTEKH TEJICKOMMYHHUKAITMOHHBIX MIPOTOKOJIOB U
pacnpenenennble cucrembl. Takoro poma 110
XOpOILIO ONKCHIBAaeTCsi B (POpME HCIIOIHUMBIX
MO[leﬂeﬁ, MOCTPOCHHBIX Ha OCHOBC KOHCYHBIX
aBTOMAToB, ceTeil [leTpu, criennanbHbIX BUIOB
aBTomMaTtoB, Hampumep, tumna CCS [14].
OOmMM  HEemoCTaTKOM — TakuX  IOJXOJOB
SIBIISIFOTCS TPYIXHOCTH c 3a7aHueM
WHBapHUAHTOB, OXBaTHIBAIOIIIHE
pacmpeneneHHble coObITHA. B wacTHOCTH, 3Ta
mpobiemMa  MpOSBWIIACH  TPH  TIOTBITKE
0o0OHapy eHusI MTOTEHIATIBHBIX
HeXeNaTenbHbIX  B3auMoBiusHud  (Feature
Interaction). OxHUM W3 IyTed WHTErpayuu
CTPYKTYPHBIX ¥ ()YHKIIMOHAJIBHBIX METOJIOB
spistorcst KA, pacmmpeHHble  onucaHHeM
orpaHuueHui Ha mepexosl [4]. DTOT moaxon
ONM30K K TEXHHKE ONMCAHUS U TECTHPOBAHMUS
rpynn npouenyp, npeanoxkensusii B KVEST.
Tem campiM, KVEST moxxeT OBITH pacmrmpeH
COOTBETCTBYIOIUMH cpencTBaMu TUTS
ONHCAaHUs  TPOTOKOJIOB,  PACIPEACICHHBIX
cucteM u aApyrux BumoB I1O, TpeOyrommx
COYETAHUS CTPYKTYPHBIX M (PYHKIIMOHAITBHBIX
crienupuKanum.

o WuTerpamus CTAaTHYECKHX "
JTHHAMHYECKHX MeTOol0B B (opBapa- u
peBepc-MHKEeHePUH.
4K MOTEHINAIBHO BO3MOXKHBIX

NPWIOKEHWH  CHUHTE3a  CTaTHYECKHX U

ITUHAMAYECKHX METONIOB pa3paloTKu/aHau3a

BBIJIEIUM CPENICTBA IS YTIPABICHHUS YPOBHEM

a0CTpakIMM W TEHEepaTophl MoJened s

CTaTHYECKOTO W/WIM AWHAMHYECKOTO aHajn3a

MTOBENICHHSI TPOTPAMM.

B kauecTBe cpencTB ympaBieHHS YPOBHEM
aoctpakiuu B KVEST  paspabarbiBaercs
METOANYCCKaA u HHCTpYMCEHTAaJIbHas
nojJiepkka Juis  “noxbema” u  “‘cmycka”
(“upwarding” and “downwarding”) u cpencraa
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Tpanchopmaruu SKCIUTAIUTHBIX
cneuudukanyii B UMIUIMIMTHBIE (B (opme
MOCT-yCJIOBHif). Bmiote g0  mocieaHero

BpEMEHH  3TH  PabOThl  BBINOJHIINCH
TIOJTHOCTBIO BPY4HYIO. Ceiiuac
pa3pabaTbIBarOTCs HEKOTOPBIE u3

3aIpOEKTUPOBAHHBIX “‘TpaH(opMaTOpoB”.

Mogenu, 0 KOTOPBIX HJIET Pedb, SIBISIOTCS
000011IeHHBIM OIMCAaHUEM CIICHapHEB
HCIIOJBb30BAHUSI LENEBOM CHCTeMBL. Takue
CIIEHApUH MOTYT HCIIOIb30BaThCsA Kak JUls
CTaTUUYECKOT0 aHaju3a (B 9TOM U COCTOUT HAEs
“model checking”), Tak u aus8 reHepanuuu
TecTOBbIX HocnenoBatensHocTeil. B KVEST
poib Takux Mojenei urpanu KA B 5-oM Buze
TEeCTOBBIX JpaiiBepoB. To, uro Takoil KA
pa3pabaTbIBaeTCsl BpYYHYIO, TOMUMO TIpoOIeM
CBSI3aHHBIX CO CTOMMOCTBIO, CPOKaMH €ro
pa3paboTKH, CTABUT BONPOC O COOTBETCTBUH
Mexay KA u cnenudukanusMu mpoueayp, oo
OTHOUIEHHH KPUTEPHEB TECTOBOTO MOKPBITHS,
OIIpEJENICHHBIX Ha OCHOBE crienn(UKanui u Ha
ocHoBe cobctBeHHO KA. B HacTosmee Bpems
AMEI0TCA paboThI 1o YaCTUYHOM
aBTOMaTH3alMu mnoctpoeHus Takoro KA. K
COXAaJICHWIO, B HHMX HE paccMaTpHUBaIOTCS
BOIIPOCHI, CBsI3aHHBIE C U3BieueHHeM KA u3
cnenudukanyii  GyHKOMH ¢ 1MOOOYHBIM
apdpexkrom. B KVEST nemaercs mombiTka
PELINTH 3Ty 3a/1a49y Ha OCHOBE HCITOJIb30BAHHS
cnenmuuUKanuii  CKPBITHIX  (aOCTPaKTHBIX)
COCTOSTHUH LIEIEBBIX CHUCTEM.
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