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AHHOTAUUA

B paGote omucaHbl TEXHOJOTHH TECTHPOBAHMS MPOrPAMMHBIX
KOMIUICKCOB KOMIIBIOTEPHOH rpaduky, pa3pabaTelBacMbIX B
WIIM um. M.B. Kennsima PAH. CrnoxHOCTb pa3pabaTbIBaeMbIX
MPO/IYKTOB, HEOOXOAUMOCTh BBINYCKa OOJIBIIOTO YHCIa BEPCHIA
(50-70 Bepcuii B ron) morpeboBamu pa3pabOTKU COOCTBEHHON
CHCTEMBI TECTHPOBAHUs, NMO3BOJISIONIEH Y()(PEKTUBHO BBISBISTH
ommOKM ¥ HUCHPABIATH HMX JO BBIIyCKAa IPOJYKTa.
TectupoBaHue TPOJIYKTOB KOMITBIOTEPHOH TpaQuKH HMEIOT
CBOIO crenu(UKy, Ha KOTOPOH U CIeaH aKIeHT B padoTe.
Knrouesvle cnosa: cucmemvl peanucmuuHol SUYATUZAYUL,
mecmuposanue NPOSPAMMHLIX ~ KOMNIEKCOS, pecpecCUOHHOe
mecmuposanue, cpagHeHue u300padtceHul

1. BBEOEHUE

TecTupoBanne  HpPOrpaMMHOrO  obecredeHHs,  OCOOCHHO
NPOTPaMMHBIX  TIPOAYKTOB,  IIOCTABISIEMBIX  JAW3aiiHEpam,
WHXKEHEPaM U TPOCKTUPOBIIUKAM, BCEr/a SBJSJIOCH BAKHON H
CJI0KHOHU 11pobtemMoid. CoBpeMEHHBIE IPOrPAMMHBIC KOMIUICKCHI
CHHTe3a (OTOPEATUCTUYHBIX H300paKEHMI, OCHOBaHHBIC Ha
MOZEIUPOBAaHNH (PU3UUECKUX 3aKOHOB PACIPOCTPAHEHHS CBETa,
JOCTUIJIM  TaKOrO  ypPOBHSA  CJIOKHOCTH, Ha  KOTOPOM
KTaCCHYECKOE TECTHPOBAHHE 3THX KOMIUICKCOB CTAHOBHTCS
HEed(GEKTHBHBIM, @ YaCTO H HEBO3MOXKHBIM TI0 PSITY MIPUYHH.

Hapsny c¢ xmaccmueckuMm MOAXOAAaMHM K TECTHPOBAHHIO,
3aJ]0KeHHBIMU  eme Maifepcom [1], TecTHpoBaHHE TakKHUX
KOMIUIEKCOB HMMEET TaKkxke cBOlo cremupuky. OTMeTHM [Ba
HanOoJIee CI0KHBIX aCIIEKTa 9TOr0 TECTUPOBAHUS:

e  [IpoBepka MIPaBUIEHOCTH MOZEIUPOBAHUS
(bU3NUeCKHX SBICHUIA;

e  IIHTepaKTUBHOCTH HPOTPAMMHBIX KOMILIECKCOB.

CucTeMbl PEATMCTHYHON BH3YaJM3allUM CTPEMSTCS K BCE
OoJbIlICH TOCTOBEPHOCTH TEHEPUPYEMBIX H300paxkeHumit. Jls
9TOrO0  HEKOTOpbIE  CHCTEMBI HE  TOJBKO  IPEAararT
CIEKTPaJbHOE MOJCIUPOBAaHHE, HO ¥ MOAJCPIKHBAIOT TaKUE
CIIO)KHBIC SIBJICHMS KaK MOJIIpU3alus U (II0OpECeHIHs CBeTa.
Bepudukamms cooTBETCTBYIOIINX aIrOPUTMOB CTAHOBHUTHCS
CaMOCTOSITCNIbHOW HempocToil 3amadeil. OIHA W3 TOIBITOK
CephEe3HOTo T0JIX0/Ia K ATOMY BOIpocy omybiukoBaHa B [2]. B
CTaThe NMPEIIOKECHBI KaK aHAIUTHYECKUE TECTHI, IPOBEPSIOIINE
MPaBWILHOCTh  BBIOJHEHHWS  3aKOHOB  ONTHKH, TaK H
KOMIUICKCHBIC BU3yaJIbHbIE TECTHI, CPAaBHUBAIOIINE ITOTY4CHHBIC
UTOrOBbIC N300paxeHus ¢ poTorpadueii.

CIIO)KHOCTh ~ TECTHPOBAHUS ~ HWHTCPAKTUBHBIX  KOMIUICKCOB
KOMIIBIOTEPHO Tpa)MKH COCTOMT B HX AaBTOMATHU3AIMH.
ABTOpamMH OBUIM MPOTECTHPOBAHBI JICCATKH IPOTPAMMHBIX
MAaKeTOB, IMO3BOJSIIOIINX B TOM WM WHOM BHIE 3alHCaTh H
BOCIIPOM3BECTH JICHCTBUSI IMOJB30BATENIsl B WHTEPAKTHUBHOMN
nporpamme. Cpenu Hux: Autolt [3], Test Automation FX [4],
TestComplete [5] u mpyrue. K coxaneHuro, oOHapyKeHHbIC
HEJOCTAaTKH HE IIO3BOJIMUIM ITOJHOIICHHO HCIIONB30BATh IS
TECTHPOBAHUS CO3/1aBACMbIX IPOTPAMMHBIX KOMILICKCOB HHU
OOMH M3 O9THX maketoB. Cpeou 3THUX HETOCTATKOB: 3aIUCh
JICUCTBUH TTOJIB30BATENS B a0COJIOTHBIX KOOPAWHATAX, YTO HE
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MO3BOJIIET BOCIPOM3BOJUTH 3alMCAHHYIO CECCHUI0 Ha JPyromM
KOMIBIOTEPE C IPYTUM DPa3pelleHHEeM 3KpaHa; HeCIOCOOHOCTh
pacnosHats Ul smements! makera Qt, KOTOPBIH HCIIONB3YeTCs
HaMH IIPU CO3JaHUM MPOrPAMMHOI0O NPOIYKTa; HEBO3MOXKHOCTh
3alHCH CECCHU B PEaJbHOM BPEMEHH (CLIEHApPHUi JOJKEH OBITH
[IPEABAPUTENILHO HAMKCAH HA CIICLUAIBHOM S3BIKE); OTCYTCTBHE
MoJYIepXKKH HOBeWiux Bepcuit Windows, a Takke OmMOKHA B
pabore (umHorma mpuBomsmme Kk cOoro Beeit OS). Takas
cutyauusi norpeboBaia CO3/laHHMs COOCTBEHHOIO CpENCTBa
3aMyCH ¥ BOCTIPOM3BEICHUS ICHCTBHI MOJIH30BATEIS.

Ilpu pa3paboTke COOCTBEHHOH CHCTEMBI TECTUPOBAHUS
HPOrPaMMHBIX TPOJAYKTOB KOMIBIOTEPHOH TIpadMKd MOXKHO
BBIJISIUTE  CIEAYIOIIWe  JIOTIOMHUTENbHBIE  0COOEHHOCTH,
IPUCYLINE HALIUM IPOLYKTaM:

e  MHOro pasHOPOAHBIX KOMIUIEKCOB MMEIOT B CBOEH
OCHOBE O0IIME MPOrpaMMHBIC KOMIIOHEHTHI (HApHMeEp, SAAPO
ONTHYECKOTO MOAEIUPOBAHUS);

e YacTble BBIIYCKH HOBBIX BEPCHIL;

e  OrpaHHYCHHBIE pECyPChl H BpeMsl.

B uactHOCTHM, mnpelularaemble peLIeHUs NPUMEHSIOTCS JUls
TECTUpOBaHUSI HaOopa W3 AECATH IMPOTPAMMHBIX KOMILIEKCOB;
4yacToTa BBITycka HOBBIX Bepcuit — 50-70 Bepcuit B rox;
KOJIMYECTBO MPOrPAMMHBIX KOMIIOHEHT — Oosiee 500; KOJIIeKTUB
Ppa3paboTUYMKOB COCTOUT U3 15 uenoBex.

B Takux YyCI0BUAX a0COJIIOTHO HEOOXOIUMBIM  SIBIISIETCSI
KOMILUICKCHBIH ITOAXOJ K aBTOMATH3aIlHH TECTUPOBAHUA.
HpCZ[,J'IO)KCHHbIG: W OIIMCaHHBIC JajJIc€ MCETOJbI ITO3BOJIAKOT
IOOUTHCS INpUEMJIEMOI'0 Ka4deCcTBa TECTHUPOBAHUA, a 3HAYUT U
puemMiIeMoro KadecTBa BBIITYCKa€MbIX porpaMMHBIX
KOMIIJICKCOB.

ABTOMaTU3MPOBAHHOMY TECTUPOBAHUIO IIOJBEPraroTCs Kak
OTHENBHbIE INPOTpPAaMMHBIE KOMIIOHEHTHI (HHU3KOYPOBHEBOE
TECTHPOBAHNUE), TaK M BECh HNPOTPAMMHBII NPOMYKT B LEIOM
(BBICOKOYPOBHEBOE TECTHPOBaHKE). B OCHOBHOM HCIIONIB3YeTCSt
PErPECCMOHHOE  TECTHPOBAHME, IPOBEPAIOIIEE  COBMAJCHHUE
MOBEJCHUS HOBOHM pealu3allid CHUCTEMBbI M €€ NpeAblaylLiel
peanusanuy. 3a MCKJIIOYEHUEM HAMEPEHHO  BHECEHHBIX
U3MEHEHHH ¥ MOAU(UKAIMN  alrOPUTMOB  PE3yJIbTAThI
MOJENUPOBAHUS ABYX BEpCUil IPOrpaMMHOrO KOMILIEKCA
JIOJKHBI COBIAATh.

2. PETPECCUOHHOE TECTUPOBAHUE

2.1 NMoKOMNOHeHTHOe TeCTUpOBaHue

[Tocie kaxa0ro M3MEHEHHUS] IPOrPaMMHON KOMITOHEHTHI KpOME
HETOCPEICTBEHHOTO  COJICPIKATEIBHOTO TECTHPOBAHUSI BHOBb
00aBNeHHONW  (DYHKIMOHAJIBHOCTH TPOBOJUTCS —TakkKe €€
pPEerpecCHOHHOE aBTOMAaTHYECKOE TECTUPOBaHME. Pesynbrar
BBIUKMCIICHUSI CPABHUBACTCSl C OXKHAAEMBIM, U  BBLIACTCSA
3aKIoueHue "TecT mpoiineH - He mpoiineH". B mociennem
ciydae pa3paboTYMKOM HCCIIEIYeTCsl OXKHIACMBIA U peanlbHBbIi
BBIBOJI ¥ ITPOM3BOMTCS UCTIPABIICHUE BBISBJICHHBIX OLIHOOK.

Jas obecrieyeHust ABTOMAaTU3AIHI TECTUPOBAHHS
noTpe0OBaIOCh CO3/aTh HECKONBKO CHUCTEM [JII CPaBHEHUS
pe3ynbTaToB. IIOCKONIBKY pe3yinbTaTaMH padOThl Pas3IUYHBIX
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NPOTPaMMHBIX KOMIIOHCHT SABJISIFOTCA KaK TEKCTOBBLIC HaHHBIC,
Tak W M300pakeHusi, MOTPeOOBANIOCH CO3/aTh IOJCHCTEMBI
CpaBHEHUSI M QHAIM3a JUTsl K&KI0TO U3 ITUX THIIOB JaHHBIX.

Ha puc. 1 npuBenén npumep aBTOMaTHUECKOTO PETPECCUOHHOTO
TECTUPOBAHUSA KOMITOHCHTBI annapaTHo-He3aBnch0ﬁ
peanM3anuM  MaTeMaTH4ecKux  OWMOIMOTEK; B  Ipolecce
TECTUPOBAHUSA TIPOBEPAIOTCS Kak TOYHOCTH peanmnzanun
MaTeMaTU4ecKuX (YHKLUUH, TaKk M CKOPOCTb PabOThl JaHHOM
KOMIIOHEHTBL.

-—- Run math\test\bin\math_test.exe
===Testing SSE version of Cos on [0,PT/2]xxx
The precision is 1.35103e-007

The acceleration is 14.401666

=xxTesting SSE version of Cos on [0, PIl=x=
The precision is 5.36442e-007

The acceleration is 6.695166

=xxTesting SSE version of Sin on [0, PIJxxx
The precision is 1.02073e-006
The_acceleration is 7.321569

The precision is 6./6808e-005
The acceleration is 17.923204
===Testing SSE version of Arccos===
The precision is 6.77109e-005
The acceleration is 16.912662
=xx[esting the Binary search.. .=
The acceleration is 2.564422
SUCCESS!
——— Run math\perfitestibin\math_perf.exe
Number of iterations 262144000

Puc. 1. Ilpumep aBTOMaTHYECKOTO TECTUPOBAHUS
MaTeMaTH4ecKol KOMIIOHEHTHI.

IMogcuctema  cpaBHeHHs — H300paxkeHHH — oOecreduBaeT
KAUeCTBEHHBIH M  KOJIMYECTBEHHBIM aHAIM3 pasiuduil B
CpaBHUBAaeMbIX H300pakeHUAX. Hmke mpuBeneH mpumep
paboTbl  3TOH  moxacucTeMbl  (pUC.  2):  CpaBHUBaeMoe
u300paxKeHUE IIOKA3aHO  CJIeBa, pasHHULA HU300pa)KeHUH,
HONyYCHHBIX ~ Pa3HBIMH  BEPCHSAMH, B  rpaduyecKoM
HPEJCTaBICHUM JUI IOCIEIYIOIeH OLEHKH pa3paboTYUKOM
IpUBEJeHa Ha pHUCYHKe crpasa. Kpome 5Toro s KaxIoro
CpaBHEHUS COXPaHSIOTCA KOJIMYECTBEHHBIE JIaHHbIC:
aOCONIOTHBIE ¥ OTHOCHTENBHBIE OIIMOKH B  Pa3JIMYHBIX
L[BETOBBIX POCTPAHCTBAX, TUCTOIPaMMa OLIMOOYHBIX MUKCENEH
U TJA OTH JaHHBIE MOTYT OBITh HPOAHATN3HPOBAHEI
pa3paboTYMKOM IIPU HEOOXOAUMOCTH.

Puc. 2. Ilpumep paboOThI CHCTEMBI CPABHEHUST H300paKeHUH.

BaxHoii  0COOEHHOCTBIO ~ SIBISIETCSI  TO, YTO CpaBHEHHE
U300paKCHUH IPOUCXOAUT B ABTOMATUYECKOM IAKETHOM
pexume. JlomycTUMBIH IOpPOr MOIPELIHOCTH (pasHULA B
3HAQUCHUs] HECOBNAJAIOIMX MHKCeIed U HX JOILyCTHUMOE
KOJIMYECTBO) 3a7aeTcsl MpPeiBapUTENIbHO, U IPU IPEBBILEHUH
9TOTO MOpOTa TeCTHpyeMasl MOACHCTEeMa CUYUTACTCS OMMOOTHOM
U TOANEeXalled JaldbHEWIIEeMy aHalu3y W HCIPaBICHUIO
ommbok. Bechb mpomecc TecTHpOBaHWS — aBTOMATHYECKH
MPOTOKOJMPYETCS B JKypHal,  COAEpXKAallMi  CIHCOK
MIPOBEPEHHBIX MOAYJIEH U Pe3yabTaThl UX TECTUPOBAHMS.
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2.2 TecTnpoBaHMe rOTOBOro NpPorpaMMHoOro
npoaykra

TToMuMO TTOKOMIIOHEHTHOT'O HU3KOYPOBHEBOT'O TCCTUPOBAHUSA
TOTOBBI  IPOrpaMMHBIM  MPOJYKT  INPOXOJUT  TaKKe
BBICOKOYPOBHEBOE TECTHPOBAHUE, OGCCHe‘II/IBaIOH.[ee TIIPpOBEPKY
Ka4yecTBa COBMECTHOM paGOTLI KOMIIOHEHT W HX INPaBUJIBHOI'O
WCTIOJIb30BAHUSI  Pa3pabOTUNKOM. Takoe  TectmpoBaHue
IIPOBOJAUTCA TAKXKC B IMAKETHOM PEXKHUME C HCIIOJIb30BaHUEM
CIICIIMAJIbHBIX MOZ[yHCﬁ ITAKE€THOI'O BBIIIOJIHCHUS, SABJIAIOIIUXCS
YaCThIO MPOTrpaMMHOTIO0 KOMIUIEKCA, J'II/I6O C MHCIIOJIb30BaHUEM
CKpUNTOB (B T€X KOMIUIEKCAX, KOTOpBIC MOANEPKHUBAIOT HX
BBITIOJIHCHUE).

JInst TeCTUPOBAHUSI MHTEPAKTUBHBIX KOMIIOHEHT, T.€. DJIEMEHTOB
uHTepdeiica, TpeOYIOMMX B3aMMOAECIHCTBUSA € IMOJB30BATEIEM,
cucTeMa  TECTUPOBAaHUS  IPEJOCTABIIET  pa3pabOTUHKy
BO3MOXKHOCTb IIPOBEPUTh (YHKLIHOHUPOBAHUE KOMIIOHEHTHI B
UHTepakTUBHOM pexume. Ha puc. 3 mnokasaHa nozacucrema
oToOpaxkeHust TrpaduKoB, KOTOpas IMPOXOJAUT aABTOHOMHOE
TECTHPOBAHHUE.

Puc. 3. ABTOHOMHOE TECTUPOBAHUE KOMIIOHEHTHI.

PeanpHO  mpoTecTHpoBaTh  BCE  BO3MOXKHBIE — BapUaHThI
UCIIOJIb30BAHUS KOMIUIEKCA ~ KOMIIBIOTEPHOM  Tpaduku
HEBO3MOKHO. M3-3a OrpOMHOro 4ncia BCEBO3MOXKHBIX OMIMN U
METOJIOB ~ TNOCTPOCHUS  H300paxeHHs  BpeMs  TaKOTro
TECTHPOBAHUA CIpPEMHUTbCs K OeckoHeuHocTH. Ilpu sTOM
TECTUPOBAHUE BEPCUHU JIOJKHO OBITH IPOM3BENEHO B Pa3yMHOE
Bpems. OTCrofla BO3HUKAeT 3a[ada CO3JaHHS TAKUX TECTOBBIX
JAHHBIX, YTOObl 3a OJHO MOJCIUPOBAHHE U TIEHEPaLUI0
n300paskeHHst OBUIO TPOBEPEHO KaK MOMKHO OOJbIIee YHCIO
pa3IMYHBIX METONOB MM X omuuid. Ha puc. 4 mpencrasien
OpUMEep  OJHOBPEMEHHOIO  TECTHPOBAHUS  HECKOJBKHUX
(YHKIMOHAIBHOCTEH TNPOrpaMMHOTO TpoayKTa. B maHHOM
CIELMAIBHO  CO3JaHHOM  TECTOBOM  CILEHE  IIPOBEpSETCS
MPaBWIBHOCTh  (DYHKIIMOHMPOBAHUS DA3NUYHBIX AJITOPHTMOB
HAJIOXKEHMSI TEKCTyp Ha pasiHyHble TUIB H  (HOPMEI
nosepxHoctei. J[id aHanM3a NpaBUILHOCTU PE3yJbTaTa BHOBb
UCIIONB3yeTcs  MOACHCTEMa  CpaBHEHHA  U300paKeHHH,
OIMCaHHas BBILIE.

[IpenoxeHHbI MOJAXOJ TMOMHMO IIOJHON aBTOMaTH3alUU
TECTUPOBAHUS IO3BOJIAET IPOM3BOAUTH TECTUPOBAHHE HA
HECKOJIbKUX KOMIIBIOTEPAX MapauieIbHO, TEM CAMBIM ITO3BOJISS
CYLIECTBEHHO COKpaTHTh BpeMs, 3aTpayMBacMO€ Ha HEro.
Hcnonp3yercs KakK TaK Ha3bIBACMOE "HaTypajbHOE
pacmapauienBaHue", KOria pa3Hble KOMIIOHEHTHI TECTUPYIOTCS
Ha Pa3HBIX KOMIbBIOTEPAX, TaK W MapajulebHOE BBIYUCICHUE B
CaMHX IPOTPAMMHBIX KOMIUIEKCAaX, KOTOPOE IOMOJHHUTEIEHO
TECTUPYeT U (PYHKIMOHAIBHOCTH IMApAJUICIbHBIX BBIYUCICHUI.
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Puc. 4. OnHoBpeMeHHas MPOBEPKa PA3TNYHBIX AITOPUTMOB

3. ABTOMATUYECKOE )
WHTEPAKTUBHbIX IENCTBUNA

PazpaboranHas HamMu cHcTeMa 3alMCH M BOCIPOHM3BEACHUS
UHTEPAaKTUBHBIX JeHcTBUI mosb3oBarens HaspaHa TIPE —
Testing Interactive Program Execution. E€ ¢yHKIMOHATBHOCTD
MOKHO CPaBHUTb C CHCTEMAaMM 3allMCH U BOCIIPOM3BEIEHMs
MAaKpo KOMaHJ, JOCTYIIHBIMH B HEKOTOPBIX PEAAKTOpPax, OJHAKO
BO3MOXHOCTH, peanusyemble TIPE, ropasno mmupe.

TECTUPOBAHME

3.1 Ba3sosble npuHuunsl TIPE

Bce nelicTBus, npon3BoJuMbIe 110JIb30BaTENEM B IPOrPaMMHOM
KOMIUIEKCE, IepeXBaThIBAIOTCS M 3anmuchiBatoTcs Moxynem TIPE
B Qaiin. [Tozauee aToT daiin MokKeT OBITH BOCIIPOU3BENICH, B TOM
4yCcIIe Ha IPYTOM KOMIIBIOTEPE, OTIMYHOM I10 XapaKTepUCTHKAM
OT KOMIIBIOTEpPA, MCIOJIB30BAHHOIO IIPU 3aIlriCH. Brinonnenune
3aMMCAHHBIX AEUCTBUI B IPOrPaMMHOM KOMIUIEKCE IIPOU30HIET
B TOM JK€ HOPSIKE, B KAKOM OHO OBLIO 3allUCaHO.

Cucrema TIPE mnpou3BOAMT 3amuch COOBITHH, KOTOpBIC
U3MEHSIOT COCTOSHUE MPUIOKEHHUS, U PEAKIUIO TIPHIOKECHHUS Ha
ot coObITus. IlpunoxeHue paccMaTpUBaeTCs KaK KOHEUYHBIN
aBTOMAT. 3alKChlBAGMble U  BOCIPOU3BOAUMBIC  COOBITHS
SBIAIOTCA  BXOAHBIMU  JAHHBIMH UL 3TOTO  aBTOMATa.
3anuChIBAIOTCA HE TONBKO  COOBITHSA, HEMOCPEICTBEHHO
BBIIIOJIHAEMBIE T10JIb30BATENIEM (IBMIKEHUSI MBIIIH, HaXKaTUs
KJIaBUII HA MBIIIM W Ha KJIAaBHAType), HO U Jpyrue coObITHS,
HOPUBOJAIIME K CMEHE COCTOSHUM NPHUIOKEHUS: CUTHAJIbI
MPOrPaMMHBIX TaHMEPOB, CUCTeMHBIe coobmenus OS u mpoywe.
Cam wmonyns TIPE wu  ero wucnonb3oBaHue —SIBISIOTCS
“mpo3padyHbIMKA” IS TPOTPaMMHUCTa — JUIS WCIIOJNB30BAHUS
¢ynkumonaneHoctd TIPE B mpomecce mporpaMMHpOBaHUs HeE
HYXHO TpHJaraTb HHKAKUX CHENMAIbHBIX ycwinil. Monyib
TIPE aBTOMaTH4YeCKH NEpeXBaThIBACT 3HAYUMBIC COOBITHS U
PEaKLuIO MPUI0KEHHS U IPOU3BOJUT MX 3aIUCh.
Jns  ycmemHoro — ¢yHKumoHHpoBaHHMs — cucreMbl  TIPE
HEeo0XOUMO BBINOTHCHUE CICAYIONINX YCIOBUH:

e  JlpuioxkeHue TIpU 3alUCH U BOCIPOM3BEICHUU
JIOJDKHO OBITH TEM XKE CaMbIM;

e HavampHOe  COCTOSHHE  NPHIOKCHUS  JOJDKHO
COBIIAJIATh;
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e  lI3MEHEHUS COCTOSIHUH TNPUJIOXKEHUs, BbI3BAHHBIE
OJINHAKOBBIMH JICHCTBUSIMHU, JIOJDKHBI OBITH OJMHAKOBBIMH (B
YaCTHOCTH, TPUJIOKEHUS], UCIOJIB3YIOLIHE TeHEPaTOPhI IICEBJIO0-
CITy4aiiHBIX YHCEl, IOJDKHBI UMETh BO3MOXKHOCTH IMOBTODPSTH
paHee CO3/1aHHYIO MOCIEI0BATEIBHOCTh CIIyYaiHbIX YHCe);

e  Bce coObITHS, MPUBOSIINE K U3MEHEHHIO COCTOSIHUS
MIPUIIOKEHMS, 10JDKHBI 3anucbiBateest TIPE.

Ilpn HapymeHMH OAHOTO W3 YCIOBHH BOCIPOM3BEICHHUE
3alMCAaHHOM CeCCHM HEBO3MOXHO.  TaknMH HapyHMICHUSIMH
MOTYT OBITh: pa3IMYHOE HA4YaJIbHOE COCTOSHHE HPHIOKCHUS
(HampuMep, OTJIMYAIOTCS 3arpy:KCHHbIC MAHHBIC); Pa3INYHOE
[OBEJICHUE MNPHIOKEHUsI B OTBET HAa OJUHAKOBBIC [EUCTBUS;
N3MEHEHHE COCTOSHUI MPHUIOKEHUS 3aBUCUT OT 000pyI0BaHUS;
KPUTHYECKHE CUTyallud B  IpoLecce BOCIPOHM3BENCHUS,
OTCYTCTBOBABIIIME B IIPOLIECCE 3alUCH (HANpHUMep, HeXBaTKa
JIUCKOBOTO TIPOCTPAHCTBA).
Kpome Kak CpeacTBO PErpecCHOHHOTO TECTHPOBAHHUS CHCTEME
TIPE ucnonbs3yercs Takxe:

e Jlns AEMOHCTPALIMU BO3MOXKHOCTEH MIPUIIOKEHHUS;

e B kayecTBe HHTEPaKTHBHOTO  JOMONHEHHA K
MHCTPYKIMH 110 SKCILTyaTaluH TIPHI0KCHYS;

e  CpexAcTBO Ul BU3YaJbHOI'O NPEACTABICHUS ACHCTBUI
[OJNb30BaTeNsd (HampuMmep, B Ipouecce OOHAPYXKEHHS U
HCIIPABIICHUSI OLIMOOK B IPUIIOKECHUN).

3.2 OcHOBHble cCBOMACTBA
OcHoBHEIME cBo¥icTBamu cuctembl TIPE sBstroTes:

Hanexxnoe  BocrpousBeleHHE — 3allUCaHHBIX — JEHCTBUHA — —
rapaHTupyercs, 4Yro TIpH COOJIOJEHUH  BbIICYKAa3aHHBIX
YCIIOBHH 3allMCaHHAs CECCHs PaOdOTHI IIPUIIOKEHHS MOXKET OBITh
BOCIIpOM3BeIeHa (HE3aBUCUMO OT TOTO, Ha KaKUX KOMIIbIOTepax
MIPOM3BOJMTCS 3aIlCh W BOcHpou3BencHue). [lpn m3MeHeHUH
BEPCHH TPWIOKEHHS IO BO3MOXKHOCTH  OOECIIeUMBACTCS
00paTHasi COBMECTUMOCTb: €CIIM HOBBbIE (DYHKIIMOHATIBHOCTH HE
BIMSIOT Ha 3aMHCAHHYIO IIOCJIEJOBATEIbHOCTb W3MEHEHUS
COCTOSIHUI TPUIIOKEHHS, TO HOBasi BEPCHs MPHUIOKEHHs Oyaer
ycnemHo Bocnpou3BoauTh ceccuto TIPE, 3ammcannyro Ha
MpeIblIyIed BepCUN IPUI0KECHHUS.

[IpoBepka ycnmoBuil  BOCHpOW3BENIEHHS — TIpH  CTapTe
BOCIPOU3BEACHUS cucreMa poBepsieT COOTBETCTBHE
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HECKOJIBKNX  TCOMETPHYECKUX  IapaMeTpoB  (TakMX  Kak
pasperieHue dKpaHa, pa3mMepbl LPUPTOB, pasMepbl OKOH).
[IpoBepka coBHAAEHUSI MOCIEAOBATEILHOCTH COOBITHH — B
MPOIIECCE BOCIPOU3BEIEHUSI CHCTEMa MPOBEPSIET COBIAJECHHE
3alHCaHHBIX  COOBITMH C  COOBITHSAMH, TE€HEPUPYEMBIMHU
MPUIOKEHUEM IIPU U3MEHEHUH €r0 COCTOSHUS.

Onepauuy C MBIIIBI0O ¥ KIABHATYPOH BU3YaIU3UPYIOTCS —
JIBJKEHUSI MBIILU BU3YaJIM3UPYIOTCSl IEpEMEILEHUEM Kypcopa,
HQKaTHSl KIABUII MBIIIM M KJIABHATYPbl OTOOpaXKarTcs Ha
9KpaHe B BHJC BCIUIBIBAIOLINX COOOLICHHIA.

Hmeercss BO3MOKHOCTH J00aBieHMs KOMMEHTapueB — B
IIPOLIECCE 3alUCH CECCHMUM BO3MOXKHO B JII000€ BpeMsi BCTAaBUTH
TEKCTOBBII KOMMEHTAapHi, KOTOpPBI OyaeT TIoKa3aH BO
BCIUIBIBAIOIIEM  OKHE B IIPOLECCE  BOCIPOU3BEAEHMS.
KoMmeHTapuu MOTyT OBITH H3MEHEHBI, yIaJICHbI WM BCTABJICHBI
TaK JKe IOCJIe OKOHYAHMUS 3aIlliCH, ITyTeM HchpasieHus daiina,
coneprkarero 3amucannyro ceccuio TIPE.

[Ipy HEBO3MOXXHOCTH JaJbHEHIIETO0 BOCIPOU3BEICHUS CECCUU
(HampuMep,  HECOBIIAJCHHE  HAYaJIbHBIX  YCIOBHH WM
HECOBMAJICHUE PEaKIUM MPUIOKEHHS C OXKHUIACMOU peaxuueit)
BOCIIPOU3BEICHHE OCTaHABIMBACTCS, M BBIBOIUTCSA COOOIICHHE
00 ommbke. Kpome Toro, B mpomecce 3amMcd U
BOCIIPOU3BEICHUS CO37aeTcs Jor-(ailn, coiepxamuii Bce
coobmieHus 06 ommuoKax.

CKOpOCTb  BOCHPOU3BEAEHHS  PErYIUPYeTcsl B  LIMPOKUX
npeaenax, B 000 MOMEHT B mpolecce 3alucu U
BOCIIPOM3BEJICHUSI ~ IPOLECC  MOXKET  ObITh  BPEMEHHO
MIPUOCTAHOBIIEH, UJIM MIOJHOCTBIO MIPEKPALIIEH.

Ceccuss TIPE xpanutcs B (aiine TekcroBoro ¢opmara, 4To
JIONyCKaeT BHECCHHE M3MEHEHHMI Oe3 mepesanucH Beeil ceccuu,
IyTeM M3MCHEHHs, JOOABICHUS WIH YyIAJICHHUS YacTel CECCHHU.
@aiin  comepKUT  HMACHTU(PHKALMOHHYHO  MH(POPMALHIO:
Ha3BaHWE, aBTOp, Jara 3alucH, HAUMEHOBAaHME U Bepcus
MPWIOKEHNS, Opyras TekcroBas uHpopmammsa. Daitn umeer
Majblii pa3Mep, 4YTO JOIyCKaeT €ro MEepPechbUIKy JIOOBIM
JJICKTPOHHBIM CIIOCOOOM.

Bo3moxHa Takke 3amMch HOBOM ceccCMM B IIpolecce
BOCIIPOM3BENICHUsT ~ uMeromeiics. B ciayuae  ocTaHOBKH
BOCIIPOU3BEICHHUS 3alUChb HOBOW CECCHHM MOXET OBITh
MIPOI0JDKEHA IO IPYTOMY CLIEHApHIO.

3anuch cecCuM MPUIOKEHHUS NPOU3BOJUTCA, OaXKe €CIU SBHOM
KOMaH/Ibl 3alliCH HeT. JTO MO3BOJISIET B Cilyyae OIIMOKU
MIPOrPaMMHOI0 KOMILIEKCA B JadbHENIIEM NOBTOPUTH IEHCTBHS,
MIPUBEIINE K HEH.

4. PE3YJIbTATbI

Pazpaborannast 1 onucaHHasi B paboTe cucreMa TeCTHPOBAHMUS
MOCTOSIHHO ~ MCIIONB3YETCS TPH  CO3JaHUM M MOJJCPIKKH
HECKOJIbKHX CHCTEM CHHTE3a PEAMCTUYHBIX H300paXKEeHUH U
ONTHYECKOT0 MOJICTUPOBAHUS, B YACTHOCTH, MJI CHCTEM,
MIpeJICTaBIEeHHBIX B [6-7]. Vcronb30BaHNe OMUCAHHOTO TI0X0/1a
MO3BOJIMJIO YCKOPHUTH Pa3pabOTKy U pean3alyio THX CUCTEM U
OJIHOBPEMEHHO CHHU3HUTh TpPyJI03aTparbl Ha HX CO3JaHUE,
TECTUPOBAHUE U COIPOBOKICHUE.

IlpuBeneM  xapakTepHble BpEMEHa, 3aTpadMBacMble  Ha
TECTHPOBAHUE  INPOTPAMMHBIX  IPOJIYKTOB.  ABTOHOMHOE
TECTHPOBAHNE MPOTPAMMHBIX KOMIIOHCHT NPOBOIUTCS 1-2 pasa
B MecAl U TpeOyeT MOpsaKa CyTOK KOMIIBIOTEPHOTO BPEMEHHU.
PerpeccuBHOE TECTHpOBaHHME MPOAYKTa IMPOBOJUTCS IPH
KQ)KIOM BBITyCKe (IOANEPKUBACTCS HECKOJIBKO IPOAYKTOB,
nodToMy uacrora — 2-4 pa3a B Mecsl) M 3aHUMaeT 2
KOMIIbIOTEPa B TedeHne 2  Cyrok.  TecrupoBaHue
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noJib3oBaTebckoro uuTepdeiica (TIPE) mpoBoaurcs B cpenHeM
pa3 B Tpu Mecsila W TpeOyeT 3arpy3kd 2 KOMIIBIOTEPOB B
TEUYeHHE 2 CYTOK.

be3yciioBHO, BaXXHBIM AaCHEKTOM YCIEIIHOTO TECTHPOBAHUS
sBisgeTcss d(QQeKTHBHBI Habop TeCcTOBBIX cleH. B mueane
Ka)k7as CIeHa, NPUBENIas K OMMOKe, ITocie ¢ HCIPaBICHUS
JIOJDKHA  OBITH  BKIIIOYEHa B Habop TecToB. MHorma 5to
BO3MOXKHO. HoO mpu BKIIOUEHMH B TECTUPOBAHHE BCEX
OmMMOOYHBIX CHEH BpeMs TECTUPOBAHUS  MHOTOKPAaTHO
BO3pacTaeT, M TaKoOil IOAXOJ CTAHOBUTCS HEIPUMEHHM.
[TosTomMy pazpaboTka AIPQEKTUBHBIX TECTOBBIX JAHHBIX
SIBJISIETCS CIIO’KHOW M TBOPUYECKOM 3aauei.

Pa6ora nomuepxana rpanramu POOU Ne 11-01-00870, 12-01-
00560, a Taxxe dupmoii Integra Inc. (SInonus).
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Abstract

This paper describes the testing technology of computer
graphics software systems being developed in the Keldysh
Institute of Applied Math RAS. The complexity of products in
development, the need to produce a large number of versions
(50-70 versions per year) required to develop its own testing
system, which effectively allows identifying errors and
correcting them before the release of the product. Testing of
computer graphics software has its own specifics. These
specifics are addressed in the paper.
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