TeCTVIpOBaHVIe Ha OCHOBe MOAQHEVI
B. B. Kynsamun

Jlekyusi 3. Kpumepuu nonntHombl mecmuposaHus

Habop tectoB, ucnonb3yeMblil IpyU TECTUPOBAHUM, BCETAa KOHEUYEH U, O0jee TOTro, OrpaHuYeH
COOOpaKEHUSIMH HKOHOMHUYECKOM 3((EKTUBHOCTH paCHpeieeHUs PECypcoB MEXIy pa3HbIMU
BUIaMH JesTenbHocTH Tipu paspaborke [1O. Ilosromy kpailiHe Ba)XHO CTPOUTH €r0 TaK, YTOOBI
WCIIONIb3YEMbIE TECThl MPOBEPSUIM KAaK MOXHO OOJBIIE Pa3HBIX AacleKTOB (YHKIMOHAIBHOCTH
CHUCTEMBI B KaK MOXKHO OoJibllieM pa3HooOpa3zuu cuTyaruii. YToObl CHCTEMAaTHYECKUM O00pa3oM
nepedupaTh CYIIECTBEHHO OTIMYAIOLIMECS JAPYr OT Jpyra CHUTYyallud, WCIOJBb3YIOT Kpumepuu
NOJIHOMbL MeCMUpoBaHnus WIA Kpumepuu adekeamuocmu mecmuposarnus [1,2]. TecToBsiid HAOOp,
YIOBJIETBOPSIOLINI 3aJaHHOMY KPUTEPHIO MTOJHOTHI, HA3bIBAIOT NOIHbIM 110 TOMY KPUTEPHIO.

Yame Bcero mjis OMpeAENICHUs KPUTEpUs MOTHOTHI HEKOTOPHIE M3 BO3MOMKHBIX TECTOBBIX
CUTyallull pacCMaTpUBAIOT KaK »JKBHBAJICHTHBIE M  ONPEIECIAIOT KOJHWYECTBO  KIIACCOB
HEIKBUBAJICHTHBIX TECTOBBIX CUTyallMd, BCTPETUBILUXCS WA «NOKPBIMbLIX» BO  BpPEMs
TeCTUpOBaHUA. Takue KpUTEPUH MOJTHOTHI HA3bIBAKOTCA KpUumepusimu mecmoso2o nokpvimus [1-3].
[Ipu 3TOM ompenensieTcss U YUCIOBask MempuKa mecmoso20 NOKpblmusi — JOJISI TOKPBITHIX KJIACCOB
CUTyallull Ccpeau BCEX BO3MOXHBIX. KpuTepuil MOTHOTBI MOXKET MCIOJIb30BaTh pa3INYHbIC
3HAUEHUS METPHUKH, HAMpUMeEp, OH MOXKET TpeOdoBaTh, YTOOBI TOJHBIA TECTOBBIM HAOOp Bcerma
nokpbiBasl 100% BBIIEIEHHBIX KIACCOB CUTYAIMH, WM K€ CUUTATh IOCTATOYHBIM MOKpbITHE 85%
KiaccoB curyanuil. IIOCKOmbKYy I ONHOW METPUKU IIOKPBITUS MOXHO OIPEIEIUTh MHOIO
KPUTEPUEB MOITHOTHI, 1aJIE€ PeUb, Yallle BCETO, UAET O PA3TUYHBIX METPUKAX TECTOBOI'O MOKPBITHS.

[TomHOTY TeCTHpPOBAaHUS MOXKHO OIPEIENATh MO-Pa3HOMY, HO B OCHOBE JIFOOOTO KpPUTEPHS
NOJIHOTBI JIC)KHUT IPCACTABIICHHUC O BO3MOXKHBIX OIJ_II/I6KaX B TCCTI/IpyeMOﬁ cucreMe. PazamuHble
CrocoObl  KJacCU(UKAIMK  CUTyallui, OTpa)kalolue WX pa3HooOpa3ue ¢ TOYKH 3pPEHUs
TCCTUPOBAHUA, ICPCUNUCIICHBI HUXKC. Ka)K,Z[BIﬁ U3 HUX U JHOGOG X MOJAMHOKCCTBO COBMCCTHO MOT'YT
WCTIOJB30BATHCS JIUISl ONpECIICHHsI METPUK TECTOBOTO MOKpHITHA. KitaccupunmpoBars cuTyarnuu
MOJKHO CJISIYIOIIUM 00pa3oM.

o Ha ocHOBe cmpykmyphbix 21eMeHmos mecmupyemou Cucmembvl, KOTOPbIE BBITOJHAIOTCS WIN
3aIEUCTBYIOTCS B XO/J1€ TECTUPOBAHMSL.

e  Ha ocHoBe cmpykmypubl 6X00HbIX OaHHbIX, UCTIOIB3YEMBIX BO BPEMS TECTUPOBAHHUS.
e Ha ocHoBe aemenmos mpeboeanuil, MpOBEPSEMBIX IPU BbITIOJTHEHUH TECTOB.

e Ha ocHoBe siIBHO CHOPMYITHPOBAHHBIX HNPEONONOdHCeHUNl 00 OwuUOKAX, BHIIBIEHUE KOTOPBIX
JIOJDKHBI 00€CTICUUTh TECTHI.

e Ha ocHoBe mnpoussonrvHbix moodenei ycmpoicmea uau GYHKYUOHUPOBAHUs TECTUPYEMOU
CHUCTEMBI.

[locnequuii BUJ METPUK MOKPBITHS SIBISETCS CaMbIM OOIIMM — BCE KPUTEPUU IOJTHOTHI
HCIOJIB3YIOT, TaK WJIM MHA4ye, KaKue-TO MOJEIN CUCTEMBI. [[OMONHsS Takyro MOJENIb HEKOTOPBIMU
TUIOTE3aMU O BO3MOKHBIX OLIMOKaX B CUCTEME — B YEM MMEHHO OHA MOXKET OTJIMYAThCS OT 3TOU
MOJIE€NIY, MBI BCETJa MOJIYyYMM OCHOBY I OIPENEICHMsS] METPUKH TECTOBOTO NMOKpbITUA. IlepBhie
YeThIpe BHUJAA, OJHAKO, BBIJAENICHBI, IOCKOJIbKY MCIOJNb3YyEMbIE B HHUX MOJEIM HMMEIT YETKO
ONPEACIECHHYI0 NPUPOLY — 3TO MOJEIU CTPYKTYpbl CaMOM CHCTEMBI, MOJEIU CTPYKTYpBl €€
BXOJIHBIX JIaHHBIX, MOJIENIM TPeOOBaHUN U MOJIENH OMIMOOK onpesesneHHoro Buja. K nmsaroit rpynme
OTHOCSITCSI METPUKH, OCHOBaHHBIEC HA MOJEIISAX, HE MPUHALICKALINX K 3TUM Pa3HOBUIHOCTSIM.

CTpyKTypHble Kputepumn

Kpurepun mnomaHOTHI TECTUPOBAHUSI U METPUKH TECTOBOTO IMOKPBHITHS, OCHOBAHHBIE Ha
CTPYKTyp€ TECTHPYEMON CUCTEMbI, Ha3bIBAIOTCS CMPYKMYPHbIMU, 3 TECTUPOBAHHE, MPOBOIMMOE C
UX UCIIOJIb30BAHUEM — CIMPYKHYPHLIM MeCMUpOBaAHUEM.



B ocHOBe CTPYKTYpHBIX KPUTEPHUEB MOJHOTHI JIEKUT MPOCTask UIES: €CJIU OLIMOKA HaXOJIUTCS B
KAaKOW-TO KOHCTPYKIMM KOJa, B KAKOM-TO KOMIIOHEHTE TECTUPYEMOH CUCTEMBI, TO BBIIIOJHUB ITY
KOHCTPYKLIMIO WJIM 3acTaBUB paboTaThb 3TOT KOMIIOHEHT, MbI, CKOPEE BCETO, CMOXEM €€
o0HapyuTh. COOTBETCTBEHHO, €CIM B JBYX CHUTYalUSAX BBINOJHSIOTCS OJHU U T€ K€ 3JIEMEHTHI
Ko/a, Takasg ommuOKka OyaeT TuOO MPOSBIATECS B 00CUX CUTYaIHsIX, TMOO HE MPOSBISATHCS HHU B
OJTHOM, MI03TOMY UX MOKHO OOBSIBUTh SKBUBAJEHTHBIMU U IPOBEPSTH BCET1a TOJIBKO OJHY U3 TaKUX
CUTyaIuil.

OTO MNpEeANoIoKEHUE PEIKO BBINOJHSACTCS Ha TNPAKTUKE, OJHAKO KaK 3BPUCTHKA JUIs
OINpEACICHUsI METPUK TECTOBOIO IOKPBITHS, OHO JOCTATOYHO MOJIE3HO. Jlanee Iuisi HEKOTOPBIX
KOHKPETHBIX CTPYKTYPHBIX METPUK OyIyT MPUBEICHBI MPUMEPHI MPOCTHIX MPOrpamMm, B KOTOPBIX
BBITIOJIHEHHE OJHOM M TOW e KOHCTPYKIMHM B HEKOTOPBIX CIydYasX BCKpHIBAaeT OIIMOKY, a B
HEKOTOPBIX — HET.

CTpyKTypHbIE METPUKH TMOKPBITHS pa3jIMyaloTCs B 3aBUCUMOCTH OT pa3Mepa 3JIEMEHTOB
CUCTEMBI, MCIOIB3YEMBIX IPU HMX ONpeAceHUH. MOXKHO BBIIEIUTb TPU YPOBHSA CTPYKTYPHBIX
METPUK — YPOBEHb OMOEeNbHOU YHKYuy WIN OTACIBHOTO METOJa Kilacca, YpogeHb KOMNOHEHmA
WIN KJIacca, BKIIIOYAIOIIET0 HECKOJIBKO ONepaluii, U ypogensb noocucmemsvl WA CUCTEMBI B LIEJIOM,
B COCTaBE KOTOPBIX MOKET ObITh MHOI'O KOMIIOHEHTOB.

BHe 3aBHCHMOCTH OT ypOBHSI CTPYKTYpHBIE METPUKHA MOTYT OBITh OCHOBaHBI Ha MH(OpMaIUU
JIBYX BHMJIOB — Ha HH(pOpMAlMM O Iepefaye YHpPaBICHUS MEXIY Pa3HBIMH HCHOJIHSIEMbIMU
JJIEMEHTaMU CUCTEMBI WM Ha WHpopManuud o0 HMCIONB30BaHUM W 3alMCH JAaHHBIX. MeTpuku
IIEPBOTO THUIIA HA3BIBAIOTCA OCHOBAHHLIMU HA NOMOKE YNpaesieHus, BTOPOro TUIIA — OCHOBAHHbIMU
HA NOMOKAX OaHHbIX.

BaxXHBIM [TOCTOMHCTBOM CTPYKTYPHBIX METPHK TIOKPBITHS SBISIETCS BO3MOXKHOCTh HX
AaBTOMATU3UPOBAHHOTO BBIYUCICHUS TPH HATUYUHM JOCTyNa K KOAY WM CXEMaM apXUTEKTyphI
TecTupyemoin cuctembl. CyIeCTBEHHBIM HEJJOCTATKOM SIBIISIETCSI OTCYTCTBHE y4deTa TpeOOBaHUN —
MBI MOXXEM MOKPBITH BCE JJIEMEHTBHI CTPYKTYpBI, HO HE OOHApy>KUM, YTO KakKoe-TO TpeOOBaHHE
MIPOCTO 3a0bUTN pPean30BaTh.

CTpyKTypHBIe KPUTEPUH HA YPOBHE OTACJbHON (DYHKIMHU

CTpyKTypHBIE METPUKH TOKPBITUSA JUIsi OAHOM (YHKUMH WJIM METOJla Ha OCHOBE IOTOKa
ynpaBieHus: 0a3UpyIOTCs Ha UCTIOIHAEMBIX B XOJI€ TECTa 3JIeMEHTaX KO/a 3TO (PyHKIIUH UK 3TOTO
MeToza.

Mempuku noKkpsimus Ha 0CHOGe NOMOKA YNPAasieHUs

HaubGonee mnpocrtas W3 Takux METPUK — Mempuxa noxkpvlmus uxncmpykyui (statement
coverage), paBHas J0JI€ BBIOJHEHHBIX BO BPEeMsI TECTHPOBAHUS MHCTPYKIMH Koaa (YHKIHU TIO
OTHOILICHUIO KO BCeM €€ MHCTPYKUMsIM. IlocKoibKy B OOJIBIIMHCTBE COBPEMEHHBIX S3BIKOB
MIPOrpaMMHUPOBAHUS TPUHATO NHUCAaTh HE OOJee OJHOM MHCTPYKIMHU B CTPOKE, 3Ta METPHKA yallle
BCEr0 KOPPEIUPYET ¢ METPUKOM MOKPBITHS CTPOK UCXOIHOT0 Kofa. OmHaKko Bcerga mpu pasroBope
0 CTPOKax KOJa CTOUT YTOYHATH, HACKOJIBKO OHU COOTBETCTBYIOT HHCTPYKLHUIM, IIOTOMY 4YTO 4acCTh
CTPOK COJEPXKUT JCKJIApaTUBHYI0, HEUCHOJHsAeMylo HHpopManuio, u wuHpopmanus 00
MHCTPYKUUAX IT03BOJIAET TOYHEE OLEHUTh CUTyalHio. B TOM ciyuae, eciu 4acTh MHCTPYKLIHHA HE
JOCTH)KMMA, T.€. HE MOXET ObITh BBINOJHEHA HU MpPHU KaKUX YCIOBHUAX, JOTIO MOKPBITHIX
WHCTPYKUHUN OIPENEIAIOT TOJIBKO M0 OTHOIIEHHUIO KO BCEM JOCTHKUMBIM HHCTPYKIIUSM.

PaccmoTpum cnenyromuii mpumep.
int gcd(int a, int b)

1

2

3 if(a == 0)

4 return b;

5 it == 0)

6 return a;

7 if(a > 08&& b <0 |]] a <0&& b > 0)



8 b = -b;

10 while(b = 0)

11 {

12 if(b >a é&& a >0 |]] b < a &k a < 0)
13 {

14 a = b-a;

15 b b-a;

16 a = atb;

17 3}
18

19 b =

21}
22

23 return a;
24 }

[TpuBenenHas GyHKIMS BEIYUCIAET HAUOONBIINM OO AETUTENh CBOMX apIyMEHTOB.

[Tpu BBI30Be 3TOM (pyHKIMHU ¢ aprymeHTaMu 0 ¥ 1 BBIMOTHSIOTCS TOJIBKO HHCTPYKIIMH B CTPOKAX
3 u 4. Ilpu Be3oBe ¢ aprymentamu | m 0 OyayT BEINONHEHBI cTpoku 3, 5, 6. IIpu BBI3OBE C
apryMeHTamMu 1 u —2 BblInonHstOTCA ctpoku 3, 5, 7, 8, 10, 12, 14, 15, 16, 19, 20, 23. Takum
o0pa3zoM, HabOp TECTOBBIX NAHHBIX, cocTosmil u3 map <0, 1>, <I, 0>, <1, —2> oOecneunBaer
MIOJIHOE TMOKPBITHE UHCTPYKIUH 3TON (PYHKITHH.

3ametumM, uyto BMecTOo <l, —2> MOXXHO OBLIO OBl KCIIONB30BaTh JIBa Habopa apryMeHTOB,
Hanpumep, <l, —1> u <1, 2>, nepBbIil U3 KOTOPBIX MOKPHIBAET MHCTPYKLMIO 8, HO HE TIOKPBIBAeT 14,
15, 16, a BTOpoi — MOKPBIBAET 3TH TPU UMHCTPYKIMHU. C TOUYKHU 3pEHHS MTOTYy4aeMOTro MOKPHITHS BCE
paBHO, Kakoi HAa0Op TECTOBBIX NaHHBIX BBIOpaTh. OQHAKO MOTYT OBITh CYIIECTBEHHBI JIPYTHE
aCrmeKThl, HampuMep, BpeMsi pabOThl TECTOBOTO HaOopa W yAOOCTBO aHaln3a pPeE3yIbTaTOB
TECTUPOBAaHUS. Bpemsi BBINOJHEHUS TECTOB OOBIYHO COKpAIAeTCsl MpPU YMEHBIIEHHUH UX
KOJIMYECTBA, HO CJIOXKHBIM TECT, 3KBUBAJCHTHBIN IO MOKPHITUIO HECKOJIBKUM MPOCTBHIM, B DPsijie
CJIy4aeB MOXKET BBITIOJHSITHCS JIOJIBIIE, YeM BCE OHM BMecTe B3AThle. C TOYKM 3peHHUs yao0cTBa
aHaJIM3a pe3yJbTaToOB, YEM MpPOIIEe TECThI, TEM JIy4llle, TOCKOJIbKY MEHBIIE Pa3INnYHbIX (aKTOPOB
MIPUXOAUTCS PACCMATPHUBATH MPH JIOKATH3AIUH OITNOKY, HAJICHHON TaKUM TECTOM.

B npumepax, mpuUBEIEHHBIX HMXKE, OOBIYHO HCIIOJIB3YIOTCS HanOojee KOMITAKTHBIC IOJHbIC
TECTOBBbIE HAOOPHI AJIS 33JaHHOM METPHUKH, HO Ha NMPAKTHKE BCETJAa CTOMT PacCMOTPETH BOIPOCHI
3¢ (GEKTUBHOCTH BBIIIOJHEHUSI TECTOB M YJOOCTBAa aHANM3a Pe3yJbTATOB, NMPEKIEC YEM TNBITAThCS
MUHUMHU3HAPOBATh UX KOJINYECTBO.

Jlisa obHapy»keHus: Bcex omuOok nmokpeitus 100% uHCTpyKuuit HepocTaToyHo. B cnenyromem
npuMepe MpHUBEACH KoJ (DYHKIMH, KOTOpas AODKHA MO 3HAYEHWIO IEJIOr0 YHCIa Me4aratbh ero
MPOCTYI0 XapaKTePUCTUKY — HOJb 3TO, YETHOE WM HEYETHOE YHCIIO, TOJOXXKHTEIbHOE WIN
oTpuliaTeIbHOE. B 3TOM KOJEe MpomylieHa BCTaBKa CIOBAa «HEYETHOE» B OIMUCAHHWE HEUYETHBIX
yuces. OnHako TecThl ¢ BXOAHBIMU AaHHbIMUA 0, 2 u —2 gagyT 100% MOKPBITHS CTPOK U HE
o0OHapy’KaT HUKAKUX OIIMOOK.

1 String classifier(int n)

2 {

3 StringBuffer s = new StringBuffer();
4

5 if(n == 0)

6 return "xHomsn";

7

8 if(%2 == 0)

9 s.append("ueTHoe ");
10
11 if(n < 0)
12 s.append("oTpuuarensuoe");
13 else

14 s.append("nonoxurensuoe");



15
16 return s.toString();

17 }

[Ipobnema 3mech B TOM, YTO OINPEICICHHBIA KOJA ONIMOOYHO MPOMYIICH, a TOKPBITHE
WHCTPYKIIUN, ECTECTBCHHO, HE TAPAHTHPYET OOHAPYKCHHS IPOITYIICHHBIX HHCTPYKITHH, ITOCKOJIBKY
OHO BBIYHUCIISICTCS TOJIBKO MO MMEIOIIUMCS. YTOOBI pEIIUTh ATy POOJIeMy, UCTIONB3YIOT HOKpbImUe
gemeeil.

Jlnst onpeneneHusi BETBEH HY)KHO pPaccCMOTPETh Tpad MOTOKa yIpaBieHHs Iporpammsbl. ['pad
MOTOKA YTIPaBJICHUS Ul TPUBEICHHOTO BBINIE NpuUMepa n3o0paxkeH Hmke. (s mosicHeHWd y
OJIOKOB KO/Aa, KOTOpHIE BCET/Ia BBHIMOJHSIOTCS B OJHOM TIOCIENOBATEIBHOCTH, TTOMEIICHBI
COOTBETCTBYIOLINE MHCTPYKUMH. Kax/Iplii yCIOBHBIN onepaTop (Takke Kak M OnepaTop LUKIA WIH
BBIOOpA) MMEET HECKOJIBKO pebep rpada, BEIyIUX U3 HEr0, B COOTBETCTBUHU C BO3MOKHBIM XOJIOM
BBITIOJTHEHHSI HHCTPYKLHH, TO €CTh ONpeJeisieT pa3BeTBICHUE TTOTOKa ynpasieHus. Kaxmnoe pedpo,
BBIXOJISIIIIEE U3 BEPUIMHBI rpada, u3 KOTOPOU BRIXOIAT U APYTHE peOpa, Ha3bIBACTCS 8emaEbio.

YCIIoBHOMY OIepaTopy COOTBETCTBYIOT JBa BBIXOISIIMX M3 €r0 BEPIIMHBI pedpa, omeparopy
MIPOBEPKH YCJIOBUS IMKJIAa — TOXe J1Ba (BBIMTH U3 LIUKJIA WM HET), a OepaTopy BbIOOpa MOXKET
COOTBETCTBOBATh MHOI'O BBIXOSIIMX pedep — MO YHCIy YKa3aHHbIX BapUaHTOB 3HAUYEHUN
BBIPa)KEHUSI, 10 KOTOPOMY OCYILIECTBIISIETCS BBIOOD.

StringBuffer s = new StringBuffer();

A na AHGT B
~ l

C na wer D
n%2 == 0

return "sosn"; ¢

s.append("uerHoe ");

s.append("oTpunarensuoe");

s.append("nonoxurensHoe");

return s.toString();

[TokpeITh BETBb O3HA4aeT OOECHEYUTh TAKOW XOJ BBIMOJHEHHS HHCTPYKIUH, YTO IOCIE
WHCTPYKIIMM BETBIICHHS, KOTOpasi SBISETCS HAa4yalbHON BEPIIMHON STOH BETBH, BBIOJIHUTCS
WHCTPYKIMS B KOHIIEBOW BEpIIMHE BETBH. HeTOCTIXMMOI cuMTaeTcsi BETBb, KOTOpAsk HE MOXKET
OBITh TIOKPBITA HU MPU KaKOM BBIIOTHEHUH Kona. Mempuka nokpwimus éemgeti (branch coverage
i decision coverage) BEIYUCIACTCS aHAIOTHYHO TTOKPBITHIO HHCTPYKIIUKA — 3TO JIOJISl MMOKPBITHIX
B XOJI€ TECTa BETBEH MO0 OTHOIICHUIO K 00IIEMY KOJHYECTBY JOCTHKHMBIX BETBEH.

B paccmarpuBaemMoM mpuMepe MMeEeTcsl LIecTh BeTBeH — Ha cxeMe rpada OHM MOMEYEHBI
JaTUHCKUMM OykBamu. [l kax10il BeTBU, kKpoMe D, ecTb COOTBETCTBYIOIUN HAOOp UHCTPYKIIHA,
KOTOPBIN BBIIIOJIHAETCS, KOT1a TOKPBIBAETCS ATA BETBb. B HalleM cilydyae KOHLEBasl BEPIIMHA BETBU
D cooTBeTcTBYET YCIOBHOMY OIIEpaTOpy, KOTOPBIM BBIIIOJHUTCS U IPU MOKPBITHH APYTOW BETBHU.
[Io3TOMy MNOKpBITHE BCEX MHCTPYKUUN HE TapaHTHPYET INOKPBITUSA BCeX BeTBeW. [ moaHOro
MOKPBITUS] BETBEW BO BTOPOM MPUMEPE MOKHO HCIOIb30BaTh, HAIIPUMED, TeCTOBBIE aHHbIe 0, 1, 2



n —2. Tect, ucnonap3ylolMi 3HAYEHHE NapaMerpa 1, MOKaXeT, 4TO JJs HEUETHBIX YHUCel
COOTBETCTBYIOIIAs IOMETKA HE BBLAACTCS.

Opnnako BepHO, 4TO, eciu TecThl JaroT 100% nokpeiTus BeTBEH, OHU ke Bceraa aaayT u 100%
TIOKPBITHS UHCTPYKIMA. J{71s1 BenmnuuH nokpbITUst, MeHbINX 100%, HUKaKUX OOIIMX COOTHOIICHHI
MEXy TOKpPBITHEM WHCTPYKIMA W BeTBeH yka3zaTh Henb3s. C OJHOM CTOPOHBI, KOJIUYECTBO
MHCTPYKLIMNA MOXKET 3HAUUTENIBHO MPEBBINIATh KOJUYECTBO BETBEH, C APYrod CTOPOHBI, MOJIOBHUHA
BETBEH MpOrpamMMbl MOXKET HE COJEp)KaTh MHCTPYKIMIA, Kak B MpuBeAeHHOM mnpumepe. [loatomy
MOKpbITHE 95% MHCTPYKUUN MOKET COOTBETCTBOBATh TOJIBKO 5% IMOKPBITHIX BETBEW W HA00OPOT,
HOKpPBIB 95% BeTBEH, MOKHO MOKPBITH TOJIBKO 5% HUHCTPYKIIUA.

Ho 1ot ¢akr, uro 100% mnokpeiTue BeTBeil aBTOMaTHueckd o3HaudaeT 100% mOKpBITUS
WHCTPYKIMH, YK€ IOCTaTOYHO BakeH. OH TOKa3bIBAaeT, YTO METPUKA IOKPHITHS BETBEH «HE
rpy0ee» METpPHUKH MOKPBITHS MHCTPYKLUH, BbIIENSIET HE MEHbLIEe pa3HOOOpa3HbIX cuTyauuid. Eciu
100% mOKpHITUS MO OJHOW METPUKE TeCTOBOro MOKphITUs BiiedeT 100% MOKphITUS MO Apyroi
METpUKE, TOBOPAT, YTO IMEpBas METpHUKa cuibHee WU moubuie. COOTBETCTBEHHO, BTOpas crabee
W 2pybee mnepBoi. Eciau ofHa MeTpuKa CHUIbHEE APYrod, a Ta TOXKE CUIbHEE IEPBOH, OHHU
aKeusaneHmuvl. B 3TON cUTyaluyu Bce paBHO, KaKyl0 M3 HUX MCIOJIb30BaTh, €CIU HAC MHTEPECYET
Tosibko mosiHoe, 100% mnoxpbiTHE. MeTpuka NOKpBHITHS BETBEH CHIIbHEE METPUKH MOKPBITHS
UHCTPYKIMH, a oOpartHoe He BepHo. Ilostomy mnpu noctmxkenun 100% mOKpBITHS BeTBEH
TECTUPOBAHUE B O0OIEM ciy4yae oOKa3bIBaeTcsl Oojee MOJaHBIM, 4YeM npu mnokpeitun 100%
WHCTPYKLHMN.

UToObI TOKPHITH BCE BETBH B KOJIE, BBIYMCIISAIONIEM HAaUOOIBIINN OOIIHIA ETUTENb, TOKE HYKHO
JIOTIOJTHUTH HA0Op TECTOB, MOKPHIBAIOIINNA BCE MHCTPYKIWU, HAIIPUMED, B3STh TECTOBBIC JAHHBIC
<0, 1>, <1, 0>, <1, —2>, <1, 2>. YtoObl yOeauThCs B 3TOM, JOCTATOYHO M3y4UTh rpada MOTOKa
yIpaBJICHUS 3TOTO KOJA, MPEACTaBICHHBIN HIDKE. B HEM BepIIMHBI, COOTBETCTBYIOIIUE OTIEpaTOpPaM
BETBJICHHSI M BbIXO/a U3 Tela (PyHKIMU MOMEeUeHbl HOMEpPaMH CTPOK, COJIEPKAIINX 3TH OMEePATOPHI.
B sTOM npumMepe 1Be BETBU — OTpHUIIATEIbHBIC BETBU JIJIs1 YCIOBHBIX ONEPATOPOB B CTpOKax 7 u 12
— TOXeE HE COJIEPKaT COOTBETCTBYIONINX MHCTPYKITHH.



23

HOHYCTI/IM, OIHAKO, YTO MbI, UCIIPABUB HOCHCHHI/Iﬁ MMpUMEP, HCUASIHHO BHCCJIM B HEI'O CIIC OJAHY
OHII/I6Ky Tenepb HCUYCTHBLIC 4YHCJIa MOMCYAIOTCA KaK Haa0, HO YCJIOBHUC IMOMECTKHU OTPHULATCIbHBIX
YHUCCII HCIIPAaBUIIbHOC.

1 String classifier(int n)

2 {

3 StringBuffer s = new StringBuffer();
4

5 if(n == 0)

6 return "zoJsn";

7

8 if(m%2 == 0)

9 s.append("ueTHoe ");
10 else
11 s.append("HeuerHoe ");
12
13 if(n < 0 ¢& n¥%2 == 0)
14 s.append("oTpuuarensuoe");
15 else

16 s.append("nonoxurensuoe");
17

18 return s.toString();

19 3}

HaGop tectoBeix mammbix 0, 1, 2, —2, mo-mpexxkHemy mnokpeiBatomuid 100% BeTBel, He
oOHapy»uBaeT Takyr omuOKy. UYTOObl BBIIBUTH €€, HEOOXOJWMO HWCIIONBh30BaTh TECTHI,
MOKPHIBAIOIINE KOMOMHAIIUH YCIIOBHA, BCTPEYAOILIMXCS B ONIEPATOPaX BETBICHHS.

KoMmOuHanmu ycinoBuii ompenenseTcss CileaylomuM o0pa3oM. BerpgenuM  ycioBusi Bcex
BETBJICHUM B KOJE IPOrPaMMBbl, OIPEAEIAEMBIX YCIOBHBIMU OIEpaTOPaMHM, ONEpaTOpPaMH ILUKJIA
WU OTiepaTopaMu BBIOOpA. DTH YCIIOBHSI SIBISIOTCS MPEAUKAaTaMH, COCTABIICHHBIMU TPU TTOMOIIH
JIOTUYECKHUX orepanui (OTPULIAHUS «HE», KOHBIOHKIUU «W», JAUIBIOHKIUU «UJIN», PAaBEHCTBA,
HEPABEHCTBA WJIM HCKIIOYAIONIETO «WJIN») U3 IIEeMEHMAPHbIX YCA068Ull — JIOTHUYECKUX (OpMYI,



KOTOpBIE YXE HE pa3laraloTcsi Ha COCTaBJAIoONmIMe Jjorndeckue (opmynsl. BeinenuB Bce
SJIEMEHTAapHBIC YCJIOBUS M3 BETBICHUH B KOJE 3aJaHHOW MPOTPAaMMBbI, MBI MOKEM COCTaBISThH
KOMOWHAIIMH U3 3THX YCIIOBUH U UX OTPHUILIAHUH, WM, 9TO TO e caMoe, U3 MX 3HaueHHi true u false
(1 m 0). B npuBeneHHOM TpHMEpPE SJIEMEHTAPHBIMHU YCIOBUSMHU SIBISIOTCS Npeaukatsl (n == 0),
(n%2 ==0) u (n <0). 13 Tpex ycnoBuil U UX OTPULIAHUIN MOYKHO COCTaBUTh 8 KOMOMHALIUN, OJTHAKO
HE BCE 3T KOMOWHANuu OyIyT BBIIOJHUMEIL. Tak, HE MOXKET OBITh OJHOBPEMEHHO BBINOJIHEHO (N

=0)u((n<0), wm (n ==0) u !(n%2 == 0). BeIOpocuB Bce HEBHIIOJIHIUMbIC KOMOUHAIIUU, MBI
HOJIYy4UM B JIaHHOM IIPUMEPE TOIBKO 5 KOMOMHALMI 3JIEMEHTAPHBIX YCIOBUN U MX OTPULIAHMNA —
eciu (n == (), 3Ha4eHUs OCTAJBHBIX JBYX YCIIOBHM OIpPEIEINSAIOTCS OJHO3HAYHO, MHA4e [Ba
OCTABIIMXCsl yCIOBUS CTAHOBSTCS HE3aBUCHMBIMU U JAIOT elle 4 KOMOUHAIIH.

Howmep n==0 n%2==0 n<0

1 1 1 0

2 0 0 0

3 0 0 1

4 0 1 0

5 0 1 1

KomOuHanmst 3Ha4eHU 3JEMEHTapHBIX YCIOBHH TOKPBIBAETCS TECTOM, €CIHM BO BPEMsS €Tro
BBIIIOJIHEHHS OTH YCJIOBHS B HEKOTOPBI MOMEHT UMEIOT B TOYHOCTH ITU 3HAYECHUS.

Mempuka noxpvimus xombunayuu ycrosuti (multiple condition coverage) ompenensercs Kak
JOJIsI TIOKPBITBIX TEKCTaMH KOMOWHAIMK 3HAYEHHWH AIIEMEHTApHBIX YCJIOBHH, y4YacTBYIOIIMX B
YCIOBHUAX BETBJIEHUHM MpOrpaMMbl, MO OTHOLICHHIO K OOIIEMY KOJHWYECTBY BBINOJHUMBIX
KOMOMHAIHIA 3HAYCHUH 3JIEMEHTAPHBIX YCIIOBHIA.

B mnpuBenenHoM BhIle TpuMepe HaO0Op TecTOBBIX AaHHBIX 0, 1, 2, —2 He TOKpHIBaeT
KOMOMHAIMIO yCiIoBUil ¢ HoMepoM 3 B Tabnune. [IokpbIB 3Ty cuUTyaluio, HaIpUMeEp, ¢ OMOILBIO
3HAYEHUS IapaMeTpa, paBHOTO —1, Mbl OOHAPY UM BHECEHHYIO B IIPOrPaMMy OLIHOKY.

MeTprka HOKpBITHS KOMOMHALMKA YCJIOBUHM CTPOro CHJIbHEE METPUKU IOKPBITUS BETBEH,
IIOCKOJIBKY OHa CHJIbHEE, a IIPU UCIIOJIb30BAaHUHU COCTABHBIX IPEIUKATOB B YCIOBHUSIX BETBICHMH,
Kak B HallleM IIpUMeEpPe, CTAHOBUTCS HEOKBUBAJICHTHOM €.

B paccmotrpeHHOM mpuMepe HaMm yAaloch JTOCTATOYHO OBICTPO OMPENETUTH HEBBIMOJIHUMBIC
KOMOHMHAIINH, TTOCKOJIbKY BCE YCIIOBUS 3aBUCAT OT OJJHOU LIEJ0YMCIEHHOM nepeMeHHo n. B o0miem
CJIydac BOIIPOC O BBIIIOJIHUMOCTH PA3JIMYHBIX KOM6I/IH&IIPII>1 AOCTAaTOYHO HCHIPOCT, ITOCKOJBKY
JJIEMEHTapHBIE YCJIOBHUS MOTYT OBITh CBsI3aHBl HEsBHO. Hampumep, OHM MOTYT HCIOJIB30BaTh
rio0aLHbIE NEPEMCHHBIC, 3HAUCHHA KOTOPBIX IMOAYUHAIOTCA HCTPHUBUAJIBHBIM OI'PAHUYCHHAM,
CKa)XeM, OJIHA W3 TEPEMEHHBIX MOXKET MPEICTABIATH CIHCOK KAaKUX-TO OOBEKTOB, a BTOpas —
WH/IEKC OJHOTO M3 OOBEKTOB B ITOM CIHCKe, OO —1, ecnm crmmcok myct. B obmem ciydae
OTpPEACTUTh BBIMOTHUMOCTh KOMOWHAIIMK 3HAYCHWH TMPOM3BOJIBHBIX (HOPMYT OKa3bIBaeTCs
JIOCTaTOYHO CJI0KHO, IMOCKOJIBKY [JIi 3TOTO HYXKHO 3HAaTh CMBICI MCIHOJIb3YEMBIX B YCIOBHSIX
nepeMeHHbIX U GyHKIui. [103TOMy BBIYHCIEHHE TECTOBOTO MOKPBHITUS MO METPHUKE MOKPBHITHUS
KOMOHMHAIHMIA yCJIIOBUH B OOIIEM CIy4ae HE aBTOMATH3UPYETCSI.

Jpyrass TpyIHOCTb NPAKTUYECKOTO HCIIOIB30BAHUS TMOKPBITUSA IO 3TOW METPUKE CBS3aHa C
BO3MOKHBIM JKCIIOHCHIIMAJIbHBIM POCTOM KOJMYECTBA CUTyalUi, BBIAEISEMBIX U1 MPOTrpamMMbl
IIpU pocTe ee pasMmepa. Ecam B IporpaMme HCIOJB3YETCS N ONEpaTOPOB BETBIICHUS, YCIOBHE
KKIOT0 M3 HUX DJIEMEHTAPHO U MEXIy 3THMHU YCIOBHSIMHM HET HUKAKMX CBS3€H, TO BO3HUKAET
BCEro JHIIb 2n BeTBEH, HO 2" BO3MOXKHBIX KOMOWHAIMH yciaoBuil. [103TOMY Ha MpPaKTHKE
UCIONb3YIOTCS METPUKHM TECTOBOIO MOKpPBITHs, Oo0Jiee CHIIbHBIE, YeM IOKpBITHE BETBEH, HO
MPUBOJAIINE K MEHBIIEMY YHCITY PA3UYHBIX CUTYallui, YEM MOKPhITHE KOMOMHAIIUN YCIOBUH.

HaubGonee cnabas wu3 Takux METPUK — Mempuka MNOKpulmus YCIo8ull U eemeell
(condition/decision coverage wiu condition/branch coverage). CumTaeTcss OHa CIEAYIOMIUM
oOpa3om. [[si Ka)XI0Tro AJIIEMEHTApPHOTO YCIIOBHUSI OMPEIEINseTCsl, CKOJIBKO 3HAUYEHUH OHO MOXKET




MPUHUMATh TPU BCEX BO3MOKHBIX CIICHAPUSIX BBIMIOJHEHUS Tporpammbl. OOBIYHO, €CIU HET
crenu(puUeckux OTrpaHHYEHUl, OHO MOXET MPUHUMATh JBa 3HaueHus. Ho mHOrga BCTpeuaroTcs
nocmosiHHble yCio08usi, KOTOpble TUOO BCerga paBHHI true, MO0 Bcernma paBHbI false, mpu Bcex
BBIMOJHEHUSIX Mporpammbl. Ompezensercss o0Iiee YuciIo BO3MOXKHBIX 3HAUYEHUN SIEMEHTApHBIX
YCIIOBHI, B KOTOPOE Ka)/10€ OOBIYHOE YCJIOBHE BHOCHUT 2 3HAUCHHs, a MIOCTOSTHHOE yCiIoBUe — .
MeTpuka MOKpPBITHUS YCIOBUW M BETBEW BBIUMCISIETCS KaK OTHOIICHHE OOIIero KOJMYecTBa
3HAYEHU, KOTOPBIE BCE DJIEMEHTapHbIC YCJIOBUA IMPUHUMAIM B XOAE TECTa, CIO0XKEHHOIO K
KOJIMYECTBOM BBITMIOTHEHHBIX BETBEH K CyMMe OOIIEr0 BO3MOXKHOTO YHCIY BO3MOXHBIX 3HAYCHHIA
YCJIOBUM M YHCJIA IOCTUKUMBIX BETBEH.

Ecam mpu 5TOM He y4YWTHIBaTh TMOKPHITHE BETBEH, MOIYUYUTCS Mempuxka NOKpbIMus YCl08Ul
(condition coverage), KoTopasi, OJHAKO, MOKET OKa3aThCsl HE CHIIbHEE METPUKH MOKPHITUS BETBEH
— TO, 4YTO BCE OJJICMEHTApHbIE YCJOBHUS TPUHUMAIMA BCE BO3MOXKHBIE 3HAYCHHs, €IIe He
rapaHTUPYET, YTO BCE BETBU OBUIH MOKPHITHI.

[Ipy HaM4YMK N 3IEMEHTAPHBIX YCIOBHH B MPOrpaMMe METPUKA MOKPBITUS YCIOBUI U BeTBEi
omnpezenser He Ooinee 2n cutyauuil. OHa, KaK JIETKO BUJETh, CUJIbHEE METPUKHU MOKPBITHS BETBEH.
Opnnako B HamieM npumepe Tectsl, fatomue 100% MOKpBITUS BETBEH, NAIOT U MOJHOE MOKPHITHE
yCIIOBUH M BETBEH, HE OOHAPYKUBasi BHECEHHYIO OIINOKY.

Bonee cunbHas METpHWKa TMOKPBITHS — MempuKka MOoOUGUYUPOBAHHO20 NOKPLIMUSL YCAI0GULL U
semegeti (modified condition/decision coverage, MC/DC). HaGop TecToB cumMTaeTcsi JOCTUTAIOIIUM
100% mOKphITHS 110 3TON METPUKE, €CIIN

. Kaxxaasa JOCTHXXKHUMask BETBb ITOKPLIBACTCA 3TUM Ha60pOM;

o KaXXa0€ HCIOCTOSIHHOC 3JICMCHTAPHOC YCJIIOBUC IPHUHUMACT 00a BO3MOXKHBIX 3HAUYCHHS npu
BBIINNOJIHCHHUH 3TOI'O Ha6opa;

. I KaXKAO0Ir0 COCTAaBHOI'O YCJIOBUSA BCTBJICHHA W KaKIOI'0 BXOIAIICTO B HEI'O 3JICMEHTAPHOTI'O
yCJI0BUA, U3SMCHCHUC 3HAYCHHUA KOTOPOTO CIIOCOOHO M3MCHHTHL 3HAYCHHUE BCETO ycCJl10BHuA, €CTh
ABa TCCTA, B KOTOPBIX BCC OCTAJIbHBIC BXOIAIINEC B 3TO COCTABHOC YCJIOBUC 3JICMCHTAPHBIC
yCJI0BUd HMCIOT OOAHHW M TC KC 3HAYCHHA, @ JAHHOC 3JICMCHTAPHOC YCJIOBUC H COCTABHOC
YCJIIOBHUE B IICJIOM B 3THUX TECTAaX UMCIOT Pa3JIMYHBIC 3HAUCHU.

[Tpome rosopsi, B momHOM Tecte 1o MmeTpuke MC/DC 10mKHO OBITH TPOIEMOHCTPUPOBAHO, YTO
Ka)/10€ 3JIEMEHTapHOE YCIOBUE, CIIOCOOHOE BIMATH HA Pe3yJIbTUPYIOLee 3HAaU€HHE BKIIOYAIOIIETO
€ro YCIJIOBUS BETBJICHHUS, ACHCTBUTEIBHO H3MEHSET €ro 3HAYEHHE HE3aBUCHMO OT OCTaJbHBIX
3JIEMEHTAPHBIX YCIOBUH.

B ommboyHOM KOJie, paCCMOTPEHHOM BBIIIIE, 3HAYCHUE YCIIOBHE TpeThero BeTBiaeHHus (n < 0)
&& (n%2 == 0) MOKeT OBITh M3MEHEHO 3a CUET U3MECHECHHS 3HAUYCHHMSI JTFOOOM M3 IBYX BXOJISIINX B
Hero ¢opmyn. Ho caenarh 3TO MOXXKHO, TOJNBKO M3MeHss 3HaueHue (opmyinel c¢ true Ha false.
[Tostomy momabidi Mo MC/DC TecToBBIM HAaOOp MODKEH oOecrnedmBaTh I OTUX  (OPMYT
BBITIOJTHEHNE KOMOMHanwmii 3HaueHunit <1, 1>, <0, 1>, <1, 0>. IIpu 3TOM BHECEeHHas omuoOKa Oyaer
oOHapy>keHa.

Paccmorpum Gomee cioxHbiid npumep. [lycTb B Kojme HEKOTOpOW (YHKIIMH HMEETCs JIBa
ycnoBust BeTBieHUi: (X > 0) && (y>0) || (x==0) && (z!=null) u (x <0) && (z==null) || (z !=
null) && z.isEmpty(). CocraBum Tabiauiy BO3MOXKHBIX KOMOWHAIIMK 3HAYEHUU SJIEMEHTApHBIX
YCIOBUM M COOTBETCTBYIOIUMX 3HAYCHUN YCIOBUM BETBICHUM, YYUTBIBAas, YTO BBIPAKCHUE
z.1sEmpty() onpeneneHo, TOIbKO KOT/1a BHITOHEHO Z != null.



x>0 |x==0 |x<0 |y>0 |z==null |z!=null |zisEmpty() | I II
I 0 0 1 Jo o 1 0 0 0
2 0 0 1 0 0 1 1 0 1
3 0 0 1 0 1 0 0 1
4 0 0 1 1 0 1 0 0 0
5 0 0 1 1 0 1 1 0 1
6 0 0 1 1 1 0 0 1
7 0 1 0 0 0 1 0 1 0
g 0 1 0 0 0 1 1 1 1
9 0 1 0 0 1 0 0 0
10 0 1 0 1 0 1 0 ! 0
T 0 l 0 1 0 1 1 1 !
2 |0 1 0o |1 I 0 0 0
13 1 0 0 0 0 1 0 0 0
14 1 0 0 0 0 1 1 0 !
15 1 0 o o I 0 0 0
16 1 0 0 1 0 1 0 1 0
17 1 0 0 1 0 1 1 1 1
18 1 0 0 1 1 0 ! 0

B crnenyromeit tabnuile mpeacTaBieHbl TOIBKO KOMOWHAIIWW, CYIIECTBEHHBIC HJISi MEPBOTO
BeTBiieHus. Cpeau HUX HaWIeM TakKue Tapbl, YTO B HUX MEHSIETCS 3HAUYEHHE TOJBKO OIHOTO
3JIEMEHTAPHOTO YCIIOBUS M BCETO YCIOBUS B LIEJIOM.

x>0 X == y>0 [z==null |I x>0 |x== y>0 | z==null
0 0 0 0 0 C

0 0 0 1 0

0 0 1 0 0 A D

0 0 1 1 0 B

0 1 0 0 1 C G
0 1 0 1 0 G
0 1 1 0 1 D H
0 1 1 1 0 H
1 0 0 0 0 E

1 0 0 1 0 F

1 0 1 0 1 A E

1 0 1 1 1 B F

CooTBeTcTBYIONINE KOMOWHAIIMU TOMEUEHBI B TOCJIEIHUX YEThIpeX cTondIax tadnumbl. J[Be
CTPOKH TIOMEYEHBI OAHOW OyKBOM, KOTJja OHM BXOIAT B OJHY Mapy KomMOwWHaruii. Jta OykBa
HaxXOJUTCSI B CTOJOIE, COOTBETCTBYIOIIEM »JJIEMEHTAPHOMY VYCIOBUIO, KOTOPOE MEHSIET CBOE
3HaueHne. UtoOwl obecneunTs mosHoe mokpeiTue o MC/DC mjist mepBOTo yClIOBUS, HEOOXOIUMO
BBIOpATh 0 Mape KOMOMHAIIMI, COOTBETCTBYIOIIMX XOTsI ObI OJJHOW OyKBE B KaXKJIOM U3 MOCJICTHUX
YeThIpeX CTOJOIOB. JlocTaTouHO, HAampUMeEp, BHIOpaTh KOMOWHAIIMHU, TTOMEYCHHBIe OykBamu A, D,
E, H. D10 Bcero mumsb 5 komounanumii. Mnu B, C, F, G — 310 6 KOMOUHAIHIA.




Hwxe npuBeneHa aHajornyHasi TabJIMIa Uit BTOPOTO YCJIOBUS BETBIICHUs. Y ciioBus (z == null)
U (z != null) ogHO3HAYHO OMpeneNsIOT 3HAYEHHs APYT APyra, MO3TOMY MOXKHO paccMaTpUBaTh
TOJIBKO OJTHO U3 HUX. Kpome Toro, Henb3st U3MEHUTH 3HaueHue (z == null) 1 He U3MEHUTH 3HAUYCHUS
z.isEmpty() — 3T0 ycioBHe BBIYHCIMMO TOJBKO MPU OJHOM 3HAUEHUU MEepBOro. MOXKHO, OHAKO,
CUHMTaTh, YTO HEONpEIeICHHOe 3HaueHue Gopmynbl z.isEmpty() cooTBeTcTByeT srobomy ee
3HAYEHUIO U3 APYTroi KOMOUHAIUY.

x<0 [z==null |z!=null |zisEmpty() | Il |x<0 |z==null | z.isEmpty()
1 0 1 0 0 C

1 0 1 1 1 C

1 1 0 1 |A

0 0 1 0 0 D

0 0 1 1 1 B D

0 1 0 0 |A B

Takum 00pa3oM, MOXHO BBIOpaTh HAO0Op KOMOWHAIMiA, TTOMeUYeHHBIX OykBamu A, B u D —
Bcero 4 KOMOMHAITHH.

UtoroBeiii monHelii Habop komOunHauuii mo merpuke MC/DC momedeH 3Be3qOYKaMH B
cienyromen Taduiie.

x>0 |x== x<0 |y>0 z==mull | z!=null | zisEmpty() | I I
B 0 0 1 0 0 1 0 0 0
2 0 0 1 0 0 1 1 0 1
3 0 0 1 0 1 0 0 1
4 0 0 1 1 0 1 0 0 0
5 0 0 1 1 0 1 1 0 1
GrEE 0 0 1 1 1 0 0 1
7o 0 1 0 0 0 1 0 1 0
g 0 1 0 0 0 1 1 ! 1
gtk 0 1 0 0 1 0 0 0
0 |0 1 0 I 0 I 0 ! 0
11 0 1 0 1 0 1 1 1 1
2 0 1 0 1 I 0 0 0
13 1 0 0 0 0 1 0 0 0
14 1 0 0 0 0 1 1 0 1
15%%% || 0 0 0 1 0 0 0
16%** || 0 0 1 0 1 0 1 0
e | 0 0 |1 0 ! ! 1 !
18%%% | ] 0 0 1 1 0 1 0

3ametuM, 4yTOo W3 18 BO3MOXHBIX KOMOMHAIWMIA JOCTATOYHO OTOOPAaTh TONBKO &, YTOOBI
oTy4uTh TIoJiHOE ToKphITHE 11I0 MC/DC.

e [lapa xomOunHanwmii 1 1 7 moka3pIBaeT, YTO U3MEHEHHE 3HaUeHUA (X == () MOKET U3MEHUTH
BBITTOJIHACMYIO BCTBb B IICPBOM BCTBJICHUMH.

e [lapa komOuHanmii 6 1 18 MoKa3bIBAET TO e I ycIoBus (X > 0).

e [lapa komOuHamii 7 u 9 — 10 e Ans ycnoBus (z == null).

e [lapa komOunamwmii 15 u 18 — 10 3xe ans ycnosus (y > 0).

e [lapa komOunHammii 16 u 17 — 10 e s ycnosus z.isEmpty() u BToporo BeTBieHusl.




e [lapa komOuHaumii 6 u 18 — 1o e 11 ycnaoBus (X < 0) 1 BTOPOro BETBICHMUS.
e [lapa komOuHanwmii 17 u 18 — 10 xe a1 ycnoBus (z == null) u BTOPOTO BETBICHHUS.

B o6mmem ciydae merpuka MC/DC mo3BosseT BMeCTO 2" KOMOMHAIMMN yCIOBHI HUCIIOIb30BAThH
2n pa3TUYHBIX CUTYAIUH.

[[pyraﬂ MCTpPpUKA IIOKPBITHUA, Ooiee CHJIbHasl, YCEM IIOKPBITHC BeTBeP’I, OCHOBaHa Ha
HUCITIOJIB30BaHNU KOpOTKOﬁ Joruku. Pa3znuunbie CUTyaluu II10 3TOM MCTPUKE COOTBCTCTBYIOT
PAa3JIMIHBIM KOPOMKUM aufs’bIOHKmaM, TO €CThb KOM6I/IHaI_II/I$IM 3HAUCHUHN QJICMCHTApPHBIX yCHOBI/Iﬁ
OAHO3HAYHO, C YUYCTOM KOpOTKOfI JIOTUKH, OMPCACIIAIONINM BBIITOJIHCHHUE BCEX BCTBJIICHUU B Koag
IporpaMMmal. COOTBCTCTBGHHO, TOKPBITUC CUUTACTCA KaK HOJISI MOKPBITHIX TU3BKOHKTOB CPEIAU BCEX
BO3MOJXHBIX.

CHOBa HCTIONB3YEM MPUMEDP C JABYMsI BETBICHUSIMH, ONIPEICISIEMbIMH yCIIoBUAMHE (X > 0) && (y
>0) || (x==0) && (z!=null) u (x <0) && (z ==null) || (z != null) && z.isEmpty(). [IycTs , qn1sa
OTIPEIETICHHOCTH, KOJI TPOTpaMMBbl HIMEET MPUMEPHO TaKOH BUJI.

if(x>0) && (y>0) || (x==0) && (z !=null)) ...

else ...

if((x <0) && (z==null) || (z !=null) && z.isEmpty()) ...
else ...

Tabnuia xoMOMHAIMN 3HAYCHHUM AJIIEMEHTAPHBIX YCIOBUM, KOTOPBIE OJTHO3HAYHO OMPEEISIOT
XOJl €€ BBINIOJHEHUS B COOTBETCTBMM C KOPOTKOM JIOTMKOM, MOKa3aHa HIDKE. DT KOMOMHALUU
OTJIIMYAIOTCS OT BCEX BO3MOXKHBIX KOMOMHAIM TeM, 4to 3HadyeHue (y < 0) mpu (x <= 0) He BaXKHO,
MIOCKOJIBKY 3TO YCJIOBUE HE OyJET OLIeHUBAThCA MO MPaBUIaM KOPOTKOM JToruku. BmecTo 3Be3ouex
MO>KHO TOJICTAaBUTh POU3BOJIbHBIE 3HAUEHUS.

x>0 x==0 [x<0 [y>0 z==null | z!=null | zisEmpty() | I II
0 0 1 * 0 1 0 0 0
0 0 1 * 0 1 1 0 1
0 0 1 * 1 0 0 1
0 1 0 * 0 1 0 1 0
0 1 0 * 0 1 1 1 1
0 1 0 * 1 0 0 0
1 0 0 0 0 1 0 0 0
1 0 0 0 0 1 1 0 1
1 0 0 0 1 0 0 0
1 0 0 1 0 1 0 1 0
1 0 0 1 0 1 1 1 1
1 0 0 1 1 0 ! 0

CrpowuTcs Takas TabiuIa ClIeIyonM 00pa3oM.

DneMeHTapHble YCIOBMS, BXOJMIIME B MpPOrpamMMy, BBICTpaMBAIOTCS B  HEKOTOPOM
nociuenoBare’abHOCTH. CHayvana BceM 3JeMEeHTapHbIM (opMyJiaM MPUITUCHIBAIOTCS 3HaueHus 0.

Jlns 3ajaHHOro Habopa 3Ha4YeHHUH ONpelenserTcs, BBIIOJHUM JHM OH C TOYKH 3pEHUs
B3aMMOCBsI3€ll Mexay yciaoBusMH. Ecnu HaOop 3HaueHUU HE BBINOJIHUM, 3HAYEHHE MOCIEAHEH
¢dopmybl, paBHOM 0 u3MeHseTcs Ha 1, naBast HOBbIM Habop 3HaueHuil. Eciu Bce ¢popMyibl paBHBI
1, TaGnua mocTpoeHa.

Ecnu Habop 3HAaYeHUIl BBINOIHUM, ONPENEISIETCS COOTBETCTBYIOLIUI MYyTh MPOTpaMMbl, IpH
3TOM MOMEYAIOTCs T€ (POPMYIIbl, 3HAUEHHUE KOTOPBIX OBLJIO BaYKHO JJISI BBIUMCICHHS 3TOro MyTH. B
pe3yJbTaTe 9acTh (POpPMYII CTAHOBUTCS TOMEUECHHBIMU. B Ta0nuity 3aHOCHTCST HA0Op 3HAUCHHI BCEX




IIOMCUYCHHBIX (1)OpMy.]'I, a IJId HEIIOMCYCHHBIX — 3BC€3104YKa, O3Haydaroniasg, 4TO HX 3Ha4YCHUA
HECYIIECTBEHHBI 11 BHIOOpA MyTH UCIOJHCHUS MPH YKAa3aHHBIX 3HAYCHUSX OCTAIBHBIX (POPMYIIL.
Jlaniee nu3MeHsieTcst 3HaUeHUE Tocieaael popmysisl, paBHoi 0, KoTopas MO0 cama moMedeHa, JIn0o
Mocjie KOTOPOH ecTh MoMe4YeHHas. Tak mosydaercsi ouepeqHoi HaOop 3HaueHuid. Ecnmu ke Bce
(dbopMyITBI paBHEI 1, Ta0IHIIA TOCTPOCHA.

Hixe MMpUBCACHA CXCMa OTHOWICHUA «CHJIBHEC» IJId MCTPUK IIOKPBITUA, OCHOBAHHLIX Ha
TIOTOKC yIIpaBJICHU:.

[MokpeITHe KOMOMHAIII

YCIIOBUH
MoudunrupoBaHHOE MTOKPHITHE [TokpbITHE KOPOTKHX
BetBeilt u ycnosuii (MC/DC) NMU3BIOHKTOB

T

ITokpriTHE BETBEN U YCIOBUM

/

IlokpsiTHE BEeTBER IToxpsiTHE yCaoBUiA

'

IoxpeiTHE MHCTPYKIUIA

/M

Mempuku nokpsimus Ha 0CHO6e ROMOK08 OAHHbIX

MeTpuKH OKPBITUS HA OCHOBE IOTOKOB JAHHBIX OMPEIEINISAIOTCS UCIIOIb30BAaHUEM B IPOTrPaMMe
pa3nUuYHBIX 3HAaYeHWM JaHHbIX. [locKONbKYy 3agadya METPUKHM TIOKPBITHST —  BBIAEICHHE
pa3HOOOpPa3HBIX CUTyalllil, OCHOBHON MHTEpPEC MPEACTABIISIIOT EPEMEHHBIE TPOrPaMMBbI, KOTOpbIE
MOTYT B pa3HBIX CLICHAPUAX €€ BBINOJHEHUS IPEICTaBIATh pa3iMyYHble 3HaueHus. B kadecTse
MIEPEMEHHBIX PACCMATPUBAIOTCS U MapaMeTpbl QyHKIUH.

Crnenyronye 1Ba TOHSTHS HYXHBI TOJBKO JUJIS OMNPEIACICHHUS psAda METPUK TOKPBITHMA.
HNHcTpyknus, B KOTOPOH HCIONB3YETCS HEKOTOpask NMEPEMEHHAs1, Ha3bIBACTCS ee UCNONb308AHUEM
(use). MHcTpyKkuMs, B KOTOpPOW OMpENENseTCS HOBOE 3HAYEHUE /JII HEKOTOPOW MEepEeMEHHOM,
Ha3bIBaeTCs ee onpeodenenuem (definition).

Touka BxoJa B GyHKIIMIO CUATAETCS OIpe/IeJICHUEM sl BCEX €€ MapaMeTpOB.

[Tpumepsl.

HNuctpyknus if(x > 0 && y <=z) ...; HICTIONB3YET TPH MEPEMEHHBIX — X, V, Z.

HNucTpykiusa x = y++ — 12*%(t = z+1) + t*t; ucnonb3yer nmepeMeHHbIe y, Z, t U ONpeAesieT
IIEpEMEHHBIE X, Yy, t. [l mepeMeHHOW y NOpANOK OIpPENEICHUs U HCIOIb30BAaHUSA 3alaH
OJIHO3HAYHO — OHa CHayajla MCMOJb3yeTcs, MOTOM ompezaensercs. s mepemeHHOW t 3TOT
NOpAIOK 3aBUCHUT OT sA3bIKa WU KOMIIMJIATOPA:. IJIA Java on 3alaH OJAHO3HAYHO — HCIOJIb3YCTCA
TOJIBKO UTO OmpeaenaeHHoe 3Hauenue t, papHoe z+1, qus C unu C++ 3TOT NOpAZIOK, @ BMECTE C HUM

U pe3yJibTaTa BCETrO BBIPAXKEHUS, 3aBUCUT OT KOHKPETHOTO KOMIIMJIATOpA W Ja)Xe OT TOro,
coOupanacsk JId coJiepskamiasi 3Ty HHCTPYKIUIO IIporpaMMa ¢ ONTUMHU3ALUSIMU HIIN HET.

du-nymov WM nyms om onpeoenenus K UCNOIb308aHUI0 IS 3aJaHHOW MEPEMEHHON — MyTh MO
rpagy TMOTOKa YIpPaBICHUSA, HAYMHAIOIIUICS C BEPUIMHBI, COOTBETCTBYIOIIECH HHCTPYKIUH,
ONPEACISIONIe 3HAYCHHE TEPEMEHHOM, 3aKaHYMBAIOIIUMKCS BEPUIMHOM, COOTBETCTBYIOLIECH
MHCTPYKLHHU €€ UCIOJb30BaHUsA, U HE COJEp KAIUMKA BEPIUMH JJI1 UHCTPYKLMM ONPENEICHUS dTON
MepPEMEHHOM, KPOME MEPBOIA.

WHCcTpyKIMK UCTIOIB30BaHUS IEPEMEHHOM MOTYT BXOAUTH B dU-ITyTh MHOTO pa3.

Paccmotpum cHOBa mpumep GPYHKITUH, BEIYUCIISIONICH HAMOOIBIIHA OO 1eTUTENb.
1 int gcd(int a, iInt b)



O J oy U W

9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

if(a == 0)
return b;

if(b == 0)
return a;

ifa>08&& b <0 ]] a<0& b >0)
b = -b;

while(b = 0)
{
ifb > a2 & a>0]] b<adé&&ac<o)
{
a = b-a;
b b-a;
a = atb;

}

b =
a =

}

return a;

a-b;
a-b;

’

}

YTto06BI AKKYpPATHO OHNpCACIATb MCECTa OIPCACIICHHUA U HCIIOJIBb30BAaHUS NICPEMCHHBIX HYXKHO

MIOCTPOUTH MOJHBIA Tpad IMOTOKA YIpaBIEHHUS C Y4YETOM KOPOTKOH Jsoruku. B sToM rpade
COCTaBHOMY YCJIOBUIO BETBJICHHS MOJKET COOTBETCTBOBAaTb HECKOJBKO BETBJIECHHNH — POBHO
CTOJIBKO, CKOJIBKO Pa3HBIX CLICHAPUEB BBIYHUCIICHUS 3TOTO YCIOBUS C y4€TOM KOPOTKOM JIOTHKH.

<>l0
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B Hamem npumepe /Be nepeMeHHbIX — a U b. MecTa onpenenenus 3Ha4eHU a TOMeUYeHbl Ha

rpade OenpiMu pomMOaMH, a MecTa HCHOJIb30BaHUS — OenbiMH Kpyxkkamu. J{ns b ompenenenus
MTOMEYEHBI YePHBIMU pOMOaMHU, a CITIOJIb30BAHMS — YEPHBIMH KPYKKaMHU.



du-myTh cumTaeTcs nOKpvimMbIM, €CIM OH OBII TOJHOCTHIO TPOWIEH TPH BBIMOJHECHUH
nporpammsl. Hedocmuowcumbim HazbiBaeTcs du-myTh, KOTOPBIH HE MOXET OBITH MOKPBIT HU TIPH
KaKOM BBITIOJTHEHUH TpOoTrpamMMbl. Vcronb30BaHNe IEPEMEHHON CUNUTACTCS NOKPbIMbIM, SCIU IS
KaXJIOTO ONpEAETCHUS] OSTOH IEPEeMEHHOM, sl KOTOpOro ecTb XOTd Obl oauH du-myTb,
HAYMHAIOIIAKCS B 3TOM OIPENEICHNH U BEIYIIHA K 3TOMY HCIOIb30BAHUIO, OJIMH U3 TAKHUX ITyTEH
OBLIT MIOKPBIT.

Mempuka noxkpeimus ucnonvzosanui (all-uses coverage) — M0Js1 MOKPBITHIX HCMOIB30BaHUN
BCEX MEPEMEHHBIX MO0 OTHOIIECHHIO K KOJHYECTBY JTOCTHKHMBIX UCTIOIb30BaHUM.

Mempuka nokpeimus du-nymeii (du-path coverage) — momisi MOKPBITBIX du-IyTei s BCeX
MEPEMEHHBIX IPOTPAMMBI I10 OTHOIICHHUIO K JIOCTHXUMBIM du-myTsM.

MeTpI/IKa IOKPBITHUSA du—nyTeﬁ CHJIbHEC MCTPUKH IMOKPLITUS ucrnonb3oBanuii. OHa sABIgETCA
0I[HOI71 N3 CaMbIX CHJIBHBIX MCTPHK ITOKPBLITHA, UCIOJB3YCMbIX Ha IMPAKTHKC. Xotsa KaXXE€TCs, 4TO
KOJIMYECTBO TECTOB B IIOJIHOM Ha60pe o Takou MCTPHUKE MOKET OBITH OYEHb 6OJ'ILI_HI/IM, B
OOJIBIIMHCTBE CIIy4aeB 3TO HE TaK — OJIMH TECT YacTO MOKPBIBAET cpa3zy MHOro du-myTei.

3ameuanue. OObIYHO 8 YUEOHUKAX U CIAMNBAX, KACAIOWUXCA MEMPUK NOKPLIMUA HA OCHO8e NOMOKA YNPAasieHus U
Ha OCHOBe NOMOKO8 OAHHBIX, YMEEpiHCOAemcs, 4mo NOJHOe NOKpulmue UCNONb308aHuil (u, mem 6onee, du-nymeti)
elleuem noiHoe NOKpulmue 6emeaetl. Imo Henpasod, 68 Yem MONCHO YOeOumuCs Ha Cledyrouem npumepe.

int £(int x)

{

if(x >= 0)
return 1;
else
return -1;

3

Oma owubka 6vi1a donyuena euje 8 cmamoe [4], 20e 6nepgvie onpedenenvl MEMPUKU NOKPbIMUAL KOOA HA OCHOB8e
NOMOKA YNpagnenus, ee nociedyoujee ucnpagietue 8 [5] @blnoiHeHo HeakKypamuo, maxk ymo no cyujecmey ouluora
max u ocmanace. Ho bonvuuncmeo asmopos yuebHuUKo8 u MOHOZpaguii N0 MeCmupo8aHUIo, NO-6UOUMOMY, YUMUPYIOM
omu cmamou unu 0030p [2] be3 snukanus 6 demanu.

B npumepe BerYuciIeHrs] HAUOOJBIIIETO 00IIEro EeTUTENsI UMEIOTCA cheayromue du-mytu. 3aech
qrcaaMu 0003HAa4aloTCsl CTPOKU Mporpammbl, 0 COOTBETCTBYET BXOJY, a YHUCIOM C alloCTpopoM —
BTOpPOE HCITIOJb30BAHHME MEPEMEHHONW B CTPOKE C TeM k¢ HoMepoM. IIyTh, B KOTOPOM YCIIOBHE
BETBJICHMSI N pa3peniaeTcsi MOJOXKUTEIbHO, CONEpkKUT (n), oTpunarenbHo — (n). Ilepeuncnenst
TONBKO du-TyTH, /I KOTOPBIX HET OJTHO3HAYHO OIPEEIIEHHOTO CoAepKanero ux du-myTH.

Tl mepeMerHoii a — 0-3, 0-6, 0-7, 0-7°, 0-(7)-23, 0-(7°)-23, 0-(7°)-23, 0(7)-12, 0-(7")-12, O-
(7))-12, 0-(7)-12, 0-(7)-12°, 0-(7°)-12°, 0(7,12)-14, 0-(7>,12)-14, 0-(7’, 12)-14, 0-(7,12°)-14, 0-
(7,12°)-14, 0-(7°, 12°)-14, 0-(7,12°)-20, 0-(7°,12°)-20, 0-(7",12°)-20, 14-20, 20-12, 20-12°, 20-23,
20-(12)-14, 20-(12)-14, 20-(12°)-20.

Jna nepemennoit b — 0-4, 0-5, 0-7, 0-7°, 0-(7)-8, 0-(7°)-8, 0-(7°)-10, 0-(7°)-12, 0-(7*)-12°, O-
(7°,12)-15, 0-(7°,12°)-15, 0-(7°,12°)-19, 8-10, 8-12, 8-12°, 8-(12)-15, 8-(12°)-15, 8-(12°)-19, 15-19,
19-10, 19-12, 19-12°, 19-(12)-15, 19-(12°)-15, 19-(12)-19.

HenoctmxumbiMu siBnsitorcst Bce myTt Buaa 0-(...)-23 — mockonbKy B ciiydae (b == 0) MbI
CBEpPHEM YK€ B CTPOKE 5.

JUJIss TOCTHOKEHUST BCEX OCTABHBIX IyTEH JOCTATOYHO B3ATh HA0Op TECTOBBIX AaHHBIX <I, 0>
(maer 0-3-5-6), <0, 1> (maer 0-3-4), <1, 1> (maer 0-7-7°-(7°)-10-12-12’-(12°)-19-20 u 20-23), <I,
—1> (maer 0-7-(7)-8-10-12°-(12°)-19-20), <-1, 1> (maer 0-7-7°-(7°)-8-10-12’-(12")-19-20), <1, 2>
(maet 0-(7°)-12-(12)-14-15-19-20-10-12-12°-(12°)-19-20), <1, —2> (0-(7°)-12-12’~(12")-14-15-19-
20-10-12-12°~(12°)-19-20), <1, -2> (0-7-(7)-8-10-12-(12)-14-15-19-20-10-12-12"~(12")-19-20),
<-1, 2> (0-7-7°-(7°)-8-10-12-12"-(12°)-14-15-19-20-10-12-12’-(12°)-19-20), <2, —1>, <2, 1>, <2,
3>, <-2,-3>.



CTpyKTypHBIE KPUTEPUH HA YPOBHE KOMIIOHEHTA

Ha ypoBHE KOMIOHEHTOB, COAEP)KAIIMX HECKOJIBKO METOJIOB, METPUKH TOKPHITHS MOTYT
OIIPEIETATHCS C WCIOIBb30BAaHUEM METPHK MOKPBITHS KOJa OTACJIBHBIX MeTon0B. Ho kpome 3Toro
ecTb Ooyiee BHICOKOYpOBHEBasi HHPOpManus — rpad BHI30BOB METOAOB U (PYHKIMI KOMIIOHEHTa
apyr u3 apyra. OnHa u Ta e (QYHKIUS MOKET BBI3BIBATHCS M3 JTAHHOW HECKOJIBKO pa3 B Pa3IMIHBIX
BETBSX, IOITOMY pedpa 3Toro rpaga COOTBETCTBYIOT BXOXKJICHUAM MHCTPYKIUN BBI30BA — CKOJIBKO
Pa3IUYHBIX UHCTPYKIUN COonepKUT BhI30B GyHKIMH f(), cTONBKO M pedep OyaeT BecTH U3 JTaHHON
¢bysakuuu B pynkuuio f().

Tak ke, Kak U B cilyyae BETBEH, BHI30BBI MOTYT OBbITh JOCTHKHMBIMH HJIM HEAOCTHKHUMBIMH.
Mempuxa noxkpeimus 66130606 BBIUUCISACTCS KaK OTHOUICHHE BBIOJHEHHBIX —Pa3IWYHBIX
MHCTPYKIMHA BBI30Ba K 00IIEMY KOJIMYECTBY TOCTHKUMBIX TAKHX HHCTPYKIUH.

Brerauciars AJI1 KOMIIOHCHTAa MCTPUKHU HOKPBITHA, ONPCACICHHLIC Ha OCHOBC KOJa MCTOHOB,
MOXHO, HO IIpHU 3TOM YaCTO CTAHOBHUTCA CIIC boJee TKENO OIPEACIINTb, KAKUC U3 OMMPECACIIACMBIX
MU CI/ITyaI_II/Iﬁ ABJIIAOTCA AOCTHXKHMMBIMHM, a4 KAaKHMC — HCT. I[JISI MCTPUKHU MOKPBITUA BBI3OBOB
PEIICHUE ITOH 3aga4un OOBIYHO HE CIIHIIKOM TSKEJIO.

MeTpuku Ha OCHOBE MOTOKOB JaHHBIX HAa YPOBHE KOMITIOHEHTA CTPOSTCSA Ha 0a3ze M3MECHEHUS U
WCIOJIb30BaHUs TJI00ATBHBIX TIEPEMEHHBIX WM TOJIEH Kiacca pa3inyHbIMH MeToJaMu. TOYHO Tak
)K€, €CJIM MBI 3HaeM, KaKHe METOJbl MCIOJB3YIOT, a KaKhe M3MEHSIOT 3HAYCHMs TOJICH Kjacca,
€CTECTBEHHO TMbBITaThCA MOKPBHITh BCE Maphl OMNPENEICHUE-UCIIOIb30BAaHUE, BBI3BIBAS 1LIETIOYKU
METOJOB.

CTpyKTypHbIe KPUTEPUM HA YPOBHE MOACUCTEMBI

Ha ypoBHe noacuctemsl rpadbl MOTOKOB TaHHBIX U TTOTOKA YMPABJICHHSI BO MHOTOM CIIMBAIOTCH,
MpEeBpaIIasCh B CXEMbI MEpelayu YIPaBICHUS WIH COOOIIEHUH MexAy KoMroHeHTaMu. OOBIYHO
ONPEACISIIOT MHOXECTBO CLIEHApPUEB B3aUMOJCHCTBUS KOMIIOHEHTOB, B Ka)XIOM M3 KOTOPBIX
peanu3yeTcsi HeKOTopasi 4aCTh BO3MOKHBIX Tepeiay yIPABJICHUS U COOOIICHUH, a 3aTeM U3MEPSIOT
o01iee MOKPBITUE KAaK YacTh U3 3TUX CLIEHAPHEB, PEAIM30BAHHYIO B X0 TECTUPOBAHUSI.

B Oonbmux cuctemMax MOTYT HCHOJNb30BaThCSl METPHKH, OCHOBAaHHBIE MPOCTO Ha J0Jie
3aTPOHYTHIX TeCTaMH (YHKIHMHA, KOMIIOHEHTOB, ()OPM WJIM OKOH, TAaOJWI[ JAaHHBIX WIH APYTHX
3JIEMEHTOB JAHHBIX IO OTHOILIEHUIO K OOIIEMY YHCITy COOTBETCTBYIOIIUX 3JIeMEHTOB. MIX ocHOBHOE
JIOCTOMHCTBO B TOM, YTO OHM JIOCTATOYHO IPOCTO HM3MEPSIOTCS M HE TPeOYIOT A MOHUMAHHUSA
OTIpeIeNIEHUs] KaKUX-TO JIOTIOJIHUTENBHBIX CYIIHOCTEH — CII€HapHeB, BO3MOKHBIX BBI30BOB, du-
IyTEN U Tp.

KpVITepVIVI NOJIHOTblI HA OCHOBE CTPYKTYPbI BXOAHbIX AAaHHbIX

YacTo npu TeCTUPOBAHUH HENB3s BOCIIOIB30BaThCs HHGOpMAIIHEil 00 yCTPOHCTBE TECTUPYEMOM
CUCTCMBI, IMOCKOJIBKY €C HCXOHHLIﬁ KO HCOAOCTYIICH. HpI/I 9TOM BCsA U3BCCTHAsA I/IH(l)OpMaI_[I/IH 0 €€
CTPYKTYpe — 3TO CTPYKTypa BXOJHBIX JaHHBIX — OOILIUI CHUCOK JOCTYMHBIX U3BHE HHTEp(delicoB
U CTPYKTYPBI JAaHHBIX ITapaMeTPOB KaXx10ro uHTepgeiica.

YroObl ONpefenuTh METPUKY MOKPBHITHS BXOJHBIX JaHHBIX, HYXXHO pa3OuUTh HUX Ha
MOJIMHOKECTBA YKBUBAJICHTHBIX C KaKOW-TO TOYKU 3peHMs JNaHHbIX. ECTh Ba OCHOBHBIX cIIOC0O0a
OIPEJIETICHUS TAKON DKBUBAJICHTHOCTH.

e  Brigenenue pa3HbIX MOATUIIOB JAHHBIX OJHOTO THUIIA HA OCHOBE MPAKTUYECKUX COOOPAKCHHIA.
Hanpumep, psa cooOpaskeHHid IMO3BOJISET pa3IeliuTh IIeTble YHCIa Ha IOJIOKUTEIHHBIC,
orpuniatensubie U 0. Crnemyst OpyruM COOOpaXeHHSIM MOXXHO pa3OUTh MX HAa YETHBIE U
HEYCTHBIE YUCIIA.
st yucna tuna double MOXHO ompenenuTh Takue BO3MOXKHOCTH: 0, 1esoe, ¢ HeOOIbIINM
KOJIU4YeCcTBOM 1Hdp B ApoOHOM wactu (<= 2), Hanmpumep, 0.5 wm 0.25, ¢ Oompmum
KOJMMIecTBOM 1udp B ApoOHOM uacTu, Hampumep, 9.38752635549-10° 7. Kpome TOro, MOXHO



BBIJICIUTh TIOJIOKUTEIBHBIE W OTPHUIATENBHBIC YHCIA, a TaKXKe IMPEBOCXOJIINE U HE
npeBocxosmre 1 mo abconoTHON BETMYNHE.

e  Pa3neneHue 3HaueHM 10 ONpeIEICHHBIM IPABUIIAM, KACAIOIUMCS UX CTPYKTYPBHI.
Hanpumep, nensie yucia OOBIMHO MPEICTABISIOTCS B JIBOWYHO-IOTIONHUTENFHOM (hopmate,
BCE OTpULATEIbHbIE HMEIOT TMepBbIM (mocienHuil) Outr, paBHBI 1, B oOTiAMYHE OT
HEoTpUlaTeNbHBIX. [l03TOMYy pa3OueHHe Ha TIOJIOKUTENFHBIE M OTPHUIATEIBHBIE MOKHO
000CHOBaTh CTPYKTYpOH NpeACTaBIECHUS 4Mciaa B MallnHe. MOXKHO AEIUTH Lejble Yuciaa Ha
OoJibIlIME ¥ HEOOJIBIIKE M0 a0COJIOTHON BEIMYMHE B COOTBETCTBHUH C TEM, €CTh JIU XOTS ObI
onuH OuT paBHbId 1 cpenu nepBbix 16. To ecTs, uncia >= 65536 mo abCOMIOTHON BETUYHUHE
OOBABIAIOTCS OOJIBITUMH, & MCHBIIIHE — HSOOILIINMU.
Yucna ¢ miaBaromed TOYKOH MMEIOT OoJiee CIOXKHYIO CTPYKTYypy. B mpencraBneHun umcia
dopmara double wcmonb3yercs 64 Owurta. IlepBerii Out — 3HaK S, ciuegyromue 11 Out
NpPEICTaBIAIOT 3KCNOHEeHTY E, octaBmmecs 52 6uta — mantuccy M. CaMo 4uCIIO PU 3TOM
canraercst paBHbM (—1)%-(2724+M)/272.2E 192 ocu skenonenTa He pasHa 0 i 2047.
Ecnu skcnionenTa paBHa 0, COOTBETCTBYIOLIME YMCIIA HA3bIBAIOTCS JEHOPMAJIM30BAHHBIMU U
BBIYHCISIOTCS 10 Apyroil popmyre — (—1)5M/2°%.27'%% Ecnu sxcronenra pasua 2047, To
NpY HYJICBOW MAHTHCCE MOJIYYArOTCs MPEICTABICHHS JUTS TTOJIOKUTEIILHOW U OTPHUIIATEIBHOM
OEeCKOHEYHOCTEeH, a MpH HEHyJIeBOM — s chenuanbHoro 3HadyeHuss NaN, Kotopoe
0003HaYaeT HEOTIPEICIIEHHBIN Pe3yIbTaT.
Taxum 00pa3oM, Kak CHelMaIbHbIE KJIACChl YMCEN ¢ IJIaBarollel TOUKOi MOKHO BbIIEIUTS 0,
—0 (ectb  Takoe  CHEUMATBHOE  YHCIO!),  TIOJIOKUTENbHBIE W  OTPUIIATEIbHBIC
JICHOPMaJIM30BaHHbIC, TIIOJIOKUTENIbHBIE M  OTpULATEIbHbIE HOPMAJIM30BAaHHBIE YHUCIA,
MOJIO’KUTENBbHYIO U OTPULIATENbHYI0 OECKOHEYHOCTh M MHOKECTBO 3HaueHHui NaN.

Jlyis  ompenelieHus KJIACCOB ASKBHBAJICHTHBIX CIIOKHBIX JaHHBIX OOBIYHO HCIOJB3YIOT UX
CTPYKTYPY H KJIACCHI SKBUBAJICHTHOCTH JTAHHBIX MPOCTHIX THUIIOB, U3 KOTOPBIX OHU MOCTPOCHHI. TakK,
ompenesnss pa3OWeHUsT Ha KIACCHl JIT OOBEKTOB, Y KOTOPBIX JIBa IEJIOYHCICHHBIX ITOJIA,
JOCTAaTOYHO €CTECTBEHHO OOBSBUTH SKBHBAJCHTHBIMU OOBEKTHI, ¥ KOTOPBIX COOTBETCTBYIOIIHE
MOJISI UMEIOT OJWH 3HaK WIM OJHOBPEMEHHO paBHBI () — moiydaeTrcss Bcero 9 KiIaccoB TakKUX
00BEKTOB.

HJ’IH 0oJee CI0KHBIX JAAaHHBIX UCIIOJIB3YIOT OIIMCAaHHUC UX CTPYKTYPhI B BUJAC I'PAMMATUKH, YTOOBI
BBIJCIWTD KJIACCHI SKBUBAJICHTHOCTU UJIM COOTBCTCTBYIOIINEC MCTPUKH TTOKPBITHA.

Hanpumep, ans AOKyMEHTOB, KOTOPBIE OIMCBHIBAIOTCS HEKOTOPOW KOHTEKCTHO CBOOOIHOM
IrpaMMaTUKOM, MOXHO ONPEAENUTh CIEIYIOIINE METPUKH MOKPBITHS.

Mempuka nokpolmus npaeu — A0JIA IPAaBUJI I'paMMAaTHUKHU, UCIIOJB30BAHHBIX TJIS ITOCTPOCHUSA
TCCTOBLIX JAHHBIX, CPCAU BCCX €C MPaBUJIL.

Mempuka nokpvimus anrbmeprHamué — JUIsl KaXk10T0 MIpaBUIa ONPENESAETCs, CKOJIBKO UMEETCs
BO3MOXXHBIX aJIbTEPHATUB €r0 PAacCKPBITUS, U BMECTO 1 B OmpeneieHuu MpeablayIned METPUKH JUIs
BCEX NpPaBWJ YUUTHIBAETCS 3TO YUCIO, & JJI MOKPBITHIX — TOJIBKO KOJIMYECTBO PEATM30BAHHBIX
aIbTEPHATHUB.

[Tpumep. IlycTh BXOAHOM JOKYMEHT MPOrPAMMBI COOTBETCTBYET CJICIYIOIICH IpaMMaTHKE.

Doc::=A|B;

A ::: ( ‘CX” | C‘Y” | ‘GZ” ) (‘G::’D)? GC!”

B :=“0" (A)*

B sTom cimydyae oguH BXOIHOW MOKyMeHT Buaa “OX!” mokpbIBaeT BCe MpaBWiIa — IJIA €ro
IIOCTPOEHHUS UCIIOJIb3YETCSI U KOPHEBOE MPABUIIO, ¥ MpaBuio 11 B, u npasuio 1ist A.

UToObI MOKPHITH BCE AIBTEPHATHUBBI B MpaBUiie A, JOCTATOYHO UCIOIH30BAaTh TAKHE BXOIHBIE
naHHble: “X:1”) “Y!”, “Z!”. 3pmech mnepBas albTepHATHMBA PACKPbITA BCEMHU BO3MOXHBIMHU
cnocobamu. BTopas anpTepHaTHBa — HAIW4HE WU MpHCYTCcTBUE “::” — TOxke. [ mpaBuna B
noctatrouHo “O” u “OX!”, ecnu cyuTaTh, YTO OMIIMOHATILHBIN CIHCOK (A)? JOCTaTOYHO PACKPHITH
Ha TinyOuHy 1. UTOOBI CHHCOK MOXHO OBUIO OTJIMYMTH OT OIIMOHAIBHOTO CHMBOJIA, MOKHO



PacKpbITh €ro Ha IIyOMHY 2, MCMONb30BaB, Hanpumep, “0O7, “OX!” u “OX!Z!”. Takum o0Opazom,
HaOop manHbIx “X:!7, “Y!”, “Z!” “0”, “OX!”, “OX!Z!” nokpbsIBaeT Bce aJbTEPHATUBHI BO BCEX
TpaBUiIax.

MosxHO omnpeaenuTh 0oJee CII0XHBIE METPUKH MOKPBITHS KOMOWHALUK ajJbTEpHAaTUB, HO
OOBIYHO OHU HA MPAKTUKE AAIOT CIUIIKOM OOJIBIIOE KOJTUYECTBO HEOOXOIUMBIX TECTOB.

KpuTepuu nonHoTLI HA OCHOBE TpebGoBaHUM

bazoBast uaess MeTpHK IMOKPBITHS HAa OCHOBE TpPEOOBaHMI — €CITM JBa TECTa IMPOBEPSIOT
BBITIOJIHEHUSI OJTHUX M TEX K€ OrpaHWUYCHHIA, ONpECNICHHBIX B TPEOOBAHUAX, CKOpEEe BCETO, OHU
6o 06a oOHapykaT ommOKy, au00 00a BBIMONHATCSA ycHemHo. [1o9ToMy MX MOXKHO CYHTATh
HKBUBAJICHTHBIMHU.

OTo HempaBAa, Kak U 0a3oBasi HJes CTPYKTYpPHBIX KPUTEPUEB, HO TOXE IO3BOJSET BBECTH
JOCTaTOYHO y100HBIE METPUKHU MTOKPBITHSL.

OObuHO TpeboBaHUS OQOPMIIAIOTCS B BHAE HE()OPMANIBHOTO TEKCTa, OPraHM30BAHHOTO
HepapxXu4ecku, T.€. C BBIACICHHBIMH ITyHKTaMH W HOANMyHKTaMH. B 3ToM ciydae MOXXHO
OTIPENICIUTh METPHUKY IMOKPBITHUS TpPeOOBAaHUHI Kak JOJII0 MPOBEPSAEMBIX TECTOBBHIM HaOOpPOM
HanOoJee NEeTaNbHBIX BBIACICHHBIX ITyHKTOB TpeOOBaHWIl Cpein TeX, KOTOpPBIE BOOOIIE MOXKHO
MPOBEPUTH (MHOT/IA YacTh TAKUX TPeOOBAHWMI HEBO3MOXKHO MPOBEPUTH BOOOIIE, JTUOO 3a BpeMms,
OTPaHMYCHHOE paMKaMH IPOEKTa).

bonee ¢opmanbHOE ompeseneHre MOXHO AaThb Mempuke NOKpulmus ymeepicoenut. Jns ee
ompeneNieHuss U3 TpeOOBAaHUH  BBIICISIOTCS DJIEMEHTApHBIE IPOBEPSIEMbIE  YTBEPXKICHHUSA,
BBINOJIHEHUE Ka)XJO0ro KOTOPBIX, BOOOINE TOBOpPs, HE CBSI3aHO C BBIIOJHEHHEM OCTAJbHBIX.
Mertpuka onpenensercs Kak 10 POBEPEHHBIX B TECTaX TAKUX YTBEPKICHUU I10 OTHOILLICHHUIO KO
BCEM.

Hamnpumep, mycTh B TpeOOBaHUSAX K CHCTEME €CTh Takasl ¢pasa.

«Cuctema JoJKHA TOAJEPKUBATH BBIMIOJHEHUE OMNEpaluid YTeHUs, JOOABICHUS, yAaJeHUS U
Moau(UKAIMK 3alUCH O KJIMEHTE, MPUYEeM, MPH MapaUieIbHON pabdoTe HECKOIBKHUX OIEpaTopoB
TOJILKO OJIMH U3 HUX B CBOEH CECCHMM MOXET yAaNsATh U MOIUGPUIMPOBATH YK€ HMEIOIIYIOCS
3aIUCh».

B HEelt MOXKHO BBIAEIUTD CIEAYIOLINE YTBEPKACHUSA:

«OnepaTop MOKCT IPOUCCTh JAHHBIC 3alTUCHU O KIIUCHTCH»

«Ormeparop MOXeT J0OABUTH 3aIHCh O KIIMEHTE»
e «OmnepaTop MOKET yAAJIUTh 3aIIUCh O KIUEHTE, €CIIM paboTaeT ¢ Hel OJMH»
e «OmnepaTtop MOXeT MOAUDUIIUPOBATD 3AMUCH O KIMEHTE, €CITU paboTaeT C HEel OIHH»

e  «Ecnam HECKOJIBKO OMEpaTopoB pabOTaeT C 3aMUCHI0 O KIMEHTE, TOJNBKO OJIMH MOXET €€
YIaJTHTH

e «Ecnmm HeckolbKO omepaTopoB pabOTaeT C 3alHChi0 O KIMEHTE, TOJHKO OJWH MOXKET ee
MOTU(PHUIIMPOBATHY

CoOTBETCTBEHHO, HM3MEPSATH IMOJTHOTY TMOKPHITUS TECTOB MOKHO OTHOIICHHEM KOJMYeCTBa
IIPOBCPCHHLBIX U3 3TUX YTBep)KI[eHI/Iﬁ K 06HI€My YU CJIY BbBIACICHHBIX.

Yacro BcTpewarommiics ciaydaii — odopmieHue TpeOoBaHWN B BUAEC HaOopa TpaBHi (MU
OusHec-mipaBwiI). B 3TOM cilydae mempuxotl noxkpeimusi npasus CYATAIOT JOJIO TPOBEPEHHBIX
TECTaMU IpaBUJI CPE€AN BCEX UMCIOIINUXCA.

Hanpumep, cucrema ynpaieHus Tu(TaMU MOXKET OMUCHIBATHCS CIAEAYIOUMMU PaBUIaMH.

1. Ecam HaxuMmaeTcs BHEIIHSA KHONKA BBI30Ba J'II/I(bTa Ha KaKOM-TO 3TaxK€, 3TOT BBI3OB
MOMEIIAETCS B 00II[ee MHOYKECTBO BBI30BOB.

2. Ecmm naxxmMmaetcs BHYTPCHHsSI KHOIIKA BbI3OBa J'II/I(bTa Ha KaKoN-TO 9TaX, KabOuHa
IoOMEIAcCT 3TOT BBI3OB B CBOC MHOXXCCTBO O6CJ'Iy>KI/IBa€MI>IX.



3. Ecnm npensTcTBUI K 3aKpBITHIO JBEpeil KaOWHBI HET B TEUEHHUE JABYX CEKYH[, JIBEpU
3aKpBIBAIOTCA.

4. Ecan xabuHa HpI/I6bIBaeT Ha OIJHNH H3 3Ta)KeI>’I, BBIBOBbBI C KOTOPBIX €CTb Yy HEC B
MHOXKECTBEC 06CJ'Iy)KI/IBaeMI)IX, OHa OCTAaHABJIMBACTCA N OTKPBIBACT ABCPH.

5. Ecnm nBepu 3akpbUIHCH M OOCITYKUBAa€MbIX HJIM OOIIUX BHI3OBOB HET, KAOMHA CTOUT HA
MECTE U HaIlpaBJICHUE €€ IBIKEHUS HE OMPEIEIICHO.

6. Ecim nBepu 3aKkpbUIMCh U €CTh OOCIY)KHBaeMble BBI3OBBI, HAINpPABICHUS JIBUKECHUSA
KaOMHBI COBIAAAET C MPEIBIIYIINM, €CJIA ITaX HE KpaltHU (IIepBbIH WK MOCIEHUN), U
IIPOTUBOIOJIOKHO, ECIIM ITaXK KpaHHUM.

7. Ecnu nBepu 3aKpbUINCH, ONIPENIEIEHO HAlpaBlIeHUE ABMXKEHHsSI, U €CTh OOIME BBI3OBHI C
dTaka MO 3TOMY HAaNpaBJCHHIO, KaOWHA BHIOMpaeT OMMKaWIMK W3 HUX IO Pa3HHLE
3TaXkel, J0OaBIAET €ro B CBOE MHOXKECTBO 0OCITYKMBAEMBIX M yAaJsIeT U3 00ILero.

8. Ecnu nBepu 3akpbUIMCh W HANpaBJCHHUE JIBUKEHUS HE OIpEIENIeHO, HO €CTh o0Iuue
BBI30BBI, KaOMHa BbIOMpaeT OMMKalIIMi K HEl MO pa3HMIEe ATaKkeH, 100aBIsSET €ro B
CBOE€ MHOXXECTBO OOCIIYy’)KHBAaeMbIX W YAAJSAET U3 OOILEro, Mmocje 4ero HampaBlIeHUE
JBUKEHHE KaOWHBI ONPEENsIeTCs HAllPaBICHUEM Ha 3TOT ATaX.

Kaxk BUJHO, IIpaBuWjia 4aCTO MOT'YT OBITh IpCaACTaBJICHBI B BUJC BI)Ipa)KCHI/Iﬁ «Ecnan BBEIIIOIIHEHO
A, 1o cnenath B», rme A — HeKOTOpoe cOCTaBHOE yCIOBHE B TEPMHHAX MpeaMeTHoW obnactu, B
— HEKOTOPOE MHOXECTBO JICUCTBU.

DTO MO3BOJISIET ONPEICIIUTh METPUKHU MOKPBITUS YCIOBUM MpaBWJ MPUMEPHO TaK K€, KaK 3TO
JIeJIaeTCcsl s IOKPBITUSL YCIOBHM, UCTIOIB3YyEMBIX B KOZ€. MOYKHO MCIIOIB30BaTh aHAJIOTH METPUK
MOKPBITHSL DJIEMEHTAPHBIX YCIOBUH, YCIOBUH M BETBICHUH, kKomOuHammii ycinosuit mwmu MC/DC.
Hcnonp30BaTh aHanor METPUKHM MOKPBITHA KOPOTKUX IU3BIOHKTOB HEIb3s, €CIM TOJIBKO MBI HE
YBEPEHBI, UTO B KOJAE ITH XKE yCIOBHSI UCIIOJIB3YIOTCS POBHO B 3TOM K€ MOPSAJKE, YTO MPAKTHIECKHU
HUKOI'ZIa HE BBINOJIHEHO. [109TOMy B aHaJIOTMUYHBIX CUTyalMsX HYXHO MCIIOJIB30BATh «UIMHHBIE)
JU3BIOHKTHI, KOTOPbIE 3KBUBAJIEHTHBI IPOCTO BCEM KOMOMHAIIMSAM AJIEMEHTAPHBIX YCIOBUH.

Te e cooOpaykeHHs MTOMOTaIOT OMPEACTUTh aHAIOTUYHbIE METPUKH MOKPHITHS TpeOOBaHUN B
TeX CIIyJasx, Korja TpeOOBaHHUs OMUCHIBAIOTCS HA JTI000M (OPMAIM30BAHHOM SI3BIKE.

B nesnom kputepun NOKpHITHS HA OCHOBE TPeOOBAaHUH 00J1a1at0T BaXKHBIM NIPEUMYILECTBOM YyKe
MIOTOMY, YTO OHH TO3BOJISIIOT YYUTHIBATh TPEOOBAHHUS MIPU OLICHKE MTOJHOTHI TECTUPOBAHUS, TAK UTO
HEeNpoBEpEeHHOE TpeOOBAHNE aBTOMATUYECKU O3HA4YaeT HE BIIOJIHE MOJIHOE TecTupoBaHue. OiHaKo,
B OTJIMYME OT CTPYKTYPHBIX METPUK, JJIS OPraHU3AIMH U3MEPEHHS IMOKPBITHUS MO TpeOOBAHUAM
HY’KHBI CEpBE3HBIC JIOINOJHUTEIbHBIE YCWINSA, HAlIpHUMEp, yYKa3aHHE y KaXKIOTr0 TeCTa, KaKue
TpeboBaHus OH mpoBepseT. Kpome Toro, mpoBepka HEKOTOPOro TpeOOBaHUS B OIpEIEICHHON
CUTYyallUM €Ille He O3HAa4aeT, YyTo TO ke TpeOoBaHuE OyAeT BBIIOJHEHO B JAPYIOH, €cld B 3THX
CUTYyalMax paboTaioT pa3iInvHble HAOOPbI KOMIOHEHTOB U 3JIEMEHTOB KO/Ia TECTUPYEMON CHCTEMBI.

CTpyKTypHBIE KPUTEpUH M KpPUTEPUHU IIOJHOTHI Ha OCHOBE TpeOOBAHWH, TaKXKEe HMHOTIA
Ha3bIBaeMble (DYHKIMOHAIBHBIMH, yIA4HO JOHOJHSIOT APYT Apyra — CTPYKTYpHBIE ITTO3BOJISIOT
OTCJICKHUBATh TOJIHOTY TECTOB IO OTHOIIEHHIO K KOAY, @ ()YHKLIMOHAJIbHbIE — I10 OTHOLICHHUIO K
TpeboBaHusaM. Eciu ke B IBYX CUTyanusax 3aJelCTBYETCS OJUH U TOT XK€ KOJ U MPOBEPSIOTCS OTHH
U Te ke TpeOOoBaHMs, AOCTATOYHO TPYAHO CIenaTh TakK, YTOOBl B HUX CHUCTeMa paboTana Io-
pa3sHOMy, T.€. B OJHOM Cllydae NpPaBHJIBHO, a B JIpyroM ommoOo4Ho. IlosToMy Ha mpakTuke ais
OLIEHKM TIOJIHOTHI TECTHPOBAHUS XOPOIIO HCIOIb30BaTh KOMOMHALMIO M3 CTPYKTYpHBIX U
(YHKIMOHATIBHBIX KPUTEPUEB MOKPBITHS.

KpuTepuun nonHoTblI Ha OCHOBE NpeAanosioXXeHUn oo owmnbKax.

HOCKOHBKy O6H_[I/Ie MPCAIIOJIOKCHUA BHJA «CCIIM YTO-TO BBIIIOJIHACTCA WIIM HPOBCPACTCA U
COACPIKUT OHH/I6Ky, TO MBI €€ O6Hapy)KI/IM>> HCEBCPHLBI, HCKOTOPBIC CIICHUAIUCTDBI 110 TCCTUPOBAHHIO
npeajararoT HUCIOJIb30BaTh ABHOC YKa3aHUC OI_HI/I6OK, Ha O6H8.py>I(eHI/Ie KOTOPBIX HAILICJIICH Ha60p
TCCTOB, B KAYCCTBEC KPUTCPHA €TO IMOJTHOTEI.



K coxanennro, onucatb BCe BO3MOKHBIE ONIMOKH KpaWHE TSKENIO, a €CIU YKa3aTh TOJIBKO
HEKOTOpbIE, BOBHUKAET 3aKOHHOE MOJA03PEHUE, UTO ITH-TO OLIUOKH TECTHI HAXOJAT, @ BOT KaKHUe-TO
npyrue — HeT. Ecnu Hama nporpamMma JIeHCTBUTENIBHO 3acTpaxoBaHa OT OMIMOOK IPYTHUX THIIOB,
BCE B TIOPSAKE, HO B OOJBIIMHCTBE CIIy4aeB 3TO HE TaK.

HauOonee yn00HbII Ha MPaKTUKE CIIOCOO M3MEPEHHUS MTOJTHOTHI TECTUPOBAHUS HA OCHOBE SIBHBIX
TUIOTE3 O BO3MOXHBIX OIIMOKAaX — 3TO METOJ ONPEIENIEHUsl IOJHOTHl TECTOB HAa OCHOBE
00OHapy’KEHHBIX MYTaHTOB.

B pamkax sToro meTtona A si3blka MPOrpaMMHUpPOBaHHUS, Ha KOTOPOM HamucaHa TeCTUpyeMas
rporpaMma, OIpeeNsieTCsl JHOCTaTOYHO TOJHBIN Habop onepamopos mymayuu. Kaxnpii Takoit
orepaTop M3MEHSIET TEKCT MpOorpaMM, HalpuMep, yAalss ONpelelIeHHYI0 HHCTPYKIMIO, BCTABISSA
HOBYIO UHCTPYKIHIO, 3aMEHA IIEPEMEHHBIE B BBIPAKCHUAX Ha APYTUe IIEPEMEHHBIE TOIO K€ THIIA
WM Ha KOHCTAHTHBIE BBIPAXKEHUS TOTO K€ TUIIA, 3aMEHSS ONepaTopbl apupMeTHIeCKUX AeHCTBHIA
+, —, *, / Opyr Ha Ipyra, 3aMEHss OIepaTOPhI JIOTHUSCKUX ONepanuii Ipyr Ha Apyra u mp. BaxHo,
YTO TMOCJE€ MPUMEHEHHUs TI00ro M3 OMEepaTOpoOB MYyTAllMM CHHTAKCMYECKHM M CEMaHTHUYECKH
KOPPEKTHAas MporpaMMa OCTaeTCsi KOPPEKTHOM.

[Iporpamma, mnony4yaemMas U3 TECTUPYEMOM MPUMEHEHUEM OJIHOIO OmepaTopa MyTaluu,
HasbIBaeTcs mymauwmom. Ilpu npumMeHeHHH OOJNBIIET0 YUCIIAa OMEePaTOPOB MOTYYAIOTCS MYTaHTBI
BTOpPOTO W 00Jice BBICOKHX IOPSIKOB, HO OHHU OOBIYHO HE HWCIIONB3YIOTCS, IMOTOMY 4YTO HX
KOJMUYECTBO Jlaxe JJIsl HeOObIIONW MPOrpaMMbI OYEHb BEITUKO.

Te MYTAaHTBI, KOTOPBIC 3KBUBAJICHTHBI IO MOBCACHUIO HCXOI[HOI}’I nporpamMmme, T.€. BEAYT cebs
TOYHO TaK XC BO BCCX CUTyalUAX, BBI6paCBIBaIOT N3 MMOJTYYCHHOI'0 MHOXXCECTBAa MYTAHTOB. ITocme
9TOro0 HCIOJIB3YCTCAd MCTPUKA IIOJHOTBI TECTOB, OIpCACIIsICMasl KakK OJIA O6H3py>KI/IBaeMHX
TCCTaMU MYTAHTOB CPCAN OCTABIINXCA.

Ha npakTtuke HaOOpbsl MyTaHTOB OOBIYHO TMOJIYYAIOTCS JOCTATOYHO OOJIBIIMMU, U TPUXOJAUTCS
3aTpavynBaTh 3HAUUTENBHBIC YCUIIHS, YTOOBI OTCESTh U3 HUX SKBHUBAJICHTHBIE HCXOTHOU MPOTpaMMe,
MOCKOJIbKY OOHapy’>KeHHE SKBUBAJICHTHOCTH HEJb3s aBTOMATU3UPOBATH MOJHOCTHIO. B pesyibTaTe
METpHUKa TOJHOTHl Ha OCHOBE JOJM OOHApYXEHHBIX MYTAHTOB JOCTaTOYHO CHJIbHA, HO €€
MIPUMEHEHUE OYEHD TPYIOEMKO.

EH_IC OOHUM aprymMCcHTOM MNPOTUB HCIOJIb30BAHHUA MYTAHTOB CIIYKHUT TO, YTO OHH IMOMOTraroT
0oOHapy>XMBaTh TOJILKO HEOOJBINME W Cly4ailHble OIMMOKU-omedaTku. Cephe3Has oOmuOKa B
IIOHUMAaHuHu Tp€60BaHI/II7I qame BCCro nNpuBOAHUT HC K M3MCHCHHIO OOHOI'O 3HAKa WJIM MNPOIYCKY
OJTHOW WHCTPYKIIMH, a K IOTEPE IEeJI0N TPYIIbl HHCTPYKIUI, KOTOPBIE JOJKHBI OBIITH CpabaThIBaTh
B OIIPCACIICHHBIX YCJIOBUAX, BMCCTC C YCIIOBUSIMU UX BBINIOJIHCHUS. OGH&py)KI/ITB TaKyIo OIJ_II/I6Ky C
MTOMOIIIBI0 MYTaIlil OYE€Hb HEJIETKO.

KpuTepuu nonHOTbLI HAa OCHOBE NPOU3BOJNLHLIX MoAernen

PasnuuHble npyrue MoAeIn NMOBEACHUS WIH YCTPONCTBA TECTUPYEMOM CUCTEMBI, TaK XK€, KaK U
onuvcaHus TpeOoBaHM K HEll WM rpadoBble CXEMbI Tepeayll YIPaBICHHUs, MOTYT CITy>KUTh IS
OTIpeIeNIEHUs] KpUTEpUEB MOKPbITUA. [ 3TOro nocrarodHo, 4roObl B MOAETH OBUIM HEKOTOpBIE
3JIEMEHTBI, KOTOPBIE 3aICHCTBYIOTCS B PA3JIMYHBIX CUTYALIHSIX.

Kpurepun mnonHoTel Ha 0a3ze Mojeneil MOryT B pslie CIydyaeB YTOUHATh M JETATU3UPOBAThH
KPUTEPUM TIOJIHOTBI, IOJyYeHHbIE HEMOCPEACTBEHHO U3 TpeboBanuil. Ha mpakTtuke Bce
JIOTIOJTHUTEIBHBIE MOJEIH OOBIYHO SIBISIOTCS YTOYHEHHBIMH TPEOOBAaHHMSIMH K TECTUPYEMOU
CUCTEME, II0ITOMY Y ONPEIAEICHHBIX C UX ITOMOILBIO KPUTEPUEB TE K€ TOCTOMHCTBA U HEAOCTATKH,
KOTOpBIE BBIIIE OBUTH YKa3aHbI [UIs KPUTEPHEB, OCHOBAHHBIX Ha TPEOOBAHUSIX.

Anredpanyeckue Moaen

OauH U3 SK30TUYECKUX MPHUMEPOB TAaKOTO poja — ajireOpanyeckue ONMUCAHUSI MPOTrPAMMHBIX
cucteM. AOCTpaKTHBIA THI JAHHBIX, KJIACC WJIM KOMIIOHEHT MOXET OBITh OINHMCaH alre0pandyecKu



KaK CHCTEMa C ONEpalusMH, YAOBIETBOPSIOUIMMH OIPEAEICHHBIM COOTHOIIEHUSM Ha UX
pe3yJIbTaThl.

HaanMep, TUN CHHCKa dJIeMEHTOB Tuma T ¢ onepanvsaiMu MOJYUCHHUA 4YUCIIa JJICMCHTOB,
I[O6aBJ'ICHI/I$I OJICMCHTAa B 3aJJaHHOC MCCTO CIIMCKaA, YAAJICHHA 3JICMCHTA W3 3aJaHHOI'0O MCCTa U
TOJIYUCHUA DJICMCHTA, HAXOAAIICTOCA B OIIPEACIICHHOM MCCTC, OIIUCBIBACTCA TAK.

[].size() =0

[X.size()] = [X]

(1 <= X.size()) => X.add(i, o).size() = X.size()+1

(1< X.size()) => X.remove(i).size() = X.size()—1

(1< X.size()) = [X.get(1)] = [X]

(1, ] <= X.size() & 1 <j) => [X.add(i, ol).add(j, 02)] = [X.add(j—1, 02).add(i, o1)]
(1 <= X.size()) => [X.add(i, ol).add(i, 02)] = [X.add(i, 02).add(i+1, o1)]

(1 <= X.size()) => [X.add(i, o).remove(i)] = [X]

(1, ] <= X.size() & 1 <j) => [X.add(i, o).remove(j)] = [X.remove(j—1).add(i, 0)]

(1, ] <= X.size() & 1> j) => [X.add(i, o).remove(j)] = [X.remove(j).add(i, 0)]

(1 <= X.size()) => X.add(i, o).get(i) = o

(1, ] <= X.size() & 1 <j) => X.add(i, 0).get(j) = X.get(j-1)

(1, ] <= X.size() & 1>j) => X.add(i, 0).get(j) = X.get(j)

(1, j < X.size()-1 & 1 <j) => [X.remove(i).remove(j)] = [ X.remove(j+1).remove(i)]
(1, J < X.size() & 1 <=j) => X.remove(i).get(j) = X.get(j+1)

(1, j < X.size() & 1>j) => X.remove(i).get(j) = X.get(j)

Tepm B maHHOW cucTeMe — JH00ass KOHEYHas IENOYKa OIepanuii, nmpuMmeHeHHas kK []. B

INPUBCACHHBIX aKCHOMax X MOXHO 3aMCHITH Ha HpOHBBOJ’IBHBIfI TCPM. TepM CUUTACTCA
IpaBHUJIbHBIM, €CJIN BBITIOJIHCHO CJICAYIOIICC.

e Omnepauus add(i, 0) mpuMeHsieTcs B HEM TOJBKO K moAaTepMaMm X, MPO KOTOPbIE MOKHO
JIOKa3aTh, 9To 1 <= X.size().

e Onmnepanuu remove(i) u get(i) MPUMEHSIFOTCS B HEM TOJIBKO K moaTrepMaM X, PO KOTOPBIS
MOXKHO JTOKa3ath, 4yTo 1 < X.size().

B akcuomax [X] = [Y] o3HauaeT SKBUBAJICHTHOCTh TepMOB X U Y, TaK 4YTO B JIOOOM
BBICKa3bIBaHUM X MOXKHO 3aMEHATh Ha Y W 00paTHO ©0e3 M3MEHEHMH B HCTUHHOCTH 3TOTO
BbICKa3bIBaHUA. M3 3TUX aKCMOM MOXHO J0Ka3aTh, YTO JIIOOOW CIMCOK, T.€. NMPABWIIBHBIA TEpM,
SKBUBAJICHTEH TEepMy, IIOJy4yaeMOMY KOHEYHOW menouykoil omepamuii add(), B KOTOpBIX
HCIIOJIb3YIOTCS 3HAYEHUS IIEPBOTO IapaMeTpa, Ha €IMHMIYY MEHBIINE HOMEPA BBI30Ba ONEPALMH B
LETI0YKE, — O3TO KAHOHWUYECKUU BHUJ CIHUCKA. JIMHOM TepMa HAa30BEM KOJIMYECTBO OllEpalui,
Y4acTBYIOIIMX B HEM.

TecramMmu MOKHO CUNUTATh MPOU3BOJIbHBIE TEPMBI.
Mempuxkoii nokpelmus akcuom MOXHO CUYUTATh JIOJIO Te€X aKCHOM, KOTOPBIE UCIIONIb3YIOTCS MpU
MIPUBEICHUN 33JaHHOTO Ha0opa TeCTOB K KAHOHMYECKOMY BHJTY, CPEIH BCEX BBIMUCAHHBIX AKCUOM.

Mempuxoii noxpvimus mepmosg OIuHbl <=K MOXHO CUYUTATh JOJI TEPMOB [UIHHBI <=k,
WCIIOJIb3YEMBIX B TECTAX MJIU MOSBIISIFOIIMXCS B MIPOIECCE UX MPHUBEICHUSA K KAHOHUYECCKOMY BH/TY,
Cpeau BCEX TEPMOB JUTUHBI <=K.

K coxanenuto, s anredpanueckux mMozeneil TpyaHo o00cHOBaTh BbIOOp k Takoro, 4to CTOUT
IBITATHCS TOOUTHCS MOTHOTO TTOKPHITUS BCEX TEPMOB UTMHBI <=K, HO HE CTOMT HBITATHCS TIOKPHITH
Bce TepMbl AnuHbI <=(k+1).



ABTOMATHBIE MOJeJIH

l'opa3no Oonee MHMPOKO HCIONB3YIOT ONMUCAHUS TOBEACHUS MPOTPAMMHBIX CHCTEM B BUJEC
KOHEYHBIX  aBTOMaTOB  WJIM  MX  paclIMpeHudl  —  pacIIUpPeHHbIX, OECKOHEYHBIX,
B3aUMOJICHCTBYIOUIUX, UEPAPXUUECKUX aBTOMATOB, CUCTEM MEPEXOJIOB U T.]I.

VY Bcex BUJ0B aBTOMATOB UMCKOTCS COCTOSAHUA U IICPEXOABI. COOTBGTCTBGHHO, JJIs1 BCEX BUIOB
ABTOMAaTOB MOKHO OIIPCACIINTD CICAYIOINE METPHUKHU ITOKPBITHUA.

Mempuxa nokpvimus cocmosiHuti — A0JS TeX COCTOSHUM, B KOTOPBIX CHCTeMa MoObIBajIa BO
BpeMsl TECTUPOBAHUS, 10 OTHOIIEHHUIO K KOJIMYECTBY BCEX JOCTUKUMBIX COCTOSTHUH.

Mempuka noxpvimus nepexo008 — IOJIs IEPEX0JI0B, BHIOJIHEHHBIX BO BpeMs TECTUPOBAHUS,
10 OTHOILIEHUIO K YHCITY BCEX JOCTHKUMBIX MEPEXO0JI0B.

Mempuka nokpolmus yenouex nepexo008 Onunbl k — 10151 BBIIOJHEHHBIX PU TECTUPOBAHUH
[[EMOYEK MOCIIEIOBATEIBHBIX MEPEX00B TUHBI K 10 OTHOMIEHUIO K 00IIEMY KOJTHYECTBY
JOCTUKHUMBIX LIETIOYEK MOCIeI0BaTeNIbHBIX EPEXO0I0B ATTUHBI K.

HaHpI/IMep, JJIs1 KOHEYHOI'O aBTOMara, H306pa)I(CHHOl"O HHUKEC, JOCTATOYHO BBIIIOJHUTH LCIIOYKY

BX0JI0B abb, 4TOOBI MOOBIBATH BO BCEX COCTOSIHUSIX. [[OKpBITHE MTepexo10B pu 3TOM OyIeT paBHO
Tonbko 3/8 =37.5%.

UToOBI IOKPHITH BCE MTEPEXO0/IbI, MOXHO BEITIOJHHUTH IETTOYKY bbabbaaa. [TokpeiTre map
MocJe10BaTeIbHbBIX EPEX010B MpH 3TOM paBHO 7/16 = 43.75%.

[TokpbIThIe TApBI OCTIENOBATENbHBIX NTepexoa0B: 0=aa, 0-ab, 0-ba, 0=bb, 1-aa, 1-ab, 1-ba, 1-bb,
2-ad, 2-ab, 2-ba, 2-bb, 3-aa, 3-ab, 3-ba, 3-bb.

B onmcannm paciimpeHHBIX aBTOMATOB YYaCTBYIOT IPEIUKATHI-OXPAaHHBIC YCIOBHS MIEPEXO0B.
[ToaTomy mpu onpeneneHn METPUK MOKPBITHS ISl pACIIMPEHHBIX aBTOMATOB MOXHO

HCIIOJIb30BATh TE YK€ TIOJIXOIBI, YTO ¥ JUISI ONPEICIICHUS] METPHK TIOKPBITHS YCIIOBUH, X
xoMmOuHanmii u MC/DC.
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