[Tnan-Koncnekr ypoka no TectupoBanuto u otiaake [10

Tema BBenenune
1.1 TectupoBaHue Kak 3JIEMEHT KM3HEHHOTO 1uKIiIa [10
Hens: CdopmupoBaTh TMpeACTaBICHUE COACPKAHUHU, LEIIX M 33jJadyax y4eOHOM
TUCITUTUINHBIL, € poiu B (hopmMupoBaHuM TPodHeCcCHOHATHHBIX KOMIIETCHIIMA OymyIIero
crienraicta [1o3HAKOMHUTH ¢ 0a30BBIMH TEOPETUUCCKUMU MOHITUSMH, KOTOPBIE JIeXKAT B
OCHOBE OTJIQJIKU ¥ TECTHPOBAHUS MPOTPAMMHOTO 00€CIICUEHUSI.
3agaum.

1) obpazosamenvhule:
-Hay4YUTh BBICKa3bIBaTh oOOIIEe CYXKICHHWE O COACpPKaHWM, IeNIX M 3aaadax
JTUCIMILTAHBL;
-HayYUTh  PYKOBOJICTBOBATHCS  XapaKTCPUCTHKAMH  COBPEMEHHBIX  CHCTEM
IPOrPaMMHUPOBAHUS TIPH BEIOOPE CPEACTB PeaTU3AINH TTPUKITATHBIX 3a7ad.
2) paszsusarowue:
- CIIOCOOCTBOBATH PA3BUTHIO UCCIIEOBATEIBCKUX CIIOCOOHOCTEN yUaluXCsl;
- crmoco0CTBOBaTh (POPMUPOBAHNIO YMEHUHN aHAIM3UPOBATh, CPAaBHUBATH, 00001IATH
U JICNIaTh BBIBOIBI 11O TIOJYYCHHOMY MaTepHaly;,
3) 6ocnumamenvhvle:
- BOCITUTBIBATH IIEHHOCTHBIC OTHOIICHHS K HAYYHOMY 3HAHHIO;
- aKTHBHM3UPOBATH IIO3HABATEIIbHBIN HHTEPEC K HAYIHOH JTUCIUTUIHHE;
- CIIOCOOCTBOBaTh (POPMHUPOBAHUIO JOOPOKEIATEIBHBIX B3aUMOOTHOIICHHHA JIPYT C

ApYrom;
Xonx ypoka

1. Opranu3anMOHHBIA MOMEHT
[IpoBepka OTCYTCTBYIOIIMX, BBIACHEHHME MPUYUH OTCYTCTBUS M  YPOBEHb
MOATOTOBJICHHOCTH YUYalIUXCs K 3aHSTHIO.
2. AxTyanu3zaunus ONOPHbBIX 3HAHUH
3. M3yuenue HOBOTO MaTepuaia
KauecTtBO  mporpamMmHOro  mpoAyKTa  XapakTepuzyeTcss HaOOpOM  CBOWCTB,
ONPEAEIISIIOIINX, HACKOJIBKO NPOAYKT "XOopou" ¢ TOYKH 3pEHHUS 3aNHTEPECOBAHHBIX CTOPOH,
TaKMX KaK 3aKa3yuKk MPOAYKTa, CIOHCOP, KOHEYHBIM TMOJb30BaTellb, pPa3pabOTUYUKU U
TECTUPOBILUMKN TPOAYKTA, WHXKEHEPHI MOANEPKKH, COTPYIHHUKH OTAEJIIOB MAapKETHHIA,
o0yuenus: u npoAax. KaxxpIii 13 y4aCTHUKOB MOKET UMETh Pa3IM4YHOE MPEACTABICHUE O
IPOAYKTE U O TOM, HACKOJIBKO OH XOPOLI WJIM IUIOX, TO €CThb O TOM, HACKOJIBKO BBICOKO
Ka4yecTBO MPOAyKTa. TakuM 00pa3oM, MOCTAaHOBKA 3a7aun 00eCIeUeHHs KaueCTBa MPOIyKTa
BBUIMBAETCS B 3aJady OIpPEACNICHUs] 3aUHTEPECOBAHHBIX JIMI, UX KPUTEPUEB KadecTBa U
3aT€M HAaxOXKJEHUS ONTHUMAJIBHOIO PEIICHHS, YIOBJIETBOPSIOMIETO 3THM KPUTEPHUSIM.
TectupoBanue sSBISETCS OAHUM U3 HaMOOJEE YCTOABIIMXCA CIIOCOOOB oOecredeHus
KauecTBa pa3padOTKH MPOrPAaMMHOTO OOECTeUYeHHs] W BXOAWT B HA00p A()PeKTUBHBIX
CPEICTB COBPEMEHHOW CUCTEMBbI 00ECIIEUeHHS KaueCTBa MPOTPaMMHOTO MPOYKTa.
C TexXHMYECKOM TOYKHM 3PEHHUS TECTUPOBAHME 3AKIIOYACTCS B  BBINOJHEHUU
OPWIOKEHUS HAa HEKOTOPOM MHOXECTBE HCXOJHBIX JAaHHBIX W CBEPKE IOJIy4aeMbIX
pE3yJIbTaTOB C 3apaHEe M3BECTHBIMM (3TAJOHHBIMM) C LIEJIbIO YCTAHOBUTH COOTBETCTBHE



Pa3JINYHBIX CBOMCTB M XapaKTEPUCTHUK IIPUIIOKEHMS 3aKa3aHHBIM cBoMcTBaM. Kak onHa u3
OCHOBHBIX (a3 mpoliecca pa3pabOTKK MpOrpaMMHOTO mpoaykra ([uzaiiH npunoxeHus -
Pa3pabotka xona - TectupoBanue ), TECTUPOBAHUE XaPAKTEPU3YETCS JOCTATOYHO OOJBIINM
BKJIAJIOM B CYMMAapHYIO TPYIOEMKOCTh pa3paboTku mnpoaykra. [llupoko u3BecTHa olleHKa
pacmpesieieHus] TPYAOEMKOCTH MexXay ¢dazaMu co3gaHusl mporpaMMHoro npoaykra: 40%-
20%-40% (Puc. 1 1), u3 dero cuemyer, uyTto HauOONBIWIUKA 3(PPEKT B CHIKEHUU
TPYJOEMKOCTH MOKET OBITh MOJIy4eH Mpexkje Bcero Ha (pazax Design u Testing. [ToaTomy
OCHOBHBIC BIIOKEHHS B aBTOMATHU3AIMIO HIJIM TEHEPAIMI0 KOJa CJIEIyeT OCYLIECTBIATD,
npexjae Bcero, Ha 3TMX (azax. XoTS B  COBPEMEHHOM  HHIYCTPUAILHOM
MPOrpaMMHUPOBAHUK aBTOMATHU3AIMS TECTUPOBAHUS SBIISIETCS HIMPOKO PACIPOCTPAHEHHOMN
NPAKTHKOM, B TO € BPEMs TEXHOJOTHUS Bepu(UKAINK TPEOOBAHUN U CHEIU(PUKAIIUIN TTOKa
JieaeT TOJIbKO CBOM MEpBbIe IIaru. 3ajaueit Onkaiiiero OyayIiero sBiseTcs ABMKCHUE B
CTOPOHY Takoro pacmupeneneHus TpyaoeMkocTH (60%-20%-20% (Puc. 1 2)), 49ToOsI
CyMMapHas LleHa OOHapy>KeHHUs OOJBIIMHCTBA 1€(PEKTOB CTPEMUIIACH K MUHUMYMY 3a CUET
oOHapyXeHHs] NPEUMYILECTBEHHOTO 4MciIa Ha Haubosnee paHHUX (a3ax pa3paboTKu
IPOrPaMMHOTO MPOIYKTA.

Otnagka (debug, debugging) — mporecc moWCKa, JOKaIU3alUHd M HCIPABICHUS
ommbok B mporpamme [ 9 | [IEEE Std.610-12.1990].

Tepmun " ommaaka " B OTEYECTBEHHOW JIUTEPATYpPE HCMOJIB3YETCS JBOSIKO: IS
0003HaUEHUA AaKTUBHOCTU IO TIOMCKY OIMMOOK (COOCTBEHHO TECTUPOBAHHE), 10
HAXO0XKJICHUIO TPUYNH WX TOSIBICHUS W UCTIPABICHUIO, WM aKTUBHOCTH T10 JIOKAIU3AINH U
UCITPABJICHUIO OIIHUOOK.

TectupoBanre obOecrieurBaeT BBISIBJICHHE (KOHCTATallUi0 Hamu4usi)  (aKkToB
pacxoxaeHui ¢ TpedboBaHUSAMU (OLIMOOK).

Kak mnpaBunmo, Ha (ase TecTUpOBaHHMS OCYILECTBISCTCS U  UCIpPaBIICHUE
UIACHTU(ULIMPOBAHHBIX OMIMOOK, BKIIIOYAIOIIEE JIOKAIM3ALUI0 OIIHOOK, HAXO0XKJICHHE
OPUYUH OMIMOOK M COOTBETCTBYIOIIYIO KOPPEKTHPOBKY IIPOrpaMMbl TECTHPYEMOTO
npwioxenus: (Application Under Testing (AUT) wumu Implementation Under Testing
(1uT)).

Ecnu mporpaMMa He COJAEPKUT CMHTAKCHMYECKHX OLIMOOK (IpOoLUIa TPAHCISLUIO) U
MOKET OBITh BBHIMOJHEHA Ha KOMIIBIOTEpPE, OHA 005S3aTeIbHO BBIYUCISET KaKylO-ITHOO
(GYHKINIO, OCYIISCTBISAIONIYI0 OTOOpakK€HHWE BXOJHBIX JJAHHBIX B BBIXOJHBIC. OTO
03HAYaeT, YTO KOMIIBIOTEP HA CBOUX pecypcax JAOONpeAesseT YaCTUYHO OIpeleTICHHYIO
nporpaMMoil (YHKIIMIO 10 TOTaJdbHOW ompeneneHHOCTH. CremoBaTenbHO, CYIUTh O
NPAaBWJIBHOCTH WJIM HENPABWJIBHOCTH PE3YJbTaTOB BBINIOJHEHUS NPOrpaMMbl MOKHO,
TOJILKO CpaBHUBAs CIENU(UKALNIO KeTaeMol (PyHKIIMM ¢ pe3yibTaTaMy €€ BBIYHCICHUS,
YTO U OCYIIECTBIISETCS B MPOIIECCE TECTUPOBAHMSL.

TectupoBanue pa3fensioT Ha CTATHYECKOE U TUHAMUYECKOE:

CraTudeckoe TECTUPOBAaHWE BBIABIACT (QOPMAIBHBIMH METOJAaMU aHanu3a 0e3
BBIMIOJIHEHUSI TECTUPYEMOM MpOrpaMMbl HEBEpHbIE KOHCTPYKIMHM WM HEBEpHBIC
OTHOIICHHUSA OOBEKTOB MPOrpaMMbl (OMHKOKKM (OPMATBHOTO 3aJaHUs) C IOMOIIBIO
CHeIHaIbHBIX HHCTPYMEHTOB KOHTpouis koja — CodeChecker.

n



Jlunamuyeckoe TecTupoBaHue (COOCTBEHHO TECTUPOBAHUE) OCYIIECTBIISET BBISBIICHNE
OIMUOOK TOJILKO Ha BBIMOJHSIOUICHCS MporpaMMe C T[OMOINbIO  CHEIUATbHBIX
MHCTPYMEHTOB aBTOMaTu3aiuu trectupoBanus — Testbed [ 9 | unu Testbench.

OTcroza BEIBO:

TectupoBaHue MporpaMMbl Ha BCEX BXOJHBIX 3HAUEHUSAX HEBO3MOXKHO.

HeB0o3M0XHO TeCcTHpOBaHME U Ha BCEX MYTHX.

CrnenoBatenbHO, HAJ0 OTOMPATh KOHEUHBI HAOOP TECTOB, MO3BOJISIONIMI MPOBEPUTH
IporpaMMy Ha OCHOBE HAIIMX HHTYUTHUBHBIX MPECTABICHUN

TpebGoBaHue Kk TecTam - mporpamMma Ha JI00OM U3 HUX JIOJDKHA OCTAHABIMBATHCS, T.€.
HE 3allUKJIMBAThCsA. MOXHO JI 3apaHee rapaHTUPOBAaTh OCTAHOB Ha JIIOOOM TecTe?

B Teopun anropuTMoB 0OKa3aHO, YTO HE CYHIECTBYET OOIEr0o METOMAA IS PEIIeHUs
ATOrO0 BOMNPOCA, & TAaKXKe BOMPOCA, JOCTUTHET JU IMporpaMma Ha JaHHOM TECTE 3apaHee
(MKCHUPOBAHHOIO OMEpATOpA.

4. TloxpBeneHue UTOTOB, pedaeKcHs
[TocmoTpuTe Ha OCTaBICHHYIO IIEpe]l BaMu 1ienb ypoka. [loxymaiite, qocTurayra iu
OHa BaMHU JUYHO WU TPYNIoON B menoM. UYTo sl Bac OKa3aloCh TPYIHBIM IS
BOCHPUATHS. BCITIOMHUM OCHOBHBIE TIOHSATHUS U ONIPEIETICHMUSL.

5. JlomamrHee 3amadue.



[Tnan-Koncnekr ypoka no TectupoBanuto u otaaake [10
Tema 1.2 Tunsl npo1eCCOB TECTUPOBAHUS

[enb: ChopMupoBaTh 3HaHUA O TUIAX MPOIIECCOB TECTUPOBAHUS U BepU(DUKAIINH.
3agauu:

1) o0pa3oBaTelbHbIC:

-HAYYUTh BBICKa3bIBaTh OOIIEE CYXICHHE O COJIEpPKAHUM, LEIAX M 3aJadax
JUCIUTUTNHBL

-Hay4YUTh  PYKOBOJCTBOBATbCA  XAapaKTEPUCTHKAMH  COBPEMEHHBIX  CHCTEM
POrpaMMUPOBAHMUS IPU BEIOOPE CPENICTB pealn3aliy MPUKIAAHBIX 3aa4.

2) pa3BHBaroIIKeE:

- CIIOCOOCTBOBATh PA3BUTHUIO UCCIEIOBATENBCKIX CIIOCOOHOCTEHN ydamuxcs;

- CIoco0CTBOBATHh (DOPMUPOBAHUIO YMEHUN aHAIM3UPOBaTh, CPAaBHUBATh, 0000IIATh U
JieaTh BBIBOJIBI 110 MOJIY4YEHHOMY MaTepHualy;

3) BOCIUTATEIbHbIC:

- BOCIIUTHIBATH [IEHHOCTHBIE OTHOIIICHUS K HAYYHOMY 3HaHUIO;

- aKTUBH3UPOBAThH NTO3HABATENIbHBIN HHTEPEC K HAYIHOH AUCIUTUINHE;

- CIIOCOOCTBOBaTh (POPMHUPOBAHUIO JOOPONKEIATEIbHBIX B3aUMOOTHOLIEHUHN JPYr C

APYTOM,
Xon ypoka
1. Opranu3alMOHHbBIII MOMEHT

[IpoBepka OTCYTCTBYIOIIMX, BBIICHEHHE TPUYMH OTCYTCTBUS U  YPOBEHb
HOJIFOTOBJIEHHOCTH YYalUXCs K 3aHATHIO.

2. AKTyanu3aiys ONOpHbIX 3HaHUHN

3. N3yyeHnue HOBOro marepuana

[Ipu nomaroBoM BBINIOJIHEHUH TTPOTPAMMBI KOJI BBIITOJIHSETCS CTPOUYKA 3a CTPOUYKOM. B
cpene Microsoft Visual Studio.NET B03MOXHBI clieIyronMe KOMAaHJIbl MOIIAroBOr0
BBITMIOJTHEHHUS

Step Into — eciu BeIMOTHSIEMAst CTPOYKA KOJIa COJAEPIKUT BBI30B (DYHKITUH, TTPOLIETYPhI
WIM METOJa, TO MPOUCXOAUT BHI30B, U MpPOTpaMMa OCTAHABIIMBAETCS HA MEPBOW CTPOUKE
BbI3bIBaeMOM (DYHKIIUH, TPOLIEAYPHI MU METO/A.

Step Over - ecnu BIMOMHSIEMAas CTPOUYKA KOJA COJAEPKUT BbI30B (DYHKITUH, MTPOLIETYPHI
WIA METO/Ja, TO TPOWCXOJUT BBHI30B M BHIMOJIHEHHE Bcel (yHKIMM W TporpaMma
OCTaHaBJIMBAETCS HA MEPBOM CTPOUKE MOCIE BHI3BIBAEMOMN (PYHKIIHH.

Step Out — nmpeaHa3zHayeHa sl BbIX0Aa U3 (DYHKIIMU B BBI3BIBAIOIIYIO (DYHKIIMIO. DTa
KOMaH/1a MPOJIOJKUT BBIMOJHEHNE (PYHKIMU U OCTAHOBUT BBINOJIHEHHUE HA MEPBOM CTPOUKE
TocJie BBI3BIBAEMOU (PYHKIIHH.

[TomaroBoe BBHITIOJHEHHE 10 CUX TOP SIBISETCS MOIIHBIM METOJIOM aBTOHOMHOTO
TECTUPOBAHUS U OTJIAKU HEOOJIBIINX MPOTPAMM.

Brinmonnenue ¢ 3akazaHHbIMU ocTaHoBKamM (breakpoints), ananuzoMm Tpacc (traces)
WJIM COCTOSIHUM MaMsATH - 1amMmoB (dump).

[Ipumep BBITIOMHEHUS MPOTPAMMBI C 3aKa3aHHBIMH KOHTPOJIBHBIMH TOYKAMH |
aHaJIM30M TPACC U JaMIIOB

Kontponbhas touka (breakpoint) — Touka mporpaMmsl, KOTOpas MPU €€ JTOCTHKEHUU
NOChIIAaeT OTNIaauuKy curHai. [lo sTomy curhamy iuO0 BpEMEHHO MPUOCTAHABIMBAECTCS



BBITIOJIHEHUE OTJAXUBAEMOW TMpOTpaMMbl, JHOO 3alyckaercs mporpamma "areHrt",
buKcHUpylolas COCTOSTHUE 3apaHee OINMpPEAeNICHHbIX MEPEeMEHHBIX WM 00JlacTel B JTaHHBIN
MOMEHT.

Korma BbIlONIHEHHE B KOHTPOJIBHOM TOYKE MPUOCTAHABIMBACTCS, OTJIaKUBacMas
nporpaMma InepexoauT B pexkuMm octaHoBa (break mode). Bxog B pexum octaHoBa He
IpephIBacT W HE 3aKaHYMBACT BBITIOJHEHUE MPOTPaMMbl U TO3BOJSET AHATU3UPOBATH
COCTOSIHME OTJIEIbHBIX MEPEMEHHBIX WIM CTPYKTYp AaHHBIX. Bo3BpaT u3 pexxuma break
mode B pPEXHUM BBHIMOJIHEHUS MOXET MPOM30UTH B JIIOOOM MOMEHT MO KEJIaHHUIO
M0JIb30BATES.

Korma B KOHTpPOJBHOM TOYKE BBI3BIBACTCS IIporpamMMma "areHT"', OHa TOXe
NPUOCTAHABIMBACT BBINOJHEHUE OTJIAKUBAEMOM NPOrpaMMbl, HO TOJIBKO Ha BpeMms,
Heo0xoauMoe JUisl PUKCALIMK COCTOSTHUSI BHIOPAHHBIX MIEPEMEHHBIX WM CTPYKTYp JTaHHBIX B
CHEUMAJIbHOM 3JIEKTPOHHOM KypHaine - LoOgQ-daitie, mnocie dYero mnpoucxoauT
aBTOMATUYECKUI BO3BPAT B PEXKUM HCIOTHEHUSI.

Tpacca - 3T0 "coxpaHeHHBIM MyTh " Ha yNpaBIsAOLIEM rpade MNporpaMmmsl, T.€.
3a(pUKCUPOBAaHHBIC B KypHAJIE 3allMCH O COCTOSHHUAX MEPEMEHHBIX B 3aJaHHBIX TOYKaxX B
XOJI€ BBIIIOJIHEHUS IPOTPaAMMBI.

Hanpumep: Ha Puc. 2.1 ycnoBHO wu300pakeH ympaBisomuil rpad HEKOTOPO
nporpammel. Tpacca, mpoxossmias yepe3 Bepmmnbl 0-1-3-4-5 3adukcuposana B Tadm. 2.1.
Ctpoku Tabnuupbl OTOOpakaroT BEPLIMHBI YOPABIAIOLMIErO TIpada MOporpaMMbl, HIU
breakpoints, B KOTOpbIX (PUKCHPOBAINCH TEKYIIWE 3HAUEHHUS 3aKa3aHHBIX MOJb30BATEIEM
NEPEMEHHBIX.

VYrpasnstomuii rpad mporpaMmbl

Puc. 2.1. Yopasnstomuii rpad mporpamMmsl

Tabnuua 2.1. Tpacca, NPoX04AWanA Yepes BepwkHel 0-1-3-4-5
NC BeplMHbI- 3HaueHne NepeMeHHol  3HAueHWE NepeMeHHDl  3JHaueHWe NepeMeHHDl  3HaueHHe NepeMeHHOH
onepatopa X z n i

He ZatMKCMpoBaHo
He ZahMKCMpoBaHo
1
2

L2 TR SR PR
[T TR PR Y
L P
(S ST S SE X

He za(MKCMpOBaHO

Jlamn — o0nacTh MaMATH, COCTOSTHUE KOTOPOI (PUKCUPYETCS B KOHTPOJIBHOM TOUKE B
BUJIE €AMHOIO MACCUBA WIM HECKOJIbKMX CBS3aHHBIX MaccuBOB. lIpu aHamuse, KOTOpBIH



OCYIIECTBIISIETCS TOCTE BBIMOJHEHHUsI Tpacchl B pexume off-line, cocrosHus gammna
CTPYKTYPUPYIOTCS, M BBIJICJICHHbIE O0JACTH WJIM TIOJII CPAaBHUBAIOTCS C COCTOSIHUSIMH,
NpeIyCMOTPEHHBIMU crienudukanueii. Hampumep, npu MOAEIMPOBAHUU TOBEACHUS
YIOPABJISIONIMX POrpaMM KOHTPOJUJIEPOB B BHUJE Aamia (PUKCUPYIOTCS 00JacTh oOUuX U
CHEIHMAIbHBIX PETUCTPOB, WX LieJble 00JacTH ONEPaTUBHOM MaMsITH, COCTOSHUS KOTOPOU
ONPEAEIISIET ANTOPUTM YIIPABICHUS BHELIHEN CPEIOM.

peBepcuBHOE (0OpaTHOE) BhITIOTHEHHUE (reversible execution)

OOpaTHOE BBINOJIHEHUE TPOrPAMMBbI BO3MOKHO MPH YCIOBHHM COXPAHEHUS Ha KaKJIOM
miare MOporpaMmbl BCEX 3HAYCHUM TMEPEMEHHBIX WM COCTOSIHMM MpOTrpaMMBbl ISt
COOTBETCTBYIOIIEH Tpacchl. Torma MmogHUMAasChb OT KOHEYHOM TOYKM TPacChl K JIHOOOH
JIPYTroi, MOXKHO IO IIaram MPOW3BECTHU BBIYMCIICHUSI COCTOSIHUM, IBUTAsiCh OT CJIEACTBUS K
MPUYMUHE, OT COCTOSHUM Ha BBIXOJE MpeoOpa3oBaTelisl JaHHBIX K COCTOSTHUSAM Ha €ro BXO/IE.
EcTecTBeHHO, Takhe BO3MOKHOCTM Mbl noiydaemM B pexume off-line anamuza npu
¢ukcarmu B Log — (aiisie Bceil UCTOpUH BBITTOTHEHUS TPACCHI.

B nporpamme Ha Ilpumep 2.4 ¢ukcupyroTcs 3Ha4eHMs] BCEX IMEPEMEHHBIX IOCTE
BBINIOJIHEHUS KaK/I0T0 OIepaTopa.

/I MeTon BbIUHCISET HEOTPUIIATEIILHYIO

//" cTemeHp n yKcna X

static public double PowerNonNeg(double x,

int n)

{

double z=1;

Console.WriteLine("x={0} z={1} n={2}",

X,Z,n);
if (n>0)
{
Console.WriteLine("x={0} z={1} n={2}",
X,z,Nn);
for (int i=1;n>=i;i++)
{
Z=7*X;
Console.WriteLine(
"x={0} z={1} n={2}" +
"1={3}".x,z,n,i);
¥
¥

else Console.WriteLine(
"Ommubka ! Crenenp" +
" yucna n 1omkHa ObITh OosbIe 0.");
return z;
by
3Has CTPYKTypy VHpaBIsomero rpada mporpaMMbl W HMeEs 3HA4CHHsS BCEX
MEPEMEHHBIX II0CJI€ BBIMOJHEHUS KaXIOro ONEepaTropa, MOKHO OCYIIECTBUTH OOpaTHOE



BBITIOJTHEHUE (HAIpUMEp, B yME), MOJCTAaBIsAs 3HAYEHUS NEPEMEHHBIX B ONEPATOPhl U
JBUTasICh CHU3Y BBEPX, HAUMHAS C MTOCIEAHETO.

HUrak, B mpoliecce TECTUPOBAHUS CpPABHEHHE IPOMEKYTOUHBIX PE3YIbTATOB C
MOJIYYEHHBIMH HE3aBHCUMO STAJIOHHBIMUA PE3YJIbTAaTaMH IO3BOJISET HAWTH MPUYUHBI U
MECTO OIIMOKH, HCHPABUTh TEKCT MPOrPaMMBbI, MPOBECTU IMOBTOPHYIO TPAHCISAIUIO U
HACTPOMKY Ha BBIMOJHEHUE U MPOJOJIKUTH TECTUPOBAHUE.

TecTupoBaHue 3aKaHYMBAETCS, KOT/A BBIMOJIHWIOCH WK "mponuio” (pass) yCHEIIHO
JIOCTAaTOYHOE KOJMYECTBO TECTOB B COOTBETCTBUU C BEIOPAHHBIM KPUTEPHEM TECTUPOBAHUS.

TectupoBanue — 3T10:

[Iponiecc BbimonHeHus [IO cucTeMbl WM KOMIIOHEHTAa B YCIOBUSX aHAJIA3a WIH
3alUCU TOJYyYaeMbIX PE3yJIbTaTOB C IEJIbI0 MPOBEPKU (OIEHKH) HEKOTOPHIX CBOMCTB
TECTUPYEMOT'0 00BEKTA.

The process of operating a system or component under specified conditions, observing
or recording the results, and making an evaluation of some aspect of the system or
component[ 9] .

[Ipouecc ananuza nmyHkra TpedboBanuil k 110 ¢ menbro Qukcanuu pazinyuil MEXIy
cymectBytomumM cocrosiuueM [IO u TpeOyembIM (UTO CBUIETENBCTBYET O MPOSBICHUU
OIIHMOKH ) NP SKCIIEPUMEHTATBHOM MPOBEPKE COOTBETCTBYIOIIETO MYHKTa TPEOOBaHUM.

The process of analyzing a software item to detect the differences between existing
and required conditions (that is, bugs) and to evaluate features of software items [[IEEE
Std.610-12.1990],[ 9] .

KoHTponupyemoe BBINOJHEHHE MPOrpaMMbl Ha KOHEYHOM MHOYECTBE TECTOBBIX
JAHHBIX M aHAJM3 PE3YJIbTaTOB ATOTO BHIMOMHEHHS i1 moucka ommbok [[EEE Std 829-
1983].

Peanuzanust TecTUpoBaHuUs pa3ielisieTcsl Ha TP dTana:

Co3nanne TtectoBoro HabOopa (test suite) mnyremM pydyHOW pa3pabOTKU WU
aBTOMATHYECKOM reHepaluu i KOHKPETHOM Cpelibl TeCTUpoBaHus (testing environment).

[Iporon mporpaMmMbl Ha TeCTax, YIpPaBIsieMbIii TECTOBHIM MOHUTOpPOM (test monitor,
test driver [IEEE Std 829-1983], [ 9 ] ) ¢ mnoay4eHHeM TPOTOKOJIA PE3YJIbTATOB
TectupoBaHus (test log).

OreHka pe3ynbTaTOB BHITIOJIHEHUS MTPOrpaMMbl Ha HA0OPE TECTOB C IENbIO MPUHSITHUS
pelIeHust 0 MPOJAOJIKEHUN UIIK OCTAHOBKE TECTUPOBAHMUS.

OcHoBHasi mpoOiieMa TECTUPOBAHUSI - OMpPENENIEHWE JIOCTATOYHOCTH MHOXKECTBA
TECTOB JIJIi WCTUHHOCTH BBIBOJIAa O NPABUJIBHOCTU peaju3alliy IMPOTpaMMbl, a TaKkKe
HAXOXKJEHUSI MHOKECTBA TECTOB, 00JIaJA0IIEr0 STUM CBOHCTBOM.

/* OYHKIMS BBIYUCISET HEOTPUIATEIBLHYIO

CTEIEeHb N yucia x */

1 double Power(double x, int n){

2 double z=1; int;

3 for (i=1;

4 n>=i;

5 i++)

6 {z=z*x;} /* Bo3spar B m.4 */

7 return z;}



2.6. ITpumep npocToii mporpammel Ha A3bIke C#

VYupasnstomuid rpad nporpammel (YI'TI) Ha Puc. 2.2 oToOpaxaeT MOTOK ynpaBiieHUs
nporpammsel. Hymepanus y310B rpaga coBmaaetr ¢ HyMepalueil CTpoK NporpaMMsbl. Y 3J1bI
1 u 2 ne BrimouarTcs B YI'TI, mockoiabky 0TOOpa)kar0T CTPOKU OMUCAHUM, T.€. HE COIepkKaT
YIPaBJISIOMINX OMEPaTOPOB.

VYpasnstomuii rpad nporpaMMel

VYopasnstomuit rpad nporpammsl (YITI) — rpadp G(V,A), rne V(VI,... Vm) —
MHOXECTBO BepiinH (omeparopoB), A(Al,... An) — MHOXeCTBO Iyr (yHpaBJICHHI),
COCUHSIONINX ONEePaTOPhI-BEPIIUHBI.

[TyTh — mocnenoBaTenbHOCT BepiuH U ayr YI'TI, B koTopoii mobas 1yra BRIXOAHUT U3
BepIIMHbBI Vi U NPUXOAUT B BepiuuHy V], Hanpumep: (3,4,7), (3,4,5,6,4,5,6), (3.4), (3,4,5,6)

BerBs — myts (V1, V2, ... Vk), rne V1 - nubo nepBsIii, 1100 YCIOBHBINA OMEpaTop
nporpammsl, Vk - 1100 yclIOBHBIN onepatop, 1100 onepaTop BbIXOJa U3 MPOTPaMMBI, a BCE
OCTaJIbHbIE omepaTopbl — Oe3ycnoBHble, Hampumep: (3,4) (4,5,6,4) (4,7). Ilyrwm,
pasznuyaronecss X0oTs Obl YHUCIOM MPOXOXKICHUN IUKJIA — pa3HbIe MyTH, TO3TOMY YHUCIIO
nyTed B IporpaMMe MOXKET ObITh HE OTpaHUYe€HO. BeTBU - TUHEHHbIC YY4aCTKU MPOTrPaMMBbl,
UX KOHEYHOE YHCIIO.

CylecTBYIOT pealin3yeMbIE€ U HEpeaau3yeMble MyTH B MPOrpaMMe, B HEPEATU3yEMbIC
MyTH B OOBIYHBIX YCIOBUSIX MOMACTh HEB3S.

float H(float x,float y)

{
float H;

1 if (x*x+y*y+2<=0)

2 H=17;

3 else H = 64,

4 return H*H+X*X;

¥
2.7. llpumep onucanust GyHKIMH C PEATHM3yEMbIMHA U HEPEATN3yEeMbIMU Iy TSIMU
float H(float x,float y)

{

float H;
1 if (x*x+y*y+2<=0)



2 H=17;

3 else H =64,

4 return H*H+X*X;

¥

2.7.1. Ilpumep onmcanus PyHKITUHU C peaTu3yeMbIMHU M HEPEATNU3yEeMbIMH MMy TSIMH

Hanpumep, ans ¢yukumu Ilpumep 2.7 myts (1,3,4) peammsyem, nyts (1,2,4)
Hepean3yeM B YCIOBHUSX HOpMaJIbHOM paboThl. Ho mpu cOosX naxke Hepeaau3yeMblil yTh
MOKET Peaan30BaThCA.

OcHOBHBIE POOJIEMBI TECTUPOBAHMUS

PaccmoTpum 1Ba mpuMepa TECTUPOBaHHUS:

[Tycts mporpamma H(x:int, y:int) peann3oBaHa B MamuHe ¢ 64 pa3psiIHBIMA CIIOBAMH,
TOT'/Ia MOIIIHOCTh MHOKeCTBa TecToB ||(X,Y)[|=2**128

DTO 03HAYaeT, YTO KOMIBIOTEpY, pabdoTaronieMy Ha yactoTe 11T, 1 mporoHa 3Toro
Habopa TecToB (MPU YCIOBUHU, UTO OJUH TeCT BbinoiHseTcs 3a 100 komana) norpedyeTcs ~
3K ner.

Ha Puc. 2.3 npuBeneH ¢parMeHT CXeMbl MPOrpaMMbl YIPaBJICHUS CXBATOM po0OTa,
IJie UHTEPBaJ MEXy MOMEHTaMU CpadaThIBaHUs CXBaTa HE OMPEJIEIICH.

OTOT TpUBHAIBHBIA HOpuUMep TpeOdyeT MporoHa OECKOHEYHOT0 MHOXKECTBA
MOCJIEIOBATEIbHOCTEW BXOJHBIX 3HAUEHHUI C pa3HBIMU MHTEpBajaMu cpadaThIBaHUs CXBaTa
(ITpumep 2.8).

4, [TonBenenuie UTOroB, pedaekcus

[TocmoTpuTe Ha OCTABJIEHHYIO MEPEN BaMU Liedb ypoka. [logymalite, nocturuyra iau
OHAa BaMH JIMYHO U Tpynmnou B uejaom. YTo mJig Bac 0Ka3ajaoCh TPYIAHBIM ISl BOCIIPUSTHS.
BcrnoMHUM OCHOBHBIE OHATHS M OITPEIEIICHUS.

5. JlomariiHee 3agaHue.



[Tnan-Koncnekr ypoka no TectupoBanuto u otiaake 110
Tema 1.3 Kputepuu Bb10Opa TECTOB

Lens: CdopmupoBarh TMOHATHE O TPEOOBAHUAX K HJCANBHOMY KPHUTEPHIO.
CdopmupoBaTh 3HaHUSI O KJIaccax KpUTEpHEB BbIOOpa TecToB. JaTh MOHSATHE OO OILICHKE
MOKPBITHS POTPaMMBI U ipoekTa. CHopMUPOBATH TIOHITHE O TECT TPEOOBAHUSIX.

3anauu:

1) oOpaszoBaTesbHbIE:

-Hay4YUTh BBICKA3bIBaTh O0OIlEe CYXJACHHE O COJICpPKaHWM, IeNaX M 3aJadax
JUCIUTUTNHBL

-HAYYUTh  PYKOBOJICTBOBATHCS ~ XapPaKTEPUCTUKAMH  COBPEMEHHBIX  CHCTEM
IPOTPAMMHUPOBAHWSI IPX BEIOOPE CPENICTB peaTn3alliy MPUKIATHBIX 3a7a4.

2) pa3BHBaroIIKeE:

- CITIOCOOCTBOBATh PA3BUTHIO UCCIIEIOBATENBCKIX CIIOCOOHOCTEHN yJamuxcs;

- CIOCOOCTBOBATh (POPMUPOBAHUIO YMEHUM aHAIU3UPOBATh, CPABHUBATH, 0000IIATh U
JIeaTh BBIBOJIBI 11O TTOJIYY€HHOMY MaTepHaly;

3) BOCIUTATEIbHbIC:

- BOCIIUTHIBATDH [IEHHOCTHBIE OTHOIIICHUS K HAYYHOMY 3HaHUIO;

- aKTUBHU3UPOBATH MTO3HABATEIBHBIA HHTEPEC K HAYYHOUN JUCIHUILINHE;

- cnocoOCTBOBaTh (POPMHUPOBAHUIO JOOPOXKEIATECIBHBIX B3aUMOOTHOIIEHUN JPYT C

JIPyToM;

Xonx ypoka
1. OpraHu3aimoOHHBI MOMEHT
[IpoBepka OTCYTCTBYIOIIMX, BBIACHCHHE TMPUYMH OTCYTCTBUS M  YPOBCHB

MOTOTOBJICHHOCTH YUalTUXCs K 3aHSTHIO.

2. AKTyanu3anusi OOPHBIX 3HAHUI

3. N3ydeHne HOBOTO Marepuala

TpebGoBaHus K UA€ATLHOMY KPUTEPHIO ObUTH BBIIBUHYTHI B padote [ 11 ]:

Kpurepuit mosokeH ObITH JOCTATOYHBIM, T.€. TIOKA3bIBAaTh, KOT/Ia HEKOTOPOE KOHEUHOE
MHOKECTBO T€CTOB JJOCTATOYHO JIsl TECTUPOBAHUS JAHHOUW MPOTPAMMBI.

Kputepuii momkeH ObITH MOTHBIM, T.€. B CIy4ae OIMMUOKU JOJDKEH CYIIeCTBOBATH TECT
13 MHOKECTBA TECTOB, YIOBJICTBOPSIONINX KPUTEPHIO, KOTOPBIN pacKphIBAacT OIIHOKY.

Kpurepuit nomkeH OBITb HaAJASKHBIM, T.€. JIOOBIE JBa MHOXECTBA TECTOB,
YIOBJIETBOPSIONINX €My, OJHOBPEMEHHO JIOJDKHBI PACKPBIBATh MM HE PACKPBIBATH OITMOKHU
IPOTPaMMBI

Kpurepuit 1omkeH ObITh JISTKO IPOBEPSEMBIM, HAIIPUMED BBIYUCISIEMBIM Ha TECTaX

JI71s1 HeTpUBHUANIBHBIX KJIACCOB MPOrPAMM B OOIEM Cy4yae HE CYHIECTBYET MOJIHOTO U
HAJIS)KHOTO KPUTEPHS, 3aBUCSIIIETO OT MPOTpaMM WIIH CTICTIH(UKAIIHIA.

[ToaTOMYy MBI CTpEMUMCS K HICATEHOMY OOIIIEMY KPUTEPHIO Yepe3 peaslbHbIE YacTHHIC.

Kunaccer kputepuen

CTpyKTypHBIE KPHUTEPUU WCIOIB3YIOT HWHOOPMAIUI0O O CTPYKTYpE MPOTPAMMBbI
(kpuTepuu Tak HazbIBaeMoOro "0esoro smuka')

OyHKIIMOHAIBHBIE KpUTepun (HOPMYTUPYIOTCS B ONUCAaHWUU TpPeOOBaHUN K
POTpaMMHOMY U3JEIHI0 ( KPUTEPUH TaK Ha3bIBAEMOI0 "4epHOro suka' )



Kputepun ctoxacTMueckoro TeCTHUpOBaHHs (POPMYIUPYIOTCS B TEPMHHAX MPOBEPKHU
HaJIW4Msl 3aJaHHBIX CBOMCTB y TECTHPYEMOIO IIPWIOKEHMS, CPEIACTBAMU IPOBEPKHU
HEKOTOPOU CTATUCTUYECKON TUIIOTE3BI.

MyTanvoHHbIE KPUTEPUH OPUEHTHPOBAHbI HA NPOBEPKY CBOMCTB MPOrPaMMHOIO
u31enus Ha OCHOBE noaxona Moure-Kapiio.

CrpykTypHble KpuTepuu (kiacc I).

CTpyKTypHBIE KPUTEPUU HCIOJIB3YIOT MOJIETh MpOorpaMMbl B Buje "Oenoro smuka',
YTO MPEATNOIaraeT 3HaHUEe UCXOHOTO TEKCTa MPOrpaMMBbl WK CTielU(DUKAIIMHA TPOTPAMMBI
B BHJI€ NTIOTOKOBOTO rpada ynpasienus. CTpykTypHas uHGoOpMalus MOHATHA U JOCTYIIHA
pa3paboTurKaM MOJCUCTEM U MOJYJIEH NMPUIIOKEHUS, IOITOMY JAHHBINA KJIACC KPUTEPUEB
4acTO HCIOJIB3YETCSl Ha JTamax MOMAYJIBHOTO W HHTerpanuoHHoro tectupoBanus (Unit
testing, Integration testing).

CTpyKTypHBIE KpUTEpUU Oa3uMpyroTCsi Ha OCHOBHBIX 3ieMmeHTax YITI, omeparopax,
BETBSIX U MyTSX.

VYcnoBue kputepus TectupoBaHUs KomanAa (kpurepuit CO) - Habop TecToB B
COBOKYIHOCTH JOJDKEH OOECHeUYUTh MPOXOXKACHHE KaKIOH KOMaHAbl HE MEHEE OIHOTO
paza. O1o cnalblil KpUTEpUH, OH, KaK MPaBUIJIO, UCHOJB3YETCSI B OOJIBLIIMX MPOTrpaMMHBIX
CUCTEMAX, i€ APYyTrue KpUTEPUU NPUMEHUTH HEBO3ZMOXKHO.

VYcnoBue kputepus TectupoBaHusi BerBel (kpurepuit Cl) - Habop TecToB B
COBOKYITHOCTH JIOJKEH O0€CHEUMTh MPOXOXKJIEHUE KaKIOW BETBH HE MEHEE OJHOIO pasa.
OTO JOCTAaTOYHO CWJIBHBIM M MPU 3TOM 3KOHOMHUYHBIM KPUTEPHH, IMOCKOJIBKY MHOKECTBO
BETBEU B TECTUPYEMOM MPWIOKEHUM KOHEYHO M HE TaK YK BEIUKO. JlaHHBIA KpUTEpUi
4acTO HCIIOIB3YETCS B CUCTEMAX aBTOMATH3aLMU TECTUPOBAHMSL.

VYcnoBue kputepus TectupoBaHusi mnyted (kpurepuit C2) - Habop TEcTOB B
COBOKYITHOCTH JIOJKEH 00€CHEeYMTh MPOXOKIECHUE KaXJ0ro mytu He meHee 1 paza. Eciu
nporpaMma COAEPKUT LMKI (B OCOOEHHOCTU C HESBHO 3aJaHHBIM YHMCJIOM HUTEpaluii), TO
YHUCJIO UTEpALii OTPAaHUYMBAETCSI KOHCTAHTOM (4acTo - 2, WM YUCIIOM KJIACCOB BBIXOJHBIX
nyTen).

Ha npumep 3.1 nmpuBeneH npumep mpocTord ImporpaMmbl. PaccMOTpuM ycIiloBHS €€
TECTUPOBAHUS B COOTBETCTBUH CO CTPYKTYPHBIMU KPUTEPHUSIMHU.

1 public void Method (ref int x)

{
2 if (x>17)
3 X =17-X;
4 if (x==-13)
5 x=0;
6 }

3.1. [IpumMep mpoCTOM MPOrpamMMebl, IJI1 TECTUPOBAHUS IO CTPYKTYPHBIM KPUTEPHUSIM
1 void Method (int *x)

{
2 If (*x>17)
3 *X = 17-*x;
4 If (*x==-13)



5 *x =0;

6 }

3.1.1. [Ipumep nmpocToil porpaMmel, J1sl TECTUPOBAHUS 110 CTPYKTYPHBIM KPUTEPUAM

TecToBbIil HAOOp U3 OJTHOTO TECTA, YAOBIETBOpsAET KpuTeputo komana (CO0):

(X,Y)={(xBx=30, xBb1x=0) } TOKpBIBAET BCE OMEPATOPHI Tpacchl 1-2-3-4-5-6

TecToBslil HA0OP U3 IBYX TECTOB, yIOBIETBOPsieT KpuTepHto Betsei (Cl):

(X,Y)={(30,0), (17,17)} noGasnser 1 Tect k MHOxkecTBY TecToB st CO u Tpaccy 1-2-
4-6. Tpacca 1-2-3-4-5-6 mpoxoauT Yepe3 Bce BETBH JOCTIDKMMBIE B omepatopax if mpu
ycloBUM true, a Tpacca 1-2-4-6 uyepe3 Bce BETBM, NOCTHXKHUMBIE B omeparopax if mpu
ycinoBuu false.

TecToBblil HAOOP U3 YETHIPEX TECTOB, YAOBIETBOPSET Kputeputo myteit (C2):

(X,Y)={(30,0), (17,17), (-13,0), (21,-4)}

HaGop ycnoBuii 1ist 1Byx onepatopos if ¢ Mmetkamu 2 u 4 npuBejeH B Tadiauna 3.1

Tabmuna 3.1. Yciosus onepatopos if (30,0) (17,17) (-13,0) (21,-4)
21f (x>17) > \le \le >
4if (x==-13)\ne \ne = \ne

Kpurepuit myteit C2 npoBepsieT mporpammy Oosiee THiaTelbHO, yeM kputepuu - Cl,
OJIHAKO Ja)K€ €CIId OH YJOBJIETBOPEH, HET OCHOBAaHUM YTBEPXKIaTh, YTO Iporpamma
peann3oBaHa B COOTBETCTBUU CO CIIELM(PUKALIUEH.

Hampumep, ecnu cnernudukanus 3agaet yciaoue, uyTo |X|<=100, HEBBIOJIHUMOCTH
KOTOPOT0 MOKHO MOATBEpAUTH Ha Tecte (-177,-177). [lelictBuTensHO, oniepaTopsl 3 U 4 Ha
tecte (-177,-177) He usMeHsT Benuuuny Xx=-177 u pe3yabTaT HE OyJeT COOTBETCTBOBATH
crienugpuKaIum.

CTpyKTypHBIE KPUTEpUU HE MPOBEPSIOT COOTBETCTBUE CIEUM(PUKALNU, €CIH OHO HE
OTPaXXEHO B CTPYKType mporpammbl. [10aTOMy mpHu ycrnemHoM TECTUPOBAHUM TPOTPAMMBI
no kputepuiro C2 MBI MOXEM HE 3aMETUTh OIIMOKY, CBSI3aHHYIO C HEBBINOJHEHHUEM
HEKOTOPBIX YCIOBHH crieliupuKaIiy TpeOOBaHUH.

OyukimoHanbHbie kKputepun (kiace 1)

QOYHKIMOHAIBHBI KPUTEPUM - BAKHEUIIMHN I IPOrPaMMHON MHIYCTPUU KPUTEPUI
TecTUpoBaHusi. OH o0OecrneunBaeT, MNPEXAE BCEro, KOHTPOJIb CTENEHU BbINOIHEHUS
TpeOOBaHMI  3aKa3uMka B  OporpaMMHOM  mpoaykre. Ilockonbky — TpeGoBaHus
bopMyIMpYIOTCS K MPOAYKTY B LIETIOM, OHM OTPAKAIOT B3aUMOJACHCTBUE TECTUPYEMOTO
NPWIOKEHUST C OKpyx)eHueM. [Ipu (QyHKIIMOHAIBPHOM TECTUPOBAHUU MPEUMYIIECTBEHHO
UCIIOJIb3yeTCsl Mozienb "yepHoro smuka'. [IpoGrema (QyHKIMOHATBHOTO TECTUPOBAHUS -
3TO, MPEXIE BCEro, TPYAOEMKOCThb;, IO B TOM, YTO JOKYMEHTHI, (DUKCHpYIOIIHE
TpeboBaHUsI K mporpaMMHoMy uszzenuto (Software requirement specification, Functional
specification u T.I.), Kak TMpaBWwiIoO, JOCTaTOYHO OOBEMHBI, TEM HE MEHee,
COOTBETCTBYIOIIAs MPOBEPKA IOJKHA OBITh BCEOOHEMITIONIEH.

Hwxe npuBeeHBI YaCTHBIC BUIBI (DYHKIIMOHATBHBIX KPUTEPHCB.

TecTtupoBanre MYHKTOB creruUKAIMK - HAOOpP TECTOB B COBOKYIMHOCTH JIOJDKEH
o0ecnevynTh MPOBEPKY KaXKI0TO TECTUPYEMOTO MMyHKTa HE MEHEE OJHOTO pasa.

Crneundukanus TpedOBaHUN MOXKET COAEPKATh COTHU U THICSIYM ITYHKTOB TpeOOBaHUMN
K IPOrpaMMHOMY HPOAYKTY U KaXKIO€ U3 ITHX TPeOOBAHMN MPU TECTHUPOBAHHH JOJHKHO
OBITH TPOBEPEHO B COOTBETCTBUU C KPUTEPUEM HE MEHEE YEM OJIHUM TECTOM



TectupoBaHue KJIacCOB BXOAHBIX JAHHBIX - HAOOp TECTOB B COBOKYIHOCTHU JOJKEH
00ecreunTh NMPOBEPKY MPEJICTABUTENS KAXKIOT0 KJIacca BXOJHBIX JAHHBIX HE MEHEE OJTHOTO
pasa.

[Ipn co3gaHUM TECTOB KJIACChl BXOJHBIX JAHHBIX COIMOCTABISIIOTCS C PEXKUMaMU
UCITIOJIb30BAaHUSI TECTHPYEMOI0 KOMIIOHEHTa WJIM MOJCHCTEMbI MPUIIOKEHHSI, YTO 3aMETHO
COKpallaeT BapUaHTHI Iepedopa, YYUThIBAEMBbIE IIPU pa3pabOTKE TECTOBBIX HAOOPOB.
Crnenyer 3aMeTHTh, YTO mepedupasi B COOTBETCTBHUHM C KPUTEPUEM BEIUYMHBI BXOJHBIX
NEPEeMEHHBIX (HampuMep, pasiuuHble (alabl - HCTOYHUKU BXOJHBIX JIaHHBIX), MBI
BBIHY)KJICHbI TPUMEHSATH MOIIHbIE TECTOBbIe Ha0Opbl. J[leHcTBUTENBHO, HApALy C
OTpaHUYCHUSIMU HA BEJIMYUHBI BXOJAHBIX JAHHBIX, CYIIECTBYIOT OTPAHUYCHUSI Ha BEJIMUYUHbI
BXOJHBIX JaHHBIX BO BCEBO3MOXKHBIX KOMOWMHAIIMAX, B TOM YHCIIE MPOBEpKA pPEaKIid
CHUCTEMbI Ha MOSBJICHUE OMMOOK B 3HAUYCHMSIX WJIU CTPYKTYpaX BXOJHBIX JTaHHBIX. YYET
TOr0 MHOro00pa3us - MpoLEecC TPYAOEMKHM, YTO CO3JAET CIOXKHOCTHU ISl MPUMEHEHHS
KpUTEPUS

TectupoBanue mnpaBuil - HAOOpP TECTOB B COBOKYINHOCTU JIOJDKEH OOECHEeUuTh
IPOBEPKY KaXJOro NpaBWia, €CJIM BXOJHBIE W BBIXOJIHBIE 3HAYEHHUS OIKMCHIBAIOTCS
HAaO0OPOM IPaBHJI HEKOTOPOH IpaMMaTHKH.

Cnemyer 3aMe€TUTh, YTO TpaMMaTHKa JOJDKHA OBITh JOCTAaTOYHO MPOCTOM, UTOOBI
TPYJOEMKOCTh  pa3pabOTKA COOTBETCTBYIOIIETO Habopa TECTOB Obula pealbHOU
(BOMChIBaJach B CPOKM M INTAT CHEUAIMCTOB, BBIAEICHHBIX JUIs peanu3auuu (asbl
TECTUPOBAHUS)

TecTupoBaHHe KJIaCCOB BBIXOJHBIX JaHHBIX - HAOOP TECTOB B COBOKYMHOCTH JOJKEH
o0ecreunTh MPOBEPKY MPEACTABUTENS Ka)XJOro BBIXOJHOTO Kjacca, IpU YCIOBUH, YTO
BBIXOJIHBIE pE3yJIbTaThl 3apaHee pacKIacCU(DUIMPOBAHBI, MPUYEM OTIEIbHBIE KIIACChHI
PE3yJIbTaTOB YUUTHIBAIOT, B TOM YHCJIE, OTPaHUYECHUS HAa PECYPChI WM Ha BpeMs (time out).

[Ipyn co3gaHuM TECTOB KJIACCHI BBIXOAHBIX JAHHBIX COMOCTABIAIOTCS C PEXUMaMU
WCITOJIB30BAHUSI TECTUPYEMOIO KOMIIOHEHTA WJIM IMOJCHCTEMBI, YTO 3aMETHO COKpAaIaeT
BapUaHTHI epedopa, yYUThIBaEMbIE MPU pa3pabOTKe TECTOBBIX HAOOPOB.

TectupoBanre QyHKIMA - HA0Op TECTOB B COBOKYMHOCTH JIOJDKEH OOECIEUUTH
IIPOBEPKY KaXXIOI'0 JEHCTBHSI, PEATU3yEMOr0 TECTUPYEMBIM MOJYJIEM, HE MEHEE OJHOTO
paza.

OdeHb MOMYJSIPHBIA HA NPAKTUKE KPUTEPUM, KOTOPBIM, OAHAKO, HE OOECredYrBacT
MOKPBITUSL 4YacTh (YHKUMOHAJIBHOCTH TECTUPYEMOTO KOMIIOHEHTa, CBS3aHHOM CO
CTPYKTYPHBIMHM M MOBEICHYECKHUMH CBOMCTBAMH, OMHCAHUE KOTOPBIX HE COCPEIOTOYEHO B
OTIETBHBIX (PYHKIMAX (T.€. ONMCAHNUE PACCPEIOTOUCHO MO0 KOMIIOHEHTY).

Kpurepuit TectupoBanusi GyHKUUNA 00bEIUHIET OTYACTU OCOOEHHOCTH CTPYKTYPHBIX
U QYyHKUMOHAIBHBIX KpuTepueB. OH 0a3zupyercs Ha MOAENU "MOJYNpO3payHOro siuka',
I7ie SIBHO YKa3aHbl HE TOJIBKO BXOJBI U BBIXOJbl TECTUPYEMOTO KOMIIOHEHTAa, HO TaKXe
COCTaB M CTPYKTYpa UCTIOIB3YEMBIX METOI0B ((DYHKIIMI, MPOLeayp) U KIIaCCOB.

KoMOuHMpoBaHHBIE KpUTEPUU IS TPOrpamMM M crenudukanuii - HabOp TECTOB B
COBOKYITHOCTH JIOJDKEH OO€CIeUYUTh MPOBEPKY BCEX KOMOMHALMK HEMPOTUBOPEUUBBIX
YCIJIOBUI MPOTrpaMM U crienudukanui He MEHEe OJTHOTO pasa.

[Ipu sToM Bce KOMOWHAIMU HEMPOTHBOPEUMBHIX YCIOBUN HAAO MOJITBEPAUTH, a
YCIJIOBUSI POTUBOPEUUH ceayeT OOHAPYKUTh U TUKBUAUPOBATS.



Croxactuueckue kpurepuu (kiacc I11)

CroxacTuueckoe TECTUPOBAHUE NPUMEHSETCS TMPU TECTUPOBAHMM  CIIOKHBIX
MPOTPAMMHBIX KOMIUIEKCOB - KOTJIa HaOOp JeTepMUHUPOBaHHBIX TecToB (X,Y) mmeer
IrpOMaJHYI0 MOIIHOCTh. B ciydasx, korja mojgoOHbI HaOop HEBO3MOXKHO pa3paboTaTrh U
UCTIOJTHUTH Ha (ha3e TeCTUPOBAHUS, MOKHO MIPUMEHHUTD CIEIYIOIIYI0 METOIUKY.

Pa3zpaboTaTh mporpaMMbl - HMHTATOPBI CIyYaWHBIX IMOCIIEIOBATEILHOCTEH BXOIHBIX
CUTHAJIOB {X}.

Berauciuth He3aBUCHMBIM CIIOCOOOM 3HAYCHHsSI {y} NJIi COOTBETCTBYIOIIMX BXOJIHBIX
CUTHAJIOB {X} M MOJYy4YUTh T€CTOBBIN Ha00p (X,Y).

[IporecTupoBaTh npuiiokeHre Ha TecToBoM Habope (X,Y), ucrnoib3ys JBa crocoda
KOHTPOJISL PE3yJIbTAaTOB:

JleTepMUHUPOBAHHBIN KOHTPOJIb - MPOBEPKA COOTBETCTBUSI BHIYMCICHHOIO 3HAYCHUS
yB\in \{ y\} 3HadeHuto y, mojgydeHHOMY B pe3yJbTaTe MPOrOHAa TecTa Ha Habope {X} -
CIIy4aifHOM MOCJeI0BaTEIbHOCTH BXOIHBIX CUTHAJIOB, CTEHEPUPOBAHHON HMHUTATOPOM.

CroxacTUuecKkuil KOHTPOJb - MPOBEPKAa COOTBETCTBHS MHOXKECTBA 3HAUCHUU {yB},
MOJTyYEHHOTO B pe3yJIbTaTe MPOrOHA TECTOB Ha Ha0Ope BXOMHBIX 3HAUYCHUU {X}, 3apaHee
U3BECTHOMY pacnpeneneHuto pe3ynbratoB F(Y).

B »TomM cnydae MHOXkeCTBO Y HEHM3BECTHO (€ro BBIUMCICHHUE HEBO3MOXHO), HO
M3BECTEH 3aKOH pacIpeeNICHHs TaHHOTO MHOKECTBA.

Kpurepuu cToXacTU4eCKOT0 TECTUPOBAHUS

CraTucTHYeCcKHe METOABl OKOHYAHUS TECTUPOBAHHUS - CTOXAaCTHYECKHE METOMbI
MPUHATHUS PEIICHUI O COBNAJACHUH THIIOTE3 O PACTIPECICHUH CIyYailHbIX BenuuuH. K HUM
NPUHAIISKAT IMIMPOKO u3BecTHbIC: MeToa CthromenTa ( St ), merox Xu-kBaapar ( \chi {2}
) M T.IL.

MeTon OLIEHKM CKOPOCTHU BBISIBJICHHS OIIMOOK - OCHOBAaH Ha MOJIETM CKOPOCTU
BBISIBJICHUS OIIMOOK [ 12 ] , coriacHO KOTOpOW TECTHUPOBAHUE MPEKPAIACTCs, €CIH
OIICHEHHBI WHTEPBAI BPEMEHU MEXKIY TEKYIIeH OMMOKONU M CIEAYIOIICH CIUIIIKOM BEJIUK
JUTst (has3bl TECTUPOBAHUS IPUIIOKEHUS.

MytauronHbsiii kputepuii (knacce 1V).

[Toctynupyercsa, uyTo mpodeccHoHambHble MTPOrPAMMUCTBHI MHIINYT Cpa3dy MOYTH
MpaBUJIBHBIC TPOTPAMMBI, OTIUYAIONIUECS OT TPABWIBHBIX MEJIKHUMH OIIMMOKAMHU HITH
OTIMCKaMH THIIA - TIEPECTaHOBKAa MECTAaMH MaKCUMaJIbHBIX 3HAYCHHH WHICKCOB B OMTMCAaHUHU
MAacCCHBOB, OIIMOKH B 3HAaKaxX apu(METUYECKHUX OIepaluii, 3aHWKEHUE WA 3aBBIIICHUE
rpaHuipl ukna Ha 1 w 1., [Ipenmaraercss moaxom, MO3BOJSIONIMN HAa OCHOBE MENKHX
OIHUOOK OIIEHUTH OOIIEe YUCIIO ONMTUOO0K, OCTABIINXCS B IPOTrPaMME.

[Tonxon 6a3upyeTcst Ha CIASIYIOMINX TOHATHAX:

MyTanuu - MeJTKie OITMOKH B ITPOrpamMMme.

MyTaHTBI - IPOrpaMMBbl, OTIUYAIONTUECS APYT OT APYTra MyTaIlUSIMH .

MeTon MyTalMOHHOTO TECTHUPOBAaHMS - B pa3padaThiBacMyr0 MporpamMmmy P BHocAT
MyTalllH, T.€. ICKYCCTBEHHO CO3Jal0T nporpaMmmbi-myTanTsl P1, P2... 3atem nporpamma P
U €€ MyTaHThI TECTUPYIOTCS Ha OJTHOM U TOM ke Habope TecToB (X,Y).

Ecnu na Habope (X,Y) noaTBepkaaeTcs nNpaBuiIbHOCTh Iporpammel P u, kpome Toro,
BBISIBIIIFOTCSL BCE BHECEHHBIE B MPOTPAMMBI-MYTAaHTHl OMUOKH, TO Habop TecToB (X,Y)



COOTBETCTBYET MYTAI[MOHHOMY KPUTEPHUIO, a TECTUpPyeMas MporpaMMa OOBSIBISETCA
MPABUIBHOM.

Ecnau HekoTOpbhle MyTaHTHI HE BBISBUJIM BCEX MYyTallMil, TO HAJ0 paclIupsiTb HaOOP
TecToB (X,Y) U MPoI0JKAaTh TECTUPOBAHUE.

4, [TonBenenue uToros, pedaekcus

[TocmoTpuTe Ha MOCTAaBIEHHYIO MEPEN BaMM Ledb ypoka. [logymalite, nocTurayra au
OHAa BaMH JIMYHO U TPyNmou B 1eaoMm. UTo A Bac 0Ka3ajaoCh TPYAHBIM ISl BOCIIPUATHS.
BcrioMHUM OCHOBHBIE TTOHSTUSA U OTIPEACIICHUS.

S. JomamHee 3a1aHue.
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Tema 1.4. MeToabl TECTUPOBAHUS

Lens: ChopmupoBats npezacTaBienue o merogaax tectupoBanus [10. Chopmuposath
3HaHUS O COCTAaBE TECTOBOTO OKPYKEHUSI.

3anauu:

1) o0pa3oBaTelbHBIC:

-HAYYUTh BBICKA3bIBaTh OOIIEEe CYXKACHHE O COJEpKAHUM, LEeNsAX M 3aJadax
JTUCIUILTAHBL;

-HAYYUTh  PYKOBOJICTBOBATHCS ~ XapPaKTEPUCTUKAMH  COBPEMEHHBIX  CHCTEM
POrpaMMUPOBAHMS MIPU BHIOOPE CPENICTB peain3aluy MPUKIAAHBIX 3a/a4.

2) pa3BUBaIOIIKE:

- CIIOCOOCTBOBATH PA3BUTHUIO UCCIIEOBATENIBCKUX CIIOCOOHOCTEN yUaluXCsl;

- CIOCOOCTBOBATh (POPMUPOBAHUIO YMEHUM aHAIM3UPOBATh, CPABHUBAThL, 0000IIATH U
JIeNaTh BBIBOJIBI 10 TIOJTYYCHHOMY MaTepHaly;

3) BOCIHUTATEIIbHBIE:

- BOCITUTHIBATH [IEHHOCTHBIE OTHOLICHHS K HAYYHOMY 3HAHHIO;

- aKTUBU3UPOBATh NI03HABATENIbHBIN HHTEPEC K HAYYHOH JAUCUUIUINHE;

- cnocoOCTBOBaTh (POPMHUPOBAHUIO JOOPOKEIATECIBHBIX B3aWUMOOTHOIIECHUN JpYyr ¢

APYTOM,
Xonx ypoka
1. Opranu3anMOHHBI MOMEHT

IIpoBepka OTCYTCTBYIOIIMX, BBIICHEHHME IPUYMH OTCYTCTBHS UM  YPOBEHb
NOJATOTOBJICHHOCTH YYalIUXCs K 3aHSTHIO.

2. AKTyanu3anusi OOPHBIX 3HAHUI

3. N3ydeHne HOBOTO Marepuala

CiyyaliHbl€ METO/IbI

Korzaa n3-3a orpaaM4eHmii o BpEMEHU MCHOJb30BAHUE METOZA MOBTOPHOI'O IPOTOHA
BCEX TECTOB HEBO3MOXKHO, a MpOTrpaMMHBIE CpeACTBa OTOOpa TECTOB HEIOCTYIHBI,
WHKEHEPbI, OTBETCTBEHHBIE 32 TECTUPOBAHKUE, MOTYT BHIOMPATH TECTHI CIIy4allHBIM 00pa3om
WIM Ha OCHOBaHUM '"NOTrafok", TO €CTh MNPEAMNOJIOKUTEIBHOIO COOTHECEHHSI TECTOB C
(YyHKUHMOHATBHBIMA BO3MOYKHOCTSIMM HAa OCHOBaHUM TMPEIUIECTBYIOUIMX 3HAHUM WU
onbiTa. Hanmpumep, eciau U3BECTHO, YTO HEKOTOPBIE TECTHI 33ICUCTBYIOT OCOOCHHO Ba)KHbBIE
GyHKIIMOHATBHBIE BO3MOKHOCTH WJIM OOHAPYKUBAJIM OMIMOKHU paHee, UX ObLIO Obl HETIOXO
UCIIOJI30BATh TAKXKE U ISl TECTUPOBAHUSI UBMEHEHHOU nporpaMmMbl. OJIMH MPOCTOU METO/
TAaKOTro pojia MpeAyCMaTpHUBAeT CIy4aillHbI OTOOp MpeaonpeesIeHHOr0 MPOIEHTa TECTOB
u3 T. IlonoOHble ciiyvailHble METOABI MPHUHATO 0003Ha4aTh random(x), rAe X - MPOLEHT
BBIOMPAEMBbIX TECTOB.

CrayyaiiHble METOJbl OKa3bIBAIOTCS Ha YAMBICHUE JACIIEBBIMH U 3(P(HEKTUBHBIMHU.
CnyuaiiHO BBIOpaHHbIE BXOJHBIE JaHHBIE MOTYT JaBaTh OOJIbIIMK pa3OpOC MO MOKPHITUIO
KO/, YeM BXOJHBIC JJaHHbIE, KOTOPBIE HCIIOJIB3YIOTCS B HAOOpax TECTOB, OCHOBAHHBIX Ha
MOKPBITHH, B OAHHUX CIIy4asx AyOnupys MOKpHITHE, a B APYrux He obecneuuBas ero. llpu
HEOOJIbIIUX MHTEpBajaX TECTUPOBAaHUSA HUX 3PPEKTUBHOCTb MOXKET OBbITh KaK OYEHb
BBICOKOH, TaK M OYEHb HU3KOM. DTO MPUBOIUT U K O0JbIIEMY pa30pocy CTaTUCTUKU 0TOOpa
TECTOB Il Takux HabopoB. OpHaKO MpH yBEIUYEHUM WHTEpBala TECTHUPOBAHUSA 3TOT



pa3dpoc CTAaHOBUTCS 3HAYMUTEIHLHO MEHBINE, W cpefHsas 3(PQPEeKTUBHOCTh CIydalHBIX
METO/I0B MpuOImKkaercss K 3QPEeKTUBHOCTH METOJa MOBTOPHOIO MPOTrOHA BCEX TECTOB C
HEOOJIBIITUMHU OTKJIIOHEHUSIMHU JIJTSI Pa3HBIX MOMBITOK. TakuM 00pa3oM, B MOCIIEIHEM CiTydac
M0JIb30BATENb CIYYalHBIX METOJIOB MOXET ObITh Ooljiee yBepeH B HUX 3((PEKTUBHOCTH.
Boo01ie, netepMuHupoBaHHble MeTONbI d()(PEeKTUBHEE CIy4YailHBIX METOAOB, HO HAMHOTO
JIOPO’KE, TIOCKOJIBKY BBIOOPOUYHBIE CTpATeTUH TPEOYIOT OOJIBIIOTO KOJIMYECTBA BPEMEHH U
pEeCypcoB Mpu 0TOOPE TECTOB.

be3onacHble METOBI

MeTon BHIOOPOYHOTO PErpecCUOHHOTO TECTUPOBAHMS HA3bIBAETCS O€30MacCHBIM, €CIIU
IIPU HEKOTOPBIX YETKO OMPE/ICTCHHBIX YCIOBUSAX OH HE MCKIIOYAET TECTOB (M3 JOCTYITHOTO
Habopa TECTOB), KOTOPhIE OOHAPYKWJIW OBl OMMOKH B M3MEHEHHOW MPOrpaMMme, TO €CTh
o0OecreunBaeT BBIOOpP BCEX TECTOB, OOHAPYKUBAIOUIMX HW3MEHEHHUsS. TecT Ha3bIBaeTCs
0OHaApYXKMBAIOIIUM WM3MEHEHUs, €CIM €ro BBIXOAHBIC JaHHBIE MpU Mporone Ha P
OTJIMYAIOTCS OT BBIXOJHBIX JaHHBIX mpu mporone Ha P: P(t) \ne P'(t). Tecrsl,
AKTUBU3UPYIOIINE U3MEHEHHBIN KOJI, Ha3bIBAIOTCS BHIIOJIHSIOMIUMHA U3MEHEHUE.

Bri0op Bcex BBIMTOTHSIONINX U3MEHEHUE TECTOB SBISETCA 0€30MacHbIM, HO MPU ATOM
OTOUpAIOTCSI HEKOTOPBIE TECThI, HE OOHApYKMBaroIIMe W3MeHeHWi. bezomacHbil MeTO[
MOKET BKJIFOYATh B T' IMMOJMHOKECTBO TECTOB, BHIXOJAHBIE JaHHBIE KOTOPBIX sl P u P' Hu
IpU KAKUX YCIOBHUSX HE OTIH4YaroTcs. [IOCKONbKY HE CyIEeCTBYeT METOAMKH, KPOMeE
COOCTBEHHO BBITIOJHEHHUSI TECTa, MO3BOJISIONICH Juisl jr00oit P' ompenenuts, OyayT iu
BBIXOJ/IHBbIC JIaHHBIE TecTa paziauyarbes st P u P', HU oauH MeTod HE MOXKET ObITh
O0e3omacHbIM ¥ a0COMIOTHO TOYHBIM OJIHOBpeMeHHO. T' sBisieTcs Oe30macHbIM
MOAMHOKECTBOM T TOT/a U TOJIBKO TOT/AA, KOT/Ia:

P(t) \ne P'(t) \Rightarrow t\in T'

Eciu P u P' BBIMONHAIOTCS B MACHTUYHBIX yclOBUSX M T' sBiseTrcss Oe30MacHbIM
noamMHokecTBOM T, ucnosnenne T' Ha P' Bcerma oOHapy»KuBaeT JHOOBIE CBSI3AHHBIE C
U3MEHEHUSIMU OIMUOKU B P, KoTopble MOryT OBITH HaljeHbl TyTeMm ucrnonHenus T. Eciau
CYIIECTBYET TECT, OOHApYKHBAIOIINK OMMOKY, OC30MacCHBIM METOJ| BCErJa HaXOIUT ce.
Takum oOpa3oM, HU OJUH CIy4alHBIA METOJA HEe 00JiajaeT Takoh ke 3PQPEeKTUBHOCTHIO
0oOHapyKeHHsI OITMOOK, KaKk 0€30MacHbIN METOI.

MeTtoapl MUHUMH3ALIUN

[Iponienypa MUHMUMHU3AIMK HAOOpa TECTOB CTABUT IIEJbI0 OTOOP MUHUMAJIBHOTO (B
TEPMUHAX KOJIMYECTBA TECTOB) MOAMHOXKecTBa T, HEOOXOAUMOTO TSI TIOKPBITUST KAXKIOTO
AJIEMEHTa TPOTPAMMBbl, 3aBUCAIIETO OT W3MEHEHHH. [l TpoBEepKH KOPPEKTHOCTH
MPOTrPaMMBbl UCTIONIB3YIOTCSA TOJIBKO TECTHI U3 MUHUMAJIBHOTO MOJIMHOKECTBA.

Martpuiia moKpbITUSI TECTUPYEMOTO KOJ1a



Tecr
Ne Crpoxa xoga 1/2(3[4]5
1 |Double E¢qumation(int Print, float A, float B, | * (¥ |* | & | *
float ¢, float& X1, float& X?) {

2 float D =B *B - 4.0 % a * C; L L B L
3 if (D = 0) { LA L B
4 ¥1 = (-B + sqeti(D)) f 2.0 f A&; * LA

£ ¥2 = (-B - sqrt(D)) f 2.0 f A; } else { * |k

i ¥1=-8BFf 2.0 { &; * *
7 X2 = sqrt (D) ; } i i
g if (Print) LA L L
0 printf{"Solution: %f£, %f\n", X1, X2); L

10 return D; L L

11 |3 R

Puc. 12.1. Matpuiia NOKpbITUSI TECTUPYEMOIO KOJIa

O0o0cHOBaHNE MPUMEHEHU METO0B MUHUMHU3ALIMA COCTOUT B CIEAYIOIIEM:

Koppensuus mexny 3QGheKTUBHOCTHIO OOHAPYKEHHSI OIIMOOK M TIOKPBITUEM KOJa
BbIIIE, YeM MEXIY 3(PPEKTUBHOCTHIO OOHAPYKEHUS OUIMOOK M pa3MEpPOM MHOMXKECTBA
tecToB. HeapexTruBHOE TECTMpOBaHKE, HAIIPUMEP MHOTOYAaCOBOE BBIIIOJIHEHUE TECTOB, HE
YBEJIMYMUBAIONIUX TOKPBITHE KOJa, MOXKET MPUBECTH K ONIMOOYHOMY 3aKIIIOUEHHIO O
KOPPEKTHOCTH MPOTPAMMEI.

He3aBucumMo ot croco6a MopokJIeHUs UCXOJIHOTO Habopa TeCTOB, €r0 MUHUMAJIbHBIC
MOJIMHOYKECTBA UMEIOT MPEUMYIIECTBO B pazMepe U d3PPEKTUBHOCTU, TaK KaK COCTOAT W3
MEHBIIIETO KOJIMYECTBA TECTOB, HE OCJIAOJSASI MPU ATOM CIIOCOOHOCTH K OOHAPYKEHUIO
OIMOOK WJIM CHIDKAsI €€ HE3HAYUTEIILHO.

BooO1ie roBopsi, COKpallleHHbIH HAa0Op TECTOB, OTOOpPAHHBIA MpPU MHUHUMHU3ALNH,
MOXET OOHapy>KUBaTh OIIMOKH, HE OOHApPYKMBAaEeMbIE€ COKpAIIEHHBIM HAOOPOM TOTO Ke
pasMmepa, BBIOpAaHHBIM CIyYaHBIM WJIA KaKUM-JTUOO JpyruMm crocodom. Takoe
MPEUMYIIIECTBO MUHUMHU3AIMH TIepe]] CIIyYalHBIMH MeToAaMHu B 3(P(HEKTUBHOCTH SIBISICTCS
3aKOHOMEpHbIM. OTHAKO M3 BCEX JACTEPMHUHHUPOBAHHBIX METOJ0B MUHUMU3AIUS TPUBOJIUT
K co3JlaHuio HanmeHee 3(G()EKTUBHBIX HAOOPOB TECTOB, XOTS U CaMbIX MaJjieHbKUX. B
JaCTHOCTH, Oe30macHbIe METObI d(PPEKTUBHEE METOAOB MUHUMH3AIIUU, XOTS U HAMHOTO
JOPOXKE.

MunuMuzanuss Habopa TeCTOB TpeOyeT ONpeNeseHHBIX 3aTpar Ha aHanu3. Eciu
CTOMMOCTbH ATOTO aHaJIM3a OOJIBIIIE 3aTPaT Ha BBIMOJIHEHHE HEKOTOPOTO MOPOTOBOTO YMCTIa
TECTOB, CYILECTBYeT OoJiee ICHIEBBbIM CIydyallHbId METOJ, OOeCcHeuMBaIOLIUN TaKyl >Ke
3¢ (HEeKTUBHOCTH OOHAPYKEHHUS OIITHOOK.

XoTsi MUHUMaJbHbIe HAOOPHI TECTOB MOTYT OOECIEYMBATH CTPYKTYPHOE IMOKPBITHE
M3MEHEHHOT0 KOJIa, 3a4acTyl0 OHU HE ABJISIOTCS O€30MacHbIMU, TOCKOJIBKY OYE€BHUIHO, UTO
HEKOTOPbIE TECTHI, MOTCHIIMAIILHO CIIOCOOHBIC OOHAPYKUBAThH OIIMOKHA, MOTYT OCTaThCA 3a
yeptoit otOopa. Habop hyHKIIMOHATBHBIX TECTOB OOBIYHO HE 00J1a/1aeT N30BITOYHOCTHIO B
TOM CMBICJIC, YTO HHMKAaKHE JBa TECTa HE IMOKPBHIBAIOT OJHU M T e (PYHKIIMOHAIbLHBIC
TpeboBanusi. Ecau TecThl MCXOAHO CO3/aBATUCh MO KPUTEPUIO CTPYKTYPHOTO TOKPBITHSA,
MUHUMU3AIUS IPUHOCUT TUIObI, HO KOT/Ia Mbl UMEEM JIeJI0 ¢ (DYHKIIMOHAJIBLHBIMU TECTaMH,
NpEINoYTUTENbHEE HE OTOpachiBaTh TECThl, MOTEHUHMAIBHO CHOCOOHBIE OOHApY>KHUBAThH
ommOKu. B cymecTByromeil MpakTUKE TECTUPOBAHUS WHXKEHEPHI TMPEANOYUTAIOT HE
3aHMMAaThCs MUHUMM3AIMENR HaOopa TECTOB.



MeTo1bl, OCHOBaHHBIE Ha OKPBITUU KOAA

3HaYeHUE METOJI0OB, OCHOBAHHBIX Ha IOKPBITUM KOAA, COCTOMT B TOM, YTO OHH
rapaHTUPYIOT COXpaHEHHE BBIOPAHHBIM HAOOPOM TECTOB TpeOyeMO#l CTENEeHH MOKPBITHSA
ANEMEHTOB P' OTHOCUTEIBPHO HEKOTOPOTO KpPUTEPUS CTPYKTypHOro mokpsitus C,
MCITOJIb30BABIIErOC MPU CO3JaHUU NEPBOHAYAIBLHOIO HAabOpa TECTOB. DTO HE O3HAYAET,
YTO ecnd aTpubyT mporpamMmsbl, ompeneneHHblii C, MOKpBIBA€TCA MEPBOHAYATBHBIM
MHO>KECTBOM TECTOB, OH Oy/I€T TaK)Ke MOKPHIT U BHIOPAHHBIM MHOXECTBOM; FapaHTUPYETCS
TOJIBKO COXPAHEHHE MPOLEHTA MOKPHIBAEMOro Koja. MeTo/1bl, OCHOBaHHbBIE Ha TOKPBITUH,
YMEHBIIAIOT pa3dpoc MO TOKPBITHIO, TpeOys oTOoOpa TECTOB, AKTUBUPYIOIIMX
TPYJAHOAOCTYIHBIA KOJ, U UCKJIIOYEHHS] TECTOB, KOTOPHIE TOJBKO MYyOIUPYIOT MOKPBITHE.
[TockonbKy Ha MPAKTHKE KPUTEPUU MOKPBITHS KOJAa OOBIYHO MPUMEHSIOTCA IJIs1 0TOOpa
€AUHCTBEHHOTO TECTa ISl Ka)KJIOr0 MOKPBIBAEMOrO 3JIEMEHTA, MOJAXO0/bl, OCHOBAHHBIE HA
MOKPBITUH KOJIa, MOKHO pacCMaTpUBaTh Kak CIEHU(PUIECKUN BUJ METOJI0B MUHUMH3ALUH.

Pa3HOBUAHOCTBIO METOJIOB, OCHOBAaHHBIX Ha MOKPBITHH KOJd, SIBJISIOTCS METOBI,
KOTOpbI€ 0a3upyrOTCs Ha MOKPHITUU MOTOKA JaHHBIX. DTU METOJbl d3(p(PEeKTUBHEE METOAOB
MUHHAMH3ALUU U TIOYTH CTOJIb k€ 3(h(PEKTUBHBI, KaK Oe30macHble MeTOAbl. B TO ke Bpems,
OHU MOTYT TpeOOBaTh, 10 KpaliHEH Mepe, TAKOro e BPEMEHHU Ha aHalIW3, Kak U Haubosee
3¢ dexTuBHBIE 0O€30macHble METOJAbI, U, CIEAOBATEIbHO, MOTYT OOXOIUTBHCA JIOPOKE
0e30MacHbIX METOJOB M HAMHOTO JOPOXKE APYTHX METOAOB MUHUMM3aUMU. OHU HMEIOT
TEHJCHLIUIO K BKJIIOYEHHIO H30BITOYHBIX TECTOB B HAa0Op PErPECCHOHHBIX TECTOB IUIf
MOKPBITHS 3aBUCSIIMX OT U3MEHEHUI Nap ONpeAeIeHUsI-UCII0Ib30BaHus, YTO, B HEKOTOPBIX
CiIy4asix, BeJeT K OOJIbIIOMY YHCITy OTOOpaHHBIX TECTOB. OJTOT (aKkT 3auKCUpOBaH
JKCIIEPUMEHTAJIBHO.

MeTonbl, OCHOBaHHbBIE HAa HCIOJb30BAHWU MOTOKA JIaHHBIX, MOTYT OBITh MOJIE3HBI U
JUIS IpYTUX 3a/lad PEerpecCUOHHOIO TECTUPOBAHUS, KpoMe 0TOOpa TECTOB, HANPUMEp, IS
HAax0JIEHUS JIeMEHTOB P, HenocTatouHo TecTupyemsix T'.

MeTon CTOIPOLIEHTHOIO MOKPBITUS H3MEHEHHOTO KOJa aHAJIOTWYEH METOAY
MuHuMM3auu. Tak, 1y npumepa Tabnuist ¢ Puc. 12.1 cymectByer 4 crioco6a oToOpath 2
TeCTa B COOTBETCTBUU C ITHUM KpurepueM. OJIHOro TecTa HEJOCTATOYHO. Pe3ynbTaTshl

CpaBHEHHUS METOJOB BBIOOPOYHOTO PErpPeCCHOHHOTO TECTUPOBAaHMS MpUBEneHbI B Tab.
12.1.
Tabnwua 12.1. CpaEHeHWE METOLOE BXO0POYHOND PErPeccHONHOND TeCTHDOB3HHA
Knacc meTogoe CnyyaiHbie BezonacHoie MHHAMHZ3 LKA NMoKpwTHA
NMonxoTta OT1 0% go 100% 100% < 100% < 100%

HacrpaneaeTca Bonbwon Hebonswoi 33BMCHT OT NapaMeTpoe
MeTOaa

Pazmep Habopa Tectos

BpeMa BoINOAHEHN MeTona  MpedefpexuMo Mano 3HauMTEeNLHOR 3HauMTenLHoe 3HaunTensHoe

MepcneKTHBHbIE CBOHCTBA OTCYyTCTBME CpPeaCTeEa BricoKkMe CTOMMOCTE Nponycka  Habop McxogHelX TecTos
METO/108 PerpecCHOHHOND NOAASPKKN PerpeccMoHHore  TpefoeaHus no OWWBKY HeBENUKE COZA3ETCA N0 KPUTEPUK
TeCTHPOBaHHA TECTHPOBAHNA KauecTey NOKPLITHA

4, [TonBenenne UTOroB, pedieKcus

[TocMoTpuTe Ha MOCTABICHHYIO IEpe] BaMU Ielb ypoka. [logymaiiTe, qocTurHyTa u
OHa BaMU JIMYHO W TPYyNNoOi B mesoM. YTo 1jis Bac OKa3aJioCh TPYAHBIM JIJISi BOCIIPHUSTHS.
BcnoMHMM OCHOBHBIE TIOHSITHSI M OTIPEICIICHUS.

5. JloMarnrHee 3agaHue.



