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BCTYI

3a oCTaHH1 POKHM TEXHOJIOT1i CTBOPEHHS MPOTPaMHOr0 3a0e3IMeUeHHS
(IT3) cTanu OCHOBOI PI3HUX PO3JLIIB KOMIT FOTEPHHX HayK sK 3aci0
MOJOJAHHS CKJIAMHOCTI, IO IpUTaMaHHAa Cy4aCHUM IPOTPaMHUM
cucremaM. Tomy nmucuumiina «TexHosorii po3poOKUM 1 TeCTyBaHHS
nporpam» BXOJIUTh 10 0a30BUX JUCHUIUIIH IUKIy mpodeciiHoi Ta
MPaKTUYHOI IMATOTOBKH SIK HEBIJ €MHA CKJaJg0Ba OCBITH CTYJCHTIB 3a
cunemianbHOoCcTIMH  7.080204 «CormianbHa iHpopmatuka» 1 7.080404
«IHTENeKTyaabHI CUCTEMU MPUNHATTS PIILICHB.

MeTta pgaHOTO BHIAHHS — JOTIOMOTTH CTYJASHTaM OBOJIOIITH
TEOPETUYHUMH 3HAHHSAMH Ta TMPAKTUYHHUMH HaBHUKaMU poOOTH 3
YIPaBIIHHSAM SIKICTIO MPOTPAMHOTO 3a0e3MeUYeHHsI Ha eTamax >KUTTEBOTO
UKy, MPOEKTYBAaHHS, MPOTPaMyBaHHS Ta TECTYBaHHS 3 METOIO CTBOPECHHS
KOPHUCHHUX 1 IIpale3JaTHUX MIPOrPaMHUX MPOTYKTIB.

VY 3anponoHOBaHOMY TEKCTI JIEKI[I MOJaHO TEOPETUUYHUN MaTepial
Ta TMPAKTHYHI MPUKIAAN 3 0a30BUX TeM APYroi yacTwHU Kypcy. [lpukinamu
npouttocTpoBaHl  Jiicrinramu  koxy Ha C/C++. B wMarepianax
pPO3MIISINAIOTRCA ~ KpUTEpli Ta METOAM TECTyBaHHS MPOTPAMHOTO

3a0€e3MeueHHs Ha PI3HUX €Tarax >KUTTEBOTO ITUKITY.

5
KA®EJIPA MATEMATUYHUX METO/IIB CUCTEMHOI'O AHAIJI3Y
http://mmsa.kpi.ua



[TECTYBAHHSI: KPUTEPII TA METO/IN.]
M.B.JlinkoBcbka [AKKY

1. NIPOUEC TECTYBAHHA MNMPOIMPAMHOIO
3ABE3MNEYEHHA

Ha creoromni TecTyBaHHS MPOTPAMHOTO 3a0e3MEYeHHS — OAWH 3
HaWOLIBII JOPOTUX €TalliB KUTTEBOTO UKy MPOTPaMHOTO 3a0e3MeUYeHHS,
Ha HboOro BimBomuthesa Bl 50% mo 65% 3araabHuUX BUTpar. Y LapuHI
komyBaHHs [13 mmpokoro posmoBcropkeHHsT HaOyau pizHoMmaHiTHI CASE-
3aco0u, K1 JTIO3BOJISIIOTh IPUCKOPUTH MPOIIECH CTBOpEeHHS Koay. Ha xaib,
B rajgy3i TECTyBaHHS BIJUYBA€ThCSl HECTaya TaKWX 3acO0IB 1 OiJBIICTb
3YCHJIb BUTPAYAETHCS HA PydHE TECTYBAHHSI.

3azeuuaii, 015 RPOGEOCHHA MECMYBAHHA 3ACMOCOEYIOMbCA MEMOOU
CIMPYKmMYPHO20 («Oinuil AwuKk») ma @YHKUioHaIbH020 («UoOpHUIL
auwguky) mecmyeanns [1]. Po3enanemo ix ooxknaoniuie.

[Ipn ¢yHKUIOHANBHOMY TECTYBaHHI BHUXIJIHHMI KOJ HpOrpamMu He
noctynHuid. CyTh TMoJiirae B TEPEBIPIl BIJMOBIIHOCTI MOBEIIHKH
nporpamu ii 30BHIIHIN crnenudikaiii. KputepieM MmMOBHOTH TECTyBaHHS
BBAXKAETHCS TMepedip BCIX MOXKIMBUX 3HAYEHb BXIJHUX JaHHUX, IO
3MIMCHUTH HA MPAKTHUIl HAA3BUYAWHO BaXKKO.

[Ipy CTPYKTYpHOMY TECTyBaHHI TEKCT NPOTpamMu BIIKPUTHH IS
anani3y. CyTb JaHOTO METONy IOJSra€e B MEPEBIPLI BHYTPINIHBOI JOTIKU
I13. TloBHUM TeCTyBaHHSAM Yy LIbOMY BUMAAKY Oyle Take, 10 MPUBEAE J0
nepedopy BCIX MOXKIJIMBHUX IUTAXIB HA rpadi nepenad KepyBaHHs MPOrpaMHu.
Yucino Takux NUTAXiB MOXKE JOCATaTH AECITKIB TUCAY. KpiM TOro, BUHUKAE
NUTaHHS TIPO CTBOPCHHS TECTIB, IO 3a0e3MeYyloTh JaHe TMOKPHUTT.
3MiMCHUTH TMOBHE BCEOXOIUTIOIOYE TECTYBaHHS HABITH MPOCTOI Iporpamu
BKpall BaXKKO, @ 4aCOM 1 HEMOKJIMBO B CHJTy OOMEXKEHOCTI Yacy i pecypcis.
Otxe, HEOOXIAHO MaTU TEBHI KpPUTEpil 3a SKUMH MalOTh OOMpaTHCS

KOHTPOJIbHI MPUKIAJAN Ta KPUTEPIi 3yMUHKHU MPOIIECY TECTYBAHHSI.
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PosrisitHeMo O11b111 TOKIaIHO (PYHKIIOHAIBHE TECTYBaHHS.

KoHTponbHi 3anuTaHHA

1. Yomy TecTyBaHHA € Ba)JIMBUM €TallOM JKUTTEBOro uukiay I13?
OOrpyHTyiiTe.
2. Sxuil BIACOTOK OIOKETY MPOEKTY BUALISIETHCSA Ha TECTYBaHHS?

3. UumM Biapi3HA€THCS QYHKIIIOHAIBHE Ta CTPYKTYPHE TECTYBaHHS?
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2. YOPHUN ALWLKK - ®YHKUIOHANIbHE TECTYBAHHA

3aBaaHHAM (QYHKIIIOHAJIBFHOTO TECTYBAaHHS € MEPEBIPKa BiMOBIIHOCTI
nporpamu cBoiM crerudikarism. [Ipu qanomy miaxoai TEKCT MPOrpaMu He
JIOCTYIHUM, 1 TpOrpamMa po3NISIIAETHCS SIK «HOPHUM SIIMK.

Halinommpeninmmu BujiaMu (PyHKIIIOHAJIBHOTO TECTYBAaHHS € METOAU

BUIIA/IKOBOTO TE€CTYBaHHS, €KBIBAJICHTHOI PO30MBKM ¥ aHAII3y TPaHUYHUX
ymoB [1,2].

2.1. BunagkoBe (cToxacTuyHe) TeCTyBaHHSA

BianoBiHO 10 JAHOTO METOAY CTBOPHOETHCS HEOOXiJIHA KIJIbKiCTh
HE3aJIe)KHUX TECTIB, Y AKUX BXIJHI JaH1 F€HEPYIOTHCS BUIIAIKOBUM YHHOM.
Henonikom gaHoro Metomy € 3arajibHa KiJBKICTh TECTIB, sIKI HEOOX1IHO
3TeHEPYyBaTH BIAMOBIIHO JI0 BUMOT HAAIMHOCTI, IO TOTO K 3a0€3MEYNBIIH
HE3aJIeXKHICTh IUX TEeCTIB. Tak, HanmpuKIa:, 11 3a0e3MeueHHs HaaiHHOCT1
IPOrPAMHOro 3a0e3IedeHHs 3 IMOBIPHICTIO BigMoBH He Gimbme 107 1 3
MOMUJIKOIO He OibIne 5%, moTpioHo 3renepyBaru 299 572 TecTis.

3 METOI0 CKOPOYEHHS KUIBKOCTI HEOOXiAHUX TecTiB Maliepcom Oyio
3aIIPONIOHOBAHO PO3IIAAATH PO3OMTTS Oe3midl BUXITHUX JaHUX Ha

eKBiBaJICHTHI Kiacu [1].

2.2. TectyBaHHSA 3a Krnacamv ekBiBarieHTHOCTI
BignoBiiHO 10 J1aHOT METOAMKH HEOOXITHO PO30UTH MHOXKUHY
3HaU€Hb BXIJHUX JAHMUX Ha KIHIEBE YHUCJIO MIAMHOXHH (K1 OymyTh
Ha3MBaTUCA KJacaMM €KBIBAJIEHTHOCTI), MO0 KOXHUU TeCcT, W0 €
MIPEJICTABHUKOM TIE€BHOTO KJjacy, OyB €KBIBAJICHTHUM Oylb-sIKOMY 1HIIIOMY
TECTy IbOTO KJacy. JIBa TecTH € €KBiBaJCHTHUMH, SKIIO BOHH BUSBIISIFOTH

T1 caMl IIOMUJIKMU.
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[IpoexkTyBaHHS TeCTiB 3a METOAOM KJIaCiB  €KBIBAJICHTHOCTI
IIPOBOJIMTHCS y JIBA CTAIlN:

- BUJIUICHHS 3a crieuikali€ro KjaciB eKBIBaJICHTHOCTI;

- 1o0yn0Ba MHOKUHHU TECTIB.

Ha mepmomy erami BigOyBaeTbcst BuOIp 31 cruenudikaiii KOXHOI
BX1THOT YMOBHU Ta PO30OHUTTS ii Ha /1B1 a00 OijIbIIe TPYIH, IO BIAMOBIAI0ThH
TaKk 3BaHUM “TpaBuiabHUM’ Kjacam ekBiBajgeHTHocTi (IIKE) Ta
“nenpaBwiibHUM” kiacaM ekBiBajieHTHOcTI (HKE), to0Tto MHOXMHaM
JOMMYCTUMHX JUIsl TPOTrpaMy ¥ HEAONMYCTUMHX 3HAYCHBb BXITHUX ITaHUX.
Leit mpotiec 3a1eXUTh BiJ] BUIVISTY BX1IHOI YMOBH.

Hanmpukman: skmo BxigHa ymoBa omucye MHOXHHY ([x[<=0.5), To
BuszHaudaeThest oguH IIKE (-0.5<=x <=0.5) 1 na HKE (x< -0.5; x>0.5).

Ha ngpyromy erami meTomy KJaciB €KBIBaJICHTHOCTI BHJIICHI KJIAcH
BUKOPUCTOBYIOThCA JU1sl ToOyoBu TectiB. st HKE tectn npoekTyroThes
TaKUM YWHOM, IO KOXEH TeCcT mokpuBae onuH 1 Tinbku oquH HKE, noku
Bcl HKE He OynyTh MOKpUTI.

MeTon Ki1aciB €KBIBAJICHTHOCTI JJO3BOJISE€ 3HAYHO CKOPOTUTH KIJIBKICTh
TECTIB y MOPIBHSAHHI 3 METOJOM BHIIQJIKOBOTO TECTYBAaHHS, ajie TAKOXK Mae
cBoi Hemomiku. OCHOBHHH 3 HHX - II€ CKJIAQIHICTh BUIIJIEHHS KJIACIB
ekBiBajeHTHOCT1, ocoonuBo HKE, a Takoxk MOXJIMBUN HPOIMYCK MEBHUX
TUMIB BUCOKOE(EKTUBHUX TECTIB (TOOTO TECTIB, IO XapaKTEPU3YIOTHCS
BEJIMKOIO WMOBIPHICTIO BUSBIICHHS MOMUJIOK). Tak, HampukJiia, MiHIMaIbHI
I MakCUMaJIbHI MPUIYCTUM1 3HAYEHHS BXITHUX MapaMeTpiB JT03BOJISIOTH
BUSBUTH OUIBIICTH IIOMMJIOK, MOB'I3aHMX 3 BIJNOBIIHOCTSIMH U
NEPENOBHEHHSIMU THUMIB JaHuX. [[ns BupileHHA naHoi mpoOiemu OyB

3aMpOIIOHOBAHKMI METOJ aHAIi3y TPaHUYHHUX YMOB [1].
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2.3. MeToa aHanisy rpaHU4YHMX ymMOB
[linm rpaHUYHUMH yMOBaMH pPO3YyMIIOTh CHUTYaIlli, II0 BHHHUKAIOTH
0e3IrmocepeIHLO Ha TpaHUIIl TTEBHO1 BXiJHOT a00 BUXIJHOT YMOBH, BUIIE 200
HIK4Ye ii. MeTon aHamidy TpaHMYHUX YMOB BIJIPI3HSIETHCS BiJI METOMY
KJIaC1B €KBIBaJIEHTHOCT1 HACTYITHUM:

- BUOIp  Oyab-SIKOTO  MpPEACTaBHUKA  KJACy  €KBIBAJIEHTHOCTI
3MIMCHIOETBCA TaKMM YWHOM, 00 TEPEBIPUTH TECTOM KOXKHY
TPAHMUITIO LILOTO KJacy;

- 1pu noOyI0BI TECTIB PO3MIAAAIOTHCS HE TIJIBKHU BXiHI YMOBH, ajie i
BUXiH1 (TOOTO TeBHI cnernudikoBaHi OOMEXEHHS Ha 3HAYCHHS
BXIJTHUX JAHUX).

3aranpHI1 MPaBUIIa METOLY aHaJi3y TPAHUYHHUX YMOB:

noOynyBaTl TECTH MJiA TPAHUIb MHOXWHH JOMYCTUMHUX 3HAYCHBb

BXITHUX JIaHUX 1 TECTU 3 HEJOMYCTUMUMHM 3HAYCHHIMU, ITI0 BIAMOBIIAI0ThH
HE3HAUHOMY BUXOMy 32 MEXI I11€1 MHOKUHH.
Hanpuxnao, onsa muosxcunu [-1.0; 1.0] 6yoyromecs mecmu -1.0; 1.0; -
1.001; 1.001;
3ayeadxcumo, wo Ha npakmuyi 3 Memoio J10Kanizayii necnpasnocmeu
CMBOPIOIOMb MAKONC Mecmu, Wo 8i0N08i0aoms OONYCMUMUM 3HAYEHHSIM,
moomo € GHYmMpIWHIMU OJIs1 MHONCUHU MA Mi, WO HE3HAYHO BIOXUNIIOMbCS
610 epanuunux 3navens: -1.0; 1.0; -1.001; 1.001;0.999;- 0.999
SKIo MHOKMHA JOIMYCTUMUX 3HAYEHb BXIJHUX JaHUX TUCKPETHA, TO
OyIyrOThCSl TECTH JJISI MIHIMAJIBHOTO i MAaKCUMAJIbHOTO 3HAYEHHS BXIJTHUX
YMOB 1 TECTH JIJIs 3HAYCHB, O1IBIIMX a00 MEHIIMX ITUX BEJIWMYHH.
Hanpuxnao, skwo exionuti ¢hatin mooce micmumu 6i0 1 0o 255
3anucis, mo suOUPaArOMvcsi mecmut OJisi NOPOICHLO2O hatity ma ¢hatiny, wo
micmumo 1, 254, 2551 256 3anucis.

1) BHKOPHUCTOBYBATH TEPIIE MPABUIIO JJIsl KOXKHOI BHXIiTHOT yMOBH;
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2) AKIO BXiAHI W BUXIOHI JaHI TpOrpaMu  SBJISIOTH  COOOIO
BIIOPSIKOBAHY MHOKHMHY (MOCIII0BHUM (pailn, TiHIMHUNA CIIUCOK Ta
1H.), TO TIpU TECTYBaHHI 30CEPEIUTH YyBary Ha IMepuoMy u
OCTAaHHBOMY €JIEMEHT1 MHOXKHUHU;
3) MOBTOPUTH MPOICAYPY IS BCiX 3HANACHUX TPAHUIHUX YMOB.
AHani3 TpaHWYHUX YMOB - OAWH 3 HaWOUIbII KOPUCHHUX METOIB
MPOCKTYBaHHS TECTiB. AJie BiH 4acCTO BUSBISAETHCS Hee(EKTUBHUM Yepe3
Te, 10 TPAHUYHI YMOBHU 1HOAI JieJb BJIIOBUMI, a IXHE BHUSBJICHHS JIOCUTh
BaXKKO.

PosmissHeMo  psin  NMpUKIAAIB  3aCTOCYBaHHA  (PYHKIIOHAJIBHOTO

TECTYBaHHS:
Ipukaagu. @yHKIioOHATBHE TeCTYBAHHA
Ipuknao 1
Crenudikaris:

[Iporpama mpu3HadeHa aJIsg JOmaBaHHS ABOX IUIMX uncend. KoxeH 3
JOMaHKIB — HE OLIBIN, HIXK ABO3HA4YHE Iiie uuciio. [Iporpama 3anurye y

KOpHUCTYBa4a ABa 4HCJIa, ITICJIST YOT'O BUBOJIUTDL PC3VYJIbTAT.

Bunimmvo kimacu ekBiBageHtHocTi (Tabmumg 1.)

Tabmg 1. Kitacu exBiBaJIeHTHOCTI

KIIaCH KOPEKTHIX JAHHX Knacu sekopexktanx | ['panwdni ¥ criemianbHi
JaHUX 3HA4Y CHHA
B -99 710 -10 > 99 0,1,-1,9, -9
Tepumii s oL <-99 10, -10
JIOJTAaHOK i1 1 10 9 15 99, -99
PUL A ‘Q’ 100, -100
Bix 10 mo 99
prl—nﬁ _”_3’_ _3’_”_ _79_”_
JIOJTAHOK
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[TECTYBAHHSI: KPUTEPII TA METO/IN.]
M.B.JdinkoBcbka ALY

Bix -198 no -100 a0
Bi1 -99 110 -1 > 198 (-99,-99)
) (-49, -51)
Cyma 0 <-198 (99, -99)
Big 1 1o 99 ‘HEKOPEKTH1 JaHi ( 49’ 51)
Big 100 mo 198 '

Ilpuxnao 2
Cnenudikarris:

[Iporpama 4yuTae 3 KOHCOJI TpU LIJIMX YKWCIAa W BU3HAYA€E THUI
TPUKYTHUKA, 1110 MA€ TaKl CTOPOHU: PIBHOCTOPOHHIH, pIBHOOEApEHUN a00
pi3HOOIUHui [2].

Tectu y ¢opmari: meta, HaOlp BXIAHUX JTaHUX

1. KopekTHuit pi3HOOI1YHUM TPUKYTHUK {5,6,7}.

2. KopekTHu#l piBHOCTOPOHHIM TpUKYTHUK {15,15,15} .

3. Tpu KOpeKTHUX PiBHOOEAPEHUX TPUKYTHUKH (a=b, b=c, a=c) {3,3.4;
5,6,6; 7,8,7}.

4. Opnna, nBi abo Tpu CTOPOHU JOpiBHIOKTH HymiO (7 TectiB) {0,1,1;
2,0,2; 3,2,0; 0,0,9; 0,8,0; 11,0,0; 0,0,0}.

5. Omna cropoHa Bin’emua {3,4,-6}, {3, -6, 4}, {-6, 3,4}.

6. «Maiike» BUKOHYETHCA MPABUIIO TPUKYTHUKA (TpH BapiaHTH a+b=c,
a+c=b, b+c=a) {1,2,3; 2,5,3; 7,4,3}.

7. He BuKOHYeTBbCS TpaBUIO TPUKYTHHKA (Tpu BapiaHTu a+tb<c,
a+c<b, b+c<a) {1,2,4; 2,6,2; 8,4,2}.

8. Hemine uucio abo ve uncno {Q,2,3} {2,Q,3} {2,3,Q}.

9. HenpaBuiibHa KUJIBKICTh apryMeHTIB {2,4; 4,5,5,6}.

10. IlepenoBHeHHsT mpH TepeBipli MpaBUiia TPUKyTHUKA {16384,
16384, 16384}.

Ilpuknao 3
Cnenudikaiiis
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[TECTYBAHHSI: KPUTEPII TA METO/MN.]
M.B.JdinkoBcbka ALY

Hexait y Hac € mporpamHe 3a0e3NeuUeHHs, IO JOoMoMarae 3HaWTH
KOPEH1 KBaJIpaTHOTO piBHAHHS ax2+bx+c=0, 3a ymoBH, 1110 a,b,c - il

PosmisHeMoO mpuKiIaaw TECTIB 13 3a3HAYEHHSM METH KOKHOTO 3 HHX
(Tabmuns 2)

TaOmm 2. [puxnanu TecTiB

N A B C Merta

1 0 0 0 X — noBUIBHE

2 0 0 10 PimeHHsT — TOPOXKHST MHOXKHHA
3 0 5 17 MosxnuBo avieHHs Ha 0

4 6 1 -2 Hopmainbnuii pe3ynsrar

5 3 7 0 Onun 3 kopeHiB — 0.

6 3 2 5 |€ xoMIIeKCHI KOpeHi , HeMa IiHCHUX
7 7 0 0 [epeBipka Ha KOpiHb 3 0

8 1 2 1 Mae oauH KOpiHb

9 a B C HexopekrHi BximHI gaHi

10 3.1 2 5 HexopekrHi BXimHI naHi

11 |32,767(32,767|-32,768 MoskiiiBe niepenoBHEHH S

Takum uwHOM, Mg 3AIWCHEHHS (YHKIIIOHATHLHOTO TECTyBaHHS
HEOOX1THO BUAUTUTH MPAaBUIbHI Ta HEMPABUIbHI KJIaCH €KBIBAJIGHTHOCT1 1

BU3HaAYUTHU FpaHI/ILIHi 3HA4YCHHAI.
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[TECTYBAHHSI: KPUTEPII TA METO/IN.]
M.B.JdinkoBcbka ALY

KoHTpOonbHi 3anuTaHHA

[Ilo Take pyHKIIIOHAILHE TECTYBAHHS ?
SIki mepeBaru Ta HEJOJIKU MAa€ CTOXaCTUYHE TECTYBaHHS?

B JOMY NnoJpira€ TCCTyYBaHH:A 3a KJlaCaMH €KBIBaJICHTHOCT1 ?

H w0 e

Buninnte KiIacM €KBIBaJE€HTHOCTI i BXIOAHOI MHOKHHH, IO
OIMMCYETHCSI YMOBOIO:

a. x> 9,5;

b. IMosinomuenus mae mictutu 10 1000 cMMBOJIIB;

C. Bxigni naHi — aapeca eIeKTPOHHOT MOIITH.
5. 3acTocyiiTe METOJl TPaHMYHUX YMOB MpU MNOOYIOBI TECTIB IS
BXIIHUX JIaHUX, 5IK1 OMKUCYIOTHCSI HACTYITHOIO YMOBOIO:

a. x>-5;

b. KopuctyBau Mae mnpaBo 3aBaHTaXUTH A0 10  rpadiuaux

300paxkeHb po3mipom a0 100xb;

c. ®daiin mictuth 10 15 3amucis.

3. BUIMA ALWMKK - CTPYKTYPHE TECTYBAHHSA

CTpyKTypHE TeCTyBaHHS, a00 TECTyBaHHS «O1J0TO SIIMKa», - II¢
METONMKA aHalli3y BHUXITHOTO KOAy mporpamu. ICHye Tpu pi3HOBUIU
CTPYKTYPHOTO TECTYBaHHS: TECTyBaHHS Ha OCHOBI IOTOKY KEpyBaHHS

porpamu, Ha OCHOBI MOTOKY JaHUX Ta MyTalllilHEe TeCTYBaHHS.

14
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[TECTYBAHHSI: KPUTEPII TA METO/IN.]
M.B.JdinkoBcbka ALY

[Ipu BUKOpHUCTaHHI MEPIIOrO THUIY TECTYETHCS JIOTIKA MPOTPAMHU, IO
IpelcTaBieHa y BUMISAL Tpada KepyBaHHS: BEpIIMHAMH € OINEeparopH, a
TIIKaMU - IEPEXOIU M1 HUMH.

[Ipu TecTyBaHHS Ha OCHOBI MOTOKY JaHUX yBara MPUIIISETHCS
B3a€MO3B'SI3KaM MK 3MIHHUMHU. BUIINSIOTHCS BEpIIMHU, Y SIKUX 3MIiHHA
1HIIIATI3YEThCS Ta B SKUX BHUKOPUCTOBYETHCS, 1 BUBYAIOTHCS MEPEXOau U
B3a€MO3B'SI3KM M1K TAKMMHU BEPUIMHAMMU.

Myrariiine TeCTyBaHHS TOJSTa€ y BHECEHHI HECIPaBHOCTEH Y
BUXIJIHUN KOJI MPOTpaMH Ta MOPIBHSHHS POOOTH BUXIAHOI MPOrpaMu Ta
IporpaMu MyTaHTa.

OCKUJIbKY 31HCHUTH BUYEPITHE CTPYKTYPHE TECTYBAaHHS BKPail BaXKKO,
HEOOX1/IHO BHOpAaTH Takl KpuUTepli MOro MOBHOTH, SIKI JAOMYCKalu O 1XHIO
MPOCTY MEPEBIPKY M MOJIETHIyBaAIM O IiJeCIpsIMOBaHUN TMiAOIp TECTIB.

3YyNUHUMOCS Ha [IbOMY JOKJIa HIIIE.

3.1 TecTyBaHHA NOTOKIB KepyBaHHA Nnporpamm

JIs TecTyBaHHS Ha OCHOBI TOTOKY KEpPyBaHHS ICHYE PsJi KPUTEPIiB:
MOKPUTTS ONEPaTopiB, MOKPUTTS PIillleHb, NUISIXIB, IUKJIB, YMOB 1 T.JI.[2]

HailinpocTinmm € Kputepiii MOKPUTTS ONEPaATOPiB.

Kputepin nokputra onepartopiB (C):
KOJICeH onepamop npozpamu noeuHeH 0you euKkonanuil (ROKpumuit)
Xoua 6 00uH pas.
Lleiti kputepii € HaWOLIBPII CJA0KUM 3 BHUKOPUCTOBYBAaHUX Y
CTPYKTYPHOMY TE€CTyBaHHI, TOMY IO MPOXOMKEHHsI BCiX OIMEpaTopiB HE
rapaHTye MEPeBIPKY MPaBUIBHOCTI MOCIIIOBHOCTI TMOIMApPHUX IEPEeXOIiB

M1 HUMH.
Kputepin nokputra piweHb(C,):
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[TECTYBAHHSI: KPUTEPII TA METO/IN.]
M.B.JlinkoBcbka [AKKY

KOXCHA 2IKa anzopummy (KOHCHUIL nepexio Mixc eepuiunamu) mae
Oymu npoiidena (6uKonHana) xoua 6 00uH pas.

BukoHaHHSA AaHOrO KpUTEPIIO, y 3arajlbHOMY BUIIAJIKY, 3a0e3neuye il
NOKPUTTS omeparopiB, npore kpurepiii C; He € 1neanbHuM. Tak,
HalpuKiIad, BiH He 3abe3ledye TMepeBipKy NPaBUIBLHOCTI O0OpOOKHU

OTIepaToPIB JIOTIYHHUX IIEPEXOiB Ta ITUKIIIB.

Kputepin nokputra wnsaxie (Cowo):

KOJCeH WAX 6 aneopummi, 0e Wiiax — ue noCai006HICHmb 6ePUIUH
(Ngtarts Niyeers Ny Niinal) Ma€ Oymu npomecmosanuii xoua 6 ooun pas. /lea
WIAXU  8BANCAIOMBCA [0CHMUYHUMU, AKUWLO0 RNOCAI008HOCHMI BEePUIUH
i0eHmuyuHi.

Ile HaifO1IBII TOBHUH KPUTEPIiH, TPOTE MOT0 peamizallis ycKiIagHeHa
yepe3 BEIMYE3HY KIJIbKICTh HEOOXIJHUX TecTiB. Tak, Hampukiaj,
npoOJIEMOIO0 € TECTYBaHHS LIMKJIIYHUX CTPYKTYp, B CHIIY HEOOXIJHOCTI iX
0araropa3oBOro MOBTOpEHHS. [ chnpolleHHS JaHoi mporeaypu Oyino

3alPOIIOHOBAHO JIBA HACTYITHUX KPUTEPIi:

paHU4YHe TeCcTyBaHHA LUKNY:
6i0N0BIOHO 00 0aHO020 Kpumepirw Mae Oymu BUKOHAHUI 6Xi0 Y

KOMCHUIL YUK (RpOome 6UKOHAHHA Imepauiil He 6UMA2AEMbC) .

BHyTpilWlHE TeCTyBaHHA UMKNY:
6i0N0GIOHO 00 0aH020 Kpumepily Mae€ Oymu BGUKOHAHUU 6Xi0 Y
KOMCHUIL YUKIL | AK MIHIMYM OOHA imepayisi.
BoueBunp, 1m0 BUKOHAHHS IPYroro KpUTEPito 3a0e3nedye BUKOHAHHS
KPUTEPiI0 TPAHUYHOTO TECTYBaHHS LMKJIIIB, aj€ pa3oM 3 TUM, BUMarae

OLJIBIIOT KIJIBKOCTI TECTIB.
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[TECTYBAHHSI: KPUTEPII TA METO/IN.]
M.B.JdinkoBcbka ALY

Bume Oyno 3a3HaueHo, M0 4YacTO BHHUKAIOTH MpoOIeMH 3
TECTYBaHHSIM JIOTIYHUX KOHCTPYKIIN po3ramyxeHHs. [[ns mporo Oynu
3aIpONOHOBaHI KpUTEPii MOKPUTTS YMOB. BUKOpUCTaHHS TaHUX KPUTEPIiB
MOX€ JaTh MmiAdIp TecTiB, 1O 3a0e3MeuyroTh MepexiJi y mporpami, Io
MPOITYCKAETHCS MTPU BUKOPUCTaHHI kpuTepito C;.

Hanpuxnao, npu euxopucmanui kpumepito nokpumms nepexooié npu
mecmyeaHnti ppazmenma:

If(x&&y)

functionl();

else function2();

07151 nepexody Ha 2iiKy else documbs, WobO BUKOHANACS MIILKU YMOBA
not(x), wo He 2apaHmye nepesipky npaye30amHocmi onepamopa yMosu 8
yinomy, moomo moeo, wo npu not(y) meaic 6yoe 30ilicHeHUll nepexio Ha
2LnKy else.

[cHYIOTH HacTymH1 KpUTEpli HOKPUTTS YMOB 1 YMOB/pIILIEHb:

NMpocTnn KpuTepin NOKPUTTA YMOB:

KOJCHA 3 AMOMApPHUX yM0O8 NOBUHHA OYymMuU NPOmMecmosana Ha ceoi
NPABUILHI Ma NOMUNIKOGL 3HAYEHHA X0Ua 0 00UH pas.

Jlanuit kpuTepid, 3abe3nedye TUIBKH TMEPEeBIPKY TOTO (akTy, 4u
MOXJIMBO MPUUHATTS aTOMapHUMHU YMOBAaMH MPABUIIBHUX Ta TTOMUIKOBUX
YMOB, ajie He 3a0e3Ieuye MepeBipKy NPaBUIIBHOCTI MOAAIBIIOTO JOTIYHOTO
MIePEXOTY.

Kputepiii MOKpHUTTS yMOB MOXKE HE TrapaHTyBaTH TOKPUTTS BCiX
MEepPEXO/I1B.

Pozananemo my s konempyxyiio:

If(x&&yY)

functionl();

17
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[TECTYBAHHSI: KPUTEPII TA METO/IN.]
M.B.JlinkoBcbka [AKKY

else function2();

Kpumepiti NOKpumms YMO8 BUMA2AE 080X mMecmis (Hanpuxiao,
x=TRUE, y=FALSE i x=FALSE, y=TRUE), npu saxkux modce He
BUKOHYB8AMUCS ONnepamop, posmawioganuti 8 them-2inyi onepamopa if.
Takum uunom, Oanull Kpumepili mpeba NoOeOHy8amu i3 Kpumepiimu

HOKpUmMmsl piuieto.

Kputepin nokputrss ymoB/pilleHb:

KpimM eumoz, npeocmaeieHux ¢ nonepeoHboMy NYHKmi 000A€EmMbCs
ymoea - KOXdcHa 2iiKa anzopummy (KOdcHUil nepexio) noeuHHa Oymu
npoitdena (6uKonana) xoua 6 0OuH pas.

Ha mpakTuii HaifyacTtinie BUHUKAE CUTYalisl, IPU SKiH NpaBUIbHICTD
(YHKIIOHYBaHHSI aTOMapHUX YMOB HE TapaHTye 1CTUHHOCTI 3arajibHOro
BUpa3y YMOBU. 3 MeTOK 3a0e3nedyeHHs i€l yMOBU OyB YBEACHUU

HACTYITHUW KPUTEPIH.

MoaudikoBaHMK KpUTepin NOKPUTTA YMOB/pilleHb:
KOJICHA amomMapHa ymMo6a, W0 Ma€ GNIAUE HA ICMUHHICMD
3a2a716H020 6UPA3Y-YMOGU, MAE OYMU NPOMECHOBAHA, NPU UbOMY M eCmU
NOBGUHHI Oymu He3aNeMCHI 810 IHUWUX YACHKOBUX YMO8.
[ToBHa mepeBipka MpaBHIILHOCTI (PYHKIIIOHYBaHHS OIEPATOPiB YMOBHU
MoOxe OyTH 371HCHEHa JIMIE NUISIXOM Iepedopy BCiX BapiaHTIB KOMOIHAIIN
aTOMapHUX YMOB, II0 BXOASTh y 3arajlbHUM TPEAUKATHUM BHUpPA3, IIO

3HAWIUIO BIIOOpa)KEHHS Y HACTYITHOMY KpUTEPIi.

KombGiHaTOpHMK KpUTepin NOKPUTTA YMOB/pilleHb:
6ci KOoMOIHauii ICMUHHUX 3HAYEHb KOMCHO20 3 aAMOMAPHUX

npeouxamie, wj0 6xX00AmMb 6 yMOGy, MaAOmMb OYymu nPoOmMecmoBaHi.
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[TECTYBAHHSI: KPUTEPII TA METO/IN.]
M.B.JdinkoBcbka ALY

[e HalOLIBII PpECYpCOMICTKUM KPUTEP1i TOKPUTTS YMOB.
Bci nmepepaxoBaHi Bullle KpuTepii Oylu MpeIcTaBieHl y BUIVISAI

1epapxiuyHOi CTPYKTYpH, 300pakeHoi Ha puc. 1.

KpuTepii NOKpUT TS LWnsaxis

Kom6iHamopHul kpumepii
nokpummsi ymoe/piweHb

KpuTepiii nokputT5
uMKniB
(BHYTPpiLLHWN)

M odudgpikoeaHull kpumepil
nokpumms ymoe/piuieHb

KpuTepiii nokputTs
umknie
(rpaHu4HuIn)

Kpumepii nokpummsi

/ ymoe/piweHb

KpuTepiii noKpuT TS pilleHb !

| Mpocmuti kpumepiii
nokpumms ymoe

KpuTepiii nokput TS onepaTopis

Puc. 1. B3aeM03B's130k MDK KPHUTEPIIMH TTOKPUTTS IIOTOKIB KEPyBaHHS POTPAMH .

[Ipoananizyemo HaBeIeHY CTPYKTYpy. I3 KpuTepiiB MOKPUTTA
YMOB/pillieHb HAalOLIbII CUIBHUM € KOMOIHATOPHUN KPUTEPI MOKPHUTTS,
BUKOHAHHS SKOTO 3a0e3medye BHKOHAHHS MOIU(IKOBAHOTO KPHUTEPIIO.
OctaHHii, y cBOI0O 4epry, 3abe3neuye BUKOHAHHS KPUTEPIIO MOKPUTTS
yMoB/pitieHb. [0 cTocyeThCs MPOCTOro KPUTEPI0 MOKPUTTS YMOB, TO,
BUXOASYM 3 MOr0 BWU3HAYCHHS, BIH € CKJIAJ0BOI0 YAaCTHHOK KPUTEPIIO
HOKPUTTS YMOB-PIlICHb.

BukoHaHHsT KpuUTEpil0 TOKPUTTS INUISIXIB 3a0e3neuye  MOBHE
TECTYBaHHSA IUKJIIYHUX CTPYKTYp, a, BIJAMOBIAHO, 1 BUKOHAHHS SK
BHYTPIIIHBOTO, TaK 1 TPAaHUYHOTO KPUTEPII0 TECTYBaHHS IIUKJIIB.
3ayBa)KMMO, 1110 111 JBa KpUTEPii CTBOPEHI JIMINE JJIS IMKJIIB 1 HaBITh HE
3a0€3MeuyloTh MOKPUTTS BCIX OINEparopiB, TOOTO BOHU TOBHHHI

BUKOPHUCTOBYBATUCS TUIBKU B CYKYITHOCTI 3 1HILIMMU.
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[TECTYBAHHSI: KPUTEPII TA METO/IN.]
M.B.JdinkoBcbka ALY

Kputepiil HOKpUTTS pillieHb 3a0e3Ieuye MOKPUTTS BCIX orneparopis. B
CBOIO 4Yepry MOKPUTTA BCIX MEpeXomiB (pIMeHb) TaKOX MOXKe OyTh
JIOCSITHYTE TUIIXOM BHUKOHAHHS OUIBII TIOBHUX KPHUTEPIiB - KPUTEPIIO
MOKPUTTS PIIIEHB/YMOB 1 KPUTEPIIO MOKPUTTS HUISXIB.

PosmissHeMO TMpakTU4YHE 3aCTOCYBAaHHS KPUTEPIiB CTPYKTYPHOTO

TECTYBaHHSI.

Mpuknagn. CtpykTtypHe TectyBaHHA. NMOTiK ynpaBniHHSA

[IpoumocTpyeMo poOOTYy TECTiB, 3aCHOBAaHUX Ha CTPYKTYPHOMY
TEeCTyBaHH1 Ha 0a31 MOTOKY yIPaBIiHHS, HA PEaTbHOMY MPOTrPaMHOMY KO/Ii.
Jlnst TectyBanHsa Oyna oOpaHa YyacTMHA MPOTpaMu, IO 3aBaHTaXye .bmp
daiin Ha expaH. JIicTUHT mporpamMu HaBeneHo y Jlomarky 10 JTaHOTO TEKCTY
JIEKLIH.

[lepen mowarkoMm aHami3y MPOrPaMHOrO0 KOMy M CKJIAJaHHS TECTIB,
nodynyeMo 010K-cxeMy AaHoi nporpamu (Puc. 2) , a Ha i1 ocHOBI — rpad
ynpagninss (Puc. 3).

[IpotecTtyeMo mporpaMmy, BUKOPHUCTOBYIOUHM KpPHUTEPii CTPYKTYpHOTO
TECTYBaHHS Ha OCHOBI IMIOTOKY YITPaBIiHHS.

[lepumM po3mIsiTHEMO KpUTEPil MOKPUTTS BCIX BepHmH rpada
YIPaBIIHHS (IOKPUTTS BC1X ONIEPaTOpiB).

J17151 TOKPUTTS BCiX OMEparopiB AaHOI MporpaMu HEOOX1THO 31UCHUTH

2 TECTH.

Tect Nel. Hexait 3minHa path He Bkazye nuisx peajabHO 1CHYKOUOTO
daiimy, Tomi TecToBaHa Iporpama Jiiijie 1O TMEpPeBIpKU Ha 1CHYBaHHS
datimy, BUBeC MOINEepeHKEHHS 1 3aBepITh PoOoTy. [Ipy boMy 3HaYCHHS

1HIIMX 3MIHHUX HE BIUIMBAIOTh HA MOKPUTTS ONEPATOPIB, TAKUM YHHOM Ha
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[TECTYBAHHSI: KPUTEPII TA METO/MN.]
M.B./linkoBcbka [EPANNIY)

rpadi ynpasiiaas Oyme nponaenuit mwsax ([ITouarox]->[A] ->[B]->[D] ->
[Kinenb]), To6TO OymyTh mOKpUTI Bepumuu A, B, D.

Tect No2. [lna Ttoro, mo0 mMoka3aTu NOKPUTTS OMNEParopiB, IO

3QTUIIIINCS, TOCHTh, 00 BUKOHYBAJIHMCS HACTYITHI YMOBH:
- 3minHa Path Bkasye nuisx peanbHo icHyr040ro (aity;
- IIpY [IbOMY 3aBaHTaXKYEThCS KAPTUHKA, [0 MAa€ HACTYMHUU (popmar:
I.  Sagolovok.biWidth=2 (mmpuna 300pakeHHS 2 MIKCEs);

Ii.  Sagolovok.biHeight=1 (Bucota 300paxeHHs 1 miKceb).
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[TECTYBAHHS: KPUTEPII TA METO/IN.]

M.B./linkoBcbKa

2010

TlouaTok

fread(&Sagolovok,54,1, BMP);
nb=(Sagolovok.biWidth /8)*4

printf("Error. No file.");
return 1;

D

if ((Sagolovok.biwidth % 8) 1= 0)

y=y0+Sagolovok biHeight

fseek(BMP Sagolovok.bfOffBits, SEEK SET)'

Y

b=fgetc(BMP); |

< x-x0<Sagolovok.biwidth

]

< x-x0<Sagolovok.b|Width

X++;

putpixel(x,y,Color[b>>4]);

N

A 4

jHt 0

A 4

X++;

putpixel(x,y, Color[b & 15]);

P

Kinenp

1.

I
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[TECTYBAHHSI: KPUTEPII TA METO/MN.]
M.B./linkoBcbka [EPANNIY)

Puc. 2. bnok-cxema nporpamu.

Puc. 3. I'pad ynpaBiaiHHS Iporpamu.
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[TECTYBAHHSI: KPUTEPII TA METO/IN.]
M.B.JlinkoBcbka [AKKY

3a Takux MOYaTKOBUX YMOB Oyne npoiaeHuii muisix ([Ilouarox]->[A] -
>[B]->[C] ->[E]->[F] ->[G] ->[H] -> [I]->[K]->[L]->[M]->[N]->[O]->[P]-
>[Q]->[K]-> [L] -> [M] -> [O] -> [Q]->[K] ->[L]->[M]->[O] -> [Q] ->[K]
-> [L] -> [M] -> [O] -> [Q]->[K]->[J]->[H]->[Kireus]), To6TO GynyTh
MOKPHTI BC1 BEPIIMHU, 110 3THIIAINCS.

[Ipy BHKOHAHHI LIMX TECTOBUX HAOOPIB MOMUIIOK HE OYIIO BUSBIECHO.

Kpurepiit Cy 1151 7aHO1 IpOrpaMu BUKOHYETHCA.

[lepetinemo 10 moOymOBH TECTIB Ha OCHOBI HACTYITHOI'O KPHUTEPIIO -

MOKPUTTS BCiX pitieHb C;, ToOTO pebdep rpada ynpasmiHHSL

TectNe3. Ilicass npoxoKEHHS TMEPIIOro TECTy 3aUIIMIOCS HeE
nokputumu Jmite oaHe pedpo ([E]->[G]) rpada, mi1s mpoxoKeHHS [IbOTO

TeCTy HeoOXiTHO JofaTu A0 TecTiB 1 1 2 1mie OnuH TecCT:
- Path Bkasye nuisx peanbHoO icHyr04Oro Gamy;
- Sagolovok.biWidth=8 (unmpuna 300pakeHHs 8 miKceniB);
- Sagolovok.biHeight=1 (Bucota 300paxkenHs 1 mikcenb).

3a TakuX Mo4aTkoBUX yMOB Oyne mpoiaennid noisix ([[lodarok]->[A]-
>[B]->[C]->[E]->[G]->[H]->[1]->[K]->[L]->[M]->[N]->[O]->[P]->[Q]-
>[K]->[L]->[M]->[O]->[Q]->[K]->[L]->[M]->[O]->[Q]->[K]->[L] -> [M]
-> [Q] ->[Q]->[L] -> [M] -> [O] -> [Q] ->[K]->[L] -> [M] -> [O] ->[Q]-
>[K]->[L]->[M]->[C]->[Q]->[K]->[L]->[M]->[O] -> [Q] ->[K] -> [J]-
>[H]->[Kineus]).

Buxoasiun 3 BUIIEHAaBEAEHOTO0, MOKHA 3pOOUTH BHUCHOBOK, ILIO
pOXO/LKEHHS TecTiB 1, 2, 3 3a0e3neuye BuKoHaHHA KpuTtepito Ci.

PosrnstHEMO TpeTiit KpuTepiid - MOKPUTTS BCiX NUIXIB (Cy).
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[TECTYBAHHSI: KPUTEPII TA METO/IN.]
M.B.JdinkoBcbka ALY

[IpoananizyBaBim rpad MOTOKY YIpaBIiHHA MOXKHA MOOAYHMTH, IO
HEMOXJIMBO TOJATH TakKl BXiJHI JlaHi, skl 3a0e3nedyBaiu O MpoOXiJ IO
misixy ([Houarok]->[A]->[B]->[C]->[E]->[F]->[G]->[H]->[1]->[K]->([J]-
>[H]->[1]->([K])->[L]->[M]->[O]->[P]->[Q])->[K]->[J]->[H]->[Kinewp]).
binbmie TOro, OCKiJIbLKM B JaHOMY HUISIXYy € HUKJIM (BOHU TO3HA4YeHI
Ty’)KKaMH), BUXOJHTh, IO MNPEA'SBICHO HE OJWH HEAOCSHKHHHM NUIAX, a
MHOXHWHA TaKHX IUISIXIB.

[IpoanamizyeMo OUISSHKY MPOTPaMHOTO KOy, IO YHEMOXKJIHBITFOE
TIPOXOJIKEHHSI 110 3HAWICHOMY IIUISAXY:

for(=1; j<=nb ; j++)

{

b = fgetc(BMP);

if( x-x0 < Sagolovok.biWidth)

{
putpixel(x,y,Color[b >> 4]);
X++;

}

If( x-x0 < Sagolovok.biWidth)

{
putpixel(x,y, Color[b & 15] );
X++;

}

}

SIKI0 HEe BUKOHYETHCS mepumid if, To Ipyruii Takok He BUKOHA€THCS,
TOMY III0 TIEPEBIPAIOTHCS OJHAKOBI YMOBH. Lle miaTBEpAKYyE HEM OKITUBICTh
3HAXOIKEHHS TTOYaTKOBUX YMOB, K1 O 3a0€3MeUnIn MPOXOIKEHHS JTAHOTO

LUISXY.
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[TECTYBAHHSI: KPUTEPII TA METO/IN.]
M.B.JdinkoBcbka ALY

Takum uywmHOM, BuUXOmsuM 3 kputepito C,, TECTOBaHAa Iporpama
MICTUTh TOMUJKY. 3HaWJIeHUU Ne(eKT He BIUIMBAE Ha BIJAMOBIAHICTH
crienuikaiii mporpamMu, TOOTO He Oylde BUSBICHUM METoAaMU
(YHKI10HAJIBHOTO TECTYBaHHS, ajieé BIH BILUIMBA€E HA MIBUJIKICTh BUKOHAHHS
JaHO1 TPOrpaMu, TOMY IO B JESIKUX BHUIJIKaX, MOXKJIMBE BUKOHAHHS O
TPHOX 3aMBUX HUKIIIB («XOJOCTUM Xi/1» TPOTrpaMMu ).

[HI1I0'0 MOXKTTUBICTIO MOAAHHS BHYTPIIIHBOI JIOTIKH TIporpamu € rpad
notoky manux [3]. Po3misHeMo TecTyBaHHS Ha MOrO OCHOBI M TpPaHHIl

3aCTOCYBaHHS O1JIbII IOKJIATHO.

3.2. TecTyBaHHA NOTOKIB AaHUX nNporpamu

['pyma kputepiiB mjas AaHOTO METOMy IMOOyIOBaHA Ha IMPUHIIMIAX
JOCSDKHOCT1 M JOCTYIY 0 3MIHHUX.
bynemo BBaxaTtm, mo Bupaz Yy:=f(X;,..., X,) BHKOpHUCTOBYe 3MiHHI

X{ye-X, UL oOumcmroBambHOTO mpomecy (Computational use), o

n

M03HAYAETHCA K C-USE, MPHU IbOMY JaHUI BHpa3 € BU3HAYCHHS 3MIHHOT )
(def y).

bynemo BBaxkatu, mo Bupa3z P(Xy,...,x,) BAKOPUCTOBYE 3MiHHI Xi,...,X,
sk npeaukaru (Predicate-use), mo nozHauaeThes sk P-USE.

HIngx p=(nin,...,Nm) BBaKAETHCA TAKUM, IO HE MICTUTh BH3HAYCHD
3MIHHOI X, KIIO B HbOMY Hemae def X.

Jlns BepumiHM N; Ta 3MiHHOI X, Takoi mo X € def(n;) Bupas dcu(x,n;)
Mo3Hauae Habip BCiX BEPUIMH Nj TAKUX, IO X € C-USe(N;) 1 muIsax Bif N; 10 N

HE MICTUTh BU3HAYEHD X.
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[TECTYBAHHSI: KPUTEPII TA METO/IN.]
M.B.JdinkoBcbka ALY

Jlns BeprmiHHU N; Ta 3MiHHOT X, Takoi mo X € def(n;) Bupas dpu(x,n;)

mo3Havdae Habip Bcix pebep (N;Nk), Takux mo X € P-use(n;,Ny) 1 IUIAX Bix b
710 Ny HE MICTUTh BU3HAYCHD X.

[MozraunMmo sk du-masx (MUIsx BU3HAYCHHS-BUKOPUCTAHHS):

- mwiAX P = (Ni+1,... Nj, Ng), MO MICTUTH INOOANbHE BU3HAYCHHS
3MIHHOI X y BEpIIMHI Nj, 1 Takui, 1O P HE MICTUTh BU3HAYECHD
3MIHHOI X, aJIe MiCTUTB C-USe(X), 1 Bci BeprmHU N;... Nk (KpiM N 1 Ny)
MIOITAPHO BIAMIHHI

- abo mueix p(n;, Ny), MO He MICTUTH BHU3HAYCHb 3MIHHOI X, aje
MICTHTh IPEeIUKAaTHE BUKOpUCTaHHs X (P-use(X)) i Bci BepImHu N;...
Nk TONAPHO BIMIHHI.

PozrisiHeMo kputepii TeCTyBaHHS MOTOKIB JaHUX MPOTPAMH .

Kpurepii ¢ all-defs”

Jlanuit kpuTepii BUMarae CTBOPEHHS HaOOpy TECTiB, K1 O MICTHIH
JUTS KOYKHOI BEpIIMHU N; 1 kKoxHOT 3MiHHOT X € def(n;) sx MiHiMyM omuH
IUISAX, 10 HE MICTUTh BU3HAYCHb X BIJ nj A0 eiaemeHTa 3 dcu(x, n;) abdo
dpu(x, n;). Kpurtepiii 3abe3neuye mMepeBipKy MpaBUIIbHOI iHIiIiami3arii
3MIHHUX, aJlc HE Ja€ TapaHTill IXHHOrO MPAaBUIBHOIO BHUKOPHCTAHHS B
obuncioBaIbHOMY mporieci. Lle 3aBmaHHS CTaBUTHCS IMOETAITHO MEpe]

HACTYITHUMH KPUTEPISIMHU.

Kpurepiii “all p-uses*
3a JaHUM KPUTEpPIEM BHUMAra€ThCsi CTBOPEHHS HAaOOpy TECTIB, iK1 O

MICTHJIM JUT KOXKHOI BEPIIMHU Nj 1 KOXKHOT 3MiHHOT X € def(n;) sik MiHiMym
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[TECTYBAHHSI: KPUTEPII TA METO/IN.]
M.B.JdinkoBcbka ALY

OIIH NUISX, 0 HE MICTUTh BU3HAYEHB X BIJI Nj A0 BCiX eJeMEeHTIB 3 dpu(X,
ni).
Kpurepii “all c-uses
Jlanuii kpuTepii BUMarae CTBOPEHHS HaOOpy TECTIB, K1 O MICTHIH
JUIS KOYKHOI BEPIIMHU nj 1 KOxkHOT 3MiHHOT X € def(n;) sk MiHiMyM omuH

IUISX, IO HE MICTUTh BU3HAYCHB X Bi nj 10 enementa 3 dcu(X, n)

[li nmBa xkputTepii TrapaHTYIOTh NEPEBIPKY TOro ¢akTy, 0
BUKOPHUCTOBYBaH1 3MiHHI B MPEIUKATHUX BUPa3ax Ta B OOUHUCICHHSX OyIu

MpOiHiIiaTi30BaHI.

Kpurepiii “all c-uses / some p-uses“
HactynHe 3aBnanHs mosjsirae y BiJIMOBI/II HA MUTaHHA: Y4 BUKOPUCTAH1
BC1 1HIIIia130BaHl 3MiHHI B OOYHMCJEHHSX ab0 Xoua O y IpeauKarHUX
Bupaszax. Kpurepiit “all c-uses / some p-uses* Bumarae CTBOPEHHS Ha0OPy
TECTIB, AKi O MICTHIIM JUIsI KOKHOT BEPIIMHHM Nj 1 KOKHOT 3MiHHOT X € def(n;)
SK MIHIMYM OJMH NUISX, IO HE MICTUTh BU3HA4Y€Hb X B N J0 BCIX
exeMeHTiB 3 dcu(x, n;), abo, akmo dcu(X, nj) - MOPOKHS MHOKHHA, X04a O

IUIAX, 0 HE MICTUTh BU3HAUCHbB X BIJI Nj 10 eleMeHTa 3 dpu(x, n;).

Kpurepiii “all p-uses / some c-uses*

Jlanuit KpuTepi aHAJIOTIYHUN MOTIEPETHBOMY, 3 TIE€I0 PI3HUIIEIO, IO B
HBbOMY TIEPEBIPAIOTHCSA BXOIKEHHS IIyKaHO1 3MIHHOT B IPEANKATHI BUPA3H,
a SIKIIO TaKUX HE BUSIBIIEHO, TO B OOYMCIICHHSI.

Jlanuil kpuTepiii BUMarae CTBOPEHHsS HaOOpy TECTiB, Kl O MICTHIIU
JUIS KO)KHOI BEPIIMHM Ni 1 KO)KHOI 3MiHHOT X € def(n) sk MiniMym omuH

IDISX, IO HE MICTUTh BH3HAYCHBb X BiJ N O BCiX eleMeHTiB 3 dpu(x, n;),
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[TECTYBAHHSI: KPUTEPII TA METO/IN.]
M.B.JdinkoBcbka ALY

a00, axmmo dpu(X, n;) - MOPOXKHS MHOXKHMHA, X04a O IUIAX, 0 HE MICTUTH

BU3HAYCHB X BIJ 1 0 eJleMeHTa 3 dcu(x, n;).

Kpurepii “all uses* (Bci BAKOPUCTAHHA)

JlaHuil KpuTepid € y3arajJbHIOIOYMM [JIs OCTaHHIX JBOX KPHUTEPIiB.
Bin BuMarae cTBOpeHHs HaOOpy TECTiB, SIKi O MICTHIM JUIS KOXKHOI
BEPIIMHM Ni 1 KoxkHOT 3MiHHOT X € def(n;) sk MiHIMyM OIMH IUISX, IO HE
MICTUTh BU3HAY€Hb X BIJI N;j J0 BCiX eiaeMeHTiB 3 dpu(X, nj) 1 10 BCiX

esleMeHTiB 3 dcu(X, nj).

Kpurepii “all du-paths”

Haii0inpury moBHOTY MOKpUTTS 3abe3neuye kputepiit “all du-paths”,
BIH BpaxoBy€ BCl MOXJIMBI BUKOPHUCTaHHS 3a3Hau€HOi 3MiHHOi. [[aHui
KpUTEpiil BUMarae CTBOPECHHS HAOOPY TECTiB, SIKi O MICTHIIHM JJIs KOXKHOT
BEpPIIMHM Ni 1 KokHuMi 3MiHHOI X € def(n) Bci du-uwsaxu maHOTO
BU3HAYCHHSI.

Bci kputepii CTpyKTYpHOTO TECTYyBaHHS y3arajbHEH1 ¥ MpeCcTaBIeH1
y BUIVISI/IL 1€PAPXIYHOL CTPYKTYPH, 300pakeHo1 Ha puc. 4. JlaHa cTpykTypa

JI03BOJISIE BUSIBUTH 1CHYIOU1 B3a€MO3B'I3KH M13K KPUTEPISMH.
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[TECTYBAHHSI: KPUTEPII TA METO/MN.]
M.B.JdinkoBcbka ALY

MokpuTTA BCiX Wnaxis (path coverage)

M HoXuHHUU Kpumepit
\ nokpummsi ymoe/piweHb

(multiple condition coverage
test)

all du —paths
KpuTepii nokputTSa (BCi WAXK
Lmkris BUW3HAYEHHs-
(BHYTPiLLHil) BUKOPUCT aHHA)
(interior test)
A 4
1
KpuTepiit nokpuT TSt | M odudgbikoeaHuti l(/pqmeplu
wiknie all uses nokpumms ymos/piweHb
(rpaHnyHwi) (CinpeaukaTtun Ta (Modified condition / decision
(boundary test) o64UCneHHs) coverage test)

-~
all p-uses /some c-uses
(BCi npegvikaTu Ta gesiki

06YNCTIEHHS)
Z]

!

all p-uses
(BCi npegvkaTm)

all c-uses /some p-uses
(BCi 0bunCneHHs Ta
nesiki npegukat /|\)

all c-uses
(BCi 0B4MCNEHHS)

Kpumepii nokpummsi
ymos/piweHb

(condition / decision
coverage test)

/

all defs
(BCi iHiLianizawyi)

MokpuT TS piweHb (rpaHen)

(branch coverage) y
lMpocmuti kpumepiti
nokpummsi ymos

(simple condition
MokpuTTS onepaTtopis coverage test)

(BepLmH) (statement coverage)

Puc. 4. B3aeM03B's130k MK KpUTEPLEIMH CTPYKTYPHOTO TE€CTYBAHHSI.

B3aeM0O3B'sI3kM  MiXK KpPUTEPIsIMH, SKI TPYHTYIOTbCS Ha IIOTOIII
KEpYBaHHS IIporpaMu, OyJIM BKe MpoaHali30BaH1 BUIIE, a KPUTEPIl MOTOKIB
JTAaHUX, SIK BUJHO 3 puC. 4, MO3B'sI3aH1 B TaKWM CIMOCIO: HAMIMpUIM €
KpUTEPIi

“all du-paths”, #oro BuKOHaHHA 3abe3medyye BHUKOHAHHS

kputepito “all uses®, akuii, B CBOIO uepry, € 00'eqHaHHAM KpuTepiiB “all p-
uses / some c-uses“ i “all c-uses / some p-uses®. KoskHuil 3 OCTaHHIX ABOX
30
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[TECTYBAHHSI: KPUTEPII TA METO/IN.]
M.B.JdinkoBcbka ALY

(13

3abe3neuye BUKOHaHHS Kputepito “ all-defs”. Ilpu upomy, Buxomsum 3
BU3Ha4YeHHs, “all p-uses / some c-uses” rapantye “all p-uses®, a “all c-uses
/ some p-uses® rapantye “all c-uses*.

BoueBuap, M0 MOKPUTTS BCiX NUISXIB, 3a0€3MEYUTh BUKOHAHHS
kputepito “all du-paths*, a kputepiii all p-uses mepeBipUTh MPOXOMKEHHS
BCIX TepexoniB (BCiX pimeHb). TakuM 4YHWHOM, cxema Oyne Marh BHIJISII,

npenacrapieHuil Ha Puc 4.

Hpuxkaagu. CrpykrypHe TecryBaHHd. [loTik nanux
Hpuknao 1
[IpoimocTpyeMo moOymoBy rpady TOTOKY HOaHuX. Po3misHemo
GyHKITIFO:
/! byHKIIS 3HAXOHKEHHS MIHIMAJIbHOTO Ta MaKCHMMAJIBHOTO 4YHCa 3
JIBOX HaJIaHUX
void MinMax (int& Min, int& Max) {

int Hilf;

if (Min > Max) {
Hilf = Max;
Max = Min;
Min = Hilf;

}

}

['pad ynpaBiinHs Marume BUDISIA, HaBeaeHUM Ha Puc. 5. [t KoskHOTO
By3J1a 3a3Ha4y€Ha BiJMOBIIHICTh 13 TUIIOBUMHU CTPYKTYpamMu MOTOKY JaHUX
(BU3HAYCHHS, pearKarHi BUKOPUCTAHHS, BUKOPHCTaHHSI B
00YMCITIOBAILHOMY ITPOIIECT )
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[TECTYBAHHSI: KPUTEPII TA METO/IH.]
M.B./linkoBcbKa

2010

Import of Min and Max
def(Min), def(Max)

if (Min > Max)

p-use (Min), p-use (Max)
c-use(Max), def(Hilf)
c-use(Min), def(Max)
c-use(Hilf), def(Min)

p-use (Min)
p-use (Max)

Export of Min and Max
c-use (Min), c-use (Max)

Puc. 5. I'pad nmoToky ynpaBiiHHS B BiANOBITHUM MTOTOKOM JIaHUX.

PosmissHeMO BIAMOBIIHOCTI MK BEpIIMHAMM TOTOKY YIIPaBIIHHA Ta

MOTOKY JaHUX, 10 MpeACTaBleH] B Ta0auIIl 3:

Tabmuus 3. BinnoBigHOCTI MK BEpIIMHAMH TOTOKY YNPABJIiHHS Ta MOTOKY JIaHUX

BepImHa N def(n;) c-use(ny)
Nin {Min, Max} {}
nl O {3}
n2 {Min, Max} {Min, Max}
Nout {} {Min, Max}

Sx Oyno 3a3HavyeHe BHINE, NPEAUKATHE BUKOPHCTAHHS BIJIOBIIAE

pebpam rpady (Tabnumns 4):
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[TECTYBAHHSI: KPUTEPII TA METO/MN.]
M.B.JdinkoBcbka ALY

Tabmus 4. BignosigHocTi MK pedpamu Tpady Ta NpeJUKaTHUM BUKOPUCTAHHIM

Pebpo n;

p-use(n;,n;)

(nli n2)

{Min, Max}

(M, Nout)

{Min, Max}

[ToOymyeMO UUISIXM BU3HAYCHHSA-BUKOPUCTaHHS (MpEIWKarHE Ta B

obumncimoBanbHOMY niporieci (Taduuns 5)):

Tabmm 5. IIIISIXW BU3HAYCHHSI-BUKOPUCTAHHS

3MIHHA X BepimHa (N;) deu(x,n;) dpu(x,n;)
Min Nin {2, Nout} {(n1, n2), (N1, Nout)}
Min ny {nout} U
Max Nin N, Noud {(n1, n2), (N1, Nou)}
Max Ny o} s
Otxe, Oymu oOTpuMaHi BCl HEOOXiAHI JaHl JUIsi TPOBEIACHHS

CTPYKTYPHOTO TECTYBaHHS Ha OCHOBI IMOTOKY JIaHUX.

Ilpuknao 2.

[IpoutrocTpyeMO Pi3HUIIO B pOOOTI KPUTEPIiB TECTYBaHHS Ha OCHOBI
NOTOKY YIIPABIIIHHSA Ta MOTOKY JAaHUX. Hexalh naHo HacTynHuil (parMeHT
KOZY:

public int f(int a, int b, String ¢) {

if @>0){
¢ =null;
33
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}

if (b<0){
b = c.length();
}
return b;
}
BianosigHuii rpad noToky yrnpapiiHHS Ta JaHUX 300paxkeHo Ha Puc. 6.
Jlns  3a0e3neyeHHs] KPUTEPI0 MOKPUTTS OIMeparopiB HEOOXiTHO
IIPOWTH 1B LIUIAXHU:
1-2-3-4-5-6-8 + 1-2-3-5-6-7-8
J171s1 KpuTEpio MOKPUTTS PillieHb JOCTAaTHBO TUX CAMHUX TECTIB:
1-2-3-4-5-6-8 + 1-2-3-5-6-7-8
YMOBU BUKOHaHI, MPOTE MOXKJIMBA HACTYIHA CUTYaIlisl: Y BeplMHI 4 €
HOBE BH3HAYEHHS 3MIHHOI C, sIKa BAKOPUCTOBYETHCS MOTIM B BEpPIIMHI 7. Y
3a3HAUYEHOMY MEPENIKY TECTIB, MOIMPE TE ,III0 BOHU 33/I0BOJIBHSUIA KPUTEPIT,
HEMa TECTY, 00 MICTHUB OIHOYACHO IPOXO/KEHHS 1o BepmHi 4 ta 7. 3
TaKUM 3aBJaHHSIM MOXE CIPaBUTHCS, Hanpukiaa, kpurepin all-uses (1-2-
3-4-5-6-7-8). OTxe, TecTyBaHHS Ha OCHOBI ITOTOKY yIPABIIiHHS Ta IIOTOKY

JIAHUX € B3a€MOIOIIOBHIOIOUHM.
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[TECTYBAHHSI: KPUTEPII TA METO/MN.]
M.B./linkoBcbka [EPANNIY)

° def(a), def(b), def(c)

Puc. 6. I'pad moToKy ynpaBiiHHS 13 TOTOKOM JAaHHUX.

KoHTponbHi 3anuTaHHA

1. IIlo Take CTPYKTYpHE TECTYBaHHS ?

2. B domMy mossirae TecTyBaHHS IMOTOKY YIPaBIIHHS Mporpam?

3. B yomy mossirae TecTyBaHHS MOTOKY JaHUX Mporpam?

4. Sk moB’s13aH1 MK COOOI0 KpUTEPii CTPYKTYPHOTO TECTyBaHHS?

5. IIpoBeaiTh CTPYKTYpHE TECTYBAHHS HACTYITHOI MPOrpaMu

program test;
uses CRT;
var x,y,z:real;

begin
Clrscr;
writeln('vvedite xi y");
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readIn(xy);
if (x=0)and(x*y<>1)then
begin
2:=(sqr(x)-y)/(1-x*y);
end
else
begin
if (x>0)and(x*y<>1) then
2:=(x+y)/(1-x*y)
else z:=1;
end;
writeln('2z="z:0:2);
readin;
end.

6. IloOymyiiTe Tpad MOTOKY AaHUX JJIs IPOTpaMu

program test2;
vara, b, c,r : real;
begin
write (‘a=");
readin (a);
write (‘c=");
readin (c);
if (a>0) and (c>0) and (c>a) then
begin
b:=sqrt(sqr(c)-sqr(a));
r:=(a+b-c)/2;
writeln ('b=", b:0:7);
writeln ('r=", r:0:7);
end
else
writeln (‘incorrectinformation’);
readin;
end.
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4. BINUAA AWMK - MYTALUIMHE TECTYBAHHA

MyrTartiiiHe TeCTyBaHHS € PI3HOBHJIOM TECTYBaHHS O1JI0TO SIIMKA, TSI
fioro 3mificHEeHHs HEOOXITHUI TOCTYI JIO BUXITHOTO Komy mporpamu [4].
MyramiiHuli KpUTEpid IPYHTYEThCA HA MITYYHOMY BHECEHHI MOMUIIOK Y
nporpamy. Y MyTallifHOMY KpUTepii NMpUilMaeTbCsd MPUIYILIEHHS PO Te,
I0 MPOTrPaMiCTH NUIIYTh MalKe KOPEKTHI MpOrpamu, IO BiIPI3HSAIOTHCS
BiJl TPaBUJILHUX HE3HAYHUMH TMOMUJIKAMHA B apU(METUUYHUX OIEpallisx,
NepeCcTaHOBKAaMHU 1H/ICKC1B, HSKOPEKTHUMU TPAHUIISIMU ITUKII1B, HEBIPHUMU
KOHCTAaHTHUMHM 3HAYEHHSIMU Ta 1H. [y BUmpaBineHHs 1edeKTiB moaiOHOro
pomy, y mporpaMy BHOCSThCS JpiOHI moMuiku (Myrtarii). [Iporpamu, 1o
BIJIPI3HSIOTHCS BIJI BUXIJHUX MPOrpaM, IITyYHO BHECEHUMH MOMUJIKaMU
Ha3UBalOTh MyTaHTaMH. SIK MpaBUIIO, MYTaHT BIAPI3HAETHCS BiJl BUXITHOI
OporpaMH HEBEJIMKUM YHCIOM MyTaliil. Y BUXIAHIA mporpami MOXYTb
M1JaBaTUCs MYTaIlisIM JIJISHKU KOAY TMOB's3aHl 3 TepepaxoBaHUMU BHUIIE
nedekTaMu (3MIHIOIOTHCSI 3HAYEHHS 3MIHHUX, MOAU(DIKYIOThCS 1HIACKCH U
IPaHMIll UKIIB, BHOCITHCSA MyTallii B yMOBH). TakuM YWHOM, 3 MEPBICHOI
nporpamMy ILUIAXOM BHECEHHS N 4YMclia MyTaliil oIepKyloTh Kk MyTaHTIB,
n>=k (K MIHIMyM OJHa MYyTallii Ha OAMH MyTaHTa). SKio chopmoBaHa
MHOXKMHa TECTOBUX HAOOpIB BUSBISIE BCl MyTaili y BCIX MyTaHTax, TO
BOHO BIAMOBIJA€ MYTAIlIMHOMY KpHUTEpit0. SIKIIO TECTyBaHHS BHXiTHOT
porpaMu Ta MYTAHTY Ha 3aJIaH1i MHOXKHHI TECTOBUX HAOOPiB HE BUSBUIIO
NOMHUJIOK, TO TIpOrpaMa OrOJIOIIYEThCS EKBIBAJIGHTHOIO MYTaHTy. Y
BUMAJKy MYTaliifHOTO TECTYBaHHS BAXXJIMBO CTBOPUTH TaKe YHCIO
MYTaHTIB, siIK€ O OXOILTIOBAJIO BCli MOXIJIHMBI TIJISHKH TPOSIBY TTOMUJIIOK.
BBaxxaeTncs, Ha OCHOBI JIp1OHMX MOMUIIOK MOYKHA OI[IHUTH 3arajibHe YHUCIIO

MTOMMJIOK, ITI0 3JIUIIMIMCS B TIPOTPaMi.
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Hpukaaa. 3acTtocyBaHHA MYTaliiiHOT0 KpUTePilo

Hexait HeoOxijHO TpoTecTyBaTH iporpamy P (sictunr 1)

J171s1 Hel cTBOPIOEThCS AB1 mporpamu-myranTa P11 P2.

B P1 3miHeHe moyaTrkoBe 3Ha4eHHS 3MiHHOI Z 3 1 Ha 2 (icTHHT 2).

B P2 3miHeHe mouarkoBe 3HaueHHS 3MiHHOI | 3 1 Ha 0 1 rpaHHYHE
3HAYCHHS 1HJIEKCY UKy 3 N Ha n-1 (sricTunr 3)

[Ipu 3anycky TtectiB (X)Y) = {(x=2,n=3,y=8),(x=999,n=1,y=999),
(x=0,n=100,y=0} BHUABISAIOTHCS BCl NMOMWJIKH B IporpamMax-MyTaHTax i
NOMUJIKA B OCHOBHIM MPOTpaMi, 1€ B yMOBI IIMKJTY 3aMICTh N CTOITh N-1:

Jlictunr 1. OcHoBHa nporpama P

I/l MeTton 00YnCIIOE HEBIA EMHY

/] cTyniHb n yKcna X

static public double PowerNonNeg(

double x, int n)

{

double z=1;

if (n>0)

{

for (int i=1; n-1>=i;i++)
{

7 =7*X;

}

}

else Console.WriteLine(
"Ilomunka ! CtyniHp 4ynciia n MOBUHHA

oyru Oinbie 0.");
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return z;

¥

3MiHEHE OYaTKOBE 3HAUYECHHS 3MI1HHOI Z y MyTaHTi P1 BuaineHo :
Jlictunr 2. [Iporpama myrant P1
Il MeTon obunciroe HEBi' €MHY
/] cTyniHb n yKcna X

static public double PowerMutant1(

double x, int n)

{

double z=2,;

if (n>0)

{

for (int i=1;n>=i;i++)
{

Z =7*X;

}

}

else Console.WriteLine(

"Tlomunka ! CrymiHb yncia n TOBUHHA

oyru Oinbie 0.");

return z;

¥

3MiHEHE TOYaTKOBE 3HAYEHHSI 3MIHHOI 1 1 TPAaHUIIl UKy B MyTaHT1 P2
BUILIICHO:

Jlictunr 3. [Iporpama-Myrant P2

/] MeTon oOuunciroe HEBiJ' €EMHY

/[ cryminb n yncna X

static public double PowerMutant2(
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double x, int n)

{

double z=1,

if (n>0)

{

for (int i=0; n-1>=i;i++)
{

7 =7*X;

by

¥

else Console.WriteLine(

"Ilomunka ! CrymiHb ynucia n TOBUHHA
oyru Oinbie 0");

return z;

}

KoHTpOonbHi 3anuTaHHA

1. IIlo Take myTailiiHe TECTyBaHHS?

2. Slke OCHOBHE NPUITYIIICHHS JICKUTh B OCHOBI METOAY MYTaIliHHOTO
TECTYBaHHS?

3. Ik 3a JOMOMOIOI MYTAIIMHOTO TECTYBaHHS OIIIHUTH KUIBKICTH

MIOMMJIOK, SIKa 3QJIMIIMJIACS B Mporpami?
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5. AHANI3 YMOB 3ACTOCYBAHHA ®YHKUIOHAITIbHOIO 1
CTPYKTYPHOIO TECTYBAHHA

KnacuuHi MeTonM CTPYKTYpHOTO i ()YHKLI1OHAJIBHOTO TECTYBaHHS
MaroTh MIeBHI 00MEXEHHS MPU 3aCTOCYBAaHHI, PO3TISHEMO iX JIeTalbHIIIE.

@DyHKI[IOHAIbHE TECTYBaHHSA XapaKTEpU3YETHCS YK€ BEIHUKOIO
KIJTbKICTIO HEOOX1JHUX TECTIB, O1JIBII TOTO, BIIpa3y MiIHIMAETHCS MTUTAHHS
npo 3a0e3MeUeHHs] HEe3aleXHOCTI LMX TecTiB. SKIo X 0oOMeXyBaTH
KIJIBbKICTh, TO, BCE OJTHO, BUHUKAIOTh CKJIAJIHOCTI SIK MPU BUJIJICHHI KJIaciB
€KBIBAJICHTHOCTI, TaK 1 TPaHUIlb, IPU I[bOMY MOKE OyTH MPONYILICHUN Pl
BUCOKOC(EKTUBHUX TECTIB, a 3JJOBMUCHA JIOT1Ka HE BUSBISIEThCA. [0 TOTO
X, BapTO IMOMITUTH, IO METOAM (YHKIIOHATBHOTO TECTYBaHHS HeE
JI03BOJISIFOTH JIOKaJI13yBaTH HECITPaBHOCTI.

@DyHKI[IOHAJIbHE TECTYBaHHSI 3aCTOCOBYEThCS TUIBKKM Komm I3 Bxke
CTBOpPEHE, TOOTO Ha OCTaHHIX eTamax >uTtTeBoro Iukiay I[13. ko
¢dbyHKIIIOHAIbHE TECTYBaHHS BHUSBHUTH MOTaHy fKiCTh cTBopeHHs [I3, To
JIOBOJIUTHCSI BEPTATUCS HA TOIMEPEIHI eTanu po3poOKH, 10 CIPUUHHSE SIK
(db1HAHCOBI 30MTKH TaK 1 4aCOBI BUTPATH.

CTpyKTypHE TECTYBaHHS IEepeBipsi€ BHYTPIIIHIO JIOTIKY IMPOTPaMH, ITI0
JI03BOJISIE JIOKAJII3yBaTH HecHpaBHOCTI. Ha »kainb, 13 3pOoCTaHHSAM pO3MIpy
BUXIJTHOTO KOJY IPOTpaMu MOBHOI[IHHE CTPYKTYpHE TECTYBAHHSI CTa€ BCE
CKJIIAMHIMM. A CIOyCK TI0 TPEACTaBICHIM 1€papXidHid CTPYKTYpi
B3a€MO3B'SI3KIB  KPUTEPIiB MPUBOAUTH JO MPOMYILICHHS MEBHOTO THITY
MTOMMJIOK 1, BIAIOBIIHO, /IO BTPATH SIKOCTI.

MOXIHUBOCTI 3aCTOCYBaHHSI CTPYKTYPHOTO TECTYBaHHS ISl PI3HHUX
(a3 TecTyBaHHs OOMEXeEH1. KO AJI1 MOAYJbHOIO TECTYBAaHHS, B CUIY
HEBEJIMKHUX PO3MIPIB BUXIJHOTO KOJy, IPEJACTABICHI METOJHU 3aCTOCOBHI,

Xoya W 3 TUMH a00 IHIIMMHU 3a3HAYEHHMH BHUIIE CKJIAJTHOCTIMHU U
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O0OMEXEHHSAMH, TO IJIsl IHTErpaliiiHOro W CUCTEMHOIr0 TECTyBaHHS cdepa
3aCTOCYBaHHSI HaBEJIEHWX KIACUYHUX METOMIB YKpail oOMexeHa B CHITy
PI3KOT0 3pOCTaHHS BUXIJIHOTO KOy a00 B3araji BiJICYyTHOCT1 TaKoro.

binbme TOro, MOXJIMBICTH 3aCTOCYBAaHHSI CTPYKTYPHOTO TECTYBaHHS
3ICKATh 1 BiI 0OpaHOl TMapagurMyd MPOTPAMyBaHHS: SKIIO JUIS
IPOIIEAYPHOTO TPOTpaMyBaHHS METOIM CTPYKTYPHOTO TECTYBaHHS
3aCTOCOBHI; JJ11 00’ €EKTHO-OPIEHTOBAHOTO 3aCTOCYBaHHS OOMEXKEHE uepe3
3pOoCTaHHsI 00CITYy BHXiTHOTO KOAY; TO JJisi KOMIIOHEHTHO-0a30BaHOTO
pOrpaMyBaHHS - JaHI METOAM YacTO CTalTh HemocshkHuMU [5,6]. Ipu
KOMIIOHEHTHO-0a30BaHOMY TPOTpaMyBaHHI, KOMIIOHEHTH B OCHOBHOMY
pEeACTaBICH] SIK «YOPHI SIUKW» 1 JOCTYITHI JIUIIE iXHI aBTOMAaTH CTaHIB
(ma UML). TakuM 4MHOM, KJIaCH4YHI METOJU CTPYKTYPHOI'O TECTyBaHHS,
JUIS SIKMX piBEeHb aOCTpakilii - 1€ piBEHb OIEpaTopiB, CTAIOTh HE
3aCTOCOBHI.

[Ipu TecTyBaHHI KOMIOHEHTHO-0a30BaHOrO [13 OCHOBHUM 3aBIaHHSIM
€ HE MepeBipKa MPaBUIBHOCTI (PYHKLIIOHYBAaHHS CAMUX KOMITIOHEHTIB, TOMY
10 B OLJIBIIOCTI BUIAKIB BOHU BXE OyJIM IPOTECTOBAHI, a OCHOBHA yBara
OPUIIISETHCS B3aEMOIT MK KOMIIOHEHTAMHU - IXHbOMY 1HTErpalliiHOMY
TECTYBaHHIO.

Otxe, HEOOXiJHI cHeuiani3oBaHl KpUTepii A IHTErpamiiHoro
TECTyBaHHA, #AK1 OyIyTh MpalOBaTH Ha I1HIIOMY piBHI aOcTpakuii,
BpaxOByBaTH  MPOMOHOBaHI  aBTOMATH  CTaHIB  KOMIIOHCHTIB 1
KOHIICHTPYBaTU yBary came Ha B3aeMOJIil MK MOAYJISIMHU, a HE Ha 1XHIH
BHYTPIIIHIN pOOOTI.

PosrnssHeMo KpuTepii IHTErpaIiiiHoro TeCTyBaHHs JOKIa HIIIE.

KOoHTpoOnbHi 3annTtaHHA

1. SIki HEMOMIKM Ma€ CTPYKTYypHE TECTYBaHHS ?
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2. Sxi HenoniKu Mae (PyHKI[IOHAIbHE TECTyBaHHS?

3. SIxi 0coOaMBOCTI BUHUKAIOTH MIPH 1HTErpalliiHOMY TECTyBaHH1 ?
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6. IHTErPALIMHE TECTYBAHHA KOMMOHEHTHO-
BA3OBAHOIO NMPOIrPAMHOIO 3ABE3MNEYEHHA

Ha cporogHimmii neHb, MpakTUKa CTBOPEHHs cyyacHoro I3 monsirae
B TOMY, ITI0 aKI[€HT CTABUThCS HAa KOHCTPYIOBaHHI CKJIQJHUX KOMIIOHEHTIB
3 OKpeMHX, BXKe po3poOsieHuX MoaymdiB. lle HazWBaeThCss KOMIOHEHTHO-
0a3oBaHMM MIAXOAOM. Mo)kKHa BUIIJIUTH YOTHUPU OCHOBHUX TPy
KOMITOHEHTIB:

- KomMepiiiiiHi KOMIIOHEHTH 1HIIMX MTOCTAYaJIbHUKIB,

- BHyTpiuH1 po3po0iaeHi KOMIOHEHTH JUIsl 1HIIIMX MTPOEKTIB,;

- BuyrpimmHi po3poOsieHI KOMIOHEHTH, sIKi Oyiud OHOBJICHI IS

MMOBTOPHOTO BUKOPUCTAHHS;

- HoBi ckoHCTpYyiiOBaH1 KOMIIOHEHTH.

KomnonenTHo-60a3oBane I3 xapakTepu3yeThes:

- PI3HOIO MPUPOIOIO MPOTPAMHUX KOMITOHCHTIB;

- TIOBTOPHUM BUKOPHCTAHHSM KOMIIOHEHTIB,;

- BUKOPHUCTAHHSM MiAMHOXUHU HaaHOi (QYHKI1 OHAJIbHOCTI,

- HEJIOCTYMHICTIO BUX1JHOTO KOJY.

JlaHu# miaxig J03BOJISIE 3SMEHIIMTH Yac 1 BUTPATH Ha IpOrpaMyBaHHS,
OJIHAK pI3HA MPUPOJIA MPOrPAMHUX KOMITIOHEHTIB, BIJICYTHICTh BUXIJTHOTO
KOJy, BHUKOPUCTAHHS TIJAMHOXUHU HaAaHO! (YHKI[IOHAIBHOCTI U
CKJIQAHOCTI 1HTerpamii SBISIOTH CcO00I0 OCHOBHI MPOOJIEMH s
TECTYBaHHA KOMIIOHEHTHO-0a30BaHOTO TMPOrPaMHOTO  3a0e3MeUeHHS,
0CcOONMMBO JUIS iHTErpaliiiHoro TectyBanHs. Bimomi katactpodwu Therac-
25, Ariane 5, y skux nomuiku I[13 Oynau mos's3aHi caMme 3 MOBTOPHUM
BUKOPUCTAHHSAM IONEPEAHBO «ITPAIIOI0UNX» KOMIIOHEHTIB, TOOTO Oyio

HESKICHO 3/I1CHEHE 1HTeTpaIliiiHe TeCTyBaHHS.
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Sk Oyno 3a3HAY€HO BUIIE, JJISl 1IHTETPAIHHOTO TECTYBaHHS, TOTPIOHO
HE TIJBKM 3reHepyBaTHU TECTOBI MPUKIIAAUA, HEOOXITHO TaKOX PO3POOUTH
HOBI KpHTepii i MmeTpukH [9], ski 103BOJIATH KIJIbKICHO OLIIHIOBATH SIKiCTh

OUX TECTOBUX HpI/IKJ'IaI[iB.

OCHOBHI BUZHAYECHHSA

Posrnsnemo HactynHi TepMinn ¥ UML-06a3oBaHl MO3HAYEHHS:
KOMIIOHEHT, 1HTepdeiic, TOBeAIHKA KOMIIOHEHTa Ta  B3aeEMOJisA

KOMIIOHEHTIB.

Komnonenm (Component)
KoMnoHeHT - 1e pparMeHT (QyHKIIOHAIBHOCTI, AKUU 3a0e3neuye
JOCTYII JIO CEpBICYy 3a JOMOMOrow iHTepdeiiciB [7] Ta mocradaeThes

HC3aJICKHO.

Inmepdgpeiic (Interface)

InTepdeiicu sBIAIOTH COOOI0 TOYKH JOCTYITY 10 KOMIIOHEHTIB,
yepe3 SKi KIIEHTChKHII KOMIIOHEHT MOXKE 3allUTyBaTH CEPBICH, HA/laBaH1
1HIIIMM KOMTIOHEHTOM 1 OTOJIOIICHI B fioro iHTepderici. Koxxauit inTepdeiic
MOXE MICTUTH O€37iu omepailiii, a KOXHa OTmepallis peaiidye 3aJIaHuit
CepBicC.

Iutepdelicu cknamaroOTbes 13 JABOX YACTHUH: CUHTAKCHUYHOI Ta
CEMaHTUYHOLI.

CuHTakCcM4YHa YacTHHA MICTUTH OTOJIOIIEHHSI CEPBICIB, HAJIaHUX
KOMIIOHEHTOM a00 HUM BUKOPHUCTOBYBaHUX. BoHa Moxxe OyTu po3jijieHa
Ha JIBl YaCTUHU:

- 3anpononoBanuii 1HTepdeiic (Providedinterface) (cepsicu, siki

KOMITOHEHT HaJlac);
45

KA®EJIPA MATEMATUYHUX METO/IIB CUCTEMHOI'O AHAIJI3Y
http://mmsa.kpi.ua



[TECTYBAHHSI: KPUTEPII TA METO/IN.]
M.B.JdinkoBcbka ALY

- HeoOximuuit inTepdeiic (Requiredinterface) (cepsicu, HeoOXimH1

U1t PYHKI[IOHAJIBHOCTI KOMIIOHEHTA).

IToznauumo:

Component - C, Provided Interface - PI(c), Required Interface -
RI(c).

CemaHTHYHAa YacTUHA MICTUTh OIKC TOBEIIHKA KOMIIOHEHTA,
HaJarouu 1HGOpMaIlilo Mpo MpaBuia, 3TiHO SKUM OTOJIOIICHHH CEpBIC
MOXe OyTH BUKOpHUCTaHUN a00 BUKIIMKAHHH.

AkTuBi3alis iHTepdeiicy (3BepTaHHs 10 1HTEpdency) Moxe OyTH
3M1IICHEHA 1HIIUM 1HTepdeicoM, 3a TOMOMOIOI0 BUKJIIOUEHHS a00 SBHOTO
KOPUCTYBIBHHUIIBKOTO BHKJIWKY (HAMPUKIAA, HATUCKAHHSIM KHOIIKH).
Jlesski BUKJIIOYEHHSI 1 KOPUCTYBJIBHUIIBKI [Iii, SIKI BUMaraloTh BUKIIHUKY
KOMIIOHEHTIB, HE € 4YaCTHHaMH Oynp-skoro iHIoro iHtepdeticy. Iloo
yHi(iKyBaTH MOJAaHHA, 00'€THAEMO TaKl MOAll y BIpTyaJIbHUN iHTEpdelic,

o OyJie BpaxoByBaTH BCl TaKl MOKJIMBI MOIIi.

Ilogedinka komnonenma

[loBenginka KOMIOHEHTA MOKe OyTH MpeAcTaBiIeHa 3a JOIMOMOTOI0
UML piarpam craniB. [liarpama cTaHiB ONHCYye AWMHAMIKY MOBEIIHKH
KOMITOHEHTA Y BiJIIIOBI/Ib HA 30BHIIIHI CTUMYIH (BIUIuB). [liarpama cTaHiB
CKJIaJIa€ThCs 31 CTaHIB Ta mepexoiB. Cman MOAEIIOE CUTYAIll0, M1 Yac
SAKOT CTIOCTEPITa€ThCSA 1HBAPIAHTHICTH (CTAOLIBHICTH, HE3MIHIOBAHICTH)
MOTOYHHUX YMOB.

ITo3naunmo:

States (Component) — MHOXHHA BCiX MOJKJIUBUX CTaHIB
KOMIIOHEHTA.

[lepexing - e cupsiIMOBAaHE BIJIHOIICHHSI MK BUXIJHOIO BEPIIMHOIO

i mMiapoBor0. JliarpamMu cTaHiB MPEACTABISIOTh MOXKJIMBUN MOPSIOK 3MiH
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CTaHIB, J€ KOXXHUM TMepexi sBjiIse coOow peani3aimiio oreparii ado
BapiaHTa BUKOpUCTaHHs (use case) [8].

[lepexonu BU3HAUYEHI HACTYHOIO M'ATIPKOIO: CTaH-IKEpeJio, CTaH-
npuiiMau, Tpurep, Jist i yMoBa

Transition:= (Source, Target, Trigger, Effect, Guard)

Cran-/[>xepeno - BU3Ha4a€ MEPBICHY BEPUIMHY TIEPEXOTY.

Cran-Ilpuiimau - BU3Ha4ya€e LUIHOBY BEPIIMHY, IO JTOCSATAETHCS MO
3aBEpIIICHHI MEPEXOY.

Tpurep - 00yMOBIIIO€ cepBic, IO 3ayCKae Mepexil.

Hist - 00yMOBIIO€ HEOOOB'SI3KOBY JISTIbHICTD, IO BUKOHYETHCS MPU
3aIyCKy.

YMoBa - sBisiE cO00K0 OOMEXKEHHS Ha 3aIycK Iepexojy. YMoBa
NEepEBIPAETHCS B TOM MOMEHT, KOJIU MepexXi] HAAXOAUTh Ha BXiJl KIHI[EBOTO
aBToMara. JSKIm ymMoBa ICTUHHO Ha IIeM MOMEHT, TO Iepexif
3M1HCHIOETHCSA, Y MPOTUBHOMY BUIIAJIKY - HEMAE.

Source, Target ( States(Component)

Trigger ( ProvidedInterface(Component)

Effect ( Requiredinterface(Component)

B3aemoois komnonenmie

Cucrema CKIAJa€ThCs 3 PI3HUX KOMIIOHEHTIB, K1 B3a€EMOJIIOTh
MK c00010. Bci eneMeHTH ommcaHl 3rigHO 13 CHCTEMOIO MO3HAYEHb,
npeacTaBieHoo Buile. [loBeliHKa CHCTEMH BH3HAYAETHCS B3aEMOJIEIO
KOMITOHEHTIB.

B3aeMo/iss KOMIOHEHTIB MOXe€ OyTH omnucaHa, BUKOPUCTOBYIOUU
niarpamu  B3aemojiii UML. BoHU mpenacTaBisitOTh B3a€EMO3B'SI3KH  MIiXK

KOMITOHEHTaMHU SIK CEpit0 MOCJiJJOBHUX MOBIIOMJIEHb. J{iarpamu B3aemMoii
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OMHUCYIOTh SK CTaTUYHY CTPYKTYpy, TaK 1 JWHAMIYHE TOBO/DKCHHS
CHCTEMH.

IToBigoMIICHHS - Il IMEHOBaHI €JIEMSHTH, IK1 BU3HAYAIOTh 3a/aHI1
pPI3HOBUIM 3B'sI3KiB y B3aeMofii. B skocTl 3B's3Ky (KOMyHIKallii) Moxe
pO3MIISIIaTUCS Tepelada CUTHATY, BUKJIMK oOTmepallii, CTBOPEHHS alo
3HUIICHHS 00'ekTa. [loBiMOMIICHHS 3a/1al0Th HE TIJIBKH PI3HOBHU/I 3B'SI3KIB,

aje i crenu@iKyrTh JHKepero i mpuiimad.

[loB11OMJIEHHSA MAaOTh HACTYITHUI CUHTAKCUC:

Message:= (Name, AssignmentList)

AssignmentList:= () u (dy,..., dy), N en, d; = Assignment(p;), oe pji-
napamemp, n — KiJIbKiCmb RApamempis.

[loBimoMyieHHs B jJiarpaMi  B3a€MOJli  BIOPSIIKOBaHI B

MOCJIJOBHOCT1 1 TPOHYMEPOBaHi.

6.1. Kputepii U METPUKM iHTErpauinHOro TectyBaHHs
OcCHOBHE MOPUIYIIEHHS: yC1 KOMIOHEHTH TONEPEIHbO BUYEPITHO

TECTyBaJIUCs, TOOTO MOIY/IbHE TECTyBaHHS 0yJI0 Bike 3pooiene [9].
Kpurepiii noxkpurrsa onepauiii intepgeicy

BinnoBigHO 1[0 BU3HAYEHb, MPEACTABICHUX BHILE, CHUHTAKCHYHA
JacTMHA 1HTep(eiicy MICTHTh OTOJIOMIEHHS CEPBICIB, IO HAJAIOTHCSA abo
BUKOPUCTOBYIOTbCSI KOMIOHEHTOM. [IpuHaiimMHi, BCl 11l CEpBICH MOBUHHI
OyTH TIPOTECTOBAHI.

Tomy, s KOXHOro 1HTEp(ENCYy BBOIUTHCS KPHUTEPill MOKPUTTH

iHTepgeiicy:
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KOJICHA —onepayis, o02ollouweHa 6 I[Hmepghelici nosuHna Oymu
NPOMeCcmoB8ana, NPUHALMHI, OOUH PA3.

Jlns Toro, moO0 KUIBKICHO OIIIHUTH CTYIIHb JOCSTHEHHS JTaHOTO
KPUTEPII0 BUKOPUCTOBYETHCSI HACTYITHA METPHUKA:

s inmepgpeticy i

KIIbKICb _ GUKOHAHUX _ onepayitl_e _ Inmepetici _i

Tloxkpumms _ inmep peiicy; —

3a2anbHa_Kkinekicms_onepayii_é _ Inmepgheiici _i

BBaxxatumemo, 1o iHTepdeiic MOKpUTHi, SIKILO MOKPUTI BC1 oneparlii,

OTOJIOIIEHI B HHOMY.

MeTtpuka st TporpaMHOrO MPOAYKTY B IJIOMY Ma€ TO/1 HACTYIMHUM

BUTJIIS.

N

E Tloxkpumma _ inmep ¢peticy;

i=1
Toxpumms_ inmep ¢heticie _ [10 — y

N
ne N — 3arajibHe 4HCIIO IHTEpPENCIB

JlaHuii KpuTepiii J03BOJSE BU3HAYUTH, YM MOXIJIHMBO 3IIHCHUTH
BUKJIMK OTIepallii, OroJIOIIeHOI B IHTepdelici KOMITOHEHTA.

Kputepiii mokputts iHTEpdEICIB HE € TOCTAaTHBO PEIPE3ECHTATUBHUM,
TOMY IIIO:

- BIH BXE TMOBHHEH OyTH JOCITHYTh Ha a3l MOIYIbHOIO

TEeCTYBaHHSI,
- BIH HE PO3PI3HAE BUKIUKH, 10 BUXOJATH 13 PI3HUX KOMIIOHEHTIB.
s Toro, mo0 BpaxyBaTu 110 1H(GOpMaIi0, BUBHAYMMO HACTYIHUHN

KpUTEPIH.

KpuTepiii nOKpuTTsSi BUKJMKIB OIepanii
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Hexau Ci nosnauae komnonenm Cucmemu, i=1.. n, 0e n - KijibKicmo
KOMNOHEHMIA.

1(Ci) nosnauae Inmepdgpetic (Interface) komnonenma Cj,

Sjk — cepsic, oconoutenuti 6 Cy, J=1.. my, Oe my Kinvkicmb cepsicis,
oconowenrux 6 Cy.

Tonl, kpuTepiii MOKPUTTS BUKJIUKIB onepauiii Mae BUTIISI;

vSijke 1(Ck), vi, i=I.. n, akwo moocauso 3diticnumu euxiux six 3 G,

mo mooi noOiOHUL BUKIUK HEOOXIOHO Npomecmy8amu xo4a 6 00Ut pas.

Heo0xi1HO 3ayBakuTH, 10 MependavaeThes, MO BUKIMKA Oonepalii 3
KOMITOHEHTA, SKUH iX MICTHUTh, BJKE€ IMPOTECTOBAHI IIiJ Yac MOIYJIHHOTO
TecTyBaHHA. To/1, KPUTePiil MOKPUTTS BUKJIMKIB onepamii Mmoxe OyTu
BUIO3MIHEHUN:

vSjke 1(Ck), vi, i1=1..n, i» k axwo modcrueo 30iticnumu GUKIUK Sjk 3
Ci, mo moodi nodionuil uKIUK He0OXiOHO Npomecmy8amu xoua 6 00UH pas.

Buknuku Sj 3 komnoneHTiB Cy,Ch BBaKaIOThCA PIBHUMH, SKILIO g=h.

Jlas Toro, moO OIIHHUTH KIUNBKICHO CTYIIHBb JOCSATHEHHS JaHOTO

KPUTEPit0, BUKOPUCTOBYETHCS HACTYITHA METPHUKA JJIA KOKHOI oreparrii:

Hoxkpumms _ suxnuxie _ onepayiti =

KIIbKICMb _ RPOMECMOBAHUX __ PI3HUX _ 6UKIUKIG(S ik )

3aeanbia _ KiibKicmo_pisnux _ eurkiukis (s ik ) _saxi_nompibno _npomecmysamu

Buknuku onepaiiii MOXyTh OyTH MpPEICTaBICHI SIK MMOBIJIOMJICHHS B
UML pgiarpamax B3aemojii. Toai jgaHuil  KpuTepiii wMoxe OyTu
chopmMynLOBaHUM Y TaKUM CIOCIO:

o KoxcHoi oiazpamu 63aemooii CD y Cucmemi, ujo micmumas pizHi

00'eckmu Obl i Ob2; neooxiono npomecmyeamu nOGIOOMIAECHHA M X0Ud
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0 pa3z nio yac iHmezpayiiino20 Mecmy8anHs, AKULO Ue NOBIOOMICHHA
oe3nocepeonvo 3'conye Obl i Ob2,0b1 » Ob2.

JlaHuil kputepiil Ja€ MOXJIUBICTh MEPEBIPUTH BUKIUKHU Olepalii 3
P13HUX KOMITOHEHTIB, 0 (PAKTUYHO ICHYIOTh Y CUCTEMI.

AxTuBI3amis 1HTEpPPEHCIB 3 PI3HUX KOMIIOHEHTIB 3a JOIIOMOTOIO
PI3HUX MO MOXKe MaTu pi3Hi Hachiaku. OTke, He0OXiJHO BpaxOBYBaTU
KOHTEKCT.

Jlns 00niky nanoi iHdopMallii BU3HaYUUMO HACTYITHUN KPUTEPIH.

Kpurepiii nokpurra aktusizauii intepdeicy

VY koxHIM akTuBi3amii 1HTEpdency O0epyTh y4acTh JBa KOMIIOHEHTH:
BUKJIMKAIOYMW  Ta  BiAmoBigarouui. HexallT KOXXeH  KOMIIOHEHT
OXapaKTEepU30BaHUU MOMEPEIHIM Ta HACTYIIHUM CTaHOM. BBakaemo, 110
JIBI aKTHBI3allli PiBHI, SKIIO 301rarOThCS BUKJIMKAIOYHM Ta BiAMOBIIAH0Y1
KOMIIOHEHTH, Ta BCl YOTHPHU CTAaHU TAKOX 1JICHTUYHI. BignmoBigHO 10
JAHOTO BH3HAYEHHS PIBHOCTI, aKTUBI3allll MOXYTh OyTH pO3JLJIEHI Ha
KJIACH €KBI1BaJICHTHOCTI.

[Ilo6 mnepeBipuTH MOXIUBY TMOBEIIHKY KOXHOTO 1HTEpdency B
nporeci podboTH, HEOOXiAHO MPOTECTYBATU KOXKHUN KJIAaC aKTHUBI3aIIiH,
NpUHAMHI, OJUH pa3.

ToMy, BU3HAUMMO KpUTEPili MOKPUTTHA aKTUBi3alil iHTepdecy B
TaKui crocio:

KOMCHUIL KJ1aC AKMUei3ayiil noeuHeH Oymu npomecmo8anuii xoua o

00uH pas.
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Jlns Toro, moO OLIHUTH KUIBKICHO CTYHIHb JOCATHEHHS JaHOTO
KPUTEPit0, BUKOPUCTOBYETHCS HACTYITHA METPHUKA!
JUTsl KOXKHOIL onepayii j B inmepghetici i
Toxpumms _ azcmuezéauﬁij =

KibKicmb _npomecmosaux _ pizHux__ axmusizayil(Inmepgpetic _i,onepayis_ )

3azanvHa_ KibKkicms_kiacié _exsieanenmmocmi(Inmep getic _i,onepayis_ j)

AKTHUBI3aIll 31 CBOIMH BIJNOBIJHUMHU CTaHAMU MOXYTh OyTH
NpeJCTaBlieHl sk nepexoau B giarpamax crany UML. HeoOxigHo
3ayBaXUTH, IO TPpUTEPU BKe Oyau MpoTecToBaHl Ha (a3l MOIYILHOTO
TeCTyBaHHA (BUXOJSYM 3 OCHOBHOIO TMPHUMYIICHHS 1HTETPaIiiiHOTO
TECTYBaHH#), a JIli caMe MaroTh MOTPeOyY B IHTErpalliiHOMY TECTyBaHHI.

Toni kputepiii moxkputrs akTuBizaunii iHTepdeiicy moxe Oyru
3aluCaHuil y Takui crocio:

Ci- xomnonenum, Cie System, i=1.. n, 0e n - KilbKiCmMb KOMNOHEHMIB

v Odiaepamu cmanie komnonenma Ci ( State-Chart Diagram SD(C))),

t - nepexio (Transition), t= (Source, Target, Trigger, Effect, Guard),

sakuo t « SD(Cy), i Effect =1, mo t nosunne Oymu npomecmosane xouda
6 pa3 nio yac inmezpayitiHo2o mecmy8aHHs.

Jlanuii KpuTepidl 103BOJSE 3IIMCHUTH TEPEeBIPKY MOJINA, IO
BIJIOYBAIOThCS MK OyIb-SKUMH JBOMa KOMIIOHEHTAMHU 3 YpaxyBaHHSIM

KOHTCKCTY JaHUX.

MeTpuka BiINOBIIHOCTE I BUKJIMKIB i aKTUBI3alil

Ak Oyno 3a3HauYe€HO BUUIE, BUKIHMKHA OIEpaliil MOXYyTb OyTH

IpeACTaBieH] K MOBIIOMJEHHS B alarpamax B3aemonii UML, ipu npomy
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akTuBI3allii 1HTepdeiicy XapaKTepu3ylThCSd JBOMAa KOMIIOHEHTAMHM:
BUKJIUKAIOYMM  Ta  BIANOBIJAOYMM, a  KOXKHHUHA  KOMIIOHCHT
XapaKTEPHU3YETHCS MOTIEPEAHIM Ta HACTYITHUM CTaHOM.

AKTHUBI3aI111 3 BIJINOBIJHUMHU CTAHAMU MOXYTh OYTH IIPEJICTABIICHI K
nepexoau B aiarpamax crany UML.

BiamoBigHICT, MIK BHKJIMKAMHA W aKTHBI3ALISIMHA BHU3HAYACTHCSI B
TaKuM crocio:

CD; — oiazpama e63aemo0ii (collaboration diagram);, CDje System;
j=1..J, 0oe J - kinvxicmw diazpam 63aEmo0ii 8 cucmemi.

S1j— nocnioognicme nosioomnens, Syje CDj. 1=1..n; de nj — Kinbkicmo
nocniooenocmei y oiazpami 63aemooii CD;

Si={mtj k=115 1, j4- Kinekicms nogioomaens y nociioogHocmi Sy

My — ROBIOOMIEHHS 6 NOCALO0BHOCTII,

Ci-Komnonenm,; Cie System; [=1..n, 0e n - KilbKicmb KOMNOHEHMIS V
cucmemi

SD (Cj) — diaepama cmanis C; ( state-chart diagram of component C))

tyi — nepexio (tramsition), tyg; < SD (Ci), g=l..n;; ni- xinokicmo
nepexoois y diacpami cmanieé SD(C;)

My - nosioomnenns miowe komnonenmamu Cip i Cio.

vMe 3 tg1i1 < Cin | Effect(tysi)=Name(my) i

3 tg2,2 « Ciz | Trigger(tyz,i2)=Name(my)

mooi, my modice 6ymu npeocmasnene ax: my = (tg1i1, tg2,i2)k -

ITo3naunmo:

Te(mi)={ tg1a| Effect(tyrir)=Name(my) }

Te(m)={ tg2.2| Trigger(tyzi2)=Name(m) }.

Busnaunmo |T| sk KiJbKiCTh €IEMEHTIB Y MHOXKHUHI T.

IToma)] 1| Tymole1

p(m) A T(m) |- Te(m) |, de
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4(M,) mo3Hayae KiJIbKiCTh MOKJIMBUX KOMOIHALIN MiXK BUKJIMKAMU 1
nepexoJaMu, 10 BiANOBiAar0Th. YuM BuIle 3HaueHHs (M), THM OijbIie

noTpiOHO TecTiB. MeTpuka (M) Moxe OyTh oOUMCIeHA HAa paHHIX (azax
MPOCKTYBaHHS MPOTPAMHOI0 3a0e3MeUYeHHS, PU I[IbOMY PEKOMEHIYEThHCS
BUKOPHCTOBYBATH Ti KOMIIOHEHTH, 5IKi 3a0e3MeuyroTh MiHiMaabHe (M) .
3ayBa)XMMO, IO JaHAa METPUKAa MOXKE€ OyTH BHKOPHUCTAHA TECTOBUM
MEHEKEpOM JUIsl YXBaJCHHS pIIICHHS Tpo BHOIp TOro abo 1HIIOTO
KOMIIOHEHTa cepejl (PYyHKI[IOHAIBHO EKBIBAJICHTHUX Ha pPaHHIX eTarax

npoekTtyBanHs [13.
KpuTepii mOKpUTTS MOCIIIOBHOCTE |

Kputepii, HaBeleH1 BUIIE TapaHTYIOTh, IO KOXHUU PI3HOBUJ
B3a€EMOIT MDK KOMIIOHEHTaMHu (aKTHBi3aIlli, BUKJIMKA W T.1.) Oyzde
BUKOHAHWM, TpPUHAWMHI, oauH pa3. OmHak MOHATTA (QYHKIIIOHYBaHHS
KOMIIOHEHTHO-0a30BaHOTO  MPOrpaMHOro  3abe3leueHHs Mependavae
B3a€EMO/III0 CYKYHOCTI €JEMEHTIB, TOMY MOPSIOK B3a€MOJIl MOXe OyTu

3HAYUMUM. PO3IIIsIHEMO KpUTEpIi, 10 BPAaXOBYIOTh MOPSIOK B3a€MO/II.

Kpurepiii mokpuTrs 3aj1eKHOCTE H

s Toro, mo6 oOpobutu iHdOpPMAIlII0 MPO MOPSAOK B3aEMO/IIM,
BBEIEMO MOHITTS BIOHOIICHHS 3aJIEXKHOCTI: aKTuBi3alis Inv2 mos's3aHa
BIIHOIICHHSM 3aJCKHOCTI 3 akTuBizamiero Invl, sKkmo icHye mosax
(execution path), mpu sikomy akTuBizais Invl Bukanye aktusizaiito Inv2.

Lle BimHOIIEHHS pedIeKCUBHE, ACUMETPUYHE ¥ TPaH3UTHUBHE.
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bynemo BBaxkatu, mo Inv2 moB'szane 3 Invl mocmigoBHICTIO
aKTHUBI3AIllM, 10 peasli3ye BIJHOIICHHS 3aJ€XKHOCTI MIX LHUMH JBOMA
aKTHUBI3AL[IIMHU.

Tomy, KpuTepid MOKPUTTH 3aJIeKHOCTEN MA€ BUTIISA:

KOMCHA NOCNLIO0BHICMb AKMUBI3AYIU, WO Peani3ye KOMCHE 8IOHOUIEeHHS]
3aNeNHCHOCMI, NOBUHHA OYMU NPOMECMOB8ana xo4a 6 00Ul pas.

Jas Toro, moO OLIHUTH KUIBKICHO CTYMIHB JOCATHEHHS JaHOTO

KpI/ITepiIO, BUKOPUCTOBYETHCA HACTYIITHA MCTPHUKA:

IYOKpumm;Z_ 3anexcHocmal ——

KIIbKICMb _ NPOMeCcmo8dHUX _ PI3HUX N O Ci0 0 GHaCMeEll _ AKMUBU3AYH

3A2anbHA__ KIIbKICMb _ PI3HUX MO CEO 0 GHOCMEN _ AKIMUBU3A YT

Jlns cucteMaru3zaiii mporecy TeCTyBaHHS BIIHOIIECHHS 3alI€KHOCTI
PEKOMEHIYETHCS 3IMCHIOBATH MOTO TOKPOKOBO:

- BCl aKTHUBI3allil TOBUHHI OyTH MPOTECTOBAHI ;

- Bce (YHKLIOHAIBHO MOJKJIMBI Mapy akTHUBI3allil MOBUHHI OyTH

ONPOTECTOBAHI;
- Bce (DYHKIIIOHATHLHO MOXJIMBI TPIMKH aKTUBI3alllil MOBUHHI OyTH
MPOTECTOBAHI 1 T.I.

JloCSITHEHHS TOBHOTO MOKPHUTTSI IAHOTO KPUTEPIIO HA MPAKTHULIl BKpan
YCKJIAJHEHE 4epe3 BeJNUKY KIJIbKICTh HEOOXIIHUX TecTiB. Tomy
MPONOHYETHCA MPAKTUYHUI CMOCIO pillieHHs JaHOi mpoOJieMu, Ha OCHOBI
BukopuctanHgs UML miarpam. BiamoBigHO 10 JaHOTO  IMIIXOAY
BpaxoBylOThcsl TuUTbkM (paktruri UML - mochigoBHOCTI 3 giarpam

B3a€EMO/II1, a TXH1 IMMOCIIIOBHOCT1 HE PO3TIISAAAIOTHCS OKPEMO.

KpuTepiii nokpuTrs MOCIiIOBHOCTE I BUKJIUKIB ome pamii
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Hiarpamu B3aemonii UML wmictath iHQopMaliiro Tpo TOPSIOK
B3a€EMO/I11 KOMITIOHEHTIB Y BUTJISI/II BIIOPSIKOBAHUX MTOBIIOMJICHb.

BukopucToByrour MMO3HAUYE€HHS, BBEJCHI B METPHIll BiJMOBIAHOCTI
aKTUBI3allil Ta BUKJIUKIB, KPHUTepiii MNMOKPUTTA MOCJIIOBHOCTEH
BHUKJIMKIB onepauiii Oyse BU3HAYECHNUH Y TaKUM CIIOCi0:

KOXMCHA NOCII00BHICMb NOBIOOMJIEHL My Yy KOMCHIU Oiazpami
63aemooinn UML nosunna oymu npomecmoeana xoua 6 00un pas.

s Toro, moO OLIHUTH KUIBKICHO CTYIIHb JOCSTHEHHS JTaHOTO

KpUTEP110, BUKOPUCTOBYETHCA HACTYITHA METPHUKA!

Toxpumms_ nocnioosnameii _ nosioomieH =

KIbKICMb _ NP OMeCmo aUX _ PI3HUX _ NOCIO08HACMeEll _ N 08I0 0 MieHb

3a2aMbHA_ KIbKICMb _ PI3HUX _ N0 CI008HAICMEN _ N0 8I0 OMIeH

Jlanuii  kputepiii  J103BOJISIE  MPOTECTYBaTH  MOCIHIJOBHOCTI
NOBIJJOMJIEHb, (DAKTUYHO ICHYIOUI, Y CUCTEMI, BIH JIETKO peaji30BaHUN Ha

MPaKTHIIl, ajie, Ha JKaJlb, HEC BPaXOBYE€ KOHTCKCT JTAHUX.

Kpurepiii mOKpUTTA MOCTIIOBHOCTE aKTHBI3aIiil

3 METOI ypaxyBaHHS KOHTEKCTY JIaHUX, IMOCJIJOBHOCTI IMOBIJOMJIEHb 13
JiarpaM B3a€MO/IIi BapTO JOMOBHUTHU 1HQOpMAIlI€I0 MPO BiMOBIIHI CTAaHU
3 llarpam CTaHy.

BukopucroByroun mO3HAYCHHS, YBEJCHI B METPHUIl BIIMOBITHOCTI
aKTUBI3alllil Ta BUKJIUKIB, KPHUTEpPili MNOKPUTTA MNOCJiIOBHOCTEMH
aKkTuBi3alii Oyne BU3HAYCHUN Y TaKUi COCiO:

kooicHa nocniooenicme akmugizayiin my = ( g1, tg212)k ¥ KoowcHill

diazpami 63aEmo0iil NOBUHHA OyMuU NPOMECM 068aHa Xo04a 6 00uH pas.

56
KA®EJIPA MATEMATUYHUX METO/IIB CUCTEMHOI'O AHAIJI3Y
http://mmsa.kpi.ua



[TECTYBAHHSI: KPUTEPII TA METO/IN.]
M.B.JdinkoBcbka ALY

Jlas Toro, moO OIIHUTH KIUIBKICHO CTYIIHBb JOCSATHEHHS JTaHOTO

KpI/ITepiIO, BHUKOPUCTOBYETHCS HACTYIITHA MCTPHUKA!

Hoxpumms_ nocniooenameti _ axmusizayil =

KLIbKICMb _ NPOMECmo8GdUX _ PI3HUX _NOCAI00BHICMeEl _ AKMU8i3ay il

3a2anbHA_ KiTbKiCMb _ pi3HUX_ NOCi008Harmell _ akmu izay i

Jlanuii KpuTepii € KOMIPOMICHUM MDXK KPUTEPISIMH TOKPUTTS
3QJIKHOCTEN 1 MOKPUTTA MOCHIAOBHOCTEW BHUKIIMKIB omepalliii, y HboMy
BpaxoBaHUW KOHTEKCT JaHUX, PO3TISAJAIOTHCS (PAKTUYHI IMOCIITOBHOCTI
aKTHUBI3aIllH, alle He JOCIKYETHCS OKPEeMO KOXKHA IT1IOCI IOBHICTD, 0

JI03BOJISIE TIOJIETIIIMTH Peali3allito JaHOTO KPUTEPiI0 Ha MPAKTHUIII.

KpuTepiii nokputrs napaJjiejbHUAX NOTOKIB

Ha npaktumi, ocobGnuBa yBara TOBMHHA OyTH TpHUJIiJIEHA
napajejlbHOMYy  BHKOHAaHHIO  TIOCJIJIOBHOCTEW  TOBIAOMJIEHb.  Bci
(YHKIIOHAIBHO MOKJIMBI KOMOiHallli BUKOHAHHA TMOBIJOMJIEHb Y
napajelbHUX MOTOKaXx TMOBMHHI Oyru  BuUOpoOyBaHI MmiJ  4ac
1HTeTpaniitnoro TectyBanHs. [loBiIOMIIEHHS BCEPEAUHI KOXKHOTO MOTOKY
MMOBUHHI BUKOHYBATHUCS IMOCII1AOBHO, BIAMOBIIHO J0 iX MOPSAIAKY B Alarpami
B3a€EMOIII.

TakuM 4uMHOM, KpUTepiH NMOKPUTTS MNapajiejIbHUX MOTOKIB Oyre
BU3HAYEHUU y TaKUM crocio:

ona  Kodxcnoi oiazpamu e3aemodii CD kodxcna QyHKUIOHATbHO
MOXMCIUBA KOMOIHAUIA GUKOHAHHA NOBIOOMJIEHb Y RAPANETbHOMY
nomouyi nosuHHa Oymu nPomecmoeana xo4a 6 0OuH pas.

Jlas Toro, moO OIIHUTH KUIBKICHO CTYIIHB JOCSATHEHHS JaHOTO

KpUTEPI1I0, BUKOPUCTOBYETHCA HACTYITHA METPUKA:
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0J151 KOKHOTO TIapajesibHOro MOTOKY B Aiarpami B3aemosii CD:
Tlokpumms_ napanenvhaeo _ nomoxy;, =

KIILKICIMb _ NP OMeCmo 8GHUX _ PI3HUX _ KOMO iHA Y iUl

. . . . . o |
3a2ajlbHA _ KUIBKICMb__ qbyHKL{ LOHAJIbHO _ MOJMCIUBUX__ PIZHUX _ KO]Vl61Ha141u

it niarpamu B3aemozii CD Ta Bcix mapanenbHuX notokiB B CD:

N
> Iokpummsi_ nap aieivHeo _ nomoky;

Hoxpummﬂ_ napaneibHux _ nomokie — N y
ne N - 3aragpHa KUIBKICTh TNapajieIbHUX MOTOKIB Yy Jiarpami
B3aeMo/Iii.
TecTyBaHHSI BIAMOBIHO JO JAHOTO KPHUTEPIIO J03BOJISE BUSIBUTH

MTOMUJIKH, XapaKTEPHI IS MapajeIbHOTO BUKOHAHHS MPOIIECIB.

6.2. lepapxis 1 BigNnoBIiQHICTbL MK KpuTepismm
iHTerpayinHoro TectyBaHHs

[IpencraBneni Bullle KpUTEpil HE € TMOBHICTIO HE3AICKHUMHU, BOHU
MOXYTh OyTH 3B'si3aH1 B 1€papXiuHy CTPYKTYpY, MpeactaBiieHy Ha Puc. 7
[9]. PosrmsHemo gmokmamHinle, BHUKOHAHHS SKUX KPHUTEpIiB i3
3aIPOIOHOBAHNX aBTOMATHUYHO TaAPAHTYE AOCATHECHHS 1HIIMX.

Buxonsun 3 Hotarii UML, oCHOBHUMU JOCHIIKYBaHUMH 00'€KTaMH €
omepariii, MOBIJOMJICHHS W TEPeX0au, B3a€MOJIISI MK HUMHU MOXKE OyTH
NOCJIJOBHOIO Ta MapanenbHoro. HacTymHi kputepii Oyau HaBeAeH1 BUILE
(m1st 00'€KTIB):

- Kpumepiii nokpumms onepauiit inmepdgeiicy;

- Kpumepiii nokpumm: eukiukie onepauii;

- Kpumepiii nokpummsa akmuegizauiii inmepdeiicy;,
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JUTS TOCJIIIOBHOT B3a€MO/IIT:

- Kpumepiii nokpumms nociiooenocmeil 6UKIUKI@ onepauiil;
- Kpumepii nokpummasa nocinioognocmeil akmuegizauii ;

JUIS TapaieIbHO1 B3aEMOJIIT:

- Kpumepiii nokpumms napanenvbnux nomokie

Kpumepii nokpumms
3anexHocmeu

/\

KpuTepin NoKpUT TS napanenbHux KpuT epivi NOKpUTTA NOCNiZ0BHOCTEN
noT oKiB aKTuBi3auii (nepexonis)
. MapanensHa B3aemogis /\
KpuTepiit NOKpUT TS NOCNIAOBHOCT en KpuTepii NOKpUT T akTuBizauii
BUKIMKIB onepauin (NoBigomMneHb) (nepexogis)

° MNocnigos Ha B3aemoais

KpwuT epili noKpWT TS B UKNKKIB onepaLin
(noBigpomneHb)

A 4

KpuTepin nokpuT TS onepadin
iHTepdperica

. OB’ekTHn

Puc. 7. lepapxist 3B'I3kiB MDK 3aIpONOHOBAHUMHU KPUTEPLIMU .
1 KpUTEpIi, 10 BKIIFOYae B ceOe BC1 BUIM B3a€EMOJIIT:
- Kpumepiii nokpumm= 3anexcnocmeit
L1 kpuTepii MOXKYTh OyTH 1€papXiuyHO BIOPSIKOBAHI:

100% oocaznenna Kpumepilo ROKpumms 3ajaeHCHOCmell 2apanmye

6UKOHAHHA Kpumepiie nocai0oeHocmeil akmuegizauiil, i napaneibHux

HOMOKIG.

BiamoBigHO 10 BHU3HAYEHHS KPUTEPIIO MOKPUTTSA 3aJIEKHOCTEH BCe

(GYHKIIOHAIBHO MOMJIMBI TOCIIIOBHOCTI aKTHBI3allil 1HTEpQENCiB, 10

peai3yloTh BiHOIICHHS 3aJIe’)KHOCT1, MOBUHHI OyTH MPOTECTOBaHI Xo4a 0

OUH pa3 - 1e 3HauuTh, MO UML-nocnigoBHOCTI 3 BIJMNOBIAHUMU

59
KA®EJIPA MATEMATUYHUX METO/IIB CUCTEMHOI'O AHAIJI3Y
http://mmsa.kpi.ua



[TECTYBAHHSI: KPUTEPII TA METO/IN.]
M.B.JlinkoBcbka [AKKY

nepexojamMu TOBHHHI OyTM TPOTECTOBaHI (K TOCIIJOBHI, TaK 1
napasesbHi).

100% oOocacnenna Kpumepilo noKpumms  ROCAIO08HOCHeEl
aKmueizauyiu 2apaHmye - GUKOHAHHA Kpumepiio noKpumms
nOCi006HOCM Il BUKIUKIG Onepauiil i NOKpUmms aKmuei3zauiil.

BianmoBiiHO 10 KPpUTEPi0 MMOKPHUTTS MOCIIIOBHOCTEH aKTHBI3aIlN BCl
UML-miocniioBHOCTI MOBHMHHI OyTM MPOTECTOBaHI 3 ypaxyBaHHSIM
iHpopMalii npo BiANOBIAHI mnepexoau. OTxke, KpUTEpil MOKPUTTS
NOCJIJOBHOCTE BUKJIMKIB OIEpalliii € YaCTUHOK KPUTEPIIO MOKPUTTA
MMOCJIIIOBHOCTEN aKTHUBI3aIld. AHAJOTIYHO, BUXOJIYHM 3 BHU3HAYCHHS
aKTHUBI3aIlli, TPEACTABICHOrO BHIIE, NMPU IOBHIM JOCSATHEHHI KPHUTEPIIO
MOKPUTTSI MOCTITOBHOCTEN aKTUBI3aIllid OyayTh BpaxoBaH1 BC1 aKTHBI3AIll],
a 3HAYUTH 1 BIJIMOBITHUM KPUTEPIH.

100% oocaznenna Kpumepiro nokpummsa axkmueizauii inmepdgeiicy
2APAHMY€E BUKOHAHHA KPUMEPII0 NOKPUMM A 6UKIUKIE Onepauiil.

BiamoBimHO 10 BH3HAYEHHS, aKTHUBI3AIls SBIISIE COOOI0 BHUKIIUK
omeparlii, y skoMy OepyTh y4acTh JiBa KOMIIOHEHTH: BHKJIWKAIOYUHN Ta
BIJIMOBIJAl0OUM, TOMY 11 9aC TECTyBaHHS aKTHBI3aIlli BUKJIMKHU Oomeparrii
YK€ BPaXOBYIOTHCH.

100% oOocacnenna Kpumepilo noKpumms 6UKIUKIE onepauiil
2apPaHmMye BUKOHAHHA KPUMmMePilo nOKpumms onepauiii inmepdgeiicy.

Kputepiilt MOKpPUTTS BUKIUKIB OTIEpaIliii BpaXOBye BUKJIUKH OMeparin
3 pI3HUX KOMIIOHEHTIB, KpUTEpill MOKPUTTS orepauiil iHTepdeicy He
pPO3pI3HIE TaKi BUKIMKH, OTXE, BIH € YaCTHHOK KPUTEPII0 MOKPUTTS

BUKJIMKIB OIeparii.
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6.3 NpakTnyHe AOCHiMKEeHHA 3aCTOCyBaHHA KpuTepiiB
iHTerpauimtHOro TecTyBaHHs

JIns aHanmizy NpakTUYHOTO 3aCTOCYBAaHHS MPEACTABICHUX KPUTEPIiB
TECTYBaHHSA PO3TJSHEMO KOMIIOHEHTHO-0a30BaHy CHUCTEMY BIJJalIEHOI

B3a€MO/I1i KOpPUCTYBaua, aBlakOMIMaH1i, TYpUCTUYHOTO areHTCTBA i OaHKY.
3acTocyBaHHSI KpUTEPil0 MOKPUTTH Omepauii intepdeiicy

HocnimxyBana cuctema «Base - IT.Com» ckmamaeThcs 13 4OTHPHOX
B3aemMoitounx kKoMmrnoHeHTiB: «bank» (Bank), «ABiakommanisp» (Airline),
«Typuctruune areHTCTBO» (TravelAgency) 1 «KopucryBau»
(CustomerInterface), koxxHuUl 3 SKkuX Mae cBid 1HTepdelic. PosrisiHEMO
BiamoBinHy UML cxemy kommoHneHTiB (Puc. 8).

[Ipu npoexktyBanHi UML niarpamMmu KOMIIOHEHTIB [UIsl CHPOILECHHS
PO3MIISIHYTO1 cuTYyarlii Oyia 3MeHIIeHa KiabKICTh (DYHKIIIH, 0 HaIAIOThCS
iHTepdericamu. Posrnmamanuca nume Ti, SKI KOHYE HEOOXiAH1 IS
peaiizairii B3aemMoii.

Sx BuaHo 3 puc. 8, komnoHeHT «bank» (Bank) mae nBa iHTepdeiicu
«Paxynok» (Account) 1 «bank» (Bank). Take nomaHHs 3py4HO ISt
PO3OUTTS HaJaHUX CEPBICIB HA (PYHKIIOHATBHO-3B’ A3aH1 TPYIIU.

Ha minacTaBi 1aHOi cCXeMH KOMIIOHEHTIB PO3POOISIOTHCS TECTH 3T1IHO
3 KpUTEpieEM MOKpUTTS omepaiiit intepdeiicy. s 100% -ro gocsruHenHs
HEOOXITHO 3a0e3MEeUUTH BUKJIMKM BCiX (YHKIIH, SIKI OrOJIOIIEHI B
iHTepdericax BiANOBIAHUX KOMIIOHEHTIB.

Tunu mecmie. Jlns xommnoneHta «bank» (Bank) moBunH1 OyTH
CTBOPEHI1 TECTH, IO TMEPEeBIPAIOTh MOXKIUBICTh BHUKIHWKY HACTYITHUX
dbynakmin: getAccount(), balance(), close(), deposit(), withdraw(). Hmus
KOMITOHEHTA «ABlaKOMMaH1» (Airline): buyTicket();
getAccountNumber(); listTickets().
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AHanoriyHo HeoOXI1THO JUIA IBOX 1HIIMX KOMITOHEHTIB.

Bank (
+getAccount( accountir @ int ) @ Account

Bank

— Account ([

+balancel Account ) int

+closel Account ) woicl

+cleposit Account, amount :© int )
+withclraw( Account, amount : int )

Eera e neace Customerinterface ([

+ogetlnfof message : string, choices : string[] ) : string
L — _+signalf message | string ) | woicl
+triggeraction( triggertlame © string ) . woicl

Alrline | Airline [
+ buyTicleet( ticketihame © string )

+ getsccountumberd | Account

+listTiclets( : string[]

TravelAgency TravelAgency 'S

+ by Tripd tripklame @ string )
Il — _+closed | wvoid
+getaccountHumberd ;o int
+listTrips( : strinal]

+opend ;. wvoicl

—HH AHe  AHe HHE

Puc. 8. Cxema KOMIIOHEHTIB MTPOEKTOBAHO1 CHCTEMH .

3acTocyBaHHSI KPUTEPIIO MOKPUTTI BUKJHUKIB OIepauii

Posrmsnemo UML  miarpamy B3aemopii  Mik  KopuctyBadem
(Customerinterface) i Apiakommnanieto (Airline) (Puc. 9).

KopucryBau 3anutye B ABiakomIiaHli iH(opMaIliro Mpo HasBHICTh
HeoOxigHoro peiicy (listTicket()), y Bumaaky NO3WTUBHOI BIANOBIIL
HaJICWJIa€e 3anuT Ha MOKynKy kBuTKa (buyTicket()). ABiakomIaHist 3aUTye
B KJTIEHTA 1H(OpMaIIito mTpo HoMep Horo 0aHKIBCHKOTO paxyHKYy (getlnfo()),
3B'SI3YETHCA 3 OAHKOM 1 HaJCHIJIA€ 3alUT Ha TIepeKa3 BapTOCTI aBlakKBUTKA 3
paxyHKy KJII€EHTa Ha paxyHOK aBiakommadii (transfer()). bank 3milicHioe

HEOoOX1/IHY oreparlito 3 nepekasy rpoieii (withdraw(),deposit()).
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Bignosimna miarpama B3aeMojii  mpenacraBieHa Ha Puc. 9.
[IpsMOoKyTHMKaMHM Ha JaHid Jiarpami Mmo3HayeHl 00'€KTH (eK3eMILISIpU
KOMITOHEHTIB), JIIHISIMU IMO3HAYEH1 3B'SI3KM M1K 00'€KTaMH, a CTPLJIOYKaAMU
— TOBIIOMJICHHS (CyIIJIbHA JIIHIS 13 TPUKYTHOIO CTPLIKOIO IO3HAYAE
BUKJIMK TIPOIEIypyu ab0 1HIIOTO BKJIAJIEHOTO MOTOKY KEPYBaHHS; CYIliJIbHA
JHIS 3 HAMIBCTPIIKOIO BUKOPUCTOBYETHCS JIJIsl TO3HAYCHHST ACHHXPOHHOTO
NOTOKY KEpyBaHHS; MYHKTUPHA JiHISA 3 V-NMOAIOHOIO CTPUIKOKO MO3HAYAE
MOBEPHEHHS 3 BUKJIMKY MPOLETYPH ).

Ha miacraBi naHoi giarpamu BUPOOJISIETHCA TECTYBAHHS BIAMOBITHO
70 KPUTEPil0 MOKPUTTA BUKIUKIB onepauiil. [[ns JOCSATHEHHS IaHOro
KPUTEPIIO B 3aTaJIbHOMY BUIIQJIKy HEOOXITHO B KOXKHIM JiarpaMi B3aeMoii
MPOTECTYBAaTU BCl IOBIJIOMJICHHSI, $IKI HE€ € BHUKJIMKAMH KOMIIOHEHTA
camoro J1o ceoe.

Tunu mecmie. 3 Puc.9 BugHO, MO OIJIBIICTH IOBIJOMJICHD Y
PO3TIISTHYTOMY TIpUKIaAl — 1€ BUKJIMKH CEpBICIB, SKI OrOJIOIIEHI B
KOMITOHEHTAX, BIAMIHHMX B1JI BUKJIHKAIO4Y0oro. BHKIIOUEHHS CTaHOBIATH
noBiioMyieHHs M1=4.2.1 1 m2=4.2.2. BoHu € BUKJIUKaMHu iHTepdency
«PaxyHok» kommnoHeHTa «baHk» (Account, Bank) no cebe camoro.
BBaxaeThcs, 1110 Takl BUKJIUKU OYJIM BXKE MEPEBIPEHI MiJ 4ac MOJYJIbHOTO
TECTYBaHHS ¥ HEMa€e HEOOXiTHOCTI B iIXHhOMY ITOBTOPHOMY JOCT1IKEHHI.

Bci iHII MOBiIOMIEHHS MTOBUHHI OYTH ITPOTECTOBAH1 JJIsl JOCATHEHHS
KPUTEPII0 MOKPUTTS BUKJIMKIB orepalliii. TakuM YrHOM, CIPOEKTOBaHI

TECTH MICTSTh MOXKJIUBICTD BUKJIUKY [MOBIIOMJIEHb:

1,1.1,1.2,1.3,2,2.1,2.2,3,3.1,44.1,4.2.
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1: triggeraActiond triggerblame=listTiclets )
user - 2: triggerAction( triggerkame =buyTicket ) somelll; Customennterface (7

I\ 1.1 listTicketso

¥ | 2.1 buyTicket( tickethame )

'|

v | L3 return tickethame
¥ | 3.1 retumn userAccthir

v

| 3: getinfo( message ="Accountiumber”, null )

'\f, | 2.2 getinfo( message="TicketChoice", choices

1.20 return ticketList

4.2.2: deposit( Account=ALAcct, amount ) someAirline ; Airline ()
—
4.2.1: withcraw( Account=userAcct, amount )

- B
\Irr\| —
[

— k;: getAccount{ accountir=userAccthr)

£ 4.2: transfer( Account =userAcct, Account=ALAcct, amount )

someBank ; Bank, Account Of‘f."?

4.1 return userdcct

Puc. 9. [liarpama B3aemozii Mk kopuctyBadeM (CustomerInterface) i aBiakommaniero
(Airline).

3acTocyBaHHSI KPUTEPil0 MOKPUTTHA aKTHBI3awil inTepdeiicy

Posrnsnemo UML  giarpamy cTaHiB KOMIIOHEHTa ABIaKOMITaHis
(Puc. 10).

Jliarpama crtaHiB € TpadoMm CIEemiaabHOTO BHIY, IO SIBISE COOOIO
KiHIIEBUM aBTOMAaT. Bepmmuamu 1poro rpada € ctanu (Ha jaiarpami BOHU
npeACTaBiIeHl MPSIMOKYTHUKAMH 31 CKPYIJICHUMH BEpIIMHAMH), a TaKOX
MICEBAOCTAHU, K1 300paKyIOTHCS BIAMOBIIHUMU IpadiYHUMHU CHMBOJIAMU.
VY po3risiHyTOMY IPHUKIIAl TAKMM TICEBIOCTAHOM € MOYaTKOBUM cTaH. BiH
ABJIIE COOOK0 OKPEMHU BHUIAJOK CTAaHY ¥ HE MICTUTh HISKUX BHYTPIIIHIX
nid. Y oMy ctaHi nepeOyBae 00'€KT y MOYaTKOBUM MOMEHT Hacy.
I'padiuno mouarkoBuit ctan B HoTanii UML mo3HavaeThCs y BUTIISIL

3aapOOBaHOTO KpYyXKKa, 3 SKOTO BHUXOJUTH CTpPiiKa, SKa BIJAIMOBIAAE
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nepexoay. Jyru rpada ciayxaTh JUisi TO3HAYCHHS MEPEXOiB 31 CTaHy B

listTiclets()
Ilrr\lll
[ &

‘ accepting Dget,&ccuunmumberﬂ

buyTicketticletMame)/getinfo"TicketChoice”, IV \

buy Flight ‘ ‘ Money transfer

CTaH.

done

fgmnfa{‘(unmnum\ Jtransfer( Account, Account, amount )

Customer data
aquired

Puc. 10. [liarpama ctaHiB KoMmoHeHTa «ABiakoMmnaHis» (Airline).

KoMmoneHT «ABiakoMmaHis» mepedyBae B MOYATKOBOMY CTaHi, 3
SKOTO BIH BUXOJUTH MPU HAIXOKEHH1 3anmuty, Hampukian, listTicket()
(3amuT CHMCKY aBIaKBUTKIB, III0 € B HAsBHOCT1), MPU 1IbOMY KOMIIOHEHT
nepexoauTh y craH ‘“Accepting”’ («mpuitom»). Ilpum HacTymHOMY
OJIep>KaHH1 3anuTy Ha nMokynky kButka (buyTicket()) KOMIOHEHT 13 I[bOTO
crtany nepexoguth y craH ‘“buy Flight” («mokymka mnepenboTy»), mpu
IbOMY B KOpHCTYyBaua 3alUTYeEThCAd 1HQOpMalis Opo oOpaHUl KBUTOK
(getInfo(“TicketChoice”, ticketList())). 31 crany “buy Flight” xommoneHT
nepexoauth y cran “Customer data aquired” («OpepkaHHA AaHUX

KOpUCTYBaua») 1 TMOCHJIAE KOPUCTYBAuyeBl 3alUT IIPO HOMEP HOro
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OaHkiBCchkoro paxyHky kiieHTa getlnfo(“Kontonummer™). OpepskaBum
HEOOXiHY 1HQOpMaIlil0, KOMIIOHEHT BHUKIMKA€ OIEpaliio MepeKasy
rpolei 3 paxyHKy Kji€eHTa Ha cBiil transfer(Account, Account, amount) 1
nepexoauTh y ctad “Money transfer done”.

[IpoBememMo  JOCHIDKEHHS 3aCTOCYBaHHS  KPUTEPIIO  MOKPHUTTS
aKTHUBI3allll IHTepQelcy Ha HaBeIECHOMY MPUKIIAII.

JInsi JOCSTHEHHS JAHOTO KPUTEPII0 B 3aralibLHOMY BHUIAJKY Y BCIX
Jiarpamax cTaHy HOBHUHHI OyTHM MPOTECTOBAaHI BCl MEPEXOHU, IS SIKUX Jis
(effect) - HermopoKHS MHOXKHUHA:

State- v Chart Diagram SD(C;), C;, - Component, C;< System,

t - Transition, t= (Source, Target, Trigger, Effect, Guard),

Axwo t < SD(C), and Effect ¢ moodi neobxiono npomecmysamu t
xoua 6 00uH paz y xo00i iHme2payiuHo20 mecmyeaHHs.

Posrisaemo gaesiki 3 HasBHUX nepexoaiB (Puc. 10), 6epyun 10 yBaru
TOM (pakT, 110 3AIUCHIOETHCS 1HTETpalliiHEe TECTYBaHHS:

Transition1=(Accepting, Accepting, listTickets(),-,-)

Transition2=(Accepting, buy  Flight,  buyTicket(ticketName),
getInfo(“TicketChoice”, ticketList()),-)

Transition3=(Customer data acquired, Money transfer done, -,
transfer(Account, Account, amount),-).

VY nepexoni 1 (Transition 1) aist BiACyTHS.

Y mepexomi 2 (Transition 2) misi - getinfo(“TicketChoice”,
ticketList()), me cepmic, mo orojomieHUA B iHTepdeHci KOMIIOHEHTa
«Kopucrysau» (Customerlnterface).

VY nepexoni 3 (Transition 3) mis - transfer(Account, Account, amount),
IIe CepBIC HE OTOJIOIICHUH B 1HTEpQeEcl KOTHOTO 3 KOMIIOHEHTIB, JaHa
npobsieMa IMOBUMHHA OYyTH BHpIIIEHa 3a JOINOMOTOI0 CIEI[lali30BaHUX

000710HOK (wrapper) Ta miI00py BIANOBIAHOCTI iMeH (mapping). Y
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posrsiHyTOMYy Tipukiami  Qyskiis transfer() Oyme peamizoBaHa SIK
nociiioBHicTh omepamiii  withdraw() 1 deposit(), sxi orosjomeni B
inTepdetici komrnoneHnrta «bank» (Bank) (Puc. 8).

Tunu mecmie. TakuM YWHOM, BIJMOBITHO J0 KPHUTEPIIO TMOKPUTTS
akTuBI3alii iHTEep(deiCcy, TECTH TMOBHHHI MICTHTH MOXJIHBICTH 3aITyCKy
BCIX TIEPEXO/1B MPEICTABICHOI IiarpaMu CTaH1B, KPIM HACTYITHUX

Transition1=(Accepting, Accepting, listTickets(),-,-)

i Transition4=(Accepting, Accepting, getAccountNumber(),-,-)

Homunku, wio eusenaromoca. llpu TecTyBaHHI 3TIJHO JAHOTO
KPUTEPIIO BUSBISETHCA KJAC MOMUJIOK, MOB'SI3aHUX 3 HEBIAMOBITHOCTSIMU
iMeH (QYHKIOIA y BUKJIMKAIOYOMY KOMIIOHEHTI Ta KOMIIOHEHTi, IO
BIJIMOBIIa€. B poO3rissHyroMy MpHKIIagl KOMIIOHEHTH «ABlaKOMIaHisD» 1
«baHk» HagalTHCS PIBHUMHU PO3pOOHMKAMHU, OTXKe, mpobieMa €
aKTyaJIbHO1 Ha ChOroJiHi. PillleHHs moJisirae B HAIMCaHH1 CIEI1aJli30BaHUX

000710HOK  («wrapper»), MmO 3a0e3MeuyioTh  BIAMOBIIHICTh IMEH
(«mappingy).
3acTrocyBaHHSI METPUKH BIINOBIIHOCTI NOBIiIOMJIEHb i ITePeX0/IiB

JlocmiaumMo Ha TPaAKTHUI[l METPUKY BIIMOBITHOCTI TOBIIOMIJICHB 1
IePEXO/iB:

Te(M)={ tq1,i| Effect(tyrin)=Name(my) }

Te(my)={ tg2,i2| Trigger(tyz,2)=Name(m) }

Jlns oxepskaHHS JaHUX JUIS TIPEACTABICHOI METPUKHU MOTPIOHO MaTH
BianoBigH1 UML niarpamu cTaHiB KOMIIOHEHTIB 1 JiarpamMu B3a€MO/Ii.
Ckopucraemocs Jiarpamamu, npejacrapieHumu Ha Puc. 10 1 Puc. 11.

Halinmonmpenimma cutyaritis - e OJHO3HaYHa BIMOBITHICTh M1k
MOBITOMJICHHSAMHU 1 TIepexoamMu (BUKIMKaMU QYHKIIN 1 aKTUBI3aIISIMU
iHTepdeiicy), OqHAK, TUM HE MEHI, ICHYIOTh CUTYallli IPU SIKUX:
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[Te(mi)| >1;|Te(my)[>1.

Jliarpama cTaHIB KOMIIOHEHTa «ABiakomnanis» (Airline) Oyna
npencrapieHa Buie (Puc. 7). Ha HIM € aBa mepexoad Takux, IO
Effect(ty1,i1)=Name(my), a came:

skmo Name(m)=getInfo(), To

t,=(Accepting, buy Flight, buyTicket(),getInfo(),-);

t,=( buy Flight, Customer data acquired, -,getInfo(),-);

toxi, [Te(mM)| =2.

[Mpuxknan ms [Ty(m)| >1 moxe Oyru 3HalEHUI Ha Jiarpami CTaHIB
koMmnoHeHTa « Typuctuune areHTcTBO» (TravelAgency), o npeacrasieHa
Ha Puc. 11.

open
listTrips( Trip

- Choice

accepting
freturn tripMame
| flight aquired
Money transfer done

SMydirline. buyFlight
Joustomerdccount. transfer] mydccount )

Trip

order(iriphame) buy

Personal data aquired

[flight selection aquired ]

fUserlnterface. getUsersFlightWish

flight list aquired

JMydirline. getFlightList

close() open(

cosed

Puc. 11. liarpama craniB komrnoHnenTa «Typuctuune areHTcTBo» (TravelAgency).
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Ha mi#t mglarpami moka3zaHui ckimageHu craH «Open». Skimio
KOMITOHEHT OJICP KU Th MOBIIoMJIeHHS M Take, mo Name(m)=close(), To BiH
MOXke nepedyBaTH B KO)KHOMY 3 BOCbMH MiJICTaHIB cTaHy «Openy.

B mwomy Bumnaaky |[Ty(m)| =8, BIAMOBIIHO KUIBKICTh HEOOXITHUX
TECTIB JJIsl TaHOTO TOBIIOMJICHHSI 30UIBIIYETHCS Y BICIM pasiB. 3araibHa
KIJIBKICTh TECTIB JUISI BCI€T AlarpaMu, MPUPOIHO, TEK 3POCTAE.

JlaHa MeTpHUKa € Ty)Ke BaXXJIMBOIO Ha eTari BUOOpY KOMIIOHEHTIB. [Ipu
OJIHO3HAYHIA  BIJMOBIJHOCTI  MOBIJOMJIEHb Ta IMEPEXOJMiB  JICTIIE
3M1UCHIOBATH MPOIEC TECTYBAHHS, @ UMOBIPHICTh BUHUKHEHHSI TOMUJIOK -
MeHIma. Tomy, Tpu HaABHOCTI  (PYHKIIOHAJbHO E€KBIBAJICHTHUX
KOMIIOHEHTIB, PEKOMEHIYEThCSI BUOMpATH Ti, A SKUX 3HAYCHHS
peACTaBiIeHOT METPUKU MiHiManbHe. OCOONMBY yBary BapTo MPHUILIATH
HasIBHOCTI CKJIQJICHUX CTaHIB, TOMY IO MUTAHHS MOJICIIOBAHHS MEPEXOTy

3 OyJb-KOTr0 MiJACTaHy MOXE BUSIBUTUCS HETPUBIAJIBHOIO 33a4€IO.

3acTocyBaHHSI KpUTEPilB MOKPUTTH MOCTIIOBHOCTE i

Bume Oynmu npeacTtaBieHi Kputepii IS TECTyBaHHS HE TUIbKU
OKpeMHuX O00'€KTIB: omepallii, BUKJIMKIB 1 aKTUBI3allli, ane W Al 1XHIX
nociigoBHOCTEeH. PosrnmsHeMo  3acTocyBaHHST 1MX KPUTEpiiB  Ha

JOCITIPKYBaHOMY TTPOEKTI.

3acTocyBaHHSI KPUTEPIK0 MOKPUTTS MOCTII0BHOCTE | BUKJIUKIB

omnepauii

JInsi MOCATHEHHS KPUTEPII0 TMOKPHUTTSA TMOCTITOBHOCTEH BUKIUKIB
omepariii, HeoOXiTHO MPOTECTYBaTH BCI IMOCHIJOBHOCTI IOBIJOMJIEHb Y
BCIX Jlarpamax B3aeMO/ii.

Tunu mecmie. Ha Puc.9 Oyma mnpeacraBmena UML miarpama
B3aemonii Mk kopucTyBaueM (CustomerInterface) 1 aBiakommaHi€ro

(Airline). Ha nmaniii giarpami € ogHa MOCTIJOBHICTh MOBIIOMIICHB: 1-4.2.2
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(Hymeparllis TMOBIAOMJICHb y HIM TpOBEACHA BIJMOBIAHO JI0 CTaHIApPTIB
moBu UML [8]), 1 naHa mociii0BHICTh MOBUHHA OyTH MpOTeCcTOBaHA (IS
3a0€3MeUeHHs] BUKIMKY I[1€] MOCTIJIOBHOCTI KOPUCTYyBau IIOBHUHEH
1HII[IFOBATH HACTYITHI Iii- triggerAction(listTickets),
triggerAction(buyTicket)).

Kputepiii mTOKpPUTTS TOCHIAOBHOCTEW BUKJIWKIB OMEpaIiii JErKo
peanizyeTbCsd Ha MPaKTHIll, ajle Yyepe3 Te, 10 B HbOMY HE BPaXOBYETHCS
KOHTEKCT JaHWX, TECTYBaHHS BIAMOBIJHO JO JAaHOTO KpPHTEPi0 HE
3a0e3neuye HAJIWHICTh TepeBipkM  (PyHKUIOHYBaHHA. Hanpuxnan,
pe3yNbTaTH BUKOHAHHSA NOCHIAOBHOCTI 1-4.2.2 OymyTh pi3HI, SKILIO
BapTICTh aBlakBUTKa (amount) MEPEBUIIUTH KIJTBKICTh TPOIICH Ha PaXyHKY
KOpucTyBaua a0o0 I[1Ha KBUTKA BUSIBUTHCS MEHIIOIO, HI’K CyMa Ha PaxyHKY
KJIieHTa. BIAMOBITHO O MPEACTABICHOTO KPUTEPIIO JaHa BIIMIHHICTH HE
Oyzme BUsIBIICHa, OJHAK BOHA € BAXJIMBOIO IS NMPAKTHUKHU; ypaxyBaHHS
TaKuX JaHUX 3JIMCHIOETBCA B KpHUTEPli MOKPUTTA IOCIIIOBHOCTEN

aKTUBI3aIIH.
3acTocyBaHHSI KpUTEPII0 MOKPUTTH MOCJTIIOBHOCTE aKTUBI3a il

[Tpu 3acTocyBaHHI KPUTEPIIO MMOKPUTTS MOCTITOBHOCTEH aKTHBI3aIlIi
BpaxoBYEThCA 1H(OpMAILIis PO BIAMOBIAHI CTAHW KOMIOHEHTIB. J{J1g IbOTO
HeoOximHo Mmatu UML jgiarpamMu  cTaHIB KOMIIOHEHTIB 1 Jlarpamu
B3a€EMO/IIN. 3 Aiarpam B3a€MOJi OTPUMYIOTh MMOCJIJOBHOCTI MOBIIOMJICHb,
a 3a JOMOMOIOI0 JiarpaM CTaHiB KOKHOMY IOBIJIOMJICHHIO CTaBISATh y
BIIMOBIJHICT, ~ MEPEXOJAM B  BUKIMKAIOUOMY W BIJINOBIJAI0OUOMY
KOMITOHEHTI.

Tunu mecmis. Ha Puc. 9 Oyna npencraBiieHa aiarpaMa B3a€MO/Iii MK
kopuctyBaueMm (CustomerInterface) 1 aBiakommanieto (Airline), a Ha Puc.

10 ta Puc. 11 niarpamu cTaHiB KOMIIOHEHTIB «ABIaKOMIaHIsH Ta
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«Typuctuune arentcTBo». [lokakemMO BIAMOBIAHOCTI MK JACSIKUMHU 3
MOBIJIOMJICHB 1 IIEPEX0OAaMHU 3 TTOCI110BHOCTI 1-4.2.2:
1.1 listTickets ():
BUKJIMKarounii koMnoHeHT: CustomerInterface
Bukimkatrounii mepexia: t=(Interface ready, Interface ready,
triggerAction(listTickets), listTickets(),-)
KOMIIOHEHT, 1110 BianoBigae: Airline
nepexin, mo Bignosigae: t=(Accepting, Accepting, listTickets(),-,-).
2.2. getlnfo (message="AccountNumber”,null):
BUKJIMKAIOUMH KOMITIOHEHT: Airline
sukiukarounii nepexia: t=(buy Flight, Customer data acquired,
-, getInfo(“‘AccountNumber”, -)
KOMITOHEHT, 1110 Bijnosigae: CustomerInterface
nepexin, mo BignoBigae: t=(Interface ready, Waiting for user
data, getInfo(“AccountNumber”),-,-).
4.2. transfer(Account=userAcct, Account=ALAcct, amount):
BHUKJIMKAIOYUH KOMITOHEHT: Airline
BUKIMKatouni nepexin: t=(Customer data acquired, Money
transfer done, -, transfer(Account, Account, amount),-)
KOMITOHEHT, 1110 BinoBigae: Bank
nepexin, mo Bignosigae: t=(Bank operating, Bank operating,
transfer(Account, Account, amount), -,-.)
Jnst  kpuTepio TMOKPUTTS TOCHIJOBHOCTEH aKTHUBI3allill  Taka
BIJIMOBIIHICT, TMOBMHHA OYyTH 3HAWJIEHa IJi1 KOXKHOTO ITOBIJIOMJICHHS B
KOXKHIA TMOCTIJJOBHOCTI, a TECTH IIOBUHHI 3a0e3MedyBaTH BUKJIUK

MOCJI1JIOBHOCTI 3 YCiMa MOJIMBUMHU aKTUBI3AIliSIMHU.

3acTocyBaHHSI KpUTEPII0 MOKPUTTH 3aJI€KHOCTE
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Sk Oyno 3a3HayeHe BUIIE, HAUOIbII TOBHUM € KPUTEPIN MOKPUTTS
3asieskHocTel. [l oro peanizailii HeI0OCTaTHBO MPOTECTYBATH BCi
MOCJI1IOBHOCTI MOBIJOMJIEHD Y BCIX JlarpaMax B3a€MOJIii, HEOOXiTHO
TaKO0 IPOTECTYBATH BCE (PYHKI1OHAJIBHO MO>KJIMBI M1 ANOCII1I0BHOCTI (3
ypaxyBaHHSIM BiJIOBIIHUX MEPEXOIIB).

Tunu mecmie. Y nocimiokeHil BuIle mmociaigoBHocTi 1 - 4.2.2,
npeactasieHiii Ha UML niarpami B3aemo/ii koMmnoneHTiB « KopucTtyBauy i
«ABlakoMmnaHis» (puc. 9), MokHa BUAIIUTH PSIT MT1ATOCTITOBHOCTEH:

1-1.1; 2-2.2; 4; 3-4.2; 1.1-3; 1.1-2.1 - nuiie nesiki 3 GyHKIIIOHATIBHO
MOXJIMBUX MIANOCHIJOBHOCTEN. KOXKHa 3 HUX TOBUHHA OyTH
IPOTECTOBAaHA 3 YpaxXyBaHHIM BIJMOBIIHUX CTaHIB (TOOTO KOHTEKCTY

JTAHUX).

3acTocyBaHHSI KpUTe Pil0 MOKPUTTS Mapajie/ibHUX NOTOKIB

Kputepiii moKpUTTS mapajelbHUX MOTOKIB OyB BUSHAYCHUN Yy TaKUM
crociO: AT KOXKHOI JAlarpaMu B3a€MO/i1 KOKHa (PyHKI[IOHAIBHO MOKJTMBA
KOMOIHaIl1s BUKOHAHHS MOBIJOMJICHb y IMapajeIbHOMY IMOTOLl MOBUHHA
OyTu mpoTecToBaHa xoua O oauH pa3. IIpoaHanizyeMo 3acTOCYBaHHS
JTAHOTO KPUTEPII0 Ha AOCIIKYBAHOMY TTPUKIAII.

Tunu mecmise. Ha Puc. 12 npencraBiena UML-]liarpama B3aemopii
Mk kopucTtyBadeM (Customernterface), aBiakommanieto (Airline), 6ankom

(Bank) i rypuctuunum arenrctBoMm (Travel Agency).
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4:triggerAction(triggerName=buyTrip)
1:triggerAction(triggerName=listTrips)

SomeUI:Customerlnterface

2:listTrips()
User 5: buyTrip(TripName)J

5.3: return flightName

6.1: return userAcct | N l 6.a: getInfo(massage="AccountNumber”,choices=null)

5.2: getInfo(massage=TripChoice,choices=tripList)

‘ 3: return tripList

6.a.2.1:withdraw(Account=userAcct, Some TraveIAqencv:
amount) TravelAgency

—_—

6.a.2.2:deposit(Account=TAAcct,amoun
] 4/

5.1:listTickets()

6.a.2:transfer(Account=userA 6.b:buy'lgcket(ticketName=f|it<3:;ht(|;lame)
= 6.b.1: getAccountNumber
SomeBank:Account, Account=TAAcct,amount)
Bank \ L
I 6.b.2:transfer(Account=TAAcct, SomeAirline:Airline
— Account=ALAcct,amount)

6.b.2.1:withdraw(Account=TAAcct,amount)
6.b.2.§:deposit(Account=ALAcct,amount)

Puc. 12. Jliarpama B3aemonii mbk kopuctyBaueM (CustomerInterface), aBiakommaniero

(Arrline), Ganxom (Bank) 1 Typuctuunum arentctBoM (TravelAgency).

Ha paniét  mgilarpami  MOXyTh OyTH 3HaMACHI JBI TapajesbHi
1 0Cai IOBHOCTI: 6.a-6.a.2.2 1 6.b-6.b.2.2.

[Ipy BUKOHAaHHI [UX JBOX MIAMOCIIJOBHOCTEH MOXJIMBI PI3HI
KOMOiHaIlI B TIOPSAAKY BHKOHAHHS IXHIX CKJIQJIOBUX €JIEMEHTIB,
HaIMpUKIad, Takl iK:

Kombinauyis 1:6.a-6.a.2.2 nomim 6.b-6.b.2.2.

Kombinayis 2:6.b-6.b.2.2 nomim 6.a-6.a.2.2.

Koméinayis 3:6.a - 6.a.2, 6.b-6.b.2.2, 6.a.2.1., 6.a.2.2.

Kombinayis 4:6.a, 6.b-6.b.2.2, 6.a.1-1- 6.a.2.2.

ko He TpoBeCTH MOAIOHE TECTyBaHHS, TO Yepe3 MapayiebHICTh
NPOTIKaHHSA TIPOIIECIB MOXJIMBA HACTymHa cutTyarig. KiieHT cmiadye
BapTICTh Typa (ToBiAOMIEHHS 6.a. 2-6.a.2.2), mapajeiabHO 13 1M
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TypucTuyHEe areHTCTBO 3aMOBJIsIE KBUTOK B ABlakOMIMaHi1 (MTOBIJOMJICHHS
6.0,6.b.1) i omauye ioro BapricTh (oBigoMacHHS 6.0.2-2- 6.b.2.2). fAxmio
BUABIIIETHCS, II0 HAa PaxyHKy KJII€HTa HEMae HEOOXIJIHOi CyMH, TO 3a
JAHOI0 TPAH3aKI[I€l0 BIIOYBA€THCS BIJKIT, a IMapajeibHa TpaH3aKIis
BUKOHYeTbCS. Y pesynbrari Typuctuuna d¢ipma 3a3Hae 30UTKIB,
MOB'A3aHUX 3 TPUJO0AHHSIM KBUTKA B ABIaKOMMAaHIi.

TakuM YWHOM, MPOBEACHHS TECTYBaHHS BIJIIMOBITHO JO JAHOTO
KPUTEPil0 [I03BOJIIE BUSIBUTH TAaKOTO POAY TMOMMIKH ¥ TIONEpeIUuTH

(h1HaHCOBI BTPATH.

KoHTponbHi 3anuTaHHA

1. SIxi  xapakTepHi OCOONMMBOCTI Ma€ KOMIIOHEHTHO-0a30BaHE
nporpaMHe 3a0e3neyeHHs ?

2. YoMy 10 TecTyBaHHS KOMIIOHEHTHO-0a3oBaHoro I13 He 3acTOCOBHI
KJIACUYHI IT1IXOI1?

3. Ik  oOrpyHTOBaHO 3IIMCHUTU BUOIp MK  (PYHKI[IOHAJIBHO
CKBIBaJICHTHUMHU KOMIIOHCHTaMHU?

4. SIk1 kpuTepii 1HTErpalliiHOTO TECTyBaHHS BUKOPHCTOBYIOTHCS IS
TecTyBaHHS 00’ €kTiB? Sk came?

5. ki kpuTepli 1HTErpaliiHOr0 TECTYBAHHS BUKOPHUCTOBYIOTHCS IS
TeCTyBaHHS B3aeMOJI1i MK 00’ ektamu? Sk came?

6. Sk moB’s3aHI MiX COOOI0 KPUTEPIl IHTETPALIHHOTO TeCTyBaHHS?

7. Ha sxomy mpuHIuIi 0a3ylOTbCS METPUKU JIOCATHEHHS KPUTEPIiB
1HTErpaliiHOro TeCTyBaHHA?
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7. OUIHIOBAHHA KIbKOCTI TECTIB AN
IHTEFPALIMHOIO TECTYBAHHSA

MeToro JaHOro poO3JUIY € OJIepKaHHS BEPXHIX OI[IHOK KIJbKOCTI
TECTIB, $Ky HEOOXIJHO 3TeHEepyBaTH IS JOCSITHEHHS KOXHOTO 13
KpuTepiiB. BBaxkaeMo, 1110 Bc€ KOMIOHEHTH 3B'si3aH1 M1k c00010, a 1I€ €
HaMO1JIbII CKJIAIHOKO CUTYAIlIE€I0 JIJIsI TECTYBaHHS.

BBegeMo HACTYIHI TO3HAYCHHS:

N - KiIbKICMb KOMNOHEHMIB,

M - makcumanvha Kinekicms onepayiil 6 inmepgetici KoOMNOHeHma,

t - maxcumanvua KinbKicms nepexodis y oiazcpami cmawis,

L - maxcumanvrha 0osdxcuna nociioo8Hocmi (8 Hauipuiomy SUnAOKy
Modice Oymu oyiHeHa MAKCUMAIbHOIO KINbKICIIO NOBIOOMIIEHb Y Olaepami
83AEMOOIlL),;

S - kinvxicmo UML-nocnioosnocmeti;

Kpumepiit nokpummsa onepayiii inmepdpeiicy. i  KOXKHOI
OTOJIONICHOI omepallii TOBUHEH OyTH 3reHepOBaH OJUH TECT.

TakuM 4MHOM, KIJIBKICTh TECTIB BU3HAYa€ThCA K. Q= N.

Kpumepiii nokpumms euknuxie onepauin. Tect TNOBUHEH OyTH
3TEHEPOBaHUM Il KOXKHOTO BUKJHMKY omnepanii. KoxHa omnepairis, y
HAWTIPIIIOMY BUMAAKY, BUKIUKAETHCS 3 KOXKHOTO KOMIIOHEHTA, KPiM TOTO,
mo ii MICTUTHh (OCKUIBKM Takl BHUKIWKKA BXKE MPOTECTOBaHI Ha (¢asi
MOJIYJIBHOTO  TECTYBaHHS, BHUXOJSYM 3 OCHOBHOTO MPUITYHICHHS
IHTErpaIiitHOrO TECTYBaHHS).

Toni, KiJIbKiCTh TeCTiB BU3HAYaeThCs SK: Q,=n( n-1)M.

Kpumepiin nokpummsa axkmueizayiii inmepdgeiicy. 11 KOXKHOI
akTuBI3alii iHTepdeicy MoBUHEH OyTH po3pobOsieHHil TecT. Y KOXKHIN

akTuBI3alii OepyTh ydacThb JBa KOMIIOHEHTH — BHKIHKAIOUUN Ta
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BIJIMTOBIJAl0UMi, 1 JBI Tapu CTaHIB - TMOMNEpeaHid W HacTynmHuii. Bonu
MOXYTh PO3IJISIIATUCA SIK CTaH-/HKEPENIO Ta CTaH-TIpUiiMaY y BiAMOBI THUX
nepexoAax. Y Halripmnii cuTyalii BCl HOMapHO MOKJIMBI KOMOiHALT
NEepexXo]iB 13 BUKJIMKAIOYOTO KOMIIOHEHTAa ITOBMHHI OyTHM BpaxoBaHI.
[lepexoau Bxke MICTATH 1HGOPMAITIIO TTPO OIEpaIlii.

3araibpHa KiTbKICTh TeCTiB BU3Ha9aeThes sK: Qs = n( n-1)t%,

Kpumepiit nokpummsa nocniooéHocmeil GUKIUKI@ oOnepauii’
BIJIMOBIJTHO /IO BHU3HA4YE€HHS JaHoro kputepito Bci UML mociigoBHOCTI
NOBUHHI OyTH MpoTecTOBaHi. i1 KOXHOI MOCHIJOBHOCTI MOBUHEH OyTH
PO3pO0JICHUI CBI TECT.

TakuM 4MHOM, KIJIbKICTh TECTIB BU3HAYAETHCS SIK: Q4 = S.

Kpumepiit nokpummsa nociioosnocmeit akmuegizayii: sl KOKHOI
UML nociiloBHOCTI MOBHHEH OYTH PO3POOJIEHUI TECT 13 ypaxXyBaHHSIM
iHpopMalli Mpo BIAMOBIAHI NEpexoau. Y HaMripumioMy BUMAAKY BCi
MOMAapHO MOXKJIMBI KOMOIHAIi 3 BHUKJIMKAKYOro Ta BIJMOBIIAIOYOTO
KOMIIOHEHTA, TOBUHHI OyTH MPOTECTOBAHI.

Orxe, HaWripima OIiHKAa KUJIBKOCTI TECTIB BHU3HAYA€ThCS AK: Qs =
t°'s.

3 MeTO10 oJiep>KaHH O1JIbIIe TOYHUX OLIHOK BUKOPHUCTOBYEMO
METPUKY BIJIMOBIAHOCTI MIXX IEPEX0IaMH 1 TTOBIJIOMJICHHSAMU (BUKJIMKAMU
1 aKTUBI3AIISIMH ):

J
KinbkicTb TectiB BusHauaetses sik: Qs = 2.( 2, [ [u(m),
j=1 VseCDj Vmes

oe s -UML-nocniooenocmi,
M- nosioomienns,
CD; — diazpama 63aemo0ii;

J - Kinbkicme diacpam 83aemo0ii 6 cucmemi.
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Kpumepiii nokpummsa 3anexcnocmeii’. BIJINOBIIHO J0 BU3HAYCHHS
BIJIHOIIICHHSI 3aJIe)KHOCTI Ta HOro BJIACTUBOCTEH, JJISI KOXKHOI OKPEMO
B3ATOI aKTuBi3amli W KOXXHOI MOCJIIJOBHOCTI aKTHUBI3aIi HEOOXIIHO
3HAUTH OOUMCIIOBAILHUM TUIsiX (execution path), sikuii ix peamizye. s
KOXKHOTO TaKOTO INUISIXy MOBHHEH OyTu po3polieHuit TecT. KinmbKicTh
TECTIB, HEOOXITHUX /I JOCATHEHHS JaHOTO KPHUTEpiro OinbIla, HIXK
KIJTBKICTh TECTIB, HEOOXITHUX I JOCSITHEHHSI KPHUTEPIiB IOKPUTTS
aKTHUBI3AIlIM 1 MOCIIJOBHOCTEN aKTUBI3AIllM, TOMY IO BPaXOBYIOThHCS IIie U
1 AOCJI1 IOBHOCTI.

B Haiiripmomy BUIaJIKy BC€ KOMIIOHEHTH 3B'sI3aH1 MOCJI1JOBHOCTIMU
W TIAMOCITIIOBHOCTSAMM aKTHBI3amid. TakoX TPHUITYCTHUMI BHKIHKH
KOMIIOHEHTIB CcaMuX 10 ce0e Uil PO3TISHYTHX MOCIIJOBHOCTEH 1
M1 AMOCII IOBHOCTEMN.

Tosi, BAKOPHUCTOBYIOUH MTOKPOKOBE HAPOUIyBaHHS, OLIIHUMO KLJIbKICTh
TECT1B, HEOOXIJHUX B TAKOMY BHUIIAJIKY.

- Bcl akTuBi3alii OBUHHI OyTH POTECTOBAHI: n’? .

- Yce mapu akTuBIi3a1liii TOBUHHI OyTH TPOTECTOBaHI: n’t*.

- Bce dyHKIIIOHATEHO MOXKITUBI TPIMKHK aKTUBI3AIl1i TOBUHH1 OYTH

MPOTECTOBAHI: n'®.

Jlana mnpoieaypa MOBMHHA OyTHM MPOJIOBXKEHA JO C€amoi JIOBroi

MOCJIJOBHOCTI akTHUBI3aIii ( ii qoBxkuHA L).

TakuM YMHOM, 3arajibHa KiJbKICTh TECTIB BU3HAYAETHCH SIK:
L . .

QGW - Zn|+1t2|
i=1

3 MeTO10 oJiep>KaHHA O1JIbIIIe TOYHUX OLIHOK BUKOPHUCTOBYEMO
METPHKY BIJIMOBIAHOCTI M1K IEPEX0aMH1 U MTOBIIOMJICHHSIMU (BUKIUKAMHU

1 aKTHBI3AIlISIMH ):
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J
KinbkicTh TecTiB BU3HAYAETHCS K. Qg = )AGIN® [ [r(m)
j=1 VseCDj VssesVmess

oe s -UML-nocnioosnocmi,

SS- nionocaioogHocmi,

M- n0BIOOMIIEHHA,

CD; — oiazpama 63aemo0ii;

J - Kinoxicme diaepam 83aemo0ii 8 cucmemi.

TakuM 4YMHOM, 3a [JOIIOMOIOK0 HAaBEIECHMX OIIHOK KIJIBKOCTI
HEOOXITHUX TECTIB MOKHA Ha paHHIX (azax npoektyBaHHs [13 BuOparu
TON KPHUTEpiH, TOCATHEHHS SKOTO Peali30BaHO HA MPAKTHII, BUXOIIIH 3
pO3paxyHKy (DiHAaHCOBHUX 1 HACOBUX BUTPAT HA TECTYBAHHSI.

3anporoHOBaHA METOJMKA He € 1JeanbHor0. Ha mpakTuill BUHUKae
HEOOXIHICTh B O1BII JETAaIbHOMY OIIHIOBAaHHI 4Yacy Ha TECTyBaHHS Ta
HOTO po3MoAlT MO S>KUTTEBOMY LMKy MPOTPAMHOTO 3a0e3MeyYeHHH.

Bupimensto i€l mpoodiieMu NMpUCBIYEHO HACTYIHIA PO3/IiI.

KoHTponbHi 3anuTaHHS

1. Slky MakcuMallbHY KUIBKICTh TECTIB HEOOXIJTHO CTBOPUTH IIOO
JOCSITTA KPUTEPII0 TOKPUTTS OTepaiiiii inTepdeicy?

2. SIky MakcuManbHy KIUJIBKICTh TECTIB HEOOXIJTHO CTBOPUTH II0O
JOCSITTH KPUTEPI1I0 MOKPUTTS BUKJIMKIB OTleparrii?

3. SIky MakcuMaiabHy KiJIBKICTh TECTIB HEOOXIJTHO CTBOPUTH II0O
JOCSITTA KPUTEP1I0 MOKPUTTS aKTUBI3AIlIN 1HTEep(eicy?

4. Sxy MakcUMalibHY KUJIbKICTh TECTIB HEOOXIJHO CTBOPUTH 10O

TOCSITTA KPUTEP1I0 TOKPUTTSI MOCII1IOBHOCTEH BUKIIMKIB OIepariii?
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5. SIky MakcMMaJlbHY KIJBKICTh TECTIB HEOOXIJHO CTBOPUTH MO0
JOCSITTH KPUTEPII0 MOKPUTTS MOCTIJOBHOCTEHW aKTUBI3AI1i1?
6. fxy MakcuManbHy KiJbKICTh TECTIB HEOOXIJHO CTBOPUTH II00

JOCSITTA KPUTEPII0 TOKPUTTS 3aJIEKHOCTEN ?
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8. OUIHIOBAHHA YACY TECTYBAHHA HA PAHHIX ETAMNAX
XUTTEBOIo UUKIY NPOrPAMHOIO 3ABE3INEYEHHA

3r1/IHO 3 HOBITHIMHU METOJIMKaMH MPOEKTYBaHHS MIPOLIEC CTBOPEH Hsl i
CynpoBoay 1H(OPMAIIMHUX CUCTEM OINHUCYETHCS Y BUTJISAl KUTTEBOTO
LUKy, SKUW TPEACTABISIETBCA SIK 1T€paTUBHA IOCIIIOBHICTh IEBHUX
CTaJili 1 BAKOHYBaHUX Ha HUX MporieciB. JJ1st Ko>kHOT cTajli BU3HAYAIOTHCS
CKJIal 1 TIOCHIZOBHICTh BHKOHYBAaHUX pOOIT, OUIKYBaHI pe3yJbTaTH,
HEOOXIIHI METOAu U 3aco0u, pojil ¥ BIAMOBIIAIBHICTh YYaCHUKIB TOIIIO.
Takuii QopManbHUI OMUC KUTTEBOrO LMKIY 1HGOPMAILINHUX CHUCTEM
JI03BOJISIE CIUIAHYBaTH W OpraHi3yBaTH MPOIEC KOJEKTHBHOI PO3POOKH
IIPOCKTY Ta 3a0e3MeYnTH KepyBaHHs 1uM mporecom [10,11].

HaiiGinpim  BaXIMBUM 1 CKJIQJHUM €TaliOM JKUTTEBOTO IHKITY
iHpopMaLiiHUX CHUCTEM € CTBOpeHHsS chnenudikamii ta Bumor [12].
3abe3nedyeHHs  SKOCTI  MaWOyTHBOIO  MPOTrpaMHOTO  3a0e3NeueHHs
TEeCTyBaHHA Mae Oynu po3noyare caMme Ha i (a3zi. Cnenudikamnii MOXyTb
CTOCYBaTUCS SIK (DYHKI[IOHAIBHUX BUMOT JIO0 MPOEKTY TaK 1 CUCTEMHUX.

AmapaTom 11 MoetoBaHHS (PYHKITIOHATEHUX BUMOT € fmiarpamu UML.

8.1. CtBopeHHSA TecTiB Ha ocHoBi UML piarpam BapiaHTiB
BUKOPUCTaHHA

OcHOBHMMM €J€MEHTaMu JilarpaM BapiaHTiB Bukopuctanus ([IBB) e
aKTOpH, BapiaHTH BUKOPUCTAHHS Ta 3B's13kU. KOXKEH CTPYKTYpHUI €TeMEHT
JiarpaMy TOBUHEH OYTH MPOTECTOBAHUM. 30KpeMa TEeCTYIOThCA TaKi
€JIEMEHTH, SIK:

BapiaHT BUKOPUCTAHHSI,

3B'SI30K;
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0OMEKCHHS;

iHTepdeiic.

Ha npaxtuui JIBB siBisie co0oro He TuibKK HaOlp Ol1HApHUX BIIHOCHUH
aKTOp — BapiaHT BHKOPHUCTAHHS, II€ IIE¢ W ITOCIIJIOBHICTh B3a€MOJIIH, IO
3HAYHO YCKJIQJHIOE TECTyBaHHA. ICHye Oarato NpUKIAIIB TOTO, IO
KOpeKkTHe (DyHKIIIOHYBaHHS okpeMux yactuH I13 He rapanTye iioro podotu
B misiomy [13, 14]. Hao4HOIO LIIOCTPAIIIE€IO IIBOIO MOXKE CIY)KHTH aBapist
aMepuKaHChbKOro Mapcoxona B 1999 pomi [12]. Takum guHOM,
IPONOHYETHCA HAIIPABUTH TECTYBAHHS Ha MEPEBIPKY BCIX MOCI1IOBHOCTEN
B3a€MOII1, IUISIXIB M)XK aKTOpaMU ¥ BapiaHTaMH BUKOPUCTAHHSL.

EnemenTn miarpamu 3B's3aHi pi3HUMH THIIaMHU BIAHOCHH (acoriamii
(association), posumpenns (extend), y3aranpHeHHs (generalization) i
BKJIIOUeHHs (include)), siki MaroTh cBOIO cnenudiky npu TectyBanHi. [lpu
MepeBipIll BIIHOCHH acolliaiii HeoOXiTHO BpaxOBYBAaTH IiX KpATHICTh.
Bignocunun "po3nmpeHHs" yCKIaAHIOIOTH MPOEKT 3 MOy TECTYBaHHS,
TOMY III0 HEOOXITHO HE TUIHKU MEePEeBIpUTH YU Oy/ie HaAaHUW HEOOXIiTHUN
dbyHKIIOHAN, aje ¥ CHpPOEKTyBaTH TECTU JI MEPEeBIPKH HMOBIPHOCTI
HaJlaHHs He crenudikoBaHoro (yHKIIOHaTY. BigHOCMHM "BKIOYEHHS'
BKAa3ylOTh Ha Te, IO II€BHA 3ajaHa ITOBEJIHKA JI OJHOTO BapiaHTa
BUKOPUCTAHHS € CKJIAJOBHM KOMIIOHEHTOM Y MOCIJJOBHOCTI TTOBOKSHHS
IHIIOTO BapiaHTa BHWKOpHUCTaHHS. Lle cmporye TecTyBaHHS, OCKIJIBKH
JI03BOJISIE PO3TIISAAATH OO'€KT TECTYBaHHS SIK €QUHUNM (YHKI1OHATBHUN
onok [15].

BukopucTtanHsi BIIHOCHMH 'y3arajbHEHHsS'" CIpOIIye pO3poOKy, aje
YCKJIAJHIOE TECTYBaHHS — BOHO NOTpPeOye NPOEKTYBAHHS TECTIB, IO
NEPEBIPAIOTh KOPEKTHICTh POOOTH IHOTO BIJAHOLICHHS JUISI KOXHOTO

"mpeaka" ta "Hamaaka".
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[Ile ogHUM eneMeHTOM aiarpaMu € "oOMekeHHs", ikl (opMaTi3yroTh
YMOBHM (PYHKIIIOHYBaHHSI CHUCTEMH. BiIMmoBigHO, KOXKHE 3 HUX IMOBUHHE
Oyru nepeBipeHe. i TecTyBaHHS OOMEXEHb MOXE€ OyTHM 3aCTOCOBaHa
METOJMKa I'PAaHUYHHUX YMOB 1 KJIaCiB €KBIBaJICHTHOCTI.

3Bakaloud Ha Te, MO CYTHICTh 1HTep(eiicy mossirae B TOMY, 00
HaJaTyu JOCTYN 0 (PyHKIIOHANA, ONMKMCAHOTO Yy BaplaHTaX BUKOPHUCTAHHS
JIBB, To y Oi7bIIOCTI BHUIIQJKIB HOr0 TECTyBaHHS Oy/le CKBIBaJICHTHE
tectyBaHHIO JIBB. OkxpeMo iHTepdeiicu ciif po3risaaTtu npu nepesipil
MPOEKTY Ha CYMICHICTb 13 PI3HUMU CEPEOBUIIIAMU.

Takum umHOM, JUIs aHamizy koxxkHoi JIBB, HeoOxinmHO BpaxyBatu i
CIIPOCKTYBATH TECTH: JJIA BCIX BapiaHTIB BUKOPUCTAHHS; JIS BCIX 3B'SA3KIB
BIJIMOBITHO JIO THIIIB; JISl MIOCJI1IOBHOCTEM YCiX 3B'S3KIB 1 BCIX OOMEKEHb.
Hanani, mpu aeramizaiii npoekty i po3po6ii HactynHux UML miarpawm,
CIIPOCKTOBAaHI TECTU OYyAyTh YTOUHIOBATHUCS, IUISI YOTO PEKOMEHIYETHCS
BUKOPUCTOBYBaTH KpUTEP1i, HABEJCH] BUILIE.

PosrnsaeMo Ha mpakTulll mnporiec nodymoBu TecTiB Ha 0a3t UML

JiarpamMu BapiaHTiB BUKOPHUCTAHHSI.

Ipukaan nodynoBu TectiB Ha ocHoBi UML niarpamu BapiaHnTiB

BHKOPUCTAHHS YaTy

3a HaouHu#l nipukiaj BisbMemo JIBB uaTy HajacuiaHHs MOBIAOMIICHD
(Puc. 13). 3 miarpamu MoOKHaA 3pO3YMITH, IO BIACHIATH TOBIJOMJICHHS
MOXYTh JBa THIOW KOPHUCTYBadiB: CTAaHAAPTHUM KOPHCTyBad 1
agMiHICTpaTop. AIMIHICTpPATOp YCIMAJIKOBYE BECh HAsSBHUM (PYHKI[IOHAI
KOpPHUCTYBaua BIIHOCHO MepecusiaHb MoBigomyieHb. [loBiIOMIIEHHS y 4arTi

MOXE BIIOOpakaTHCs KUIbKOMa crocobamu: OyTH BHAMMHUM YyciMa
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KOpUCTYyBauaMu (CTaHJapTHE BIJICUJIAHHS), BIIOOpa3UTUCS Y BCiX, alie 13
3a3HAYCHHSIM 1IMEH1 CHIBPO3MOBHUKA (MEepcOHi(IKOBaHE), BIIOOpa3UTHUCS
TUIBKK Yy OOpaHoOi Tpynu KOpUCTyBauiB a00 TUIBKA Yy OIHOTO
CIIIBpO3MOBHHUKA (MMPUBATHO). Y POJI1 MOBIJOMJIEHHS MOXE BUCTYNATH SIK
TEKCT, 3 oomexxkeHHsM 10 10 000 cumBoOIIIB, Tak 1 300pakeHHs — 10 20 Ko,
y dopmari .jpg, .png, gif.

[Ipencrapnena giarpama € Mepior iTepalier po3poOKH, 3r0JJ0M BOHA
MOke OyTu neranizoBaHa. Hampukiaa, MOXIMBE BBEICHHS J10JaTKOBHX
0oOMeXeHb Ha CHUMBOJIM, II0 MICTSTHCS B TEKCTOBOMY IOBIJIOMJICHHI,
3abopona html-Tteris, Toro.

PosrnsiHemo, ski TeCcTH TOBHMHHI OyTHM CHOpPOEKTOBaHI s
peACTaBICHOT AlarpaMu.

[lepenymoBOIO TEeCTyBaHHS € HasSBHICTh Yy KOpPHMCTyBauya JOTiHA W
HapoJIst 17151 BXOJy B CUCTEMY.

[Ipukian TecToBOoro HaboOpy Ha BHCOKOMY piBHI AeTamizaiii Oyxae
MaTH HACTYITHUHN BUTJIS:

MIEPEBIPUTH BIAMIPABICHHS CTAHAAPTHOIO ITOBIJOMJICHHS;

BIJINIPABUTH TIEPCOHATI30BAHE;

BIJITPABUTH MPUBATHE MOBIIOMJICHHS;

BIJIIPABUTH TPYIIL;

MEePEBIPUTH OOMEXKEHHS Ha 00CsT NMOBIIOMIEHHS (rocnatu Ounbe 10
000, piBao 10 000 1 menme 10 000 cumMBOIIIB);

nepeBipUuTH 0OMEXEHHS Ha 00CST MOBIIOMIICHHS (TIOCIATH TTOPOKHE
MOBIIOMJICHHS, MTOCJIATH MOBIIOMJIEHHS 3 1-TO CUMBOITY);

MOCJIATH MOBIIOMJICHHSI 3HAYHO O1JIBIIIOr0 00csTy — 65 MO;

MOCJaTH 300paKEHHS Ta IEPEBIPUTH OOMEKEHHSI oro po3Mmipy (a0 20

KO, piBHo 20 K6 1 Oubwie 20 KO), 711By TpaHHUII0 pO3MIpy 300paKeHHS HE
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NepeBIPAEMO, AK€ HE MOXKJIOBU CTBOPUTH 300pa’K€HHS HYJIHOBOTO
posmipy;
nocJiaTu 300pakeHHs 3HayHo OimbIoro oocsry — 1 000 000 K6;
MoCJIaTH 300pakKeHHsT KOPEKTHOTO Po3Mipy y dopmarax .jpg, .png,
Qif;
nociaTu (ait 13 IHIMM pO3UIMpPEHHIM (Hampukiaz, .php, .doc);
nociatu (aia — He 300pakeHHSs, 30epeKEeHUI 3 PO3IIMPEHHIM .JPg,
.png, gif, HanpuKIIaI CKPUIIT,

MOBTOPUTH TECTH JJI aIMiHICTpaTopa.

(poamip<=10000 cwmsonisbl

1 1
<4|Ex1end>>
<4Include>> A4
K ; HapicnaTti nosigoMneHHa \

Extension Points
JobpaxeHHa. OnNujoHanbHo. 33 BUMOTOI0 KOPUCTY BaYa
MpueaTHO. HagcunaHHA 3a BUMOTOI0 KOPUCTYBaYa
Mpynni. HapcunaHHa 3a BUMOTOI0 KOPUCTY Bada
MepconigikosaHo. HapcunaHHA 3a BUMOTOI0 KOPUCTYBaYa

Extend>> <<Extend>>

4 Hapicnatu nepcoHidikosaHo
Hapicnatv npueaTtHo
Hapicnati mpynni

Puc. 13. UML pmiarpama BapiaHTiB BHUKOPUCTAHHS TEPECHIIAHHS

“|®opmar: jpg, .png, .gif}

{Po3mip 30bpaxeHHA <=20 Kﬁﬁ

Kopuctysad

<

P N

ApmiHicTpaTop

MOBITOMJICHHS Y YaTi.

[Ipoanani3yBaBim mpeacTaBICHUN TECTOBUM Ha0Ip, MOXKHA TTOMITHUTH,

0 BC1 CTPYKTYpH1 ocoOiuBocTi JIBB uaty 3Haiinum cBoe BijgoOpa)keHHH,

a came - pI3HI BUJIU OOMEXKEHb, BIJIHOCUHU Yy3arajlbHEHHsI, BIJJHOCUHU

pO3IIMpPEHHs, TOmO. BaxkinBo Te, MO0 TECTH BAAJIOCS CIPOEKTYBATH Ha
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panHiii (a3t xurreBoro mnukiay I[I3 (y mpomMy BUMAAKy JO CTBOPEHHS
BUXIJTHOTO KOJIY).

Jlns mpoBeAeHHA TECTyBaHHS MNOTPIOHO HE TIJIBKU CHPOEKTYBATH
TECTOBI HaOOpH, ajie i MPaBUIILHO OI[IHUTU HEOOXIAHUHN Yac, 100 3rojIoM
KOPEKTHO PO3MOAUIATH pecypcH. JlOCiKEHHIO OLIHKN 9acy TeCTyBaHHS

MPUCBIYCHUN HACTYITHUN PO3ILI JAHOTO BUIAHHS.

8.2. OuiHoBaHHA Yacy TecTyBaHHA 3a gonomoroto UML
Alarpam BapiaHTiB BUKOPUCTaHHA

MeTonvka OIIIHKA TPUBAJIOCTI PO3POOKU MPOEKTY 3a JOMOMOTOI0
IYHKTIB BaplaHTiB BUKOPUCTAHHS BIepile Oyia 3anpornoHoBaHa ['yctaBom
Kapnepowm.

3rigHo 3 npono3ullisiMu KapHepa, MyHKTH BapiaHTIB BUKOPUCTAHHS €
(GYHKIIIMH HACTYITHUX apTyMEHTIB:

KIJIBKICTB 1 CKJIaJAHICTh BapiaHTIB BUKOPUCTAHHS B CUCTEMI;

KIJIBKICTh 1 CKJIAJHICTh aKTOPIB Y CUCTEMI;

pi3Hl He(dyHKIIOHAJIbHI BUMOIM (Taki SIK HPOAYKTHUBHICTb,
NEPEHOCUMICTb TOLIO, sIK1 OyJIM HE ONMHKCAH1 y BaplaHTaX BUKOPUCTAHHA);

CepeoBHUINe PO3POOKH (MOBA, MOTHBAIIIS YYACHUKIB).

Metonuka Kapuepa mpormoHye 3arajdbHy OIlIHKY Mpaiie3arpar
MPOCKTY, ajie BOHA HE JIO3BOJISE BUALIMTHU SKUK-HEOynb Horo eram. bigbn
TOr0, METOJMKAa HE MOXKEe OyTH BHUKOpPHCTaHa, IOTH, ITOKH BCl JiarpaMu
BapiaHTH BHMKOPHCTaHHSA He OyayTh crpoektoBaHi [16, 17]. Axe, sk
MOKa3ye MPaKTHKA, Ty)Ke 9aCTO BHHUKAE CUTYAIlis, KOJU MPOEKT IMOCTIHHO
3HAXOJMUTHCS B CTajli JOpPOOKM — BHIYCKAKOTHCS HOTrO HOBI Bepcii,
JOMa€ThCI HOBa (DYHKIIIOHANBHICTh, TOIIO. BIiAMOBiAHO, HEoOXigHA
METOJIUKA, SKa JO3BOJUTH OLIIHUTH THMYACOBI BUTPATH, HEOOXITHI s

peanizaiii i TectyBanHs [13 me y nporieci po3pooKH.
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Po3risHeMo MeToNMKY, IPU3HAUYEHY caMe JJIs OL[IHKU TECTYBaHHS, HE
TOPKAIOUUCh 3ajlad po3poOku. Tomy, Taki acmeKTH SK MOBa peajizallii,
CepeloBUILE PO3POOKH, TOIIO, HE PO3TJSAAIOTHCS — AHANI3YETHCS JIMILE
TexHIYHe 3aBaaHHs y Burisial UML giarpam BapiaHTIB BUKOPHUCTaHHS, 1,
BUXOJAYU 3 [IUX JTAHUX, TPOMOHYIOTHCS OLIHKU Yacy TECTYBaHHS.

KoxHuil eneMeHT QyHKI[IOHATBHOCT1 MPOEKTY, MOKe OyTHU ONUCAaHUN
3a JIOTIOMOTOI0 JiarpamMy BapiaHTIB BUKOpPUCTaHHS. J[JIs OIIHKM dYacy,
HEOOX1THOTO JJI TECTyBaHHS, TpeOa BpaxOByBaTH HACTYIHI (DaKTOPH:

KIJIBbKICTh BapiaHTIB BUKOPHUCTAHHS;

KIJIbKICTD 3B'SI3KIB;

THI 3B'S3KY:

acoriais;

PO3LIMPEHHS,

BKJIFOUCHHS;

KIJIBKICTh y3arajlbHEHb;

KUTBKICTH OOMEKCHB,

IOB)KWHA IIUTSIXIB.

JIns  OUIHKM  KOXHOTO 3 BHUIIE TMepepaxoBaHUX (AKTOpPIB

BUKOPUCTOBYIOTHCSI HACTYITHI MTapaMeTpH:

Qrt _ xinpkicTb 38'93KiB:
Qrt :WarQar +WerQer +VvirQir ,

ne Qar, Qer’ Qr _ kinpkicTb BIJIHOCUH — acoIlliamii, “po3umpeHs” i

“BKJIIOYEHL’ BIAMOBIIHO, War, Wer, Wi _ Barosi KOeIIIEHTH IS

3a3HAYEHUX BIJHOCHH.
Hapaszi, mgochimkeHHsT peaqbHUX IMPOEKTIB, IMOKa3ajad, IO Barosi

Koe(illEHTHU MalOTh HACTYITHI PEKOMEH/I0BaH1 3HAYCHHS:

W =1 _ IUTS BIIHOCHH acoriiarii
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Wer €[LOSLY_ 1y1g BigrOCHH “ posumpens”

W, €[0.9,0,95] _ JUTSI BITHOCUH “‘BKJIFOUYEHD .

KinbKicTh BapiaHTIB BUKOPUCTAHHS MOKHA HE PO3MVISIIATH OKPEMO,
TOMY 10 KOKHMI 3 Bap1aHTIB BXOJUTH Y 3B'SI30K.

KpiMm TOro, koxxHe OOMEXEHHS B CHUCTEMI PO3IISIAETHCS SIK
CYKYITHICTh aTOMapHUX YMOB. T0OOTO, SIKIO BiJIOMO, 1110 3HAYEHHS 3M1HHOT
X ToBUHHe OyTu B inTepsani [-1, 1], Te BoHO meperBopuThCa B X=—1,
X<1 3rigao 3 Meromom TPAaHUYHUX YMOB, JJISI KOXKHOI TaKoi CUTyarlii
HEOOXIJTHO MPOTECTYBATH TMOBOHKEHHS CHUCTEMH TMPH 3HAYEHHI PIBHOMY
TPaHUYHOMY, MEHITIOMY ¥ OLIBIIOMY 32 HbOTO. TakuM YMHOM, ISl KOKHOT
yMOBHU HeoOximHO 3 mepeBipku. OKpiM 3a3HaUYEHHUX TECTiB, HEOOXITHO
TaKOX BUJIUIUTH HEMPaBUJIbHI KJIACH €KBIBAJIEHTHOCTI Ta CTBOPUTH TECT
JUTSl TPEJICTAaBHUKA KOXKHOTO 3 BUSIBJICHUX KJIaCIB.

3Bakaroun Ha Te, IO Yac, HEOOXiTHUM Ha MEPEeBIPKY YMOBHU, CYTTEBO
MEHIIMH, 32 Yac, HeoOXiIHUN Ha TecTyBaHHsS enemeHTa UML miarpamu,

BBEJIEMO KOE(DII[IEHTH OOMEXKEHB:

Cos — CTaHJIAPTHUM KOE(DII[IEHT OOMEKEHB;
Q.
3Q, + ) EC,
i=1 . . . . . .
Ce = 1(')0 , ie Q. — ximbkicte yMoB y miarpami BapiaHTiB
BUKOPHUCTAHHS, ECi_ kimpxicts HEMPABUJIbHUX KJIACIB €KBIBAaJEHTHOCTI

JUTS 1-TO OOMEKEHHS.

Okpemo ciiJy pO3MISIHYTH  CHUTyaIlllo, 3a SKOi OOMEXEHHS
HaKJIaJa€ThCS HAa 3MIHHY THITY, IO TIEPEPAXOBYETHCA. Y IIbOMY BHIIAJIKY
TECTyBaHHA 0a3yeThCsd Ha METOJAl KJAciB €KBiBaJleHTHOCTI. Sk Oyio
3a3HAYEHO BHINE, PO3PI3HAIOTH JBAa THUIHM KJACIB €KBIBAJEHTHOCTI:

MpaBWIbHI KJIaCH €KBIBAJEHTHOCTI, IO MICTITh KOPEKTH1 JdaHl, 1
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HETMpPaBUJIbHI KJIACH EKBIBAJIEHTHOCTI, IO OXOILTIOIOTH MOMUJIKOBI JaHi.
[Tpu TecTyBaHHI CHCTEMH CITi/I BAKOPUCTOBYBATH IPEICTABHUKIB KOKHOTO
kinacy. Hampukman, nans  po3risHYTol BHUILE JiarpaMHd  BapiaHTIB
BUKOPUCTAHHA Mepeaadl NOBIJOMJIEHHA y 4YaTl OOMEXEHHSM THILY, LIO
NepPEepaxoBYETHCS, € BIJICUIIAHHA 300pakeHHs. [[ns TecTyBaHHA MOTPiOHO
CTBOPHUTHU TECTH I BiAmpamieHHs (aitniB tumy .jpg, .png, .gif , ToO6TO
JAaHUX, 10 HajeXXaTh MNPaBUJIBHUM KJlacaM €KBIBaJIGHTHOCTI. 3a
HEMpaBWIIbHI KJIaCM  €KBIBAJEHTHOCTI BUIIIMMO (ailiu  CKPUNTIB
(Hampukian, .php, K TOM, IO MICTATHh MOTEHIINHHY 3arpo3y Oe3merlri),
daitnn  JOBIIBHOrO 1HIIOrO TUMy (Hampukiana, .doc), a Takox daiin
cKpunTa, 30epexkeHuidt 3 posmmpenHsMm (.Jpg, .png, .gif), Tomo. Tect
HEOOXI1THO MPOBOJUTH JIJII KO)KHOTO TaKOTO KJacy.

TakuM  4YMHOM, TECTYBaHHIO  MIJUIATA€  CYKYIHICTh  KJaciB
CKBIBAJICHTHOCTI. 3 OIJIAy Ha MOIMEPEeAHE 3ayBaXKEHHsI MPO Te, 10 Yac,
HEOOXIIHUN Ha TMEPEeBIPKY YMOBHU, CYTTEBO MEHIIMM, 32 4ac, HEOOXiTHUI
Ha TecTyBaHHs enemeHTa UML miarpamu, koedilieHT OOMEXEHb IS
(C

THUIIIB, IO TIEPEPAXOBYIOThCS, ( ~c¢) Oyae MaTH BUTIISI:

Qu

> (Vee, +EC))
C = i=1

* 100

Ie Qee— kinbkicTs 06MexeHD JUISL TUIIIB, IO NEpPEpPaxoBYIOThCS, Ha

vee, _ KUIBKICTh €JIEMEHTIB, IO

EC

miarpami BapiaHTIB BUKOPUCTAHHS,

NepepaxoByOThCS, IS 1-TO OOMEXKEHHS, i— KUIBKICTh HETPaBUIIbHUX

KJIaC1B €KBIBAJICHTHOCTI JUIS 1-TO OOMEXKEHHSL.
Cykymauit koedirieHT ooMexernb Cc Mae BUTIIS;
C.=1+C,_ +Cce’

Koe(iIlieHT y3araJbHEHHS (Cg ):

88
KA®EJIPA MATEMATUYHUX METO/IIB CUCTEMHOI'O AHAIJI3Y
http://mmsa.kpi.ua



[TECTYBAHHSI: KPUTEPII TA METO/IN.]
M.B.JdinkoBcbka ALY

C, =1+Q, Q, o . . :
, 1Ie — KIJIBKICTh BIJHOCHH y3arajJlbHCHHS B1Jl aKTOPIB

Ha Jiarpami;

.. C .
Koe(irieHT AoBxkUHU MUIAXy ( P'), TOOTO cepenHs JOBKHHA IUIAXY MiX

aKTOpaMH i BapiaHTaM{ BUKOPHCTAHHSL:
Qp
Z Lp;

_ia

c =it
Qp , 1€ Qp_

pl
3arajibHa KUIBKICTh 3B’SI3KIB Ha Jiarpami,
OKpIM THUX, LIO BX€ BpaxoBaHl B kKoediuieHTi Cg, Lp; JOBKHMHA 1- TOrO

IUTSIXY.
Toxmi omiHka uacy TecTyBaHHA ( I;) Moke OYTH IIpeiCTaBlIcHA

HAaCTYIITHUM YUHOM:

T = QrthCnglt’

ne ' — yac, HeOOXIIHUI JIJIsl TECTYBaHHsS CTPYKTypHOTro einemeHTta J[BB.
ExcrniepuMeHTanbHl JTOCHIIPKEHHS peaJbHUX IMPOEKTIB MO CTBOPEHHIO Ta
TecTyBaHHIO [I3 mokaszamm, mo 3HA4YeHHS !pPEKOMEHAYEThCS OpaTh B
intepraii [0,25 ;1] rogunwu.

TakuM 4yrHOM, 3aIpPONOHOBaHA METOAMKA JAa€ MOXKJIMUBICTh OLIHUTH
KUIBKICTh 4Yacy, SKMi mnoTpideH nans tectyBaHHs [I3 3 ypaxyBaHHsSM
ocobnuBocteit UML pgiarpam BapiaHTiB BUKOPUCTAHHS.

PosrnssHeMo po3paxyHok yacy TectyBaHHs Ha mpukiagi UML JIBB

BIJICHUTAaHHSI TIOBITOMJICHHS y YaTi.

Hpuxiaan po3paxynky yacy tecryBanuss UML aiarpamu

BApiaHTIB BUKOPHCTAHHS 4aTy
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Ha piarpami, sika Oyna mpencrtaeineHa Buie (Puc. 13), KUIbKICTB
3B'SI3KIB JIJIS TECTYBaHHS, BPAaXOBYIOUH 1X THIIH 1 CKJIQJHICTh, CTAHOBUTH.
Q. =W, Q, +W,Q, +W,Q, =1*1+1*09+4*11=63

OOMeXeHb CTaHIAPTHOTO THUITY - TPH (Qc - 3): Ha po3Mip 300paKeHHSI
i po3Mip TEKCTOBOIO MOBIAOMJICHHSI (MiHIMAJIbHUNA Ta MaKCUMAaJIbHUN),

TOMY CTaHJAPTHHUI Koe]ilieHT 0OMEKEHb Co =(3%3+2)/100=011

OOMEXCHHS THITy, IO IEePEPaxOBYEThCS, — OJHE (ch :1), — Ha
dopmar rTpadiuHOro 300paxkeHHs, IO TNepecrtaeTbes. I[IpoekToBaHa
cucTeMa MIATPUMYE JJIsi TIEpecUIaHHsd TpU TUNU TpadiyHux GopmariB -
jpg, .png, gif (Vce=3). Jlo HenpaBuIbHUX KJIACIB €KBiBaJEHTHOCTI OyI0
BiTHECEHO I'SITh HACTYIHUX KjaciB: ¢aiau 3 po3umpenasm. php, .doc,
daiinu — He KapTHHKH, 36epexeHi 3 posmmpenHaM. jpg, .png, gif (EC =5),
Koedimient  oOmexeHb  Juisi  TUNOIB, IO  [EPEPaXOBYIOTHCS
C.. =(3+5)/100=0,08

CykymHuit koedinient oomesxens & ~1+011+0,08=119

Sx Oyno 3a3HaYCHO BWIIE, aAMIHICTPATOpP YCIAAKOBYE (YHKIIIOHAI

CTaHJAPTHOTO KOpUCTYBaya. TakuM YMHOM, Y CUCTEMI € OJIHE BiJTHOIIICHHS
: Q, =1 : ..

y3araJbHEHHsT MDK aktopamu ( <9 ), ToMy Hapaszl Koe(illleHT

C,=1+1=2

y3arajbHEeHHs HaOyBa€ 3HAYCHHS 9

. .. C
3uaiineMo 3HaueHHs KoedimienTa qoxuHu muisxy (- P). Sk MoxxeMo

Qp
_g 2 Lpi=11 _
Oauntn 3 miarpamu (Puc. 9.1) Qp = 6, i=1 . BiZIMOBIIHO, C, —1,83.
Toni OL[iHKAa  9acy  TCCTyBaHHI Oyzne JIOPiBHIOBATH:

T =63%L19%27183t =2743 vy gxocri t g PO3TIISIHYTO1 CUCTEMU BI3bMEMO
0,25 roauHM.
9
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VY TakoMy BUMAJKy 3arajdbHUN 4ac TECTYBaHHs CKJIaJia€ PUOIU3HO 7
TOJIUH.

Takum 4MHOM, OTPUMAHO OLIHKY 4Yacy TECTYBaHHS MPEACTABICHOTO
(yHKLIOHATY 13 3a3HAYEHUMH OOMEXKEHHSMM Il€ Ha PaHHbOMY eTalli
CTBOPEHHSI TMPOTPaMHOTO NPOAYKTY, IO JA€ MOXJIHUBICTh €(PEKTHUBHO

PO3MOIIIUTH PECYPCH TTPOEKTY.

KoHTpOonbHi 3anuTaHHA

1. Sk 6ynytothcst TecTu Ha ocHoBl UML niarpam BUKOpHUCTaHHS?

2. Sl pospaxoByeThcsi 4yac TecTyBaHHs Buxoasuun 3 UML miarpam
BUKOPUCTAHHA?

3. SIk BpaxoBYETHCS BIJHOIICHHS PO3IMMPEHHS TPU OIIHIIl Yacy
TE€CTYBaHHSA?

4. SIx BpaxoBYIOTHhCS YMOBHM HaKJaJeHI Ha (PyHKIIOHAT MPU  OIIHII
4acy TECTYBaHHS?

5. Sk BIUIMBa€ B3aeEMOJIST MIXK (PYHKIIOHAJIOM Ha OIIHKY Yacy

TECTyBaHHSA?
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OOOATOK

B Jlodoamxy npusedeno nicmune npozpamu, wo 30iiicmioe 348aHmMaxcenus .bmp ¢aiiny na expan
#include <stdlib.h>
#include <graphics.h>
#include <conio.h>
#include <stdio.h>
#include <math.h>
#include <string.h>
#include <alloc.h>

struct BmpHeader

{

unsigned int bfType;

long bfSize;

unsigned int bfReserved1;
unsigned int bfReserved?2;
long bfOffBits;

long biSize;

long biWidth;

long biHeight;

unsigned intbiPlanes;
unsigned int biBitCount;
long biCompression;
long biSizelmage;

long biXPelsPerMeter;
long biYPelsPerMeter;
long biClrUsed;

long biClrimportant;

b

constint Color[16] ={0,4,2,6,1,5,3,7,8,12,10,14,9,13,11,15};
intmain()

{

int x0=0, y0=0;

char * path;

struct BmpHeader Sagolovok;

int x,y,j,nb;
short int b;

FILE *BMP;
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2010

[vor]

printf("Enterpath : ");

scanf("%s" path);

if (BMP=fopen(path,"rt"))==NULL)
{printf("Error. No file."); return 1;}

fread(&Sagolovok,54,1,BMP);

int graphdriver = DETECT, graphmode;
initgraph(&graphdriver, &graphmode, "..\\bgi");

nb=(Sagolovok.biWidth /8)*4;
if ((Sagolovok.biWidth % 8) I= 0)
{
nb=nb+4;
}
fseek (BMP,Sagolovok.bfOffBits, SEEK_SET);
for (y=y0+Sagolovok.biHeight; y>=y0+1; y--)
{
x=x0;
for(j=1 ; j<=nb ; j++)
{
b=fgetc(BMP);
if(x-x0<Sagolovok.biwidth)

{
putpixel(x,y,Color[b>>4]);
X++;
}
if(x-x0<Sagolovok.biwidth)
{
putpixel(x,y, Color[b & 15]);
X++;
}
}
}
fclose(BMP);
getch();
closegraph();
return O;
}
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