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BCTYMN

3a ocTaHHI POKH TEXHOJOTIi CTBOPEHHS MPOrpamMHOro 3a0e3MeUeHHS
(IT3) cranm OCHOBOI PI3HMX PO3AUTIB KOMIT IOTEPHUX HAyK SIK 3aci0
NOJOJAHHS CKJIQJHOCTI, WI0 TNpUTaMaHHa CYyYacCHUM IPOTrpaMHUM
cuctemaM. Tomy gucuuiuiiHa «TexHosorii po3poOKu 1 TecTyBaHHS
nporpamM» BXOJWUTHh JI0 0a30BUX JHCIUIUIIH LMKy mpodeciiHoi Ta
MPAKTUYHOI IMATOTOBKH SIK HEBiJ’€MHA CKJIag0Ba OCBITH CTYJCHTIB 3a
cnemianbHocTsIMu  7.080204 «ComianbHa 1HpopmaTtukay 1 7.080404
«IHTEeneKkTyaabHl CUCTEMH MPUUHSTTS PIIICHDBY.

Meta paHOoro BHIAHHA — JONOMOITH CTYACHTaM OBOJIOMITU
TEOPETUYHUMH 3HAHHSMU Ta TMPAKTUYHUMU HaBUKaMU poOoTH 3
YOPABIIHHAM SKICTIO IPOTrpaMHOTo 3a0e3MedYeHHs Ha eTamnax >KUTTEBOTO
[IUKITy, IPOEKTYBaHHS, IPOrpaMyBaHHs Ta TECTyBaHHS 3 METOIO CTBOPEHHS
KOPHUCHUX 1 Mpaie3gaTHUX MPOrPaMHUX MPOAYKTIB.

VY 3anponoHOBaHOMY TEKCTI JIEKIIA MOAAHO TEOPETUYHHI maTepial
Ta MPAaKTUYHI MPUKIAIN 3 0a30BUX TeM APYroi YacTUHU Kypcy. [Ipukmaam
npouTtocTpoBadi  jictiHramu  koxy Ha C/C++. B marepianax
pO3MIISINAIOTRCA ~ KpUTEpli Ta  METOAM  TECTYBaHHS  MPOrPaMHOTO

3a0€e3Me4eHHs Ha PI3HUX €Tanax >KUTTEBOTO ITUKITY.



1. NMIPOUEC TECTYBAHHA NMPOMPAMHOIO
3ABE3INEYEHHA

Ha cporogHi TecTyBaHHsS NpPOrpamMHOro 3a0e3leyeHHs — OAWH 3
HaWOUIBII JOPOTHX €TaliB XUTTEBOTO IHUKJY MPOTrPaMHOT0 3a0e3MeYeHH,
Ha HbOro BigBOAUTHCA Bi 50% 10 65% 3aranbHuUX BUTpar. Y IapuHi
konyBaHHs [13 mupokoro posnoBcromxeHHs: HaOynu pizHomaHiTHI CASE-
3aco0u, sIK1 JO3BOJISIIOTH MIPUCKOPUTH MPOILIECH CTBOPEHHS Koay. Ha xainb,
B Tally3l TECTYBaHHS BITUYBA€ThCS HECTa4a TAKUX 3aCO0IB 1 OUIBIIICTH
3yCHJIb BUTPAYAETHCS HAa PYYHE TECTyBaHHSI.

3azeuuait, 013 npoeedeHHA MeCMYBAHHA 3ACMOCOBYIOMbCA MEMOOU
CIMPYKmMYpHO20 («Oinuil Aawuk») ma @YHKYIOHATbHO20 («HOpHUIL
awuk») mecmyeanus [1]. Pozenanemo ix ooknaouiute.

[Ipu ¢yHKIIOHATEHOMY TECTYBaHHI BHUXIIHMM KO TIpPOrpamMu HeE
noctynHuid. CyTh moJisirae B MEPEBIPIl BIAMOBIIHOCTI IMMOBEIIHKU
nporpamu ii 30BHIiNIHIA crenudikamii. Kputepiem mOBHOTH TecTyBaHHS
BBXAEThCA TMeEpedip BCIX MOXIMBUX 3HAYEHb BXIJHUX JaHUX, IO
3MIMCHUTH Ha MPAKTHUIIl HAA3BUYIAHHO BaXKKO.

[Ipu cTpyKTypHOMY TECTyBaHHI TEKCT MPOTpaMH BIIAKPUTHHA JJIS
ananizy. CyTb JaHOTO METOJY MOJSrae B MEPEeBIPIl BHYTPIIIHBOI JIOTIKU
[13. [ToBHUM TecTyBaHHSAM y I[bOMY BHIMAAKy Oyae Take, 10 MPHUBEAE 0
nepedopy BCIX MOXKIMBUX IUIAX1B HAa Tpadi nepenad KepyBaHHS MPOTPAMH.
Ywucno Takux NUIAXIB MOXKE JOCATaTH ACCATKIB TUCsSd. Kpim Toro, BUHUKAE
IUTAaHHS TIPO CTBOPEHHS TECTIB, IO 3a0e3MeuyioTh JaHe ITOKPUTTI.
3MIMCHUTH TIOBHE BCEOXOIUIIOIYE TECTYBaHHS HABITH MPOCTOI MPOTpaMu
BKpali BaKKO, @ 9aCOM 1 HEMOXKJIMBO B CHUTY OOMEKEHOCTI Yacy U pecypciB.
Otxe, HEOOXITHO MaTW TMEBHI KpUTEpli 3a SIKUMH MAaiOTh OOUpaTUCS
KOHTPOJIbHI MPUKJIA/IA Ta KPUTEPIi 3YIMUHKHU TPOIIECY TECTyBAHHSI.

Posrnsaemo O11bII 10KIaAHO (PYyHKIIIOHATBHE TECTYBaHHS.



KoHTponbHi 3anntaHHA

1. YoMy TecTyBaHHS € BaXXJIUBHUM €TallOM >KATTE€BOro Iwkiry [13?
OOrpyHTYyiiTE.
2. Slkuii BiICOTOK OIOJKETY IPOCKTY BUAUISIETHCSA HA TECTYBaHHS?

3. Yum Bimpi3Hs€TbCS (PYHKIIIOHATIBHE Ta CTPYKTYPHE TECTYBaHHS?



2. YOPHUM ALLUK - ®YHKLIOHAIIbHE TECTYBAHHSA

3aBnaHHAM (YHKIIOHATBFHOTO TECTYBAHHS € MepeBipKa BIAMOBITHOCTI
nporpamu cBoiMm cnenugikaniaM. [Ipu gaHoMy miIxoAl TEKCT NPOrpaMu He
JTOCTYITHUM, 1 MporpamMa pPO3rIIA€ThCS K «YOPHUHN SIIHUK.

Halinommpenimumu BugaMu (QyHKI1OHATBHOTO TECTYBaHHS € METOAU
BUIAJKOBOTO TE€CTYBaHHS, €KBIBAJICHTHOI PO3OMBKH M aHANI3y TPaHUIHUX

ymoB [1,2].

2.1. BunagkoBe (cToxacTU4He) TeCTyBaHHS

BianoBiHO A0 JaHOrO METOY CTBOPIOETHCS HEOOXiJHA KIUIBKICTh
HE3JICKHUX TECTIB, Y AKUX BX1JHI JJaHI T€HEPYIOTHCSI BUMAKOBUM YHHOM.
HenonikoM gaHOro METOAy € 3arajbHa KUIBKICTh TECTIB, SIKI HEOOX1JTHO
3reHepyBaTH BIAMOBIIHO 10 BUMOT HAIIMHOCTI, IO TOTO K 3a0€3MeUYHBIITN
HE3aJICKHICTh IUX TeCTiB. Tak, Hanpukiaz, s 3a0e3MeYeHHs HalIiHOCTI
IPOrPaMHOro 3a0e3MedeHHs 3 IMOBIpHICTIO BiaMmoBH He Gimbme 10™ i 3
MOMIIKOIO He O1bIne 5%, moTpioHo 3renepyBatu 299 572 tecTis.

3 METOI CKOPOYEHHS KIJIbKOCTI HEOOXiAHUX TecTiB Maiiepcom Oyio
3alPOTIOHOBAHO PO3MISAATH PO3OUTTA Oe3iuli BUXITHUX JaHUX Ha

CKBiBaJICHTHI KiacH [1].

2.2. TecTyBaHHS 3a KfacamMum eKBiBaneHTHOCTI

BignmoBimHO 110 JaHOi METOAWKH HEOOXITHO PO3OMTH MHOXHHY
3HaY€Hb BXIAHUX JAaHUX Ha KIHIIEBE YHUCJIO MIJAMHOXHUH (sIKIi OymayTh
HA3WBATHCS KJAacaMHM C€KBIBAJICHTHOCTI), MO0 KOXHUN TECT, MO0 €
MIPEICTABHUKOM TIEBHOTO KJIacy, OyB €KBIBAJICHTHUM OYIb-SIKOMY 1HIIIOMY
TECTy IbOTO Kiacy. /J[Ba TeCTH € eKBIBAJICHTHHMH, SKIIIO BOHH BHUSBJISIOTH
Ti cami ITOMUJIKH.

[IpoekTyBaHHST TECTIB 3a METOJOM KJAaciB  €KBIBaJIGHTHOCTI

IIPOBOIUTHLCA Y JABa €TAlIN:



- BUJIUICHHS 32 crelu@ikalli€ro KJiaciB eKB1IBaJIEHTHOCTI;

- 1oOy10Ba MHOXXHHHU TECTIB.

Ha nepumiomy erami BinOyBaeTbcst BUOiIp 31 cneuu@ikanii KOKHOI
BXI1JIHOI YMOBH Ta pO30UTTS ii HA JIBi @00 OlIbIlle TPyNH, 110 BiAMOBIJAIOThH
TaKk 3BaHUM “mpaBWiIbHUM~ Kilacam ekBiBasieHTHOcTI (IIKE) Ta
“HenpaBuiabHUM”  KiacaMm ekBiBasieHTHOCTI (HKE), ToOTO MHOMXMHaM
JOMYCTUMUX JIJIs1 TIPOTpaMH ¥ HEAONMYCTUMHUX 3HAY€Hb BXIJHUX JaHUX.
[leit mporiec 3aeKUTh BiJl BUIVISIAY BXiAHOT YMOBH.

Hampuknan: skmo BxigHa ymoBa omucye MHOXHHY (|x|<=0.5), TO
Bu3HauaeTrhesa oguH [IKE (-0.5<=x <=0.5) 1 npa HKE (x< -0.5; x>0.5).

Ha npyromy erami MeToAy KJaciB €KBIBAJIGHTHOCTI BHUJILIEHI KJIAcH
BUKOPHUCTOBYIOThCS 17151 oOynoBu tecTiB. st HKE Tectu mpoekTtyroThes
TaKUM YUHOM, IO KOXKEH TeCT MokpuBae oauH 1 Tiabku oguH HKE, moku
Bci HKE ne OynyTh mokpuri.

Merton Kk1aciB €KBIBAJIGHTHOCTI JI03BOJISIE 3HAYHO CKOPOTUTH KUIBKICTh
TECTIB y TIOPIBHSIHHI 3 METOJOM BHITaJIKOBOTO TECTYBaHHS, aJleé TAKOX Mae
cBoi Hemomiku. OCHOBHMM 3 HUX - II€ CKJIAQOHICTh BHUIUJIEHHS KJIaciB
exBiBajeHTHOCTI, 0coomuBo HKE, a Takok MOXIMBHI IPOMYyCK NMEBHHUX
TUITIB BUCOKOC(HEKTUBHUX TECTIB (TOOTO TECTIB, IO XapaKTePH3yIOThCS
BEJIMKOIO IMOBIPHICTIO BUSIBIICHHS TIOMUJIOK). Tak, HaMpUKJIaj, MiHIMaIbHI
1 MakCHUMaJIbHI TIPHUIYCTUMI 3HAYEHHS BXIJHUX TMapaMeTpiB T03BOJISIOTH
BUSIBUTH OUIBIIICTh TMOMMJIOK, TIOB'SI3aHUX 3 BIAIOBIAHOCTIMH U
MEePENOBHEHHAMH THUIMB AaHuX. JlJig BupimieHHS JaHOi mpooOiemMu OyB

3aIPONOHOBAHMI METOJI aHaIi3y TPaHUYHUX YMOB [ 1].

2.3. MeTopa aHani3sy rpaHU4YHNX YMOB
[lim TpaHMYHUMH YMOBaMH PO3YMIIOTh CHUTYyallii, [0 BHUHUKAIOTh
Oe3mocepeTHhO Ha TPAHMI TTIEBHOT BX1THOT 200 BUX1AHOT YMOBH, BHIIlE 200
HIDKYe ii. Meron aHamizy TpaHHUYHUX YMOB BIJIPIZHSAETHCS BiJ METOAY
KJIAC1B €KB1BAJICHTHOCTI HACTYITHHUM:
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- BUOIp  Oygp-SKOTO  MpPEACTaBHUKA  KJAcy  €KBIBAJIEHTHOCTI
3MIMCHIOETBCS TAaKUM YHHOM, II00 TEPEBIPUTH TECTOM KOXKHY
TPAHUIIIO I[LOTO KJIACY;

- IpuU MOOYI0BI TECTIB PO3MIISLIAIOTHCS HE TIIBKYU BX1AHI YMOBH, aJie U
BUXIJHI (TOOTO TeBHI cnerudikoBaHi OOMEXECHHS Ha 3HAYEHHS
BX1JIHUX JaHHUX).

3aranpHi MpaBUiia METOlY aHaiI3y TPAHUYHUX YMOB!

noOyyBaTl TECTH ISl TPAHUIIb MHOXKHUHU JOMYCTUMHUX 3HAYCHb

BXIJIHMX JaHUX 1 TECTH 3 HEJOMYCTUMHUMHM 3HAYCHHSMH, 110 BIJMOBIIAIOThH
HE3HAYHOMY BUXOY 3a MEXI1 111€1 MHOKUHH.
Hanpuknao, onsa muoscunu [-1.0; 1.0] 6yoyromsca mecmu -1.0; 1.0; -
1.001; 1.001;
3aysasicumo, wo Ha npakmuyi 3 Memor JN0Kani3ayii HecnpagHocmel
CMBOPIOIOMb MAKOIC MeCmu, Wo 8i0n08ioaoms 0ONYCMUMUM 3HAYEHHIM,
Mmobmo € GHYMPIWHIMU 0151 MHONCUHU MA Mi, WO HE3HAYHO BIOXUNSAIOMbCSL
810 epanuunux 3navens. -1.0; 1.0; -1.001; 1.001;0.999;- 0.999
K110 MHOXKHHA JIOMTYCTUMUX 3HAY€Hb BX1THUX JaHUX JUCKPETHA, TO
OyIyIOTbCSl TECTHU ISl MIHIMQJIBHOTO ¥ MAKCUMAJIBHOTO 3HAYEHHS BX1JTHUX
YMOB 1 TECTH JJIS 3HaYCHB, OLTBIINX a00 MEHIITUX ITUX BEJTUYHH.
Hanpuknao, saxwo exionuu ¢avn mooce micmumu 8i0 I 0o 255
3anucis, mo eubUpaombvcs mecmu 0Jisi NOPOAHCHLO20 Gaily ma gaiiny, wo
micmums 1, 254, 2551 256 3anucis.

1) BHKOPHCTOBYBATH IEPIIIC MPABHIIO JJIsI KOXKHOI BUX1IHOI YMOBH;

2) AKIIO BXiAHI ¥ BUXIAHI JaHI [OporpaMu  SBISAIOTH  COOOXO
BIIOPSAKOBAHY MHOXKHUHY (TIOCIIOBHUM (aiii, JHIMHUI CIUCOK Ta
1H.), TO TIpU TECTyBaHHI 30CEPEOUTH yBary Ha TMepuioMy U
OCTaHHBOMY €JIEMEHTI MHOXXHHU,

3) MOBTOPUTH MPOIICTYPY IS BCIX 3HANJICHUX TPAHUIHUX YMOB.

10



AHani3 TpaHWYHUX YMOB - OAMH 3 HAaWOUIbII KOPUCHUX METOMIB
MPOEKTYBAaHHS TECTIB. AJie€ BiH 4acTO BHUSBJISETHCS HEC(HEKTHUBHUM Yepes
T€, 10 T'PAHUYHI YMOBU 1HOJII JIeJIb BJIOBUMI, a IXHE BUSIBICHHS JI0CUTh
BaXKO.

PosmistHeMo  psAnx mpuKIAmiB - 3acTOCYBaHHSA — (YyHKIIIOHAIBHOTO

TE€CTyBaHHS:
Ipuxkaaan. ®yHKIIOHAJbHE TECTYBAHHS
Ilpuknao 1
Cnenudikaris:

[Iporpama mpu3Ha4YeHa AJIA OAAaBaHHS ABOX IIIuX udmcell. KokeH 3
JOJIAaHKIB — HE OUIBIN, HDK JBO3HAuHE LUIe uucio. [Iporpama 3anutye y

KOpHUCTYyBa4a JiBa 41CJia, ITICIIS. YOTO BHUBOIUWTHL PC3YJIbTAT.

Buninmumo kimacu exBiBaieHTHOCTI (Tabmums 1.)

Taomurg 1. Kinacu exBiBaJIEHTHOCTI

Ktach KopekTHHX AaHuX Krnacu mexopektux | ['panuuHi i crienianbHi
JaHuX 3HAYCHHSI
pin 95 20 20 > 99 0,1,-1,9,-9
Tepumit A OI‘O <-99 10, -10
IOJAHOK Binl 109 15 99, -99
Bix 10 10 99 Q 100, -100
I[pyrﬂﬁ IRURLE 9% _ IR
JTOJTAHOK
Bl,ZL'-198 1o -100 (-99, -99)
Bix -99 o -1 > 198
(-49, -51)
Cyma 0 <-198 (99, -99)
Bix 1 mo 99 ‘HEKOpeKTHI JaHi’ ( 49’ 51)
Bix 100 g0 198 ’
Ilpuxnao 2

Cnemudikaris:
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[Iporpama 4yuTae 3 KOHCOJNI TpPU ULUIMX 4YUCIA W BU3HAYAE THUI
TPUKYTHHUKA, 110 MA€ TaKl CTOPOHU: PIBHOCTOPOHHIH, piBHOOEApeHU ab0
pi3HOOIUHMI [2].

Tectu y ¢popmari: Mmera, HaOip BXiAHUX JAHUX

1. KopekTHuit pi3HOOIYHUMN TPUKYTHUK {5,6,7}.

2. KopekTHuii piIBHOCTOPOHHIM TpUKyTHHK {15,15,15}.

3. Tpu xopekTHUX piBHOOEAPEHUX TPUKYTHUKH (a=b, b=c, a=c) {3,3,4;
5,6,6; 7,8,7}.

4. Onna, Bl a00 Tpu CTOpOHU NOpiBHIOKOTH Hymto (7 TectiB) {0,1,1;
2,0,2; 3,2,0; 0,0,9; 0,8,0; 11,0,0; 0,0,0%.

5. Onna cropona Bix’emHua {3,4,-6}, {3, -6, 4}, {-6, 3,4}.

6. «Maiixke» BUKOHYETHCS TIPABUJIO TPUKYTHHUKA (TpHU BapiaHTH at+b=c,
a+c=b, b+c=a) {1,2,3; 2,5,3; 7,4,3}.

7. He BUKOHYETHhCS MPaBWIO TPUKyTHUKa (TpW Bapiantu at+b<c,
a+c<b, b+c<a) {1,2,4; 2,6,2; 8,4,2}.

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

9. HenpaBuibHa KIJIBKICTh aprymeHTiB {2,4; 4,5,5,6}.

10. TlepenoBHeHHs mpu NEpeBIpLl IpaBuia TPUKyTHHUKA {16384,
16384, 16384}.

Ilpuxnao 3
Crenmdikarris

Hexait y Hac € mporpamnHe 3a0e3nedeHHs, IO J0ToMarae 3HaWTH
KOPEH1 KBaJpaTHOTO PIBHAHHSA ax2+bx+c=0, 3a ymoBH, 1110 a,b,c - 11111

PosrstHeMo TIpuKiIaaM TECTIB 13 3a3HAYCHHSM METH KOXKHOTO 3 HUX
(Tabnuiis 2)

Tabnuus 2. [Ipuknanu Tectis

N A B C Merta

1 0 0 0 X — 10BiBbHE
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2 0 0 10 PimeHHs — mopoXHsI MHOKHMHA

3 0 5 17 Moo ninenss Ha 0

4 6 1 -2 HopmanbHauii pe3ynprart

5 3 7 0 Opnun 3 xopeHiB — 0.

6 3 2 5 |€ KOMIUIEKCHI KOpeHi , HeMa TIMCHUX
7 7 0 0 ITepeBipka Ha kopinb 3 0

8 1 2 1 Mae oMH KOpiHb

9 a B C HekopekTtHi BXiaHi 1aHi

10 3.1 2 5 HekopekTtHi BXiaHi 1aHi

11 |32,767|32,767|-32,768 MosxiiBe epernoBHEHHS

TakuM uywHOM, IS 3OIMCHEHHS (DYHKIIOHAJTHLHOTO TECTYBAaHHS
HEOOX1/IHO BUJIUIUTU MIPABUIIbHI Ta HEMPABUJIbHI KJIACH €KBIBAJIEHTHOCTI U

BU3HA4YUTH FpaHI/I‘-IHi 3HAYCHH:.

KoHTponbHi 3anntaHHA

[Ilo Take hyHKITIOHATbEHE TECTyBaHHS ?
Sxi mepeBaru Ta HEJOJIIKU MA€ CTOXaCTUYHE TECTyBaHHS?

B womy monsirae TecTyBaHHS 3a KJIacaMH €KB1BaJICHTHOCTI?

w0 o

Buniaute knacu €KBIBaJEHTHOCT1 JJISI BXIJHOI MHOMKHHH, IIIO
OMUCYETHCS YMOBOIO:

a. [x>9,5;

b. IMosimomnenus mae mictut 10 1000 CUMBOJIIB;

C. Bxigni mani — agpeca eIeKTPpOHHOI MOIITH.
13



5. 3acrocyiiTe METOJ TpaHMYHMX YMOB IMpH IMOOYJIOBI TECTIB IS
BXIJIHMX JIaHHUX, K1 OMUCYIOThCS HACTYMMHOIO YMOBOIO:
a. x>-b;
b. KopucryBau mae mnpaBo 3aBaHTakutu a0 10  rpadiuHux
300paxeHb po3mipom 10 100xb;

c. dain micTuth 10 15 3anucis.

3. BUTUU ALWMUK - CTPYKTYPHE TECTYBAHHHA

CTpykTypHE TECTyBaHHs, a00 TECTyBaHHS «OUIOro SIIMKa», - Le
METOJIMKA aHalli3y BHXIJHOTO KOy mporpamu. IcHye Tpu pi3HOBUAM
CTPYKTYpHOTO TECTYBaHHS: TECTyBaHHS Ha OCHOBI TIOTOKY KepyBaHHS
porpamu, Ha OCHOBI IOTOKY JaHUX Ta MyTalliiiHE TECTyBaHHSI.

[Tpn BUKOpPUCTAaHHI MEPUIOTO THITY TECTYETHCS JIOTIKA MPOTrpamu, 110
MpENCTaBlIeHa Y BUDISIAL Tpada KepyBaHHS: BEpIIMHAMHU € OTEPaTopH, a
r'UJIKaMu - EPEXOAN MK HUMHU.

[Ipn TecTyBaHHS Ha OCHOBI TOTOKY JaHUX YyBara NPHUAUISETHCS
B3a€MO3B'sI3KaM MDK 3MIHHUMH. BUIIISIOTHCS BEPIIMHU, y SKUX 3MIHHA
1HILIATI3YEThCA Ta B SIKUX BUKOPUCTOBYETHCS, 1 BUBYAIOTHCS MEPEXOAU U
B32€MO3B'SI3KH MK TAKUMH BEPIIUHAMH.

MyrTariiiiHe TecTyBaHHS TIONSTAa€ Yy BHECEHHI HECHPAaBHOCTEH Yy
BUXITHAN KOJA TPOTpaMH Ta MOPIBHSIHHS POOOTH BHXIIHOI MPOTpaMU Ta
IporpaMu MyTaHTa.

OCKUTbKH 3MIMCHUTH BUYEPITHE CTPYKTYPHE TECTYBaHHS BKpail BaXkKo,
HE0OX1JHO BHOpaTH Taki KpUTEpii HOTO MOBHOTH, SIKI JOIMyCKaId O iXHIO
MPOCTy TEPEBIPKYy W MOJErmryBai O IUIECHPsIMOBAHMM Ti10Ip TECTIB.

3ynUHUMOCS Ha I[bOMY JOKJIA HIIIIE.
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3.1 TecTyBaHHS NOTOKIB KepyBaHHA nporpamu

JUist TeCTyBaHHSI Ha OCHOBI IOTOKY KEPYBAaHHS ICHY€ Psifi KPUTEPIiB:
MOKPUTTSI OIEPaTOPiB, MOKPUTTS PillleHb, NMUIAXIB, IIUKIIB, YMOB 1 T.11.[2]

HaiinpocTimmM € KpuTepiil HOKPUTTS OIEepaTopiB.

KpuTepin nokputrta onepatopiB (C):
KO0J#CeH onepamop npozpamu nouHeH 0you 6UKOHaHuil (nOKpumuii)
xoua 6 0OuH pas.
Lle#i xputepiii € HalOUIBII CITa0KUM 3 BUKOPUCTOBYBAaHUX ¥
CTPYKTYPHOMY TECTYBaHHI, TOMY III0 IPOXO/KEHHS BCIX OIEpaTOpiB HE
rapaHTy€e MEPEeBIPKY MPaBWIHLHOCTI MOCHIJOBHOCTI MOMAPHUX MEPEXO/iB

MIK HAMMU.

Kputepin nokputra piweHb(C,):
KOJICHA 2INKa anzopummy (KOHCHUIL nepexio Midc epuiunamu) mae
Oymu npoiidena (6UKOHaAHa) xoua 6 00UH pas.
BukoHaHHS TaHOTO KPHUTEPIiIO, y 3arajJbHOMY BHITJIKY, 3a0e3Iedye i
MOKPUTTS omeparopiB, mpore kputepii C; He € igeanbHuM. Tak,
HalpuKJIad, BIH He 3a0e3neuye TMepeBipKy MPaBUIBLHOCTI OOpOOKU

OTIEPaTOPiB JIOTTYHUX TIEPEXO/IIB Ta ITUKIIIB.

KpuTtepin nokputra wnaxiB (Coo):

KOMCEeH WNAX 6 An2opummi, 0e Wiaax — ye nocaio06HIiCmb 6ePpUIUH
(Ngtarts Nyveeey Ny Niinal) Ma€e 6ymu npomecmosanuii xoua 6 ooun pas. /lea
WIAXU  66aMHCAIOMbCA [0CHMUYHUMU, AKWLO RNOCAI008HOCMI GePUIUH
[0eHmuyYHi.

Ile HaMOUIBII TOBHUW KPUTEPiH, MPOTE MOTO peamizallis yCKIagHeHa
yepe3 BeJIMYE3HY KUIbKICTh HeoOXxigHuX TecTiB. Tak, Hampukian,
pOOJIEMOI0 € TECTYBaHHS IMUKIIYHUX CTPYKTYp, B CHIy HEOOXITHOCTI iX
OaraTtopa3oBoro MmoBTOpeHHs. s cropolieHHs JaHoi mpouenypu Oyio
3aMpOIIOHOBAHO JIBA HACTYITHUX KPUTEPIi:

15



paHnUYHe TeCcTyBaHHA LUUKIY:
8i0N0BIOHO 00 O0aH020 Kpumepilw mac O0ymu BUKOHAHUU 6Xi0 Y

KOMCHUIL YUK (npome 6UKOHAHHA Imepayiil He 6UMA2AEMbCA).

BHyTpillHE TeCTyBaHHA LUKNY:

8i0N0BIOHO 00 0aH020 Kpumepiw mac O0ymu BUKOHAHUU 6Xi0 Y
KOMCHUT YUK | AK MIHIMYM 00HA imepayis.

BodeBup, 1110 BUKOHAHHS JIPYroro KpUTEpito 3abe3redye BUKOHAHHS
KPUTEPII0 TPAHUYHOTO TECTYBaHHS IUKIIB, aje pa3oM 3 THUM, BHMarae
O1IBIIOT KUIBKOCTI TECTIB.

Bume Oyno 3a3HayeHo, 10 YacTO BHUHHUKAIOTh MpoOiemMu 3
TECTyBaHHSAM JIOTIYHUX KOHCTPYKIM posramyxeHHs. s 1mporo Oynu
3alPONIOHOBAHI KPUTEPIi MOKPUTTA YMOB. BUKOpUCTaHHS JAaHUX KPUTEPIiB
MOXX€ JIaTh Miadip TECTiB, MO 3a0e3MeuyloTh MEpexia y IMmporpami, Io
IPOITYCKAETHCS IPU BUKOPUCTAaHHI KpuTepito Cy.

Hanpuxnao, npu euxopucmaunni Kpumepiio NOKpummsi nepexooie npu
mecmyeanHi ppaemenma:

If(x&&y)

functionl();

else function2();

0J151 nepexody Ha 2iiKy else documov, w06 SUKOHALACA MINbKU YMOBA
not(x), wo He 2apaumye nepesipky npaye30amuocmi onepamopa ymosu
yinomy, moomo moeo, wo npu not(y) meosc Oyoe 30ilicCHeHUll nepexio Ha
2inKy else.

[cHYIOTH HACTYTIHI KPUTEPIl HOKPUTTS YMOB 1 YMOB/pIIICHb:

NMpocTuun KpuTepin NOKPUTTA YMOB:
KOJICHa 3 amomaprux ymoe no6uUHHa 6ymu npomecmoeaHna Ha ceoi

NPAGUNLHI MA NOMUIKOBI 3HAUEHH X04a 6 00uUH pas.
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Jlanuii kputepiil, 3a0e3neuye TUIBKM NEPEBIPKY TOro (HakTy, 4u
MOKJIMBO MPUNHATTS aTOMapHUMH YMOBAaMH MPaBUJIBHUX Ta NOMMIKOBUX
YMOB, ajie He 3a0e3neuye nepeBipKy MPaBHUIbHOCTI MOJAJIBIIOTO JOTTYHOTO
EPEXOY.

Kputepiii MOKpUTTA YMOB MOXE HE TrapaHTyBaTH IOKPHUTTS BCIX
HIEPEXO/IIB.

Po3zensinemo my o koncmpykyiio:

If(x&&y)

functionl();

else function2();

Kpumepiu NOKpUmMms YMO8 6uMazae 080X mecmis (Hanpukiao,
x=TRUE, y=FALSE i x=FALSE, y=TRUE), npu sxux modce He
BUKOHY8AMUCS ONepamop, po3mauiosanuu 6 then-einyi onepamopa if.
Takum uunom, Oanuu Kpumepii mpedba NOEOHY8amu i3 Kpumepiamu

NOKpUMms pilletb.

KpuTtepin nokputta ymoB/pilleHb:

Kpim 8umo2, npeocmaeieHux 6 NonepeoHboMy NYHKMI 000a€EmbCs
ymMoea - KOoxyCHaA 2inKa anzopummy (KOMCHUIL nepexio) noGUHHA O0ymu
npoitdena (6uKonHana) xoua 6 0OuH pas.

Ha npakrtuii HailyacTiile BUHUKA€E CUTYyallls, MPU K1 NPABUIbHICTD
(GYyHKITIOHYBaHHS aTOMApHUX YMOB HE TapaHTy€ ICTUHHOCTI 3arajlbHOTO
BUpa3y yYMOBH. 3 METOI 3a0e3ledeHHsl Ii€i yMOBH OyB YBEIEHUM

HACTYMHUI KpUTEPiH.

MoaudikoBaHMM KpUTEpPin NOKPUTTA YMOB/pilleHb:
KOJICHA amomMapHa ymoea, W0 MA€ 6NIUE HA ICHMUHHICMD
3a2a71bHO20 GUPA3Y-YMOBU, MAE Oymu nPOMecmosana, nPU YboOMy mecmu
ROBGUHHI OymMU He3A1eHCHI 810 THUUX YACMKOBUX YMOB.
IToBHa mepeBipka MpaBUIBHOCTI (PYHKIIIOHYBaHHS ONEPaTOpPiB YMOBHU

MOXKe OyTH 3/1CHEHA JUIIE MIIIXOM Nepedopy BCIX BapiaHTIB KOMOiIHAIIIMA
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aTOMapHUX YMOB, II0 BXOAATH y 3araJlbHUM IPEAUKATHUM BHpa3, II0

3HAUILIO BiJOOpaKeHHS Y HACTYITHOMY KpHUTEPIi.

KoMmbGiHaToOpHUI KpUTepin NOKPUTTA YMOB/pilleHb:
6ci  KOmOIHauii ICMUHHUX 3HAYEHb KOMCHO20 3 aAMOMApPHUX
npeoukamie, wj0 6x00:mMb 6 yMOGy, Malomp Oymu npomecmo6ami.
Lle HallOLIbII PECYpPCOMICTKHUIM KPUTEPI OKPUTTS YMOB.
Bci mepepaxoBani Buille KpuTepii Oyau MpeaCTaBie€HI y BHUIVISAIL

1EpApX14HOi CTPYKTYpH, 300pakeHoi Ha puc. 1.

Kputepin nokpuTTS WNSxXiB . . .
putep P Kom6inamopHuti kpumepiti

noKpummsi ymoe/piweHb

\ i

KpwuTepin nokputta
umknis

ModudpikoeaHuti kpumepiti
(BHYTPILLHWMIA)

nokpumms ymoe/piwieHs

\

\ i

KpwuTepin nokputta
umknis
(rpaHnyHUIN)

Kpumepili nokpumms

/ YMOG/piLueHb

KpuTepiin nokputTa pileHb ¥

Y Mpocmuii kpumepiti
noKpummsi ymos

KpwuTepin nokputTa onepaTopis

Puc. 1. B3aeM03B's130K MK KpUTEPISIMU MIOKPUTTSI TOTOKIB KEPYBAaHHS IIPOrPaMH.

[IpoanamizyemMo HaBeleHy CTPYKTypy. I3 KpHTepiiB TOKPHUTTS
YMOB/pIIlICHh HAWOIIBIN CHJIBHUM € KOMOIHATOPHHM KPUTEPi MOKPUTTS,
BUKOHAHHS SIKOTO 3a0e3redye BHUKOHAHHS MOAM(IKOBAHOTO KPHUTEPIIO.
OcranHiii, y CBOIO uepry, 3a0e3neuye BUKOHAHHS KPUTEPIIO MOKPUTTS
ymoB/pimens. [Ilo cTocyeTbes MPOCTOTO KPHUTEPIFO MOKPHUTTS yYMOB, TO,
BUXOJSYM 3 HWOTO BHU3HAYCHHS, BIH € CKJIAJOBOI0 YACTHHOIO KPHUTEPIIO

MOKPHUTTSI YMOB-PIIIEHb.
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BukOHaHHS  KpHUTEpII0 TMOKPUTTA NUIAXIB 3a0e3leuye IOBHE
TECTYBaHHS IUKIIYHUX CTPYKTYp, a, BIJANOBIIHO, 1 BHUKOHAHHS SK
BHYTPIIIHBOTO, TaK 1 TPaHUYHOIO KPUTEPII0 TECTyBaHHSA LIMKJIIB.
3ayBaxuMoO, IO 111 JIBA KpUTEPil CTBOPEHI JIMIIIE JJIsl I[UKIIIB 1 HaBITh HE
3a0€3MeuyoTh TMOKPUTTA BCIX oOIeparopiB, TOOTO BOHM TOBHWHHI

BUKOPHUCTOBYBATHUCS TIJIbKH B CYKYITHOCTI 3 1HIIMMH.

Kputepii mokpuTTs pimieHb 3a0e3nedye MOKpUTTA BCiX omeparopis. B
CBOIO 4Epry IMOKPUTTS BCIX MepexoAiB (pillIeHb) TaKoX MOXe OyTu
JOCSATHYTE IUISIXOM BHUKOHAHHS OIJBII TOBHUX KPUTEPIiB - KPUTEPIIO
MOKPUTTS PIIEHb/YMOB 1 KPUTEPIIO TOKPUTTS ILISAXIB.

PosrnsiHeMO mpakTHYHE 3acCTOCYBaHHS KPHUTEPIiB CTPYKTYPHOTO

TCCTYBaHH:I.

Mpuknagu. CTpykTypHe TecTyBaHHA. OTiK ynpaBniHHSA

[IpoinmrocTpyeMo poOOTY TECTiB, 3aCHOBAHUX Ha CTPYKTYPHOMY
TE€CTyBaHHI Ha 0a31 MOTOKY yNPAaBIIIHHS, HA peaJIbHOMY MPOTPAMHOMY KOJII.
Jlnst TectyBanHs Oyna oOpaHa YacTHHA MPOTPaMH, MO0 3aBaHTaXye .bmp
daiin Ha expan. JlicTuHT mporpamu HaBeneHO y JlomaTky 10 JaHOTO TEKCTY
JEKLIH.

[lepen mouaTkoM aHai3y MNPOTPAMHOTO KOAY W CKJIaJaHHS TECTIB,
nodynyemo Osok-cxemy nanoi nporpamu (Puc. 2) , a Ha 11 ocHOBI — rpad
ynpasmiaas (Puc. 3).

[IporectyemMo mporpamy, BHUKOPUCTOBYIOUHM KPHUTEPii CTPYKTYPHOTO
TECTYBAaHHSI HA OCHOBI IOTOKY YIIPABIIIHHS.

[lepmm  po3mIsHEMO KpUTEpid TOKPHUTTS BCiX BepmmH rpada
yIpaBIiHHS (HOKPUTTS BCIX ONEpPaTOPIB).

JIJ1st IOKPUTTS BCIX OMEPATOPIB JAaHOT IPOrpamMu HEOOX1THO 3MIMCHUTH

2 TECTH.

19



Tect Nel. Hexaii 3minHa path He Bkasye muisix peajbHO iCHYIOYOTO
daiiny, TOAl TECTOBaHA MporpaMa Jiiie 10 TEpeBIpKM Ha I1CHYBaHHS
¢aitny, BUBeae MoNepeKeHHs i 3aBepIIUTh poooTy. [Ipu oMy 3HaYEHHS
IHIIMX 3MIHHUX HE BIUIMBAIOTh HA MOKPUTTS ONEPAaToOpiB, TAKUM YHMHOM Ha
rpadi ynpasiinasa Oyae npoiaenuii msx ([Ilogarok]->[A] ->[B]->[D] ->
[Kinenp]), To06TO OyayTh HOKpUTI Bepinau A, B, D.

Teer Ne2. [Ins Toro, moO moKa3aTd MOKPUTTSA OMNEPaTOPiB, IO

3ITAIITUINCS, TOCHUTh, 00 BUKOHYBAJIUCS HACTYITHI YMOBH:
- 3minHa Path Bkasye muisx peaiabHo icHYIOUOrO (hainy;
- TPU IbOMY 3aBaHTAXKYETHCA KapTHUHKA, 1110 MA€ HACTYITHUM QopMart:
I. Sagolovok.biWidth=2 (mupuna 300paskeHHs 2 miKcess);

Il. Sagolovok.biHeight=1 (Bucora 300pakeHHs | miKceb).
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ITouartok

fread(&Sagolovok,54,1,BMP); printf(“Error. No file.");
nb=(Sagolovok.biWidth /8)*4 return 1; D

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

fseek(BMP,Sagolovok.bfOffBits,SEEK SET)'
y=y0+Sagolovok.hiHeight

y-- x=X0; j=

Y

b=fgetc(BMP); L

< x-x0<Sagolovok.biWidth

N’

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

N

< x-x0<Sagolovok.biidth
A 4
putpixel(x,y, Color[b & 15] );
X++; P
jH+ Q
\ 4
Kinerp ]:

Puc. 2. bnok-cxema nporpamu.
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Puc. 3. I'pa¢ ynpaBiiHHs porpamu.
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3a TakuX MOYaTKOBUX yMOB Oyne mpoiaennii misx ([[Touatok]->[A] -
>[B]->[C] ->[E]->[F] ->[G] ->[H] -> [1]->[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]->[Kinewup]), TobT0 GynyTs

MOKPHUTI1 BC1 BEPIIUHM, 1110 3ATHIIIHIIACS.

[Ipy BUKOHAHHI LMX TECTOBUX HAOOPIB MOMMWIOK HE OyJlO BUSBIICHO.

Kpurepiit Co 1u1s1 1aHOT TporpaMu BUKOHYETHCSI.

[lepeiinemo 10 mMoOyAOBH TECTIB HAa OCHOBI HACTYITHOTO KPUTEPIIO -

NOKPUTTS BCixX piteHb C;, TOOTO pedep rpada ynpapiiHHS.

TectNe3. TIlicns mOpoXOMKEHHS MEPIIOTO TECTy 3alUIIUIOCS HE
nokputumu Jsmire ogae pedpo ([E]->[G]) rpada, nms mpoxomKeHHS 1IbOTO

TECTY HEOOX1THO JT0AaTH J10 TeCTiB 1 12 111€ OAUH TEeCT:
- Path Bkazye nuisx peajabHO iCHYIHOYOTO (aiiy;
- Sagolovok.biWidth=8 (mmpunHa 300paxeHHs 8 MKCEIB);
- Sagolovok.biHeight=1 (Bucota 300paxkeHHs 1 mikcens).

3a TakuX MOYaTKOBHX YMOB Oyne mpoiinenuit nuisix ([Ilowarox]->[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]
-> [0] ->[Q]->[L] -> [M] -> [Q] -> [Q] ->[K]->[L] -> [M] -> [O] ->[Q]-
>[K]->[L]->[M]->[O]->[Q]->[K]->[L]->[M]->[C] -> [Q] ->[K] -> [J]-
>[H]->[Kinens)).

Buxonsun 3 BUIIEHAaBEAECHOTO, MOXHAa 3pOOUTH BHUCHOBOK, IIIO
POXO/KEHH TecTiB 1, 2, 3 3abe3neuye BUKOHaHHs Kputepito Ci.

PosristHemMo Tpetiit kputepiit - MOKpUTTS BCiX NUIXIB (Cy).

[IpoananizyBaBiiy rpad MOTOKY YMHpPABIIHHS MOKHa MOOAYUTH, IO
HEMOXKJIMBO IIOJaTH TaKi BXIJHI JaHi, gKi 3a0e3medyBanmm O MpoXxid IO
msaxy ([Ilogarox]->[A]->[B]->[C]->[E]->[F]->[G]->[H]->[1]->[K]->([J]-
>[H]->[1]->([K])->[L]->[M]->[O]->[P]->[Q])->[K]->[J]->[H]->[Kirens]).
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binbuie TOro, OCKUIBKM B JAHOMY IUIAXYy € LHUKIM (BOHM IO3HAYEHI
Iy’)KKaMH), BUXOJUTh, 110 NPE'SBICHO HE OJWH HEAOCSKHUM ILIAX, a
MHOHHA TaKUX HUISXIB.
[IpoananizyemMo AUISTHKY HOPOrPAMHOTO KOy, IO YHEMOMIJIHMBIIIOE
IPOXOJKEHHS MO 3HAWIEHOMY LUIAXY:
for(g=1; j<=nb; j++)
{
b = fgetc(BMP);
If( x-xO < Sagolovok.biWidth)
{
putpixel(x,y,Color[b >> 4]);
X++;

}
If( x-x0 < Sagolovok.biWidth)

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

}
}

SIK10 HEe BUKOHYEThCS Mepiui if, To Apyruil Takok HE BUKOHAETHCH,
TOMY III0 TIEPEBIPSIOTHCS OJHAKOB1 yMOBH. Lle miaTBepKye HEMOXKIUBICTh
3HAXO/PKCHHS MOYAaTKOBUX YMOB, SIK1 O 3a0€3MeUmIi MPOXOKEHHSI TAaHOTO
UISIXY.

Takum uywmHOM, BuUXOAsYuM 3 Kputepito C,, TECTOBaHA Mporpama
MICTUTh TIOMHJKY. 3HaWJeHUN aAedeKT HE BIUIMBA€ Ha BIAMOBIIHICTH
cnenudikaiii nporpamMu, TOOTO HE Oyne BUSABJICHUNH METOAAMU
(GyHKIIIOHATBLHOTO TECTYBaHHsI, ajie BIH BIUIMBAE HA IIBUJIKICTb BUKOHAHHS
JAHOI MIPOTpaMM, TOMY IO B JICSIKUX BUIMAJKaX, MOXKJIMBE BUKOHAHHS JI0

TPbOX 3aWBUX ITUKIIIB («XOJOCTUM X1J1» TIPOTPAMHM).
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[HII010 MOXJIMBICTIO TIOIAHHSI BHYTPIIIHBO1 JIOTIKUA MPOrpamMu € rpad
noTtoky ganux [3]. Po3missHeMo TecTyBaHHS Ha HWOr0 OCHOBI M I'paHUIl

3aCTOCYBaHHS OUIBIII JIOKJIATHO.

3.2. TecTyBaHHA NOTOKIB AaHMUX NporpamMmu

['pyna xputepiiB [uisi JaHOrO MeTOMy MOOyJOBaHAa Ha MPHUHIUIIAX
JTOCSHKHOCTI M TOCTYITY J0 3MIHHUX.

bynemo BBaxkaru, mo Bupas Y:=f(X;,..., X,) BUKOpHUCTOBYE 3MiHHI
Xi,--0Xy, VIS OOumcrOBanbHOrO mporecy (Computational use), mro
MO3HAYAETHCA K C-USE, TP LIbOMY JaHUN BUpa3 € BU3HAUYECHHS 3MIHHOI )
(def y).

bynemo BBaxatu, mo Bupas pP(Xy,...,x,) BAKOPUCTOBYE 3MiHHI Xi,...,X,
sk npeaukatu (Predicate-use), mo nosHayaetbes sk P-USe.

Hlasx p=(Nip,...,Nn) BBaKA€TbCS TAaKHM, IO HE MICTUTh BH3HAYCHD
3MIHHOT X, SIKIIIO0 B HhoMy Hemae def X.

Jlns BepinHU N; Ta 3MiHHOL X, Takoi 1m0 X € def(n;) Bupas dcu(x,n;)
no3Hayae Habip BCiX BepIIMH Nj TaKMX, M0 X € C-USe(N;) i muIsax Big Nj 0 N
HE MICTUTHh BU3HAYCHBD X.

Jlis BepumHU N Ta 3MiHHOI X, Takoi mo X € def(n;) Bupasz dpu(x,n;)
no3Haudae Habip Bcix pedep (Nj,Nk), Takux mo X p-use(n;,ny) 1 MUIAX Big N
JI0 N HE MICTUTh BU3HAYCHD X.

[To3naunmo sk dU-muisx (IUIIX BU3HAYCHHSA-BUKOPUCTAHHS):

- mwAX P = (Nisq,... Nj, Ny), MO MICTUTH TII00aJIbHE BHU3HAUEHHSA

3MIHHOI X y BEpIIMHI Nj, 1 Takuid, 10 P HE MICTUTh BHU3HAYECHb
3MIHHOI X, aji¢ MICTHTh C-USE(X), 1 BCi BepmuHU N;... N (KpiM N 1 Ny)

MOTIAPHO BIJIMIHHI
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- abo mmsax p(nj, Ny), MO0 HE MICTUTh BU3HAYCHb 3MIHHOI X, aje
MICTUTh IIpeIUKaTHe BUKOpUcTaHHA x (P-use(X)) i Bci BepLIuHu N;...
Nk MIOMAPHO BIAMIHHI.

PosrasineMo kputepii TeCTyBaHHS MOTOKIB JAHUX MIPOTrPaMHU .

Kpurepiu “ all-defs”

Jlanuii xputepiii BUMarae CTBOPEHHSI HAOOpy TECTIB, AKl O MICTUIHU
JUIS KOKHOT BEpIIMHU N; 1 KoXHOI 3MiHHOT X & def(n;) sk MiHiMym oauH
IIUISX, [0 HE MICTHTh BM3HA4Y€Hb X BiJ n; mo eimeMenta 3 dcu(X, n;) abo
dpu(x, n;). Kpurepiii 3abe3nedye mMmepeBipKy TpaBHIBHOI iHiIiasi3arii
3MIHHHX, aj€ He Ja€ TapaHTii IXHHOrO MPaBHUJILHOTO BHKOPHCTAaHHS B
obumcmoBaIbHOMY Tiporieci. lle 3aBmaHHS CTaBUTBCS TOCTAITHO TMeEpes

HACTYITHUMU KPUTEPIIMH.

Kpurepii “all p-uses*
3a IaHUM KpPUTEPIEM BHMAraeTbcsi CTBOPEHHS HA0Opy TECTIB, sIKI O
MICTHJIU IS KO>KHOT BEPIITUHM N 1 KOXKHOT 3MiHHOT X € def(n;) six Minimym
OJIMH IIIJISX, 110 HE MICTUTh BU3HAYCHB X B N J0 BCIX eleMeHTiB 3 dpu(X,

ni).
Kpurepiii “all c-uses*
Jlanuii kputepiii BUMarae CTBOPEHHSI HAOOpy TECTIB, Kl O MICTUIIU
JUIS KOYKHOT BEPIIMHHM N 1 KOkHOI 3MiHHOT X € def(n;) sk mMiHiMyM oauH

IUISX, 10 HE MICTHTh BU3HAYCHB X BiJ n; 10 exeMmenTa 3 dcu(x, n;)

[li mBa xKpuTepii TrapaHTyIOTh NEpeBIpKy Toro ¢akry, Mo
BUKOPHUCTOBYBaHI 3MiHHI B MPEAUKATHUX BUpPa3ax Ta B OOUMCICHHAX Oynu

MpOiHII1aT130BaHI.
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KpuTepiii “all c-uses / some p-uses
HactynHe 3aBnaHHs oJisirae y BIANOBIA1 HA MUTAHHS: YU BUKOPHUCTaH1
BCl 1HILIANI30BaHl 3MIiHHI B OOYMCIEHHSAX a0o0 xoua O y NIpeIuKaTHHX
Bupa3zax. Kpurepiit “all c-uses / some p-uses* BUMarae CTBOPEHHsS HAOOpy
TECTIB, AKi O MICTHJIU JJIs KOXKHOT BEPIIMHU Nj 1 KOXKHOT 3MiHHOI X € def(n;)
AK MIHIMyM OJWH HIUIAX, IO HE MICTUTh BU3HAYEHb X BIJ Nj JO BCIX
eneMeHTiB 3 dcu(X, nj), ado, skmo dcu(X, n;) - MOPOXKHSI MHOXKHHA, X04a O

IIJISX, 10 HE MICTUTh BU3HAYCHB X Bif 0 J0 eneMeHTa 3 dpu(x, n;).

Kpurepiii “all p-uses / some c-uses*

Jlanuii KpuTepiii aHANIOTTYHUI MONEPEAHBOMY, 3 TIEIO PI3HULIEIO, 1110 B
HBOMY TIEPEBIPSAIOTHCS BXOHKEHHS IITyKAHOT 3MIHHOT B IIPEIMKATHI BUPA3H,
a SIKIIO TaKUX HE BUSBIICHO, TO B OOUHCIICHHSI.

Jlanuii kputepii BUMarae CTBOPEHHS HaOOpy TECTIB, SIKI O MICTHIIU
JUTST KOXKHOT BEpIIMHU ni 1 koxkHOi 3MiHHOT X € def(n;) sx MiHiMyM onuH
IIIAX, [0 HE MICTUTh BM3HAYEHb X BiJ N; A0 BCiX emeMeHTiB 3 dpu(x, nj),
a00, sko dpu(x, nj) - MOPOXKHSI MHOXHHA, X04a O IUIAX, 10 HE MICTUTh

BH3HAYCHb X BiJl N; 10 elemMenTa 3 deu(X, nj).

Kpurepiii “all uses* (BCi BUKOPHCTAHHSA)

Jlanuii KpuTepiil € y3araJbHIOIOYUM JJI1 OCTaHHIX JBOX KpPHUTEPIiB.
Bin Bumarae cTBOpeHHs HaboOpy TecTiB, AKI O MICTHIM IS KOXKHOI
BEPIIMHU Ni 1 KOXKHOT 3MiHHOI X & def(n;) stk MiHIMyM OIMH NUIAX, IO HE
MICTUTh BHU3HA4Y€Hb X BIJ Nj 0 BCIX enemMeHTiB 3 dpu(x, n;j) 1 g0 BCIX

eJleMeHTiB 3 dcu(Xx, n;).
Kpurepii “all du-paths”
Hait6inpiry moBHOTY TOKpHTTS 3abe3neuye kputepiit “all du-paths”,

BiH BpaxoBy€ BCl MOXJIMBI BUKOPHCTAaHHs 3a3Ha4eHoOi 3MiHHOI. [laHuii

KpUTEPI BUMarae CTBOPEHHsI HaOOpy TECTIB, sIKi O MICTHJIM IJII KOXXHOI
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BEepIIMHU ni 1 koxkHUE 3MmiHHOI X € def(n;)) Bci du-mosxm maHoTrO
BU3HAYCHHS.

Bci kputepii CTpyKTYpHOTO TE€CTyBaHHS y3arajbHEHI i IIPeICTaBIICHI
y BUIVISI/II 1€papXidHOi CTPYKTYpH, 300pakeHoi Ha puc. 4. JlaHa cTpykTypa

JTO3BOJISIE BUSIBUTH 1CHYI0U1 B3a€MO3B'SI3KH MK KPUTEPISIMH.

MokpuTTa BCiX WNsXiB (path coverage)

MHOXXUHHUU Kpumepit

nokpumms ymoe/piweHn
(multiple condition coverage
test)
all du —paths
Kputepin nokputts (BCi WNAXM
umknis BU3HAYEHHSI-
(BHYTPILLIH) BUKOPUCTAHHS)
(interior test)
) 4
v
KpuTepiit nokpuTTs A Modutp:;{'(,c;?eauuﬁ l(/pqmepiﬁ
e all uses nokpummsi ymos/piweHn
(rpaHnyHmi) (BCi NpeavkaTy Ta (Modified condition / decision
(boundary test) 0B4MCNEeHHs) coverage test)

B
all c-uses / some p-uses all p-uses /some c-uses
(BCi 0BUMCTIEHHs Ta (BCi NpeaukaTh Ta feski

neski npeavkaTi) 0buMCrIeHHs)
S, Z
/ A 4
all c-uses all p-uses Kpumepia nokpumms
(BCi 064MCnEHHS) (BCi NpeankaTL) ymoe/piweHb
(condition / decision

coverage test)

all defs
(Bci iHiyianizauii)

MokpuTTS pilleHb (rpaHen)

(branch coverage) v
lMpocmut kpumepit
nokpummsi ymo8

(simple condition
MokpuTTs oneparopis coverage test )
(BepLuuH) (statement coverage)

Puc. 4. B3aeM03B'130K M)XK KpUTEPISIMU CTPYKTYPHOT'O TECTYBaHHSI.

B3aeMO3B's13kM MK KpPUTEpISIMU, SIKI TPYHTYIOTHCS Ha TMOTOIIl

KepyBaHHsI IporpaMHu, OyJid BXKe MpOaHaIi30BaHl BUIIE, a KPUTEPIi TOTOKIB
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JAHUX, K BUJHO 3 puC. 4, MO3B'3aHI B TaKUil CHOCIO: HAWIIUPIIUM €
kputepit  “all du-paths”, #oro BukoHaHHs 3a0e3ledye BUKOHAHHS
kputepito “all uses®, sikuii, B cBOO uepry, € 00'enHanHsIM kpurepiiB “all p-
uses / some c-uses“ 1 “all c-uses / some p-uses*. KoxkHuii 3 0OCTaHHIX JBOX

13

3a0e3neuye BUKOHaHHA kputepito “ all-defs”. Ilpu mnpomy, BuUxomsum 3
BU3HaA4YCHHS, “all p-uses / some c-uses rapantye “all p-uses®, a “all c-uses
/ some p-uses® rapantye “all c-uses”.

BoueBuab, 110 TOKPUTTS BCIX MUIAXIB, 3a0€3MEUUTh BUKOHAHHS
kputepito “all du-paths®, a kpurepiit all p-uses nepeBipUTh TPOXOIKEHHS
BCIX MEpexofiB (BCiX pimieHb). Takum urHOM, cxeMa Oyne MaTu BUIIIS,

npeacTasiieHnil Ha Puc 4.

Hpuxkaagu. CtpykrypHe TectyBanHs. [loTik 1annx
Ilpuknao 1
[IpoimrocTpyemo moOymoBy rpady TMOTOKY nAaHuX. PosmisHemo
byHKLIO:
// GyHKIS 3HAXOMKEHHS MIHIMAJIBPHOTO Ta MaKCHUMaJIBHOTO YHCIa 3
JTBOX HaJlaHUX
void MinMax (int& Min, int& Max) {
int Hilf;
if (Min > Max) {
Hilf = Max;
Max = Min;
Min = Hilf;
¥
¥

['pad ynpasninas matume BUTTIS, HaBeAeHU Ha Puc. 5. [ kokHOTO

By3J1a 3a3Hauy€Ha BIAMOBIAHICTh 13 TUIMOBUMHU CTPYKTYpaMH MOTOKY JaHHUX
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(BU3HAYEHHH, MpeINKaTHI BUKOPUCTaHHS, BUKOPUCTAHHS B

004U CITIOBATILHOMY TIPOIIECI)

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)

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

Puc. 5. I'pa¢ notoky ynpaiiHHSA 13 BIANOBIJHUM ITOTOKOM JaHHX.

Po3rnsiHeMO BiAMOBITHOCTI MK BEpIIMHAMHU IMOTOKY YTMPaBIiHHS Ta

MOTOKY JIaHWX, 110 TIPEACTaBIICHI B Ta0muIl 3.

Tabnuus 3. BianoBiiHOCTI MK BepIIMHAMH MOTOKY YIPABIIHHS Ta MOTOKY JaHUX

BepIHa N; def(n) c-use(n)
Nin {Min, Max} {}
nl ¢ {}
n2 {Min, Max} {Min, Max}
Nout {} {Min, Max}
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Sk Oyno 3a3HayeHe BHIIE, MPEAUKATHE BUKOPUCTAHHS BiANOBIJAE
pebpam rpady (Tabmuis 4):

Tabnuus 4. BignosinHocTi Mixk pedpaMu rpady Ta NpeAMKaTHUM BUKOPUCTAHHIM

Pebpo n; p-use(n;,n;)
(ng, ny) {Min, Max}
(nl, nout) {Min, Max}

[ToOynyeMo HIISAXM BU3HAYEHHS-BUKOPUCTAHHS (TIpeAUKaTHE Ta B

obuucmoBansHOMY mporieci (Tabmur 5)):

Tabnuug 5. LIIISIXU BU3HAYCHHA-BUKOPUCTAHHS

3MIHHA X Bepiuna (N;) deu(x,n;) dpu(x,n;)
Min Nin {n2, Nout} {(n1, n2), (N1, Nour) }
Min ny {Nout} {}
Max Nin £, Nout} {(n1, n2), (N1, Now) }
Max " {nou} b

Otrxe, Oynu oTpuMaHI BCl HEOOXiAHI JaHl Ui MPOBEACHHS

CTPYKTYPHOTO TECTyBaHHS Ha OCHOBI MOTOKY JaHUX.

Ilpuknao 2.

[IpointocTpyeMo pi3HUIIO B pOOOTI KPUTEPIiB TECTYBaHHS HA OCHOBI
MOTOKY yIpPAaBIIHHS Ta MOTOKY naHux. Hexail maHo HacTymHHiM ¢parMeHT
KOJy:

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

if(@>0){
¢ = null;
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}

if (b<0){
b = c.length();
}
return b;
}
Bianosiaauii rpad noToKy ynpaBiiHHS Ta AaHUX 300paxeHo Ha Puc. 6.
Jlnst  3a0e3nedeHHs] KPUTEPII0 TOKPUTTS  OMEepaTropiB  HEOOXITHO
IIPOMTH J1BA NUIAXU:
1-2-3-4-5-6-8 + 1-2-3-5-6-7-8
JIJ1st KpUTEP10 TOKPUTTS PIIIEHD I0CTATHBO TUX CAMUX TECTIB:
1-2-3-4-5-6-8 + 1-2-3-5-6-7-8
YMOBU BUKOHaHI, TPOTE MOXKJIMBA HACTYIHA CUTYyaIlisl: y BepIIuHi 4 €
HOBE BU3HAYE€HHS 3MIHHOI C, sIKa BUKOPUCTOBYETHCS MOTIM B BepluuHl 7. Y
3a3HAYCHOMY TEPEIIKy T€CTIB, IOTPE T€ ,III0 BOHH 3aJ0BOJBHSIN KPUTEPII,
HEMa TECTY, 11100 MICTUB OJIHOYACHO MPOXOJKEHHS 1o BepuiuHi 4 Ta 7. 3
TaKUM 3aBJaHHIM MOXKE CIPAaBUTHUCS, HANpHUKia, kpurepiit all-uses (1-2-
3-4-5-6-7-8). OTxe, TecTyBaHHS Ha OCHOBI IOTOKY YIIPABJIiHHS Ta MOTOKY

IAHUX € B3a€EMOJOIIOBHIOIOYHM.
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a def(a), def(b), def(c)

Puc. 6. I'pad noToky ynpaBiiHHA 13 TOTOKOM JaHUX.

KoHTponbHi 3anntaHHA

1. o Take CTpyKTypHE TECTyBaHHS ?

2. B yoMy mossirae TeCcTyBaHHS ITOTOKY YIIPaBIIiHHS Mporpam?

3. B yoMy mosisrae TecTyBaHHS ITOTOKY JaHUX Mporpam?

4. Sk moB’si3aHi MiXK COOOI0 KpUTEPii CTPYKTYPHOTO TECTyBaHHSI?

5. TlpoBeniTh CTPYKTYpHE TECTYBaHHS HACTYITHOI MPOTPaMH

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

begin
Clrscr;
writeln('vvedite x i y");
readin(x,y);
if (x=0)and(x*y<>1) then
begin
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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('Z=",z:0:2);
readin;
end.

6. IloOyay¥iTe rpad MOTOKY JaHUX IS IPOTPaMu

program test2;
var a, b, c,r : real;
begin
write (‘'a=");
readin (a);
write (‘c=";
readin (c);
if (@>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 (‘incorrect information’);
readln;
end.
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4. BITUN ALLUK - MYTALIMHE TECTYBAHHA

MyTariiifHe TeCTyBaHHSI € PI3HOBHJIOM TECTYBaHHs OLIOTO sITWKa, JJIs
fioro 3miiicHeHHs] HEOOX1THUU MOCTYN O BUXIMHOTO Koay mporpamu [4].
MyTaniiHuii KpUTepiii IPYHTYETHCS HA IITyYHOMY BHECEHHI MOMIJIOK Yy
nporpamy. ¥ MyTauliHOMY KpHUTEpil NPUUMAETHCS NPUIYILIEHHS PO Te,
10 TIPOTPAMICTH MUINYTh Maiyke KOPEKTHI MPOTPaMH, IO BIAPI3HIIOTHCS
BiJl TIPaBUJIBHUX HE3HAYHUMH TMOMUJIKAaMH B apU(METHUYHHUX OIEpalisx,
NEpECTaHOBKaMU 1H/IEKCIB, HEKOPEKTHUMU TPAaHULSIMH LUKIIIB, HEBIpHUMU
KOHCTaHTHUMU 3HAYEHHSMHU Ta 1H. JIJisi BUNIpaBieHHs 1e(PEKTiB MOAIOHOTO
pony, y mporpaMmy BHOCSATbCA ApiOHI momuiku (MyTtauii). IIporpamu, mo
BIJIPI3HSIOTHCS BIJl BUXIIHUX MPOTrpPaM, IITYyYHO BHECEHHUMH IMOMUIKAMU
HA3MBaIOTh MyTaHTaMH. SIK MpaBUJIO0, MYTAHT BIJAPI3HIETHCS BiJl BUX1AHOI
IporpaMy HEBEJIUKHM YUCIOM MYyTaliil. Y BHUXIJHIM MporpaMmi MOXYTb
MiaBaTUCS MYyTallisiM JTIISTHKY KOy TOB'SI3aHi 3 MEpepaxOBaHUMH BHIIIE
nedexraMu (3MIHIOIOTHCS 3HAYEHHS 3MIHHUX, MOAM(IKYIOTbCS 1HIEKCH U
TPaHMUII IUKJIIB, BHOCATHCS MyTallii B yMOBU). TakuM 4HHOM, 3 TIEPBICHOI
nporpamMu IUIIXOM BHECEHHS N YHCla MYyTaliil oAepkyroTb k MyTaHTIB,
n>=k (K MIHIMyM OfHa MyTallii Ha OAWH MyTaHTa). SIkmo chopMoBaHa
MHOXXMHAa TE€CTOBUX HAOOpIB BHSBISIE BCl MyTallil y BCIX MYyTaHTaX, TO
BOHO BIJIMOBIa€ MYTAI[IHHOMY KpUTEpit0. SIKIIO TECTyBaHHS BUXITHOI
IporpaMu Ta MyTaHTy Ha 3aJaHiii MHOXKHHI TECTOBUX HAOOPIB HE BUSBUJIO
MOMHJIOK, TO TIporpamMa OTOJIOIIYEThCS EKBIBAJICHTHOIO MYTaHTy. Y
BUMAJKYy MYTAI[IfHOTO TECTYBaHHS BAXJIUBO CTBOPUTH Take YHUCIO
MYTaHTIB, K€ O OXOIUIIOBAJIO BCl MOMJIMBI JIJISHKH TPOSIBY MOMUIIOK.
BBakaeThcs, HA OCHOBI JPIOHUX TOMUJIOK MOKHA OLIIHUTH 3arajibHe YHCIIO0

IIOMMIJIOK, IO 3aJIUIINIINCS B nporpaMi.
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Ipukaan. 3acTtocyBaHHSI MyTalliHiHOTO KPUTEPIiI0

Hexait HeoOxinHO mporecTyBaTH nporpamy P (srictuar 1)

Ji1s1 Hel CTBOPIOETHCS AB1 Tporpamu-myTtanta P11 P2.

B P1 3MiHeHe moyaTKoBe 3Ha4eHHs 3MiHHOT Z 3 1 Ha 2 (JricTHHT 2).

B P2 3mineHe moyarkoBe 3Ha4eHHs 3MiHHOI | 3 1 Ha 0 i rpaHWyYHe
3HAYEHHS 1HIEKCY MKy 3 N Ha n-1 (imctuHr 3)

IIpu 3amycky TtectiB (X,Y) = {(x=2,n=3,y=8),(x=999,n=1,y=999),
(x=0,n=100,y=0} BUABIAIOTHCA BCl MOMHIKH B IporpamMax-mMyTaHTax 1
NOMMWJIKA B OCHOBHIU ITporpami, € B yMOBI IIUKJTY 3aMICTh N CTOITh N-1:

Jlictunr 1. OcHoBHa nporpama P

/Il MeTozn o0uuCIIIOE HEBiT EMHY

/[ cTymiHb 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++)
{

Z = 7*X;

}

}

else Console.WriteLine(

"ITomunka ! CTymiHb Yrciia N TOBUHHA
oytu Oinbie 0.");

return z;

}

3MIHEHE TOYaTKOBE 3HAYECHHS 3MIHHOI Z y MyTaHTi P1 BuaiieHo :
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Jlictunr 2. [Iporpama mytant P1

/l MeTon o0uuCIIIOE HEBiT EMHY

/[ cTymiHb n yKcna X

static public double PowerMutantl(
double x, int n)

{

double z=2;

if (n>0)

{

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

Z=27*X;

}

}

else Console.WriteLine(

"ITomunka ! CTymiHb 4Kciia N TOBUHHA
oytu Oinbie 0.");

return z;

¥

3MiHEHE TTOYaTKOBE 3HAYEHHS 3MIHHOT 1 1 TPAHUIll IIUKITY B MyTaHTI P2

BU/IIJICHO:

Jlictunr 3. [Iporpama-Mytant P2
I MeTon o0uuCITIOE HEBiT €MHY
/[ cTymiHb n yKcna X

static public double PowerMutant2(
double x, int n)

{
double z=1;

if (n>0)
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{

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

{

Z=27*X;
}
}

else Console.WriteLine(

"ITomunka ! CTymiHb 4Kciia n TOBUHHA
OyTu Oinbiie 0");

return z;

}

KoHTponbHi 3anntaHHA

. o Take myTaiiitHe TecTyBaHH:?

. SIke OCHOBHE MPUMYIIEHHS JEKUTh B OCHOBI METOAY MYTAIliifHOTO
TECTyBaHHS?

. SIk 3a JOMOMOroO0 MYTaliHOTO TECTyBaHHS OIIHUTH KUIBKICTDH

MTOMUJIOK, SIKA 3QJIMIIIIACS B TIpOrpami’?
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5. AHATI3 YMOB 3ACTOCYBAHHSA ®YHKUIOHAINBHOIO U
CTPYKTYPHOI'O TECTYBAHHA

KnacuuHi MeToau CTPYKTypHOro il ()yHKIIOHAJIBHOTO TECTYBAHHS
MarOTh TIeBHI 0OMEKEHHS IIPH 3aCTOCYBaHHI, PO3IJITHEMO iX JeTaJbHIIIE.

OyHKITIOHATFHE TECTYBAaHHS XapaKTEPHU3YEThCSA TyKE BEIIUKOIO
KUTBKICTIO HEOOXIJIHMX TECTIB, OUIBII TOTO, BiIpa3y MiJHIMAETHCS MUTAHHS
npo 3a0e3MeyYeHHs HEe3aJIeKHOCTI LUX TecTiB. SKmo »* oOMexyBaTu
KUTBKICTh, TO, BCE OHO, BUHUKAIOTh CKJIQHOCTI K IPH BUIIJICHHI KJIaciB
€KBIBaJIEHTHOCTI, TaK 1 IPaHULlb, IPH LOMY MOKE OyTH MPOMYLIEHUN Pl
BUCOKOE()EKTUBHUX TECTIB, a 3JIOBMUCHA JIOTiKa HE BUSBISIEThCA. Jlo TOTO
K, BapTO TMOMITUTH, IO METOAM (YHKIIOHATLHOTO TECTyBaHHA HE
JI03BOJISIIOTH JIOKAJI3yBaTH HECIIPABHOCTI.

@DyHKIIOHATFHE TECTYBAaHHS 3aCTOCOBYEThCA TUIbKM konu I3 Bike
CTBOpEHE, TOOTO Ha OCTaHHIX eTamax >XUTTeBoro mukiy I13. Sfkmio
dbyHKIIIOHAIbHE TECTYBaHHS BHUSIBUTH MOTaHy sIKICTh cTBopeHHs [13, To
JIOBOJIMTHCS BEPTATHUCS Ha TOTIEPEIHI €Talmy PO3POOKH, IO CIIPUIHHSE SK
¢1HaHCOB1 30MTKH TaK 1 4aCOB1 BUTPATH.

CTpyKTypHE TECTyBaHHS MEPEBipsi€ BHYTPIIIHIO JOTIKY MPOTPAMH, 1110
J03BOJISIE JIOKAI3yBaTH HecnpaBHOCTI. Ha kaiib, 13 3pOCTaHHAM PO3MIpY
BUXIJTHOTO KOJy TIPOrpaMu MOBHOIIIHHE CTPYKTYpHE TECTYBaHHS CTa€ BCE
CKIAAHIMM. A CHOYyCK [0 TPEACTABJICHIN 1€papXiyHid CTPYKTypl
B3a€MO3B'SI3KIB  KPUTEPIiB MPUBOIUTH JO MPOMYIIEHHS IEBHOTO THITY
MTOMUJIOK 1, BIJIIOBIJTHO, IO BTPATH SKOCTI.

MOKIIMBOCTI 3aCTOCYBAaHHS CTPYKTYPHOTO TECTYBAaHHS I DPI3HHUX
¢da3 tectyBaHHS OOMEXEHI. SIKIIO AT MOIYJIBHOTO TECTYBaHHS, B CHIY
HEBEJIMKUX PO3MIpIB BUXIJTHOTO KOAY, MPEACTABIICHI METOJM 3aCTOCOBHI,
Xoua W 3 TUMH a00 IHIIUMU 3a3HAYCHUMH BUIIE CKJIAJHOCTIMH W

OOMEXEHHSAMH, TO JJIS 1HTETPAIIHOTO ¥ CUCTEMHOI'0 TeCTyBaHHS cdepa
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3aCTOCYBaHHs HABEICHHMX KIJIACMYHUX METOIB YKpail oOMeXeHa B CHIY
PI3KOTr0 3pOCTaHHS BUX1JHOTO KOy a00 B3araji BiJICYyTHOCTI TaKoOTO.

binbiie TOro, MOXJIUBICTh 3aCTOCYBaHHSI CTPYKTYPHOIO TECTYBaHHS
3aJIEKUTh 1 BIO OOpaHOl MapaJurMud MOPOrpaMyBaHHS: SKIIO JJis
POLIEYyPHOTO TPOrpamMyBaHHS METOAM CTPYKTYPHOTO TECTyBaHHS
3aCTOCOBHI; ISl 00’ €KTHO-OPIEHTOBAHOIO 3aCTOCYBaHHSI OOMEXEHE uepes
3pOCTaHHs OO0CITY BHUXITHOTO KOAY; TO IS KOMIIOHEHTHO-0a30BaHOTO
pOrpaMyBaHHS - JaHI METOAM 4YacTO CTarTh HemocshkHuMu [5,6]. Tlpwu
KOMIIOHEHTHO-0a30BaHOMY TpOrpaMyBaHHI, KOMIIOHEHTH B OCHOBHOMY
MPEJCTABIICH] K «YOPHI SITUKW» 1 JOCTYIHI JIUIIE IXHI aBTOMAaTH CTaHIB
(ma UML). Takum 4MHOM, KJIaCUYHI METOJU CTPYKTYPHOTO TECTYBaHHS,
JUISL SIKUX piBEHb aOCTpakiii - I1e¢ piBeHb OmNepaTopiB, CTAIOTh HE
3aCTOCOBHI.

[Ipu TecTyBaHHI KOMIIOHEHTHO-0a30BaHOro [13 OCHOBHUM 3aBAaHHSIM
€ HE NepeBIpKa MPABWIBHOCTI (PYHKIIOHYBAHHS CAMUX KOMIIOHEHTIB, TOMY
10 B OUTBIIOCTI BUMAAKIB BOHU BXKe OyJiM MPOTECTOBAHI, a OCHOBHA yBara
NPUILISAETHCS B3aEMOJIT MK KOMIIOHEHTAMU - IXHBOMY IHTETpaliiiHOMy
TECTYyBaHHIO.

Otxe, HEOOXIgHI CIHeMiali30BaHl KPUTEPil ISl 1HTErpamiitHOro
TECTyBaHHs, sKiI OyayTh mpalfoBaTH Ha IHIIOMY piBHI aOcTpakiiii,
BpaxOByBaTH  MPOMOHOBAaHI  aBTOMAaTH  CTaHIB  KOMIIOHEHTIB 1
KOHIICHTPYBAaTH yBary came Ha B3a€MOJIi MIX MOAYJSIMH, a HE Ha iXHIN
BHYTPIIIHIN pOOOTI.

PosrnssHemo kputepii iHTerpaiiHoro TeCTyBaHHsI JOKIagHIIIE.

KOHTpOnbHI 3annTaHHA

1. SIxi HEeOJIIKK Ma€ CTPYKTYpPHE TECTyBaHHS ?
2. SIki Hemoniku Mae (YHKITIOHATbLHE TECTYBAHHS?
3. Sxi 0coOIMBOCTI BUHUKAIOTH TP 1HTETPAIITHOMY T€CTyBaHH1?
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6. IHTEFPALUIMHE TECTYBAHHSAA KOMMNOHEHTHO-
BA3OBAHOIO NPOIMPAMHOI'O SABE3MNEYEHHA

Ha cporogHimHii JeHb, MpakTUKa CTBOpPEeHHS cydacHoro 13 monsrae
B TOMY, III0 aKIIEHT CTaBUTHCSI Ha KOHCTPYIOBaHHI CKJIQJHUX KOMITIOHEHTIB
3 OKpEeMHX, BXXE€ pO3poOJIeHHX MOymiB. lle Ha3MBaeThCI KOMITOHEHTHO-
0azoBaHUM MAXOA0M. MoOKHA BHAUIMTH YOTHPU OCHOBHUX TPYIIU

KOMIIOHEHTIB:

KowmepirifiHi KOMIIOHEHTH 1HIITUX TTOCTAYaIbHUKIB,

BayTpiuiHi po3po0i1eHi KOMIIOHEHTH ISl 1HIIUX TPOEKTIB;

BuyTpimHi po3poOsieHI KOMIIOHEHTH, $K1I OyJd OHOBJIEHI s

IIOBTOPHOI'O BUKOPUCTAHHSI;

HoBi ckoHCTpyHOBaHI KOMIIOHEHTH.

KomnonentHo-6a3oBane 13 xapakrepu3yeThes:

- PpI3HOIO NMIPUPOJIOIO MTPOTPAMHUX KOMITOHEHTIB,

- TIOBTOPHUM BUKOPHUCTaHHSM KOMIIOHEHTIB,;

- BUKOPHUCTaHHSM IIJIMHOKWHU HAJIaHOI (PYHKII10HAIIBHOCTI;

- HEJOCTYIHICTIO BUXITHOTO KOAY.

Jlanuit miaxia 103BOJISIE 3MEHIITUTH Yac 1 BUTPATH HA MPOrpaMyBaHHS,
OJIHaK Pi3Ha MPUPOJAA MPOrPAMHUX KOMIIOHEHTIB, BIJICYTHICTh BUXIJHOIO
KOy, BUKOPHUCTAHHS TMIIMHOXHWHU HaJlaHOi (yHKIIOHATBHOCTI U
CKJIQJTHOCTI 1HTerpaiii sSBJSIOTH COOOK OCHOBHI MNpoOJEeMHU  JJis
TECTyBaHHS KOMIIOHEHTHO-0a30BaHOTO MPOTPAMHOTO  3a0e3MEeUCHHS,
0COONMBO JUIS iHTErpamiifHoro TectyBaHHs. Bimomi karactpodwu Therac-
25, Ariane 5, y skux momwiku [I3 Oynu moB'sizani camMe 3 TTOBTOPHHUM
BUKOPHUCTAHHIM TONEPEAHBO «IIPAIIOIOYNX» KOMIIOHEHTIB, TOOTO OyI0
HESKICHO 3/I1HCHEHE 1HTerpalliiHe TeCTyBaHHSsI.

Sk Oyr0 3a3Ha4YE€HO BUIIE, JUIS IHTETPAIIHHOTO TECTYBaHHS, MOTPIOHO

HE TIJIBKU 3r€HEepPYBaTH TECTOBI MPHUKIIAIU, HEOOXITHO TaKOX PO3POOUTH
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HOBI KpuTepii i MeTpuku [9], sKi T03BOJIATH KITBbKICHO OIIHIOBATH SIKICTh

X TECTOBHUX MPUKIAIIB.

OcHOBHI BU3HAYEHHS

Posrnssnemo wHactynni Tepminn 1 UML-0a3oBaHi MO3Ha4YeHHS:
KOMIIOHEHT, 1HTepdelic, TMOBEJAIHKA KOMIIOHEHTa Ta  B3a€EMOJIs

KOMIIOHEHTIB.

Komnonenm (Component)
KommoneHT - 1ie pparmMeHT (QyHKIIOHAIBHOCTI, KWW 3a0e3reuye
JOCTYyIl JIO CEpBICYy 3a Jomomoror iHTepdeiicie [7] Ta mocradaerbes

HC3aJIC)KHO.

Inmepdgeiic (Interface)

[aTepdeiicu ABIAIOTH COOOIO TOYKH JIOCTYNY [0 KOMIIOHEHTIB,
yepe3 SK1 KIIEHTCHhKUM KOMIIOHEHT MOJKE 3alUTyBaTH CEPBICH, HaJaBaHI
1HIITUM KOMITOHEHTOM 1 OToJIoIIeH1 B oro inTepdeiici. Koxuuit inTepdeiic
MOXe MICTUTHA O3y omnepauiid, a KOoXKHa omepallis peanidye 3aJaHui
CepBIC.

Intepdeiicu cknagaroTbesl 13 JABOX YaCTHUH: CHUHTAKCHUYHOI Ta
CEMaHTUYHOI.

CHUHTakCcMYHA YaCTUHA MICTUTh OTOJIOLICHHSI CEPBICIB, HAJIaHHUX
KOMIIOHEHTOM a00 HUM BHKOPUCTOBYBaHUX. BoHa Moxe OyTH po3ziiieHa
Ha JIBl YaCTUHU:

- 3anpononoBanuii iHTepdeiic (Providedinterface) (cepmicu, ski

KOMITOHEHT HaJIa€);

- HeoOxignuit intepdeiic (Requiredinterface) (cepBicu, HeoOXiJHI

U1t PYHKITIOHATFHOCTI KOMITOHEHTA).

Ilo3Hauumo:
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Component - C, Provided Interface - PI(c), Required Interface -
RI(c).

CemaHTHYHA 4YacTHUHA MICTUTh OIKC TOBEAIHKA KOMIIOHCHTA,
Hajauu 1H(opMaIllito Opo MpaBuia, 3riTHO SKUM OTrOJIONIEHUM CEpPBIC
MOXe OyTH BUKOPHCTaHUN a00 BUKJIUKAHUH.

AxTuBi3anis iHTepdeicy (3BepTaHHs 10 1HTepdency) Moxe OyTH
3/iMiCHEHa 1HIUM 1HTepdecoM, 3a TIOMOMOT0K0 BUKIIOUYEHHS ab0 SIBHOTO
KOPUCTYBAJIBHUIILKOTO BHKJIMKY (HAlPUKIAJ, HATHCKAaHHSAM KHOIIKH).
Jlesiki BUKJTIOUEHHS W KOPUCTYBAJIBHHIIBKI [1i, SIKI BUMAararTh BUKIUKY
KOMIIOHEHTIB, HE € 4YacTUHaMHM Oy/b-aKoro iHioro iHrepdeiicy. o6
yHI(piKyBaTH MojaaHHs, 00'€JHaEMO Taki MOJIi y BIpTyalibHUM iHTEpdeiic,

110 Oy/ie BpaxoBYBaTH BC1 TaKl MOKJIMBI MOI1i.

Ilogedinka komnonenma

[loBeniHka KOMIIOHEHTAa MOKe OyTH MpeACTaBjieHa 3a JOINOMOIO0
UML giarpam ctaniB. [liarpama cTaHIB OMHCY€ TWHAMIKy TOBEIIHKH
KOMIIOHEHTA y BIMOBIb HA 30BHIIIHI CTUMYJH (BIUIMB). Jliarpama cTaHiB
CKJIQJAEThCs 31 CTaHIB Ta nepexoaiB. Cmax MOACNIOE CUTYAIl0, M Yac
KO CIIOCTEPIraeThCcsl 1HBAPIaHTHICTH (CTaOUIBHICTh, HE3MIHIOBAHICTH)

IMOTOYHUX YMOB.

ITo3naunmo:
States (Component) — MHOXHMHA BCiX MOMKIHNBHUX CTaHIB
KOMITOHEHTA.

[Tepexin - e cripsMoBaHe BIHOIICHHS MK BUX1JHOI BEPIIMHOIO
i 1m150B010. [liarpaMu cTaHiB MPEACTABISIOTh MOXKJIUBHUI MOPSIIOK 3MiH
CTaHIB, JI¢ KOXXHHH Tiepexij SBJIsL€ c00010 peamizamiio orepamii ado
BapiaHTa BUKOpHCTaHHs (use case) [8].

[lepexoau BU3HAYEHI HACTYMHOIO M'ATIPKOIO: CTaH-KEPENO, CTaAH-

npuiiMad, Tpurep, ais 1 ymoBa
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Transition:= (Source, Target, Trigger, Effect, Guard)

Cran-/[xepeno - BU3Ha4a€e NEPBICHY BEPIIMHY MEPEXOY.

Cran-IlpuiiMad - BU3HAYAE IIJTLOBY BEPIIMHY, IO JOCITAETHCS IO
3aBEPIICHHI EPEXOY.

Tpurep - 00yMOBIIIOE cepBicC, 1110 3aIyCcKa€e mepexi.

Hist - 00yMOBIIIO€ HEOOOB'SI3KOBY JISIIbHICTD, 1110 BUKOHYETHCS MPU
3aITyCKY.

YMoBa - sBisie co00r0 OOMEXKEHHS Ha 3alyCcK Iepexoay. YMoBa
NEPEBIPSAETHCA B TOM MOMEHT, KOJIM TIepeXil HAAXOAUTh Ha BX1J KIHIIEBOTO
aBToMara. SIKmio ymMoBa ICTUHHO Ha 1€l MOMEHT, TO Mepexij
3IIUCHIOETHCS, Y MPOTUBHOMY BHUITAJIKY - HEMAE.

Source, Target ( States(Component)

Trigger ( Providedinterface(Component)

Effect ( RequiredInterface(Component)

B3aemooia komnonenmis

CucreMa CKJIaJIa€ThCsl 3 PI3HUX KOMIIOHEHTIB, SIKI B3a€MOIIOTh
MK co0oro. Bci eneMeHTHM ommmMcaHl 3TIIHO 13 CHCTEMOIO ITO3HA4YEHb,
npeacTaBiieHo0 Buie. [loBeiHKa CHCTEMH BH3HAYAETHCS B3AEMOJIIEIO
KOMITOHEHTIB.

B3aemomisi KOMIIOHEHTIB MOXe OyTH ONHMCaHa, BUKOPUCTOBYIOYH
nmiarpamu B3aemojiii UML. BoHu mnpencTaBisiioTh B3aEMO3B'S3KH  MiX
KOMIIOHEHTaMHM SIK CEpil0 MOCIIOBHUX TOBIIOMIICHB. JliarpamMu B3aeMoIii
OMUCYIOTh SIK CTaTUYHY CTPYKTYpy, TaK 1 JWHAMIYHE TOBOKCHHS
CHCTEMH.

IToBimomieHHS - L€ IMEHOBaHI €JIEMEHTH, SIKI BU3HAYAIOTH 3ajaHl
pI3HOBUAM 3B'A3KIB y B3aeMoAli. B sKkocTi 3B's3Ky (KOMyHIKaIlli) MOXe

po3riIsiAaTUCA Mepejadya CUTHaly, BUKIMUK ONepallli, CTBOpPEHHS ado
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3HUIIEHHS 00'ekTa. [1oBiJOMIICHHS 3aal0Th HE TUIBKU PI3HOBU]I 3B'SI3KIB,

ane ¥ cnenu@ikyrTh HKEepPEeIo ¥ mpuitmay.

[ToB11OMJIEHHSI MalOTh HACTYITHUI CUHTAKCHC:

Message:= (Name, AssignmentList)

AssignmentList:= ( )u (dy,..., dp), n en, di = Assignment(p;), oe pi-
napamemp, n — KLIbKICIMb napamempis.

[loBigomyieHHss B Jiarpami  B3a€MOJli  BIOPSJIKOBaHI B

MOCJI1IOBHOCTI 1 IPOHYMEPOBaHI.

6.1. Kputepii U METPUKM iHTerpauinHoro TeCtyBaHHA

OcHOBHE TPUMNYIICHHS: YCI KOMIIOHEHTH TMONEPEAHBO BHUEPITHO

TECTYBaJIUCs, TOOTO MOYJIbHE TECTYBaHHS OyJI0 Bxke 3podiieHe [9].
Kpurepiii noxkpurrs onepauiii intepgeiicy

BignoBinmHO 110 BHW3HAYEHb, NPEACTABICHUX BHUIIE, CUHTAKCUYHA
yacTUHa 1HTepdercy MICTUTHh OTOJIOIICHHS CEPBICIB, IO HAAAIOTHCA a00
BUKOPUCTOBYIOThCSI KOMIOHEHTOM. [IpuHaiiMHI, BCl 11i cepBiCHM MOBHHHI
OyTH MPOTECTOBaHI.

Tomy, nns KOXHOTO iHTEp(EHCy BBOJUTHCS KPHUTEPid NMOKPHUTTHA
inTepgeicy:

KOJICHA onepayis, o02o0jouleHa 6 IiHmepgelci nosuHHa Oymu
npoOmecmosana, NPUHAUMHI, 0OUH pas.

Jlns Ttoro, moO KUIBKICHO OIIHUTH CTYMiHb JOCSTHEHHS JTaHOTO
KPUTEP1I0 BUKOPHUCTOBYETHCSI HACTYITHA METPUKA:

s inmepdgheticy i

KIIbKICMb_ 6UKOHaHUX _ onepayiti _ 6 _ Inmepepeiici _i

Iloxpumms _ inmepeiicy; =

3aeanbHa _ Kinbkicms_onepayiil _ 6 _ Inmepghetici _i
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Braxxarumemo, 110 iHTepderic TOKPUTHUM, SKIINO MOKPHUTI BCl OIepaiiii,

OrOJIOIICHI B HbOMY.

MeTtpuka st IpOrpaMHOro MPOAYKTY B LILIOMY Ma€ TOA1 HACTYIHHIMA

BUTJISLI.

N

E Tokpumms _ inmepgpeiicy ;

i=1
Toxkpumms _ inmepgeiicie _ 110 = y

N
ne N — 3aranibHe yucio iHTepdeiicia

Jlanuii KpuTepiil 03BOJIAE€ BU3HAYUTH, YU MOKJIUBO 3IIHCHUTU
BUKJIMK OIEpallii, OroJI0MIeHOI B IHTep(eiicl KOMIOHEHTA.

Kpurepiii mokputTsi iHTEpPENCIB HE € TOCTATHBO PEIPE3CHTATUBHUM,
TOMY 1110:

- BIH BXE TNOBMHEH OyTH [OCSATHYTh Ha (a3l MOIyJIbHOTO

TE€CTYBaHHS;
- BIH HE PO3PI3HAE€ BUKIUKHU, IO BUXOJATH 13 PI3HUX KOMIIOHEHTIB.
Jlist Toro, mo0 BpaxyBaTH 10 iH(OpMAIliI0, BU3HAYUMO HACTYITHHIMA

KpUTEpIin.
Kpurepiii nokpuTT BUKJIUKIB onepanii

Hexaun C; nosnauae xomnonenm Cucmemu, i=1.. n, oe n - KilbKicmb
KOMNOHEHMIB.

1(Ci) nosnauae Inmepdpeiic (Interface) komnonenma C;,

Sjk — cepsic, oconowenuu 6 Ci, J=1.. my, de my xinbkicmb cepsicis,
oconouterux 6 Cy.

Toni, kpuTepiii MIOKPUTTS BUKJIMKIB onepaniii Mae BUTIIS;

vSjke 1(Cy), vi, i=1.. n, akwo mooxcnueo soiticnumu eukiux sjx 3 Ci,

mo mooi nOOIOHUL BUKIUK HeOOXIOHO npomecmysamu xoua 6 00uH pas.
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Heo0xi1H0 3ayBakuTH, 110 TIepeadavYaeThes, 0 BUKIUKH Omepariii 3
KOMIIOHEHTA, SIKMM iX MICTUTh, BXXKE€ MPOTECTOBAaHI MijJ 4aC MOIYJIbHOIO
TecTyBaHHs. Tol, KpUTepill MOKPUTTA BUKJMKIB onepauiii Moxe OyTH
BUIO3MIHEHHIA:

vSjke 1(Cy), vi, I=1.. n, i» k akwo moocnueo 30ilicnumu GUKIUK Sjx 3
Ci, mo mooi nodionutl UKIUK HEOOXIOHO npomecmysamu xoua 6 0OuH pas.

Bukiuku Sjy 3 komnoHeHTIiB Cg,C, BBaXkaroThCs pIBHUMH, KO g=h.

Jlns Toro, moO OMIHUTH KIJIBKICHO CTYMNiHb JOCATHECHHS JaHOTO

KpPUTEPII0, BAKOPUCTOBYETHCSI HACTYITHA METPUKA JJI KOKHOI onepartii:

Toxkpummsa _ euxnuxie _ onepayii =

KIIbKICMb _ RPOMECMOBAHUX _ PI3HUX _ GUKIUKIG (S ik )

3a2aNbHA _KIIbKICMb_pisHux _ 6UKIUKig (s ik ) _axi _nompibno _npomecmysamu

Buxknuku onepailii MoxXyTh OyTH IpPEACTABJICHI SIK TOBIJOMJICHHS B
UML gpiarpamax B3aemonii. Toml panuii kputepii Moxe OyTu
chopMyITBOBaHUN Y TAKUK CTIOCIO:

0113 KoxcHoi oiazpamu 63aemooii CD y Cucmemi, wgo micmums pizHi
00'ekmu Obl i Ob2; neobdxiono npomecmysamu nOBIOOMIAECHHA M X04d
0 paz nio uac inmezpayiitHo20 mMecmy8aHHs, AKUL0 Ue NOBIOOMICHH
be3nocepeonvo 3'eonye Obl i Ob2,0b1 = Ob2.

Jlanuii kpuTepiii nae MOXIMBICT NEPEBIPUTH BUKIMKUA OMEpalii 3
PI3HUX KOMIIOHEHTIB, 1110 ()aKTUYHO ICHYIOTh Y CUCTEMI.

AxTuBi3aIis 1HTEp()EHCIiB 3 PI3HUX KOMIIOHEHTIB 3a JOMOMOTOI0
pI3HMX MOAIN MOXKe MaTH pi3H1 HaciHiAku. OTxke, HEOOXITHO BPaxOBYyBaTH
KOHTEKCT.

Jist 061Ky AaHoi iH(pOpMaIlii BU3HAYMMO HACTYITHUM KPUTEPIil.
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KpuTepiii nokpuTTs akTUBi3anii inTepdeicy

VY koxHIM akTHBI3alil 1HTEpPehcy OepyTh y4dacTh JBa KOMIIOHEHTH:
BUKJIMKAIOYMIIT Ta  BimmoBigarounii. Hexall  KOXEH  KOMIIOHEHT
OXapaKTEPU30BaHUU MOIMEPE/IHIM Ta HACTYNMHUM CTaHOM. BBakaemo, 1110
NB1 aKTHBI3AIlll PIBHI, SKIIO 30Iral0ThCS BUKJIMKAIOYU Ta BIANMOBIIAOY1
KOMIIOHEHTH, Ta BCl YOTHUPU CTAHM TAKOXK 1ACHTWYHI. BigmoBigHO 10
JTAHOTO BW3HAYEHHS PIBHOCTI, aKTHBI3AIlli MOXYTh OyTH pO3JiICHI Ha
KJIACH €KBIBAJICHTHOCTI.

[Ilo6 mnepeBipuTH MOXIMBY MOBEAIHKY KOXKHOIO 1HTEp(deiicy B
mporeci podoTH, HEOOXITHO MPOTECTYBAaTH KOXHHMM Kjac aKTHBI3allii,
NpUHANMHI, OUH pa3.

Tomy, BU3BHAUMMO KpHTepPil MOKPHUTTH aKTHBi3amii iHTepdeiicy B
Takui crocio:

KOMCHUI K1aC aKmueizayiil NOGUHEH Oymu npomecmo8anuii xoua o
00UH pas.

Jlns Toro, moO OIIHUTH KIJBKICHO CTYMHiHb JOCATHEHHS JaHOTO
KpUTEPit0, BAKOPUCTOBYETHCSI HACTYITHA METPUKA!

TUTS1 KOXKHOI onepayii j B inmepghetici i

Tloxpumms _ akmusisayii; i =

KinbKicmb_npomecmoéanux _ pisnux _ akmueizayii (Inmepgheiic _1,0nepayis _ |)

3azanbHa__KinbKicms Kaacié _exeiearenmuocmi(Iumepdgperic _i,onepayisn_ |)

AKTHBI3aIii 31 CBOIMH BIAMNOBITHUMHM CTaHAMU MOXYTh OYyTH
IpeACTaBlIeHl sSK Tiepexoaw B giarpamax crany UML. HeoOximgHO
3ayBaKUTH, 10 TPUTEPU BxKe OyJId MpoTecToBaHi Ha ¢a3i MOAYJIBHOTO
TECTyBaHHsA (BUXOJAYM 3 OCHOBHOIO TMPUMYIICHHS I1HTETPaLiitHOTO

TECTyBaHHs), a J1i caMe MarTh OTPEOY B IHTErpaIliiHOMY T€CTYBaHHI.
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Toni kpurepiii MOKpUTTH akKTHBI3aumil iHTepdeiicy moxe OyTu
3aMMCaHuM Y TaKui Crmocio:

Ci- komnonenm, Cie System, i=1.. n, Oe n - KiibKicmb KOMNOHEHMIB

v Odiaepamu cmanie komnonenma Cj ( State-Chart Diagram SD(Cy)),

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

sakuo t « SD(Cy), i Effect = o, mo t nosunne 6ymu npomecmosame xoua
O pa3z nio uac iHmezpayiHo20 Mmecmy6aHHs.

Jlanuii  KpuTepiil J103BONSE 3AIMCHUTH TEPEBIPKY TOMIN, IO
BiIOYyBalOTHCSI MDK OyIb-SKMMH JBOMa KOMIIOHEHTAMH 3 YpaxyBaHHSIM

KOHTCKCTY JaHHX.

MeTpuka BiANOBITHOCTeH BUKJIHUKIB | aKkTUBIi3alil

Sx Oylo 3a3Ha4eHO BHUIIE, BUKIWKU OMNEpaliii MOXyTh OyTH
MPEACTaBJICHI SIK MOBIIOMJICHHS B Alarpamax B3aemonii UML, mpu mpomy
aKkTuBi3alli 1HTepdeiicy XapakTepU3ylThbCs JIBOMAa KOMIIOHEHTaMHU:
BUKJINKAIOYHM Ta BIJIOB1AAIOYHNM, a KOXXHUI KOMIIOHEHT
XapaKTEPU3YETHCS MOTIEPEIHIM Ta HACTYITHIUM CTaHOM.

AKTHBI3aIli1 3 BIAMOBITHUMHU CTaHAMH MOXYTb OyTH MpPEACTaBJICHI K
nepexoau B aiarpamax crany UML.

BigmoBigHicTh MK BHUKJIHMKAMM W aKTHUBI3AllIIMU BHU3HAYAETHLCSI B
TaKuil crocio:

CD; — oOiacpama e3aemodii (collaboration diagram); CDje System;
j=1..J, 0e J - Kinbkicms diazpam 83aemo0ii 8 cucmemi.

Sj— nocnioosnicme nogidomnens, Sjje CDj. 1=1..n;, de nj — Kinvkicmo
nocnioosHocmeti y oiazpami 63aemo0ii CD;

Sij={mih, k=1..1j 1 jj- kinekicmo nogidomnens y nociioognocmi S

My — NOBIOOMIIEHHS 8 NOCIO08HOCI,
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Ci-Komnonenm,; Cie System, [=1..n, e n - KintbKicmb KOMNOHEHMIB )
cucmemi

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

tyi — nepexio (tramsition), tg; < SD (Cj), g9=1..n;; ni- xinvkicmo
nepexoois y oiacpami cmanie SD(C))

My - nogioomnenns midw komnoneumamu Ciy i Cip.

vy 3 tyin « Cin | Effect(tysin)=Name(my) i

3 tg,i2 « Ciz | Trigger(ty,i;)=Name(m)

mooi, my modwce Oymu npeocmasnene ax: my = (tgri, tg2i2)k -

[To3naunmo:

Te(Mm)={ tgyis| Effect(tysi1)=Name(my) }

Ti(m)={ ty2.i2| Trigger(ty,iz)=Name(my) }.

Busnauumo |T| sk KiTbKICTh €JIEeMEHTIB y MHOXKUHI T.

[ Te(mid] =1;|Te(mi) =2

(M) = Te(m) [+ Te(my) |, Oe

u(M) mo3Havae KiabKiCTh MOMKIMBUX KOMOiHAIM MiXX BUKJIUKAMH M

HepexoaMu, 10 BianosinawoTs. YuM Buie 3Hauends (M), Tum Ginbie

noTpibHo TecTiB. Merpuka #(My) Moxe OyTH 0OuKCIeHa HAa paHHiX (a3zax
IPOEKTYBAaHHS MPOTPAMHOTO 3a0e3MeUYeHHS, MPU IIbOMY PEKOMEHIYEThCS
BUKOPHMCTOBYBATU Ti KOMIIOHEHTH, AKi 3a0e3meuyroTh Minimansae (M) .

3ayBaXuMoO, 110 JaHa METpUKa MoOKe OYyTHM BHKOPHCTaHa TECTOBUM
MEHEIDKEpOM JUIsl yXBaJCHHS PIIMIEHHS MOpo BHOIp TOro abo 1HIIOTO
KOMIIOHEHTa cepeln (yHKI[IOHATBLHO €KBIBAJEHTHMX Ha paHHIX eTarnax

npoektyBanus [13.
Kpurepii nokpuTTsi MOCJIiI0BHOCTEH
Kputepii, HaBeneHl BUIIE TapaHTYIOThb, M0 KOXHUU PI3HOBHU/L
B3a€EMOJIIi MIXK KOMIOHEHTaMH (aKTHUBI3allli, BUKJIMKA W T.A.) Oyje

BUKOHAHWM, MpUHAMHI, OAWH pa3. OaHak MNOHATTS (YHKIIOHYBaHHS
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KOMIIOHEHTHO-0a30BaHOTO  MPOrpaMHOro  3a0e3MeyeHHs]  Iependayae
B3AaEMOJIII0 CYKYITHOCTI €JIEMEHTIB, TOMY IOPSI0K B3a€EMOJIIT MOXKE OYyTH

3HaYUMUM. Po3rissHeMo KpuTepii, 110 BpaXOBYIOTh MOPSAIOK B3a€EMO/II].

Kpurepiii noKpUTTH 3aJ1€KHOCTEN

Jlns Toro, mo6 o0poOutu iH(OpPMAII0 MPO TMOPSAIOK B3aEMOJIH,
BBEIEMO MOHATTSA BIOHOIIECHHS 3aJI€KHOCTI: akTUBI3amia Inv2 mos'sa3ana
BIIHOIICHHSAM 3QJICKHOCTI 3 akTuBizamiero Invl, SKmo IicHye muisx
(execution path), mpu sikomy aktuBizaiis Invl Bukinue aktusizairito Inv2.

Ile BimHOMIEHHS pedIeKCUBHE, aCUMETPUYHE I TPAH3UTHBHE.

bynemo BBaxaru, mo Inv2 mnos'sizane 3 Invl noOCHiAOBHICTIO
aKTUBI3aIllM, 10 peasi3ye€ BIAHOIICHHS 3aJeKHOCTI MK IIUMMH JBOMA
AKTUB13aIISIMH.

Tomy, KpuTepiii MOKPUTTHA 32JIEKHOCTE Ma€ BUTIISI:

KOJICHA NOCNIO0BHICMb aKMUBI3ayill, Wo peaizye KodcHe 8IOHOUIECHHS
3ANeHCHOCMI, NOBUHHA OYMU NPOMECMOBAHA X04a 6 00UH pas.

Jlns Toro, moO OIIHUTH KIJIBKICHO CTYMHiHb JOCSATHEHHS JaHOTO

KpUTEPi0, BAKOPUCTOBYETHCSI HACTYITHA METPUKA!

Toxkpumms _ 3anexcnocmeu —

KiIbKiCMb_ NPOMeCmo8aAHUX _ PI3HUX _ NOCTIO08HOCMEN _ aKMUBU3aYILl

3a2anbHA _ KIIbKICMb_ PI3HUX _ ROCTIO0BHOCMEl _ AKMUBU3AYILL

Jlist cuctemaTtu3ailii Mpolecy TECTyBaHHS BIJHOLIEHHS 3aJI€KHOCTI
PEKOMEHIYEThHCS 3A1HCHIOBATH HOTO TMTOKPOKOBO:

- BCl aKTHBI3allll TOBUHHI OyTH NPOTECTOBAHI ;

- Bce (YHKI[IOHAIBHO MOKJIMBI Mapu AaKTUBIi3aliidl MOBUHHI OyTH

ONPOTECTOBAHI;
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- BCE€ (PYHKLIOHAJbHO MOKJIMBI TPIMKM aKTUBI3alld MOBUHHI OyTH
POTECTOBAHI 1 T.JI.

JIOCSITHEHHS TIOBHOT'O TIOKPHUTTS TAHOTO KPUTEPII0 HA MPAKTHUIll BKpan
YCKJIAJIHEHE Yepe3 BEJIMKY KUIbKICTh HEOOXIJIHMX TeCTiB. Tomy
MPOTIOHYETHCS MPAKTUYHHUI CTOCIO PIIIeHHs JaHOi mpoOjieMH, Ha OCHOBI
Bukopuctanuss UML pgiarpam. BianoBigHo A0 JaHOro  MiAXOIY
BpaxoBYyIOThCA Tulbku (aktnyni UML - mociiioBHOCTI 3 Jiarpam

B3a€MO/I1i, a IXH1 MANOCIIOBHOCTI HE PO3MIISAAI0THCS OKPEMO.

Kpurepiii nOKpUTTS MOCTiA0BHOCTE BUKJIUKIB onepanin

Hiarpamu B3aemoxii UML wmicTaTe iH(dOpMaLilo MOpo MNOPSIOK
B32€MO/I11 KOMIIOHEHTIB Y BUTJISI/II BIOPSAIKOBAHUX MOB1IOMIICHb.

BukopucToByroun moO3HAaYEHHS, BBEJICHI B METPHUIIl BIAMOBIAHOCTI
aKTHUBI3Allll Ta BUKIMUKIB, KPUTEPiii TMOKPUTTA NOCJTiAOBHOCTEN
BUKJIMKIB onepauiii Oyie BuU3HauYeHU y TaKui Crocio:

KOXMCHA NOCNIO06HICMb NOGIOOMJIEHb My Y KOMCHINL Oiazpami
e3aemooiii UML noeunna oymu npomecmoegana xoua 6 00uH pas.

Jlns Toro, moO OIIHUTH KIIBKICHO CTYIMiHb JOCSTHEHHSI JIaHOTO

KpUTEPit0, BAKOPUCTOBYETHCSI HACTYITHA METPHUKA!

THoxkpumms _ nocnioogHocmeli _ N0GiOOMJIeHb =

KIbKICMb_ NPOMECMOBAHUX _ PIZHUX _ NOCTIO0BHOCMEN __ NOBIOOMAEHb

3a2aNbHA _ KIbKICMb _ PI3HUX _ NOCTIO08HOCMELl _ NOBIOOMJIEHD

Jlanuit  xpuTepii  AO3BOJISIE  MPOTECTYBAaTH  TOCIITOBHOCTI
NOBIIOMJIEHb, (PAaKTUYHO ICHYIOUl, Y CUCTEMI, BiH JIETKO pealli30BaHUN Ha

HpaKTI/IHi, aJIC, Ha KaJIb, HC BPAaXOBY€ KOHTCKCT JaHHX.
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KpuTrepiii noKpUTTS NOCTITOBHOCTEH aKTHBI3AIiH

3 METOI0 ypaxyBaHHS KOHTEKCTY JaHUX, MOCIIJOBHOCTI MOBIIOMJICHb 13
JiarpaMm B3a€MOJI1i BapTO JOMOBHUTH 1H(OpPMALII€0 TPO BIJMNOBIIHI CTAHU
3 Jllarpam CTaHy.

BukopurcTtoByroun Mo3Ha4YeHHS, YBEJEHI B METPHINl BIAMOBITHOCTI
aKTHUBI3allll Ta BUKIMUKIB, KPHUTEPiil TMOKPUTTA MOCJTII0BHOCTEH
aKTHUBI3alii Oy/ie BU3BHAYCHUH y TaKUM CIIOCIO:

Koxcna nocnidoenicms akmugizayiti my = ( tgn, top)k ¥ KoxcHii
oiazpami 63a€mo0iii NOGUHHA OymMuU RPOMECMOBAHA X04a 6 00UH Pa3.

Jlns Toro, moO OIIHUTH KIIBKICHO CTYMiHb JOCSTHEHHSI JIaHOTO

KpPUTEPIt0, BAKOPUCTOBYETHCSI HACTYITHA METPHUKA!

Tlokpumms _ nocrioosHocmeti _ akmusizayitl =

KibKICMb_ NPOMeCcmoB8aHUX _ Pi3HUX _ ROCTIO08HOCMEN _ akmueizayiil

3aeanbHa _ KibKIiCMb_ pI3HUX _ NOCTIO06HOCMEN _ aKMUGizayill

Januii KpuTepii € KOMIPOMICHUM MIXK KPUTEPISIMU TOKPUTTS
3aJIEKHOCTEHN 1 MOKPUTTS TOCIITOBHOCTEH BHUKJIMKIB OMEpaIiii, y HbOMY
BpPaxOBaHUN KOHTEKCT JaHUX, PO3IJISAaloThbesl (PaKTHUUHI MOCIIIOBHOCTI
aKTUBI3aIllM, aje He JOCIHIKYETHCS OKPEMO KOXKHA MiAMOCIIIOBHICTb, IO

J03BOJISIE TIOJIETIIMTH peajizalliio JaHOTO KPUTEPII0 HA MPAKTUIII.

Kpurepiii nokpuTTS NapaJjeJbHUX NOTOKIB

Ha mpaktumi, ocobmuBa yBara TOBHMHHa OyTH TIPHIUICHA
napajeibHOMy  BHUKOHAHHIO  TOCHIJOBHOCTEM  mOBigomieHb.  Bci
(YHKIIIOHATLHO MOJKJIMBI KOMOIHAIIl BUKOHAHHS TIOBIIOMJICHb Y
napajielbHUX TIOTOKaX MOBUHHI  OyTM  BUNpOOyBaHi Mmiag  4ac
1HTerpalifHoro TectyBaHHs. [1oBiIOMIICHHSI BCepearHI KOXKHOTO TMOTOKY
MOBUHHI BUKOHYBATUCS MOCII1IOBHO, BIJMOBIIHO JI0 iX MOPSJKY B Jlarpami

B3aEMOIII.
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TakuM 4YMHOM, KpPHUTEpPill MOKPHUTTHA NapaJejibHUX NMOTOKIB OyJe
BU3HAYCHHM y TaKUM CTIOCIO:

ona  Koxycnoi oOiazpamu 63aemoolii CD kooxcna Qynxuionanvho
MONCIUBA KOMOIHAUIA GUKOHAHHA NOGIOOMIIEHbL Y NAPANEAbHOMY
nomoyi noGUHHA Oymu RPOMecmo8ana xoua 6 0OuH pas.

Jlnst Toro, moO OIIHUTH KIJIBKICHO CTYHIHb JIOCATHEHHS JaHOTO

KPUTEPIt0, BAKOPUCTOBYETHCSI HACTYITHA METPUKA!

0151 KOKHOTO TIapalieIbHOTO MOTOKY B Aiarpami B3aemoii CD:
Tokpumms _ napaneibHO20 _ NOMOKY; =

KIIbKICHb_ NPOMEeCcmoBa HUX _ PIZHUX _ KOMOIinayiil

. . . . . oS |
3azajilbHa _ KlﬂbKlCinb_d)yHKUlOHaﬂbHO_ MOIUCTIUBUX __ PIBHUX __ KOM6ZHQHZM

u1s aiarpamu B3aeMo/ii CD Ta Bcix napanenbHux noTokiB B CD:

N
> Hoxkpummsi _ napanensno2o _ NOmoKy;
i—1

Tlokpumms _ napaneibHuUx _ nomoxie = N )
ne N - 3aragpHa KUIBKICTh TapalieNbHUX TIOTOKIB Y Jiarpami
B32€EMO/III.
TecTyBaHHS BIAMOBIAHO 10 JAHOTO KPHUTEPIIO T03BOJISE BHUSBHUTH

ITIOMMIIKH, XapaKTepHi JJIs TIApaJICJIbHOT'O BUKOHAHHA HpOI_IGCiB.

6.2. lepapxia 1 BigNoOBIAHICTb MiX KpUTepiamMu
IHTEerpauimHoro TeCtyBaHHA
[IpencraBieni Bullle KpUTEpii HE € TMOBHICTIO HE3AIECKHUMH, BOHU
MOXXYTh OyTH 3B'sI3aHI B i€papXiuHy CTPYKTypy, mpeacTaBieHy Ha Puc. 7
[9]. PosrnsHemo gokimadHimie, BUKOHAHHA SKHX KPUTEpIiiB i3

3aIIPpOIIOHOBAHUX daBTOMATHYHO I'apaHTy€ JOCATHCHHSA 1HIITHX.
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Buxonsiuu 3 HoTanii UML, 0OCHOBHUMHM JOCIII)KYBaHUMH 00'€KTaMU €
oreparlii, MOBIJOMJICHHS W TEPEeXOaH, B3aEMOISA MIX HUMH MOXe OyTH
NOCJIIIOBHOIO Ta MapanenbHoro. HactynHi kpurtepii Oyiau HaBeleH1 BHILE
(11 00'€KTIB):

- Kpumepii nokpummas onepauiii inmepdeiicy;

- Kpumepiii nokpummas eukiuKie onepayiii;

- Kpumepiiu nokpummasa akmuegizayii inmepdeiicy;

JUIS1 TOCJTIOBHOT B3a€MO/TII:

- Kpumepiii nokpummas nociiooenocmeii 6UKIUKI@ onepauiii;

- Kpumepiii nokpumms nociioognocmeii akmugizayiit;

JUTSl TapajieabHOl B3a€EMO/III:

- Kpumepiii nokpumms napanenbHux nomokie

Kpumepili nokpumms
3anexHocmell

/\

KpuTepin nokputTa napanensHux KpwuTepin nokputTa nocnigoBHOCTEN
noTokiB akTuBisadii (nepexogis)
. MapanenbHa B3aemogis / \
KpuTepiin nokputTa NocnigoBHOCTEN KpuTepin nokputTa akTusizaLii
BVKIUKIB onepawiin (NoBigoMMEeHb) (nepexopis)

. MNocninoBHa B3aemopis v

KpwuTepin nokpuTTa BUKMUKIB onepawin
(noBigomneHb)

A 4

KpuTepin nokputTa onepadin
iHTepgenica

. O6’ekTn

Puc. 7. lepapxis 3B'SI3KiB MK 3aIIpOTIOHOBAaHUMH KPUTEPISIMHU.

1 KpUTEPIi, 110 BKJIIOYAE B c€OC BC1 BUIU B3aEMOJIII:
- Kpumepiu nokpummas 3anexcnocmeii

i kpuTepii MOXKYTh OYTH 1€papXIdYHO BIOPSIAKOBAHI:
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100% oocacnennsa Kpumepito ROKpUmMmA 3a71€HCHOCMEN 2apanmye
6UKOHAHHA Kpumepiié nociioogHocmeill akmuegizauii, i napaieabHux
nOmMoKie.

BianoBiIHO /10 BU3HAYEHHS KPUTEPIIO TMOKPUTTS 3aJICKHOCTEH BCe
(YHKITIOHATLHO MOMIIMBI TTOCTIJOBHOCTI aKTHUBIi3alliil 1HTEpGENcCiB, 1110
peani3yoTh BIIHOLIEHHS 3aJI€KHOCTI, IOBUHHI OyTH MPOTECTOBaHI Xouya 0
ONWH pa3 - I1¢ 3HauuTh, MmO UML-mocniioBHOCTI 3 BIJAMOBIAHUMHU
nepexojaMyd TOBHMHHI OyTH MPOTECTOBaHI (K TMOCHIJOBHI, Tak 1
napaJielibHi).

100% oOocacnenna Kpumepilo nOKpumms  RHOCAI008HOCHEI
aKkmueizayiit.  2apaHmye  GUKOHAHHA Kpumepiio nOKpumms
nocnidoeHocmell 6UKIUKI@ onepauyiil i ROKPUMMmA AKMUGI3ayii.

BianoBiAHO 10 KpUTEPit0 MOKPUTTS MOCIIIOBHOCTEW aKTHBI3alliid BCl
UML-nocnigoBHOCTI TIOBMHHI OyTH TMPOTECTOBaHI 3 ypaxyBaHHSIM
iHdopmanii npo BiANOBiAHI mepexoau. OTxe, KpUTEpidl MOKPUTTA
MOCJIIIOBHOCTEH BHKJIMKIB OMEpAIliii € YaCTUHOI KPHUTEPIIO MOKPUTTS
MIOCJIIJOBHOCTEM aKTHUBI3aAI[lM. AHAJIOrYHO, BHUXOISIYM 3 BHU3HAYECHHS
aKTHUBI3AIlli, MPEACTABJICHOIO BUIIE, MPU IMOBHIM JIOCATHEHHI KPUTEPIIO
MOKPHUTTS MOCIIOBHOCTEH aKTUBI3aIlii OyayTh BpaxoBaHl1 BCl aKTUBI3aIlli,
a 3HAYUTh 1 BIAMOBITHUM KPUTEPIil.

100% oOocaznennsa Kpumepio nokpumms axkmueizauyii inmepdgeiicy
2apanmy€e 6UKOHAHHA KpUmepiio NOKpumms UKIUKIe onepauiil.

BiamoBimHO [0 BU3HAYEHHS, AaKTUBI3alis SBIIE CO0O0I0 BHKIIMK
omepariii, y sSKoMy OepyThb y4acTh JiIBAa KOMIIOHEHTH: BUKJIMKAIOUUN Ta
BI/IMOBIIAl0UM, TOMY I11JT YaC TECTYBaHHS aKTUBI3allli BUKJIMKUA OTeparliif
YK€ BPaxOBYIOThCHI.

100% oOocaznenna Kpumepiro RNOKpUmms GUKIUKIE onepauiil

2apanmye 6UKOHAHHA KpUmepir nokpumms onepauii inmepdgheiicy.
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Kpurepiii MOKpUTTS BUKJIMKIB OINEpaliid BpaxoBye BUKIUKH OIepauii
3 PI3HMX KOMIIOHEHTIB, KPHUTEpi TMOKPHUTTSA orlepaiiil iHTepdeiicy He
pO3pI3HsIE€ TakKli BUKIHMKH, OTXKE, BIH € YaCTUHOI KPUTEPIIO MOKPUTTS

BUKJIMKIB OIeparii.

6.3 NpakTuyHe gocnigXeHHs1 3aCTOCYyBaHHS KpuUTepiiB
iHTerpauinHoro TectyBaHHA
JIyist aHamizy MpakTUYHOTO 3aCTOCYBaHHS MPEACTaBICHUX KPHUTEPIiB
TECTyBaHHS PO3IJIIHEMO KOMIIOHEHTHO-0a30BaHy CHCTEMY BIJJaJI€HOI

B3a€MO/I11 KOPUCTYBaua, aBlakOMIIaH1i, TYPUCTHYHOT'O areHTCTBA i OaHKY.

3acTocyBaHHA KPUTEPiI0 NOKPUTTSH onepauii intepgeicy

HocnimxyBana cuctema «Base - IT.Comy cknamgaeTbes 13 4OTUPHOX
B3a€EMOJIII0UMX KOMIOHEHTIB: «bank» (Bank), «ABiakommanis» (Airline),
«Typuctuune areHTCTBO» (TravelAgency) 1 «KopucryBau»
(CustomerlInterface), koxxHuil 3 sikux mae cBid iHTepdelic. PosrnsHemo
BignoBimHy UML cxemy kommnonenTiB (Puc. 8).

[Ipu mnpoektyBanHi UML niarpamMu KOMIIOHEHTIB JUIsl CIPOIICHHS
PO3MIISIHYTO1 cUTyallli Oyia 3MeHIlIeHa KUIbKICTh (DYHKI[IH, 110 HaJAat0ThCs
iHTepdeiicamu. Posrnsgamucs nume Ti, SKI KOHYE HEOOXigH1 s
peaizarllii B3aEMo/Iii.

Sx BugHO 3 puc. 8, kommoneHt «bank» (Bank) mMae nBa inTepdeticu
«Paxynok» (Account) 1 «bank» (Bank). Take mnomanHs 3pydHO AJd
PO30UTTS HAJAHUX CEPBICIB HAa (DYHKIIIOHATHHO-3B’ 3aH1 TPYIIH.

Ha migcraBi maHoi cXxeMH KOMIIOHEHTIB PO3POOISIOTECS TECTH 3T1THO
3 KpUTepieM MOKpUTTA omneparilii iHTepdericy. s 100% -ro mocsrHeHHs
HEOOXiTHO 3a0e3MeYnTH BUKJIMKKA BCiX (QYHKINN, SKI OTOJIONIEHI B

iHTepdeiicax BiAMOBIAHUX KOMIIOHEHTIB.
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Tunu mecmie. JIns xomnoHeHTa «bank» (Bank) moBunHiI OyTu
CTBOPEHI TECTH, IO IEPEBIPSAIOTh MOXKIMBICTh BHUKIMKY HACTYITHHUX
dbyukii: getAccount(), balance(), close(), deposit(), withdraw(). s
KOMITOHEHTa «ABIaKOMITaHIS» (Airline): buyTicket();
getAccountNumber(); listTickets().

AHaJIOTIYHO HEOOXI1THO JUIS IBOX 1HIINX KOMIIOHEHTIB.

Bank ('

+getAccount( accounthr © int ) ; Account

Bank

—_— Account i

+ balance( Account ) int
+closa( Account ) © wvoicl
+deposit{ Account, amount : int )
+withcdraw( Account, amount © int )

e iaee Customerinterface 1

+getlnfol message : string, choices ; string[] ) : string
I — —{+signalf message ; string ) | wvoid
+1iriggeractiond triggertame @ string ) ;. woicd

Airline | Airline 1
+ buyTicleet( ticketkame : string )
+getaccounttumberd . Account
+listTickets( : strinal]

TravelAgency TravelAgency a

+ buyTripd triphlame ;. string )
L — _—+closed : void
+getaccounttumberd ; int
+listTripsd : string[]

+open @ void

AHe He Hey HE

Puc. 8. Cxema KOMIOHEHTIB ITPOEKTOBAHOT CUCTEMH.

3acTocyBaHHSI KPUTEPIIO NOKPUTTH BUKJIHUKIB ONepanin

Posrnsnemo UML  miarpamy B3aemoxii Mk  KopucryBauem
(Customerlinterface) i ABiakommaniero (Airline) (Puc. 9).

KopucrtyBau 3anutye B ABiakommnanii iH(OpMali0 MIpo HasBHICTb
HeooxigHoro petricy (listTicket()), y Bumaaky mO3UTUBHOI BIAMOBIII

HaJICUJIa€ 3anuT Ha nMokynky kButka (buyTicket()). ABlakomnaHisg 3anuTye
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B KJIIEHTA 1H(POPMALIiI0 TPO HOMEp HOro OaHKIBChKOro paxyHky (getlnfo()),
3B'SI3Y€ThCS 3 OAHKOM 1 HAJICHJIAE 3alUT Ha TIepeKa3 BapTOCTI aBlaKBUTKA 3
paxyHKy KJII€HTa Ha paxyHOK aBilakommnadii (transfer()). bank 3mailicHroe
HEOOX1AHY omepailito 3 nepekasy rpoieit (withdraw(),deposit()).

BignoBimna giarpama B3aeMojli mpejacTtaBieHa Ha Puc. 9,
[IpsMOKyTHMKaAaMU Ha JaHii jgiarpami To3HadeHl 00'€KTH (EK3eMILISIpH
KOMIIOHEHTIB), JIIHISIMU MTO3HAYEH1 3B'SI3KM M1K 00'€KTaMU, a CTPIIIOUKAMHU
— TOBIAOMIJIEHHS (CyLUIbHA JIIHIS 13 TPUKYTHOIO CTPUIKOK IIO3HAYaE
BUKJIMK MPOLETYypH a00 1HIIOTO BKJIAJICHOTO MOTOKY KEpyBaHHS; CyIIJIbHA
JIHIA 3 HAIMIBCTPUIKOK BUKOPUCTOBYETHCS ISl TO3HAYEHHSI ACHHXPOHHOTO
MOTOKY KEpYyBaHHsI; MyHKTUPHA JiHIS 3 V-MOAI0HOI0 CTPUIKOIO MO3HAYa€e
MOBEPHEHHS 3 BUKIIUKY MPOIEAYPH).

Ha miacraBi naHoi piarpamMu BUPOOJSETHCA TECTYBaHHS BIAMOBIIHO
0 KPUTEPII0 TMOKPUTTSA BUKIMKIB omepauii. [[ns HOCATHEHHsS aHoro
KPUTEPII0 B 3araJIbHOMY BHUTIAJKy HEOOX1THO B KOXKHIM JiarpamMi B3a€MO/Iii
MPOTECTYBAaTH BCI TOBIJOMJICHHS, SKI HE € BHKJIMKAMHA KOMIIOHCHTA
camoro 1o ceoe.

Tunu mecmie. 3 Puc.9 BugHO, 10 OUIBIIICTh MOBIJOMJIEHb Y
pPO3TISHYTOMY TPHUKIaAl — II€ BHUKIMKHA CEPBICIB, SIKI OTOJIOIICHI B
KOMIIOHCHTAX, BIIMIHHUX BiJ] BUKJIMKAIOYOro. BHUKIIOUECHHS CTaHOBJIATH
noBimomsieHHsS M1=4.2.1 1 m2=4.2.2. Bouu € Bukiaukamu iHTepdeiicy
«PaxyHok» komroHeHTta «bank» (Account, Bank) mo cebGe camoro.
BBaxkaeTbcs, 110 Taki BUKIUKHU OyJIM BKE MEPEBIPEHI MiJT 4ac MOYJILHOTO
TECTyBaHHS U HEMa€ HEOOX1THOCTI B IXHbOMY MTOBTOPHOMY JOCIIIIYKEHHI.

Bci 1HI1111 TOBIAOMIIEHHSI TOBUHHI OYTH MIPOTECTOBAHI JUIsl JOCSTHEHHS

KPUTEPII0 TOKPUTTS BUKJIMKIB omepaiii. TakuM YUHOM, CHPOEKTOBaHI
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TECTH MICTATH

MO>KJIUBICTD BUKJIUKY MTOB1JOMJICHb!
1,1.1,1.2,1.3,2,2.1,2.2,3,3.1,4.4.1, 4.2.
L triggeraction( triggerMame=listTickeats )
user . 2. triggerAction( triggerMame=buyTicket ) Mwo

II“I 1.1: listTickets()
\

|
|I# | 2.1 buyTicket(tickethame )
|

| ¥ L3 return ticketName

| v | 3.1 return userAccthr

| ¥

|II +|
\I A | 3: getinfo( message ="AccountMumber”, null)

|
I'|"‘ | 2.2: getinfo( message="TicketChoice", choices )

‘| 1.2: return ticketList
|
4.2.2: deposit( Account =ALAcct, amount )

someAirline ; Airline ()
—
4.2. 1 withclraw( Account=userAcct, amount )

—

:"\, "'_-_--—_‘--—

I _— “4 getAccount( accounthlr=userAccthir )
|| —

someBank : Bank, Account O —— “

" 4.2: transfer( Account =userAcct, Account=ALAcct, amount )
4.1 return userhcct

Puc. 9. liarpama B3aemoii mixk kopuctyBaueM (CustomerInterface) 1 aBiakommnaHi€ero
(Airline).

3acTocyBaHHA KPUTEPil0 MOKPUTTH aKTHUBI3alil iHTepeiicy

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

Hiarpama ctaHiB € rpadoM CHEIiaJbHOTO BHUAY, IO SBISE COOOIO
KiHIIeBUW aBTOMaT. Bepmmnamu uporo rpada € cranu (Ha aiarpami BOHU
IpECTaBICH] MPIMOKYTHHUKAMHU 31 CKPYTJICHUMH BEpIIMHAMH), a TaKOX
NICEBJIOCTaHU, SIKI 300paXKyIOThCS BIJINMOBIIHUMU rpadiyHUMU CHUMBOJIAMHU.
VY pO3rISHYTOMY IPHUKIIAl TAKUM IICEBJAOCTAHOM € MTOYaTKOBUH cTaH. BiH
ABJIIE COOOI0 OKPEMHUI BUMAJOK CTaHy W HE MICTUTh HIIKUX BHYTPIIIHIX
nid. Y upoMy craHi nepeOyBae 00'€KT y TOYAaTKOBUHM MOMEHT 4Yacy.

I'padiuno mouatrkoBuid ctaH B HoTtamli UML mno3HadaeTrhcs y BHIJISII
3aapOOBAHOTO KPYXKKa, 3 SKOTO BHXOJUTh CTPUIKA, SKa BIJAMOBIIAE

60



nepexoay. dyru rpada ciayxaTh Jisi MO3HAYEHHS MEPEXOJIIB 31 CTaHy B

CTaH.
K‘\ |i5tTig§~ets(}
\ |Il I|
accepting th,&;cnuntlﬂumuplﬂ
by Ticlket(ticketMame) foetinfo (" TicketChoice”, tlclc.ptl_lsy

( buy Fllght Munw transfer
done

transfer{ Account, Account, amount
Joetinfo("Kontonummer”) / ( ! ! )

[ Customer data
aquired

Puc. 10. [liarpama craniB komnoHeHTa «ABiakoMmnaHis» (Airline).

KommoneHnT «ABiakoMmadisi» miepeOyBae B IMOYaTKOBOMY CTaHI, 3
SKOTO BIH BUXOJUTh TMPHU HAAXOJKEHHI 3anuty, Hampukian, listTicket()
(3amUT CIHUCKY aBIaKBUTKIB, IO € B HAsABHOCTI), MPHU LIbOMY KOMIIOHEHT
nepexoauTh y cTtaH “‘Accepting” («mpuitom»). Ilpm HacTymHOMY
oJiepKaHH1 3anuTy Ha Nokynky kBuTka (buyTicket()) KOMIOHEHT 13 LOTO
ctany mepexoauTh y crtaH “buy Flight” («mokymka mepensoTy»), mpu
bOMY B KOPHUCTyBaya 3alUTYye€ThbCs 1HPOpMallisi Mpo oOpaHUM KBUTOK
(getInfo(“TicketChoice”, ticketList())). 31 ctany “buy Flight” xommonenT
nepexoauTh y cran “Customer data aquired” («OpepkaHHsS JaHHX
KOpPHCTyBayay) 1 TIOCWJIa€ KOPHCTYBayeBl 3alUT TPO HOMEpP WOTo
O0aHkIBCbKOro paxyHkKy kiieHta getlnfo(“Kontonummer™). OneprkaBuiu

HEOoOX1AHy 1H(opMaIllito, KOMIIOHEHT BHUKJIMKA€E OIEpaIliio MepeKasy
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rpolel 3 paxyHKy KiieHTa Ha cBiil transfer(Account, Account, amount) 1
nepexoauTh y ctaH “Money transfer done”.

[IpoBegemMo  mOCHIMKEHHS 3aCTOCYBAaHHS  KPHUTEPIFO  MOKPHUTTS
aKTHBI3alli IHTEpPeiicy Ha HABEAEHOMY MPUKIIAII.

JIJisi TOCATHEHHS JaHOTO KPUTEPII0 B 3arajbHOMY BHUIMAJKY y BCIX
JiarpamMax CTaHy IMOBHMHHI OyTH IMPOTECTOBAHI BCl MEPEXOIU, IS SIKUX ISl
(effect) - HEOPOIKHSI MHOYKHMHA:

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

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

Axwo t < SD(C;), and Effect ¢ o, mooi neobxiono npomecmysamu t
xoua 6 00uH paz y xo0i inmezpayiino20 mecmyeaHHs.

PosrnsHemo nesiki 3 HasBHuX nepexoniB (Puc. 10), 6epyun mo yBaru
TOM (akT, 10 3AIUCHIOETHCS THTErpalliitHe TECTYBaHHS:

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

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

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

VY nepexoni 1 (Transition 1) ais BiACyTHSI.

Y mepexomi 2 (Transition 2) mis - getlnfo(“TicketChoice”,
ticketList()), me cepsic, O orojomeHU B iHTEpdEici KOMIOHEHTA
«KopucryBau» (Customerinterface).

VY nepexoni 3 (Transition 3) mis - transfer(Account, Account, amount),
el cepBiC HE OTOJIOIMICHUM B 1HTEp(deicl HKOAHOr0 3 KOMIOHEHTIB, JlaHa
npobOiieMa TOBMHHA OyTH BHpIIIEHA 3a JOTIOMOTOIO CIEIIali30BaHUX
00070HOK (Wrapper) Ta mia00py BIAMOBIAHOCTI 1MeH (mapping). Y
posrimssHyToMy Tpukiami  ¢yskimis transfer() Oyme peamizoBaHa sk
nociigoBHicTh onepamiii  withdraw() i deposit(), ski oromormieHi B

inTepdeiici kommonenTa «bank» (Bank) (Puc. 8).
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Tunu mecmis. TakuM 4YMHOM, BIANOBIAHO O KPUTEPIIO MOKPUTTS
aKkTHBI3aIlli 1HTEpdeHCcy, TECTH MOBUHHI MICTUTH MOXIJIMBICTH 3aIlyCKY
BCIX MEPEXO/IIB MPEJCTABIECHO]I AlarpaMu CTaHIB, KPIM HACTYyTHUX

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

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

Homunku, wo euaenawomeca. llpu TecTyBaHHI 3TIIHO JIAHOTO
KPUTEPII0 BUSBISETHCS KJIac MOMIJIOK, MOB'SI3aHUX 3 HEBIJMOBIIHOCTSIMHU
IMEH (YHKUIA y BHUKIMKAIOYOMY KOMIIOHEHTI Ta KOMIIOHEHTI, IO
BiJIMOB1Ia€. B po3rissHyTOMYy MpUKIaAl KOMIOHEHTH «ABIaKOMITaHis» 1
«baHk» HaJalTbCS PpI3SHUMU PO3POOHUKAMH, OTXKe, Mpodiema €
aKTyaJIbHOI Ha ChOTOJHI. PillIEeHHs MoJsirae B HAaMMCaHHI CHEI1ali30BaHUX

000710HOK  («wrapper»), 10 3a0e3NmedyroTh  BIAMOBIIHICT  IMEH
(«mappingy).
3acTocyBaHHS METPUKH BiINOBITHOCTI MOBIIOMJIEHD 1 IepexoaiB

JlocmiauMo Ha TPaKTUIl METPUKY BIAMOBIIHOCTI TMOBIIOMIJICHB 1
MIePEXO/IiB:

Te(Mm)={ tg1i1| Effect(tysi1)=Name(my) }

Ti(mi)={ ty2.i2| Trigger(tyz,iz)=Name(my) }

Jlist omeprkaHHS AaHUX JUISl TIPEACTaBICHOT METPUKHU MOTPIOHO MaTh
BianoBigHi UML nmiarpamMu cTaHiB KOMIOHEHTIB 1 JiarpaMH B3a€MOII.
CxopucraeMocs niarpamMamu, npeactaBienumu Ha Puc. 10 1 Puc. 11.

Haiinmommpenimma cuTyartis - e 0JJHO3HaYHa BIAMOBIIHICTh MIXK
MOBITOMJICHHSIMY 1 TIepexoiaMu (BUKITMKaMH (PYHKITIN 1 aKTUBI3AIIIMH
iHTepdeiicy), oaHaK, THM HE MEHIII, ICHYIOTh CUTYyallli IPU SAKUX:

[Te(mi)| >1;[Te(my)|>1.

Jliarpama craHiB KoMmIOHeHTa «ABilakomnaHis» (Airline) Oyna
npeacrasinerna Bume (Puc.7). Ha HIE € nBa mepexoaud Takux, IO
Effect(ty.i))=Name(my), a came:

sxmo Name(m)=getinfo(), o
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t;=(Accepting, buy Flight, buyTicket(),getinfo(),-);

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

Toxi, | Te(m)| =2.

[Mpuknan mnsa |Ty(m)| >1 moxxe OyTu 3HalAEeHUN Ha AiarpamMi CTaHIB

koMmrnoHeHTa « Typuctuune arentctBo» (TravelAgency), mo npeacrapieHa

Ha Puc. 11.
open
listTrips( | Trip
| Choice
'accepting
Jreturn triphlame
| |'flight aquired
[ I(—[Money transfer done
SWydirline. buyFlight
Joustomer&ccount.transfer( myaccount )
[ Trip (Personal data aqui
quired
orderitripharme) | buy |

|'flight selection aquired ]

fUserlinterface. getUsersFlightWish

[fiignt list aquired

Sydirline. getFlightList

close() open(

|' closed

Puc. 11. [liarpama craniB komnoneHTa «Typuctuune arentctBo» (TravelAgency).

Ha mii miarpami mokaszaHui ckmaaeHuid craH «Openy. Skmio
KOMITOHEHT OJICpKUTh MOBimoMiIeHHs M Take, mo Name(m)=close(), To Bin
MO>Ke mepe0yBaTH B KO)KHOMY 3 BOCBMH MiACTaHiB cTany «Openy.

B upomy Bumaaky |Ty(m)| =8, BIANOBIAHO KUIBKICTh HEOOXITHUX
TECTIB JJIS JAHOTO TMOBIJIOMJICHHS 301JIBIIYETHCA y BICIM pasiB. 3arajibHa

KUIBKICTh TECTIB IS BCIET larpaMu, IPUPOIHO, TE€K 3POCTAE.
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Jlana MeTpuKa € 1yKe BaXXJIMBOIO Ha eTanl BUOOpy KOMIOHEHTIB. [Ipu
OJIHO3HAYHIM  BIAMOBIJHOCTI TOBIJOMJICHR Ta  TEPEXOMdiB  JIETIIE
3[IIMCHIOBATH MPOLEC TECTYBaHHS, @ MMOBIPHICTh BUHUKHEHHS] TIOMWJIOK -
MeHma. ToMy, mnpu HasgBHOCTI  (PYHKIIOHAJIBHO  €KBIBAJIEHTHHX
KOMIIOHEHTIB, PEKOMEHIYETbCA BHOMpATH Ti, IS SKAX 3HAYCHHS
IPEACTABICHOI METPUKHU MiHIMalbHE. Oco0IMBY yBary BapTO NPHUIAUIATH
HAsIBHOCTI CKJIQJIEHUX CTaHIB, TOMY L0 MUTaHHS MOJIEIIOBAHHS MEPEXOAY

3 OyIb-SIKOTO MIJICTAHY MOKE BUSIBUTHUCS] HETPUBIAIBHOIO 33/1a4€I0.

3acTocyBaHHAI KPUTEPIiB MOKPHUTTH MOCJIiIOBHOCTEN

Bumie Oynu mnpeacrtaBieHl KpuTepil I TECTYBaHHS HE TUIbKU
OKpeMHX OO0'€KTIB: omeparliii, BUKJIUKIB 1 aKTHBI3AIlld, ajge ¥ IJa iXHIX
NOCHIIOBHOCTEH.  Po3riisHeMO  3acTOoCcyBaHHA IIMX  KpUTEpIiB  Ha

JOCITIIPKYBAaHOMY TIPOEKTI.

3acToCyBaHHA KPUTEPIi MOKPUTTHA MOCTII0BHOCTE BUKJIMKIB

onepamiu

JIns MOCSTHEHHSI KPUTEPII0 TOKPUTTS TMOCIIIOBHOCTEH BUKIMKIB
omepariiii, HeOOXITHO MPOTECTYBAaTH BCl MOCIIAOBHOCTI TOBIIOMJIEHb Y
BCIX JllarpaMax B3a€MO/IIi.

Tunu mecmis. Ha Puc.9 Oyna mnpeacraBiena UML miarpama
B3aeMofli Mk KopuctyBadeM (Customerlnterface) 1 aBiakommani€ro
(Airline). Ha nmaniit giarpami € ogHa MOCHIAOBHICTh MOBIIOMJIEHD: 1-4.2.2
(Hymeparllis TOBIIOMJICHh y HIM TPOBEICHA BIAMOBIIHO /10 CTaHAAPTIB
moBu UML [8]), 1 mana mocmiiioBHICTh, TOBUHHA OYTH MpOTECcTOBaHa (JJIs
3a0e3Me4YeHHs] BUKJIMKY I[i€l TOCTIIOBHOCTI KOPHUCTyBad ITOBHHEH
IHILIFOBATH HACTYIIHI Iii- triggerAction(listTickets),
triggerAction(buyTicket)).

Kputepiéi MNOKpUTTS MOCTIAOBHOCTEH BUKJIMKIB OMepariid Jerko

peani3yeTbCs Ha MPaKTHUIll, ajie yepe3 Te, [0 B HbOMY HE BPaXOBYETHCS
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KOHTEKCT JIaHUX, TECTyBaHHS BIAMOBIJIHO JI0 JAHOTO KPUTEPIIO HE
3abe3reuye  HaAIIMHICT, TepeBipkd  GyHKIIOHYyBaHHSA. Hampuxknan,
pe3yibTaTH BHUKOHAHHSA TNOCIIIOBHOCTI 1-4.2.2 OyayThb pi3HI, SKIIO
BapTICTh aBlakBUTKa (amount) MepeBUILUTH KUIBKICTh TPOLLIEH HA PaXyHKY
KOpHCTyBava a0o IiHa KBUTKA BUSBHUTHLCS MEHIIIOI, HDK CyMa Ha paxyHKY
KJIi€eHTa. BiAmoBiIHO A0 MPEACTABICHOTO KPUTEPIIO JaHa BIJIMIHHICTh HE
Oyle BUSBJIEHA, OJHAK BOHA € BAXJIMBOIO JUJISl MPAKTHKW; YpaxyBaHHS
TaKUX JAHUX 3JIACHIOETBCA B KpPUTEpIi TMOKPUTTA MOCHIAOBHOCTEM

aKTUBI3aIII.
3acToCyBaHHS KPUTEPIi0 NOKPUTTHA MOCTII0BHOCTEH aKTUBI3aIliil

[Ipu 3acTocyBaHHI KPUTEPIKO MOKPHUTTS MOCTIOBHOCTEM aKTHBI3aIlii
BpaxoByeThcs 1H(OpMaIis Mpo BIAMOBIIHI CTAHU KOMIOHEHTIB. /{1151 1iporo
HeoOximHo wmatu UML fgiarpamMu  cTaHiB KOMIIOHEHTIB 1 Jiarpamu
B3a€MO/IIM. 3 J1arpam B3a€MOIId OTPUMYIOTh MOCIIAOBHOCTI MOBIJOMIIEHbD,
a 3a JOMOMOTOI0 JiarpaM CTaHIB KOXHOMY MOBIJIOMJICHHIO CTaBIIATH Y
BIIMOBITHICTh MEPEXOAW B  BHKJIMKAIOUOMY ¥ BIAIOBIIAI0YOMY
KOMIIOHEHTI.

Tunu mecmie. Ha Puc. 9 Oyna npencrasiena aiarpaMma B3aeMOJ1T MIXK
kopuctyBauem (Customerlnterface) 1 aBiakommnanieto (Airline), a Ha Puc.
10 Tta Puc. 11 pgiarpamu cTaHiB KOMIIOHEHTIB «ABIaKOMITaHIs» Ta
«Typuctuune areHTCTBO». I[lokakemMO BIAMOBIIHOCTI MK JESIKUMHU 3
MTOB1IOMJICHB 1 TIEPEX0IaMH 3 TTOCT1T0BHOCTI 1-4.2.2:

1.1 listTickets ():

BUKJIMKatounii komnoHeHT: CustomerInterface

Bukimkarounii nepexin: t=(Interface ready, Interface ready,
triggerAction(listTickets), listTickets(),-)

KOMIIOHEHT, 1110 Bianosigae: Airline

nepexin, mo Bianosigae: t=(Accepting, Accepting, listTickets(),-,-).

2.2. getlnfo (message="AccountNumber”,null):
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BUKJIMKAIOUU KOMIMOHEHT: Airline
sBukiukarouni nepexia: t=(buy Flight, Customer data acquired,
-, getInfo(““AccountNumber”, -)
KOMITOHEHT, 1110 BianoBigae: Customerlnterface
nepexizn, mo Bignosigae: t=(Interface ready, Waiting for user
data, getlnfo(*“AccountNumber”),-,-).
4.2. transfer(Account=userAcct, Account=ALAcct, amount):
BHUKJIMKAIOUU KOMIOHEHT: Airline
BUKIMKaouni tiepexia: t=(Customer data acquired, Money
transfer done, -, transfer(Account, Account, amount),-)
KOMIIOHEHT, 1110 BiAmoBigac: Bank
nepexin, 1o Bignosigae: t=(Bank operating, Bank operating,
transfer(Account, Account, amount), -,-.)
JIist  KpuTepito TMOKPUTTA TMOCTIJOBHOCTEM  akTHBI3allli Taka
BI/IMOBIJIHICTh TIOBUHHA OYTH 3HaiifieHa JIsi KOXKHOTO ITOBIJIOMJICHHSI B
KOXKHIM TTOCTIJOBHOCTI, a TECTH TMOBWUHHI 3a0e3MeuyBaTH BUKIHUK

MOCIJOBHOCTI 3 YCiMa MOXJIMBUMU aKTUBI3allIsIMU.

3acTOCYBaAHHSI KPUTEPiI0 MOKPUTTS 32JI€KHOCTE

Sk OyJo 3a3HavUeHe BUIIE, HAMOUIBII MOBHUM € KPUTEPINA MOKPUTTS
3anexHocTel. [l oro peanmizaiiii HEIOCTaTHRO TPOTECTYBATH BCI
MOCJIIJOBHOCTI MOBIAOMJICHB y BCIX Jlarpamax B3aeMojii, HEOOXiTHO
TaKOX MPOTECTYBATH BCE (PyHKIIIOHATIEHO MO>KJIMBI MAMOCIITOBHOCTI (3
ypaxyBaHHSM BIJMOBITHUX TIEPEXOIIB).

Tunu mecmie. Y pocinimKeHld Buile ImociaigoBHocti 1 - 4.2.2,
npeacrasieriit Ha UML miarpami B3aeMozii komnoHeHTiB «KopuctyBauy» i
«ABiakoMIadis» (puc. 9), MOXKHa BUAUTUTH PSJ T1OCTIJOBHOCTEH:

1-1.1; 2-2.2; 4; 3-4.2; 1.1-3; 1.1-2.1 - nume neski 3 GyHKIIIOHATIBLHO

MOXJIMBUX MIAMOCIII0BHOCTEH. KOoXHa 3 HUX MOBUHHA OyTH
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MPOTECTOBAHA 3 YPAaXyBaHHSM BIJIIOBIIHUX CTaHIB (TOOTO KOHTEKCTY

JAaHUX).

3acTocyBaHHSI KPUTEPIIO NOKPHUTTS NMapajieIbHUX MOTOKIB

Kputepiii mokpuTTs napaneinbHUX MOTOKIB OYB BU3HAYCHUN y TaKUi
CIIOC10: /IS KOKHOT JiarpaMu B3a€MOJI11 KOXKHA (DYHKITIOHAJIbHO MOYKJIMBA
KOMOIHAIlis BUKOHAHHSA MOBIIOMJIEHb Y MapajelbHOMY MOTOLI MOBHMHHA
OyTu mportecToBaHa xoua O oauH pas. IIpoananizyemo 3acTocyBaHHS
JTAHOT'O KPUTEPIIO0 Ha JOCIIIKYBAaHOMY TPUKJIIA/I].

Tunu mecmis. Ha Puc. 12 npencrasnena UML-/liarpama B3aemoii
Mk kopuctyBadeM (Customerlnterface), aBiakomnaniero (Airline), 6aHkoM

(Bank) 1 Typuctrunum arenrctBoMm (TravelAgency).

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 . I 6.a: getInfo(massage="AccountNumber”,choices=null)

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

v 3: return tripList

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

—_—

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

6.a.2:transfer(Account=userAcet,
Account=TAAcct,amount)

5.1:listTickets()

6.b:bug/'lt')icket(ticketName=flit<_);ht(l\)lame)
.b.1: getAccountNumber
SomeBank:Account,

Bank — e
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 mixk kopuctyBaueM (CustomerInterface), aBiakommnaniero

(Airline), 6anxom (Bank) i Typuctiunum arenrctBom (TravelAgency).
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Ha paniii gilarpami  MOXyTh OyTM 3HaleHl1 [B1 IapajesbHi
mianociimoBHOCTI: 6.a-6.a.2.2 1 6.b-6.b.2.2.

[Ipy BUKOHaHHI [MX JABOX MIAMNOCTIOBHOCTEH MOXJIIMBI Pi3HI
KOMOiHaIlli B MOPSJAKY BHKOHAHHS iXHIX CKJIAJOBUX €JIEMEHTIB,
HaIpUKIaa, TaKl sK:

Kombinayis 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.

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

Kombinayin 4:6.a, 6.b-6.0.2.2, 6.a.1-1- 6.a.2.2.

Ski10 He NpPOBECTH MOJIIOHE TECTYBaHHsS, TO 4Yepe3 MapalielbHICTh
IPOTIKAHHA MPOIECIB MOXJIMBA HacTynHa curyauisd. KiieHT crnauye
BapTIiCTh Typa (MOBiIOMJEHHS 6.a. 2-6.a.2.2), mapajlenbHO 13 LHUM
Typuctuune areHTCTBO 3aMOBJIsi€ KBUTOK B ABiakOMITaHii (I1OB1IOMJICHHS
6.b,6.b.1) i omnauye ioro BapticTh (OBigOMIIEHHS 6.D.2-2- 6.0.2.2). Skiio
BUSIBJISIETHCSI, IO HA PAXyHKY KII€EHTa HEMa€e HEOOXIJHOI CyMH, TO 3a
JAHOIO TPAH3aKII€l BiAOyBaeThCS BIAKIT, a TMapajelbHa TpPaH3aKIIiA
BUKOHY€TbCs. Y pesyapTari TypucrtuuHa ¢ipma 3a3Hae 30UTKIB,
NOB'A3aHUX 3 TPUAOAHHSIM KBUTKA B ABIaKOMITaHi1.

Takum YWHOM, TPOBENCHHS TECTYBaHHS BIAMOBIIHO JO JaHOTO
KPUTEPIIO JO03BOJIIE BHSIBUTH TAKOTO POy TIOMHMIKM MW TIONEPEAUTH

¢db1HaHCOB1 BTpATH.

KoHTponbHi 3anntaHHA

1. SIxi  xapakTepHi OCOOJMBOCTI Ma€  KOMIIOHEHTHO-0a30BaHE
nporpamMHe 3a0e3MeueHHs ?
2. YoMy 110 TecTyBaHHSA KOMIOHEHTHO-0a3oBaHoro I13 He 3acTocoBHI

KJIaCUYHI IMAX0M1?
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. SIx  oOrpyHTOBaHO 3AlMiCHUTH BHOIp MK (PYHKIIOHAIBHO
€KBIBaJIECHTHUMU KOMIIOHEHTaMu?

. Ski xpuTepli IHTETpaIifHOTO TECTYBaHHS BUKOPHUCTOBYIOTHCS IS
TecTyBaHHA 00’ ekTiB? Sk came?

. SIk1 Kputepli IHTETpaliiHOTO TECTYBaHHS BUKOPHUCTOBYIOTHCS IS
TECTyBaHHs B3aeMOJ1i MK 00’ ekTamu? Sk came?

. SIx moB’s3aH1 MiX CO0O0I0 KpUTEPIi IHTETPAIIHHOTO TeCTyBaHHS?
Ha sxomy npuHnmmi 0a3yrTbCS METPUKH JOCSITHEHHS KPUTEPIiB

IHTErpaIitHOro TeCTyBaHHs?
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7. OUIHIOBAHHA KINbKOCTI TECTIB ANA
IHTErPALUIMHOIO TECTYBAHHA

Metorw JaHOro PpO3AUTY € OJIEp’KaHHS BEPXHIX OI[IHOK KIUIBKOCTI
TECTIB, SKy HEOOXIJIHO 3TeHEepyBaTH Il JOCSATHEHHS KOXHOTO 13
KputepiiB. BBaxaemo, 110 BCe KOMIIOHEHTH 3B'si3aHl MIX c00010, a 1€ €
HaWOLIBII CKJIAJHOIO CUTYAIIIEIO JIJIS1 TECTYBaHHS.

BBeneMo HacTyIH1 TO3HAYECHHS:

N - Ki1bKICMb KOMHNOHEHMIB,

M - maxcumanvua Kinoxicms onepayiil 8 inmepetici KOMNOHeHma,

t - MakcumanvHna KinbKicme nepexoois y diazpami CMmauis;

L - maxcumanvna 0osdxcuna nociioogHocmi (8 HAuipuiomy GUNAOKy
ModHce Oymu OYiHeHa MAKCUMANbHOK KIIbKICMIO NOBIOOMIEeHb ) diacpami
83aemo0ili);

S - kinvkicmv UML-nocniooénocmeti;

Kpumepiit nokpummsa onepayiit inmepgeiicy. sl KOXHOI
OrOJIOLIEHO] orepallii MOBUHEH OyTH 3reHepOBaH OJUH TECT.

Takum YMHOM, KUTBKICTh TECTIB BU3HAYAETHCS SK: Q1= N,

Kpumepiii nokpumms euxnukie onepauyiit. Tect TOBHUHEH OyTH
3reHepOBaHUN [IJI1 KOXXKHOTO BHKJMKY ormepaiii. KoxkHa omneparisi, y
HAWTIPIIOMY BUIAJIKy, BUKJIMKAETHCS 3 KOKHOTO KOMIIOHEHTA, KPiM TOTO,
mo il MICTUTh (OCKUIBKM TakKl BHUKJIMKHA B)X€ MpOTEeCTOBaHI Ha asi
MOJYJIbHOTO  TECTYBaHHS, BHUXOJSIMM 3 OCHOBHOTO MPHUITYIECHHS
IHTErpaliiHOTO TECTYBaHH).

Toni, KiTbKIiCTh TeCTiB BU3HAYa€eThCA sK: Q,=N( N-1)M.

Kpumepiin noxpummsa axmuegizayiii iHmepgeicy. 11 KOXHOI
aKkTuBi3alllil 1HTEpQeiicy MoBHUHEH OyTH pO3poOJIeHHl TecT. Y KOXHIN
aKkTuBi3amli OepyTh y4acTh JBa KOMIIOHEHTH — BHUKJIMKAIOYUH Ta
BI/IMOBIJIal0UM, 1 JIBI Tapu CTaHIB - TOMNEpeaHid ¥ HacTynmHuil. BoHu

MOXYTh PO3IIISIIATUCA K CTaH-JKEPENIO Ta CTaH-IpUHMay y BIJIMOBIIHUX
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nepexojax. Y Halripmid curyanli BCl MONAPHO MOKJIMBI KOMOIHAII]
Mepexo/aiB 13 BHUKIMKAIOYOr0 KOMIIOHEHTAa IIOBHMHHI OYTH BpaxoOBaHi.
[lepexoau Bxke MICTITH 1H(GOPMALIFO PO OTEpaLii.

3araibHa KiIbKICTh TECTiB BU3HAUAEThCs sK: Q3 = n( n-1)t%.

Kpumepiin noxpummsa nociiooenocmeil GUKIUKIE onepayiil.
BIIMOBIJTHO 70 BU3HA4YE€HHs JaHoro kpurtepiro Bci UML mnocnigoBHOCTI
MOBUHHI OyTH TpOTEeCTOBaHi. [ KOXXHOI MOCIIIOBHOCTI TMOBUHEH OYTH
pO3p00JICHUH CBiil TECT.

Takum YMHOM, KUTBKICTh TECTIB BU3HAYAETHCS K: Q4= S.

Kpumepiii nokpummsa nociiooenocmeil axmugizayii: 11 KOXKHOI
UML nocnigoBHOCTI MOBUHEH OyTH PO3POOJIEHUN TECT 13 ypaxyBaHHAM
iHdopMmallli mpo BIAMNOBIAHI TepexoAu. Y HAWTIPIIOMY BHMIAAKY BCI
MOMapHO MOXJIMBI KOMOiHAIli 3 BHUKJIMKAIOUOrOo Ta BIANOBIIAIOYOTO
KOMITOHEHTA, TOBMHHI OyTH MPOTECTOBAHI.

Otxe, HaWripiia oOI[iHKa KUIBKOCTI TECTIB BU3HAYA€ThCs sK: Qsy =
t*s.

3 METOI0 OJIep>KaHHs O1IbIlIE TOYHUX OLIHOK BUKOPUCTOBYEMO
METPUKY BIJMOBIAHOCTI MIXK MepexoaMu i MOBIAOMIICHHSAMHU (BUKJIMKAMHU
1 aKTUBI3aIIsIMH):

J
KinpkicTh TecTiB BU3HAYA€ThCS AK: Q5 = Z( Z H“(m))’
j=1 VseCDj Vmes

oe s -UML-nocnioosnocmi,

M- nogiooMueH!s,

CD; — oiazpama 63aemo0ii;

J - Kinbkicmob diazpam 83aemo0ii 6 cucmemi.

Kpumepiiit nokpumms 3anexcuocmeil. BIANOBIAHO 0 BU3HAYCHHS
BITHOIIICHHS 3JICKHOCTI Ta WOr0 BJIACTUBOCTEH, IS KOXKHOI OKPEMO
B34TOI AaKkTHUBI3aIlll H KOXHOI IOCJIIOBHOCTI aKTHUBI3allid HEOOX1JHO

3HANTH OOUYMCIIOBaIbHUN NUIAX (execution path), skuit ix peamizye. s
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KOXXHOTO Takoro HUIAXYy IMOBHHEH OyTu po3pobOsenuili Tect. KilbKicTh
TECTIB, HEOOXIAHUX IS JOCATHEHHS JTAHOTO KPUTEpIHo OlibIna, HIK
KUIBKICTh TECTIB, HEOOXIAHUX [UJIsi JOCATHEHHS KPUTEPiiB MOKPUTTS
aKTUBI3AI[IM 1 TOCJI1IOBHOCTEN aKTUBI3AI[lA, TOMY [0 BPaXOBYIOThCS I1IE U
IT1IITOCJI1JOBHOCTI.

B HaiiripimioMy BUINaJKy BC€ KOMIIOHEHTH 3B'sI3aH1 MOCIIIOBHOCTSIMU
W MANOCHIIOBHOCTIMU aKTHUBI3aIlid. TakoX MPUIYCTAMI BUKIUKH
KOMIIOHEHTIB CaMHX J0 ce0e Uil PO3MIAHYTUX MOCTIJOBHOCTEN 1
T1IITOCIT1 IOBHOCTEH.

To/i, BAKOPUCTOBYIOYHM MTOKPOKOBE HAPOUTYBaHHS, OLIHUMO KIJIbKICTb
TECTIB, HEOOX1THMX B TAKOMY BUIIAJKY .

- Bci aktuBi3ariii moBUHHI OyTH IPOTECTOBaHI: n’?.

- Yce nmapu akTUBI3alliii TOBUHHI OyTH IPOTECTOBAHI: nt*.

- Bce ¢dyHKIIIOHAIBHO MOXIIMBI TPIAKK aKTUBI3aIl1l TOBUHHI OyTH

MPOTECTOBAHI: n*t®.

Jlana mporeaypa MOBHMHHA OyTH TPOAOBXKEHAa OO0 CaMoOi JOBroi

MIOCJI1IOBHOCTI aKTHBI3alii ( 1i moBkuHa L).

TakuM YMHOM, 3arajbHa KIJIBKICTh TECTIB BUBHAYAETHCH SK:
L . .
Q ow = z ni+L2i
i=1
3 METOI0 OJIep>KaHHs OUIbIlIE TOYHUX OLIHOK BUKOPUCTOBYEMO
METPHUKY BIAMOBIIHOCTI MK ITepexogaMHt U MOBIAOMICHHSIMH (BUKIMKAMHU
11 aKTHUBI3AIIISIMH):

J
KinmpkicTh TecTiB BU3HaYaeThes SK: Qg = 2.0 2 (X [Twm)
j=1 VseCDj VssesVmess

oe s -UML-nocnioosnocmi,
SS- niONOCAi008HOCHI,

M- no8ioOMIEeHHA,

CD; — oiacpama 63aemo0ii;

J - kinvxicms diacpam 63aemo0ii 8 cucmemi.
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TakuM dYHHOM, 3a [JONOMOTOI0 HAaBEACHUX OI[IHOK KUIBKOCTI
HEOOXIJTHUX TECTIB MOXKHA Ha paHHIX (pazax mpoektyBaHHs [13 BuUOpaTH
TON KPUTEPIM, JOCSITHEHHS SIKOTO PEai30BaHO HA MPAKTHULI, BUXOASIYH 3
po3paxyHKy (DiHAHCOBHX 1 YaCOBUX BUTPAT HA TECTYBAHHSI.

3anpornoHOBaHAa METOJIMKa HE € 1/ealbHOI0. Ha mpakTuill BUHUKaE
HEOOXIJIHICTh B OUIBII JE€TAJIbHOMY OI[IHIOBaHHI 4acy Ha TECTYyBaHHS Ta
HOro pO3MOAIT MO KUTTEBOMY IIMKJIY IIPOTPAMHOTO 3a0e3MeyeHHs.

BupinieHHo 1€l npo0iaemMu NpUCBIYEHO HACTYIIHIN pO3ILIL.

KoHTponbHi 3anntaHHA

1. Slky makcumanbHy KUIBKICTH TECTIB HEOOXIJHO CTBOPHUTH 1100
JOCSTTH KPUTEPII0 TOKPUTTS omepartiiil intepdeicy?

2. SIky MakcuManbHy KUIBKICTh TECTIB HEOOXITHO CTBOPUTH 100
JOCSITTH KPUTEPII0 TOKPUTTS BUKJIMKIB OINEeparin?

3. SIky MakcuManbHy KUIBKICTh TECTIB HEOOXIIHO CTBOPUTH 100
JOCSTTH KPUTEPII0 MOKPUTTS aKTUBI3allill iHTEepdercy?

4. Slky MakcMMalbHY KiJIbKICTh TECTIB HEOOXIIHO CTBOPUTH 100
JOCSITTH KPUTEPII0 TOKPUTTS MOCIIIIOBHOCTEN BUKJIMKIB ONEeparin?

5. SIky MakcuMalibHY KUIBKICTh TECTIB HEOOXIJHO CTBOPUTH 100
JOCSITTH KPUTEPIF0 TOKPUTTS TIOCITIIOBHOCTEN aKTHBI3AIIiil?

6. Sxy MakcuMalbHY KUIBKICTh TECTIB HEOOXIJHO CTBOPUTH 100

JTOCSTTH KPUTEPIIO MTOKPUTTS 3aJICKHOCTEH ?
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8. OUIHKOBAHHA YACY TECTYBAHHA HA PAHHIX ETAMNAX
XUTTEBOIO LUKUKIY NPOIrPAMHOIO 3ABE3INEYEHHA

3riJIHO 3 HOBITHIMHM METOJMKAMU MPOEKTYBAHHS MPOIIEC CTBOPEH HS U
CYNpOBOAY IH(POPMALIIHUX CHCTEM OIUCYETHCA y BUIJISAL JKUTTEBOTO
UKy, SKUWA TIPEJCTaBISIETCA SK ITEpaTUBHA ITOCTIJOBHICTh IIEBHHUX
CTa/iil 1 BUKOHYBaHUX Ha HUX MpoLeciB. J{Jis KOKHOI cTajlli BUBHAYAIOTHCS
CKJIaJl 1 TOCTIAOBHICTh BHMKOHYBaHMX pOOIT, OYIKyBaHI pPe3yJibTaTH,
HEOOX1AHI METOU W 3aco0u, poJil W BIAMOBIIAIBHICTh YYAaCHUKIB TOIIIO.
Takuit opMaabHUN OMHUC KUTTEBOTO IUKIY 1HPOPMALIMHUX CHUCTEM
J03BOJISIE CIUTAHYBAaTH M OpraHi3yBaTU IMPOIEC KOJEKTUBHOI PO3POOKH
IPOEKTY Ta 3a0e3MeUnTH KepyBaHHs 1uM mporiecom [10,11].

Haitbinpmr  BaXMMBHM 1 CKJIAQIHUM €TallOM JKHUTTEBOTO  ITUKITY
iHpopMaIliiHIX CcUCTeM € CTBOpeHHs crenudikamiii ta Bumor [12].
3abe3neyeHHsT  AKOCTI  MalOyTHBROTO  MPOTPAMHOTO  3abe3MeyeHHs
TECTyBaHHs Mae Oyu po3noyate came Ha 1 (a3i. Cnenudikariii MOXYTb
CTOCYBaTHCs K (DYHKI[IOHAJTbHUX BHMOT JO IPOCKTY TaK 1 CHCTEMHHX.

Anmnaparom AJig MOJietoBaHHs (YyHKIIIOHAIbHUX BUMOT € aiarpamu UML.

8.1. CTBOpeHHsA TecTiB Ha ocHoBi UML pgiarpam BapiaHTiB
BUKOPUCTaHHSA

OcHOBHUMH €JIEMEHTaMH JiarpaMm BapiaHTiB Bukopuctanus (JIBB) e
aKTOpH, BaplaHTH BUKOPUCTAHHS Ta 3B's13kU. KOXKEH CTPYKTYypHHUH €JIEMEHT
JiarpaMy TOBUHEH OYTH TIPOTECTOBAHMMA. 30KpeMa TECTYIOThCA Taki
€JIEMEHTH, SIK:

BapiaHT BUKOPHUCTAHHS;

3B'SI30K;

OOMEIKEHHS;

iHTepdeiic.
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Ha npaktuii /IBB sBisie coboro He Tinbku Habip O1HApHUX BITHOCHH
aKTOp — BaplaHT BUKOPUCTAHHS, 1€ € ¥ MOCHIAOBHICTh B3a€EMOJIN, 110
3HAYHO YCKJIaJHIOE TECTyBaHHA. ICHye OaraTo NpUKIAAIB TOro, UIO
KOpEKTHE (PYHKIIOHYBaHHA okpemuXx yacTuH [13 He rapanTye iioro pobotu
B misomy [13, 14]. HaouHoto UTIOCTpAIli€0 BOTO MOXE CIY)KUTH aBapis
aMepuKaHChbKOTo Mapcoxoaa B 1999 pomi [12]. Takum uuHOM,
IPOMOHYETHCS HAPABUTU TECTYBAHHS Ha MEPEBIPKY BCiX MOCIIIOBHOCTEN
B3a€MO/II1, IUISX1B MK aKTOpaMU 1 BapiaHTaMH BUKOPUCTAHHS.

Enementu nmiarpamu 3B'si3aHi pi3HUMHU TUIIAMHU BIJTHOCHUH (acouiariii
(association), posmmpenns (extend), y3araabHeHHs (generalization) i
BiuroYeHHs (include)), siki MaroTh cBOIO crnenudiky npu tectyBanHi. [Ipu
nepeBipill BIJIHOCHH acolfiaiii HEoOXITHO BpPaxOBYBAaTH iX KpPaTHICT.
Binnocunu "posmupeHHs" yCKIaAHIOIThH MPOEKT 3 MOTJIALY TEeCTyBaHHS,
TOMY 110 HEOOX1HO HE TUIbKU MEPEBIPUTH YU OyJe HalaHUM HEOOX1THUM
dbyHKIIOHAN, aje ¥ CHpOeKTyBaTH TECTH MJIS TEPEeBIPKH WMOBIPHOCTI
HaJaHHs He crneuu@ikoBaHoro ¢GyHkiioHany. BigHocuHu "BKitoyeHHS'
BKa3yloThb Ha Te, 10 IEBHA 3aJaHa IMOBEJIHKA JUIsl OJIHOrO BapiaHTa
BUKOPHUCTAHHS € CKJIaJIOBUM KOMIIOHEHTOM Y TMOCTIJOBHOCTI TTOBOI>KEHHS
1HIIOrO BaplaHTa BUKOpUcCTaHHA. lle cmpoilye TecTyBaHHS, OCKUIbKA
J03BOJISIE PO3TIISIAATH O0'€KT TECTyBaHHSA SK €IWHUN (DYHKIIIOHATIBHHMA
omox [15].

Bukopucranns BigHOCHH 'y3arajibHEHHS" CIpOIIy€e PO3pPOOKY, aje
YCKJIAJHIOE TECTYBaHHA — BOHO NOTpeOye MPOEKTYBaHHS TECTIB, IO
NEePEBIPSAIOTh KOPEKTHICTh POOOTH IHOTO BIJHOIICHHS [JISi KOXKHOTO
"mpenka'" Ta "Hamaaka".

[le ogHuM enemMeHTOM Aiarpamu € "oOmexxeHHs", siki PopMaizyoTh

yMOBH (YHKI[IOHYBaHHSI CUCTEMHU. BiIMoBiIHO, KOXXHE 3 HUX MOBUHHE
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Oytu mnepeBipeHe. i1 TecTyBaHHS OOMEXEHb MOXXe OyTH 3aCTOCOBaHa
METOJIMKA TPAaHUYHUX YMOB 1 KJIaciB €KBIBAJICHTHOCTI.

3Bakalouu Ha Te, IO CYTHICTh 1HTEepdeiicy mossirae B TOMY, 11100
HaJaTh JOCTyN A0 (PyHKIIOHAJIa, ONMMCAHOTO Y BapiaHTaX BUKOPHUCTAHHS
JIBB, TOo y OumbmiocTi BUNAIKIB HOTO TECTyBaHHS OyJie C€KBIBAJICHTHE
tectyBaHHIO JIBB. Okpemo iHTepdeiicu cii po3riasgaTd OpH MepeBipii
MIPOEKTY Ha CYMICHICTD 13 PI3HUMHU CEPEIOBHUIIIAMHU.

Takum uuHOM, AJs aHamnizy koxkHoi /IBB, HeoOXimHO BpaxyBatu i
CIIPOEKTYBAaTH TE€CTU: JUIsl BCIX BaplaHTIB BUKOPUCTAHHS; JJIA BCIX 3B'SI3KIB
BIIMOBIJTHO JI0 THIIB; JJIsl TIOCJIIIOBHOCTEN YCiX 3B'A3KIB 1 BC1X OOMEKEHbD.
Hanani, nmpu neramizanii npoekty i po3poo6ii HactynHux UML nmiarpam,
CIIPOEKTOBaHl TECTH OyIyTh YTOUYHIOBATHUCS, JJII YOTO PEKOMEHIYETHCS
BUKOPHUCTOBYBATH KPUTEPIi, HABEACHI BHUILE.

PosrnsitHemMo Ha mpakTtuil mporec modyaoBu TecTiB Ha 0a3i UML

JiarpaMu BapiaHTiB BUKOPUCTaHHSI.

Ipuxaax modynosu tectiB Ha ocHoBi UML niarpamm BapiaHTiB

BUKOPHUCTAHHA YaTy

3a HaouHu# npukiag BisbMeMo JIBB udary HajcuiaHHS MOBIIOMIICHD
(Puc. 13). 3 miarpamMmu MOXHa 3pO3yMITH, IO BIJICWJIATH IOBIIOMJICHHS
MOXYTh JBa THIHA KOPUCTYBadiB: CTaHJAPTHUH KOPHUCTyBad 1
aaMiHICTpaTop. AIMIHICTPATOpP YCHAJAKOBYE BECh HAasSBHHUM (DYHKITIOHAI
KOpUCTYBa4a BITHOCHO TEpecuiiaHb MoBigomieHb. [loBigoMIIeHHS y 4YaTi
MOXXe BimOOpakaTwcsi KiTbKOMa crmocoOamu: OyTH BHANMHM ycCiMa
KOpUCTyBayamMu (CTaHJapTHE BiJACWJIAHHA), B1I0Opa3sUTUCA Yy BCiX, ajie 13
3a3HAYCHHSM IMEHI CHIBPO3MOBHHKA (TmepcoHiikoBaHE), BiIOOpa3UTUCA
TUIbKK y o0O0paHOi Tpynmu KOPUCTYBadiB ab0 TUIBKM Yy OJHOTO

CIIBpPO3MOBHHKA (IIPUBATHO). Y POJII MOBIJIOMJICHHSI MOK€ BHUCTYIMATH SIK
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TEKCT, 3 oomexeHHsM 10 10 000 cumBoiB, Tak 1 300paxkenHs — 10 20 K0,
y dopmari .jpg, .png, gif.

[Ipencrapiena giarpama € nepuioro iTeparfiero po3poOKu, 3roJJ0M BOHA
Moxe OyTu jaertanizoBaHa. Hampukiaa, MOXIUMBE BBEICHHS J10JJATKOBUX
oOMEXEeHb Ha CHMBOJIM, IO MICTSATBCS B TEKCTOBOMY ITOBIJIOMJICHHI,
3abopona html-reris, Too.

PosrnsHemo, ki TeCTM TIOBMHHI OYTH  CIPOEKTOBaHI IS
IPEACTABJICHOI Jllarpamu.

[lepenymMOBOIO TECTyBaHHS € HasBHICTh Yy KOpPHUCTyBaya JOriHA U
TIapoJist JUIsl BXOy B CUCTEMY.

[Ipuknan tecroBoro HabOpy Ha BHCOKOMY piBHI JeTanmizauii Oyne
MaTy HACTyITHUW BUTTISI:

NEPEBIPUTH BIJIMPABJICHHS CTAHIAPTHOTO TTOB1IOMJICHHS;

BIJIMTPABUTH MEPCOHATI30BAHE;

BIJIIPABUTH MPUBATHE MMOB1OMJICHHS;

BIIMPABUTH TPYIII;

NEepeBIPUTH OOMEXKEHHS Ha 00CST MOB1IOMJIEHHS (mocnaTu Oube 10
000, pieao 10 000 1 menmre 10 000 cumBoTiB);

MepeBIpUTH OOMEKEHHSI Ha 00CST TOBIIOMIJICHHS (IOCTIATH MOPOKHE
MOBITOMJICHHS, TIOCJIATH TTOBIIOMJICHHS 3 1-TO CHMBOITY);

MTOCJIaTH TTOBIIOMIICHHS 3HAYHO OLIBIIOro obcsry — 65 MO,

nocyaTh 300pa)KEHHs Ta MEePeBIPUTH 0OMEKEHHS Horo po3mipy (1o 20
K0, piero 20 K6 1 6inpmie 20 KO), miBy rpanuito po3mipy 300pakeHHS HE
NEepPEeBIPSIEMO, aKe HE MOXKIOBH CTBOPHUTH 300pakKeHHS HYJIHOBOTO
po3mipy;

nocyatu 300paxeHHs 3Ha4HO OutbIIoro oocsary — 1 000 000 Ko;

nociaTy 300pakeHHS KOPEKTHOTO po3Mipy y ¢opmartax .jpg, .png,
Qif;

nocnaTu (ai 13 1HIIUM pO3IIUPEeHHIM (Hanpukian, .php, .doc);
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nocyatu (aism — He 300paXkeHHs, 30epeKCHHUI 3 PO3IMUPEHHAM .JPg,
.png, gif, HanpuKIaa CKPUIIT;

MMOBTOPUTHU TECTH JIJIS aIMIHICTpATOPA.

{po3mip<=10 000 cnmsonislﬁ

HapicnaTti TEKCTOBE MOBIAOMNEHHA

|
1 |

|

|

|

<dinclude>>
: i HapgicnaTti NoBigoMneHHa

Extension Points

3JobpaxeHHa. OnujoHanbHo. 38 BUMOTOI0 KOPUCTY Baua
MpreaTHo. HagcunaHHa 3@ BUMOT0I0 KOPUCTYBaYa

[pynni. HapcunaHHa 3a BUMOTOI0 KOPUCTY Bada
[MepcoHitikosaHo. HagcunaHHa 3a BUMOTOK KOPUCTYBava

N

{Poamip 306paxeHHA <=20 Kol
“|®opmar: jpg, .png, .gif}

KopucTyead

1
<<'Extend>>

V4

1
i l
1 |
<<Extend>> }
| <<:Extend>> <<IEx‘tend>>
1 |
1

1
. i HapicnaTn nepcoicikosaHo
Hapicnatv npueaTHo
Hagicnati mpynni

Puc. 13. UML piarpama BapiaHTiB BHUKOPHUCTaHHSI TEPECUIAHHS

ApmiHicTpaTop

MOB1IOMJICHHS y YaTi.

[IpoananizyBaBiu NpeaCTaBICHUN TECTOBUM HAO1p, MOKHA ITOMITHUTH,
10 BC1 CTPYKTYpHI ocobnmBocTi JIBB dary 3Hainum cBoe BijgoOpakeHHs,
a caMme - pI3HI BUJIU OOMEXEHb, BITHOCHHM Yy3arajbHEHHS, BIJHOCHUHHU
PO3LIUPEHHS, TOIO. BaXMBO Te, M0 TECTH BIAIOCS CIPOCKTYyBAaTH Ha
panHiii (a3l xurreBoro uukiay 113 (y upoMy BUNAAKY 10 CTBOPEHHS
BUXI1JTHOTO KO ).

Jlist TipoBeAieHHST TECTyBaHHS TOTPIOHO HE TIIBKA CIHPOCKTYBATH
TECTOB1 HAbOpH, ajie i MPaBUIBHO OIIHUTH HEOOX1THUH Yac, 100 3roJaoM
KOPEKTHO PO3IMOIIUTH pecypcH. J[OCaiKEeHHIO OIIHKKA Yacy TECTyBaHHS

NPUCBAYEHUN HACTYITHUN PO3/ILT JAHOTO BUAAHHS.
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8.2. OuiHOBaHHA Yacy TecTyBaHHA 3a agonomororo UML
Alarpam BapiaHTiB BUKOPUCTaHHS

Metoarka OIIHKA TPHUBAJIOCTI PO3POOKH MPOEKTY 3a JOMOMOTOIO
IYHKTIB BapI1aHTIB BUKOPUCTAHHS BIEpIlIe OyJia 3apornoHoBaHa ['yctaBoM
Kapuepowm.

3riHo 3 npono3ulisiMu KapHepa, MyHKTH BapiaHTIB BUKOPUCTAHHS €
(GYHKITISIMH HACTYITHUX apTyMEHTIB:

KUTBKICTB 1 CKJIAJIHICTh BapiaHTIB BUKOPUCTAHHS B CUCTEMI;

KUIBKICTh 1 CKJIQJIHICTh aKTOPIB y CUCTEMI;

pi3HI  HePYHKIIOHAIBHI BUMOTH (Taki SK MPOJYKTHBHICTB,
NEPEHOCUMICTD TOIIIO, SIKi OyJIM HE ONKCAHI Y BaplaHTaX BUKOPUCTAHHS);

cepeoBHIIe PO3pOOKH (MOBa, MOTHBAIIIS YIACHHUKIB).

Meroauka KapHepa mpomoHye 3arajibHy OLIHKY Ipane3arpar
MIPOCKTY, aJIc BOHA HE J03BOJISIE BUIUINTH SKUK-HEOYab HOTo eran. biabImn
TOTO, METOJMKAa HE MOX€ OyTH BUKOPHCTaHA, JOTH, TOKH BCl Jlarpamu
BapiaHTH BHUKOPUCTaHHS He OymyTh crpoekToBani [16, 17]. Ane, sk
MOKa3y€e MPaKTUKa, Ay>KE 4aCTO BUHUKAE CUTYaIlis, KOJU MPOEKT MOCTIIHO
3HaXOJIUThCS B CTajlii JOpPOOKM — BHUITYCKAIOTHCS HMOro HOBI Bepcii,
JTOMAEThCA HOBa (DYHKIIOHAJIBHICTh, TOIIO. BiamoBigHo, HeoOXigHA
METOJIMKA, SIKa JI03BOJIUTH OI[IHUTH TUMYACOB1 BUTpATH, HEOOXIAHI IS
peanizamii ¥ TecryBanss 13 me y mporieci po3poOkwu.

PosrnsiueMo MeToauKy, mpu3HA4YeHY came JjIs OI[IHKU TeCTyBaHHS, HE
TOPKAKYUCh 3a/1a4 po3poOku. Tomy, Taki acleKkTH SK MOBa peaizailii,
CEpEelOBUILE PO3POOKHU, TOIIO, HE PO3IJISAAIOTHCS — aHAJI3Y€EThCS JIMILE
TexHlyHe 3aBaaHHa y Burisgi UML giarpam BapiaHTiB BUKOPUCTaHHA, 1,
BUXOJISIYH 3 IIUX JIAHUX, TIPOMIOHYIOTHCS OIIHKU Yacy TECTyBaHHS.

KoxHuii enemMeHT (yHKIIIOHAIBHOCTI MPOEKTY, MOXKE OyTH ONMUCAaHUN
3a JIONIOMOIOI0 JlarpaMyd BapiaHTIB BUKOpHUCTaHHS. [[ns oIiHKM dacy,

HEOOX1HOTO JUIsl TECTYBaHHS, Tpeba BpaxoBYyBaTH HACTYMHI (paKkTopu:
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KUIBKICTh Bap1aHTiB BUKOPUCTAHHS;

KUIBKICTD 3B'SI3KIB;

THII 3B'SI3KY

acoIyianis;

PO3IIMPEHHS;

BKJIFOUCHHS,

KUIBKICTh y3arajibHEHb;

KIJIBKICTh OOMEKECHB;

OBKMHA IIIIXI1B.

JUiss  OLIIHKM  KOXHOTO 3 BHIIE IepepaxoBaHUX  (PakTopiB

BUKOPHUCTOBYIOTHCSI HACTYIHI apaMeTPH:

Qrt _ kinbkicTs 38'13KiB:
Qrt =WarQar +WerQer +WirQir ,

e Qar, Qe Qr _ rinpxicts BizmocHH — acowianii, “posmmpens”’ i
W W W

“BKJIIOYEHL’ BIOMOBIIHO, ar er, 'Nr — BaroBl KOE(QIUIEHTH IS

3a3HA4YECHUX BIJHOCHUH.
Hapasi, ngociimkeHHs peaJibHUX TMPOEKTIB, MOKa3ajiM, IO Barosi

Koe(iI[lEHTH MaIOTh HACTYITHI PEKOMEH/I0BaH1 3HAYEHHS:

W =1 _ JUTA BIIHOCWH acorfarii

Wer €[OS 5151 mizocun  posumpers”

W, €[0,9,095] _ JUIA BIAHOCUH “‘BKJIFOUEHB .

KinbkicTh BapiaHTIB BUKOPHUCTaHHS MOKHA HE PO3IJISAaTH OKPEMO,
TOMY 110 KOKHUM 3 BaplaHTIB BXOJUTH Y 3B'S30K.

KpiMm TOro, koxHe OOMEXKEHHS B CHUCTEMI PpO3TJISTAETHCA SIK
CYKYITHICTh aTOMapHUX YMOB. TOOTO, SIKIIIO B1JIOMO, 1110 3HAYEHHS 3MIHHO1
X MOBUHHE OyTH B iHTepBami [-1, 1], Te BoHO mepeTBOpHUTHCA B X =1,
x<1, 3riIHO 3 METOJIOM TPAaHMYHUX YMOB, JJIsI KOKHOI TaKol CUTyalli
HEOOXIJTHO MPOTECTYBaTH MOBOJKEHHS CHUCTEMH MpPHU 3HAYEHHI PIBHOMY
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IPaHUYHOMY, MEHIIOMY 1 OLIBIIOMY 32 HbOTO. TakuM YMHOM, IJis1 KOKHOI
yMOBH HeoOximHO 3 mepeBipku. OKpiM 3a3HAYEHUX TECTIB, HEOOX1THO
TaK0XX BUJIUIUTH HEMPaBWJIbHI KJIACH €KBIBAJICHTHOCTI Ta CTBOPUTH TECT
JUTSl IPEJICTAaBHUKA KOYKHOI'O 3 BUSIBJICHUX KJIACIB.

3Bakarouu Ha Te, 1[0 4Yac, HEOOX1JHUN Ha MEPEBIPKY YMOBH, CYTTEBO
MEHIIWH, 3a yac, HEOOX1AHUN Ha TecTyBaHHs enemeHTta UML piarpamu,

BBEZEMO KOe(]illieHTH OOMEKECHb:

Cos — CTaHAAPTHUM KOE(ILIEHT OOMEKEHb;
Q.
3Q, + Z EC,
Ce = 1(';6 , ne Q. — kimbkicts YMOB y Jiarpami BapiaHTIB
BUKOPUCTAHHS, ECi_ kinbkicts HEMpaBUJIBHUX KJIAaciB €KBIBAJCHTHOCTI

JUIs1 1-TO OOMEKEHHSI.

OkpemMo clmija pO3IJISTHYTH  CUTYyallllo, 3a SKOi OOMEKEHHS
HAKJIAJA€ThCA Ha 3MIHHY THILY, IO MEPEPaxOBYEThCA. Y I[bOMY BUIAAKY
TEeCTyBaHHsS 0a3yeTbCcsi Ha METOJAl KJaciB eKBiBajleHTHOCTI. Sk Oyio
3a3HAYEHO BUIIE, PO3PI3HAIOTH JBa THUIK KJIACIB EKBIBAJIEHTHOCTI:
NpaBWIbHI KJIacH €KBIBAJEHTHOCTI, IO MICTITh KOPEKTHI JaHl, 1
HEMpaBUJIbHI KJIACH E€KBIBAJIEHTHOCTI, IO OXOIUTIOIOTH MOMMUJIKOBI JIaHi.
[Ipu TecTyBaHHI CUCTEMH CJIiJI BUKOPUCTOBYBATU MPEICTABHUKIB KOKHOTO
kimacy. Hampuknan, ams  posrisHyToi BUINE JlarpaMd  BapiaHTIB
BUKOPUCTAHHS Tepefiadl MOBIAOMIICHHS Yy 4aTi OOMEXKEHHSM THITY, IO
NEePEPAXOBYETHCS, € BiICUIIaHHA 300pakeHHs. [[ns TecTyBaHHS MOTPIOHO
CTBOPHUTH TECTH JJIsl BiAmpaBieHHs (aitme tumy .jpg, .png, .gif , To6TO
JaHUX, 10 HaleXaTh MPAaBUJIBHUM KjacaM eKBIBaJIEHTHOCTI. 3a
HEMpaBUJIbHI KJIACH E€KBIBAJIGHTHOCTI BHUIUTMMO (alam  CKPHUIITIB
(manpuknana, .php, sK TOW, 0 MICTATh MOTEHIINWHY 3arpo3y oOesmnelli),

Gdailnii  OBUIBHOTO 1HIIOrO TuUmy (Hampukiad, .doc), a Takox aiin
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cKpunTa, 30epexxeHui 3 posmmupeHHsMm (.Jpg, .png, .gif), tomo. Tecr
HEO0OX1HO TPOBOJIUTH JIJISI KOKHOTO TaKOTO KJIacy.

TakuM  YMHOM, TECTYBaHHIO MJIATa€  CYKYNHICTh  KJIACIB
EKBIBAJICHTHOCTI. 3 OTJIAly Ha MOMNEPEJHE 3ayBaKEHHS MpPO Te€, IO Yac,
HEOOX1THUN Ha MEPEeBIPKY YMOBH, CYTTEBO MEHIIMH, 3a yac, HEOOX1THUI

Ha TecTyBaHHs enemeHTa UML niarpamu, koedilieHT OOMEXKEHb s

THUITIB, 110 MIEPEPAXOBYIOThHCA, (Cce) OyJie MaTH BUTJIS:
QCE
D (Vee, +EC;)
C = i=1
* 100

ne Qee— kinbkicTs 0OMexKeEHD JUIsL TUIIB, 11O MEpPEepPaxoBYIOThCSA, HA

VC& _ ximpkicts €JIECMEHTIB, IIIO

EC

Jiarpami BaplaHTIB BUKOPUCTaHHS,

MIepepPaxoByIOThCS, U1 1-TO OOMEKEHHS, i— KUIBKICTh HEMPaBUILHUX
KJIaC1B €KBIBAJICHTHOCTI JIJIS 1-TO OOME)KCHHS.
CykynHuii koedinieHT ooOmexenb Cc Mae BUTIIAL:

C.=1+C_ +C,_

Koe(iIieHT y3araTbHeHHS (Cg ):

C = 1 —+ Q Q . . . . .
g 9, me Y9 — KUIBKICTb BIJHOCHUH y3arajJbHCHHS B1J aKTOP1B

Ha miarpami;

.. C .
KoediieHT ToBkHHN muIIxy (- P'), ToOTO cepelHs MOBKHMHA MUIIXY MIX

aKTOpamu i BapiaHTaMU BUKOPUCTaHHS:

Qp
Z Lp;
i-1

C =
pl Qp

Qo

, Je 3arajibHa KUJIBKICTH 3B’S3KIB Ha Jlarpami,

OKpIM THX, IO BXe BpaxoBadi B koedimienti Cg, Lp; JTOBXHHA 1- TOTO

HUISIXY.
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Tomi oiiHKa Yacy TeCTyBaHHS (Tt) MOXe OyTH TpejcTaBlieHa

HaCTyIITHUM YUHOM:

Tt - QrthCnglt

ne ' — yac, HEOOXiIHMI JIJIsl TECTyBaHHsI CTPYKTypHOro einementa JIBB.
ExcnepuMeHTalIbHI JOCIIKEHHS pEeIbHUX MPOEKTIB MO CTBOPEHHIO Ta
tecTyBaHHIO [I3 mokaszanu, 1m0 3HAYECHHS !pEeKOMEHAYeTbCs OpaTu B
inrepBani [0,25 ;1] rogunw.

TakuM ymHOM, 3aIPONOHOBAHA METOJUKA JIA€ MOXKJIMBICTb OLIIHUTH
KUIBKICTh 4acy, sKuid mnoTpiOeH nans TtectyBaHHs [I3 3 ypaxyBaHHSM
ocobmuBocteit UML miarpam BapiaHTiB BUKOPHUCTAHHS.

PosrnssHeMo po3paxyHOk 4acy TecTyBaHHs Ha npukiaai UML JIBB

BIJICHUTAHHSI TTOB1IOMJICHHS y 4aTi.

Ipukaax po3paxynky yacy recryBanusa UML giarpamn

BapiaHTIB BUKOPUCTAHHS 4aTy

Ha piarpami, sxa Oyna mpencrasiena sumie (Puc. 13), kinbkicTh

3B'SI3KIB JIJISl TECTYBAHHS, BPAXOBYIOUH 1X TUIH 1 CKIaJHICTh, CTAHOBUTH!
Q.=W,Q, +W,.Q, +W,Q, =1*1+1*09+4*11=6,3

OOMeXeHb CTaHJIApPTHOTO THUITY - TPU (QC - 3): Ha PO3MIpP 300paKEHHS

H po3Mip TEKCTOBOT'O MOBIJOMIICHHS (MIHIMaJbHHI Ta MaKCUMAaJIbHHI),

TOMY CTaHIAPTHUN KOEPIIIEHT 0OMEKECHb Co =(3%3+2)/100=011

OOMeXeHHSI THIY, IO TNEPEPaxXOBYETHCH, — OIHE (ch :l), — Ha
dbopmar rpadiuHOro 300pakeHHS, MmO IepecwIaeTbesa. I[IpoekToBaHa
cUCTEMa MIATPUMYE Jis MepecuiiaHHsA Tpu TuUnu rpadiuHux (opmartiB -
jpg, .png, gif (Vce=3). Jlo HenpaBHUIBHUX KiIaciB €KBiBaJEHTHOCTI 6YIIO
BITHECCHO M'ATh HACTYIHUX KiaciB: ¢aim 3 po3mmpenasM. php, .doc,

aiti — He KapTHHKH, 306epekeHi 3 posmuperHsaM. jpg, .png, gif (EC =5),
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KoedimienT  oOMexeHp i TUMIB, [0  HEPEPaxOBYIOTHCS
C.. =(3+5)/100=0,08

CykynHuii kKoedilieHT 0OMeKEeHb C.,=1+011+0,08=119

Sk OyJio 3a3HAY€HO BHUIIE, AAMIHICTPATOpP YCHAJAKOBYE (DYHKIIIOHAI

CTaHJIapPTHOTO KOPUCTYBava. TaKMM YMHOM, Y CHCTEMI € OJTHE BiTHOIICHHS
. Q. =1 . .
y3arajlbHeHHs MK aktopamu ( <9 ), TOMy Hapa3l Koe(ilieHT
C,=1+1=2
y3arajbHEHHs HaOyBa€ 3HAUYCHHS 9

. . C,
3HaieMo 3HaueHHs KoedirieHnTa qorkuau nuixy (- P'). SIk moxxemo

Qp
_g 2lpi=11 _
Gastiy 3 niarpamu (Puc. 9.1) @ =0 i3 . Binnosimio, Cp ~ 183
Toni OIlIHKa qyacy TE€CTYBaHHS Oyne JOPIBHIOBATH:

T =63%119%2%183 =2743 v gxocri t wis PO3TIISIHYTOI CUCTEMHU Bi3bMEMO

0,25 roauxu.

VY TakoMy BUTIQJKy 3araJibHUIN Yac TECTYBaHHS CKJIaa€ MPUOIU3HO 7
TOJIUH.

TakuM 4MHOM, OTPUMAHO OLIIHKY 4Yacy TECTyBaHHS IMPEICTaBICHOTO
(GyHKLIOHATY 13 3a3HAYEHMMH OOMEXEHHSIMHU 1€ Ha PaHHbOMY e€Talll
CTBOPEHHSI MPOrPaMHOTO NPOAYKTY, IO Ja€ MOXJIHUBICTH €(PEKTUBHO

PO3MOAUTATH PECYPCH MPOEKTY.

KoHTponbHi 3anntaHHA

1. Sk Oyayrothes Tectu Ha ocHoBI UML miarpam Bukopuctanus?

2. SIx pospaxoByeThcsi vac TectyBaHHsS Buxomsunm 3 UML miarpam
BUKOPUCTAHHS?

3. SIk BpaxoBYEThCSA BITHOIIEHHS PO3IIUPEHHS MPH OIHII Yacy

TECTYBaHHSA?
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4. SIk BpaxoBYIOTbCS YMOBU HakjaJeHl Ha (YHKIIOHAJ HpH  OLIHII
4acy T€CTyBaHHS?

5. Ik BruMBaEe B3aeMOAis MK (PYHKIIOHAJIOM Ha OLIHKY Yacy
TECTYBaHHSA?
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AOOATOK

B Jlooamxy npueedeno nicmune npoepamu, wo 30ilicnioe 3A8aHmMadicenHs .bmp gaiiny na ekpan

#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 bfReservedl;
unsigned int bfReserved?;
long bfOffBits;
long biSize;

long biWidth;

long biHeight;

unsigned int biPlanes;
unsigned int biBitCount;
long biCompression;

long biSizelmage;

long biXPelsPerMeter;

long biYPelsPerMeter;

long biClrUsed;

long biClrImportant;

j

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

{

int x0=0, y0=0;

char * path;

struct BmpHeader Sagolovok;

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

FILE *BMP;

printf("Enter path : ');
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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) !=0)
{
nb=nb+4;
}
fseek(BMP,Sagolovok.bfOffBits,SEEK_SET);
for (y=y0+Sagolovok.biHeight; y>=y0+1 ; y--)
{
Xx=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 0;
}
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