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CP — Comment Percentage

IC — Intelligence Content.



BCTVII

Ha cporonHimHii AeHb B YKpaiHi Ta B yChOMY CBITI IpPOrpaMyBaHHS €
OCHOBHOIO TEXHOJIOTi€r0. be3 mporpamyBaHHS HEMOXXJIMBO PO3BHMBATH HAyKy Ta
TEXHIKY.

OpHi€ero 3 BaXJIMBHX YaCTHH MPOTPAMyBaHHS € 3MCHIIEHHS 3aiiBOTO KOAY Ta
fioro onTuMizarlisi 1 CTBOPEHHS €()EKTUBHUX Ta BHCOKOIPOJYKTHBHUX IPOTPaM.
SkicTh BUXITHOTO KONy 3alieKUTh Bl 0Oaratbox ¢akTopiB, HAIMPHUKIAA, MOBHU
OporpaMyBaHHs, 3HaHb Ta JOCBiLY Hporpamicta Ta OaraTbOX IHIIMX. AHami3
BUXIJIHOTO KOAYy IIOKa3ye, IO OCHOBHA YacTHHA WOT0 SKOCTI 3aJICKUTh BiJ
JOTPUMAaHHS MPOTPaMHUX IMOKa3HUKIB.

KowMrminstopu BUXIZHOTO KOy TpPH3HAYCHI JUISI TONIYKY JIAIIE MOMHUJIOK, a
YaCTHHA, 110 BIAMOBIA€ METPUKAM, 3QJICKHUTh JIUIIIE BII MPOrpamicTa.

[IpakTika TOKa3ye, 1O HEOOXiJHE TEPMIHOBE BHBYCHHSI  METPHK
IporpaMyBaHHsI, 100 TPHUIIBUIIIUTH IPOIEC MIATOTOBKH BUCOKOKBaII()IKOBAHUX
daxiBmiB. Ock YoMy mpoOjieMa CTBOPEHHS NPOrpaMHOTO 3a0e3NedeHHs, II0
BIJIMIOBIIa€ METPUKAM, € aKTYaJIbHOIO.

B 1imomy Bxke TaBHO 3arajlbHOBU3HAHO, IO MOHSATTS "MOraHui / Xopomuid Koa"
NOB'SI3aHO HAaBITh HE CTUIBKM 3 €(QEKTHUBHICTIO BUKOPUCTAHHS OOYHMCITIOBAILHUX
pecypciB  (IIBUAKOMISA MporpamMu, oOCIT 3aliMaHOi ONEepaTHUBHOI MaM'saTi Ta iH.),
CkinpKM 3 3aBIaHHSIMHU Hamaro/pkeHHs 1 moamdikarii I13 (Ha eramax sk BiacHe
pO3pO0OKH, TaK 1 CcympoBoay). Y IIili cHTYyalii SKICTh KOJY BHU3HAYAETHCS TAKUMH
MOKa3HUKaMH, SK TpaBUIbHE PO30OUTTS TMpOrpaMHd Ha MOJIYyJi, OOMEXKEHHS Yy
BUKOPHUCTaHHI MOTSHIIHHO PU3UKOBAHUX MOBHUX KOHCTPYKIIiH, HAOUHE OPOpMIICHHS
BHUXIJTHOTO KOJTY, TOIIIO.

OnHak HaBITh BUSHAYMBIIH CKJIAJT KITFOYOBUX IMOKA3HUKIB (METPHUK) SIKOCTI KOJY,
MPAKTUIHO HEMOXJIMBO CTBOPHUTH YHIBEpCallbHI KPUTEPIi, MO JO3BOJISIOTH BBAXKATU
nporpamy "moranmit" abo "xopomor". Y Oyab-SKOMYy BHITQJIKy Taka OIlIHKAa HOCUTH
3aHaATO CYO'€eKTMBHMI XapakTep, 1 HaBITh JUIsi OJHOTO IMporpaMmicta BOHa Oyle

BapIIOBATUCS B 3alIKHOCTI Bl TUIY MpPoeKkTy. ToMmy ICHYIOYl I1HCTPYMEHTH

8



BU3HAYCHHS MeTpuK koay (code metrics, CM) B OCHOBHOMY OOMEXYIOThCS
OOYHUCIICHHSIM BIANOBIIHUX 3HAaY€Hb, IHTEPIPETALlisl AKUX MMOBHICTIO MOKJIAJAETHCS Ha
JTIOANHY.

Panime ams BHKOHAHHS MOAIOHUX 3aBaaHb B cepemosuini Microsoft Visual
Studio nmotpiOHO OyJI0 BUKOPUCTOBYBATH JIOJATKOBI KOIITH TPETiX ¢ipMm. Aje Terep
CM-dynkuii 3'sBunmcs B Oera-Bepcii Visual Studio 2008 Team Edition for the
Software Developer, sika MOBHHHA BHWTH Ha PUHOK B OCTATOYHOMY BHIJISAI Ha
MOYaTKy HACTYMHOTO poKy. OChb 3a SIKUMH METPHKaMHU KOJIy MOXHa CTEXHUTH BKE
3apas:

—1iHaeKe  ekciuiyartaiidnoi  HamgidHocti  (Maintainability Index, MI)-
KOMIUIEKCHUN ToKa3HUK sikocTi koay (Big O mo 100 — yuM BuIe, TUM Kpalle);
METO/IMKAa MOro BH3HA4YeHHs po3pobiecHa daxiBusmu Carnegie Mellon Software
Engineering Institute;

—mukmyHa  ckaaaaicte  (Cyclomatic Complexity, CC)- mnokasHuk, 1110
XapaKTEePU3Yy€e YUCIIO TUJIOK B TPOTPAMHOMY KOJIi 1 OOUMCITIOETHCS IIUIIXOM MIJIPaXyHKY
OTepaTopiB MUKy, YMOBHOTO IEPEXOAY i IEPEMUKAHB;

—raubuna ycnaakyanus (Depth of Inheritance)- xapakrepusye HQOBXKUHY
JIAHITFOKKIB CIIaJIKyBaHHS B POTPAMHOMY KOJIi;

—3uemeHns kiaciB (Class Coupling)- BigoOpaskae CTymiHb 3aJ€KHOCTI KiIaciB
MK c00010 (B TOMY YHCIIi HasIBHICTh 3arajJbHUX JaHUX, 00'€KTIB 1 1H.);

— YHUCJIO PAJIKIB KOJY- TYT BCE OYEBHJHO: UMM OUIBIIE PSIKIB, TUM CKJIQIHIIIC
nporpama.

3BUYaiiHO, Ui OUIBII  JETAJIBHOTO  aHali3y SKOCTI Koay Oa)kaHo
BUKOPHMCTOBYBATH OLIbIIE TTOKA3HUKIB, sIKI MOJKHA BU3HAYATH 3a JOTIOMOTOI0 3ac00iB
TpeTix ¢ipM (€ unmano 1 OE3KOIMTOBHHX MPOAYKTIB). AJe, fK MPaBUIIO, OUIBII
IIUPOKUIA CHEKTP XapaKTEPUCTUK TMOTPIOHO TUTbKM B HABYAIBHHX IUIAX 1 HE
3aCTOCOBYETHCS PO3POOHUKAMH HA TPAKTHIII.

[lepm 3a Bce, ciifg pO3TISHYTH KUTbKICHI XapaKTEPUCTUKH BUXITHOTO KOIY
mporpam (Ha yBasi iX mpoctoTH). HalieneMeHTapHIIIiii METPUKOIO € KUTBKICTh PSKIB
koxy (SLOC). Jlana meTpuka Oyia crioyaTKy po3po0sieHa JJI OIIHKK TPYIOBUTPAT 3a

npoektoM. OHaK yepe3 Te, 10 OJiHA 1 Ta K (PYHKI[IOHATBHICTh MOKE OyTH po30uTa Ha
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KUIbKa psAKiB a00 3amucaHa B OJMH PSAOK, METPUKA CTaja MPAKTUYHO HEMPHUIATHOIO
3 TIOSIBOIO MOB, B SIKUX B OJMH PSJOK MOXKe OyTH 3amucaHO OUIbINE OJIHIE] KOMaH/IH.
ToMy po3pi3HAIOTH JOr1uHI 1 (13UUH1 psIAKK Koay. JIOTIUH1 PSAKK KOy - 1€ KUIBKICTh
KOMaHJ nporpamu. [laHuii BapiaHT ONUCY TaKk CaMO Ma€ CBO1 HEJIOJIIKU, TaK SIK CHJIBHO
3QJIKUTH B1J] BUKOPUCTOBYBAHOT MOBHU MPOTPAMYBaHHS 1 CTUIIIO MPOTrpaMyBaHHS
3 oAy Ha BUIIECKAa3aHEe BU3HAUCHO METY, 00’ €KT Ta MpeAMET JOCIIIKEHHS:
Merta A0CTIIKEHHS — PO3POOUTH CUCTEMY OLIIHKU SKOCT1 KOy BEO-TIPOEKTIB.
OO0’ €eKT TOCHIIKEHHS — IPOrPAMHHM KOJI BEO-TIPOEKTIB.
[Ipeamer mocCHiPKEHHS — CHCTEMa OI[IHKH SKOCTI MPOTPAMHOr0 KOAY BeO-

IPOEKTIB.
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PO3JILT 1
TTPUHIIATIN OIITHIOBAHHS SIKOCTI KOJIA B [TIPOI'PAMHIV IH)XEHEPIi

[Ipy ouiHIOBaHHI AKOCTI KOAY B IMepuly uepry Tpeba 3'dscyBaTH 3a SIKUMHU
napamMeTpaMH BU3HAYaIOTh AKICTh KOJy Ta JJIsl 4OTO 1€ HEOXIJHO. Y MporpamyBaHHI B
OUTBIIOCT] BUMAJKIB, AJI1 BU3HAYEHHS MapaMeTpiB AOCUTh BU3HAYUTH HACTYIIHI
XapaKTePUCTUKHU:

— BIJITIOBIIHICTh TIpaBUJIaM;

— CKJIQJIHICTh KOZY;

— nyOmiKaTH;

— KOMEHTYBaHHS;

— IIOKPUTTA TCCTAMMU.

1.1. OuiHroBaHHS SKOCT1 KOJ/Ia Yepe3 BIAMOBIIHICT IPaBUIaM

ITinm med NyHKT MiAMAZalOTh CHUTYarii KOJM KOJ KOMIIUIFOEThCS 1 BUKOHYE
KOMaHay mpaBwibHO. lle HeoOXimHa XapakKTepUCTHKA 1 3aJeXHUTh BiJ IpaBHia
Hanrcanus koay. B Java Code Conventions, GCC Coding Conventions, Zends Coding
Standard € roToBi pimieHHs, ajne 3a HeOOXIAHOCTI MOKHA JOIMOBHUTH 1X CBOIMH, OLIbBII
HAXOAIIUMHY T CTICIUDIKY 3aBIaHHS.

IcHye KiTbKa THITIB MPABWIT:

— CHHTaKCHUYHI1 TIpaBWJIa- JO HHUX BITHOCATH CTHJIb IMECHYBaHHS 3MIHHUX
(camelCase, uepe3 minkpecieHHs), KOHCTaHT (UPPercase), MeToiB, CTHIIb HAIIMICAHHS
GIrypHUX TYKOK 1 4 MOTPiOHI BOHU SKIIO B OJOII TUTBKH OAWH PAIOK Koxy. Ilpwm
HaIMCaHHI1 KOJIy HOT0 JIETKO YATaTH, 0O BiH 3HA€ CBiil BIACHHUM CTHJIb. AJle BapTO JIaTH
KOJI, JI¢ BHUKOPHUCTOBYETHCS 1HIIA HOTAIisA 1 JAYy>KKA 3 HOBOTO DPSIIKA, JIOBEICTHCS
JI0TABOTKOBO BHJIUIATH PECYPCH HA CIIPUUHSATTS HOBOTO CTHIIIO.

— IIpaBWjia MIATPHUMKH KOIY- TIpaBWja, SKi IMOBHHHI CUTHATI3YBAaTH IO KOJ
3aHAJITO CKJIAHUU 1 HOoTo Oyje BaKKO pealizoByBatu. Hampukianm, iHAEKC CKIATHOCTI

MeTony a0 Kiacy 3aHaJTO BEIWKHN abo 3aHaATo OaraTo PSAAKIB KOAY B METOI,



HasBHICTH MyOJiKaTiB B Kozi abo "magic numders". Ile Bce Bka3yroe Ha CKJIAIHI MicCIls,
K1 CKJIagHO Oyne cynpoBokyBatu. HeoOXimHO mam'sTatu, 10 IPU CTBOPEHHI KOy
Ma€eMO BpaxOBYBaTH 1HJIEKC CKJIAIHOCTI

— OouyulIeHHs 1 onrTuMizaliss koay. Crooau BIZHOCATH 3aiiBl OOCATM IMIIOPTY,
3MiHHI 1 METOAM SIKI BXKE€ HE BUKOPUCTOBYIOTHCA, ajle Yepe3 HEOOXIIHICTh IX 3aJIMILUIN

B KO/II.
1.1.1. IluxnomMaTU4Ha CKIIAIHICTh KOAY.

XapakTepucTHKa, BiJl SKOI OE3MOCEePeIHhO 3aJICKUTh CKIIAJIHICTh MIATPUMKHU
koay. B pganHOMy BMMAnKy BUAUIMTH METPUKY CKJIAJAHINIE HDK Yy MONEpEIHIH
XapakTepucTull. BoHa 3a71eXHUTh Bl KUIBKOCT1 BKJIAJICHUX ONEPATOPIB PO3TalyKeHHs
1 muKJiB. UM 1HACKC HIKYE TUM Kpallle, 1 TUM IPOCTIlIe MIHATH CTPYKTYPY KOHY.
Bapro BuMiproBaTH CKIaAHICTh METOAY, Kiacy, (ainy. 3HaueHHs 11i€] MeTpuKu Tpeda
OOMEXUTH TE€BHUM TPaHMYHUM 4YHUCIOM. Hanmpukman HUKIOMaTHYHA CKIIAJIHICTD
METOJly HE MOBHHHA mepeBuinyBatu 10, iHakme moTpiOHO cHpocTUTH abo po30UTH

HOTO.
1.1.2. JIy6mikaTu.

BaxxnuBa xapakTtepucTHKa, SKa BimoOpa)kae HACKUIBKH JIETKO MOXKHa Oygie
BHOCHUTH 3MIiHU B KOJ. MeTpUKy MOXHa O3HAYUTH Yy BIICOTKaX, SK CITIBBIIHOIICHHS
pAOKIB AyOJikKaTiB 10 BCIX pPAAKIB Koay. UMM MeHIne ayOmikariB, THM JIeTIIe

KOpPEryBaTH KOJI.
1.1.3. KomeHTyBaHHS

Ile iHAmMBigyanbHA XapaKTEPUCTHKA, fKAa BUXOAUTH 31 CHENM(IKA 3aBIaHHS.
[ine#t Ta BUXiZHOTO NPOAYKTY. JIJIS HEBENIMKUX MPOEKTIB KOMEHTYBAaHHS HE €
HEOOXITHUM TTapaMeTpoM. B KOMEHTYBaHHI BUAUISIOTH HACTYITHI XapaKTEPUCTHKU

— CTaBJICHHS KOMEHTapiB JIO BCHOTO KOAYy- 3 Ii€l METPUKHA MOKHA 3POOUTH
BUCHOBOK HACKUIBKM JIETallbHI KOMEHTapl Ta HACKUIBKM BOHU MOXYTh OyTH
KOPUCHUMH. 3BUYAIHO, 3 ITI€T METPUKH MOXXHA CKa3aTH YM € KOMEHTapl "IUKI" mepes

IIUKJIOM, ajie 11€ MOTPIOHO BUIIPABISATH KOJIM IPOBOIUTHCS PEBIO.
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— KOMEHTYBaHHSl MYyOJIIYHUX METOJIB- CTaBJICHHS KOMEHTOBAaHHUX MYyOJIYHUX
METOJIIB J0 3arajibHOi iX KUIbKOCTI. Tak sik my0JiiuHi METOAU BUKOPUCTOBYIOThHCS 032
MeXaMu Kiacy abo makera, TO Kpalle TPOKOMEHTYBAaTH IO LEH METOJA MNOBUHEH
poOUTH 1 Ha 10 MOX€ BIUIMHYTH. KiIBKICTh MyOJIYHUX METONIB 0€3 KOMEHTaps Mae

IparHe 10 HyJsl.
1.1.4. TlokputTs TecTamMmu

PiBeHb MOKPUTTS 3YNUTYETHCS SIK BIJHOIICHHS KUIBKOCTI MOKPUTHX TECTaMHU
€JIEMEHTIB KOJy 10 KUIBKOCTI BCIX ICHYIOUMX. 3aJIe)KHO BiJ TOTO, IO O3HAYHUTH SIK
€JIEMCHT KOJy, YaCTO BUAUISIFOTh HACTYITHI THITH TIOKPUTTS

— NOKpUTTA (paiiiniB- HailluacTimle (aili MOKpUTUH, SKIIO TECT NOTPANuB B (ai 1
BUKOHAB X04a 0 OJIMH PAIOK Koay 3 (aitry. Taka MeTprKa BUKOPUCTOBYETHCS PiKO.

— TMOKPUTTS KJIAciB- XapaKTePUCTHKA aHAJIOTIYHA 3 MOKPUTTAM (aiiiniB, TUIbKU
MOKPUTTS KJIACIB.

— TMOKPUTTS METOIB- IIe CHoCi0 OOYHMCICHHS METPUKU. 3a JOMOMOTOI0 IIi€l
METPHUKHU MO>KHA IIBUJKO 3HAWTH KO/, IO HE BIJIMOBIIA€ TIPABUIIAM.

— TIOKPUTTSA PAJIKIB- OJTHA 3 HAHOUIBIII BUKOPUCTOBYBAHUX METPUK IO MOKPUTTIO.
Toii e croci® oOUHMCIeHHSs, TIIBKH 32 00'eK OepeThCsl PSIIOK.

— TIOKPUTTS PO3TANy’KEHb- 32 €IEMEHT OepEeThCsl PO3TaTyKEHHS. 3 II€T METPUKH
MO’KHA JII3HATHUCS MPO KOMIUIEMEHTAPHICTh KOAY A0 MOKPUTTS TECTAMH.

— CyMapHe TOKPHUTTS- METPUKa MOKPUTTS MPHU SKiil B po3paxyHKax OepeTbcs 110
yBaru HE OJWH €JEMEHT, a JeKiuTbka. HallOulbll 4acTo BHKOPHCTOBYIOTH CYMapHE
MOKPUTTSI PANIKIB 1 pO3TaTy>KeHb.

1. IToHATTS SKOCTI MPOTPAMHOTO 3a0€3MEeUEHHS.

SxicTh mporpamMHOro 3a0e3MeyYeHHs] — 3aJeKUTh Bil TOTO YUM € TPOrPaMHE
3a0€3IeUeHHs: MPOYKTOM a00 MOCIyror. ICHyI0€ AB1 TOUKH 30pY:

1. CucrtemMHuU# aIMiHICTPATOpP CAMOCTIMHO peaiizye mporpamMHe 3a0e3nedeHHs 1
BUBOJUTH MOro Ha puHOK. B Takomy Bunmaaky 113 — 11ie mpoaykr.

2. CucreMHHN aJMIHICTpAaTOp OTPUMYE 3aBAAHHS Bil 3aMOBHHUKA — HAJIaHHS

MOCJIYTHU 3 PO3POOKU MPOTPaMHOTO 3a0€3MEUEHHS.
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JUist BupimieHHs 1i€i npoOseMu HEOOXIJHO BU3HAYUTH, XTO TOJOBHHUM Yy
BifHOCcMHaX 3aMoBHUK (CnoxuBau) / Po3poOHuk. be3ymoBHO, Oyap-sika mporpamHa
cUCTEMa NIpHU3HAYEeHA NJis KIHIIEBOTO KOpHUCTyBada. Toal po3poOHHUKH BUPOOJSAIOTH
MOCJIYTH, & HE TOBap, MPUUOMY came BUPOOJISAIOTH, @ HE POOJIATh, 3 yciMa JOAaTKOBUMU
CKJIaAHOILIAMU BUPOOHHUIITBA, TAKUMHU SIK TOKYMEHTYBaHHSI.

[loka3oBUM € cucTeMa OLIHOK $KOCTI HPOrpaMHOro 3a0e3NedyeHHs Ha
MDKHAapOJHUX 1 HaI[lOHAIbHUX KOHKypcaX. Hampuknan, npu anamizi BUpPOOIB,
BUCYHYTUX Ha mpemito Malcolm Bridge, BpaxoByroTbcs 20 KpUTepiiB i3 3arajbHOO
cymoto 6aniB 1000, 3 Hux aumie 250 6aniB MpUNagaTh HA TEXHIYHI ACTIEKTH SKOCTI.

Po3poOHuK Mae peanizye Bech LMK MPOrpaMHOro 3a0e3nedeHHs. AJie 4acTo
3aHA/ITO 30CEPEIKYEThCS Ha Oe3mocepeHbOi peasizallii Mmporpamu, He 3BepTalouu

YBarv Ha CKJIIAJHUMN KUTTEBUU LIUKIL.

1.2. 3B'130K SKOCT1 1 CUCTEMU OI[IHKH TOYOK 30DY.

HesBakatoun Ha Te, 1o po3poOKa MpOrpaMHOro 3a0e3leyeHHsT — IIe came
MOCIyTa, B Cy4aCHOMY CBITI TpOrpaMHe 3a0e3MeueHHs — 1€ TPOYKT..

l'omoBHMIT KpuTepih AKOCTI, 3 TOYKH 30py KOMEPIIIHHOTO CIIOKUBa4a
IPOrpaMHOIo 3a0e3MeUeHHs] OO0YHMCITIOBAIBHOI CHCTeMHM — ii 3MaTHICTh MIABUIIUTH
KOMepIiiHYy edeKTUBHICTh Beiei pipmu. Lle kpurepiit IKOCTI 3 TOYKH 30py KepiBHUKA 1
BiacHUKa (ipMu. 3 TOYKH 30py pO3pOOHHKA / IHKEHEpa, TOJIOBHE — 1€ MIABUIIUTH
3arajibHy e(peKTUBHICTD PipMHu.

3 TOYKM 30py NpOrpaMyBaHHs, MpPOTpaMHE 3a0e3MEeUeHHS TOBHUHHO OyTH
e(heKTUBHUM Ha BCIX HaNpsMKax IisiibHOCTI. KpiM TOTO, CHOTOIHIIIHS OpraHi3allis
HEMOXKJIMBa 0€3 00YMCITIOBATILHUX CUCTEM 3 PI3HUM IPOTPAMHHUM 3a0€3MEeYCHHSM, SKE
J03BOJISIE€ aHATI3YBATH JISJIBHICTD MANPHEMCTBA B IIIJIOMY 1 IO BiIIiJIaX, ONTHMAIbHO
MJIaHYBAaTH BUPOOHHUIITBO 1 PECypCH, BPaxoBYyBaTH poOOUHi Yac i yIpaBisiTd poOOTOIO
JTO/IEN.

VY HaiOimbIn 3arabHOMY BUTAJKY €(EKTHBHICTH MIAMPUEMCTBA — 1€ CHCTEMa
SKOCT1 IIbOTO TiANpueMcTBa. Ha ChOTOAHIIIHIN JEHb CHUCTEMH SKOCTI TICHO

MepervieTeH1 3 IporpaMHUM 3a0e3MeYeHHSIM. 3 OJJHOTO OOKY, IporpamMHe 3a0e3MeueHHs
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MIATOPSAIKOBYETBCS 3aKOHAM CHCTEMM SIKOCTI, 3 1HIIOro OOKy, 3a0e3meuye ii
(YHKIIOHYBaHHS.

OcCkUTbKM BeJIMKa KUIBKICTh MPOEKTIB B Taidy3l BIPOBAIKEHHS MPOTPAMHOTO
3a0€3Me4YeHHs] MOKHA BU3HATU HEBJAJIMMH, TaKe K MUTAHHSA 1 BIAMOBIIb 3'SIBISIOTHCS
CTOCOBHO CHCTEM MEHEKMEHTY SIKOCTI MPOrPaMHOI0 3a0€3MeUeHHs Ta OI[IHKU SKOCTI
MPOrpaMHUX MPOJYKTIB B3araii. [IporpamHi mpoOeKTH 3a3HAIOTh HEBJAYl, SIK MPABUIIO,
Ha CTajli BIPOBA)KEHHsI, OCKUIbKU 3yCTPIYalOTh HEFaTUBHUN BIAT'YK 3 OOKY KIHIEBHX
KOPHUCTYBayiB CUCTEMHU.

HaiironoBHimuit norssig Ha SIKICTh — 11€ TOYKa 30py KIHIIEBOro KOopucTyBaya. J{o
HBOTO MOXXHa BiIHECTHU 1 SKICTh 0(QiCHOI poOOTH, MOBHOTY iH(MOpMaIllii, TOYHICTh
JaHUX, CTIMKICTh MPOrpaM 1 JaHUX IO BIJHOMICHHIO O MPU3HAYEHHUX ISl KOPUCTYyBaya

IMOMMJIOK 1 3001B B O0OUYHMCITFOBAJIbHUX CUCTEMAX.

1.3. Cranmaptu B 00JaCTI IKOCTI1

B nimomy cucteMa SKOCTI MiAMPHUEMCTBA PETVIAMEHTYETHCS I[IJIUM CIMEHCTBOM
craugapTie 1CO-9000. BigHocuHu B 00JacCTi SIKOCTI HPOrpamMHOTO 3a0e3nedeHHs
00UYHCITIOBATLHUX CUCTEM perjaMeHTYI0Thes ctanapTom [CO-9126.

ICO 9126 npononye po3risgaTa AB1 TOYKU 30pY:

1. 3amoBHHKa;

2. PO3pOoOHHMKA.

VY mnepuiomy BUMNAAKy OOOB'SI3KOBO OQOPMIISITU TMOBHE TEXHIYHE 3aBJIaHHS,
aHai3yBaTH TPEIMETHY 00JacThb 1 MOTO/KYBaTH 3 KIHIEBUM KOPHUCTYBAdeM,
PEKOMEH/IY€ThCS aHAIII3YBATH TaKOXK 1 TOUKY 30py PO3pOOHHUKA.

Y npyroMmy Bumagky Bce po3miauB4YacTo. MDaKTHUHO AEKIAPYETHCS TIIBKU
BIJIMOBIJANBHICT,  PO3pOOHMKIB 32  BHpOOJieHE  TporpamHe  3abe3medeHHs
OOYHUCITIOBATLHUX CHCTEM, SIKE TTOBMHHO 3aJ0OBOJLHSATH BHMOTaM SIKOCTi. Po3poOHMK
MOBUHEH OYyTH 3aIllkaBICHW B SKOCTI TPOMDKHHX PE3yJbTaTiB  PO3pOOKHU
MPOrpaMHOro 3a0e3MeueHHs, TaKOXK SK 1 B SKOCTI Pe3ynbTaTy. 3 TOYKH 30Dy
po3poOHMKaA, HANUOUIBII IIMPOKO 3aCTOCOBYIOTHCS TaKl KpUTEpii: TEXHIYHE SIKICTh

po6oTH (IIBUAKOMAIS, HAAIWHICTE), IPUIATHICTD 10 CYIIPOBOY 1 PO3BUTKY, CTIMKICTb.
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CranpapT 103BOJISI€ MPEI'SBISITH 1 1HIII BUMOTH Ta KPUTEPii SKOCTI, IO HE
cynepeydarh rOJIOBHUM BUMOTH cTaHAapTy. [Ipukian Takux BUMOT 1 KpUTEPIiB:
1. QyHKUIOHAIBHICTB;
BIJIMOBI/IHICTh MIPU3HAUCHHIO;
TOYHICTB;
3IaTHICTh B3aEMOJISITH 3 CEPEIOBUILIEM;
BIJIMOBIIHICTh HOPMaM;
iHpopMmalliitHa Oe3neka;
HaJIIIHICTB;

3pUIICTH;

© © N o g B~ WD

B1JIMOBOCTIMKICTb;

=
o

. 3IATHICTH BIJHOBIIOBATHCS ITiC/IsA 3001B;

-
-

. HpI/IIIaTHiCTI) 10 BUKOPUCTAHHSA,

[y
N

. 3pY4YHICTb 1 MPOCTOTA B POOOTI;

=
w

. €pEeKTUBHICTB;

[N
N

. IIBUJIKOJIIIO 1 Yac BIATYKY;

=
ol

. CTIO)KMBaHHS PECYPCIB;

[N
»

. CYTIPOBO/I)KYBaHICTb;

|
\l

. @HAJI30BaHICTh (JIIarHOCTUKA MPUYUH IMOMMJIOK 1 3ICTaBJIEHHS 3 BHXIIHUM
KOJIOM);

18. nmpumaTHICTH 10 3MiH;

19. cTabinbHICTS;

20. TeCTOBaHICTB;

21. IepeHOCUMICTB;

22. aJanTOBaHICTD,

23. IErKICTh 1HCTAJISAIII;

24. BiIMTOBITHICTS HOPMaM I10 TIEPEHOCUMOCTI Ta IHCTAJIALI;

25. 3aMIHHICTb.

HesBakaroum Ha T€, 10 CTaHIAPT MPEISABISE BUMOTH JO SKOCTI BCIX €TaIliB
pO3pOoOKK TIporpaMHOro 3a0e3medyeHHs, IO MPEISABISIOTECS  XapaKTEPUCTHUKHU

3a4iMarOTh JIUIIE SKICTh MPOrPaAaMHOT0 3a0€3MeUYeHHS SIK MPOIYKTY.
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Kinpka Ouibll nOpOCYHYTHH MIAXIA 10 SAKOCTI B3arajii 1 HPOrpaMHOIO
3a0e3MeUeHHs] 30KpeMa 3acTOCOBYEThCS B cHucTeMi craHnapTiB Anonii. Jng omnucy
MIPOIIECY CTBOPEHHS SIKOCT1 BUKOPUCTOBYETHCS «CIIpalib Mi3HAHHSI» (puc. 3).

—4Yepe3 YCYCHUIbHEHHsI, IUIAXOM OIHUCY IHTYITUBHUX BIOYYTTIB MO AHAJOTI 3
IHIIUMH 3HAHHSIMH;

— y3araJbHEHHSAM PI3HOPLAHOTO JTOCBIAY 1 MOLIYKOM 3aKOHOMIPHOCTEH;

BUPOOJIEHHSM MOB, CUCTEM 1 TEOPIH AJII TOYHOTO 1 SBHOTO BUPAKEHHS 3HAHHS.

HutyutHEHOE® 3HaHme (B ToMoEe
HHTHEH[IA)

Iepepaga vETYHTHERME sHAHEH (HeEepbanEHEIM 0bpasoM HMHETAIEA,
#obYHEHHEE E Npolecces, JOKYMEETHPOEARHE 0bpastoB)

Anantanua sHanpil HETHEHOOM
(mayzenne TEOPHH, A3RIKA,
CHCTEME H 4IpHELKAHNEY )

Bepbanmsagua  :Hamni# {c

NpHMEHEHHEM CYIIECTEOBABIINE
PAHEE CHCTEM H MHKOE E dopue
amamorui, MeTabop B T.IL)

ObobmenAe sHaHE# (MoCTpoeHME CHCTEM H SIHEOE ANA
DHECAHE K BHpaXEHHA SHAHAH)

/l

Ionuxyesele, SHPAXCOHELIE S6HO, IHAHUS (HHUZU,
MIEOPIIL, AFVIKN, CHCREADL)

Puc. 1.1. Cmipans CTBOpEHHS Ta HAKOITUYEHHS 3HAHb
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Jlana xoHUENIis 3BUYAHO 3aCTOCOBYETHCS 1 JO CUCTEMHU SKOCTI Ta KPUTEPIsM,
BUKOPUCTOBYBAaHUM B  TMpOIlECI  CTBOPEHHS  MPOTPaMHOro  3a0e3Me4YEeHHS
o0uuncoBaibHO1 cucTeMu. [IponoHyeThCS cripaib PO3BUTKY TEXHOJIOTTH PO3pOOKH Ta
OI[IHKM $IKOCT1 MPOTPaMHOro 3a0e3medyeHHs] OOYHUCITIOBAIBHOI CHUCTEMH B ILJIOMY,

roKa3aHa Ha puc. 1.2.

Teryunal vpoReHE MOHHLAHEE
EAYeCTRA (B TONORAX H PYRAX
CTIRTTHAMACTOR hinmiamr-

Hesepbaneras nepegada oneta (MpoTOTHME
Hamenuil, obmad KYARTYpA NPOEIECNCTEA H
obcy DAl A KAHERTOR)

nBonTHBaHEER ONHTA, Bephanusanna OMBTA

chop MyTHpOBAHHOTS ABMO B (paspaboTEa HECTPYRIHE,

WHCTE VR A, Ha  MpYEEALR BERFOMeEEe B oaape  OYE]

EAMECTEA, B KopMopaTHEHof Dase MEKAR H3MOE, GaoKHp VIO R

FHAHHT BEOEMOEHRHE D].'I.'I]!EJ\'.']!, HF?':& KH
EEIECTEE)

Ofobuenne oMHTa (paspaboTHa o HaNoNHeHHE
KOpMopaTHEHOR D3kl SHAHHA, HANHCAHNE HHHC

nna b yReRHA HOBHYESE, paspaboTia
TEHHOROTHYECKHE MEXAHAEMOB, E-no}mp:.wm}{x
oLHGE#R)

Texvupmt  vpoeesk  Hov-xay  EpMB
EEIp H}H‘EH}.IHI‘I. HABHO B OOEYREHTAX,
MOBTOPHO HCIOABTVEMBIX NPT PaMMAX,

- =
EANTINMATITRHNT 3T8 THAHIT

Puc. 1.2. Cripans po3BUTKY TE€XHOJIOT1H 1 KPUTEPIiB SKOCTI TPOTrPaMHOTO

3a0e3IeYeHHs 00YNCIIIOBAILHOT CHCTEMH.
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3 cmipani chif, MO B mOpoleci poOOTH IHAMBIAyaldbHI MOHSTTS 1 MOYYTTA
PO3pOOHUKIB PO KPUTEPIi AKOCTI Ta iX 3HAUEHHS B SIKOCTI MPOrPAMHOT0 3a0€3MeUeHHS
O0OYHUCIIOBATBHOT CUCTEMH MOBMHHI OYTH JOCTYIHI BCIM y4YacHHUKa IPOLECY, B TOMY
yucii  KepiBHMKaM. KpiM TOro, Bci MOHATTS, BIAYYTTS, MOYYTTSd [OBUHHI
JOKYMEHTYBATHUCS y BUIJIAI CTAHAAPTIB, ONMUCIB, 010J10TEK MporpaM 1 KOMIOHEHTIB,
TEXHOJIOT1. Y 1bOMY BHIIaJKy BOHH CTAalOTh «3HAHHAMWY» 1 MPEICTaBISIIOTH HOBHI
PIBEHb MHCJICHHS 1 HOB1 TEXHOJIOTI 1 JO3BOJIAIOTh MTHATH 3arajibHy KyJIbTypy poOOTH
1 MIHIMI3yBaTH PU3UKH, MOB'A3aH1 3 THOACBKUM (PAKTOPOM.

Jam minxig 3amyckaerbess 1o cmipaii. OTpuMaHuM piBEHb MHCIEHHS 1
TEXHOJIOT1H JT03BOJIsIE TOOAYUTH 1 y3araJIbHUTH HOB1 IOHATTS 1 AYMKH B 00J1aCTi SIKOCT1
Ha 11e OLIBII BUCOKOMY PiBHI. | Tak jaji, KOJIO 3aMUKA€EThCS, CHIpaJib OIIHKH SKOCT1
PO3KPYUYETHCS.

TakuM YHHOM, OCHOBHHMI METOJ OI[IHKH SIKOCTI MPOTPaMHOTO 3a0e3MeYeHHs
O00YHUCITIOBATLHUX CHCTEM, SIKHH BUKOPHUCTOBYIOTh 3aMOBHUKH — KiHIICBI KOPUCTYBayi —
IIe OILIHKK 3piuIocTi (HIpMHU-PO3POOHHKA, OCKUIBKHM YHIBEpCAaJTbHUX METOJIB OIIHKHU
IPOrpaMHOIoO 3a0e3MeUeHHs HeMa€e 1 METO/IIB, SKlI MOK€ BUKOPHUCTOBYBATH 3aMOBHUK
IIPU OLIHIII SIKOCT1 3aMOBJISIETHCA MPOTPAMHOT0 3a0€3MeUYeHHs 1€ 10 WOTro 3aMOBJICHHS
, IPAKTHYHO HI.

BignoBigno mo Bumor crangapry ICO 9126 [14] icHye nBa miaXxomu, SIKUM
MO>KHA CITITYBaTH IS 3a0€3MeYeHHS IKOCTI MPOrpaMHOTO 3a0€3IeUeHHS:

1. mepexoHaTHCs B IKOCTI HA KOXXHOMY €Tarl po3poOKHu;

2. OIIIHUTH SKICTh KIHIIEBOTO MPOIYKTY.

[Tpu IbOMY BUIUTUTH TOJOBHHM MIIX1]] HE TMPEICTABISETHCS MOKINBHM.

Cnig BpaxoByBaTH TOM (akT, MmO ICHy€ TUIBKM OJWH HAJIAHUNA CHOCiO
MEPEBIPUTH AKICTh 3aMOBJISIETHCS MPOTPAMHOTO MPOIYKTY — II€ MOr0 BHUKOPUCTAHHS,
T00T0 «CripobyBat». [lpupomHo, y BHMaAKy 3 MpOrpaMHUM 3a0€3MEUYCHHSM HOTO
HEMae, TaK K «CIpoOyBaTH» MporpamMHe 3a0e3Me4YeHHs] MOXKHA TUIbKU LIJISIXOM HOTO
po3pobku. ToMy icHY€E TiJIbKH OJHMH CITOCIO — I1e OIIHKA pO3POOHUKA, OIlIHKA SIK JIOBTO

BiH MPAIIIOE 1 K SIKICHO BIH MPAIIIOE.
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1.4. Bumoru g0 po3poonuka 113

OTxe, 3 BHIIEBHUKIAJCHOTO BHUIUIMBAE IO [JII PO3POOHUKA MPOTPAMHOTO
3a0€e3MeUeHHs] HalOUIbIll Ba)KJIMBUM KPUTEPIEM € BUMOTU JO HBOTO camoro. Sk yxe
3a3HAYAIIOCs, YITKUX BUMOT TYT HEMaE.

Bumoru Ta ix 3HaueHHs ¢opmye Oe3nocepeaHbO PUHOK. PO3pOoOHMK MOBHHEH
OyTu:

— 3pUINM;

— (IHAHCOBO CAMOCTIHHUM,;

— HaJIIHHUM,;

— YBOXKHHUM J10 KJIIEHTA.

3puTiCTh.

Opranizaiiiss B CBOEMY PO3BUTKY MOBUHHA JINTH 0 MOAUTY Mpaili, TOOTO pi3Hi
BUJIY TIPOTPAMHOT0 3a0€3MeUeHHS Ta HOT0 KOMITOHECHTH TTOBUHHI TPOBOJIUTHCS OKPEMO
ONMH BiJT OAHOTO. BUPOOHUIITBO 3HINCHIOETHCA 13 3aCTOCYBAaHHSIM CIICI[iaIbHUX
nporpaMHux 3aco0iB. HeoOXximHa HasBHICTh IFOUMX 1 CEPTH(IKOBAHUX CHCTEM
yOpaBIiHHA SKICTIO, SIK MIHIMYM OJHI€l Uil BOPOBA/PKEHHS Ta 1HINOT — JIs
BUPOOHUIITBA MPOTpaMHOro 3a0e3MedeHHs] O04YHCIoBaIbHUX cucteM. OO0B'sI3KOBa
HAsSBHICTh BJIACHOI KOPIIOPaTHUBHOI iHQOpMAIIHHOT CHUCTEMH, B paMKax SKOi
¢byHKIionye 0a3a 3HaHb (ipmu. [HIIMMU clOBaMH, 3pUTICTh — II€ MPOXOKEHHS
opraHizaIli€ro JeKUIbKOX BHUTKIB crripaii skocTi (auB. Puc. 3 1 4) 3 qoKyMeHTaIbHO
oOpMIICHUMH pe3yiIbTaTaMH, MIEPEIaHUMU B PyKH (paxiBITiB.

diHaHCOBa CAaMOCTIHHICTD.

Po3poOHUK € ropuandHOI0 0COo00I0 31 3HAYHOKO ICTOPIEI0 ICHYBAaHHS, BOJIOJIE
BJIACHUM TOTYKHUM BUPOOHHUIITBOM 1 HE € «TPYMOI0 TOBapHIIiB» abo «ppaHuaitzi»,
TOOTO BOJIOAIE «ITPAaBOM POOUTH HAIAIITYBAHHS.

HamiiigicTs.

Po3poOHMK Hamae Ha CBOIO TPOIYKINIID TapaHTIIO 1 3MaTHUWA MiATBEPAUTH
BUKOHAHHS rapaHTIMHUX 3000B's13aHb.

bytu yBaxxuum.
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HasiBHICTh BIPOBAaJKEHOI TEXHOJIOTII pOOOTH 3 KIIEHTOM: HPHUIOM 3asiBOK,
JUCHeTYEepHU3allisi, HOPMOBaH1 (HOPMH JUCTYBaHHS, TEPMIHM BIANOBIZAEH 1 MIATOTOBKH

TEXHIYHHUX 3aBJIaHb HA 3MIHU, TEPMIHH TOPOOOK 1 iX BIPOBAKEHHS.
1.5. Kpurtepii IKOCTI IporpaMHOTo 3a0€3MeUeHHS

Bume Oyno mokaszaHo, 1O SIKICTh 1 HOro OIIHKAa Yy BHUIAJKYy 3 MPOrpaMHUM
3a0€e3MeYeHHSIM 00UNCIIIOBAIBHUX CUCTEM — 1I€ CKJIaJHEe, He(pOpMali30BaHUX 1 HE Mae
OJIHO3HAYHO1 OLIHKK TOHATTS. IIpoTe, ramy3p «ympaBiiHHS 1 OIIHKA SKOCTD»
CKJIQJAEThCsl, 1 K HACHIIOK (OpMYIOThCS HEOOXIAHI MOHATTSA 1 YSABJICHHS Ha OCHOBI
HAYKOBUX Ipallb, CTAHAAPTIB KOPIIOpaIliil 1 ray3eBUX Aep>KaBHUX CTaHAAPTIB.

Bci kputepii SIKOCTI IUIATHCS HA «30BHIIIHIY, SIKI MOXE BUSBUTH KOPHUCTYBau
OPOrpaMHOrO 3a0e3MeueHHs, 1 «BHYTPIIIHDY, AKlI 0aydaTh TUIBKH PO3POOHHKH, IO
CTBOPIOIOTH 1€ TPOrpaMHe 3a0e3MeyeHHSI.

30BHilIHI (haKTOPH, K1 B TOMY 4Kcli onucadi B cranaapti ICO 9126:

KOPEKTHICTh
CTIMKICTh
PO3IINPIOBAHICTh

IIOBTOPHE BUKOPHUCTAHHS

1

2

3

4

5. CyMicHICTh, €()eKTUBHICTh

6. TEepPeHOCUMICTh

/. TPOCTOTa BUKOPUCTAHHS

8. (yHKIIOHATBHICTH

9. cBO€YacHICTh
HeoOxigHo BiI3HAUWTH, IO TEPMIHU «IPOTPAMHE 3a0€3MEUCHH» 1 «KIHIEBUN

KOPHUCTYBau» MOTPIOHO PO3YMITH HE TUIBKH SIK «KIHIIEBI MPUKIAJIHI MpOrpamMm» i

«oreparop ab0 KOPHCTYBa4 OOYHCITIOBAJIBLHOI CHCTEMH», a U sAK «Oi10Ji0TeKH» 1

«pO3pOOHUK, MO0 BHKOpHUCTOBYE Oi0mioteky». OTxe, Taki dakropu, §K

PO3IIMPIOBAHICTh 1 MOBTOPHE BUKOPUCTAHHS, HE TIOMITHI KIHIIEBOMY KOPHUCTYBA4€eBI.

Ha cporomnimHiii JeHp OLIbIIa YaCTHHA CTBOPIOBAHOTO MPOTPAMHOTO

3a0e3nedyeHHs] O0UYMCITIOBAIbHUX CHCTEM B CBITI — Iie 0i0miotexku 1 APl (1o Takux
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MPOAYKTIB BIJHOCSITHCS HE TUIbKK O10J110T€KM CTaHIApTHUX KiaciB, Taki sk STL a6o
Collection Framework, a i, Hanpukiaj, sjapa ONEpallifiHUX CHUCTEM) 1 BOHH HE €
CaMOCTIHUMH NPOrpaMHUMH NPOAYKTaMHU.

TakuM 4YMHOM, HaBITH SKIIO PO3POOHHMK MOOJMHII IMPALOE€ HAJ MPOTPAMHUM
3a0€3MeUYeHHsIM, BIH BCE€ OJHO BHUKOPHUCTOBYE BEJIHMYE3HY KUIBKICTH MPOTrPaMHOrO
3a0e3reueHHs], BUpoOaeHe 10 Hhoro. [Ipu poOOTI B KOMaH1 BCE OJTHO CTBOPIOETHCS
BEJIMKA KUIBKICTh 010J110TEK MPOrpaMHOro 3abe3neyeHHs, AKi BUKOPUCTOBYIOThCS abo
OyayTh BUKOPHCTOBYBATUCS KOJIeraMu ab0 caMUM PO3POOHUKOM.

OTtpumani 6106J110TEKU MOKYTh OYTH HE HAaCTUIbKH KOPCTKO PErJIaMEHTOBAHI, SIK
APl sinmpa onepaniiiHoi cuctemMu, gke ayke HeOe3NMeuHO MIHSTH Bl Bepcli 10 Bepcii.
OpHak BUMOTH /10 SIKOCTI MPOEKTYBAaHHS BHYTPILIHIX 1HTeP(ENCIB HIXTO HE BIAMIHSAB,
1 4MM Kpaile BOHU OyayTh po3po0JeHl, TUM MeEHIIE MNpoOJieM BHHHMKAE TPU iX
BukopuctanHi. Kpim Ttoro, 0Gararo mnporpaMm MaroTh 30BHIIIHI Oi0JIOTEKH ISt

posmupenHs (Tak 3BaHi plug-in), siki ayse 0au3bki 10 APl onepamiiHuX crucTeM.

1.6. BucHOBKH 110 pO3ALTY

OnHi€ero 3 TeM B IPOrpaMyBaHHi, 10 SIKUX IHTEpPEC MEePIOAUIHO TO 3'SIBISETHCS,
TO 3HUKAE, € MUTAHHA METPUK KOAY TMPOTrpaMHOro 3a0e3MedeHHs. Y BETUKUX
IPOrpaMHUX CEPEOBHUIIAX Yac BiJl Yacy 3'SBISIOTHCS MEXaHI3MHU IMAPaXyHKY PI3HUX
METPHUK. XBWICTOMIOHUA 1HTEpeC T0 TeMH TaK BUTVIAAE TOMY, IO JIO IHUX Mip B
METPHUKaxX HE MPHUIYMaHO TOJIOBHOTO - IO 3 HUMU poOuTu. ToOTO HABITh AKIIO AKUHCH
THCTPYMEHT J03BOJIsI€ JOOpe IMiIpaxyBaTh JEsSKi METPUKH, TO IO 3 UM POOUTH Jaji
HalJacTile HEe3pO3yMilo. 3BHUYANHO, METPUKU - 1€ 1 KOHTPOJb SAKOCTI Komy (He
MUIIEMO BEJIMKI 1 CKIIamHi (PYyHKIIT), 1 «IPOAYKTUBHICTEY» (B JIAMKaX) MPOTPAMICTIB, 1
IIBUIKICTH PO3BUTKY MTPOCKTY.

VY 3aranpHOMY BUTIAJKY 3aCTOCYBAaHHS METPHUK JO3BOJISIE€ KEPIBHUKAM MPOEKTIB 1
MIANPUEMCTB BUBYUTH CKJIAIHICTH PO3POOJIEHOTO abo0 HaBiTh PO3pOOITIOBAHOTO
MIPOEKTY, OLIHUTH 0OCAT POOIT, CTUIICTUKY, IO PO3POOIISIETHCS 1 3yCUIUIS, BUTPAUYCHI

KOKHUM PO3POOHUKOM JJIsl pealiizallii TOro 4u IHOro pimeHHsA. OJHaK METPUKU
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MOXXYTh CIYXUTH JIMILIE€ PEKOMEHIAUIMHUMU XapaKTEPUCTUKAMU, HUMU HE MOXKHA
MOBHICTIO KEPYBATUCS, TaK SIK ITpU po3pood1i 113 nporpamictu, nparny4u MiHIMI3yBaTH
a00 MaKCUMI3yBaTU Ty YM IHIIY Mipy AJIsl CBO€i MpPOrpaMu, MOXYTb BJaBaTHCS A0
XUTPOILIB @)X N0 3HMKEHHS e(EeKTUBHOCTI poOoTu mporpamu. Kpim Toro, skio,
HaIpUKJIad, MPOrpaMicT HAlKCaB Majla KUIBKICTh PSAKIB KOOy a00 BHIC HEBEIIUKY
KUIBKICTh CTPYKTYpPHUX 3MiH, 1I€ 30BCIM HE O3Hayae€, 10 BIH HIYOTO HE poOUB, a MOXKe
o3HayaTH, 1o AedeKT mporpaMu Oyso Ay»Ke CKIaaHo BiamykaTd. OctaHHs mpoliema,
OJIHaK, YaCTKOBO MOK€ OyTH BHpIII€HA IPU BUKOPUCTAHHI METPUK CKIIATHOCT1, TOMY

10 B OUTBII CKJIAIHOIO TTPOTrPaMoI0 MOMUIIKY 3HAUTH CKJIaHIIIE.
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PO3/ILI 2
METOJIU OLIIHKU SIKOCTI [IPOT'PAMHOTI'O KOJTY

2.1. 30BHINIH] YUHHUKH IKOCTI

Po3ristHeMo 30BHIIIHI YMHHUKH SKOCT1 MPOTrpamMHOro 3abe3nedyeHHs (ToO0To He
TUIBKH JIOAATKIB, ajie 1 pisHuX 0101i0Tek uu iHmi API):

— KopekTHicTh.  [Iporpamne  3a0e3neueHHss MOBMHHO  (PYHKI[IOHYBAaTH
BIJIMOBIJIHO /10 TEXHIYHOTO 3aBJaHHs, IHITUMH CJIOBAaMU, Ma€ POOUTH Te, 1110 BiJ HHOTO
YEKAIOTh 1 HE MICTUTH TTOMUJIOK.

— cTidikicTb. [lo3amTaTHi 1 aBapiiiHi cUTyallii, AKI MOXXYTh BUHUKHYTH Il 4ac
eKCITyaTaIlii MporpaMHOro 3a0e3NedYcHHs OOYHMCIIOBAIBHMX CHCTEM, HE ITOBHUHHI
NPHU3BOJMTH JI0 TUTAYEBHUX HACIIIJIKIB.

— MOXKJIMBICTB po3mupenHs.«Software must be softy — nporpamue 3a6e3neucHHs
MOBUHHO OyTH THYYKHM, TOOTO PO3BUBATHUCS BIATIOBIIHO IO MOTPEO KOPUCTYBAYiB.

— MIOBTOPHE BHUKOPUCTAHHS. bByAab-KOMIIOHEHT MporpamMHOro 3abe3neyeHHs
NOBMHEH MAaTW MOXJIMBICTh MOBTOPHOTO BHUKOpUCTaHHA. lle pomomarae yHUKHYTH
nyOJIFOBaHHS KOIY 1 «PO3MHOXKEHHS TTIOMHUIIOK.

— cyMmicHicTh. IIporpamHe 3a0e3mnedyeHHS IMOBUHHO KOPEKTHO IIpaIfoBaTH B
OTOYEHHI 1HIIIOTO MPOrPAMHOTO 3a0€3MeUCHHS.

EdexTuBHICTE — 1€ 3MaTHICTH MPOrpPaMHOTO 3a0e3MeUeHHs SKOMOTa MECHIIIE
3amexaTu Bim pecypciB obmamHanHs [1]. Ilporpama moBMHHaA mpaimroBaTH 3a
MPUIHHATHUN Yac Ha SKOMOTa IIUpIIE KOJO OOYMCITIOBATBLHUX CHUCTEM (MAalOThCS Ha
yBa3i pi3Hi MO MPOJYKTUBHOCTI KOHPITYparllii, aine oaHiel 1 TiET 3K maaThopMn).

ITepenocumicTs. [Iporpamnae 3a0e3nedeHHs] TOBHHHO JICTKO MEPEHOCUTHUCS MiX
PI3HUMH OOYHCITIOBATFHUMHU CUCTEMAMHU.

[IpoctoTa BuKOpucTaHHSA.OCBOEHHSI MPOTPAMHOTO 3a0€3MEUYCHHS] HE TIOBHUHHO
BUKJIUKATH TPYAHOIIIB JJIsl KIHIIEBOTO KOPHUCTYBaya.

OyHk1ioHabHICTh. [Iporpamae 3a0e3nedeHHs HE TOBUHHO BMITH OuTbIe, HIX

HEOOX1IHO, OCKUIBKMA 1€ pOoOUTh i TPOMI3AKOI JJis KIHIIEBOTO KOpUCTyBada 1
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YCKJIQIHIOE TIOATBIIUN PO3BUTOK, MPH I[OMY IporpamMHe 3a0e3Ne4eHHs] TTOBHHHO
OyTH KOPEKTHUM, TOOTO pOOUTH T€, IO BiJl HHOIO BUMAarae KOpUCTyBau.

CoeuacHicTe. [IporpaMue 3a0e3nedeHHs] MOBUHHO 3'SIBJASTUCS PIBHO TOJ1, KOJIU
BOHO HE0OX1aHe. SIKI0 BUX1J] 3aTPUMY€EThCS, TO HAMIMOBIPHIIIE, B HHOMY BXe He Oyze
CEHCY JIJIA KIHIIEBOTO KOPUCTYyBaua a0o BiH 3a3HA€ 30UTKIB.

JIBa OCTaHHIX KpUTEPit0 OCOOIMBO aKTyalbH1 1Js1 KOMEPUIHNHUX CIIOKUBAYIB, 5Kl
3aMOBIISIIOTh PO3POOKY TPOTPAMHOTO 3a0€3TEUCHHS, X04Ya BOHHM € aKTyaJIbHUMH HE
TUTbKM JyIsi HUX. [Iporpamue 3abe3reueHHs 3 HEIOCTAaTHBOKW (DYHKIIIOHATBHICTIO
(kopekTHe mporpamHe 3abe3neyeHHs 3 Ayxke OiqHol creuu@ikaiieo) He 3MOXe
KOHKYPYBaTH 3 OLIbII PO3BHHECHUMH IMPOAYKTaMH. Tak 1 mporpamHe 3a0e3nedcHHS,
CTBOpEHE 3aHAJTO IT3HO, Ja€ (Hopy 3a 4aCOM KOHKYPEHTaM, SIKi BCTHTAlOTh 3aBOOBATH
PUHOK 1 KIHIIEBUX KOPUCTYBaUiB.

[Tpu 11boMy, KpUTEpii BIUIMBAIOTH OJIMH Ha OJHOTO 1 HE 3aBXKJIM MO3UTUBHO. Tak
HAJUTUIIKOBA (YHKIIIOHAIBHICTh BIJIUBAE, 30KpeMa, 1 HA CBOEYACHICTh, OCKUIBKH
PO3pOOIIATH OUTBINY KUIBKICTD (DYHKIIIH JTOBIIE 1 JOPOXKYE.

3BICHO, 10 HABEOEHUN CHMUCOK 30BHIIIHIX YMHHUKIB sKOCTI [I13 He € moBHUM,
ajie BiH HAWOUTBIN IMIMPOKO BUKOPUCTOBYETHCS 1 HE cymnepeduTh Bumoram I1SO 9126,
TOOTO MICTHTh JIMIIIE HAWOUIBII 3HAYYI[I YHHHUKUA. MOXKIMBO 3alpOIIOHYBATH PsII
KpUTEpiiB, SAKI MOXKHA 3aCTOCYBAaTH BHUKIIOYHO J0 KOMEPIIMHHX CHCTEM — IIE,

HAIIPUKJIAJl, BapTICTh, MPOTE MU iX PO3MISIAATH HE OyIeMO.

2.2. BHYTpilnIHi YUHHUKHU SKOCT1

OmnucaHi BUINlE 30BHIINIHI YAHHHUKHU SKOCTI MPOTPaAMHOTO 3a0e3MeueHHS — IIe
KIHIIEBa MeTa, SKOi HEOOXiTHO JOCATTH, MO0 PO3pOOKYy 1 MOJaibIlIe BIPOBAKEHHS
MOXHa Oyi0 BBakaTu ycmimHuMU. lle BUMOTH 10 KIHIIEBOTO pe3yibTaTy, ONHCAHI B
TEXHIYHOMY 3aBJIaHHI.

Y noBromy i CKJIaHOMY TPOIECI OTPUMAaHHS TPOTPAMHOTO 3a0e3MeUYeHHS 3
TEXHIYHOTO 3aBJaHHS € OJHAa TNpoOJieMa: HIXTO TOYHO HE 3HAE, SK BUPINIATH

KOHKPETHY 3aJ1auy, 11100 rapaHTyBaTH yCHiX.
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[cHYIOTH Pi13HI TEXHOJOTI, 110 JTO3BOJSIOTh AOCATTH METH, aje yHIBEpCAIbHHUX
HeMae. XTOCh 13 pO3POOHUKIB TOTPUMYETHCA OJHUX TEXHOJOTIHM 1 3amepedye iHII, Y
KOro-TO OUTbII THYYKHM miaxig. OgHak qyske BeJMKe 4uciio po3poOHuKiB 113 y Bcbomy
CBIT1 BUKOPUCTOBYE CaM€ OJIHI M Ti XK 171ei 1 KOHIIEII].

OTxe, SKUIO0 MITPUMYBAaTH HAa BUCOKOMY DPIBHI BHYTPIIIHI MOKa3HUKHU SIKOCTI
MPOrpaMHOro 3a0e3MeUeHHs], TO 1€ MOKE MOJETIIUTH BUXIIHY 3a/4a4y, 1 pO3pOOHUKAM
Oyle mpocTillie MpairoBaTH, TOOTO JIErIie MparHyTd A0 JOCATHEHHS 30BHIIIHBOTO
SIKOCT1 CUCTEMH.

MosxHa BHM3HAUMTH TMpoeKkTyBaHHS (abo, SK 3apa3 KaXyTh, MAW3aiH) SK
CYKYIHICTh BIACTUBOCTEH CHCTEMHM, III0 BU3HAUYAIOThH ii BHYTPILIHE SKICTh. BHYTpilIHE
AKICTh TIOPOJIKYE 30BHIIITHE.

OpgnuM 3 HaWOUIBII OYEBHIHMX HOCIIB BHYTPIIIHBOTO SKOCTI MPOrpPaMHHUX
CUCTeM € BUXIAHUNW KojA. BiH 0Oe3nocepeHbO BIUIMBAE HA TakKl MMOKa3HHUKU
BHYTPIIIHBOTO SIKOCTI, K

— YUTAHICTB;

— JIeTKICTh MoauDiKaIrii;

— KOPEKTHICTb.

AKypaTHICTb TIPU CTBOPEHH1 BUXITHOTO KOy 3aXHIIIA€ BiJ OaraTboX MpooeM.

Jlyxxe Garato po3poOHHKIB [7] BBa)KarOTh MPOIIEC MOJICIIOBAHHS IMPEIMETHOI
00J1acTi — MPOEKTYBaHHI MPOrpaMHOTO 3a0€3MeUeHHs, a HAIMCAHHS BUXITHOTO KOy
(To6TO peanizalii oTpuMmanux Mozeneit) (nus. Puc. 1) -konctpyiposaniem I13.

Po3pob6neni B mpolieci MpoeKTyBaHHS MOJEIi MPOrpaMHOTo 3abe3reyueHHs 1
peanizye iX BUXITHUNM KOJ MaroTh Oarato criutbHOTro. Ilo cyTi, 11e ogHe 1 T€ X, TIIbKU
HaIMCaHe Ha PI3HUX MOBAaX 1 YCKIIAQTHIOETHCS BiJ €Tamy 10 eTamy. ToMy BUMOTH, IO
MPEa'ABISIIOTHCS IO BUXITHOTO KO 1 MOJIEJIeH MpOrpaMHOTO 3a0€3MeUeHHs, OJTHAKOBI.

3 yMEeBHEHICTIO MOXHA CTBEPJKYBATH, IO (PYHKI[IOHAIBHICTH BH3HAYAE OOCST
BUXITHOTO KOAy. UM Oibinie PyHKI[IOHABHICTH, TUM OUTBIITNN 00CST BUXITHOTO KOIY
Oyne maTu mporpamMHe 3a0esnedeHHs. Ha xanb, g mpobjaeMa Ha ChOTOMHINIHIN JEeHb
HE Mae pileHHs. ToMy BapTo JOKJIACTH 3YCHJIb 10 TOTO, 100 HE YCKJIaJHIOBATH KOJ

0€e3 HeOOX1THOCTI.

26



2.2.1. OnTuMizallis BUX1THOTO KOy

OgHuM 3  HaAWOUIBII MOMIMPEHUX CHOCOOIB OTPUMAHHSA HAIJIUIIKOBOTO
YCKJIQJHEHHS € ONTUMI3allisl BHUXIIHOIO KOAYy, IO OTPUMYETHCA 3a pPaxyHOK
MIJBUIIICHHS aJTOPUTMIYHOI CKJIATHOCTI. Y OUIBIIOCTI BUMAJKIB (II€ CTOCYETHCS B
Nepily 4Yepry NporpaMHOro 3a0e3MedeHHsl I KIHIEBUX KOPUCTYyBayiB) Habopu
JaHUX, 3 AKUMU MpaIoe KOPUCTYBay, HEBENMKI (SKIIO Le He 0a3a AaHuX, iHTepderc
710 SIKO1 po3po0IIsieThbes ). Sk mpaBuiio, KOPUCTYBAd Ma€ CIpaBy 3 JAHUMHU PO3MIPOM J10
COTHI €JIEMEHTIB.

Bunstkom € mporpamHe 3a0e3leueHHs, SKe NpalIoe 3 CBIIOMO BEJTUKUMHU
Habopamu nanux, Takux sk CYBJ, ans mMoaentoBaHHS CKJIAIHUX (I3UMUYHHUX MPOLIECIB

a00 BHUBE/ICHHS TPUBUMIPHOI Ipadiky.
2.2.2. YHIBEepCANBbHICTh BUXITHOTO KOJIY

[HIIMM TIOIMPEHUM CIIOCOOOM YCKJIAAHCHHS BUXIJHOTO KOJY € MPAarHeHHS 0
YHIBEpPCAJIbHOCTI TporpaMHoro 3ade3nedeHHs. CTBOPIOETHCS TEBHUN MeEXaHI3M B
HaJli, M0 BIH 1€ CTaHe B Haroii. YacTo 1ie yCKJIaaHIoE Koi. Asie HabaraTo OUIbII
4acTo II¢ BUIIPABIAHO.

B nanomy Bumajgky Bce HabaraTo CKJIaJHilIe, HDK 3 onTuMizaliero. Hanpukiasn,
NPUXWIBHUKH €KCTPEMAIBHOTO MporpaMyBaHHS [9] MOTpUMYIOThCS TIpaBUiia: MHUIIIThH
YHIBEpCAJIbHUM MEXaHi3M TIUIbKH TOM1, KOJH BiH 3HATOOUTHCSA. AJie BOHH IPAIIOIOTh
HEBEJIMKUMH KOMaHaMH HaJl HEBEJIMKUMH IIPOCKTaMU. ICHYIOTH 1 1HIII TOYKH 30DYy.

ko 3apxau po3poOSIATH TUIBKY TIPUBATHI PIICHHS, TO JTIOBEICTHCS BUSBIISTH
CXOXI1 3aBJaHHS 1 MEPENHUCYBATH iX, CTBOPIOIOYHM YHIBepcaidbHU MexaHi3M. [Ipobrema
MOJISITa€ B TOMY, IIIO KOJIO TAKWX 3aBJaHb 3a3/1aJIeTiIb 3a3BUYail HEBIJOMUH.

[IpoTe, sAKIIO MOTPIOHO yHIBEpCATbHHN MEXaHi3M, TO HEOOXITHO OIIHUTH HOTO
CKJIQJTHICTh 1, BUXOJISYH 3 ITi€T OIMIHKY, IPUHHATH PIIICHHS: HAIIMCAaTH HOTO 3apa3 ado
KOJMM BIiH 3HAAOOWUTHCA. TyT JOBEAEThCS CKOPUCTATUCS IHTYIIIEIO, TOCBIIOM Ta
THITUMHA 3HAHHSIMH, K1 HAIXOIWIN 31 3PLTICTIO 1€ HEIPUEMHO, aJIc HEMUHYYE.

BucHoBok Tinbku oauH. HeoOXigHO YHHKATH CKJIQTHOCTI, sIKa MOYKE BUSBUTHCS

HaJIMIPHOIO.
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2.2.3. J1y06ntoBaHHA KOy

BaxxnuBuM 3aBOaHHSAM TpU  CTBOPEHHI MPOTPaMHOrO 3a0E3MCUYCHHS €
MIHIMi3alisd 1yOatoBaHHS KOAY.

KomnitoBaHHs1 Koy 3 OJIHIET YACTUHU MpOrpamMu B IHILY Bele 0 HeOaXaHOro
edexty [10], sskuif momnsirae B TOMY, IO pa3oM 3 KOJOM KOIIIOIOTHCS BCl TTOMUJIKH,
JoMyIIeHl B HboMy. Uepe3 11e BUSABICHHS Ta BUIIPABJICHHS OAHIET TaKOi MOMUIKHA HE
BeJle¢ J0 NOBHOrO i YCYHEHHsS: NOMMJIKA 3aJHMIIAETbCA B TOMY Micli, Kyau ii
CKOITIFOBAJIH.

Kpim Toro, noBTopeHHs oAHI€T 1 Ti€l ) (QYHKIIIOHAIBHOCTI 3aXapallye CUCTEMY
OJIHOTUIHUMU (parMEeHTaMH KOHy, IO MICTSITh, MOJIMBO, HETOMITHI, aje 1CTOTHI
BiAMIHHOCTI. lle yckiagHiO€ pO3yMIHHS NOPHUCTPOIO CHCTEMHM, MOIIYK MOMMJIOK 1
MoAU(DIKAIIIO KOTY.

Hatikpanuii cnoci® yHUKHYTH AyOJIrOBaHHS KOAY — II€ BUKOPHUCTOBYBATH
cTanaapTHy 0i6mioreky. baraTo mommupeHi 3aBgaHHs BXe BHUpilIeH] KBaJIiiKOBaHUMHU
JIOJbMH, IO BUTPATWIM 0Oarato CWJ Ha TECTyBaHHSA CBOiX TBOpPiHb, a CTaHAApPTHI
010s110TeKH BUMIPOOYBaH1 COTHAMH 1 TUCSYAMH KOPHUCTYBadiB.

Bononinusa crangaptHuMu 610i0TeKaMM MOBH, Ha SKOMY 3I1ACHIOETHCS
po3pobka I13, o6oB's13k0BO, Tak camo sik 1 APl 6i0mioTekamMu omepariiHuX CHCTEM.
CragmaptHa 6i6ioTeka MpoayMaHa 1 MPOTECTOBAHA Kpalle 3HOBY PO3POOIIOBAHOTO
TIPOrPaMHOTO 3a0e3neueHHs. 1 BUKOPUCTaHHSA POOUTH KOJ KOMITAKTHIIIE i MiBHIIYyE
3pO3YMUTICTh KOAY MU TUX, XTO TaKOXK BOJIOJIE ITi€r0 610110 TEKO¥O.

Ane He Bcl ¢yHKII, sIKi HEOOXiMHI pO3pOOHUKY, peani3oBaHi B CTaHAAPTHIM
6i0mioTeri. 3 iHmOrO OOKY, SKIIO Taka (PyHKIIiS 3HamoOUIacs OUTBII HIK B OJHOMY
MICIII TIPOTPaMHOTO 3a0€3MeUYeHHs, TO JOBEIEThCS 3pOOHTH 11 «010J10TEeUHO» BKE
po3pobHuKy. Takum YMHOM, B OyIb-SKOMY BEIMKOMY IPOEKTI Pa3oM 3 OCHOBHOIO
(GYHKITIOHATBHICTIO PO3BUBAETHCS TONMOMIDKHA 0i6mioTeka. J[obpe, sSKIo ii CTBOPIOIOTH

1 TECTYIOTh BIYMJIIUBO.
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2.2.4. Po3kputts noHATTS «lupsBux» abcTpakiiii

Jly’ke BaXXJIMBO BMITH KOPHUCTYBATUCS CTaHAAPTHOIO 010J1I0TEKOI0 MOBH
nporpamyBaHHs. lle iCTOTHO MiABUINY€E SKICTh BUXIAHOTO KONy, SK BHYTPIIIHBOTO
MOKa3HUKA SKOCTI. BMITHM KOpUCTyBaTHCS — 3HAYUTh YSABISATU COOI, SIK TMPALIOE
010710TEKa, PO3YMITH, fK 1 1€ Kpallle BUKOPUCTOBYBATH TOM YM 1HIIUN KJlac a0 METO/I.

Ile cnpaBennuBo Juisi OyIb-KMX MEXaHI3MiB, $KI BHUKOPUCTOBYIOTHCS:
MEXaHi13MiB MOBH NPOTrpaMyBaHHs, OlepaniiHOi CUCTEMHU ab0 YOro-HeOyAb IiIe.

3 cepenoBUIIl PO3POOHUKIB MIPOTPAMHOI0 3a0€3IMEUEHHSI ICHYE «3aKOH JIPSBUX
abctpakiiiy [11], sKi 3arpoXyroThb KOXXHOMY, XTO HEIOCTaTHHO J00pe po3yMmie
MEXaHI3MU POOOTU CBOIX 1HCTPYMEHTIB. 3aKOH TOBOPUTH, IO OYIb-IKUNA MEXaHI3M,
SKAWA CHOpollye 10-HeOyab (abCTparyeTbCs CKIAIHICTh SIKOi-HEOyab il BiJ
nporpamMicta), HacIpaB/i He 10 KiHIIS PUXOBYE CBOIO peati3alilo.

SckpaBuii puKIa «IipsiBoi» adcTpakiii — npubupanHs cMmiTTs B Java. Jloriuno
NPHUITYCTUTH, 10 pa3 MporpamMHe 3ade3neueHHs po3podiisseThes Ha Java, Bam He BapTo
TypOyBaTHCS MPO PO3IOLT MMaM'sITI — BipTyalbHa MalllMHa Bce 3po0OuTh 3a Bac. Oqnak
JesIKi TPOOJIEMHU BCE K 3aTUINAIOTHCS: a0CTPaKIIisl A€ TEKTH.

Opna 3 Takux npobsiem — BuTik mam'sti (memory leaks). B msoMy Bumaaky
HEeMmoTpiOH1 O00'€KTH 3HMINYIOTHCSA, TUIBKM SKIIO HAa HHUX HEMAa€ IMOCWIaHb. SIKIIIO
OMKCYETHCS, HAMPHUKIAA KJIac CTEKa, BHUKOPUCTOBYIOYM MacuB (HE MOTPIOHO IHOTO
poOuTH, TaKUil KJIac € B CTaHAAPTHINA 010710TeIl; MPUKIIA B3ATUM 3 [5]), TO € pU3HK B
orepailii POP JOMYCTUTH HACTYTHY TOMUIIKY:

public Object pop () {

return stack [top--];

¥

ITomunka B TOMy, IO B TilA KOMIpIIl MacuBy, 3 SKOi «BHIATWIN» O0'€KT,
3IMIIAJIACS TOCHIaHHSA Ha Hboro. lleli o0'ekt He Oynae BHWIAIICHWH, TOKH B IICH
OCepeIOK MAacHBY HE 3alUIIYTh IIOCH 1HIIE a00 MOKH caM CTIK He Oy/e 3BUIbHCHUM.
[TpaBunpHime Oyno 6 mUcaTH Tak:

public Object pop () {

Object result = stack [top];
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stack [top] = null; // O6HyHMTH OCWIIaHHS, HE YTPUMYBATH OBEPTAETHCS 00'EKT

top--;

return result;

¥

Otxe, 30Upay CMITTS HE BPATYE, SIKIIO HE BIOMO, SK BIH IMpalioe, 1 HE
BIJICTEXKY€ETbCA OOHYJIEHHS NOCHUJIaHb — aOCTpakiis BHsBWIAcS OIpaBUM. Taka X
npoOiemMa MOX€ BUHUKHYTH TNpU HenO0aJoMy KellyBaHHI NMPOMIXHUX pPE3yJbTaTiB
00uncIIeHb 1 B 0araTboXx IHIIUX BUMAIKaX.

[HmMi npukiIaa: KOHKaTEHalllsl psAlKiB (Takoxk HaBoauthes B [12]). € macus
PAAKIB, MOTPIOHO 00'eTHATH BC1 PSAAKHU 3 IOTO MacuBY B ofHy. Hanuimemo tak:

String result = "";

for (inti=0;i<array.length; i ++) {

result + = array [i];

by

B nanomy BHITajIKy TBOPIOETHCS ayxe OaraTo 3aiBuX 00'ekTiB. CripaBa B TOMY,
10 PsIAKK B Java He3MiHHI, TOOTO HE MOXKHA MPUIIMCATH OJHMH PSAJOK B KIHEIb 1HIIUM,
HE CTBOPIOIOYM HOBOTO 00'ekTa. Uepe3 1€ HA KOXKHOMY KpPOIll IMKIY CTBOPIOETHCS
HOBHI 00'ekT String, B SKHH KOIMIIOETHCS BMICT 000X psakiB. Takum dYHHOM,
TPYJIOMICTKICTh IIHOTO MUKy AYyXKE BEIMKa, JO TOTO  CTBOPIOIOTHCS HEMOTPiOHI
00'ekTH. AOGCTpaKIlisi 3HOBY Jiaja TEKTH: MOTPIOHO AyMaTH PO Te, 5K II€ MPAITIOE.

JIs1 BUpIMIEHHS OTO 3aBJaHHS MOTPIOHO BUKOPHUCTOBYBATH CIICIIaIbHUN KJ1ac
StringBuffer, mo npeacrasisie 3MiHIOBaHI PSIIKH.

StringBuffer buffer = new StringBuffer ();

for (int i = 0; i <array.length; i ++) {

buffer.append (array [i]);

s

TyT He CTBOPIOETHCS 3aliBUX 00'€KTIB, a JOJaBaHHS HOBOTO psaka B Oydep
3aiiMae Jac, mpOIOPIiifHE TOBXKUHI I[HOTO PSKA.

[Ile omHiero AIpsABOi aOCTPAKIIIEI0 € PEUOBI YKCTIA 3 TUIABAIOYOI0 TOYKOIO: TOMY
[0 HEMOXJIMBO OTpuMaTH 0Oe3 OkpyriaeHHd BianoBias 0.1, BUKOPUCTOBYHOYM THII

double B Java.
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HeoOxigHOo BpaxoByBaTH SIK peaii3oBaHa Ta M 1HIIA aOCTPaKIIis.
2.2.5. Jlokanizaiis MOMHWJIOK Ipu MoauQiKaIii Koay

BHOCS4YM 3MIHM B KOJ, B HBOI'O MOTEHI[IMHO BHOCATHCI MOMWIKH. Bim HbOro
BAXXKO BOEpErTHCs, ajie MOXHa MOCTapaTHCs 3pOOUTH Tak, 100 11 MOMUJIKH MOKHA
OyJ10 JIETKO BUSIBUTH 1 BUIIPABUTH.

JIist 1boro HEOOX1IHO BUKOHAHHS OJIHIET YMOBH: MOMUWJIKU MOBUHHI 3'SABIATHCS
TaM, J1e MOAU(DIKyBaBCs KOJI.

Te, moO TUIBKK 10 HaMWUCAIW, JErKO TMEpPeUnuTaT, MpoaHaTI3yBaTH,
nporectyBaTu. MoOKHa TIEpPEeBIPUTH MPAIE3NaTHICTh THUX YaCTHH CHCTEMH, SKi
BUKOPUCTOBYIOTh 3MIHEHHUM KOJI.

BucHoBOK: HEOOX1JHO HamaraTHUCs MUCATH KOJ Tak, 00 Horo Moaudikariis

3adinajia sikoMora MeHIIe 1HIIOTO KoY.
2.2.6. Minimizalisg 3MiH B KO/l

Kpamumit 3aci®6 mns mocsrHeHHs 1iiei metu — xopomuit APl, To6TO m00pe
npojiyMaHi abcTpakirii. Skio, 3MiHIOIYH O0-HEOYIb B KOA1, He 3pamkyere API, To
KOJI KJIIEHTIB MIHSTH HE JOBEAETHCS.

HacnpaBni He Buacue APIl, a iHKamcymsis JoroMarae MiHIMI3yBaTH
MoaudikaIlii KIIIEHTCHKOro Koay. SIKIo 3axoBaTH peaiizaililo, TO BOHA HE BIUIMHE HA
KJIIEHTA.

MakcuMalnbHa I1HKAINCYJAIis TapHa CKpi3h, HaBITH BCEpPeIUHI METOMIB. Tomy
OTOJIONIYBATH JIOKAJIbHI 3MiHHI 0a)kaHO PIBHO TaM, Jie BOHU CTalOTh MOTPiOHI. Y mbOoMy
BUIIAJIKY 3HAYCHHSI 3MIHHO1, K€ 3a3HAJIO BTPAT aKTyaJIbHICTh, HE 3IMICYE KUTTS HIKOMY
iHIOMy. MaKcHMaJIbHO JIOKaJIbHE OTOJIOMICHHS 3MIHHHUX, SIK TIPaBUJIO, A€ HACTYITHUM
eheKT:

3MiHHa HEe MOTPiOHA — Hi 3MIHHOT.

Ile, 30kpema, «po3B'sA3ye PyKW» 30UpaveBi CMITTS 1 3MEHIIYE 3aJCKHICTh MiX
PI3HUMHU YaCTHHAMH OJIHOTO 1 TOT'O K METOTY.

3BiJICH BUILIMBAE 1€ OJTHE MPABUJIO:
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Skio moje HEOOXIAHO TUIBKUA MJiE OJHOTO METOAY, BOHO MOXKE BHUSBUTHUCS
JIOKAJIbHOIO 3MIHHOIO.

Bapto 3amucnutics Haa TUM, 4 JIHCHO HEOOXITHO MOJE — MOMIIMBO, BIaCThCS
o0iifTucst nokanbHO1 3MiHHOI. [lone mMae omucyBaTu jesika BIacTUBICTH 00'ekTa (abo
IOCh KEIIIyBaTH, aJie 1€ 1HIIIa 1CTOPis).

binbm HU3bKOpIBHEBI 3ac00M MiHIMI3AIlli 3MIH BKJIIOUAIOTh B ce0e Takl i7ei, sIK:

— BUKOPUCTaHHS IMEHOBAaHUX KOHCTAHT. SIKIIIO KOHCTAaHTa 3HATOOWTHCS B
JIEKUIbKOX MICISIX Mporpamu, ii MOTpiOHO 3poOUTH IMeHOBaHOi. Bizarami-to Bce
KOHCTaHTH Kpalie poOWTH IMCHOBAaHMMH — II€ TOKpAIy€ YHUTAHICTh KOJY, OCKLIBKH
iM'T KOHCTaHTH 3po3yMmimimie i 3HaueHHs. IMCHOBaHA KOHCTaHTAa Ja€ MOXKIIMBICTH
3MIHUTH 3HAY€HHS B OJHOMY MicCIll Iporpamu, ki He MOAU(IKYIOUYH OUIbIIE HIYOTO.
3MiHIOIOYH JIITepalid B THUCSYl MICIb Bpy4HY, Bu MoxeTe 3a0yTH OjHE-I[Ba MiCIis,
JOIYCTUTH TIOMHJIKY, & MOYKETE 1 BUIIPABUTH IIIOCh HE TE.

— Bukopucrtanis MakcuMalibHO abcTpakTHUX nocwinanb [13]. Bei Homepu, siki
BUKOPUCTOBYIOTBCS B TIpOrpami, TOBHHHI MaTH HACTUIbKM aOCTpaKkTHUW THII,
HACKLUTBKH 1€ MOXKIJIMBO. SIKIIO MOTPIOEH CIKMCOK, CTBOPITH 3MiHHY ThITy LISt 1 HamaiiTe
it mocunanuas Ha 00'ekt ArrayList. SIkmro neooximuumii LinkedList, To 3MiHa TOpKHETHCS
TUIBKM OJMH PSAMOK. Te X caMe CTOCYeThCsA TMapameTpiB, MojiiB 1 iHmoro. Hagaemo
nepeBary iHTepdeiiciB Tpu BU3HAYEHHI THIIB TOCWIaHb. I[HTepdeiic ommcye
aOCTpakIlifo, sKa HeoOXigHa po3poOHHMKY, a He ii peamizamito. lle migBumye
3pO3YMUTICTh KOAY. SKIIO HeMae MoTpeOW pOOUTH CIMCOK B3araji, a JUHAMIYHHN

MacHB, BAKOPUCTOBYEThCS HOcHiIanus tumy ArrayList,
2.2.7. HebGe3neune nepeBaHTaXKECHHS

IIpu 3MiHI KOQy B JEKUIBKOX MICISAX, TMOMIJIKA TEXK MOXYTh BUHHUKHYTH B
JNEKUTBKOX MICIIX. SIKIO 3MIHMBCS KOJI B OJHOMY MICIli, a TIOMHJIKH BCE OJHO
BUHHMKJIM B KUTBKOX MicigX. Lle Moxke OyTH HACIIJIKOM 3aKOHY «TipsSBHUX» aOCTpaKIlii
(B pa3i mOpyIICeHHS KOPEKTHOCTi, a HE IIBUAKOMAII, II¢ O3HA4a€ HEIOCTAaTHIO 1
HKaIICYJISINI0), alle MOKe MaTh W iHITY IpH4YuHy, Bimomy sk «Broken dispatchy [11,
12].

Otrxe:
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— IlepeBu3HaueHHSAM METOAY HA3MBAETHCS 3MiHA peajizallii METOLy B MiAKIacax.

— IlepeBaHTa)KEHHSIM METOJy HA3MBAEThCS OrOJIOMIEHHS B OJHOMY Kiaci
JEKUIBKOX METO/IB 3 OJTHUM IM'SIM.

Ha BiaMiHy BiJ NEpeBU3HAYEHHS, NMEPEBAHTAKECHHS O3BOJISIETHCS CTATUYHO:
KOMIIUISTOP Ha CTajll CKJIaJaHHs MPOrpaMu BHU3HAYae€, SIKMM MeToJ BHUKIMKATU. Lle
pIIIEHHS MPUMMAETHCS HA OCHOBI TOTO, SIK1 MApaMETPH MEPEIAIOTHCS METOTY.

Hexaii B xmaci Thing Oy Ttakumii Meron (Tak, TaKHMil METOJ CIEI[iaJIbHO
BU3HAYATU HE MOTPIOHO, aJie 1e TUIbKU MPUKJIIaI):

public boolean equals (Object other) {

return super.equals (other);

¥

[Ticas woro B peanizaliio Kiacy J04ajly NepeBaHTAXKEHUN METO/:

public boolean equals (Thing other) {

return this.field == other.field;

}

Heo06xinHo moyaTtu 3 TOro, 10 Takui MeTo equals mopyirye yroau miathopmMu
Java (auB. [12]). 3 Toro MOMEHTY, sIK 3'SIBUBCS 1€l METOI, CTAJI0 BAXKKO MEepea0aunTH,
AKuii 3 MeTomiB equals Oyae BUKIMKAHWHA B TOMY YH IHIIOMY BHIAAKY. SIKIIO
nocuiaaHHsg Ha o0'ekt other mae Tum Thing, To Oyme BHKIMKATHCS HOBHH METOM, a
skimo Object — crapwit. Takum YHHOM, KIIEHTCHKHH KOX OyB 3MiHeHHI 0e3
penaryBaHHs (€Ki BUKJIMKHA CTAJIM 3B'I3yBATHUCS 3 IHITUM METOJIOM ).

I"apre mpaBuito IS MepeBaHTaKEHHS METOAIB HaBeJeHO B [12]: He BU3HA4YaTH
KUTbKa IepeBaHTaXEHUX METO/IB 3 OJTHAKOBUM YHCIIOM ITapaMeTpiB.

Kpim omucanoi mpoOieMu, mepeBaHTaXKEHHS MOXE BHECTH Oarato IUTyTaHWHH,
AKIIO KIIEHT TEperuryTae TepeBaHTaKeHl Bepcii mertoniB. YacTo Kpaie Ha3BaTH

METOJIH MO-Pi3HOMY, HIX TIEPeBaHTAXKYBATH iX.
2.2.8. 3aimeXHoCTI MK METOIaMH

SKII0 KUIbKa METO/IB BUKOPUCTOBYIOTh OJHI 1 Ti K TJ00QJIbHO JOCTYIHI

3MiHIOBaH1 J1aHl (MOJsi), 1€ MOXE 3arpoKyBaTH JOCHUTh BIIUYTHUMHU MOpoOIEeMaMH,
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HaWOLIBII TPI3HOIO 3 SIKUX € HEOOXITHICTh BUKIMKATH METOJU B CTPOrO BU3ZHAYCHOMY
MOPSIIIKY.

Hexaii B kiaci € Taki METO/IH:

— fill (): 3anucye nani y BHyTpilIHIA MacuB;

—sort (): copTye BHYTpIILIHIi MacHB;

— max (): moBepTae MaKCUMAaJIbHUIN €JIEMEHT I[bOTO0 MaCHBY.

[Ipunyctumo, mo merox Max () B peamizailii BUKOPUCTOBYE Te€, IO MAacCHUB
BIJICOPTOBaHUM, TOOTO MOBEPTAE OCTAHHIN €IEMEHT MACUBY.

Meton max () mependauae, mo meTton SOIt () BUKJIMKABCS MICJSI OCTAHHBOTO
Bukiauky fill (). SIkmio kmieHT He BUKIMKaB SOrt (), merom max Oyzae mpairoBaTH
HETNPABUIIBHO.

VY wmiii cutyarlii BAHUKHEHHSI TIOMHJIKU Jy’K€ WMOBIPHO, ajie MOKJIMB1 BUIIAJIKH,
KOJIM TIOXMOKa He OyAe IMoMideHa — SKII0O MaKCUMaJbHHH €JIEMEHT BHUIIAJIKOBO
BUSIBUTHCS B KIHI[I MACHBY.

B manHOMY BHIIaKy BapTO CTBOPUTH METOJH TaK, 00 BOHU HE 3aJIC)KaJId OJUH
BiJl OJIHOTO, TOOTO 100 OyIb-SKUH METOJ MOXHa OYyJI0 BUKJIMKATH B OYyIb-SKHN
MoMeHT. OJIHaK Take He 3aBXKIU MOXKIIUBO.

B nibomy Bumaaky motpioHo abo rapantyBaTH, 1o Metod max () Buxinye Sort (),
SKIO TOW He OyB BHUKJIIMKAaHWH, a00 rapaHTyBaTd, IO SOIt () BUKIMKAE€ThCS B KiHIII
metoxy fill (), abo mepesipstu B Metomi max (), 1o SOrt () He BUKJIMKABCS 1 KHIATH
BUHATOK. OCTaHHIN NUISIX — HAWMEHII PUEMHHUIA.

Mertoau TOBHHHI TOEAHYBATHCh MDK CO00I0, TEpemarodd OJWH OJHOMY
napameTpu. SKIo MeToau 1 BUKOPHCTOBYIOTH 3HAYEHHS IIOJIIB, II€ TMOBHHHO OYyTH
YiTKO MPOJMKTOBAHO Ti€l abCTpakKIli€ro, Ky peanizye Kiac.

Hatikpamnii metonu He MaroTh moOiuanx edekrtiB (B C ++ BOHHM MO3HAYAIOTHCS
Moau(dikaTopoM CONSt) — BOHM HE 3MIHIOIOTH CTaHy OO'€KTIB i O€3MeYHi JJIsi CBOTO

otoueHHsa. OIHaK OOIMTHUCS TUIBKYA TAKUMU METOJIAMHU BIAECTHCSI JAJIEKO HE 3aBXKIU.
2.2.9. Henocrarud iHImiaxi3amnis

Bci MeTonu Tak 4M 1HaKIIE BUKIMUKAIOTHCS MICHS KOHCTpykTopa. Lle, 30kpema,

03Hayae, 1110 HICJIsl CTBOPEHHS 00'€KTa BiH BiJipa3y MOBUHEH OyTH FOTOBHUH 10 pOOOTH.
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SAxmo xoHcTpykTop HE mMHMnManu3upyeT 00'€eKT MOBHICTIO, L€ MOXKE MPHUBECTH 0
noMuiok. Taka HeOe3Ieka BiloMa SIK «HeAOCTaTHs iHimiani3amis» [3].

Haiikpaime oromocutn Bci MoximBi oy sk final (mus. Hmwkue). 1le 3mycuth
PO3pOOHUKA MPOMHUIIMAIU3UPOBATH iX BCE B KOHCTPYKTOPI.

[Ilo6 BMHOCUTH IHILIANI3ALI B OKPEMUH METOA 1 BUKIMKAaTH HOro B
KOHCTPYKTOpI MOJKHA, TUIBKH SIKIIO IIeH MeToj Bu3HaueHo sk octarouynmit (final),

1HAKIIIe EPEBU3HAUYCHHS [IbOT'O METOJY B IMiJIKJIacaX MOKE MPUBECTHU JO MOMUIIOK.
2.2.10. He3MiHIOBaHICTH

Omxe, orosiomeHHs moJiiB sik HeaMinHuX (final) Mmoske OyTu kKopucHo. Jlo Toro x,
HE3MIHHI METOJM TEX XOpOoIli. 3BIICK MOKHA 3pOOUTH BHUCHOBOK, IO KJIACH, B SIKUX
BC1 METO/IM 1 OJISI HE3MIHHI1, MEHIII CXWJILHI 10 IIOMUJIOK.

VY 11bOMY BHUITaJIKy TOBOPSTH NMPO HE3MIHHUX 00'ekTax [12].

He3minui oO'ektn rapHi B mepily d4epry THUM, IO iX IOBEIIHKa MPOCTIIIe
peai3oByBaTH, MPOCTIIIE AOTPUMYBATUCSA KOpPEKTHOCTI. J[o Toro x, ix mgaHi MoOKHA
BIJTHOCHO 0€30053HO0 KEeITyBaTH.

VY crangapTHiit 6i6mioreni Java kiacu-3HaueHHS € HE3MIHHUMH (HaNpUKIa,
Integer 1 String). Ile mae MOXIMBICTH JIErKO KemryBaTH 00'ekTh Kiacy Integer i
IIOBEpPTATH OJMH 1 TOH ke 00'ekT Gararopa3oBo 3 meroay Integer.valueOf (). Tomy He
BapTO BUKJIMKATH KOHCTPYKTOP Kiacy Integer 6esnocepeaHnpo.

He3minH1 00'ekTH KOPHUCHI TIpU peatizailii nepepaxyBass [12].

Skmo Bce mouss orojomieHi sk final, me me He o3Hauae, mo 00'€ekTH OyAyTh
He3MIHHUMU. SIKII0 00'eKT 30epirac MOCHJIaHHS Ha 3MIHIOBaHHUM OO0'€KT 1 ToBepTae ii
KIIIEHTaM, TO 11 KJIIEHTH MOXYTh 3MIHUTH CTaH 3MIHIOBAaHOTO 00'€KTa, a SK HACHIJIOK,
3MIHUTBCS 1 CTaH «HE3MIHHOTO».

Takux BumankiB BuHHKae Oarato. OcoOJMBO YaCTO BOHHM 3YCTPIYAIOTHCS TMPHU
BUKOPUCTAaHHI KOJEKIii 1 macuBiB. Tomy MmoBepTarouuM HA30BHI KOJEKIIO, BapTO
«3aropHyTH» 1i 3a Jonomororo meroay Collections.unmodifiableCollection ().

[ToBepTatoun MacuB, K 1 OyAb-sSIKWA THITUN 3MIHHUN 00'€KT, HOTO0 MOTPIOHO

KJIOHYBAaTH.
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[HIIMK BUNaA0K BTPATH HE3MIHHOCTI — OTPUMAaHHS 3MIHIOBAHOT'O 00'€KTa 330BHI.
Moxxe 30epiratvcs MOCUJIAHHSA Ha 3MIHIOBaHUU OO'eKT, ajie JOCTyl HIKOMY HeE
HajaeTbesd. HeoOX1AHO BU3HAYMTH, 3BIAKUA B3ABCS LeM 00'exT. SIKIIO BIH CTBOPEHUM
pPO3pOOHUKOM, TO HeMmae MpobiieM, aje SKIIO BIH MPUMIIOB BiJl KIIEHTA, TO KIIEHT
MoOXe 30epiraTu Ha HbOT'O MOCUJIAHHS 1 3MIHIOBaTH 00'€KT.

Otpumyroud 3MiHIOBaHI OO'€KTH BIJ KII€HTIB, iX JOLIUIBHO 30epiraiiTe He

BJIACHUMH II1 00'€KTH, a iX KOmil.
2.2.11. TloBepHEHHS HYJIOBUI MOCUJIAHHS Ta €HICTh AU3ANHY

Haiiyacrimre, sSKmio MeToJ, SKWH TOBHHEH IOBEpPTaTH O0'€KT, HE 3HAXOIWTH
pboro o0'ekta, BiH moBeptrae Null. SIkmo He mnepeBipUTH pe3yNbTaT METOLy 1
3BEPTAIOTBCS JI0 HBOTO BiApa3y, IO MOXE TMPUBECTH JIO BHKJIIOYCHHS
NullPointerException [11, 13].

OOpoOka Takoro BUKITIOYCHHS 3aiiMae MOCUThH OaraTo vacy i 3axapamiye Koi. Y
JCSKMX BHIAJKaX MOXKHA BCE JX IOBEPHYTH OO0'€KT, IO TOBHICTIO MiATPUMYE
iHTepdeiic BIAMOBIIHOT aOCTpakKilii, ajge Beaydnii cede K «BIICYTHICTh 00'€KTa.

Hampuknaza, sKimo MeToj moBepTae MacuB a00 KOJEKIIiI0, Kpalle MOBEPHYTH
MOPOXKHIM MacuB ab0 MOPOXKHIO KoJjekiito. [1[o6 He cTBoproBaTH 0arato MOPOXKHIX
00'eKTiB, MOYKHA CTBOPUTH 1X OJUH pa3 1 3anmam'staTu. I[ToporxkHi KOJIEKIii B)XKe CTBOPEHI
i moctymui B kiaci Collections.

OnHak He TUIBKM B pa3l KOJICKIli MOXXHAa CTBOPIOBATH «IIOPOXKHI» O0'€KTH.
Hanpukman, npu peasizaliii 3B'1I3KOBUX CTPYKTYP 3aMiCTh HYJILOBOI TOCHJIAHHS MOKHA
BUKOPUCTOBYBATH CIIEIiajbHI 00'€KTH, IO peali3yloTh KiHEIb CHHCKY abo IJHCT
YEPBOHO-YOPHOTO jAepeBa. Taki 00'€KTH HE JTO3BOJIATH MPOJOBKHUTH ITEpAIli0 32 MEXI
CTPYKTYpPH 1 1M030aBiIsTh Bi mepeBipok Ha null.

[Tpunnun, mo 3abe3nedye BHYTPIIIHE SKICTh, (QOPMYIIOETBCS SK EHICTD
nu3aiiHy (MMPOEKTYBaHHS, KOHCTPYIOBaHHS, po3poOku). SIKy O KOHCTPYKIIit0 HE Maia

mporpama, HeoOXiTHO CTBOPIOBATH BCI il YaCTUHU OJTHAKOBO.
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2.2.12. dxkicTth KOOy

BHyTpilHa SKICTh MOYMHAETHCS 3 SIKOCTI BUXIAHOTO KOAY MIporpamu. SKIiCTb
KOJIy BU3HAUYA€ThCS SIKICTIO 17€H, BUKIAIEHUX B LbOMY Kojal. OCHOBHHM (pakTopom
SAKOCT1 BUXITHOTO KOy MPOrpaMu € HOro YUTaHICTh 1 3p03yMUIICTb.

Kona moxe untat Oyab-sKuid po3poOHUK 3 Oprasizaiii 3 Oyab-sKOI0 METOIO:

— 3'1CyBaTH, YOMY 30BHI BCE TaK MoraHo abo qo0pe BUTIISIAE;

— 3pO3YMITH, 1110 HE PeaTi30BaHO YH, [0 MOKE CTaTH B HAro/Jii KoJesl.

dopmaTyBaHHsI HEOOXITHO, OO MIATPUMYBATH YMTAHICTh KOJY HA HAJNEHKHOMY
piBHi. [IpaBuna dopmaryBaHHs KOAYy NMOBHUHHI OyTH €IMHUMHU y BChOMY MPOEKTI. A
Kpalie — y BCiid oprasizamii i1 B ycbOMY CBITI, TOMY IIO0 PO3POOHHMKH YacCTO YHUTAIOTh
BUXIJTHUN KOJI 1HIIUX MPOEKTIB. 3rajaiiMo Ie pa3 mpo €IHIicTh au3ainy. lle omgne 3
rioro mposiBiB.Kojg HEOOXiMHO mMHcCAaTH BIAMOBIAHO 0 TPUHUHATHX CTaHAAPTIB
KoayBaHHs s Java. barato cepemoBwuin po3poOku (Hampukiaa, Eclipse i Intellid
IDEA) moxxyTh aBTOMaTHYHO opMaTyBaTu koJl. Lle Moxe qonmoMortu npu BKIIOYEHHI
qy>K0ro abo cTaporo Kojy B IPOEKT, ajie HOBUHM KOJ HEOOX1HO CTBOPIOBATH OJIpa3y
IPAaBUIIBHO.

He Bci BuMOrm craHmapTy KoJyBaHHA oueBMIHI. Hanpukian, cranmapt
periiaMeHTye OOOB'SI3KOBE BHKOPUCTAaHHS (QIrypHHX JOYyXKOK Tpu odopMiieHH]
CTPYKTYPHHX ONEpaTOPiB, HABITh SAKIIO TiJIO OMEpaTopa CKIATAETHCA 3 OJHOTO PsJIKa.

Ile HEOOX1THO IS TMIABUIICHHS YUTA0SIBHOCTI.
2.2.13. Iniomu MOBHU MpoOTrpaMyBaHHs

He Tinbku GopmaryBaHHS 1 KOHBEHIlII IMEHYBaHHS BU3HAYAIOTh YHTAOETHHICTD
Komy. Y Oynb-sikii MOBI TporpaMyBaHHS ICHYIOTh TaK 3BaHi IIOMH, TOOTO
3aCTOCOBYIOTHCS CITOCOOW BUKOPUCTAHHS THUX YW THITUX KOHCTPYKITIH.

VY pa3i moBu Java 1o TakuxX iiOM MOKHa BiTHECTH CTBOPCHHS OOpPOOHMKIB
MOJII €JIEMEHTIB MpU3HAUYCHOro s KopuctyBada iHTepdeiicy (GUI) B anoHiMHHX
BHYTPINIHIX KJIacax abo ¢popmy 3amnucu nukiry for ms irepariii mo Koyekiii:

for (Iterator i = collection.iterator (); i.hasNext ();) {

Object 0 = i.next ();
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}

BukopuctanHg 1110M JO3BOJIIE YUTA4yeBl MPOIYCKATH OYEBUAHI (parMeHTH
KOAy 1 30CepeAuTHCs Ha 3MICTOBHI pedl, a TaKOXX 3HAXOJUTH B KOA1 MOTPIOHI
(parMeHTH 3 XapaKTEPHUMHU KOHCTPYKIISIMU.

Jlo 1mioM BIiAHOCATBCS 1 Takl MPaKTUKH, SK (opmMa NOPIBHAHHS psAaKa 3
JTEpabHOT KOHCTAHTOIO:

if ("java" .equals (languageName)) {}

Tyt imioma rapaHTye HaMm, IO TOPIBHSAHHSA HE MpU3BEAEC A0 BHUKIIOUYEHHS
NullPointerException.

o6 mpucTynuTH 10 IporpaMyBaHHS Ha HOBIM MOBIi, HEOOXIHO BUBUYUTU HOTO

CUHTAKCUC Ta O3HAHOMUTHCS 3 IPUIUHATUMHU B HBOMY 1IIOMaMH.
2.2.14. JlokymeHTaIis

Jlns Toro, moO koxa OyB OUIBII 3pO3yMUIMH, BapTO HAOIU3UTH HOTO 10
npupoaHOoi MOBU. OCKUTBKHM KITFOUOBI CJIOBA, SK IMPABUJIO, MUIIYTHCS aHTTIHCBHKOIO,
Halikpaie HaOamKaThCs 10 aHTIIiHCbkoi MoBH. Hikonin He KOpUCTYHTECS TPAHCITITOM.

PoGounii kox 3a3Buuail 3po3ymuIuii cam 1o cobi, 0e3 JomaBaHHS KOMEHTAapIB.
[IpaBunbHE (OCMHCIICHE) IMEHYBaHHS KJaciB, IIOJiB, METOIIB 1 3MIHHHUX Ja€
MOXJIMBICTh PO3YMITH TEKCT MporpaM Oe3 JT0JaTKOBHUX IOSICHEHb. KpiM ToOTO,
PO30UTTS HA METOAM JO03BOJISE BHAUIATH ()parMEHTH KOy, IO peali3yloTh IEBHI
dyHKIII, 1 iM'S MeToTy caMo 10 co0i € KOMEHTapeM JI0 TaKOTO (PparMeHTy KO1y.

OpHak BUMTYBAaTUCS B KOJ METOJY 3a3BH4Yail Bakue, HDK YUTATH OIHC, TOMY
KJIaCH, SIKUMH TIOBUHHI KOPHUCTYBATHCA 1HIII (a Kpalie — B3araji Bce KJIacH), MMOBHUHHI
OyTH 3aJIOKyMEHTOBAHI.

[actpyment JavaDoc € nHemoranum 3aco0oM sl JOKYMEHTYBaHHS KOOy Ha
Java, M03BOJIAOYM, 3 OJHOrO OOKYy, CTBOPIOBAaTH JAOKYMEHTAIlI0, NPHIATHY JUIS
BHKOPHMCTaHHS OKPEMO BiJ KOJy, a 3 IHIIOI0 — HaJal04Yd BCl HEOOXIiIHI MOSCHCHHS
MPSIMO B KO/II.

JlokyMeHTaIlisi TOBHHHA MICTHUTH KOHTPAKTH BCIX €JIEMEHTIB CHCTeMH (KJaciB,
METO/IB, MOJIB), TOOTO OMUC TUX YMOB, IPH SIKUX II €JIEMEHTH OyAyTh MPAIIOBATH

MPaBUJIBHO.
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2.2.15. MeTtadopu 1 3pocTaroyi CKJIaHI CHCTEMH

€ MOXIJIMBICTh BHUKOPHUCTOBYBAaTM B KOJl IOBHI Ha3BU — BOHHU OyBaloTh,
HalpuKiIaja, 3aHAaATO JOBIMMHM a0o B3arajl He O(OpPMIISIIOTBCA I1HAKIIE, HLK B
MOIIUPEHOMY PEUYCHHI.

JUIst CKJIaJHO OINMCYBaHUX TMOHATH Ma€ CEHC BUPOOUTH MeTadopu, TOOTO
KOPOTKI Ha3BH, K1 BUPAXalOTh CYTh MOHATTA (MOXJIMBO, 3a JIONOMOTOI0 aHAJIOT11).

Po3poOHMKM 1MX MpakTUK moAdalIu MNpo Te, o0 3a0e3MeUuTH KOXKEH
XapaKTepHUI MPUHOM JIOCUTh HAOUHOIO MeTadoporo.

CyuacHi 00YHCITIOBAJIBHI CHCTEMH BHKOPUCTOBYIOTH TEXHOJIOT11, HA OCHOBI SIKUX
sHaxoxaTecs tutargopmu  .NET: Windows Presentation Foundation, ASP.NET
Silverlight Ta in.

barato ¢akTtopiB BHYTPIIIHBOTO SKOCTI MOB'S3aHI 3 TUMHU TPYIHOIIAMH, SIKi
BUHUKAIOTH MPU PO3BHUTKY MPOrpaMHOi cucTeMH. JIuie HeBeNMKa KUTbKICTh Mporpam
CTBOPIOETHCSI OJIMH pa3, MEPelacThcsl 3aMOBHUKY 1 HIKOJIM Tade HEe MOJIUDIKYETHCS.
YactHa mNpOrpaMHUX CHUCTEM PO3BUBAETHCS BPAXOBYIOUM 3MIHM BHMOT, YMOB
eKCILTyaTallii Ta KoJia 3aB/IaHb, 1110 BUPIIIYIOTHCS CUCTEMOIO.

Ile cTBOproe GaraTo mpodsieM, OCKUIBKH CIIOYaTKYy HE MOXKHA Mepen0adynuTh BCiX
Herapas/iB, sIKIi YeKaloTh CHCTEMY TNIpH PO3poOIli, SK 1 BCIX IOMWIOK, IO
3MIMCHIOIOTHCS MPHU 11 CTBOPEHHI.

Benuky cucteMy MOCHTH Ba)XKO PO3BUBATH 1 MiATpUMYBaTH. TOMYy HEOOX1THO
JOTPUMYBATUCS TIEBHUX MPaBWI (SIK «y BEIUKOMY», TaK 1 «B Majlomy»), mo0 B
MOJIaTIBIIIOMY CUCTEMA Oyiia TOCUTh THYUYKOIO.

OpHa 3 MpUYWH iCHYBaHHS TaKWX BeJMue3HUX npoekTiB (bloatware; nanpukian,
Microsoft Word) mos's3aHa 3 ThM, IO Takuhii 30BHIiIIHIK (akTop sikocTi 13, sk
(GYHKITIOHATBHICTh, Ba)KKO BU3HAYHMTH OJHO3HAYHO. TyT B CHIIy BCTYINa€ TaK 3BaHUM
3akoH 80/20: «80% kopuCTyBa4iB BUKOPUCTOBYIOTH TUTHKU 20% (QYHKITIH CUCTEMI.

Yomy 6 ve 3ammmuty Tutbku 20% 1 He BukuHyTH iHII1 80%? CripaBa B TOMY, 1110

JUTSE KOJKHOTO KopucTyBada 1mi 20% MOXyTh CKIamaTucs 3 pisHOI (YHKIIIOHATBLHOCTI

[71.
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s mnpobGnemMa CTOCYeThCSI B OCHOBHOMY KOPOOKOBUX MPOAYKTIB, IO
CTBOPIOIOTBHCS HE JUIsl KOHKPETHOTO 3aMOBHUKA, a JIs1 IIMPOKOT0 KOJa KOPUCTYBayiB.

Tak um iHakmie, OUIBIIICTH MPOrpPaM € HEYXHJIBHO POCTYTh CKJIaJHI CUCTEMU
[16], sxi mOTpiOHO pO3MIMpPIOBATH, PO3BHBATH 1 BUITYCKATH BYACHO, 1 B IIbOMY B

3HAYHIA MIp1 JOTIOMAara€e XOpouIuii 1u3aiH.
2.2.16. MeTpuku

[Ifo ) Bce-Taku Take «XOpOWIMHU Au3aiiH»? POpMalbHO KaXydd, L€ TaKWAu
JU3aliH, SKWA 3 TapaHTi€l0 3a0e3rneduye JOCSATHEHHsS TapHOTO 30BHINTHBOTO SIKOCTI
cuctemMu. Alie € oJiHa rpoOJema: MBHUIIIE 33 BCE, €AMHOTO XOPOIIOTo AU3aliHy HEMAE.

HixTo moci He 3amporoHyBaB 3BOAY TpPaBWI, SKUH OW TrapaHTyBaB 30BHIIITHE
aKicTh. € nume nesiki iaei. [Ipuuomy MoBa ¥je He TUIBKM TPO JU3aiiH, aje i1 mpo
apXiTEKTypY 1 PO OpraHizaIliio po3poOKH BChOTO KUTTEBOTO UKy [13.

Ha mpakTuiii HeoOxigHO Xo4a © BIAPI3HITH MOraHuil au3aiH. (s nux e
ICHYIOTh ~ YUCJEHHI METPUKHM: KUIbKICHI ~ XapaKTepUCTHUKU CHUCTeM, HIOUTO
BIIOOPXKAIOTH 1X BHYTPIIIHA SKiCTh. OCh JesK1 MPHUKIAIN METPHUK:

— Cepenns (a00 MakcuMaibHa) JOBXKHHA METOAY B psakax. Tpeba mparHyTH 110
3MEHILICHHS 111€1 BeTUYNHHU.

— KinpKicTh JOCTYNMHHMX KJII€EHTaM €JE€MEHTIB Kiacy. TexX BapTO 3MEHIIYBAaTH,
OCKUIbKH 3 HaaTO BenukuM APl Bakko mpaifroBaT.

3anponoHOBaHO NOCUTH Oarato MeTpuk. Jlesiki 3 HHUX JIACHO KOPHUCHI SIK
PSAIOBUM PO3POOHHKAM, TaK 1 JIFOASAM, SKI KePYIOTh po3poOKor. IcHye psa kpurepiiB
BHYTPIIIHBOTO SIKOCTI, SIKi HEe OepyThcs KimbkicHO. lle ckopimie NpUHIUIHN, HIXK

METPHKH.
2.2.17. MonynbHICTh

Jlns toro, mo6 3 BETUKOK CHCTEMOIO MOKHA OyJIO TpaIffoBaTH, ii TOBEICTHCS
po30uTH Ha yacTuHH. Lle moTpiOHO My1st TOro, MO0 3pO3yMiTH, SIK BOHA Mpaioe (100pe
0 30cepenuTrCs Ha OHINA TaKiil YacTHHI, 3a0yBIIK PO pemTy). |, 3Budaiino, 6e3 1boro

HEe OOIATHCS JJIsl TOTO, 00 CTBOPUTH CUCTEMY: BOHU HE 3MOXKYTh HI IPUAYMATH OJHE
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BEJIUKE PIMICHHS [Js BEIMYE3HOI MpoOJieMH, HI BTUIMTU HOro, SIKII0O BCE pa3oM
MPaLlOBATUMYTh 3 YCIEI0 CUCTEMOIO Pa3oM.

HagiTh cepeqnsi mporpaMa He MOMIIIAETHCS LIUJIKOM B TOJIOB1 Y OJHIET JIFOJUHU,
TOMY HEOOXi1AHO pOo30MBaTU MpOrpaMy Ha HEBEJIMKI YAaCTUHU. byJaeMo Ha3uBaTH Taki
YaCTHHH MOJTYJISIMH.

Po30uTTs BenMKOro 3aBAaHHsA Ha OUIbII JpiOHI HA3MBAETHCSA JAEKOMIIO3UIIIEIO
3anayl. PO3yMHO AUMWTH cUCTEMY Ha MOJIyJI Tak, 00 KOXEH MOJIYJb BUPIIIYBaB
JIESKY 1010 130JIbOBaHy 3aBJIaHHS, OIMC SKOI MOKHA YTPUMATH B TOJIOBI.

HacnpaBzi moHATTS MOaynsl Ha pi3HUX PIBHAX aOcTpakiii NOTpiOHO TpaKkTyBaTu
no-pizHoMy. CripaBa B TOMY, IO Jy)K€ BEIUKE 3aBJIaHHS CTOITh PO30UTH HA 3aBIaHHS
NOMEHIIIE, Il B CBOIO Yepry — Ha Iie OuTbIl JIpiOHi, 1 Tak Jaii, MOKUA PO3MIp 3aBIAaHHs
HEe CTaHe MiABIaAHUN onHiM moauHi. KoxkHe po3OUTTS BIAMOBIAAE 3HWKCHHIO PIBHS
a0CTpakilii, OCKUIbKH TMpPHU TAKOMY «MOJAPIOHEHHI1» 3aBJaHHS BCE OLIBIIT 1 OUIBII
KOHKPETU3YIOThCS (TEPMIH «KOHKPETHUI» — AaHTOHIM TepMiHa «alcTpakTHui»). Ha
KO>KHOMY piBHI 3aBJaHHS 3ICTaBISETHCSA SKHHCH MOJYJb. CHOYaTKy I MiJCUCTEMH,
MOTIM, MOJKJIMBO, TAKETH, MIAMAKEeTH 1, HApemTi, KjIacu. Y OyAb-sIKOMY BHUIIQJIKy
KOXX€H MOJYJIb IMOBHHEH BHUPIIIYBaTH CBOE 3aBAaHHA 1 TUIbkH ii. [loTiM 3 peamizarii
MaJIeHbKUX 3aBJaHb HEOOXITHO CKJIACTH pillleHHs BHXiOHOI 3amadi. lleét mporec
Ha3WBa€ThCd KoMmo3uiliero. Kommosuiis — 11¢ (pakTuyHO TMigdoM 3a pPIBHIMU
aocTpakiii (30ipka OUIBIIUX MOAYNIB 3 OuTbml ApiOHUX). MoOXXHA MOAyMaTH, IO
IPOIIECH JICKOMITO3HUIIT 1 KOMIIO3HIII MPOXOJATh OKpeMO 1 po3HeceHli B daci. Sk
paBujIo, 1€ HEe Tak. Bci 3aBgaHHs BUPIMIYIOTHCS MOCTYIMOBO: BUIUISAIOTHCA ITi13a1a4i,

BOHU BUPIIIYIOTHCS, IHTETPYIOTHCSA B CUCTEMY, BUIUISIOTHCS HOBI IMii3aadi.
2.2.18. TloBTOpHE BUKOPUCTAHHS

VY mpotieci BUAUICHHS HEBEIUKUX 3aBJaHb YACTO 3'SICOBYETHCS, IO NIESAKI 3 HUX
BXKe Oynu BHpimIeHi: po3poOHHWKOM, IHIUM BHpoOHWKOM [I3 (TocTavadbHUKOM
610mioTexn) abo po3poOHMKaMu cTaHAApTHOI OibmioTekn MoBH. [HOMI (0COONMBO 1I€
CTOCYETBCSI KOy, HAMHCAHOTO KOMAaHJOI0) PIMICHHS MOTPIOHO 37€TKa BUAO3MIHUTH

(y3arasibHuTH), 100 HOro MokHa OyJI0 BHUKOPUCTOBYBAaTH MOBTOpHO. [loBTOpHE
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BUKOPUCTAaHHS €KOHOMHUTb 4Yac Ha BHpPINIEHHI THX K€ 3aBJaHb, Ha PO3YMIHHI
CTaHJAPTHUX PILIEHb, HA MOIIYKY 1 BUITPABICHHS TOMUIIOK.

HaBiTh fKIIO B MOBTOPHO BUKOPUCTOBYBAHOMY KOl 3HAWIUIacd MOMWIKA, il
NOTPIOHO BUIPABUTH TUIBKM OJIMH pa3 — 1 BCe 1i MPOsBU 3HUKHYTh. Ui psay cucreM
MOBTOPHE BUKOPHUCTaHHS MOXeE OyTH KPUTEPIEM 30BHILIHBOIO SIKOCTI. 3a3BH4Yail 1€
dakTop BHyTpimHINA. HeoOXiHO MPOEKTYBaTH CUCTEMY Tak, 1100 BCl 1i KOMIOHEHTHU
MOTJIM OYTH JIETKO BUKOPHUCTaHI MOBTOPHO. OJHE 3 HEraTUBHUX SIBUI — TyOJIOBaHHS
koay. | He TiTbKM KOAy: NyOJitoBaHHS 1€, MPOEKTHUX pIlIeHb, MOHATh — BCE L€
mKoauTh 3aranpHid cnpaBi. OOIIl gyxe gomomarae mpu MOBTOPHOMY BUKOPHCTAHHI
KOAY: yCHaJKyBaHHS 1 moiaiMopdi3M — epeKTUBHI IHCTPYMEHTH ISl BUPIIIEHHS TaKUX

3aBJlaHb.
2.2.19. Tukancynsuis

Bci Momyni MarTh TOBOAMTHCS Tak, OO 3BECTH O MIHIMYMY MOXJIMBICTH
3MIHCHEHHS TTOMIJIKM KJlieHTaMu. Lle cTocyeThbes Ik MPHU3HAYEHOTO JIUI KOPUCTyBaya
iHTepdeiicy, Tak 1 APl. Jlns MiHiMi3amii MOMHIJIOK KJIIEHTIB HEOOXIIHO 3MEHIIUTH
po3Mip BUAUMOI JIJIs KiieHTa yacTuHu API. ¥V oMy BUMaaky mpocTilie 3aXUCTUTH 1
3a0e3neunTu 6e3moMmIKoBy podoty APl. 3MEeHIINTH BUXITHUIA KOJ HE MOXKHA, TaK SK
IIe TMO3HAYUThCA Ha (YHKIIOHAIBHOCTI KIHIIEBOIO TPOAYKTY, HaiedeKTUBHIIIE
pIlIEHHS — 1€ 3aXOBaTH CTOPOHHIX oued Bce, MmO MoxHa 3axoBaTu. Illkoma, ame
3axX0BaTH BCE HE BUiie: Tpeba K JaTH MOXJIHMBICTh KOPUCTYBATHUCS HAIIMM MOJYJIEM.
3BiZICH BUIUIMBAE BAXKIUBHUM NMpUHIUI: «Bce, 1m0 He € HeoOXiMHUM IS KOPHCTYyBava,
Mae OyTH mpuxoBaHe». Bce Te, 1m0 KOopuCTyBaueBl HEOOXIHO, TTOBUHHO MPAIFOBATH
Tak, o0 BiH HE 3MIr JONMYCTUTH MOMUIKH. [IpudoMy, HalKpalie 3aXuIaTUCS HaBITh
BIJl TAKUX IIOMUJIOK, SIKI III€ HE B1IOMI.

[TpuHIIMT IPUXOBYBAaHHS BCIX JAeTalel peanizallii Ha3UBA€ThCSI MHKATICYIISIIUCH.
Horo moxHa cdopmymoBatH i Tak: «Mii Moy s poOuTh 1e. Bam He MoTpiGHO 3HATH,
K ». SICKpaBUM TMPUKIAIOM € TMPABUJIO TMPUXOBYBAHHS IMONIB B Kiacax. Y HHUX HE
MOBUHHO OyTH TIOJIB y BIAKPUTOMY JOCTYI (KOHCTaHTH B Java He MOXHA BBaKaTH
MOJISIMHM B 1IbOMY ceHci). JIocTyn 710 MmoJiiB MOBUHHI 3a0€3MeuyBaTi CHeliaibHl METOI!

(accessors). HaBitp sIKIO crovaTKy i MeTou OyIyTh MpaIoBaTH TpUBiabHO, ¥ Bac
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OyJe MOMXJIMBICTh JOJATH B HHUX OUIBII CKJIaJHY MOBEIIHKY, HE 3JIaMaBILIU
KJIIEHTCBKUI KOJ. A 1€ MOKHa 3pOOUTH M0JIe JOCTYIMHUM TUIBKU JJI1 YUTaHHS, 1 BCE
1€ 3pO3yMIIOTh: HEMAa€E METOJy Ha 3amuc — 3HauuTh, HeMmae. lle mie oaHa LItoCcTpalis
HEOOXITHOCTI €IHOCTI AM3alHy: SKILIO Yy BCIA CHCTEMI AOCTYI 10 TOJIB HANA€ThCA
yepe3 METOAM, BCl AYMaTUMYTh B LIMX TEpMiHaX 1 He OyAyTb HamaraTucs ILIyKaTH
cnoci0 3amMcyBaTd 3HAYEHHS B 1OJIe, Uil SIKOTO HeMae MeTony 3amucy. Kpim Toro,
IHKATCyJAIisl TOKpally€e sSKICTh aOCTpakilli: 3ajuinaloud TUIBKM HEOOXiJHE, MU
30JMKY€EMO YSIBICHHSI PO 00'eKT 3 Horo iHtepdericom. J[o Toro x, MpuxoBaHy Bij
Yy)KUX Oued peajizallil0o MOXHa 3aMIHUTH OuTbIl €(EeKTHUBHOIO, HE MOPYIIUBIIH

Ipare3/1aTHOCT1 KIIIEHTIB.
2.2.20. 3ane)XHOoCTI MK MOIYJISIMU

Kommno3zumist (sx 1 mporpaMmyBaHHs B3araii) — crpaBa Hempocta. OmgHl Moaydi
BUKOPUCTOBYIOTh IHIIN, Yepe3 M0 BUHUKAIOTH CKJIQJHI 3aJ]eKHOCTI. I Ooch yxke
nporpaMHe 3a0e3MeueHHs HE MOXKHA PO3MISIaTH K HaOlp MOMYJIB, OCKUIBKU IIe
MOHOJIIT, 310paHuii 3 TOTO, M0 3aMUILISIOCA SK MOIYJl, 1 OOB'SI3aHUN HABKOJIO
3aJIEKHOCTSIMHU, TIPU IbOMY KOJICH MOJYJIb HE MOXE TIPAIFOBATH 0€3 IHIIHX.

MoaudikyBath TakKy MporpaMmHe 3a0e3leyeHHs He TMPOCTO BaXKO, a
HEMOXIHUBO. [[7s1 GOpoTHOM 3 IIUM SBHUIEM ICHYE Kilbka MeTomiB. OmuH 3 HUX
Ha3UBA€ThCs 3aKOHOM JlemeTpu (Ha3Ba MPOEKTY, B SKOMY pPO3BHUHYJACS ISl TEXHIKA),
BiH dopmymoethest Tak: «Never talk to strangers» — «Hikoiau He po3MoOBIAlTE 3
HeBimomuMn». CeHe 3akoHy JlemeTpu B TOMY, 1110 JOBT1 BUKIUKK Ha KiiTaiar a.getB ().
GetC (). GetD () .doE () mkoasaTs CTpyKTypi cucteMu. [IpoekTyBaTH Kiacu MOTPiOHO
Tak, mo0 BUKIWKK Oynu He nosmie, HK a.d0B (), ne a — eneMeHT moToyHOro 00'eKxTa.
Ile panuxanpHe mnpaBuio. I[IpoekTyBaTW cHUCTEMHU TaKMM YWHOM CKJIaJHO, XOda
MOXJTHBO. J[0 1IbOTO MpaBmMIIa CIJIiJT CTABUTHUCS SIK 10 PEKOMEH AT

binemr nmieBe mpaBmwio ¢dopmynroerbes sik «Low coupling, high cohesiony —
«Hwu3pka 3B'I3HICTH, BHCOKE 3aueIuieHHs». K0XKeH MOIysb MOBUHEH OyTH 3B'SI3KOBUM
(JTOT1YHO €MMHHUM) — €JIEMEHTH BCEPEIMHI MOTYJIsl TOBUHHI OyTH CHIJIBHO TIOB'SI3aH1 MiX
co0010, 1HaKIIIe HOTO BapTO PO3AUIMTH HA KUIbKa MOJYJiB. Pi3H1 MOaysl MOBUHHI OyTH

MOB'A3aH1 K MO’KHA MEHIIE. II[eaJIBHI/IM € BHUIIAO0K, KOJIH 3BSI3KM MDK MOAYJIAMHU
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30BCIM HE YTBOPIOIOTH IUKIIB: B He 3anexuts Big A (mpsimo abo moOiuHoO, yepe3 1HII
Moayni), axkmo A 3anexutrs Bin B. Te x came MoHa BUpa3uTH B TEpMiHAX
TOPU3OHTAILHUX 1 BEPTUKAIBHUX 3asieskHOCTeM [16]. Hexail mo BepTukani MayTh piBHI
abcTpakilli, a Mo TOPU30HTANIl Ha KOXXHOMY PIBHI — MOJYJI, BiANOBIIHI LILOMY PIBHIO.
Tak ocbh TOpU3OHTAJIBHUX 3B'A3KIB Mae OyTH sSIKOMOTa MeHuIe (Kpaiie, mo0 He Oyio
30BCiM), B TOM 4Yac SIK BEPTUKaJbHI 3BSI3KY (HACHIIOK KOMIIO3MIlli) MOBUHHI OYyTH
YITKHUMHU.

BukonanHs 1poro mpaBuia MOJETNIIye KOMIIO3ULIIO 1 MIATPUMYE CUCTEMY Y

BUTJISIZII CTPYHKOTO HAOOPY MOJTYIIB.

2.3. Crparerii TecTyBaHHS

MeToro TECTYBaHHS € BUSBJICHHS TIOMIJIOK B TIPOTPaMI.

TecTyBaHHS IPOrPaMHOTO 3a0€3MEUCHHS OXOTUTIOE HIUTHKA Pl BUAIB AISUTBHOCTI,
aHAJIOTTYHMX TMOCIIIIOBHOCTI MPOIIECIB PO3POOKH MPOTrpaMHOTro 3a0e3nedeHHs. Y HbOro
BXOJISATD:

e TIOCTAHOBKA 3aJayi JIJIsl TECTY,

e TIPOEKTYBAaHHS TECTY,

e  HAITMCAHHSA TECTIB,

e TECTYBaHHS TECTIB,

e BHKOHAHHS TECTIB,

e  BUBYCHHS PE3Y/IbTATIB TECTyBaHHS.

BupimansHy ponb Bifirpae TPOEKTYyBaHHS TeCTiB. MOXIMBUNA LUTHNA P
MIAXOMAIB 0 cTpaTerii mpoekTyBaHHs TecTiB. [1[00 opieHTyBaTHCS B HUX, PO3TIISTHEMO
7Ba KpaifHix migxony. llepmuii monsirae B TOMy, IO TECTH MPOEKTYIOTHCS HAa OCHOBI
30BHINHIX crnenu@ikamiid mporpam 1 MoOAyJdiB, abo crenudikaiii CrnoxydeHHs
nporpamu abo moxayinsa. [Iporpama mpu 1IbOMY PpO3TIISIAAETHCS SK YOPHUM SITITHK
(ctpateris «gopHoro smmka»). CyTh TaKOro MiAXOMy — TMEPEBIPUTH, YW BIAMOBima€

mporpama 30BHImHIM crienudikaitism. [Ipu mboMy jorika MOaymst 30BCIM HE OepeThCst

710 yBarwu.
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Jpyruii miaxij 3aCHOBaHWM Ha aHali31 JOTIKM Mporpamu (CTpaTterii «Oi1oro
amuka»). CyTh MIAXOQy — B MEPEBIPI KOXKHOIO HUIAXY, KOXXHOI TJIKA aJTOPUTMY.
[Ipu oMy 30BHIIIHSA crienuikalis A0 yBaru He OepeThcs. AJbTEpHATHBA «HUOPHHUI
SIIUK» — «OUTUH SITUK» € TOCUTh 3arajbHOI0, 10 MIATBEPAXKYETHCS 11 3aCTOCYBaHHAM
HE TUIBKM TIpM TECTYBaHHI, aje, HaNpHWKIaJd, B aJbTCPHATHBHUX HaIpPsSMKaXxX
JOCHIJKeHb B 00sacTi mTyyHoro iHTenekty (II). ¥V miil obmacti npuXUiIbHUKA OJHIET
TOUYKH 30pYy ( «HOPHMM SIIIUK») MEPEKOHAaHI, 110 BAXKJIMUBO 301I MOBEAIHKU IITYYHO
CTBOPEHUX 1 TMPUPOJHMX IHTENEKTyaJIbHUX CHUCTEM, a BHYTPIIIHI MEXaHI3MHU
dbopmyBanHsa moBeAiHKH po3poOHUK II 30BciM He 3000B's3anuii komiroBatu. llei
HanpsiMOK II Ha3MBarOTh MAIIMHHUM 1HTEJIEKTOM.

[Hma Touka 30py ( «OUIMI SIMKMK») — BUBYCHHS MEXaHI3MIB MPHUPOTHOTO
MUCJICHHS Ta aHalli3 JaHUX PO crnocodu (GopMyBaHHS pO3YMHOTO MOBEIIHKH JTIOIUHU
€ ocHoBoto noOyzaoswu 11I. Tleit HanpsiMOK ojiepkaB Ha3BY MITYYHOT'O PO3YyMY.

SIckpaBMM TIpeACTaBHUKOM Tiepiioro Hampsmy € «Deep Bluew, siky «HaBummm»
Ipi B IIaX¥ Ha PiBHI (2 MOXke OYTH 1 BUIIIE) CBITOBUX rpocMeiictepiB. [IpencraBHukamu
JIPYTroro HampsIMKy € HEHPOKOMITTOTEPH.

’KoneH 3 1ux MiAXO/IB HE € ONTUMAJIBLHUM. 3 aHAJI3y ICTOTH MEPIIOTO MiIX0MY
SCHO, IO HMOTro peaji3aiis 3BOJUTHCSA JO TEPEBIPKU BCIX MOXKJIMUBUX KOMOIHAIIIM
3Haue€Hb Ha BXOAl mnporpamu. Po3rasHeMo SK TNpUKIAL 3aBAaHHS TECTYBaHHS
TPUBIAJILHOI MpOrpaMH, sSKa OTPUMYE HAa BXOJl TPU YHCIA 1 OOUYHCIIOE iX CEpeIHE
apubmernune. TecTyBaHHsA IIi€i TporpamMu JUIs BCIX 3HaYeHb BXIAHUX JaHUX
HEMOXJIMBO, TaK SK iX Oe3niu. Sk mpaBuiio, BUUEPITHE TECTYBaHHS JJIsI BCIX BXITHHX
JaHUX MPOTpaMu HE3IHCHEHHO, TOMY OOMEXYIOTbcs MeHIUM. [Ipu 11boMy BUXOISTH 3
MaKCHUMAaJIbHOI Bi/ijadl TECTy B MOPIBHAHHI 3 BUTpaTaMu Ha HOro CTBOpeHHA. Bona
BUMIPIOETHCSI MMOBIPHICTIO TOTO, IO TECT BHUSIBUTH IOMHIKH, SIKIIO BOHU € B
nporpami. BuTpaTu BUMIPIOIOTBCS YacOoM 1 BapTICTIO MIATOTOBKM, BUKOHAHHS Ta
MEPEBIPKU PE3YNIHTATIB TECTY.

[Ipoananizyemo Temep Apyruid miaxin Ao tecryBaHHsA. Ha puc. 2.1 300paxkeHi
MOXXJIMBI TIUIAXW HEBEJIMKOTO MPOTpaMHOTO Moaynsa. KBaapatamu mpeacTaBieHi
MOC1ZIOBHI CErMEHTH, a CTPUIKAMH — Nepejjayl YIpaBliHHS (32 JOMOMOTOI0 PO3BHIIOK

a00 1ukiiB). Yucno nuUifaxiB B MOJYJl Ma€ MOPSAOK (IJ1s1 MOPIBHSIHHS, BIK BCECBITY B
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CEKyH/aX OLIIHIOEThCA SIK 4). Anle HaBITh SKIIO MPUIYCTUTH, 110 BUKOHAHI TECTU IS

BCIX IUIAXIB, MOXHA CTBEPKYBATH, 110 MOAYJb 33JJOBUILHO O HE IPOTECTYBAJIH.

Puc. 2.1. AnroputMmiuHi IUIsIXy B IPOrpaMHOMY MO Y1

OdeBuaHE MiJICTaBy IHOTO TBEP/DKCHHS IOJISATAE B TOMY, II0 BUKOHAHHS BCIX
IUIAXIB HE rapaHTye BIAMOBIAHOCTI mporpamu ii cneuudikanism. [punyctumo, Ko
noTpiOHO HamUcaTU Tporpamy [Jsi OOYHCIEHHS KyOIYHOTO KOpEHsS, a Mporpama
(akTUYHO OOYHCITIOE KOPiHb KBaJpaTHWHM, TO Tmporpama Oyae abCOIOTHO
HEMPaBUWJIbHOIO, HaBITh SKIO IMEpeBIpUTH BCl nuisxu. Jpyra mpobiema — BIACYTHI
nuisixd. Slkmo mporpama peanizye crenudikaiii B MOBHOMY 00cCs31 (HalpUKIIAL,
BIJICYTHS Taka creliajgizoBaHa QyHKIIis, K IepeBipka Ha HETaTHBHE 3HAYCHHS BX1THUX
JAHUX TPOTpaMH OOYMCIICHHS KBaJpaTHOTO KOPEHs), HiKe TECTYBaHHS ICHYHOUYHX
NUISIXIB HE BUSBUTH Takoi moMmmiku. I, HapemTi, mpoOjieMa 3a1eKHOCTI pe3yJIbTaTiB
TECTyBaHHS BiJ BXiAHUX naHuxX. [II1sgX Moke MpaBUIBHO BUKOHYBATHUCS ISl OJTHUX

JTAHUX 1 HEMPaBWIBHO JIJIS IHITUX. HAITPUKIIA/,

IF(A+B+C)/3=A,

TO BOHO Oyze BipHMM He i BcixX 3HaueHb A, B 1 C (momMuika BUHUKAE B TOMY
BHITQ/IKY, KOJIU 3 JIBOX 3HaueHb B a60 C ojHe Oinmblie, a 1HIIE HA CTUIBKH K MEHIIE A).
SIKI0 KOHIEHTPYBATH yBary JHWIIE Ha TECTyBaHHI NIJISAXiB, HEMAa€ TapaHTii, MO I

IIOMMJIKA 6YI[C BUsBJICHA.
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TakuM 4MHOM, NOBHE TECTYBaHHS MpPOrpaMH HEMOXJIMBO. TecT i Oyab-aKoi
nporpamMu 0yae 0OOB'SI3KOBO HEMOBHUM, TOOTO TECTYBaHHS HE T'apaHTY€E BIICYTHICTh
ycix nommiok. CtpaTerisi MpOeKTyBaHHS TECTIB MOJISITa€ B TOMY, 100 crpoOyBaTu
3MEHILUTHU IO HEMOBHOTY HACKUIBKH 11€ MOXIHUBO. [Ipy IbOMY KIIOYOBUM IMUTAHHSAM €
HACTYNHMM: sIK€ MIAMHOXMHA BCIX MOXJIMBUX TECTIB MAa€ HaWBHILY HMOBIPHICTH
BUSBIICHHS TIOMWJIOK TIpd OOMEXKEHUX 4acy, TpYIJOBUX BHUTpaTax, BapTOCTi,
MalllMHHOMY 4acy 1 T.1m. Haiiripmioro 3 ycix MeToA0JIOrii € BUMAJAKOBUN HAOIp TECTIB,
TaK K BIH Ma€ Majy WUMOBIPHICTh OYTH ONTUMATbHHUM.

PexomenyeThCcst HacTyIHA MPOIEAypa PO3POOKU TECTIB:

e PO3pPOOJIATH TECTH, BUKOPUCTOBYIOUH METOJIA CTPATETIi «HOPHOIO SIIHUKAY;

e JIOJJaTKOBE TECTYBaHHS, BUKOPUCTOBYIOUM METOAM CTpaTerii «Ou1oro

AIMIUKA).

2.4. MeToau TecTyBaHHS MMPOTPAMHOTO 3a0e3MeueHHs

IcHye KiTbKa METO/IiB TECTYBAHHS

1. TectyBaHHS IpoOrpaM METOJ0M «4opHOTo siukay (Black box testing).
2. TecryBanns [13 metomgoMm «binoro smrukay» (White box).

3. Tecrysanus [13 metomom «ciporo siuka» (Grey box).

Jlo nepeBipku He QyHKIIOHANBEHUX acnekTiB [13.
2.4.1 TecTyBaHHS MPOTPAMH METOJIAMH «O1JIOTO SIIITUKA» 1 «IOPHOTO SIIHUKA»

Y tepminomorii mpodecioHaniB TecTyBaHHA (IIPOTPaMHOTO 1 JEAKOTrO
amapatHoro 3a0esmeueHHs) (pa3d «TeCTyBaHHA OUIOTO SIIMKa» 1 «TECTYBaHHSA
YOPHOTO SIIMKa» CTaBIATHCSA O TOTO, Y Ma€ PO3POOHUK TECTIB 1 TECTyBaIbHUK
JOCTYI 10 BUXITHOTO Konmy TectoBaHoro II3 abo *x TecTyBaHHS BHUKOHYETHCS Uepe3
iHTepdeiic abo mpuKIa HUA TporpaMHui IHTEpdENC , HaJaHUN TECTOBAHUM MOTYJIEM.

[Tpu TectyBanHi «Outoro smuka» (anrir. White-box testing, Takox roBopsTh —
MPO30POTo SINKA) PO3POOHUK TECTYy MA€E JOCTYM JO BUXIAHOTO KOAY 1 MOXKE MHUCATH
KOJI, KWW TOB's3aHMii 3 Oi0miorekamu TectoBaHoro II3. Ile TumoBo s FOHIT-

tectyBanHsa (aHria. Unit testing), mpu sSKkOMy TECTYIOTbCS JIMIIE OKpEeMi YacCTHHH
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cucteMu. BoHo 3a0e3neuye Te, 110 KOMIIOHEHTH KOHCTPYKIIIT Mpane3aaTHi 1 CTikKi, 10
MEBHOT MipH.

[Tpu tecTyBaHHi «uopHoro simukay (anri. Black-box testing) tectyBanbauk mae
noctyn g0 13 Tinbku depes Ti k iHTepdeiicu, MO 1 3aMOBHUK ab0 KOpPUCTyBad, abo
4yepe3 30BHIIIHI 1HTepdeicH, IO A03BOJSIOTH IHIIOTO KOMI'toTepa abo I1HIIOMY
MpoIeCy MiAKIIOYUTUCS JO CUCTEMHU IS TecTyBaHHS. Hampukianm, Tectye MOAyJb
MOXK€ BIPTyaJbHO HATUCKATH KJaBilll a00 KHOMKM MHIII B TECTOBAaHOI Iporpami 3a
JIOTIOMOTOI0 MEXaHi3My B3a€MOJIil MPOIECiB, 3 YICBHEHICTIO B TOMY, YH BCE Hje
NPaBWIBHO, IO IIi MOAIi BUKJIMKAIOTh TOH K€ BIATYK, IO ¥ peaibHi HATHCKaHHS
KJIaBilll 1 KHOMOK MUI. SIK TpaBWiO, TECTyBaHHS YOPHOIO SIIUKAa BEIACTHCI 3
BUKOPUCTAHHSAM crernu@ikaiiii abo 1HIIUX JOKYMEHTIB, IO OMHUCYIOTh BUMOTH 0
CUCTEMH.

Sxuro anbda- 1 6eTa-TecTyBaHHS BIAHOCITHCS J0 CTalil 10 BUIIYCKY HPOIYKTY
(a TakoX, HESABHO, JIO OOCATY TECTHUPYIOUIETO0 CHUIBHOTH 1 OOMEXEHHSM Ha METOU
TECTYBaHHS), TECTYBaHHS «OUIOTO SIIUKa» 1 «JOPHOTO SIIUKa» MA€ BITHOIICHHS JI0O
CHoco0iB, SIKUMHU TECTYBAJIbHUK JIOCSATAE METH.

bera-tecTtyBaHHS B LUJIOMYy OOMEXKEHa TEXHIKOIO «UOPHOIO SIIMKa» (Xoua
NOCTIiHA YacTHHA TEeCTYBAJIbHUKIB 3a3BUUall TIPOJOBXKYE TECTYBAaHHS «OUIOTO SIIUKA»
napajelibHO OeTa-TecTyBaHHs). TakuMm YHHOM, TEpPMIH «OeTa-TeCTyBaHHS» MOXKE
BKa3yBaTH Ha cTaH mporpamu (Ommk4ye 10 BUIYCKY HDK «ainbday»), abo Moxe
BKAa3yBaTH Ha JICIKY IPyMy TECTYBAJIBHHUKIB 1 MPOIIEC, 110 BUKOHYETHCS IIIEI0 TPYIIOHO.
OTxe, TECTYBAIBHUK MOXE MPOJOBXKYBAaTH POOOTY 3 TECTYBaHHS «OLIOTO SITUKAY,
xoua [13 Bxke «B Oeri» (cTazis), aje B I[bOMY BHUMAJKY BiH HE € YaCTHHOIO «OeTa-

TECTyBaHHS» (TPyIH / IPoLIeCy).
2.4.2. TectyBaHHs He QYHKIIOHATHHUX MTapaMeTPiB IPOrpaMu

[cHyIOTh cmemiaibHi METOAW Ui TECTYBaHHS AacCMEKTIB Mporpam, siKi HE €
(GYHKITIOHATPHIUMH, TOOTO 110 HE BITHOCATHCS 10 MPAIIE3AATHOCTI CAMUX MPOTPAM:
1. TectryBaHHA TPOMYKTUBHOCTI MPOTPAMHOTO 3a0€3MEUYEHHS — TMOAMBUTHCS

Mpane3aaTHICTh, AKIIO MporpaMa yrnpasiisie BEIUKOIO KUIBKICTIO TaHUX a00 Ma€ BEJIMKE
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yuciao kopuctyBauiB. Ile 6e3mocepeHbO BIAHOCUTHCSA A0 MOHSATTS MacCIITa0OBaHOCTI
JOJIaTKIB.

2. TectyBanns «l03aburiTi» — TecTyBaHHs iHTep(deiicy KopucTyBaya, HOTO
3pYYHOCTI, IPAKTUYHOCTI 1 JIETKOCTI JIJIl OCBOEHHS 3BUYATHUM KOPHUCTYBAUEM.

3. TectyBanHs Oe3MeKH MpOrpaM BaXKJIUBO IS NpOrpaM, 110 MalTh CIPaBY 3
KOH(ICHIIIMHUMU JAHUMHU JIJIs 3a11001TraHHsI BUKOPUCTaHHS BPa3JIMBOCTEN XaKepaMmHu.

4. TectyBaHHS $KOCTI IHTEpHALllOHATI3allli Ta JIOKaji3alii MNpPOrpaMHOIO
3a0€3IeUeHHS.

KopucryBarucss numu MetojamMu MOXXKHaA 1 MOTpiOHO, 106 mporpama Oyna

SKICHOFO.

2.5. MeToau cTpaterii «OuUIoro SIuKa.

TGCTYBaHHSI 3a [MPUHIHIIOM «0170T0 AMKUKa» XapaKTCPU3YEThCA CTYIICHCM, SIKUH

TECTH BUKOHYIOTH 200 MOKPUBAIOTH JIOTIKY (BUXITHHI TEKCT MPOTPaMH).
2.5.1. MeTo1 MOKPUTTS OTNepaTopiB

SAKII0 BIAMOBUTHCS TIOBHICTIO BiJ] TECTYBaHHS BCIX NUISXIB, MOXKHA IOKa3aTH,
0 KPHUTEPIEM TOKPHUTTSA € BUKOHAHHS KOXKHOTO Oreparopa IMporpaMu xoda O OJIuH
pa3. lle HeoOXximHa, aje HEAOCTaTHA yMOBa Il TPHHUHATHOTO TECTyBaHHS 3a
IIPUHITATIOM «O1I0TO STITUKAY.

VY mit mporpami MOKHa BHKOHATH KOXXEH OTEpaTop, 3alMCaBIIN OIWH-€TUHUMN
TecT, sskui peanizyBaB o nurasx ACE. SIk6u Ha Bxomai Oyino: A =2, B=0, X = 3, xoxeH
ormepaTop BUKOHaBcs O oawH pa3. Ane Ied KpuTepid Hacmpapial Tipiie, HDK BiH
3Ma€Thcsl Ha Tepmmi morisin. Hexait B mepmomy ymoBH 3amicTh "and" HamwcaHwmid
omeparop "Or" i B Apyromy ymMoBHU 3amicTh X> 1 ab6o X <l. B mpoMy Bumaaxy, mpu
TECTYBaHHI TTOMUJIKA BHUsIBIICHA He Oyne. Pe3ymbTaTu TecTyBaHHS HaBeacHi B TalOu. 1.
3BEpHITH yBary: OUiKyBaHHI PE3yIbTaT BU3HAYAETHCS 32 AJITOPUTMOM Ha puUC. 2.2, MO
HE BiAmoBizae QgakrmuHoMy. Sk BHUIHO 3 TaOJHIN, *KOJHA 3 ITUX TOMHIJIOK He Oyne

BUBJICHA.
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Puc. 2.2. Anroputm nporpamu, 10 TECTY€ETbCA

2.5.2. Meron MOKpUTTS pillieHb (OKPUTTS IEPEXOIIB)

CHIIBHIIMHA METOJ TECTYBaHHS BIJOMHH SK TIOKPHTTS pillleHb (IMTOKPUTTS
nepexojiB). BiamoBiHO 10 JaHOTO METOAY IMOBHHHO OYTH HAIKMCAHO JOCTAaTHIO
KUIbKICTh TECTIB, TaKe, IO KOXXEH HampsMOK Tepexoly Mae OyTH peayi3oBaHO
npuHaiiMH1 ofuH pa3. [lokpuTTs pimieHs 3a3BUYail BIAMOBITAE KPHUTEPIIO MOKPUTTS
ornepaTopiB. OCKUIBKH KOKEH OIepaTop JIEKUTh HA IESIKOMY HUISXY, [0 BUXOAUTH 200
3 omeparopa mepexony, ad0o 3 TOYKM BXOJY IMpOrpamMH, NMPU BUKOHAHHI KOKHOTO
HaAIPSIMY MEPEX0y KOKEH ONepaTop MOBUHEH OyTH BUKOHAHUU.

Jlns mporpamMu TOKPHUTTS PIlIEHh MOXKE€ OyTH BHKOHAHO JBOMa TECTaMH, SKi
OKpUBAaOTh IIIAXy {ace, abd}, ado {acd, abe}. Illnaxu {acd, abe} kporo, BubpaBmIn
taki BuxigHi gani: {A=3,B=0,X=3}1{A=2,B=1 X=1}

2.5.3. MeTo1 TOKPUTTS YMOB

Kpamii pesynpraTé B TOpIBHSHHI 3 MOMEPEIHIMU MOXKE JaTH METOJ MOKPHUTTS
yMOB. B oMy BHUMaAKy 3alMCYEThCS YUCIO TECTIB, JOCTATHIO JJIA TOTO, 10O BCi
MOJKJIMB1 pe3yJbTaTH KOXKXHOT YMOBH B PIllIEHHI BUKOHYBAJIUCS TPUHAWMHI OJTUH pa3. Y
MoTepeIHbOMY TpuKIani Maemo yotupu ymoBu: {A> 1, B = 0}, {A = 2, X> 1}. Orxe,

MoTpiOHA JOCTATHS KUIBKICTh TECTIB, Take, o0 peamisyBatu cutyarlii, 1e A> 1, A£ 1,
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B=01BOBToumiaiA=2 A2, X>11X £ 1 B toumi B. TectH, 3a10BOJLHAIOTE
KPUTEPIIO MOKPUTTS YMOB 1 BIAMOBI/IHI M HIISIXH:

a. A=2,B=0, X=4ace,;

b. A=1,B=1, X=0abd.

2.5.4. Kpurepiil NOKpUTTSA pillieHb (YMOB)

Kpurepiit nokpuTTs pillieHb / yMOB BUMAara€e Takoro I0CTaTHHLOrO0 HAOOpy TECTIB,
00 BCl MOKJIMBI PE3YJIbTaTH KOKHOI YMOBU B PIlIEHHI BUKOHYBAJIMCS NPUHANMHI
OJIUH pa3, BCE Pe3yJbTaTh KOKHOI'O PIlIEHHS BUKOHYBAJIWCA NMPUHANUMHI OJUH pa3 I,
KpIM TOT'0, KOKHIM TOYIIl BXOY MepeaBagocs yrpaBaiHHS

a. A=2,B=0, X=4ace;

b. A=1,B=1,X=0abd.

BIJIMOBIAAIOTH 1 KPUTEPIEM MOKPUTTS pillieHb / yMoB. Lle € HaciaiakoM Toro, 1o
OJIHI YMOBHU HaBEJEHUX PIllIEHb MPUXOBYIOTh 1HIIII YMOBH B IIUX pilIeHHSIX. Tak, K0
ymoBa A> 1 Oyne XuOHHUM, TPAHCISATOP MOXKeE He mepeBipATH ymMmoBU B = 0, ocKUIbKH
npu Oyab-skoMy pesyibTari ymoBu B = 0, pesynwsrar pimenus (A> 1) & (B = 0))
npuitMe 3HadeHHs OpexHs. OTKe, HEJOJIKOM KPUTEPI0 MOKPHUTTS PIllieHb / YMOB €
HEMOXJINBICTh MOT0O 3aCTOCYBaHHS /111 BUKOHAHHS BCiX PE3yJbTaTiB BCIX YMOB.

[Hmra peamizarfis JaHoro NMpUKIany IpuBeneHa Ha puc. 20. YMOBH pilllecHHS
BUXITHOI MporpaMu po30MTI Ha OKpemi pimieHHS 1 mepexoau. Haibinpim moBHE
HOKPUTTS. TeCTaMU B I[bOMY BHIIAQJKy BHUKOHYETHCS TakK, 1100 BUKOHYBAJIMCS BCl
MOXJIMBI PE3yJbTaTH KOXHOTO IMPOCTOTO pimieHHs. JIJIsI 1IbOTO MOTPIOHO TOKPUTH
nuisix HILP (tect A =2, B=0, X =4), HIMKT (tect A=3, B=1, X =0), HIKT (tect
A=0,B=0,X=0), HKR (tect A=0,B=0, X=2).
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Puc. 2.3. AIroput™M MamvMHHOTO KOy

[IporectyBaBimin airoput™M Ha puc. 2.3, HEBAXKO MEPEKOHATHUCS B TOMY, IO
KpUTEPil MOKPUTTS YMOB 1 KPUTEPIii HOKPUTTS PillIeHb / YMOB HEIOCTATHHO YYTJIUBI J10

IIOMMJIOK B JIOTIYHUX BHPa3ax.
2.5.5. MeTo KOMOIHATOPHOTO MMOKPHUTTS YMOB

JUIss TIBHINEHHS YYTIWUBOCTI B JIOTIYHUX BHpa3ax BUKOPHCTOBYIOTH IHITUH
KpUTEpiii: KOMOMHATOPHOE MOKPHUTTSA yMOB. KpuTepili BUMarae CTBOPEHHS TaKOT'O
guciIa TECTiB, 00 BCI MOXKJIMBI KOMOiHAIlIl pe3ylbTaTiB YMOBH B KOXXHOMY PIIICHHI
BUKOHYBAJIHMCS TMPUHANMHI oauH pa3. Habip TecrtiB, sKi BIANOBINAIOTH KPHUTEPIIO
KOMOHWHATOPHOTO TIOKPUTTS YMOB, 3aJ0BOJIbHSIE TaKOX 1 KPHUTEPISIMH TIOKPUTTS
pIIIEHb, TOKPUTTS YMOB 1 IOKPHUTTS PIIlICHb / YMOB.

3a MM KpPUTEPiEM B TAaHOMY MPUKIIAJII MOBUHHI OyTH MOKPUTI TE€CTaMU HACTYIHI
BiciM KOMOIHAIIIH:

1. A>1,B=0.

A>1, B#0.
A<1,B=0
A<I,B#0.
A=2,X>1.
A=2 X<I.

o o bk~ w D
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7. A#2,X>1.

8. A#2, X<,

Jlist Toro mo6 nporecTtyBaTd Ii KOMOiHaLli, HEOOOB'A3KOBO BUKOPUCTOBYBATH
Bci 8 TecTiB. DAKTUYHO BOHU MOXKYTh OyTH MOKPUTI HOTUPMA TECTAMM:

—A=2,B=0, X=4 {nokpusae a, 1};

—A=2,B=1, X=1 {nokpusae 0, e};

—A=0,5B=0, X=2 {nokpusae B, x};

Te, 0 YoTUpMa TEeCTaMU BIANOBIJAIOTH YOTUPHU PI3HUX LUISXHU Ha puc. 18, 19 €
BUIMAJIKOBUM 30iroMm. HacmpaBii mpejcTaBieHi BUIIE TECTH HE IMOKPUBAIOTh BCIX
IIIAXiB, BOHM NpomnyckaroTh muiax acd. Hampukmam, morpiOHO BiCiM TeCTIiB IS

TCCTYBAHHA HaCTyHHOI nporpamMu:

if (x==y) && (z == 0) && end)

=1
else
i=1;

X04a BOHA 3aJI0BOJIBHSIETHCS JIMILIE IBOMA IUIIXaMU. Y pa3i HUKIIB YUCIIO TECTIB
JUISL 3a7I0BOJICHHSI KPUTEPI1F0 KOMOMHATOPHOTO MOKPUTTS YMOB 3a3BUYail OuIbIe, HIXK
YHUCJIO MIJISAXIB.

TakuM ywmHOM, UIsI TIpOrpamM, IO MICTATh TUIBKM OJHY YMOBY Ha KOXKHE
pIIICHHS, MiHIMaJIbHUM € KPUTEPii, HaOIp TECTIB SIKOTO:

1. BUKJIMKae BUKOHAHHS BCiX pe3yJbTaTiB KOKHOTO PIICHHS, MPUHANMHI, OUH
pas;

2. Tiepeqae ympaBIiHHSA KOXKHIA TOYIl BXOAYy (HampHUKIad, TOYKA BXOIy, Case-
OJIMHUIII) TPUHAWMHI OfuH pa3 (mo0 3a0e3MeyuTH BUKOHAHHS KOXHOTO Omeparopa
porpaMu MpUHAWMHI OJMH pa3).

Jlns mporpam, 10 MICTATh PIlICHHS, KOJKHE 3 SKMX Ma€ OLIbIIe OJHOTO YMOBH,
MIHIMaJTbHUN KPUTEPIN CKIATAETHCS 3 HAOOPY TECTIB, O BUKIMKAIOTH BUKOHAHHS BCiX
MOXXJIMBUX KOMOIHAIlIi PE3yJlbTaTiB YMOB B KOXXHOMY PIIICHHI 1 mepeaaBaIbHUX

YIpaBJIiHHS KOXKHINA TOYI[l BXOAY MPOTPaMHu.
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CnoBO «MOKJIMBHUX» BXKUTO TYyT TOMY, IO €Kl KOMOIHAIll yMOB MOXYTb OyTH
HepeaTi30BaHUM; Hamlpukiaa, y Bupasi (2> 2) && (a <10) MoxyTh OyTH peai3oBaHi

TUIBKH TPU KOMO1HAIIi YMOB.

2.6. TecTyBaHHS METOAOM YOPHOTO SILIUKA

TecTyBaHHS METOJIOM «YOPHOTO SITUKa» — IIe MPOCTa TEXHOJIOTIS, SKa MOXKE
HajaTH 3HAYHUK edekT Ha sKkicTh komy. Y ctarTti [15] moka3yeTbcss HaBMHCHE
BIIPOBA/KEHHSI BUIMAJKOBUX HEMpaBUJIbHI JaHI B JOJATOK 1 HEBIPHI pe3yibTaTH
poboTH. TakoX MOSCHIOETHCS BUKOPUCTAHHS TEXHOJIOTIH CTBOPEHHS 0€3MIEYHOTO KOJTY:
KOHTPOJBHUX cyM, cxoBulll AaHux XML 1 nmepeBipku xoay, siKi 3aXUIIAIOTh MPOrpamMu
BiJl BUIQJAKOBUX JaHWUX. KpOTi TOro, AEMOHCTPYETHCS TEXHOJIOTIS 3aXHCTy, a came
BIIPaBY IO IMIiTaIlii MiAXOJIB 3JOMIIUKIB KOJY: TOIIKOXeH1 (aiiiB, sSKi MOXYTh
BUKJIMKATH 301i Oyab-sKoi mporpamHoi cuctemu, Hanpukiaan Microsoft Word. Kinbka
HEBIAMOBIAHUX O0alTIiB — 1 poboTa mporpamu OuTbII HEMOXJWBA. PaHimie, B enoxy
omeparifHux cucteM 0e3 MexXaHI3MIB 3aXUCTy MaM'ATi, Yepe3 Iie MOTIJIa MPUITHHUTHUCS
po6orta i Bcroro komi'torepa. Homy Word He Moske po3mi3HaTH, [0 OTPHMAaHI JaHi He
rOJAThCA, 1 TPOCTO BUJATH TMOBIAOMIEHHS mpo mnoMwiky? Yomy 1e momaTox
MOIIIKO/KY€E CBIA BJACHUM CTEK Ta IHINI O0JacTi mam'siTi TUIBKH dYepe3 Te, IO
HOMIHSTHCS KinbKa OiTiB? Word — 1ie He eanHa mporpama, sika MOBOJUTHCS HACTLIBKU
YKaXJIMBO MPH 3yCTpidi 3 HEBIpHO chopMoBaHUMU (aitmamu.

[Ipu TecTyBaHHI METOJIOM «UOPHOTO SIIMKa» BH AaTaKyeTe Mporpamy
BUTIQJIKOBUMH HEBIPHUMH JaHUMH (K1 Ha3HBaIOThCs crioTBopeHHsM (fuzz)), a morim
YeKaeTe 1 JUBITHCS, IO 3j7aMajocs. XHUTPICTh TAKOTO METOAY IOJIATa€ B TOMY, IO
TECTYBaHHS HEJOTIYHO. 3aMiCTh TOT0, MO0 HamaraTHCs BrajaTd, SKi JaHi MOXYThb
CIPOBOKYBAaTH TOMWJIKY (K 3a3BHYail HAIXONATh JIIOAM, IO 3alMarOThCs
TECTYBaHHSIM), aBTOMATH30BaHUN TECT MPOCTO BHUAAE TMPOTpaMi SK MOXKHA OLTBII
BHUIMAJIKOBUMA «CMITTS». [loMuiakm, sKi BH3HAYalOThCSA IMOAIOHUM TECTYBaHHSM,
3BHUYAHO MIOKYIOTh MPOTPAMICTIB, OCKUIBKU Hi OJWH JIOT1YHO MHCIISYA JTIOAMHA HE MIr
iX HaBiThb ouikyBaTH. [IpocTa MeTOAMKa MOKE BHUSIBISTH B MpPOrpamax BaKIIMBI

NMoMUJKU. BoHa MOXe 3HaXOAMTH TI BUAM BIJIMOB, SIKi BUHHMKAIOTh IMPU peajbHIi
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eKCIUTyaTallii, 1 CUTHaJI3yBaTu MPO MOXJIMBI HUIAXU aTakK, AKi HEOOXITHO MEPEKPUTH
1€ JI0 TOTO, SIK IPOTPAMHHM MPOAYKT MOTPAHUTH 10 3aMOBHHUKIB.

TecTyBaHHS 32 METOJIOM «YOPHOTO SIIUKAY peaTi3yBaTH JOCUTH MPOCTO:

1. Iliproryiite KOpeKTHUM (hails, MpU3HAYECHUH AJI1 BBEACHHS B IPOrPaMy;

2. 3aMiHITh €Kl YACTUHU LIbOro (pailily BUNIaJKOBUMH JTAHUMU;

3. Binkpuiite (aiin B mporpami;

4. TloauBiThCs, 110 HE MPALIIOE.

BunaakoBi naHi MoHaA 3MiHIOBaTH Oyab-skuMu crnocobamu. Hanpukmnan,
MO’KHa 3MIHIOBATH HE MPOCTO 4YacTWHa (ailry, a Bech (aiiin 3aMiHUTH BHITaIKOBUMHU
naHuMu. Moxna oOmexutu BMICT (aitny nume ASClI-TekctoM ab0 HEHYJITbOBUMH
Oaitamu. [0oJl0BHE — 1€ moJaTd 3 JOJATKOM MOOUIBIIE BHUIIAAKOBUX HAaHUX 1
MOJAUBUTHUCS, 1110 OyI€.

Xoya TIOYAaTKOBI TECTH MOXKHA TMPOBOJWTH 1 BPYYHY, JUIS JIOCATHCHHS
MaKCHMaJIbHOTO e(eKTy TeCTyBaHHS CJiJI aBTOMAaTHU3yBaTH. Y I1IbOMY BHIIQJKy
CIIOYATKy MOTPIOHO BU3HAYWTH MPABWIBHY IMOBEIIHKY MPU MOMMIKY, KOJH J0JAaTOK
OTpUMY€ HEBIpHI BXiIHI JaHi. Skmo Oyjae BUSBICHO, IO MporpaMa B3araji He
noTypOyBajacs BHU3HAUWUTH, IO CTAJOCs, KOJIM IMOJaH1 BX1IHI HEBIPHI, TO I TepIia
nomuiika. [oTIM TOIarOThCS BUIAIKOBI JlaHI B NpOrpaMmy A0 THX Ip, MOKU HE
3HalAeThCs (paitn, y BINOBih Ha SKUM HE 3'IBISETHCS MPaBUJIBbHE J1aJIOTOBE BIKHO
IOMUJIKY, TIOBIIOMJICHHS, BHHSTKOBA CHUTyallis 1 T.1. HeoOXigHO 30epertd i
3apeecTpyBaTu 1ei daiti, moo mizHie MoXHa 0yJIO BIATBOPHUTH IPOOIEMY. aITOPUTM
TIOBTOPIOETHCHA.

Xo4a TECTyBaHHS 32 METOJOM «UOPHOTO SIIMKAa» 3a3BHYail BUMAarae JEsSKOTO
PYYHOTO HAMHMCAHHS KOMY, ICHYIOTh IHCTPYMEHTAIbHI 3aCO0H, SKI MOXYTh JOTIOMOTTH
B 1npomy. Hampukman, Jlictuar 1 peMoHcTpye mnpoctmii Java-kimac, ™  sgkuit
BUIIAJIKOBUM YUHOM MOAM(QIKY€e TIEBHY JOBXKUHY (ainy. 3a3Buyail 3MIHIOIOThH (haiii
ne-HeOyIp TICIAS MEepIIUX KUTbKOX OalT, OCKUIBKH MPOTrpaMH MAarOTh TECHJACHIIIO
BU3HAYATH MOMUJIKY HA CAMOMY TIOYATKY JaHUX, a HE MOTIM.

3namatu (aitn nerxo. IlepegaTu fioro mogaTkoMm 3a3BuU4Yail He HabaraTto Bakde.
JIns HanmucaHHS 1€l YACTUHU TECTY 4acTO HailkpauuMm BHOOpOM OyIyTh Takli MOBHU

crienapiiB, sk AppleScript a6o Perl. Jlns mporpam 3 rpadiuaum iHTepdeiicom
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HalBa)KYOI0 YaCTHMHOIO MOK€ OyTH PO3Mi3HABaHHS TOro (DakTy, IO JOAATOK BKA3aJo
MpaBWIBHUI pEXUM NOMWIKH. [HOA1 HaMmpOCTIIe MOCAAUTH KOro-HeOyIb mepen
MOHITOPOM 1 3MYCUTH HOro MO3Ha4aTh KOXKEH TECT SK BIAJUA YU HEBIAIHM.
OO0O0B'SI3KOBO OKpEMO Ha3UBaTe 1 30epiraiite Bce 3reHepOBaHl BUIAKOB1 KOHTPOJIbHI
MPUKIaAH, 1100 TOTIM MOXHA OYyJI0 BIATBOPUTH BC1 MOMUIIKH, BUSIBIICHI 32 JOIIOMOTOIO
1I€T TPOIEAYPH.

TecTtyBaHHS 32 METOJIOM «YOPHOTO SIIIMKA» MOKE BUSBUTH HASBHICTH IMMOMIJIOK
B nporpami. BoHO He AOBOAUTH, 10 TakKUX MOMUJIOK B mporpami Hemae. OnHak
MPOBEJACHHS TaKOTO TECTYBaHHS 3HAYHO MiABHUIIYE BIEBHEHICTh B TOMY, IO TOJAaTOK
HaJIWHO 1 O€3MeYHO MO BIIHOIIEHHIO N0 Hemepen0ayeHuX BXITHUX JaHUX. SKIIo
TECTYBaHHS MPOTPaMH 3a UM METOAOM MPOBOAUIIOCS MPOTIATOM 24 TOIWH 1 BOHA SIK 1
paHillie Mpairoe, TO HABPSA UM MOAAIBIIN aTaK! MOIOHOTO POy BUKIUIYThH MMOMHIIIKY.
(3ayBaxTe: 11le HE HEMOKJIMBO, a MMPOCTO MEHII IMOBIPHO.) SIKIIIO TECTyBaHHS BCE-TaKU
BUSIBUJIO TIOMWJIKH B TIpoTrpamax, iX Tpeba BUMpPaBUTH. 3aMiCTh TOTO, 100 BUTIPABISATH
BUIIQJIKOBO BHUSBIICHI MOMUJIIKH Y MIPY iX MOSIBU, OUIbII MPOAYKTUBHUM MOXKE OyTH
(¢yHoameHTanpHE BUIpaBIeHHS Qopmary ¢aiuly Ha OpeaMeT  pO3yMHOTO
BUKOPUCTAHHS KOHTPOJIBHUX cyM, XML, ouunnienns nam'sati 1 / abo ¢opmati aitnis
Ha 0a3i rpaMaTHKH.

TectyBaHHS 3a METOJIOM «HYOPHOTO SIIIMKA» € BAXKJIMBUM 3aCO00M 3HAXOJKEHHS
B IIporpaMax peajbHUX MOMUJIOK. Bel mporpamicT, sSiki HaJIalITOBaHi Ha 3a0e3meueHHS

Oe3IeKy 1 HaJIHHOCT1 CBOIX MPOTrpaM, TOBUHHI KOPUCTYBATHCS ITUM 3aCO00OM.

2.7. PedakropuHr i 6JIOKOBI TeCcTH

OcHoBHI 171€1 OYIb-SIKOTO TECTYBaHHS:

— KOJIM BHSIBJISITH TIOMHJIKH — YUM paHillie, THM Kpalle,

— HE 3QJIMIIATH IOMUJIOK Y ce0e 3a CIIUHOIO;

— 33IISITH KOMITUISATOP;

BuxopucroByBaTi Kparie CTaTWdHI NMEPEeBIPKU, HDK OYyIb-sKi 1HI, OCKUTBKH
BOHU:

— aBTOMATHYHI;
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— rapaHToBaH1 (HEMae BUIAJIKY, KOJIM Mporpama He J1iAe A0 BUKOHAHHS psAAKa 3
MTOMMJIKOIO);

— TIOMUJIKHU BUSIBIISIIOTHCS Ty’K€E PaHO.

Moaudikanii BHUXIZHOTO KOAY HEOOXIJHO 3IIMCHIOBAaTH IiJ KOHTPOJIEM
KOMITUISITOPA, TOOTO KOMITUIATOP — T'OJOBHUM MOMIYHUK NTpu Moaudikaiiii koay. Jloope
crupoektoBannii APl nepexianae 6a3oBi nepeBipku Ha koMmminarop. B [16] HaBoasThes
0a30B1 peKOMEHAAIlll MpU peanizalii 1 MoAUQIKaLli IPOrpaMHUX CUCTEM:

— noiMopdi3M Kparie, Hix instanceof;

— KOMITUISITOP J0TIOMAarae JIi3HaTUCS, 110 e TOTPiOHO 3MIHUTH;

— Iy’)K€ YacTO KOMIIUISTOpP TMOKake HaM Bce AUISHKU TMPOTpPaMH, MOPYIIEHi
BHECCHUMH 3MiHAMU;

— JIO/IaJTK TTapaMeTp — MIHITH TpeOa TaMm, Jie BUHUKIIA TOMUJIKH;

— sk BUpanuTu (abo mpocTo 3HaiTH) Bee miakiacu? OronocutH kiac sk final i
TIOJTUBUTHCS, JIe BUJACTh MOMIIKH KOMITUISATOP.

JlonatkoBi mpoOjaeMyu BUHUKAIOTh MPHU MPOEKTYBAHHI 1 MIATPUMII 1HTEpdEncy
nporpaMHuXx cucteM. OCHOBHI €Tanu KUTTEBOTO LUKIY BUXITHOTO KOAY, IO peajizye
iHTEepdeiic:

— IPOEKTYBaHHS (BUTalyBaHH);

— BTUIEHHS;

— BUIIPABJICHHS TTIOMUJIOK;

— J0/1aBaHHS HOBHUX (DYHKITIH;

— BUIIPABJICHHS TTOMUJIOK.

[Tpormec po3BUTKY KOAY Beae a0 aerpanamii iHTepdeticy. Crapuii iHTepdeiic He
J03BOJIIB  3pOOMTH IIOCh KPacHMBO, TOMY peEali30BYBajIOCS HEKPAaCHUBO 3 PIZHHUX
MpUYKH: HEe OyJI0 yacy poOUTH KPacHBO; XTOCh HE po3i0paBcsl, K MPABWIBHO; 1 3pOOUB

HESKICHO.
2.7.1. PepakTopuHr.

OcHOBHMM cmnocoOom OopoThOM 3 jmerpazgariero € pedakropunr. abo
peopraizanisi KoAy — MpOIEC 3MIHUM BHYTPIIIHBOI CTPYKTYpH MporpamMu, IO HE

3ayinae ii 30BHINIHBOI MOBEAIHKM 1 MAa€ Ha METI MOJIETIIMTH PO3yMIHHS i1 podotu. B
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OCHOB1 pedaKTOpiHra JEKUTh TMOCIIIOBHICTh HEBEJIMKUX EKBIBAJIEHTHUX (TOOTO
30epiraloTh MOBEMIHKY) MepeTBOpeHb. OCKUIBKH KOXHE MEPETBOPEHHS MaJieHbKE,
MPOrpaMmicTy JIeTHIE MPOCTEKUTU 3a MHOro MpaBWIBHICTIO, 1 B TOH K€ 4ac BCA
MOCJIIIOBHICTh MOK€ MPUBECTU 0 ICTOTHOI MEepedyAOBU MPOrpamu 1 MOJIMIIEHHIO 1i
y3TOJI)KEHOCTI 1 YITKOCTI.

OcHoBHI 1€1 TOCTIMHOTO pedakTopiHTa:

— CYMHIBHUH KOJ;

— nyOIOBaHHS KONY;

— CHa/IKyBaHHS;

— BUJIUIEHHS METO/IIB.

Pedakropunr mnoTpiOHO 3aCTOCOBYBAaTH TOCTIMHO TIpU PO3pOOIl  KOIY.
OCHOBHUMU CTUMYJIAMH HOTO TIPOBEICHHS € HACTYITHI 3aB/IaHHS:

1. HeobOximHo nomaTd HOBY (QVYHKIIIO, sIKa HEAOCTaTHHO BKJIAJAETHCS B
NPUIHSTE apXITEKTypHE PIIICHHS;

2. HeoOxiaHO BHUINPAaBUTH MOMWIKY, MPUYMHA BUHHUKHEHHS $IKOi Bilpasy He
SICHI;

3. IlogomanHs TPyAHOIIIB Y KOMaHHIM po3poOili, sKi 0OOyMOBJIEHI CKJIAIHOIO
JIOT1KOIO MPOTPaAMH.

baratro B yomy nipu pedakTopiHry Kpalie MoKJIagaTUCs Ha 1HTYIllil0, 3aCHOBaHY
Ha jocBifal. [Iporte € neski Buaumi mpobiieMu B KOJI1, 1110 BUMAararTh pedakTopiHra:

1. JoBruii MmeToa ab0 BEJIUKUN Kjac:

— BUJIUICHHS KJIACiB;

— BUAUIEHHS IT1AKJIACIB.

2. JIOBrHii CIMCOK IMapaMeTpiB:

— OTpUMAaHHS HEOOXIHUX 3HAYCHB Y MapaMeTpiB-00'€KTiB;

— arperyBaHHsI TPYIH MapaMeTpiB B 00'€KT.

3. Posxomsarbcst momudikarii (oauH ki1ac MOAUGIKYETHCS 3 PI3SHUX MPUBOJIB):

4. JloBruii CriucoK mapameTpiB:

— BUJIUICHHSI KJIAcCiB, IO BiIMMOBITAIOTH 3a Pi3HI peyi.

5. «Crpinpba apobGom»: 1mo0 3poOUTH WIOCh, MNOTPIOHO BHECTH OaraTo

MaJICHbKUX 3MIH B PI3HUX MICISIX:
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— TIEPEMIIIECHHS YJICHIB;
— BOYJIOBYBaHHS.

6. «3a3apicHi QyHKUII»: METOJ KOPUCTYETHCS IHIIMM KJIacoMm OuIbIIE,

CBOIM:

— TIepEMIIIEHHS YJICHIB,;

/. DI'pynu naHux:

— arperaiiisi napameTpiB B 00'€KT;

— OTPUMAaHHS JaHUX Y OJTHOTO 00'€KTa.

8. OnepxuMicTh eIeMEHTAPHUMU THIIAMHU:

— 3aMiHa MPUMITUBIB 13 30BHIIIHIMH OIEpanisiMi Ha 00'€KTH.
9. Onmnepatop switch:

— 3aMiHa JIOT1KH MOJIMOP(I3MOM.

10. TTapanenbHi i€epapxii ycraaKyBaHHS.

11. «JliHuBuU# KII1aCH:

— BUJQJICHHS KJ1acy.

12. TeopeTuuHa CiIbHICTD:

— BUJQJICHHS CKJIQIHUX 3arajbHUX MEXaHI3MiB.
13. Tumuacose moie:

— BUJIJICHHSI 9YaCOBHX I1OJI1B B OKPEMHUH KJIac.
14. JIaHITI0)KKY TTOBIIOMJICHB, 3aKOH [leMeTpu:
— TIePEMIIIIEHHS] METOY.

15. nocepenHUKH:

— BOY/IOBYBaHHS METO/IIB;

— BUJQJICHHS KJ1acy.

16. Henopeuna G1M3bKICTh:

— TIepEMIIIEHHS YJICHIB;

— BUJIJICHHS KJIacy.

17. AnprepHaTHBHI KJIacH 3 PI3HUMH iHTEpPeiicamu:
— MIEpEMEHYBaHHS METOAY;

— MIePEMIIIIECHHS METOY;

— BHUJJAJICHHA KJIacCy.

HIXK
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18. HenoBHOTa 010110 T€YHOTO KJIaCYy:

— JIOKQJIbHE PO3IIUPEHHS.

19. Knnacu nanux:

— IIpU 3aiiBOMY JOCTYIII 30BH1 — BUJIaJIEHHS! BCTAHOBJIIOE METOY;

— TIePEMIIIEHHS] METO/IIB B KJIACH JaHUX.

20. BigmoBa BiJ ciaKyBaHHSA: 3aiiBa (DYHKIIIOHAJIbHICTH B 0230BOMY KJacl.

21. KomenTapi:

— [IepeVMEHYBaHHS;

— MOSICHIOE MeTOJ1 a00 3MiHHA;

— BOYJIOBYBaHHS 3MIHHOT;

— BBEJICHHS 3aTBEPKECHHS

— po3poOka depe3 pedpaKkTOpiHT.

I'omoBHa inest — 3poduTH Tpocrimie, mod MoTiM MoXxHa Oyio nepepoodutu. | 1e
HE TIOPO’KHS TpaTa Yacy — TaK HaivacTilie MBUIIIE.

OCHOBHMMHU HeJ0JIIKaMH pedaKkTopiHra €:

1. TonoBHe: MoBeAIHKA 3MIHIOBATHCS HE TTOBUHHO.

2. mpobieMu:

— 0araTo 4acTo Ayxke IpiOHUX 3MiH;

— apiOH1 3MIHM MOXKYTb MPU3BOIUTH JI0 BAXKKO 1[0 BUSBIISIETHCS TOMUJIOK;

— 3MIHM MOXXYTh 3a4illaT Pi3HI YaCTUHU CHCTEMHU.

ITpu cBoiX HemomiKax pedpakTOPIHT TAPAHTY€E KOPEKTHICTh B HACTYITHOMY:

1. TsepmxeHHS:

— 1X 4aCTO TOBOJUTHCS 3MIHIOBATH;

— JI0 HUX BaKKO JIICTATUCS MPU BUKOHAHHI.

2. ABTOMaTHYHI TECTHU:

— IpUMaJIbHi,

— 0J10KOB1 200 MOJTYJTBHI.

B mimomy, mpu po3poOii mporpaMHHX CHUCTEM 1 OINHI SIKOCTI TEepMIH
pedaKkTOpUHT 03HAYA€E 3MiHY BUXITHOTO KOy MporpamMu 0€3 3MiHM HOTO 30BHINTHBOTO
MOBEJIHKU. Y 0araTb0X METOJIONOriAX pe(aKTOPUHT € HEBIA'€MHOIO YacCTHUHOIO

KUTTEBOTO UKy po3poOku I13: po3poOHUKHK MONEPEMIHHO TO CTBOPIOIOTH HOB1 TECTHU
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1 (YyHKUIOHAJIBHICTh, TO BUKOHYIOTb PE(AKTOPUHI KOAY [IJsi MOJIMIUEHHS HOro
jgoriyHocTi 1 mpo3opocti. Ilpu pedakTopiHry aBTOMaTU4YHE IOHIT-TECTYBaHHS
MEePEBIPUTH ICHYIOUY (PYHKIIIOHAIBHICTD 1 BIICYTHICTh 200 HasIBHICTh 3MIH B Hiif.

Opnak pedakTOPUHT CHOYATKY HE MPU3HAYEHUH IS BUIIPABJICHHS MOMUJIOK 1
no/laBaHHs HOBHMX (yHKUIM. BiH B3arani He 3MIHIOE TOBEIIHKY MPOTPaMHOTO
3a0e3MeyeHHss 1 I1e J0lMoMara€ YHUKHYTH T[OMHIJIOK 1 TIOJETIIUTH JOJaBaHHS
(GyHKIIOHAIBHOCTI. BiH 3acTOCOBY€TbCS ISl MOJIMIIEHHS 3pO3yMUIOCTI KOOy a0o
3MIHH WOTO CTPYKTYpH, JUIsI BUAAJIECHHS «MEPTBOTO KOJY» — BCE€ II€ JJIsl TOrO, 00 B
MailOyTHROMY KO OyJiOo JIeTIIE MiATPUMYBaTH i PO3BHBATH. 30Kpema, JOJaBaHHS B
porpamMy HOBOTO MOBEIIHKH MOXE BHSIBUTHCS CKIQTHUM 3 iCHYIOUOIO CTPYKTYpPOIO —
B LIbOMY BHIAJIKy pO3pOOHUK MOKE€ BUKOHATH HEOOXITHUI pepaKkTOpHHT, a BXKE MOTIM
J10J1aT HOBY (DYHKITIOHAJIbHICTb.

Ile moxe OyTH TepeMillleHHs TMOJisi 3 OJHOTO Kjacy B IHIIWNA, BHHECEHHS
¢parmMeHTa KOy 3 METOAY 1 MEPEeTBOPEHHs HWOro B CaMOCTiiHHMIA MeTox abo HaBiTh
NepeMIlllecHHs KoMy TOo iepapxii kiaciB. KokeH OKpemuii KpOK MOXKE 31aThCS
€JIEeMEHTApHUM, ajie CYKynHUM e(eKT TakuxX MajuxX 3MIH B CTaHl paJHKaIbHO
MOJIIMIIIMTH TPOEKT a00 HABITh 3aM00ITTH PO3IMaay MOTAaHO CIIPOSKTOBAHOI MTPOTPAMH.

Haii6inpm BxxuBaHi [4] meTonu pedakropunra:

— 3wmina curnatypu (Change Method Signature)

— Inkancymsmis mons (Encapsulate Field)

— Bupinenns kiacy (Extract Class)

— Buninenns intepdeticy (Extract Interface)

— Buninenns nokansHoi 3mMiaHOI (Extract Local Variable)

— Buninenns merony (Extract Method)

— Ienepanizanis tumy (Generalize Type)

— BoynoBysanns (Inline)

— Beenenns dadpuxu (Introduce Factory)

— Beenenns mapametpa (Introduce Parameter)

— Iimiiom metomy (Pull Up Method)

— Cnyck merony (Push Down Method)

— IlepeiimenyBanns Metony (Rename Method)
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— Ilepemimmenns metoay (Move Method)

—3amina ymoBHoro omepatopa mnoximMopdizmom (Replace Conditional with
Polymorphism)

— 3amina ycnaakyBaHHs aeneryBanusaM (Replace Inheritance with Delegation)

— 3amina kony tumy minkinacamu (Replace Type Code with Subclasses)
2.7.2. bnokosi TecTn

brnoune TecTyBaHHS HaWOLIBII 3po3yMino A mporpamicta. MakTHUYHO Lie
TECTYBaHHS METO/IB SKOTOCh KJIACy MpOrpamMu B 130JIALI1 BiJ PEIITH MPOrpaMu 1 €
KOMOIHAI[IEI0 METOJIIB «OUIOro» 1 «40pHOro» smukiB. OHaAK, JaJIEKO HE KOXKEH Kiac
JErKO TOKPUTHU OJIOKOBUMM TecTaMu. [Ipu mnpoexkTyBaHHI TECTIB HEOOX1IHO
BPaxOBYBaTH MOXJIMBICTH TECTOBAHOCTI 1 3alle)KHO KJIacy MpPOEKTyBaTH 1
peanizoByBaTH SIBHUMU.

[Io6 rapaHTyBaTH TECTOBAHICTh, MOJKHA 3aCTOCOBYBaTH MeTozoJorito TDD, sika
HaKa3zye CIOYaTKy MUCATH TECT, a MOTIM KOJ peamizaimii TecroBaHoro merony. Tomi
apxiTeKTypa BHUXOJUTh, IO TECTyeTbCs. PoO3IMIyTyBaHHS 3aleKHOCTEH MOXHA
3aidcHUTH  3a jgomomororo IHcmekTtopa 3aneknocteir  (Dependency Injection,
Microsoft). Tomi KOXHOI 3aJ€KHOCTI SIBHO 3iCTaBIA€ThCS IHTEphEHC 1 SABHO
BU3HAYAETHCS, K IHKEKTYEThCS 3aJICKHICTh — B KOHCTPYKTOpP, B BJIACTUBICTH a00 B
METO/I.

Jlns 3aificHeHHsT 6JI0YHOTO TECTyBaHHS iICHYIOTH crerianbhi APl 1 ¢ppeitmBopkH.
Hanpukiaaa,NUnitabo tectoBmii dpeiimpopk 3 cepemosumia Visual Studio. [los
MO>KJIMBOCTI TECTYBAHHS KJIACiB B 130JIAIII1 iCHYIOTh criemiaibHi « MOCK» ppeiMBOpKH.
Hanpuknang «Rhino Mocksy. Boaum mo3Bomnstore 1o iHTepdeiiciB aBTOMATHYHO
CTBOPIOBATH 3aryIylIKA JUIsl KJIAciB-3aJISKHOCTEH, 3a7al0ud y HUX HEOOXiIHY
MTOBE/IHKY.

3a 0JJ0KOBMM TECTyBaHHS HamucaHo Oararo crtateit [15-20]. Huxde HaBoasIThCA
OCHOBHI iJ1e1 Ta KOHIIEMIIii METOAO0JIOT1i OJI0YHOTO TECTYBAHHS.

OCHOBHI aCIIEKTH MPU MPOEKTYBaHH] OJJOKOBUX TECTIB:

— BrumiB tectiB Ha nu3aita (API), Tect — nepmmii kiaieHT po3podisieTbest AP,

1. Tectu ik TOKyMEHTAIlI.
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2. Sk yacto moTpiOHO 3amycKaTH TecTu?

3. Konu nonaBatu tectu:

— TIpU PO3pOOIII KOHTPAKTY KJIACy;

— TIPY BUSIBJICHHI TIOMIUJIKH.

4. Sk 3MIHIOBAaTH T€CTH NPU pePaKkTOPIHTY?

— 1I€ I0IIoMarae 3HailTh npooJeMH, 3 SIKUMU 31TKHYTHCS KIIEHTH.

5. IloBHOTa TecTyBaHH::

— IParHyTH JI0 TIOBHUX TECTIB;

— 30CEPEeIUTUCA Ha MPOOJIEMHUX peXKUMAX;

— MEPEBIPSTH peaKilii Ha MOPYIIEHHS KOHTPAKTY (BUKIIOUEHHS 1 KOJU MTOMUIIOK).

6. o HEMOXIMBO MPOTECTYBATH:

— 3aTBEPXKCHHS;

— IpUiiMalibHI BUIPOOYBaHHS.

Metonomnorisa JUnit

— Knac TectiB TestCase.

— testMethod ().

— Meroau assertTrue (), assertFalse (), assertEquals (), assertNull (),
assertNotNull (), assertSame ().

— Meron fail (), TecTyBaHHS BUHSATKIB.

—setUp (), fixture.

—tearDown (), external fixture.

1. TestSuite, JUnit 4, TestNG, BHKOPHCTaHHS aHOTAIi 3aJIEKHOCTI MIXK
TECTaMHU.

Metonomoris TDD (Test Driven Development)

1. 3B'YI30K 3 eKCTpeMaJIbHUM MPOTPAMYBAHHSIM.

2. Uwuctwii Kof, KU TpaItoe.

3. CmovaTKy MUITYyThCS TECTH, TIOTIM KOII:

— 3amoBieHHsa API Bin kitienTa;

— CIOYATKY TOJIyMaiTe, MOTIM HAMHIIITh;

— JOKYMEHTAIlisl KOHTPAKTY;

— BIIEBHEHICTh Y 3MIHAX.
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4. IMuxn TDD:

— YEPBOHUI;

— 3CJICHU;

— pedakTopuHT.

5. II'aTh KpoKiB:

— HaIMUCAHHS TECTY, KOMITUISAILIIS;

— YepBOHA CMYTa;

— Moau(iKaIis;

— 3eJICHa CMYTa;

— YCYHEHHS AyOJIFOBaHHSI.

6. Jlii Ha KO’)KHOMY KpOLIi.

Metoauka TDD.

1. HamucaBmm TecT, 3p0OUTH MIHIMYM JiK, HCOOXITHUX JJISI KOMITUISIIII.

2. VYTCBHUTHUCSA: 110 HE MOBHHHO MpaIlOBaTH, HE Mpaloe. Ko mparoe —
pO30epiThCs, UOMY.

3. Minimanena Moaudikamis. Skmo depe3 Bamy Moaudikallii JTOBOIUTHCS
IIMCATH HOBHI TECT, 3HAYUTh BOHA 3aHAJITO BEJIMKA:

— miapoOKa peaizartii;

— TECTyBaHHS TECTY.

4. HeoOXigHO JTOMOITHCS MPOXOKEHHS TECTy Mepea TUM, SK MUCATH HOBHM
KOJI (TecT).

5. VYcyHeHHs nyOirOBaHHS B YCbOMY: B KOJ1, KOHCTaHTH, TECTaX.

6. Bmuus TDD na nuzaiiu:

— Tect — ne cnenudikaris;

— BusiBnnenHs npo6iieM 1 3aB1aHb;

— JlyomroBanHs e 6 To He Oyio — mpuBiA 71 pepaKkTOpUHTa.

— 3eJICHAa CMYTa;

— YCYHEHHS 1yOJIIOBaHHS.

Ocnogni natepau TDD:

1. 13oiroBaTH TECTH

2. CHOHCOK TECTIB — CIIMCOK 3aBIaHb
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CnoanKy IMUIMETHhCA TCCT

3

4. Tlouartu Tect 3 assert

5. 3po3ymiii TECTOBI JaHi

6. Komnu Tpeba nricatu HOBUM TECT, BUOMPATH 31 CHUCKY TOM, SKUU:

— MOXHa HaIHUCaTH;

— Oye KOpUCHUM JIsl pO3YMIHHA 3aBJaHb Ha JaHOMY eTarll.

/. sKa nosicHoBaya O TECT

8. Tect s BUBUECHHS 010110TEKH

9. bynp-sika CTOpOHHS TyMKa — IPUBIJ JJIsI 1OJJaBaHHS PsKa B CIUCOK TECTIB.
10. 3HalinuM MOMUJIKY — MUIIEMO TECT, IKUH ii BIITBOPIOE

11. SIxmio Tect 3aHAATO BEIUKHI, PO3AUIITH HOTO HA YACTUHU

[Timpobneni oO0'ekTu: SKIO TOTPIOHO TECTyBaTH WIOCh JyXK€ CKJIagHEe 1

HEKepoBaHe (HampuKiIaa, NPU3HAYEHUH I KOpUCTyBaya iHTepdeiic), MoKHa

nipoOouTH (IMITYBAaTH) 11€ CBOIM TECTOBUM KJIACOM.
2.8. BUCHOBKH 110 pO3LTY

VY 3arajbHOMY BHIIAJIKY 3aCTOCYBaHHS METPHK JO3BOJISI€ KEPIBHUKAM TPOCKTIB i
HiAIPUEMCTB BUBUHUTH CKJIAIHICTh PO3pOOJCHOr0 abo HaBITh PO3POOITIOBAHOTO
IIPOCKTY, OLIHUTH OOCAT POOIT, CTUIICTUKY, IO PO3POOISIETHCS 1 3YCUILISA, BUTpAUYCHI
KOKHUM PO3pOOHMKOM JUIsl peantizailii Toro 4u iHmoro pimenHs. OgHak METpUKU
MOXYTh CIYXUTH JIUIIC PECKOMCHIAIIHHUMHU XapaKTEpUCTUKaMU, HUMH HE MOYKHA
MOBHICTIO KEPYBATUCS, TaK SK MpHU po3poo1ii 113 mporpamictu, nparay4u MiHIMi3yBaTH
a00 MaKCUMI3yBaTH Ty YH IHIIY Mipy JJIsi CBOEI MPOTpaMu, MOXKYTh BIABATHUCS IO
XUTPOIIIB )X NI0 3HIKEHHS e(EeKTUBHOCTI poOoTu mporpamu. Kpim Toro, sximio,
HAIMPUKJIaA, MPOrPaMiCT HAMKUCaB Maja KUTBKICTh PSAKIB KOOy a00 BHIC HEBEIHKY
KUTBKICTh CTPYKTYPHUX 3MiH, 1I€ 30BCIM HE O3HA4a€, 110 BiH HIYOTO HE POOUB, a MOXKE
o3HaYaTH, mo AeeKT mporpamu OyJo ayxe ckiagHo Biamykatn. OcTanHs mpoodiieMa,
OJTHaK, YaCTKOBO MOK€ OyTH BHpIIIEHA TIPU BUKOPUCTAHHI METPUK CKIIATHOCTI, TOMY

110 B OUIBII CKJIAJIHOIO TPOTPaMOI0 MOMUIIKY 3HAUTH CKJIaAHIIIE.
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Y npyroMmy po3auti Oyjao poO3MNISIHYTO apXITEKTypy MJis BUIYYEHHS METPHUK
pa3oM i3 iX (QOpMaJIbHUM OIKCOM 3a JOMOMOTrol IHCTpyMeHTIB SUC] sk OCL Tta
Metramonent UML. Binsme Toro, 6i6miotexka 3axoniB FLAME cayxuth BXiTHUM
MarepianioM s gopmanizauii Mmerpuk. Metoro mpoexkty FLAME e meperBopenHs
PO3BUTKY HIUIBHUX 010J110TEK JIHIAHOT alredpu 3 MHCTELTBA, 3apE3€pPBOBAHOrO JJIs
EKCIEPTIB, y HAYKY, 3p03yMUTY SIK HOBAYKOBI, TaK 1 €KCIIEPTY. 3aMICTh TOTO, 1100 OyTH
nuiie O10110TEeKO, MPOEKT OXOIUIIOE HOBY HOTALIO JJII BUPAXEHHS alTrOpPUTMIB,
METOJIOJIOTIF0 CHUCTEMAaTUYHOTO BUBEICHHS alTOPHUTMIB, iHTEpdeiich NpHUKIaTHIX
nporpam (APl) nans mnpeacraBlieHHS airOpUTMIB Yy KOAl Ta IHCTPYMEHTH IS
MEXaHIYHOTO BUBEJICHHSI, pealli3allii Ta aHal3y aJIrOPUTMIB Ta peatizailii.

Takox y 1t ryaBi Oyyio BBEIEHO KUIbKa CXeM, 100 pO3MOoYaTH MPOEKTYBaHHS
cucremu. lle miarpamMu BHKOpPUCTaHHS, JlarpamM CTaHy Ta JiarpaMu KiaciB. BoHu

JAI0Th PO3YMIHHS CUCTEMHU Ta eI KPOKH 0 ii peaizaliii.
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PO3JILI 3
PO3POBKA TIPOTPAMHOTO 3ABE3IIEYEHHS U1 OITHKU SIKOCTI KOIY

3.1. Po3poOka METpUYHUX JIUUIILHUKIB

3.1.1. Buxopucranus XML nig yac peanizanii METpiB METPHUK.

PosmmproBana moBa po3mitku (XML) — 11ie MoBa pO3MITKH, sika BU3Ha4a€e HaOip
NPaBWI JIJI1 KOJIYBaHHS JOKYMEHTIB y (hopMmaTi, SKUH YUTAETHCS SK JIOJUHOI0, TaK i
mamHHO. lle Bu3Haueno B cnerudikamnii XML 1.0, Bupobneniit W3C, ta nekiibkox
THIITUX BIAMOBIIHKUX crienudikaIlisx, yci 0€3KOITOBHI BIIKPUTI CTaHIAPTH.

ini guzaitny XML migkpecnioroTh MNPOCTOTY, 3arajbHICTh Ta 3PYYHICTH
BUKOpUCTaHHs uepe3 InTepner. Lle QopMar TEKCTOBUX JaHUX 13 TMOTYKHOIO
miaTpuMKOI0 MOB cBity uepe3 Unicode. Xoua mmzaitn XML 30cepemkeHuii Ha
JOKYMEHTAaX, BIH IIUPOKO BUKOPUCTOBYETHCS JJIS MPEACTABICHHS JOBUIBHUX CTPYKTYP
JAaHUX, HAIIPUKJIA] y BeO-CepBicax.

bararo inTepdeiicie mpuknagHoro mnporpamyBaHHs (APIl) pos3poGieno s
PO3pOOHMKIB TIporpaMHOro 3abe3mnedeHHs 1 o0poOku ganux XML, 1 icHye Kinbka
CHUCTEMHHX CXeM, K1 JooMararloTh Y BU3Haue€HH1 MOB Ha ocHOBI XML.

Po3po6neno corni MoB Ha ocHoBi XML, Brmouaroun RSS, Atom, SOAP Tta
XHTML. ®opmatu Ha ocHoBi XML ctanm TunmoBumu aiis 6araTbOX 1HCTPYMEHTIB ISt
migBUIIeHHsT odicHOi mpomyktuBHOCTI, BKiIrouaroun Microsoft Office (Office Open
XML), OpenOffice.org (OpenDocument) Ta iWork Bim Apple. XML rtakox
BUKOPHCTOBYETHCS SIK OCHOBHA MOBA JIJIsl TPOTOKOITIB 3B's13KY, Takux sk XMPP.

[Tpu peanizaiii AUMITOMHOTO 3aBAaHHS Oyio BUpimIeHO BUKOpUCTOBYBaTH XML-
daiinu s 36epiranas MeTpuk. [[pudraN Nonsranu B TOMY, 110 1€ 3a0€3MeUnTh JIETKY
PO3MIMPIOBAHICTh CUCTEMH Pa3oM 13 MPOCTOTOIO 3amuTaHb moao 30epiranHsa. [ToTim

KOJI, 110 30epiraerbes y gainax XML, po3mizHaeThest Ik TEKCT 1 3anUCYeThes y (daiin
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txt. V cBoro uepry, txt-daiin TMHAMIYHO KOMIUTIOETHCS 1 OCTATOYHO 3aBAHTAXKYETHCS B
mporpaMmy sK Kiac, BIINOBIAHUN njigs oOuucieHHs MeTpuk. lle HadnpocTimumii

Metpuunuii metp LOC (psiaku xony), peanizoBanuit Moot JAVA!:

public class metricl

{
public int calculateLOC(String[] str,int 1)

{

for (int j=0;j<i;j++)

if (Istr[j].isEmpty()) count++;

return count;

int count=0;
MeTpudyHHid TIapaMeTp MPEJACTaBIse€ Kiac, IO Ha3uBaeTbes Metricl, skuit
MicTUTh oiHY (GyHKIit0 public int izracunatulLOC (String [] str, int i), sxuit npuiimae
3a MmapaMeTpyl MacuB PSAIKIB 1 JIYMIBHUK HOTO YJIEHIB, IO TOBEPTA€ KUIBKICTH

HEMOPOXKHIX PAIKIB y TaHOMY (haiii.
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Puc. 3.1. Bxigna nanka 3 ¢aitmamu XML, 1e 30epiratoTbcst METPUKU

3.2. Po3po0ka cucteMu aBTOMaTU30BaHUX BUMIPIOBaHb METPUK

3.2.1. 3aBanTaxkeHHs Qaity

Jlns Toro, mo0 CTBOPHUTH TaKy CHCTEMY, sika Oyjia O JIETKO PO3IIMPIOBAHOIO Ta
3pYyYHOI0 Y BUKOPHCTaHHI, MOTPIOHO Oysi0 MpoaymMaTH MPUHIUMUA B3a€EMO3B'A3KY i
MoxayiiB. Ilepma mpoGiiema mossrana B 3a0e3leUeHHI €(EeKTUBHOIO 3aBaHTAKCHHS
¢aiiniB y 101aTOK Ta MOJATBITUX MAHIMYIISAIINA 3 HAM.

Crnig 3a3Ha4yWTH, MO TpPOTpamMa, MO PO3TIATAETHCH, CTOCYETHCS JBOX THIIIB
daiuti: Buxigaux ¢airis JAVA (.java) ta Buximaux ¢aiutie C # (.CS). Sk BumHO Ha
pUCYHKY 3.2. € JBa mpamnopiii st BUOOpy Tumny GaiiiB, SKi BU X04eTe 3aBAaHTAKHUTH B

nporpamy.
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Basic Application Example E”E”s__q
File Help

Choose language v

[Jaawa  [Jc#

Load File Show report

Puc. 3.2. OcHoBHu# (peiitm peantizoBaHOi porpamMu
3aBaHTa)XCHHsS BUKOHYEThCS 3a gornomororo kiacy JfileChooser JAVA, sikwuii
HaJa€ MPOCTE Y BUKOPUCTAHHI1 J1aJIOrOBE BIKHO, SIKE MPOMNOHY€E BUOpaTu (aitn st

3aBaHTaxxkeHHs. Och YacTUHA IHTEpQENCy, CTBOPEHA JJI 3aBaHTaXKEHHs (HaiiiB.

Choose language

[] 1ava =

Load file

Puc. 3.3. YactuHa, BimoBigadpHa 3a 3aBaHTaxeHHs ¢aiiinis JAVA abo C #.

JFileChooser — 1ie giamorose BikHO a1 BUOOpPY (aiiny ado daiinis. [loBepHeHE
3HAYEHHS TPHOX METO/IB € OJJHUM 13 HACTYITHUX:
- JFileChooser.CANCEL_OPTION, skmo kopucTyBad HAaTHCKA€ KHOIKY

CkacyBartu.
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- JFileChooser.APPROVE_OPTION, sikmio kopuctyBau Hatuckae kHonky OK
/ Binkpurtu / 36epertu.

- JFileChooser.ERROR_OPTION, skmo KopucTyBad 3aKpHBa€e [iaJlorOBeE
BIKHO.

[Toepuene 3Hauenns JFileChooser. APPROVE_OPTION Bka3ye Ha Te, 10 BU
MoskeTe BuKIHKaTh oro getSelectedFile abo getSelectedFiles meToqu:

- public java.io.File getSelectedFile ()

- public java.io.File [] getSelectedFiles ()

JFileChooser mae momomixkui kiacu: kmac FileFilter, xmac FileSystemView,
FileView.

Knac FileFilter npusnauenwmii st oOMexxeHHsl (GaiiiB i Karajoris, ski OyayTh
nepepaxosani B FileView JFileChooser. FileView kxoHTpostoe, sik KaTasord ta ¢aiiu
nepeniayiotecss B JFileChooser. FileSystemView — me abcrtpakTtHuii Kiac, SKui
HAMaraeTbCs MPUXOBATH OCOOJIMBOCTI OMEpaIiifHOT CUCTEMH, TIOB’si3aH1 3 (HailioBOIO
CHUCTEMOI0, BiJ 3aco0y BuOOpy (aimiB. Ochk yacTUHA KOMAY, IO OMHUCYE, SIK MPaIIO€
JFileChooser:

chooserl = new JFileChooser();

FileNameExtensionFilter  filter = new FileNameExtensionFilter("JAVA
files","java™);

/[Filter initializing

FileNameExtensionFilter filter2 = new FileNameExtensionFilter("C# files",
"cs™);

chooserl.setFileFilter(filter);

chooserl.setCurrentDirectory(new File("C://['));//sets current directory

int result =
chooserl.showOpenDialog(Metrics2App.getApplication().getMainFrame());

if (result == JFileChooser. APPROVE_OPTION)

{

name = chooserl.getSelectedFile().getName();

/lgets name of selected file

}
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Puc. 3.4. Bubip ¢aiinis JAVA.

I och 10 CTAHCTHCA, AKIIO KOPHUCTYBAY BCTAHOBUTD ITPAIIOPCUb C# Y T'OJIOBHOMY

dpeiimi porpamu (puc. 3.5).

Puc. 3.5. BuGip ¢aiinis C #.

[Ticnms 3aBaHTakeHHS (hailly HEOOXITHO BiJCKAHYBAaTH WOTO PSAJIKH IS
MOMANTBIITUX MaHIMYJSIIiN. [[71s 1bOro BUKOPUCTOBYEThCS criemianbHuii kiac Ckanep,
TOOTO TIPOCTUN CKAaHEP TEKCTY, SKUH MOXKE aHATI3yBaTH MPUMITHBHI THIIU Ta PSAIKA 32

JIOTIOMOTOI0 PETYJISIPHUX BUPA3iB.
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CkaHnep po30OuBae CBOi JlaHI Ha MapKepW, BUKOPUCTOBYIOUM IIa0JIOH
PO3AUIbHUKA, SIKAW 33 3aMOBUYBaHHSAM BinnoBijgae npoodiny. [loTim oTpumani Mapkepu
MOXYTh OyTU MEPETBOPEH1 y 3HAYEHHS PI3HUX THUIIIB 32 JOMOMOI'0I0 PI3HUX HACTYITHUX
metoxiB. Meromu next () i hasNext () Ta iX cymyTHI METOIU MPUMITUBHOTO THITY
(mampukiaana, nextint () ra hasNextint ()) couaTky mpormyckaloTh Oyb-sIKHH BBiJI, IO
BIJIMOBIZA€ IIa0JOHY pPO3AUIBHHMKA, a MOTIM HamararoThCs MOBEPHYTH HACTYIMHHUUH
mapkep. O6unBa metoau hasNext i next MoxxyThb OJIOKYBaTH OYiKYBaHHS MOJAJIBIIOTO
BBeicHHs. Un Ooku Metoay hasNext He maroTh 3B 53Ky 3 0JOKYBaHHSM IOB'SI3aHOTO
HUM HACTYITHOTO METOIY YH Hi.

Metoau findInLine (java.lang.String), findWithinHorizon (java.lang.String, int)
ta nponyck (java.util.regex.Pattern) mpamrooTh HE3aJeKHO Big  IA0JOHY
po3auibHUKa. [li MeToau HamaraTUMyThesl 30ITaTHCh 13 3a3HAYEHUM IIa0JIOHOM, HE
BPaxOBYIOUYH PO3AUTPHUKIB y BXUTHUX JAaHUX, 1, OTXKE, MOXYTh OyTH BUKOPHCTaHI B
0COOJIMBUX OOCTaBHWHAX, KOJIM PO3JUILHUKK HE MalOTh 3Ha4eHHs. 1[I MEeTOIM MOXYTh
0JIOKYBaTH OYiKyBaHHS J0JJaTKOBOTO BBEJICHHSI.

Komnu cxanep Bumae InputMismatchException, ckanep He mepemae mapkep, IO
COPUYMHUB BHUHATOK, MO0 #oro MoxkHa OyjJ0 oOTpuMatu a0 MPOMYCTUTH 3a
JIOTIOMOTOF0 1HILIOTO METO.Y.

3anexHo BiJ TUMY MIa0JOHY PO3MEXYBAHHS MOXKYTh OYTH MOBEPHYTI MOPOXKHI
mapkepu. Hanpuxkman, maomon "\\' S +" He moBepHE KOMHOTO MOPOKHBOI'O MapKepa,
OCKUIBKH BiH BIJIMOBiTa€ KUTBKOM eK3eMIuIsipaM po3aiibHuKa. [11abmon po3MexyBaHHS
"\\ s" Mo’Ke MoBEpTATH MOPOKHI MAPKEPH, OCKIILKH BiH MPOIYCKAE JIHIIE OJUH MPOOLT
3a pas.

CkaHep MOKe 3UUTYBaTH TEKCT 3 Oy/Ib-SIKOTO 00'€KTa, 110 peanizye 3pydyHui s
yutaHHs  iHTepdeiic.  Skmo  BukiuMk  6azoBoro  meroay — Readable.read
(Jjava.nio.CharBuffer), mo uuraerbcs, Bukumae IOEXception, Toai ckaHep mpHUIyCKae,
o KiHens BBOAy npocsrHyTtuil. Hainomimmii IOEXception, BukuHYyTHI 0a30BUM
yuTabeIbHUM CIIOCOOOM, MOYKHA OTPUMATH 3a JA0IoMoror meroay 10Exception (). Och
JESKAIA KOJI, TII0 MPEJICTABIIsIE BAKOPUCTAHHS Kiacy Scanner.

Scanner in = new Scanner(chooserl.getSelectedFile(), "UTF-8");

if (11=0) i=0;
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while(in.hasNextLine())
{

str[i]=in.nextLine();
I++;

countl=i;

}

OT}KG, BUKOPHUCTAHHS KJIACY Scanner BUSIBIAE€TLCS AYKC KOPUCHUM JIA 3aIlIUCY
PAOAKOBUX NAHUX Y MACHB, SIKUM 3rogoMm MnepeaacToCa METoaaM MCTPUIHUX

BUMIPIOBAYIiB.
3.2.2.3aBaHTaXXEHHS METPUKHU.

[Ticns maninmynsuiid 3 Qaitiom qyke Ba)IJIMBO YCIIIIHO 3aBAHTAXUTH METPUKU

METPHUKHU B OCHOBHY MpOrpamy, o0 BUKOHATH BIAMOBIIHI O0UYHCIIEHHS 3 (halIoM.

Puc. 3.6.Buxigna nanka nepej 3aBaHTaXEHHSIM METPUK

Jlist boro OyB po3poOJICHHM crieliaabHUK Kjac, sKuil Ha3uBaeThbcsi GetMetric
class, mo MiCTHTh TpH METOAM, Tepmui i3 skux (writeetotxtfile) ciimg posrisiHyTH

3apas.
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public void writetotxtfile(String readxmlfrom, String writetonameoffile) throws
ParserConfigurationException, SAXException, IOException
{
DocumentBuilderFactory factory = DocumentBuilderFactory.newlnstance();
DocumentBuilder builder = factory.newDocumentBuilder();
File f = new File(readxmlfrom);
Document doc = builder.parse(f);
Element root = doc.getDocumentElement();
String text = root.getTextContent();
PrintWriter out = new PrintWriter(new
FileWriter(writetonameoffile));
out.print(text);

out.close();

Ak MokHa 0ayuTH, TOJIOBHA POJIb Y BUKOHAHHI ITUX 3aBIaHb JJIS JBOX KJIACiB:

DocumentBuilder ta PrintWriter:

public abstract class DocumentBuilder

extends Object

Busnauae APl nns orpumanns ex3eMiuisapiB gokymeHta DOM 3 nmokymenta
XML. BukopucTtoBylouM 1€l KJac, MPOTPaMICT TMPOrpaMu MOXKE OTpPUMATH
daiin/lokyment 3 XML.

Exzemmuisp I[bOTO KJ1acy MOKHA OTpUMAaTH B
DocumentBuilderFactory.newDocumentBuilder ()meron. OtpumaBmu eK3eMILIAP
poro kinacy, XML MoxHa mpoananizyBaTH 3 pi3HUX JDKEpe BXIIHUX JaHUX. TakumMu
JDKEpelaMu BXiTHUX gaHux € InputStreams, ®aiinu, URL-agpecu Ta SAX InputSources.

3BEepHITh yBary, mo Ied Ki1ac MOBTOPHO BHKOPUCTOBYE Kiibka kiaciB 3 API
SAX. lle me Bumarae, mo0 peamizatop 06a3zoBoi peamizaiii DOM BukopucTOBYBaB

CUHTaKCHYHUN aHamizaTop SAX s cuHTakcmyHOro ananizy XML-moxkymenTta B

75


file:///C:/Documents%20and%20Settings/Admin/Рабочий%20стол/Downloads/Java/docs/api/org/w3c/dom/Document.html
file:///C:/Documents%20and%20Settings/Admin/Рабочий%20стол/Downloads/Java/docs/api/javax/xml/parsers/DocumentBuilderFactory.html%23newDocumentBuilder()

JOKyMEHT. BiH mpocTo BuMarae, mo0 peamizaiis CHUIKYBaJach 13 JOJATKOM 3a
J0MOMOT 010 uX icHyrounx API.

Te, mo Oyno po3pobieHO, peani3oBaHO 3a JIOMOMOTOK TaK 3BaHOTO
cuHTakcuyHoro anamizatopa DOM. Iurepdeiic DOM — ne wnaitnpoctimmii XML-
aHamizaTop AJi1 PO3yMIHHA Ta BUKOpuUcTaHHs. Bin ananizye Becb XML-mOKyMeHT 1
3aBaHTaXy€e HOro B maM’siTh, MOJICIIOKOUN #Horo 3a mgomomoror Object mns nmerkoro
00xoy a00 MaHIyJISALIH.

Xouya cuHTakcuuHuii aHamizarop DOM mpaitoe MOBIIBHO 1 CHOXKHBAe 0arato
nam'ati, skmo 3aBaHTaxye XML-mokymeHT, 110 MIiCTUTh 0araTo JaHUX, JJIS JTaHOTO

3aBJIaHHS 11€ MPaBWJIbHUNA BUOIP:

public class PrintWriter

extends Writer

Hpykye BingopMatoBaHi mojlaHHg 00'€KTIB 0 MOTOKY TeKCTOBOro BUBOY. Lleit
KJIac peaizye BCi METOIH APYKY, 3HaiaeHi B PrintStream. Bin He MiCTHTh MEeTOIIB 715
HanmMcaHHs HeoOpoOJjeHuX OaiTiB, M SKUX IporpaMa MOBHHHA BUKOPHUCTOBYBATH
HEKOJ/IOBaH1 ITOTOKHA OANTIB.

Ha Bigminy Bix kmacy PrintStream, sikiio BBIMKHEHO aBTOMATHYHY 3MHUBKY, 1€
Oyze 3po0JIeHo JHIIe TO/I, KO Oyae BUKIMKaHWKA OauH i3 Metoais println, printf a6o
format, a He Bcskuii pa3, KOJIM BHIIQJKOBO BUBOJIUTHCS CHMBOJ HOBOro psika. Lli
METOAM BHUKOPUCTOBYIOTH BJIACHE IMOHATTS IIATGOPMHU IPO PO3AUIHPHUK PAIKIB, a HE
CUMBOJI HOBOTO PSJIKA.

Mertonu 1mpOro Kiacy HIKOJM HE CTBOPIOIOTh BHUHSATKIB BBOAY-BHBOIY, XOdYa
JesiKi 3 WOro KOHCTPYKTOPIB MOXYTh. KIIIEHT MOKe 3amuTaTtd, Y¥ HE CTaJUCH
OMUJIKHY, BUkIuKaBiu checkError ().

Hpyra QyHKIIisS B 1IbOMY KJIACi:

public void compiletxtfile(String s) throws IOException

{

JavaCompiler jc = ToolProvider.getSystemJavaCompiler();
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StandardJavaFileManager sm =
jc.getStandardFileManager(null, null, null);

File javaFile = new File(s);

I/ getJavaFileObjects’ param is a vararg

Iterable fileObjects = sm.getJavaFileObjects(javaFile);

jc.getTask(null, sm, null, null, null, fileObjects).call();

// Add more compilation tasks

sm.close();

Tyt Bclo yBary ciuia 3BepHyTH Ha iHTepdeiicu StandardJavaFileManager Ta
JavaCompiler. 3a momomororo inTepdeiicy JavaCompiler mporpaMaMoxIuBICTh

nuHaMivuHOi komnisnii koxy JAVA moxe OyTu peanizoBaHa:

public interface JavaCompiler

extends Tool, OptionChecker

[aTepdeiic 1151 BUKIMKY KOMITUIATOPIB MOBHU MTPOrpaMyBaHHs Java i3 mporpam.

KomminsiTop Moke TeHepyBaTH M1arHOCTUKY i 4ac KOMITUIAIT (HampuKiIa,
MOBIJIOMJICHHSI TIPO MOMMWJIKM). SIKIO0 HAZa€ThCs AIAarHOCTUYHHUM MPOCIYyXOBYBay, BIH
Oyne mepegaHuid ciayxadesi. SIKIO MPOCIYyXOBYBau HE HAJAEThCS, JIarHOCTHKA Oyje
BimopMaroBaHa y HeBHU3HaueHOMY (opMari Ta 3amvcaHa y BUXIHUN Qain 3a
3aMOBYYBaHHsAM, TOoOTO System.err, skmo He BKa3zaHO iHme. HaBiTh sKIIO
MOCTAYAETHCS MPOCIYXOBYBaY M1arHOCTHKHU, JEAKl 3aCO0U JIarHOCTUKA MOXYTh HE
MOMICTUTHCS B JIarHOCTHII 1 OyTyTh 3allMCaHi Ha BUXIJHI JJaH1 32 3aMOBUYBaHHSM.

[HCTpyMEHT KOMMUIATOpa Ma€ BIAMOBIAHUN CTaHIApTHUI (alIoBHI MEHEIKED,
AKUW € gucnetdepoMm (aitmiB, SAKUH € TPUPOAHUM Il iHCTpymMeHTa (abo
BOYIOBAHOTO). Cranpgaptamii  (aiimoBUil ~ MEHEIKEp  MOXHA  OTpPUMATH,
sarenedonysasmugetStandardFileManager.

[HCTpyMEHT KOMILUISITOpa MOBUHEH (YHKIIOHYBAaTH 3 Oyab-SKUM (aiaoBUM

MCHCIZKCPOM JO0TH, JOKHM BHUKOHYIOTHCA 6YI[I>-$IKi I[O,HaTKOBi BUMOT'H, K OIIMCAaHO B
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HaBEJICHUX HIKYe MeTofax. Skuo meHemxkep (ailyiiB He nepeadayeHuil, IHCTPYMEHT
KOMITUISITOPa BUKOPHCTOBYBATUME CTAaHJAPTHUI MeHemkep (ailyiB, Takuid K TOM,
skuii noBeptaegetStandardFileManager.

KoMninstop noknagaeTbest Ha 1Bl ClIy>KOU: T1arHOCTUYHUNA ciayXay 1 (paiiaoBHil
MeHeKep. Xoua OUTBIIICTh KJIAcIB Ta iHTepQeiciB y oMy nakeTi Bu3Hauae AP| s
KoMmiiaTopie  (Ta  IHCTpyMeHTIB  3arajoM) iHTepdeiiciDiagnosticListener,
JavaFileManager, FileObject, i JavaFileObjectue mpusHayeHi mJis BUKOPUCTaHHS B
nonarkax. HaromicTe 1i iHTEpdeiicu mpu3HaueHi s peatizamii Ta BUKOPUCTaHHS JIs
HaJaHHsS 1HAMBIAYaJbHUX MOCTYT IS KOMIOUIATOPA 1, TAKUM YMHOM, BHU3Ha4aroTh SPI

JUTSL KOMIUIATOPIB:

public interface StandardJavaFileManager

extends JavaFileManager

Koxen komminisatop, sikuii peanizye 1ei iHTepdeiic, 3abe3neuye cTaHIapTHUM
MEHEeKep GaiiniB TUTS peryispHOi pobotu Gaiimis. IaTepdetic
StandardJavaFileManager Bu3nauae 101aTKOBI METOIM CTBOPEHHS (DaiaI0BHX 00'€KTIB
13 3BUYaiHuX (paitiBs.

CranmapTHuii GaniaoBUil MEHEIHKEP Ma€e JIB1 ITL:

— OCHOBHHUU OymiBebHHUI OJIOK I HAJAIITYBAaHHS TOTO, K KOMITUISITOP YUTAE
Ta niame Qaim,

— CIIJIbHE BUKOPUCTAHHS M1 KUTbKOMA 3aBJIaHHIMHU KOMITUISIII.

[ToBTOpHE BUKOpUCTAaHHS (PAIIOBOTO MEHEIKEpa MOXKE MOTECHIIHHO 3MEHIIUTH
HaKJIa/IHI BUTPATH Ha CKaHyBaHHs (aiIoBOI CHCTEMHU Ta YUTaHHS Qaiutie jar. OTxe,

MICJIsl BUKOPUCTAHHS I[OTO MU OTPUMYEMO HACTYITHE:

78


file:///C:/Documents%20and%20Settings/Admin/Рабочий%20стол/Downloads/Java/docs/api/javax/tools/JavaCompiler.html%23getStandardFileManager(javax.tools.DiagnosticListener,%20java.util.Locale,%20java.nio.charset.Charset)
file:///C:/Documents%20and%20Settings/Admin/Рабочий%20стол/Downloads/Java/docs/api/javax/tools/DiagnosticListener.html
file:///C:/Documents%20and%20Settings/Admin/Рабочий%20стол/Downloads/Java/docs/api/javax/tools/JavaFileManager.html
file:///C:/Documents%20and%20Settings/Admin/Рабочий%20стол/Downloads/Java/docs/api/javax/tools/JavaFileManager.html
file:///C:/Documents%20and%20Settings/Admin/Рабочий%20стол/Downloads/Java/docs/api/javax/tools/DiagnosticListener.html
file:///C:/Documents%20and%20Settings/Admin/Рабочий%20стол/Downloads/Java/docs/api/javax/tools/JavaFileManager.html
file:///C:/Documents%20and%20Settings/Admin/Рабочий%20стол/Downloads/Java/docs/api/javax/tools/FileObject.html
file:///C:/Documents%20and%20Settings/Admin/Рабочий%20стол/Downloads/Java/docs/api/javax/tools/JavaFileObject.html
file:///C:/Documents%20and%20Settings/Admin/Рабочий%20стол/Downloads/Java/docs/api/java/io/File.html

Puc. 3.7. BuxigHa marmnka micjsi 3aBaHTaKCHHSI METPUK

Tpets GyHKIIIS Ma€e cripaBy 3 KOJOM, 110 30epiraeThbest y daiim xml:
public Class getMethodFromMetric(String outputdirectory, String classname)
throws MalformedURLException, ClassNotFoundException
{

File outputDir = new File(outputdirectory);
URL[] urls = newURL[]J{outputDir.toURI().toURL()};

/[from directory to URL
URLClassLoader ucl = new URLClassLoader(urls, null);
Class clazz = ucl.loadClass(classname);

return clazz; }

L ¢pyHKIIIS IOBEpTa€E KiIac, Mo 30epiraerbest y daim Xxml. Tyt cirig
BpaxoByBaTh kitacu URLClassLoader ta Class.

public class URLClassLoader

extends SecureClassLoader

implements Closeable
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Lleit 3aBaHTa)KyBad KiaciB BHUKOPHUCTOBYETBHCS ISl 3aBaHTAXCHHS KIACiB Ta
pecypciB 13 nuisixy nomyky URL-anpec, mo nocunatotbes sik Ha dainu JAR, Tak 1 Ha
karanoru. bynp-axka URL-ampeca, ska 3akiHuyeTbcsi cCHUMBOJOM /, Tmependavae
MocujaHHsA Ha KaTtajor. B iHmomy Bumagky nependavaetscs, 1mo URL-aapeca
nocunaeTses Ha gaiin JAR, sikuit Oyae BiIKpUTO 3a TOTPEOU.

AccessControlContext moroky, skuii ctBopuB ek3emmuiip URLClassLoader,
OyJZie BUKOPUCTOBYBATHCS MPU MOAAIBIIOMY 3aBaHTaXEHH1 KJIACIB Ta PECYPCIB.

3aBaHTa)XeHI KJIaCH 32 3aMOBYYBAaHHSM OTPUMYIOTH JIO3BLI JIUIIE HA AOCTYI J0
URL-anpec, Bkazanux mix gac creopennss URLClassLoader:

public final class Class<T> extends Object

implements Serializable, GenericDeclaration, Type

Exzemmsipu kimacy Class npeactaBisioTh Kiacu Ta iHTepeicH B 3aNyIICHOMY
noaatky Java. Ilepenik — 11e ¢cBOro pojay KJjac, a aHoTallis — 1€ CBOEPiIHUY 1HTEepdeiic.
KoxeHn MacWB TakoX HaJCKHTh JIO Kiacy, SKWUH BimoOpaxkaeTbes sk 00'ext Kiacy,
SIKWH CIUTBHO BUKOPHCTOBYETHCSA yCiMa MacMBaMHU 3 OJJHAKOBHM THIIOM €JIEMEHTa Ta
KiabKicTio BuMmipiB. [Ipumitueni Tumu Java (boolean, byte, char, short, int, long, float
ta double) ta kmrodoBe cimoBo VOId Takox mpeacTaBieHi sk 00'ektu kiacy. Kmac He
Mae myOJIiYHOTO KOHCTpyKTOpa. HaTtomicTh 00’€KTH KJIacy aBTOMAaTHYHO OYIYIOTBCS
BIpTyaJIbHOIO MAIIMHOIO Java IiJl Yac 3aBaHTAXKCHHS KJIACiB Ta BUKJIMKAMH METOIY
defineClass y 3aBanTaxyBaui KjaciB.

Orxe, michas BUKIMKY ITi€1 QyHKIII JIETKO OTpUMATH JOCTYIl IO METOIB, IIO0
MICTSTBCS B Hill, BUKIHMKaBIH (QyHKIiro metric2.newlinstance (), sika mae crnpaBy 3i
CIeIiaJIbHUM MEXaHi13MOM, SIKMA Ha3MBAETHCSA BIAOOpa)KEHHSIM, TOOTO JHMHAMIYHUM
CTBOPEHHSIM €K3eMILISIpa KIIacy.

Koxna merpuka Mae CBOi yHIKadbHI XapakTEPHCTHKH, 1 Temep BOoHa Oyze
MoKa3aHa Ha MpukiIaAi ABoX nmpoctux MeTpuk: LOC (psaku xomy) — 3arajgpHa METpUKa
1 NOC (KimbKICTh JOUIpHIX KJACiB) — CyTO OO'€KTHO-OpPI€EHTOBaHAa METPHKA. HAJATH
nesKy iHpopMarliro npo Metpuku BukopuctoByeThest 00'ekT JComboBox. Hampukian,
sxmo BuOpatu Metpuky LOC, He numre iHbopmariis mpo Hel BimoOpakaeThes, ane i

OJIMHUIII BUMIPY J0Aat0ThCs 10 iHTepdeiicy (puc. 3.8).
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Basic Application Example

File

3&663HC‘IY€TLCH JINIIC OAHUM THIIOM OAMHUIIb BI/IMipy. HC BIIJIMBA€ HA 3BiT, IIpo 1OI0

Help

Chonse language

[Naava  [Jc#

() Physical number

() kBytes

‘ Load metrics

LOC iz a sofhware metric used to measure the
sizenf a soffware program by counting the num
her of lines in the text of the program's source

code. LOCis typically used to predict the amou
nt of effort thatwill be required to develop a pro

gram, as well asto estimate programming pro
ductivity once the software is produced.

Show repart

Puc. 3.8. [ndopmaris, mokazana st metpuku LOC

[Tpu BuGop1 merpuunoro intepdericy NOC 3minu 3miHio0ThCA, ockiibk NOC

I1i1e MOBa JaIl.

Ochb e ogHa ¢irypa, 1o mokasye, sik inTep@eic 3MIHIOETBCS BIATIOBIIHO J10

BUOOPY METPHK.

Basic Application Example

File

Help

Choose language

[Qava  [Jo#

MOC is the number of immediate subclasses

ichildren) subordinated to a class (parent) in

a class hierarchy. MOC measures how many

classes inherit directly methods or fields from

a super-class MOC is only applicable to abject
-oriented systems.

Showe report;

Puc. 3.9. [ndopmarrisi, mokazana mist metpuku NOC
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3.2.3. CTBOpEHHS 3BITY

Bpemri-pemt, gk ¢aii, Tak 1 BUOpaHUl METPUUYHHMII METp 3aBaHTAXKYIOTHCS B
porpamy, 1 3aJIMIIAETHCS JIMILE MPEACTABUTH pPe3yJbTaT y BIANOBIAHIN GopMmi. Bin

BHUKOHYETHCS 3a JIOMIOMOTOI0 TaKMX Kiacis, sk Jdialog ta JtextArea.

public class Jdialog
extends Dialog

implements WindowConstants, Accessible, RootPaneContainer

OcHOBHMI ~ KJac JJIi  CTBOPEHHsS  JllaJoroBOro BikHAa. Bu  Moxere
BUKOPUCTOBYBATH L€l KJIac Uil CTBOPEHHS BJIACHOI'O J11aJIorOBOTO BiKHa a0o
BUKJIMKATH Oe3lid MeToAiB kiacy B JoptionPane, mio0 CTBOPUTH pPI3HOMaHITHI
CTaHJapTHI J1aJI0TH.

Kommnonent Jdialog wmictute JrootPane sk equHy [OYIpHIO OpraHizairo.
ContentPane mnoBuneHn OyTtu OaThbkoM Oyab-skux AouipHix enementiB Jdialog. Sk
3py4HE J0JlaBaHHS Ta WOro BapiaHTH, BUJajdeHHs Ta SetLayout Oymu 3amiHeHi s
nepecuianHs 10 contentPane 3a HeoOX1HOCTI.

VY nomatky BUKOpPHCTOBYEMO aodvipHii kiac Jdialog:

public class InfoDialog extends Jdialog

Ile poOutbcs mnsg TOro, MO0 CTBOPHUTH CHEIlialbHE IaJIOTOBE BIKHO, IO

BimoOpaxae iHGOpMAIIio PO Pe3yIbTaTh PO3PAXYHKIB.

public class JtextArea

extends JtextComponent

JtextArea — ne GaratopsakoBa 001acTh, sKa BigoOpakae 3BUYalHUN TEKCT. BiH
MPU3HAYCHUHN JIJI TOJIETIIEHOT'0 KOMITOHEHTa, 0 3abe3Ieuye CyMICHICTh JpKepena 3

Kkiacom java.awt. TextArea, ae 1ie MoKHa PO3YMHO 3pOOMTH.
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Ieii KOMIIOHEHT Ma€ MOXJIMBOCTI, SIKHX HeMae B Kiaci java.awt. TextArea. s
OTPUMaHHS  JIOAATKOBUX MOKJIMBOCTEH  CJiI  3BEpHYTHCS JIO  CyIepKIiacy.
ANbTEepHATUBHUMU 0AaraTOpSIKOBUMH KJIACAMH TEKCTY 3 OLTBIIUMU MOMJIMBOCTSIMH €
JtextPane Ta JeditorPane.

Java.awt.TextArea BHYTpilIHBO 00poOJsie MPOKpyTKy. JtextArea Binpi3HIEThCS
TUM, IO BiH HE YIpaBisi€ MPOKPYTKOI, alie peaii3ye MOBOPOTHUN MPOKPYUYBAaHUU
inTepdeiic. Lle mo3Bonse posmimryBatu Horo BcepeamHi JscrollPane, skmo Gakana
NOBE/TIHKA TMPOKPYTKH, 1 BHUKOPUCTOBYBATH OE€3MOCEPEAHBO, SKIIO IMPOKPYTKA HE
noTpioHa.

Java.awt.TextArea mae MOXIMBICTP BHUKOHYBaTH TepeHECCHHS psakiB. lle
KOHTPOJIIOBAJIOCS TIOJIITUKOK TOPU30HTAIBHOI MPOKPYTKUA. OCKUTBKH TPOKPYTKa HE
BUKOHY€EThCS JteXtArea Oesmocepe/lHbO, 3BOPOTHA CYMICHICTh NMOBHHHA HaJaBaTHCS
iHIIMM criocoOom. JtextArea mae BIACTHBICTH NMPUB'SA3KH IS TIEPEHOCY PSAKIB, SKa
BU3HAUa€e, 4 OyJe BOHA 00epTaTH PAIKH. 3a 3aMOBYYBAHHSIM JUISI BIACTHBOCTI
oOTiKaHHS PSIKIB BCTaHOBICHO 3HaucHHs false (He oOepTaeTnes).

Java.awt.TextArea mMae J1Ba BJIACTMBOCTI  PSAJKH Ta  CTOBII,  fKi
BUKOPHUCTOBYIOTBCS JUIsl BU3HAUEHHS Oa)kaHOTo po3Mmipy. JtextArea BHKOpHUCTOBYE IIi
BJIACTUBOCTI, 100 BKazaTH OaxkaHWi po3Mip 00JacTi Mepersiay MpH PO3MIIIeHHI
Bcepeauni JscrollPane, 1mo6 BigmoBigaTk (QYHKIIIOHAIBHOCTI, IO HAJA€THCS
java.awt. TextArea. JtextArea wmae OaxkaHwii po3Mip TOro, MO MOTPIOHO IS
BIIOOpaKEHHS BCHOTO TEKCTY, IMOO0 BIiH HOpPMalbHO (YHKIIIOHYBAaB YyCepeauHi
JscrollPane. SIkmio 3HaueHHst It PSAKIB ab0 CTOBIIIIB JOPIBHIOE HYIIIO, Oa)KaHUI
PO3MIp B3JOBXK ITI€T OCI BAKOPUCTOBYETHCA I OaKaHOTO pO3MIpy 00JIacTi MEeperisiLy
B3JIOBXK TI€T K OCI.

Hampuknan, skmo B3stu no yBaru metpuky LOC Tta ii oguHuUIll BUMIpY, OCh

pE3yNbTaTH, OTPUMaHI y 3BITI.
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H Classinfo &
File  Help i i -
Class name: MouseTest.java Lines of code: 13
H ~
Choose language LoC v A A
public void mouseDragged{MouseEvent event)
{
(%) Phrysical number if (current != null)
[#]3aws  [Jc# {
KBk
O Kbytes int x = event.getX();
inty = event.getY();
// drag the current rectangle to center it at (x, y)
current.setFrame(x - SIDELENGTH /2, y - SIDELENGTH / 2, SIDE
repaint();
}
}
}

Puc. 3.10. 3Bit nipo daitn JAVA nicnst Bukopuctands metpuku LOC y piznunux
pAIKaxX KOAY

Sxuro xopuctyBay BuOepe pajioraiiky B KOaiT, 3BIiT Oyne 3MIHEHO HACTYIHHUM
YUHOM.

Puc. 3.11.3Bit npo ¢aitn JAVA nicns Bukopuctands metpuku LOC y kOaiit

Hapemti no mporpamu Oyma gojmana nojaTkoBa (pyHKIis. [HOAI BaKIMBO HE

OyB Bukopuctanuit inTepderic Highlighter.
Highlighter h ;

TUTBKW JTaTH PE3yNIbTAaTH, ajle 1 BKa3aTH, 10 came Oyso BUMIpsSHO B Kofi. i mporo

Highlighter.HighlightPainter hp = new

DefaultHighlighter.DefaultHighlightPainter(Color.CYAN);
h=text.getHighlighter();

h.addHighlight(dot,dot+ str[i].length(), hp);
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public interface Highlighter

Iutepdeiic nns o0'ekta, SKUA [103BOJIIE PO3MITUTH (POH KOJIBOPOBHUMHU
o0JacTsIMu.

3a 70MOMOroro 1KOTo 1HTEpdercy MOKHA BUJUIMTH JACSKI YACTUHU KOAY, 1100
MIAKPECIUTH, 10 POOUTH LIl METPHUKA.

ClassInfo El

Class JComponent has 1 child(ren)
Class MouseAdapter has 1 child(ren)
Class JFrame has 1 child(ren)

T
class MouseFrame extends JFrame

{

public MouseFrame()
{
setTitle("MouseTest");
setSize(DEFAULT _WIDTH, DEFAULT_HEIGHT);

/i add component to frame

MouseComponent component = hew MouseComponent();
add(component);

}

public static final int DEFAULT_WIDTH = 300;
public static final int DEFAULT_HEIGHT = 200;

H

=
* A component with mouse operations for adding and removing squ
ares.

*f

class MouseComponent extends JComponent

{

public MouseComponent()

T W

Puc. 3.12. 3Bit mipo daitn JAVA nicns sukopuctanas metpuku NOC

3.3. locmimkeHHs Ta TOpPIBHSJIBHA XapaKTEPUCTUKA JAHOTO JOoJaTKa 3

BIIMOBIAHUMU TIPO(DECITHIME THCTPYMEHTAMH.

[epm 3a Bce, Oyae posrasayTo RSM (Resource Standard Metrics).
Resource Standard Metrics (RSM) — 1ie MeTpHKHN BUXiTHOTO KOJIY Ta IHCTPYMEHT
aHamizy skocti. RSM 3abe3nedye craHmapTHUH METOJ aHali3y BuXigHoro komy C,

ANSI C ++, C # Ta Java y onepamiifHux cucremax. BiH Mae yHIKaabHY 3/1aTHICTh
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NIATPUMYBATH MPAKTUYHO OyIb-AKy omepaliiiHy cuctemy. BiH Hajgae HallBHAIIWH,
HalOUIbII THYYKMM Ta MPOCTUA y BUKOPUCTAHHI I1HCTPYMEHT MJii JONOMOTH Y

BHUMIpPIOBaHHI SIKOCT1 KOJy Ta MOKa3HUKIB.

Puc. 3.13.Ilpuxmnan 3BiTYy Npo CTaHAAPTHI TOKa3HUKH PECYPCIB

OueBunHo, o RSM Hamae OiabIe MOXIMBOCTEH BHMIPIOBaHHS METPHUK, HIK
JI0JTaTOK JI0 TUTIJIOMA, X04a BiH Ma€ psijJi HEMOMIKIB, TAKUX fK:

- BIH HE € BIIKPUTUM KOJIOM, II€ O3HA4ae, M0 BiH HE MOKe OyTH 3MiHEHHH a00
BJIOCKOHAJICHHH OY/Ib-SIKUM CIIOCOOO0M;

- BIiH He 3a0e3medye aHami3 BHUXIAHOTO (Qaiily 3 TOYKM 30py 3BITY 3
BUJIJICHUMHU YaCTHHAMH KOZY, 110 OEPYTh y4acTh Y BUMIPIOBAaHHI METPHKH.

Ha Bimminy Big RSM, 3asBKy Ha DWIUIOM MOJKHA ITPOJIOBXKHTH, JTOJABIIN 0 HEl
HOBI MOKA3HHUKW. A TaKOX 3BiT, HQJIAHUH 3asBKOIO, MOKE OyTH OUIBII ITOBHHM, HiX

3BiT RSM.
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Orxe, mnporpamHe 3a0e3neueHHss RSM wnabGarato (QyHKIIOHANBHIIE Ta
e(eKTHBHIIIE, U0 CTOCYETHCA MPOOJIEM BUMIPIOBAHHS YUCTUX METPUK, TUM HE MEHIL,
3aCTOCYBaHHS JUIUIOMHUX IPOrpaM € OUIbIl THYYKMM HPH PO3IJISAI MOKIMBOCTEMN

PO3LIMPEHHS Ta OCBITHIX JIEJIIKATECIB.

3.4. BucHoBKH 10 po3aLTy

VY upomy pozauti 0yno peanizoBane [13 oiiHku aKocTi mporpaMHoOro Koay. bynu
OMKCAaHI MOXJIMBOCTI CHCTEMH Ta IHCTPYMEHTH, III0 BHKOPUCTOBYIOTHCS JUIS 11
po3pobku. bynu npoananizoBaHi HaWBaXXJIMBILII KJIAcH, 10 OepyTh y4acTh y KOJi, Ta
PO3TIIIHyTa CTPYKTYpa MPOrpamu.

JlonaTok  BKIIOYae JEKUTbKa  KiaciB, Hanpukiaazn, kimac — GetMetric,
BIJIMOBIIAJIBHUM 3a 3aBaHTAXKCHHS METPUYHUX JIUYWIBHHUKIB y mporpamy. Bin Hagae
MO>JIMBICTh CTBOPIOBATH BUYEPITHI 3BITH 3 BUALJICHUMU YaCTUHAMU KOy (haiy.

Takox y mpoekTti O6epyTh ydacTh XML-daiinu, ockiibku BOHM 3a0€3ME4yIOTh
npocTuii Ta eheKTUBHHUH cmocid 30epiraHHs MeTpuk. [Iporpama He TUIBKM BHMIPIOE
METPUKH, ajieé TaKOX Ja€ MOXJIMBICTh BUOPATH OJIMHUILI BUMIPY ISl E€SIKUX 3 HUX,
Hanpukian LOC BumiproeTbes sk y ¢GBBUYHMX JiHIAX, Tak 1 B KoOair. Takox
IPOMOHYETHCS KOPOTKE TMOPIBHSHHSA MK JaHUM JIOJaTKOM Ta TpodeciiHuM

iHCTpyMeHTOM RSM.
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BHUCHOBKUA

B pesynbrari pobOoTH HaJ JUIIOMHOIO poOOTOI OyB MNPOBEAEHUN OIS
JTEPATYpH 3 METOIO MOLIYKY ICHYIOUMX METOIB OL[IHKU SAKOCT1 IPOTPAMHOTO KOAY.

SIkicte mporpamHoro 3abe3meueHHs (Software quality) — me Te HacKUIBKH
mporpaMHe 3a0e3NedYeHHS 3a/10BOJIbHSE MPOTIOHOBAHUM JI0 HHOTO BUMOTaM. BUCYHYTI
BUMOTH MOXYTh 3JICKATH BiJ 0aratb0X KpUTEPiiB, IO BU3HAYAIOTHCS BHXOMISYU 31
cdepu 3aCTOCYBaHHS MPOTPAMHOTO MTPOTYKTY.

Icuye nHabip cranpaptie I1SO 9000, Skuil perymioe 3aranbHI NPUHLHKIN
3a0€e3MeUeHHsl IKOCT1 y BCIX Taiy3sax. HallOuibl BaXXJTMBUMH CTaHJAPTaMH B PO3pOOIII
IIPOrPaMHOT0 3a0€3IICUCHHS €:

—1SO 9000: 2000 Quality management systems — Fundamentals and
vocabulary;

—1SO 9001: 2000 Quality management systems — Requirements. Models for
quality assurance in design, development, production, installation, and servicing;

—1SO 9004: 2000 Quality management systems — Guidelines for performance
improvements;

—1SO / IEC 90003: 2004 Software engineering — Guidelines for the application
of 1SO 9001: 2000 to computer software.

Tak camo B KOKHOI KOMMaHii MOXYTb OyTH po3p00JIeH] CBOT CTaHAAPTH SKOCTI
IPOrpaMHOTO 3a0e3MeUeHHs, IO BIAMOBIIAIOTE KOHKPETHOI crenudiku poOoTH 1
BIZMNOBIIHO 10 il BUMOT.

MokHa BUIUIMUTH KUIbKA OCHOBHUX KPUTEPIiB OIIHKKA SKOCTI MPOTPAMHOTO
3a0e3MeYeHHs:

1. SIKicTh BUXITHOTO KOJY.

— BinmoBigHICTh KOy CTaHIapTaM;

— JIETKICTh MATPUMKHU;

— Mane yucno nonepeakeHb Mpu KOMITUIAILI.

2. SIKicTh TPOTPAMHOTO MPOJIYKTY.

— (DYHKIIIOHAJIBHICTB;
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— HAJIAHICTD;

— 3pYYHICTh BUKOPUCTAHHS,

— e(DeKTUBHICTH;

— Oe3nexa.

Crae 3po3ymMiuIo, WO NPEA'SIBISIOTECS BHUMOTH TOBHHHI 3aJ0BOJIBHSTU
notpebdam, ik po3pOOHUKIB TPOrpaMHOI0 3a0e3MeUYeHHs, Tak 1 HOro KOpUCTyBaviB.

BaxxnuBuM acmekToM € TepeBipka IMPOIMOHOBAHWX BHUMOT, iX IIOBHOTa i
NPABWIBHICTh OLIIHKK PE3yNbTaTiB. J{JIsl OLIHKH SIKOCTI MOXKYTh 3aCTOCOBYBATHUCS Pi3HI
METOJIH

— TeCTyBaHHsI (MOJyJibHE, IHTErpalliiiHe, CHCTEMHE, perpeciiue);

— CTATUYHUU aHaJli3 KOy,

— IUHAMIYHUM aHaII3 KOJY;

— TeperJIs BUXITHUX KOJIIB IporpaMu (0TSl KOy ).

Otpumani 3 iX JONOMOTOI0 METPHKH XapaKTEpH3yIOTh pi3HI TapaMeTpH:
IIBUIKOJISI TIPOTpPaMH, CIIOKMBaHI pecypcH (OnepaTWBHA IaM'aTh, 3aBaHTAKCHHS
mpoiiecopa 1 T.1.), BIAMOBIAHICTh CTaHAApTaM KOJYBaHHS, KUIBKICTh IOMIJIOK Ha
OJNIMHMITIO PSJKIB KOAy 1 Oarato iHmoro. TectyBatm HEOOXiIHO BCi MapameTpH, 0
AKUX TPE IBISIOTHCS] BUMOTH.

BaxxnuBo Big3HAuMTH, IO TEpeBIpKa SKOCTI IPOTPaMHOIO 3a0e3nedeHHs
NOBMHHA TIPOBOAMTHCS Ha BCIX eTamax >XUTTeBoro mnukimy. lle 3a0e3meunthb
MaKCUMAaJIbHY SKICTh PO3pOOJIFOBAHOTO MPOrPAaMHOTO KOJIY 1 K Pe3yibTaT KiHI[EBOTO
mporpaMHoOro mpoaykry. He MoxHa modaTu po3poOSSITH HESKICHUM MPOTrpaMHUI
MPOYKT, 138 {yMaTHCS PO HOTO SIKICTh BXKE Mepe]] 3aBePUICHHSIM PO3POOKH.

VY nepriomy po3niii OyiH po3TISHYTI 00'€KTHO-OPIEHTOBAHI METPUKH Pa3oM i3
IHCTpYMEHTaMHU JJiA iX BUMIpIOBaHHA. [cHye 6araTo pi3HUX MiAXO/iB 10 Kiacuikaiii
00’ €KTHO-OPIEHTOBAaHUX METPHUK, MOYMHAIOYN BiJ] HAUTIPOCTININX, TAKUX K KUIbKICTh
PSIKIB KONy, 1 3aKIHIYIOUM OUTBIN CKJIATHUMU, SK BIACYTHICTH 3TYPTOBAaHOCTI METO/IIB.
Y Toil e wac IcHye Oarato MNpOrpaMHOro 3a0€3MEUeHHs, L0 CIYXUTh JId
BUMIPIOBaHHS Ta aHAII3y ITUX MOKa3HHWKIB. OCHOBHA mpoliemMa MoJArae B TOMY, IO
OUIBIIICTh 3 HUX € a00 KOMEPLINHUMH, a00 HaJlal0Th HE3HAYHY JOMOMOTY B OCBITHIX

npoiecax, TOMY OCHOBHOIO METOI0 IIbOTO JHUIJIOMY € PO3poOKa IPOrpamMHOIro
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3a0€3MeUeHHs], SIKe HE TUIbKM Ma€ CIpaBy 3 METPUKAMH, ajle W MiJKPECIIOe TOMUIKU
Ta Jomomarae ix BUPIMIMUTH. J[Ji1 CTBOpEHHS TAaKOro MPOIYKTY HEOOXITHO HE JIMIIE
03HAaHOMUTHCH 3 00’ €KTHO-OPIEHTOBAHUMH METPUKAMHU, aJle i HABUUTHUCS 00’ €THYBaTH
1X B €IMHY CUCTEMY.

Y npyroMmy po3auti Oyjao po3MNISIHYTO apXITEKTypy JIs BUIYYEHHS METPHUK
pa3oM i3 iX (QOpMaJIbHMM OIIKMCOM 3a JONOMOTIoI0 iHCTpyMeHTIB Sucj sk OCL Ta
Metamoneni UML. Bineme Toro, 6i6miotexka 3axoniB FLAME cayxuth BXITHUM
matepiasiom ansa (opmamizanii merpuk. Metoro mnpoekty FLAME e neperBopenHs
PO3BUTKY HIUIBHUX 010J110TEK JIHIAHOT aJredpu 3 MHCTELTBA, 3apE3€pPBOBAHOTO s
EKCTEPTIB, y HAYKY, 3p03yMUTY SIK HOBAYKOBI, TaK 1 €KCIIEPTY. 3aMICTh TOTO, 1100 OyTH
nuiie O10110TEeKO, MPOEKT OXOIUIIOE HOBY HOTALIIO JJII BUPAXEHHS alTrOpPUTMIB,
METOJIOJIOTII0 CHUCTEMAaTUYHOTO BHUBEICHHS aJIrOpUTMIB, I1HTepdeiicu NpUKIaTHUX
nporpam (APl) nans mpeacraBlieHHS airOpUTMIB Yy KOl Ta IHCTPYMEHTH IS
MEXaHIYHOTO BUBEJICHHSI, pealli3allii Ta aHaIi3y aJIrOPUTMIB Ta peastizailii.

Takox y 11 ry1aBi OyJo BBEIEHO KUTbKa cXeM, 100 po3moyaTy MpPOeKTyBaHHS
cuctemu. lle nmiarpamu BHKOpHUCTaHHS, JlarpaMH CTaHy Ta Jlarpamu kiaciB. Bonwu
JAI0Th PO3YMIHHS CUCTEMH Ta MEPII KPOKHU 0 ii peanizariii.

VY Ttperbomy po3auni 0yso 06GroBOpeHO MUTAHHSA MPO BUKOHAHHS IUIIOMY. TyT
KOPOTKO OYJI OMHCaH1 MOXKJIMBOCTI CUCTEMH Ta IHCTPYMEHTH, 1[0 BUKOPHUCTOBYIOTHCS
uIs 1 po3poOku. bymu mpoananizoBaHi HaWBaXIUBIMII Kiacu, 1m0 OEpyTh y4acTh y
KO/, Ta PO3TJIIHYyTa CTPYKTYpa MPOTrPaMHU.

JlomaTok  BKJIIOYAaE€  ACKUTbKA — KiaciB, Hampukian —kiaac  GetMetric,
BIJIMOBIJATPHUI 32 3aBaHTAXKCHHS METPUYHUX JIYWIBHHUKIB y mporpamy. Bin Hamae
MO>KJIMBICTh CTBOPIOBATH BUYEPITHI 3BITH 3 BUAUICHUMHU YaCTUHAMU KOy (paitmy.

Takox y mpoekTti 6epyTh yuacth XML-daitnu, siki 3a06€3nedyroTh NPOCTHI Ta
edexkTuBHUN croci6 30epiranHs MeTpuk. [Iporpama He TITBKU BUMIPIOE METPUKH, ajie
TaKOX J1a€ MOYKJIUBICTh BUOpPATH OJUHUII BUMIPY JUIS IeIKUX 3 HUX, Hanmpukiaan LOC,
BUMIpIOBaHI AK y ¢Gi3WUHHUX JiHIAX, Tak 1 B KOaiiT. Takoxk MpomoHyeThCS KOPOTKE
MOPIBHIHHS MK JaHUM JOJATKOM Ta mpodeciiuuM iHcTpymeHToM RSM.

Pesynpratn  gumiioMHOi poOOTH PEKOMEHIYETHCS BHKOPHUCTOBYBAaTH IMPH

PO3p0oO0IIl MPOrpaMHOTO MOJYIIIO OILIIHKH SIKOCTI KOJY.
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