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MIHICTEPCTBO OCBITU | HAYK/ YKPAIHW MpAT «MPUBATHAM BULLMN HABYANBHUA 3AKINAL
«3AMOPI3bKUN IHCTUTYT EKOHOMIKM TA IHOOPMALIMHWUX TEXHOMNONIV» Kacdbeapa EkoHOMIYHOI
KibepHeTukn Ta iHXeHepii nporpamHoro 3abesneveHHs [OO 3AXUCTY [OOMNYWEHA 3as.kadegpu
_____________ na.e.H., goueHT Jlesmubkuii C.l. BAKAJTABPCBKA OUMJIIOMHA POBOTA PO3POBKA
MACUNCTEMU BHYTPIWLWHBbOKAOPOBOIO YEPI'YBAHHA KOOOBOIO MNMOTOKY JPWL BukoHas cT. rp.
n3-n8 ___________ A. . CayniH (ninnuc) KepisHuk J1.M. LLokoTbKko CT. BUKNaga4
(nignnc) 3anopixokst 2022 MPAT «MBH3 «3AMOPI3LKUN IHCTUTYT EKOHOMIKW TA IHOGOPMALIMHUNX
TEXHOJNOIMW» Kadeopa EkoHOMiUHOi KiBepHeTuKM Ta iHxeHepii nporpamHoro 3abesnedeHHs OO
SAXUCTY OOMNYWEHA 3as.kacdeppn _ _ _ _ _________ Aa.e.H., poueHT Jlesnupkmn CI.3ABOAHH
A HA BAKANABPCbBKY OUMNOMHY POBOTY CTYOEHTY Caynivy Oanuny Innivy (npiseuiie, iM's, no
6aTbkoBi) 1. Tema po60Tn Po3pobka MniacrcTeMM BHYTPILLHLOKAAPOBOrO YepryBaHHS KOJOBOro NoToky JPWL
KepiBHUK poboTtu LLlokoTbko Jllogmuna MukonaiBHa, CT. BUKnagay (I‘Ipi3BI/ILIJ,e, iM'a, N0 6aTbKOBI, HAYKOBUN
CTYNiHb, BYEHE 3BaHHS) 3aTBEpPAKEHMI Haka3oM BULOro Hae4vanbHoro 3aknagy Ne 06.1-50 Big 18.02.2022
p. 2. CTpok nogaHHsi ctygeHtom pobotun 17.06.2022 p. 3. BuxigHi gaHi go pobotn 4. 3micT po3paxyHKOBO-
MOSAACHIOBAIIbHOI 3arnuncku (nepeniK NMUTaHb, SKi NOTPIBHO p03po6vm/|) -V po3rnsHyTU TEOPETUYHI OCHOBMU

TECTyBaHHA nporpamHoro 3abesneyeHHs; - [JOCMiAMTM MigxoauM [0 po3pobku  aBTOMAaTU30BaHOMO
TEeCTYBaHHA;, - OOCNigUTU 3acoby aBTOMATU30BAHOrO TECTYBaHHS; i — PO3rMAHYTU TexXHonorii nobynosu
npoektiB y JPWL; -¥ nnariin B JPWL; - cTBopeHHs nporpamu B Git; - nigknioyeHHsi cepeepiB ans JPWL; *
-peanisauisi npoekTy Ta aBToTecTiB B JPWL; - npoBecTu aHani3 pe3ynerarTiB; — BidyanidyBaTu pesynsratu 5.
17.01.2022 p. CryneHT Caynin [. I. (nignuc) (npissuiwe Ta inivianu)
KepiBHuk po6oTu LLokotbko J1. M. (nignuc) (npiseuwe Ta iHiuiann) PE®EPAT Bakanaepcbka AWMIIOMHA
pobota: 80 crtopiHOK, 25 pucyHkiB, 25 pxepen iHdopmauii. Meta gunnomHoi pobotu: po3pobka Ta
CTBOPEHHS nnariHy aBToMaTM30BaHOro TECTYBaHHSA MporpaMHoi cuctemu y Jenkins 3 gogaBaHHAM kogy B
GitHub. OG ekt gocnigeHHs: KOHLEenNUis nnariHy y nporpamHin nnatdgopmi. MpegmeT gocnimkeHHs: nnariH
aBTOMAaTM30BaHOIO TeCTyBaHHA nporpamHoi cuctemn y JPWL. OCHOBHUMM pesynbrataMmy nNpoBeneHoro

JaTta Buaadi 3aBOaHHSA

[OCHiMKEHHS €: * po3rnaHyTOo Nigxoau A0 po3pobKM Ta CTBOPEHHS NnariHy aBToMaTU30BaHOrO TECTYBaHHS;
* po3rnsHyTO BUMOTM A0 (PyHKLiOHaNy nporpamMmHoro Ao4aTky; * BUKOHaHa nporpamHa peanisalis NpoekTy;
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Po3pobneHnin nnariH 3ag0BOSfbHAE BCiM BMMOram, NMOCTaBAEHWM Ha eTani NoCTaHOBKW 3aBAaHHsA. [lpu
po3pobui nnariHa 6ynu BMKOpUCTaHi MoBa nporpamyBaHHs Java, Git, nnariim y JPWL, aBToMmaTnaoBaHui
nnarin  JPWL. TTpOorHosHi npunyweHHs Woao Mogasnbloro po3BUTKY MaTtepianis npoekTy nonsrae y
306inbLUeHi yHKLioOHany KM CTOCYeTbCA Binbll AeTanbHOI iHopMaLii Ta aBTomaTtumaauii 6inbll cknagHnx
dyHKUIOHaNbHNUX [04aTKiB, Ta BUKOPUCTaAHHA AdaHoro metody B IT komnaHiax. 3acTtocyBaHHS HOBITHIX
dppenmsopkis. ABTOMATU3OBAHE TECTYBAHHA, AJITOPUTM, AHANI3 TMPOUECIB, TIAlIH,
®PEVMBOPK, JPWL, GIT 3MICT MEPENIK YMOBHMX MNO3HAYEHb, CUMBOINIB, OOWHWLLb,
CKOPOYEHb TA TEPMIHIB B BCTYTT s esssssssssssssssssssssssssssssssssssssssssssssssssssssss 7
PO3A1N 1 AHANI3 NMPEOMETHOI OBJTACT! wceevvvveeeeseneeeessneees 9 1.1 TectyBaHHA nporpamMHoro 3abe3neyeHHs
.............................. 9 1.2 TecTyBaHHA WED~[A0OATKIB ...cccvvevvrerrrrererecerssessssesssessssennnennneees 17 1.3 METOA0MNOriT pO3PO6GKM
rns3 19 PO3[IN 2 ABTOMATU3SOBAHE TECTYBAHHA MPOIMPAMHOIO NMPOOYKTY
25 2.1 lNMocTaHoBKa 3apadi 25 2.2 Mipxoan go
pPO3pOOKM aBTOMATU30BAHOIO TECTYBAHHS  .cccoe. 26 2.3 3acobu aBTOMaTU30BAHOrO TECTYBaHHS
............................... 32 2.4 HenepepBHa iHTerpauig nporpamMHOro MpPOAYKTY ... 34 PO3OT 3 JPWL —
BIOKPUTUN PECYPC ABTOMATMU3O0BAHOI MNAT®OPMU 40 3.1 JPWL
. 40 3.2 Tnarinm B JPWL 44 3.3 lobynosa
npoekTie y JPWL 52 PO34IN 4 PO3POBKA MNMPOIrPAMM ABTOMATU3OBAHOIO
TECTYBAHHA 58 4.1. CtBopeHHst nporpamu B Git 58
4.2. MigkntoyeHHsa cepeepiB ana JPWL .. 63 4.3. CTBOpeHHA npoekTy Ta asToTecTtiB B JPW .. 67
BUCHOBKW 78 MEPENIK BUKOPUCTAHUX KEPENN
81 JOOATKN 84 NEPEJIK YMOBHWX NMO3HAYEHDb,
CmMBOnNIB, OANHMLUb, CKOPOYEHb TA TEPMIHIB Cnoeo / cnoBocrnosnyyeHHss CKopoveHHs YMOBU
BukopuctanHa A Application programming interface API C Continuous integration Cl Continuous
delivery CD D Data Base DB - H Hasty Pudding Cipher HPC Hyper Text Markup Language HTML
HyperText Markup Language HTTP S Simple Object Access Protocol SOAP Software
Development Life Cycle SDLC U Uniform Resource Identifier URL - Uniform Resource Locator URI
X Extensible Markup Languege XML BCTYI1 Pospobka nporpamHoro 3abes3neyeHHs € CKMnagHWUM i
TpMBanNuMm NpoLEeCcoOM i BiH BUMarae BUKOPUCTAHHSA Pi3HUX TUMIB Ta iIHCTPYMEHTIB TECTYBaHHS NPOrpaMHOro
3abesneyveHHs. MeToan TecTyBaHHA 3MiHIOIOTLCA 3 YacoM. Ockinbku obnacTb TECTyBaHHA NPOrpamHoOro
3abe3nevyeHHs 3pocTae, BOHa CTae Bce Oinbw cknagHow. [lpy aBTOMATU30BaAHOMY TECTyBaHHi
30iNbLUYETLCS WBMAKICTL PO3P0O6KM, NPOrpaMm CKOPOYYETLCSA LMK 1T pO3pO0KK, EKOHOMUTLCS Yac, NIACHKI
pecypcu Ta rpowi. Y Hawi AHi aBTOMaTu30oBaHe TeCTyBaHHA NPOEKTIB NPOrpamMHol iHXeHepil NpoBoanTbCS Y
GaraTbox cepegoBuax po3pobok. TecTyBaHHA BMKOPUCTOBYETLCA B ranysi po3pobks nporpamHoro
3abe3neveHHs sk 3abe3neyvyeHHs SKOCTI Pi3HMX YacTUH NpOrpamMHoOro npoekTy. Hanpuknag, iCHylTb

cTparTerii, 3aCHOBaHi Ha BMKOPWUCTAHHI TECTIiB, sIKi BU3HA4YalOTb BMMOrM, a NOTIM 3MiHIOTb Nporpamy, rnoku
BOHa He npowvae TecTu. B iHWnx BUNagkax BUKOPUCTOBYETLCHA TECTYBaHHA NPOrpaMHOro 3abesneyeHHs, ske
MOCTIHO OHOBMETLCA Ta BUMYCKAETbLCA B HOBMX BEPCisX, WOO nepesipuTH, YM BCe e NpautoloTb Ti
YaCTUHW nporpamMHOro 3abesnedyeHHs, SKi paHilwe npautoBanu. TecTyBaHHS iHOAI CNPUMMAETbCHA K
AEeMOHCTpaUis BiACYTHOCTI MOMWUITOK, KOMNW 3a3B14Yan TECTYBaHHA — Lie MPOoLEeC, SKMN BUKOPUCTOBYETHLCA ANA
NigBULLIEHHA HA4IMHOCTI Ta AKOCTiI NMporpaMHoro 3abesnevyeHHs LWNAXOM MOoLyKy sikoMora BinbLuol KiflbKOCTi
nomunok. Metoto pobotn € po3pobka Ta CTBOPEHHS NnariHy aBTOMaTnU30BaHOIO TECTYBaHHS MPOrpamHol
cuctemn y JPWL 3 gogaBaHHAM kogy B GitHub. Y po6oTi npeacrasneHi Ta npoaHaniaoBaHi iHCTpyMeHTapii
Ta TEXHOMOTII, AKi MOXYTb BYTW BUKOPUCTaHI ANs aBToMaTu3adii TeCTyBaHHS NporpamMHoro 3abeaneyeHHs. A
TaKOX OMMCaHO NMPU3HAYeHHSA Ta PYHKLIOHANbLHICTL MPOrpamMHOro NPOAYKTY, AKUA NepeBipeHnin K YacTuHa
AaHoi pobotn. O6’ekToM AMNNOMHOI poboTM € KOHUEeNUis nnariHy y nporpamHii nnatdopmi. Npegmerom
AnnnomHoi poboTu € nnariH aBTOMaTU30BaHOrO TeCTyBaHHSA nporpamHoi cuctemun y JPWL 3 gogaBaHHAM
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kogy B GitHub. 3aBgaHHs, wo matoTb 6yt BUKOHaHI B poborTi: 1. ocnigntu poboty JPWL; 2. 3'egHatn Ta
nigknountn cepsep JPWL;, 3. Cteoputn nporpamy; 4. [NpoBectn aHania pesynbratie; 5. Bigobpasutu
pesynstat B rpadiky nobynosu 6ingis. PO30IN 1 AHANI3 MPEOMETHOI OBNACTI 11. TecTysBaHHs
nporpamHoro 3abesnedeHHs Po3pobka nporpamMHOro 3abes3neveHHsi € CKragHuM i TpMBanum MnpoLEecom,
AKUA BUMAarae BMKOPUCTAHHA PI3HUX TUMiB Ta iHCTPYMEHTIB TECTyBaHHS nNporpamMHoro 3abesnevyeHHs.
MeTtoan TecTyBaHHSA 3MiHIOKTbCA 3 YacoM. OcCkKinbkM 00nacTb TeCTyBaHHSA NPOrpaMHoOro 3abesneyeHHs
PO3LUNPIOETLCS, BOHa cTae Bce Oinbl cknagHow. Mpyn aBTOMatM3oBaHOMY TeCTyBaHHI 306inbLUyeTbCS
LWBUAKICTb CKOPOYYETLCA UMKM TI pO3pOOKM, eKOHOMUTBLCH Yac, FOACBbKI pecypcu Ta rpowi. Y Hawi AHi
aBTOMaTU30BaHE TECTyBaHHA MPOEKTIB MPOrpamMHoi iHXeHepii npoBoanTbCca y GaraTbox cepenoBuMLlax
po3pobkn. TecTyBaHHA BMKOPUCTOBYETLCS B ranysi po3pobku nporpamMHux NpoaykTiB Ans 3abesneyeHHs
AKOCTI PI3HUX YacTUH MNPOrpamMHOro npoekTy. Lle MpakTUKYeTbCs He nuvuwe Ha 3aBepllarnbHUX cTagisx
PO3BUTKY, @ 1 Ha BCiX eTanax pisHuMu cnocobamn. Hanpuknag, iCHytoTb cTpaTerii po3BUTKY, 3aCHOBaHi Ha
BUKOPUCTaHHI TECTIB, AKi BU3HaA4aloTb BMMOIK, @ NOTIM 3MiHIOITb Nporpamy, NoK1 BoHa He nponge tecTtu. B
iHWKNX BMNagKax BMKOPUCTOBYETLCA TECTYBaHHA NPOrpaMHoOro 3abesnedyeHHs, sike NoCTINHO OHOBIIETLCA
Ta BUMYCKAETbCA B HOBUX BepPCiX, WOO nepesBipuTH, YM BCe LWe MNpauloTb Ti YaCTUHWM MPOrpamHoro
3abe3neveHHs, siki paHiwe npauosanu [1]. TecTyBaHHs iHOAi CNpUIAMAETLCA K 4EMOHCTPALIA BiACYTHOCTI
NMOMUIOK, KOMW 3a3BMYan TeCTyBaHHSA — Lie NpoueC, KU BUKOPUCTOBYETLCA AN NiABULLIEHHS HAAIMHOCTI Ta
SIKOCTi MPOrpaMHOro 3abe3neyeHHst LUMAAXOM NOLLYKY sikomora GinbLuoi kinbkocTi nomunok[2]. IHTerpauiiite
TEeCTyBaHHSA (Integrotion tests) oxonntoe nepeBipKy KOHTPaKTy MK OKpPeMUMW MOAYMSAMU, SKi BXe
npovwnun a3y MogynbHOro TecTyBaHHA. Lli moayni mMoxyTb 6yTu nepeBipeHi iTepaTtuBHO abo BCi
OHOYaCHO. HalBaXknMBILLOK YaCTUHOK LBbOro TECTYBAHHA € NepeBipka 3B'A3KY MK MoaynsiMu. ICHye
MMOBIPHICTb TOro, WO BCi MOAynMi YCNILWHO NporAayTb MOAYINbLHI TECTU i 30aeTbCH, BCE Mpauloe rnpaBuribHO,
arne nicnsa NigkroYeHHs BCiX MogyrniB 40 OAHIET CUCTEMWN MOXYTb BUHUKHYTU CEPUO3HI AedeKTn, AKi MOXYTb
Nnpu3BeCcTU OO0 MNOBHOI BiAMOBM CUCTEMW. 3arariom, OCHOBHWUM 3aBAAHHAM iHTErpauiiHoro TeCcTyBaHHS €
3anobiraHHs TakoMy XaxJIMBOMY CLiEeHapito. 3aMiCTb iHTEFPOBaHMX TECTIB € iHLWWI TUM IHTErpauiiH1X TECTIB,
LLIO HA3UBAETLCA KOHTPAKTHMUMW Ta CniflbHUMKU TecTamun. MeTor umx TecTiB € nepesipka iHTepdency mix
ycima mMoaynsamu, WO NepeBipsTbCs MOAyneM, 3a LOMOMOro MakeTiB Ans nepeBipky Toro, wo 6nok A
Hamaraetbcs BUKNukatn xposed — metoau B 6Groui B. Lle HasvBaeTbCA KOHTpakTHUM TecToMm. LLlo6
YHUKHYTU MOMUMOK 4Yepes3 [ny3yBaHHS, TakoX HeobxiaHi Tectn, wob nepekoHaTucs, wo 6nok AincHo
BigNoBigae BUMoram, siki odikytoTbes, 6yae BMKoOHaHO 6r1iokoM A B KOHTPaKkTHOMY TecTi. |ges nonsirae B Tomy,
o6 3a 4ONOMOrol TPaH3UTUMBHOCTI NOByAyBaTK NaHLUOr 40BipM BCepeanHi HaLoro BNacHOro NporpamMHoro
3abe3neyveHHs. Lle o3Havae, wo Akwo 6nok A i 6rnok B npautooTb pasom, sik ovikyBanocs, a 6mnok B i 6rnok C
npaulooTb pas3oM, K odikyBanocs, 6nok A i 6nok C Takox OyoyTb npautoBaty pasoM, siK O4iKyBarocs.
CuctemHe TecTyBaHHS (system testing) nepesipse BCi Mogyni, SKi NPOMLWNIM iHTerpauifHe TecTyBaHHS, i
BCIO CamMy CUCTEMY, iHTerpoBaHy 3 Oyab—siKMM npuaatHuMm obnagHaHHam. [1ig BignosigHMMm obnagHaHHAM
Lle MOXe O3HayaTWu HacCTINMbHMI KOMMN'IOTep ANA TeCTyBaHHS HACTINbHUX OodaTkiB abo cepBep aons web-
aofaaTtkiB. TecTyBaHHA CMCTEMW NpU3HaYeHe Ans Toro, Wwob BM3Ha4MTK, Yn BignoBigae 3ibpaHa cuctema ii
cneundikauiam. BiH nepenbayae, Wo WMaTKM NpauolTb OKPEMO, | 3anuTye, UM Npautoe cMcTemMa B Liniomy.
Llen piBeHb TeCcTyBaHHA 3a3Bu4an Wwykae npobnemun 3 gusamHom Tta cneumdikadieto. Lie gyxe gopore micue
ANS NOLUYKY HeCrnpaBHOCTEN HWXYOro PiBHS, i 3a3BMYan Le pobnaTb He nporpamicT, a okpema KomaHaa
TEeCTyBaHHA. HarBaXnuMBIiLLOK YaCTMHOK CUCTEMHOIO TECTyBaHHS ANsi o6csary uiei gunnoMHoi poboTn €
doyHKUiOHanbHe TecTyBaHHA. MeTol PyHKUiOHaNbHOro TEeCTyBaHHSA € nepeBipka PyHKUiOHaNbLHMX BUMOT
nporpaMmyv Ha HarBULLOMY piBHIi. IHWKMMKM cnoBamu, NOTPIGHO NepeKkoHaTUCb, WO YHKUiOHaAN, SKUN
BMKOPUCTOBYETLCA KiHLUEBUMUW KOPUCTyBayYamu, Npauloe HamnexHum YuHom. Lle moxe 6yt Topgi, konu BCi
KOMMOHEHTU CUCTEMM TECTYOTbCA pa3oM, a TakKoX Brepwe cuctema TeCTYeETbCA Ha [AeKifbKoX
nnargopmax. Yepes ue geski TMnu gedekTiB nporpamHoro 3abesnevyeHHs MOXyTb iHKONM He BUSABMATUCS,
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nokn He Oyaoe npoBegeHO TecTyBaHHS cucTtemMu. B gkocTi 6as3oBoi intocTpauii npuknagy TecTyBaHHS
cucteMn mMoxe OyTM BMKOPUCTaAHWA TakWMM CUEHapin: * yBiMTWM OO cUCTeMM; * CTBOPUTM 3aMOBIEHHS; *
CTBOPUTK MEpPEBIPKY BMICTYy; * pegaryBaTu BMICT;, * BMAanuTu BMICT, * BUMATK i3 cuctemu. NpunmanbHe
TeCTyBaHHA (Acceptonce testing) — ue uwe O6inbw BMCOKMMA PpiBEHb TECTYBAHHS, HiK CUCTEMHE
TEeCTyBaHHS. Mloro mMeTa — BM3HAUMUTW, Y/ BiAMOBIAAE BCA CUCTEMA KPUTEPISIM, Y3rOMKEHNUM i3 3aMOBHUKOM.
Llen npouec Moxe BKNHOYATK OLHKY pe3ynbTaTiB iCHYHUYMX CUCTEMHUX TECTIB, @ TaKOXX NPOBEAEHHS PYYHOIO
TECTYBaHHA Ta NepeKoHaTUCs, WO iCHYITb 0COBNMBOCTI ANA NEBHMX BMNAOKiB BUKOPUCTaAHHA. Ha BigMiHy
BiJ, HUXKYMX PIBHIB TECTYBaHHS, TECTYBaHHA PIBHS NPUNHATHOCTI He Tinbku 3abe3nedye poboTy cuctemu, a 1
Te, WO BOHA MICTUTb NpaBWUIibHI PYHKUiI [6]. MpuitmanbHe TECTYyBaHHA He BUXOOUTb 3@ paMKu Ui€l
AUNAOMHOI poboTK, TOMY OaHW BUA TeCTyBaHHS BKMAYeHWA o Teopil. Puc. 1.2. Etanu po3pobku Ta
HeobxigHi TecTn TecToBi Kencu po3pobnaTbCsl 3 BMKOPUCTAHHSIM Pi3HUX METOAIB TECTyBaHHA Anis
AOCArHEHHS Binbl epekTUBHOro TecTyBaHHs. Linm 3abesnevyeTbcst NOBHOTaA NporpaMHoro 3abesnevyeHHs
Ta BUOMPAKOTLCA YMOBM TECTYBaHHS, SIKi OTPUMYIOTb HanWbinbLLy MMOBIPHICTb BUSIBNEHHSA NOMUnok. OTxe,
TeCTyBalnbHWKM He 300ragyloTbCs, SAKi TecToBi kencu obpatv, a MeToau TecTyBaHHA [OO3BOMSTb
CMCTEMATUYHO pOo3pobNATM yMOBWM TecTyBaHHs. KpiM TOro, sKwo KoMOGiHyBaTK BCi BUOW iCHYHOYMX METOAIB
TEeCTYBaHHS, MOXXHa OTPUMAaTK KpalLli pe3ynbTaTi, a SKLWO BUKOPUCTOBYBATU NNLLE OAHY TEXHIKY TECTYBaHHS,
MOXITMBUA MPOMNYCK KPUTUYHUX MOMWUIOK Yy pO3pobneHomy nporpamHomy 3abesneveHHi. [porpamHe
3abesnevyeHHs1 MOXXHa NepeBipuUTK ABOMa cnocobamu. [HWNMK crioBaMuy, MOXXHa BUAINWTY ABa Pi3Hi MeToau:
*  TeCTyBaHHA YOPHOro SAWMKY; * TecTyBaHHA 6inoro sAwmky. TecTyBaHHA 6inoro AwWky €
BMCOKOE(DEKTUBHUM Y BUSIBNIEHHI Ta BUPIiLLEHHI Npobnem, OCKifbK1 MOMUIIKM YacTO MOXHa BUSIBUTU OO TOro,
K BOHW CMpUYUHATL Npobrnemu. MokHa KOPOTKO BU3HAYUTU LeW MEeTOA 9K TeCTyBaHHS MpOrpamHoro
3abe3nevyeHHs 3i 3HaHHAM BHYTPILWHBOI CTPYKTYPU Ta KOQyBaHHA BCcepeauHi nporpamu. TecTyBaHHA Ginoro
AWKMKa TaKoX HasuBalTb aHaniaoM 6inoro silmka, TeCTYBaHHAM YMCTUX AWMKIB abo aHanisaoM SIBHOrO
Aawmka. Lle ctpaTeria Hanarog)XeHHsa nNporpamHoro 3abesnevyeHHs, B SKi TeCTyBanbHUK YyOOBO 3HAE, SK
B3aEMOZiOTb KOMMOHeHTU nporpamu. Llen metog moxe OyTu BMKOpUCTaHWW Ans gopatkie web-cnyxo i
PiOKO MPaKTUYHMIA ONS Hanaro4XeHHs y BENMKMX cuctemax Ta mepexax. Kpim Toro, y tectyBaHHi Ginux
AWMKIB PO3rMSAAacTbCs AK TECTYBaHHS Ge3nekun, Skun moxe OyTv BUKOPUCTaHUW ONS NepeBipku TOro, Yu
BignoBigae peanisauia kogy NpuaHadeHin po3pobui, nepesipuTn peanidoBaHy yHKLiOHanNbHICTL 6e3neku Ta
BUSIBUTU BPa3nuBi MiCLs, LIO BUKOPUCTOBYIOTbCS [3]. TecTyBaHHS YOPHOTO ALMKA — Lie TEeCTYBaHHS
nporpaMHOro 3abesneyeHHss Ha OCHOBI BUMOr OO BMBOAY Ta 6e3 3HaHHA BHYTPIWHbLOI CTPYKTypyu abo
KOQyBaHHA B nporpami. [HWyMK crnoBamu, HYOPHUN AWMK — ue Oyab—SKurM nNpucTpin, pobota SKoro He
3po3ymina abo AocTynHa KopucTyBayeBi. [1pn aHanisi gaHux YOPHUN ALWMK — Le anropuTM, KM He Oae
NMOSACHEHHS TOro, K Le npautoe. Y KIHOBUPOOHULTBI YOPHUIA ALLMK — Le cnevlianbHuii anapaTtHUA NPUCTPIN:
obnagHaHHs, sike crneuianbHO BMKOPWUCTOBYETBCS ONS MEBHOI yHKUii, ane y diHaHCcoBOMYy CBITi ue
KOMM'IoTEpM30BaHa TOproBa cUCTEMa, ka He pobuTb CBOT NpaBusia NerkogoCcTynHUMKU. TeCTyBaHHSA YOPHOro
AWWKY TaKoX HasnBalTb (QYHKUIOHANbHUM TEeCTYyBaHHAM, WO Ppo3pobnse TecToBi KEWCU Ha OCHOBI
iHdopmauii i3 cneyudikadii. Mpn TeCTyBaHHI YOPHOIO ALLMKY TECTYBasbHMK NPOrpamMHOro 3abesneyeHHs He
Mae JOoCTyny Ao caMoro Kody. TeCTyBaHHS YOPHOrO SLLMKY HE CTOCYETbCHA BHYTPILLIHIX MEXaHi3MiB cMCTeEMMU;
BOHM 30CepepKeHi BUKMIOYHO Ha pesynbratax, WO reHepykTbCs Yy BianoBidb Ha BMOpaHi napameTpu Ta
YMOBU BUKOHaHHA [4]. B ocTaHHi POKN TaKOX pO3rMNsAaeTbCsl TPETIM METOL TeCTyBaHHS — TeCTyBaHHSA
ciporo silmka. BiH BU3HaA4YaeTbCs SIK TeCTyBaHHA NPOrpamMHoro 3abe3neyeHHsi, Matoun BXXe NeBHi 3HaHHSA Npo
noro 6asoBui kog abo rnoriky. BiH 6asyeTbCA Ha BHYTPILWHIX CTPYKTypax AaHuxX Ta anroputMmax ans
NPOEKTYBaHHS TECTOBUX BUNagkKiB Oinblue, HXK TECTYBaAHHS YOPHOrO SALLMKA, ane MEeHLUE, HiXX TeCTyBaHHS
Ginoro guwmka. Lle metoq BaxnvMBuW Npu NPOBEAEHHI iHTErpauinHOro TeCTyBaHHA MiX ABOMa MoZyrnsiMu
KOAy, HanNnncCaHUMK ABOMa Pi3HUMKN PO3POBHMKaMK, Ae ANs TeCTYBaHHA OOCTYMNHI nuwe iHTepdencu. Takox
Luen MeTod MOXe BKMNoYaTW 3BOPOTHE NPOEKTYBaHHA AN BU3HAYEHHS FPAHWYHUX 3HA4YeHb. TeCTyBaHHS
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CIpOro fliMKa € HEeHaB'aA3NMBAM Ta HeynepemXeHWM, OCKINbKM ONA HbOro He noTpibHO mMaTtu JocTyn Ao
BUXigHoro kody. ig yac npouecy TecTyBaHHSA iCHye BenM4yesHa KinbKiCTb TUMNIB TECTIB, SIKi MOXXHa BMKOHATH,
i KOXKEH 3 HMX Mae cBOK MeTy. Y UbOMy nigpo3gini 6yayTe 3aranoM onucaHi BCi 3HaYHi BUAW TECTyBaHHS.
Alpha — TecTyBaHHA — Ue MepLni etan TeCcTyBaHHS, SKUA NPOBOAUTLCS Ha pPaHHIM CTafil TeCTyBaHHS.
PekomeHaoyeTbca TecTyBaTu nuvwe nporpamHe 3abesnedvyeHHs po3pobHukiB. [licns BusBNeHHA Ta
BUMNpPaBieHHs1 OCHOBHUX AedeKTiB NporpaMHoro 3abesnevyeHHsi NpoLec TeCTyBaHHA MOXe nepenTtu o Beta
— TecTyBaHHs. Beta — TecTyBaHHA nepexoauTb B Alpha — TecTyBaHHS, i NOro 4acTo Ha3MBalTb APYrUM
eTanoM TecTyBaHHA. Llem Tun TecTyBaHHA MOXHa po3rnsgatn gk opMy MepeBipkuM Ha BigNoOBIOHICTb
kopucTtyBaya. B ocHoBHOMY ue nepenbadvae Bunyck Beta — Bepcii B 30BHILUHE cepenoBulle KOMaHau
PO3pObHUKIB MporpamHoro 3abesnedeHHs. [MporpamHe 3abesneyeHHs OOCTynHe Ans HEBENUKOT rpynu
nogen, sk npasuno, ManbyTHiX KnieHTiB. Benvkum BHeckoM Beta — TecTyBaHHS € KiNbKiCTb BiArykis, sKi
MOXHa oTpumaTun. Cnig 3asHaumTy, Wwo Beta — TecTtyBaHHA 34e6inbloro NpoBOANTLCA NICNA 3aKiHYEHHS
BHYTPILUHbOrO TECTYBaHHS, WO O3Ha4yae TeCTyBaHHS PO3pOoOHMKaMu Ta KOMaHOow 3abe3neyeHHst SIKOCTi.
Ane ue He npasuno. OpHouacHe TecTyBaHHsi (Concurrent testing) BIiOCTEXY€E MNPOAYKTUBHICTb Ta
3abes3nevye pesynbraT TECTOBAHOrO NPOrpamHoOro 3abesneyeHHsa nig 4ac Moro 3BMYAMHOI AOisiNbHOCTI.
OpHoyacHe TecTyBaHHS BUKOHYETbCS OOHOYACHO 3 (PYHKUiOHAnNbHMM TECTYBaHHAM i MOr0 METO €
BU3HAYeHHs1 cTabiNbHOCTI Ta NPOAYKTUBHOCTI 3a ouikyBaHMx o6cTaBuH. CTpec TecTyBaHHs (Stress testing)
— HamaraeTbCsl 3MycuUTW nporpamHe 3abe3neyeHHs npautoBaty 3 nomunkamm abo 3aBepwnTn poboTy
nporpamHoro 3abeaneyveHHs. Lle TecTyBaHHS iHOAI HAa3MBaKOTb HEraTUBHUM TECTYBaHHAM. Take TeCTyBaHHS
HamaraeTbcst 3pobutn nporpamy Hepoboyot, Hagawun Hebe3neyHi TeCTOBI pecypcy, Taki SK OyXe LOBri
TEeKCTW, HeBigomi cumBonu abo cueHapii. OCHOBHa MeTa CTpec TeCTyBaHHA — MNepeBipUTU MOXIMBICTb
BIOHOBMEHHA CUCTEMMW, WO € [fOYyXe BaXMBMM acrnekToM HafiHOro nporpamMHoro 3abesneveHHs.
TectyBaHHa BcTaHoBneHHs (Installation testing) — MeTa Takoro TeCTyBaHHS nonsrae B TOMy, W06
BM3HAYMTK, YN NPaBUSIbHO BCTAHOBMEHO NporpamHe 3abesnevyeHHs Ta YM BOHO MOBHICTIO (OYHKUIOHYE Ha
drakT4yHOMY anapaTtHoMy 3abesneyeHHi 3amoBHMKa. Lien Tun TecTyBaHHA Mae CBOK MPOTUMNEXHICTb — Le
TecTyBaHHA Ha BuganenHs (uninstallation testing), i MOoro meta — nepeBipuUTH, YN npaBuibHO Byno
BMOaneHo nporpamHe 3abesnedyeHHs. [owmnpeHo NpUYMHOK HECMPaBHOCTI NPOrpaMHOro 3abeaneyeHHs €
Te, WO BOHO TeCcTyBanocb nvwe B O4HOMY cepefoBulli. Y UbOMYy BUMNAAKy cepegoBulle Moxe OyTu
npeacraBneHe web-0Opay3epoM, oOnepauiiHOl CUCTEMOK, MOXMIMBO, MOOINbHOK  NNaTdOPMOI0.
Hemoxnuneo, wob y BCiX 3aMOBHUKIB, SIKi KyNyOTb NEBHUIN TOBAP, Y KOXHOMO 3 HMUX Bynu ogHakoBi NPUCTPOI.
Y Hux mMoxe OyTWM cnifibHe OAHE — BWKOPWUCTAHHA OAHOrO MNPOrpamMHOro MpPOAYKTY, ane He BCi BOHU
BMKOPUCTOBYIOTb MOro B OAHOMY cepeaoBulli. OTOX, OCKINbKM KOXEH KMiEHT BigvyBae notpeby 3HanTu
Bi4MOBIAHICTE BakaHOMY cepenoBuLLy, HeobxiaHO nependaunTn BCi noTpebu knieHTa. Lle nigTBepaxyeTbea
TecTyBaHHaM cymicHocTi (compatibility testing). Perpeciiine TectysaHHa (Regression testing)
BU3Ha4ae, Konu moaudikauii kogy npms3BoaaTb O TOro, WO paHiwe npautoroda  dyHKUiOHAMbHICTb
perpecyBana abo He cnpauboByBana, B KiHLEBOMY paxyHKy A03BOMSYU OBUTU NOMUITKK perpecii Bigpasy
nicna X BBeAeHHA. BinbliicTb opraHisauin NepeBipAlTb KPUTUYHY (OYHKLIOHANbLHICTL OAMH pas, a MoTiMm
NpuUNycKarTb, WO BOHA NPOAOBXKYE MpautoBaTty, AKWO BOHM HAaBMUCHO He MoaudikytoTb Ti. OgHak HaBiTb
PYTUHHI Ta HE3HaYHi 3MiHW KOL4Y MOXYTb MaTu HecnoAiBaHi NobiyHi epekTn, AKi MOXyTb NOPYLUUTU paHille
nepesipeHy dyHKUioOHanbHICTb. Lle BKkadye Ha Benukuii NonNuT Ha iHTerpauilo perpeciiHux TecTiB y npouec
TEeCTyBaHHA. Xo4a Ui BUNpobyBaHHS AyXe CKnagHi, MaclwTabHi i NOBUHHI BUKOHYBaTUCA MOCTINHO. Yepes ui
bakTopun perpecivHi TeCTy € HankpawuMm KaHOMOaToM Ha aBToMatu3audito. Lle moxe 3gatvca npocTtum
3aBAaHHsM, ane 3 MEeTOK NofanblUOi NOCMIAOBHOCTI Ta CTabiNbHOCTI perpecinHuX TecTiB NOBMHHA ByTu
BCTaAHOBIIEHA 4iTKa nosiTuka WoAo0 HanMcaHHA aBTOMaTU30BaHMX TECTOBMX KeWciB. B iHWoOMYy Bunagky
TEXHiYHa 3aboproBaHicTb kogy Oyae poctu Bce OGinbliok i BinNblIO, NOKM BeCb MPOEKT HEe 3MOXe
possanuTtucs. [iumose TecTyBaHHs (Smoke testing) nepenbavae MiHiManbHy KinbKiCTb BUNPOOYBaHb, SKy
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MOXHa npoBecTW, Wob nepekoHaTUCb, WO CUCTEMA, WO MEepeBIpPSETbCS, rOToBa A0 NoganbLunX
BMNpobyBaHb. Lle MoxHa BBaxaTu 3axMCTOM [ONs1 MOAANbLUIOrO TECTYBaHHS, SKWO CUCTEMA HE MOXe
BMKOHATM AKICb MiHiMarnbHi onepadii, BM He nepengete oo 3anycky NoBHOro Habopy TecTiB. 3a3suyan ue
HeBenuKa KinbKiCTb TECTIB, SKi NepeBipsA0Tb, YN MOXHa BCTAHOBUTU NporpamHe 3abe3neyeHHs, Yn npautoe
OCHOBHa (PYHKLIOHANbHICTb | Y/ He 3'aBMnATbLCA 04eBUAHI Npobnemu. ICHYOTb Pi3Hi TUMK TECTIB, SKi MOXHa
BUKOPUCTOBYBATH, i KOXKEH TUN Hagae iHopMaLito Npo iHWKIA acnekT nporpaMHoro 3abesneyeHHs. [dyxe
BaXnmBo noabatu npo Te, wob BMKOHATU AkoMora BinbLue TecTiB, SKi MOXHa 3poOMTU 3a HAABHOIO 4acy.
1.2.TectyBaHHs WEB - popatkie Web-nporpamu, sk npaBwumio, MakwTb [eKinbka BRacTMBOCTEN i3
TpaguuiiHMM nporpaMHMM 3abe3neyeHHsiM, TO6TO nporpamMHUM 3abe3nedeHHsAM, sike Npautoe K JoaaTok,
nokanbHO Ha OOHOMY KOMM'oTepi. barato MOB MOXHa BUKOPWUCTOBYBaTW ANS HaMMCaHHA TpaguuinHOro
nporpaMHoOro 3abesneveHHs), a TakoxX web-pgoaatkis, i MeTa TecTyBaHHA NporpamHoro 3abeaneyeHHs), Sk
npaeuno, ogHakoBa. OgHaK iCHYIOTb AesKi KMYOoBi BigMIHHOCTI Ta OCOONMBOCTI, SIKi 4EMOHCTPYOTL Web-
poaatkiB.  Xapaktepuctukn web-pgopatkiB: *  nporpamold  MOXe KOpPUCTYBaTUCA Benuka  KinbKiCTb
KOPUCTYBauiB 3 Pi3HMX reorpadiyHmnx postallyBaHb; * cepefoBULLE BUKOHAHHA € AyXe CKNagHUMm i Moxe
BKMOYaTK pisHe obnagHaHHsA, web-cepBepw, nigknoyeHHs 0o IHTepHeTy, onepauiviHi cuctemmn ta web-
OGpay3epu; * came nporpamHe 3abe3nedyeHHs, K NPaBUIIO, CKNagaeTbCsA 3 Pi3HUX KOMMOHEHTIB, siKi 4acTo
BUKOPUCTOBYIOTb Kiflbka Pi3HUX TexHonorin. Hanpuknag, Moxe Matu CepBepHUA KOMMOHEHT, SKUN
BUKopucToBYye Ruby Ta Ruby on Rails, i knieHTCbKMN KOMNOHEHT, fkui Bukopuctosye HTML, CSS Ta
Javascript; * geski KOMNOHEHTW, Taki K YaCcTUHU rpadivuHOro iHTepdency, MoXyTb reHepyBaTUcs nig vac
BMKOHAHHS, 3aNexHo BiZ BBOOY KOpPUCTyBada Ta MOTOYHOro ctaHy nporpamu. KoxHa 3 uMx xapakTepucTuk
crnpusie pisHUM npobnemMam npu TecTyBaHHI NporpamHoro 3abesneveHHs. Xoya AesKi 3 UMX XapakTepucTuk
CTBOPIOKOTE NPOBremMn TeCTyBaHHS, WO BUMXOA4ATb 3a paMKW AaHOI AMNIOMHOI poboTy, iHWi npobnemn €
HaA3BMYaWMHO akTyanbHUMW. Hanpuknag, Moxe OyTM HeMOXIMBUM BUKOPWUCTAHHS TIiET XX OCHOBU
TECTYBaHHA AONA KOMMOHEHTIB Ha CTOPOHI cepBepa, WO i AN KOMMNOHEHTIB HA CTOPOHI KITIEHTA, OCKiNbKK
KOMMOHEHTU HanucaHi pi3HMMW MOBaMW NporpamyBaHHS. [HWKUM nNpuknagoMm € CKnagHiCTb cepefosuLla
BUKOHAHHS, O MOXe NMpu3BecTy A0 AedeKTiB, AKi BUHMKaTb B O4HUX cepefoBuLlax, ane He B iHWunX. Ak
3a3Havanocs padiwe, web — goaatok MOXe npautoBaTh Ha pisHUX onepauinHux cuctemax Ta Gpaysepax,
WO MOXEe CMpUYMHUTU OedeKTW, XapakTepHi Ons KOXHOro cepeposuwia. [Ana Toro, wob BUSABUTU Taki
AedekTy, MOoTpibHO MaTM MOXNMBICTb npoTecTyBatM web — gogaTok y KOXHOMY NigTPUMYBaHOMY
cepepoBuLi. Tect 6pay3epa — Le CBOro pogy Tect, e web — 6Gpay3ep ynpaBnsieTbCsi 3 METOM iMiTauii
NnoBeSiHKN pearnibHOr0 KOPUCTYBada, HaTMUCKaluM KHOMKM Ta BBOASAYM TEKCT Yy TekcTosi nons. Llen nigxig
TEeCTye 3asBKy TaK caMo, SIK i Mpy NpoBedeHHi PyYHOro TeCTyBaHHS, WO € nepeBarold Ta Hegonikom. 3
ogHoro GOKy, TakuMi cnocib TecTyBaHHA Ha CbOFOAHILIHIA OeHb € Hanbinbl peanicTU4HUM cnocobom
TEeCTyBaHHA nporpamu. 3 iHworo 60Ky, BiH YacTo TecTye 6araTo Koay, i Moxe 3HagobuTMCs Yumano 3ycusb,
Wwob peTenbHO NepeBipUTU pedi Ta 3HANTU NPUYMHY MOMUIOK, KON TeCTn He BAalTbCA. CyMICHICTb MiXK
Gpaysepamu (Cross—browser) € BaXxnuBo npobnemoto ans 6aratbox web — gogatkis. Lle B OCHOBHOMY
O3Hayae, WO nporpama MoOBMHHA MpauloBaTV OAHAKOBO He3anexHo Big TOro, sikun Gpaysep KopucTyBad
BMKOPUCTOBYE, MPWHAWMHI O0TWM, AOKM MW BUPIWMAM NigTpMMyBaTu BignosigHunm web-—6paysep. Tect
Opay3epa 4acTO MOXHa BUKOHATW B [eKifbKOX Opay3epax i, TakKMM YMHOM, MOXEe AOMOMOITU 3HaNTH
AedekTn nporpamHoro 3abesneyveHHs, xapakTepHi Ana Opaysepa. [lepeipka Opaysepa € MOBiNbHUM,
30e6inbloro yepes piBeHb TECTYBaHHS, a TaKOX Yepe3 HaknagHi BMTpaTW Ha BUKOHAHHS CUEHapiiB,
Bidyanisauito CTOPIHOK Ta 3aBaHTaXXeHHs 300pakeHb. |HWWIN MiHYC nonsrae B TOMY, WO AaHe TeCTyBaHHS
BMMarae NOBHOLIHHOMO rpadivyHoOro cepegoBua poboyoro CTony i, OTXe, ANA HanawTyBaHHS Ha cepBepi
MOXYTb 3Hag0buTMCA NeBHi 3ycunns ta pecypcun. OgHuM i3 cnocobiB JOCArTM BULLIOT LWBMAKOCTI BUKOHAHHS
TECTYy € BUKOpuUCTaHHA Opaysepa 6e3 ronosu. besronosuin Gpaysep — ue web—6paysep, ae GinbLicTb
YHKUIOHaNBHUX MOXIMBOCTEN Cy4acHuUX BGpaysepiB BiAcCyTHI, Wob Habpatu wBmakKicTb. 3a3Bnyan BiH He
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Mae€ >XopHoro rpadivyHoro iHTepdency i Tomy He BuUMarae rpadpiyHoro cepegosuwa poboyoro CTony[7].
MoxkHa cTBepaKyBaTH, LLO 3anyckaTn Tectu B 6e3ronosomy 6paysepi 6e3rny3no, OCKinbKy XXOAEH peanbHuii
KOpUCTyBay He BWKOPUCTOBYE Takuin Gpaysep. Tomy Mu He Moxemo OyTu BMEBHEHi, WO NepeBipeHa
dyHKUiOHanbHICTL cnpasai npautoBana 6 y peanbHomy Opaysepi nuwe TOMy, WO BOHAa Mpaule B
6esronoBomy 6paysepi. 3BM4aHO, HEMOXITMBO TakOX 3HaNTU cneuudivHi ana Opaysepa gedektn npu
BUKOpUCTaHHI 6e3ronoBoro 6paysepa. MoxHa 6yrno 6 3HanTn NOMUIKK, XxapakTepHi Ana camoro 6paysepa
6e3 ronoswn, ane ue 6yno 6 pocutb 6Gesrnysgo. Tectm Gpaysepa 4acTo MalTb TeHAEHUiD OyTu
npme’asaHnmu oo knacie HTML Ta CSS TecToBaHOI CTOPIHKK, OCKiNIbKM HaM NOTPIBHO 3HaXoAUTN eneMeHTH,
wob Hatmuckatu kHonkm abo 3anoBHoBaTU opmu. Lle pobutb TeCTU TEHAITHUMMK, OCKINIbKM 3MiHW B
KOPUCTYBanbHULLKOMY iHTEPMENCI MOXYTb IX MOPYLIUTK, i AKWO Ti CaMi enemMeHTU BUKOPUCTOBYIOTbCS B
fGaraTbOX TecTax, HaM MOXe 3HagobMTUCA NepernsHyTU Benuki 4acTMHM Haworo Habopy TecTiB.
1.3.MeTogonorii po3pobku 13 Mogeni po3pobkn — Le pi3Hi npouecn abo metogonorii, obpaHi 4ns po3podku
NpoeKkTy BigNoOBIAHO A0 KWoro MeTu Ta 3aBdaHb. Mopgeni po3pobku nporpamHoro 3abes3neyeHHs
AonomararoTb MOMINWUTK SKICTb NporpaMHoro 3abesnevyeHHs], a TakoX npouec po3pobku 3aranom. IcHye
KiNbka MOAENen XXUTTEBOro LUKy po3pobkM nporpamMHoro 3abesneyeHHs, KoxxHa po3pobneHa ans neBHUX
uinen. SDLC — ue cepenoBuLe, sike ONUCYeE Ail, WO BUKOHYKOTbLCS Ha KOXHOMY eTarni npouecy po3pobku
nporpamHoro 3abesneveHHs. SDLC cknagaeTbCa 3 [eTanbHOro nnaHy, siKMn Onucye, sIKk NpoBOAUTLCS
po3pobka, 0BCnyroByBaHHs Ta 3aMiHa KOHKPETHOro nporpamHoro 3abesneveHHs. Lle Takox Bigomo sk
npouec po3pobku nporpamHoro 3abesnedeHHs. MNpoTsaroMm cTonitb po3pobku KOMM'IOTEPIB Ta NPOrpamMHOro
3abesnevyeHHs ©Oyno 3anponoHOBaHO Kiflbka METOOO0SMOr  po3pobKM NporpamHOro  3abesneyeHHs.
MeTogonoris po3pobkn nporpaMmHOro 3abesneyvyeHHsa BU3HaAYae Pi3Hi BUAWM OiSAbHOCTI Ta Moaeni, SKuMmn
MOXHa KepyBaTuUcs nig 4ac po3pobku nporpaMHoro 3abesneyeHHs. Taka aianeHiCcTb Moxe ByTu, Hanpuknag,
BU3HAYEHHS BUMOI 40 NporpamMHoro 3abesneyeHHs abo HanMcaHHA NporpaMHMX peanisauin, i MeTogornoris,
SK NpaBuI1o, BU3HAYae npouec i3 nraHoM, SK i B AKOMY MOPSiAKY Cnid BUMKOHYyBaTWU AisnbHicTb. Moaenb
Bogocnagy Ta mogenb V — ABa KNacuyHi NpuknagM Metogornorin po3pobkyu nporpaMHOro 3abesneyeHHs.
TectoBa pospobka (Test-driven development TDD) 6epe CBill MOYaToK BiA MEPLUOFO TECTOBOMO
NPUHUMNY B METOAONOril  eKCTpeMarnbHOro nporpamyBaHHSA | BBaXaeTbCA OAHiEl0 3 HanbinbLu
CynepeysiMBolo Ta HaMBMNIIMBOBILLIOK FHYYKOK NpakTukor. Cnig 3ayBaxuTi, Wo pasa, kepoBaHa TECTOBOK
pO3p0o6KOID, HaCcTO BUKOPUCTOBYETBLCA B KiflbKOX IHLUMX KOHTEKCTaX, Ae 0BroBOPOTLCS 3ararbHi NpakTUKu
TEeCTOBOro Kofy. Y uboMy po3gini Mu posrnsHemo ocHosu TDD y horo noyatkoBoMy 3Ha4yeHHi. BogocnagHa
Mogenb po3spobku M3 (Waterfall development model) — HaiigaBHila Moaenb LMKy po3BuTky. Voro
Ha3Ba NOXOAMTb Bi4 MOPIBHAHHA NOCMIAOBHOCTI okpemmx ¢a3. OcHoBHa KoHLUenuia uiei mogeni 6asyetbes
Ha nocrnigoBHOMY nigxoni 4O KOXHOI 3 ¢ha3. Ha ocHoBi Mogerni nonepeaHb00 YMOBOK NoYaTKy HOBOro eTany
€ Te, WO MnonepeHin eran nNoBMHEH OyTM ycnilwHO 3aBepweHui. PaHHi da3nm po3pobku MNOBMHHI
BMKOHYBaTMCA Ay>Xe 06epexxHO Ta peTenbHO, OCKINbKM BUABMNEHHA AedeKTy nporpaMmmn Ha paHHii dasi mae
MEHLUNA BNIMB Ha CMNOXMBaHHS 4acy, HiX ue morno 6 matM Ha HacTynHux dasax. Puc 1.3. Waterfall
mogenb po3pobkn M3 lig yac po3pobkn macwTabHMX NPoeKTiB 3aBxan byae noTpibHO noBepHyTUCA A0
paHiwe 3aBeplieHnx ¢as. Lle moxe ByTn cCnpuymHEHo 3MiHOK BUMOr 3aMOBHMKa. Hanbinbwmm Hegornikom
Mogeni Bogocnaay € Te, WO NOBEPHEHHS A0 paHille 3aBepLleHnX a3 HEMOXINBE, TOMY NPUCTOCYBaHHS
A0 BWUMOr KIiEHTa, WO 3MIHIOETbCH, MOXe OyTW CKnagHUM nNpu BUKOPWUCTAHHI UiEl mMogerni po3BUTKY.
PavjioHanbHMI yHidikoBaHWMIA npoLec (Rational unified process RUP) Ga3yeTbca Ha mogeni Bogocnagy
Ta Mae Kpalwly 30aTHICTb aganTyBaTUCa OO MIHMMBMX BUMOr 3amoBHUKa. RUP cknagaetbca 3 iTepauin, i
KOXXHa iTepauis cknagaetbcs 3 ycix ¢pas, saragaHnx y mogeni po3sutky sogocnagy. OCHOBHa KoOHLUenuis
pauioHanbHOro €AWHOro npouecy Oyge onucaHa Hukye. Y KOXHIM OKpeMin iTepauii BCTaHOBIOETLCSA
NnocnigoBHICTb OKpeMux 3aBhaHb Ta 1i OuiHKa 4acy. Havkpawa mMoxnuBa cuTyauis, KOnv BCi 3aBOaHHSA
iTepauii BUKoHaHi. [Nicns aHanidy cTBOpETbCA cneundikauia dyHkuii. Lla cneumdikauisa cknagaetbca 3
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HOBMX Ta iCHYHUMX (PYHKLiIOHANbHUX MOXNIMBOCTEW. Ha ocHOBI crneumndikauil dyHKUiT Moxe posnodatmcs
npouec po3pobKK, KM BKITKOYAE TaKOX Npouec TecTyBaHHSA. Micns ycnilwHOro 3aBepLUeHHS BCiX iTepauin
BUKOHYETbCA OfHE [Oo4aTKOBE TeCTyBaHHS BCiX iTepauin. [licna nepesipku BCiX iTepauin nporpamHe
3abe3nevyeHHs rotToBe NPOWTM NMPUMOMHE TECTYBaHHS, sike HeObXigHO nepen po3ropTaHHsIM HOBOMO BUMYCKY
Ao BupobGHuuTBa. CnipanbHa Mogenb pPO3BUTKY (Agile development model) po3pobku M3 Ha
CbOrOAHILWHIN Yac ayxe nonynspHa. Lle pobnate yci kpyTi komnadii: Google, Yahoo, Symantec,
Microsoft i cnncok moxHa npogoBxyBaTu. Ha cborogHiwHi geHb 6arato KOMNaHil, SKi iHTErpyoTb FHYYKi
metogororii y ceow 6isHec-mogenb. OgHak HeobxigHO BkasaTw, Ak Le byae 3pobneHo. [Ansa Hamkpallol
poboTK Liei meTogonorii KNiEHT NOBMHEH CniBNpaLtoBaTh NPOTArOM YyCbOro npouecy po3pobku. CnipanbHa
METOdONOoris — ue npouec nnaHyBaHHA Ta nepesBipkM poboTn. MeTor meToaonorii € BAOCKOHANEeHHS
opraHisauii po6otn. Becb npouec po3pobkn MOXHa BUOINUTU Ha Taki dasn: * neplua itepauia — nepwummn
aHania Ta peanisauig 6a3oB0Oi (PyHKUiOHANbHOCTI; * aHania 3miH — BUOGepiTb, Wo byae BNpoBagKeHo; *
BMNPOBaMXXEHHS; * npe3eHTauist KMieHTY; * sKLWO NpoaYKT He 3aKiHYEeHWIN, NOBEPHITLCA 4O KPOKY 2; * AKLIO
BUPIO 3akiHYeHUn, BiabyBaeTbCA TEXHIYHE 0O6CNYyroByBaHHS Ta BAOCKOHanNeHHs. Ha puc. 1.4 nokasaHi gasun
cnipanbHoi mMoaeni. Puc 1.4. CnipanbHa mofenb po3pobku M3 Ckpam (Scrum) — ogHa 3 HaiiBigoMiLLMX
FHYYKMX METOLONMOrIN i MOXe 3aCTOCOBYBATMUCA B KOMaHAi Bif YOTUPLOX A0 N'ATHagUATW nogen. IcHye aBi
rpynu nNogen, siki BUCTynarTb y po3pobui. Mpyna cknagaeTbca 3 BNacHWKa NPoaykTy Ta MancTpa CyTUYOK.
BnacHuk npogykTy Hece BignoBiganbHICTb 3a Te, Wo Oyae BNpoBagKeHO B ManbyTHbOMY CMPWHTI, | BKasye
aetani peanisauii. Metoro Scrum Master € kepyBaHHsi po3pobGHUKamu. BiH NOBMHEH 3a40BONbBHATK iX
notpebn, BupiwyBaTK iXHi Npobnemu TOWO. |HWa rpyna cKnagaetbCsa i3 3auikaBreHuMx CTOpiH Ta
MeHekepiB. ®asza po3BUTKY CNPUHTY HA3MBAETbCA CMPUHTOM. TpuBanicTb CNPWUHTY TPUBAE, i Le 4acTo
ctaHoBUTL 14 pHiB. lNepen noyaTKOM HOBOrO CHPUHTY 3aBXAW NnaHyeTbca CnpuHT. Mpu nnaHyBaHHI
CMPUHTY BCi iCTOPii KOPUCTYBaYiB MepepaxoBytoTbCs, a NOTIM NepeMmillyoTbCa OO0 XypHany npoaykty. B
pamMKax nnaHyBaHHSA CMPUHTY CTBOPKKOTHLCA iCTOPIl KOPUCTYBaYiB, BOHW acoUitlolTbCA 3 OuiHKamu, i cnig
obroBopuTK, SKa 3 icTopin Byae peanizoBaHa y ManbyTHLOMY CNpUHTI. [Micns 3akiHYeHHS KOXXHOro CNpUHTY
BCS KOMaH4a MpOBOAUTb PETPOCMNEKTMBHY 3YCTPid, Ha SAKi KOXEH MOXe BWUCIOBUTWU CBOI npono3uuii abo
ckapru. 3 no4YaTKOM CNPWUHTY MNPUXOAUTb | NOYaTOK pPO3pOobKM, KU OXONSIKE peanisauilo icTopin
KopuctyBauiB. [licns Toro, sk icTopia peanisoBaHa, BOHa nNepexoanTb A0 nepernagy koady. AKWOo iHwi
PO3POBHUKN CXBantolTb Ornga4, iCTOpild KOpUCTyBada MOXHA MO3HAYUTU SIK BMKOHAHYy Ta po3noyaTu
BNPOBaMXXeHHS iHWOT icTopii. KOXXHOro oHA BCS KOMaHAa BiABiQye CTEHOW, A€ KOXEH YNeH KOMaHau onucye
obcsr ceoel poboTn. SCrum 6asyeTbCs Ha XOPOLLIOMY CifIKyBaHHI B LiNOMY KOMEKTUBI, WO Npu3BoanTb 40
Kpawoi edpekTUBHOCTI pobOoTK. YCi uneHn KomaHau NOBUHHI CniBnpauoBaTh Ta gonomaratn oguH OgHOMY
weunawe gocartn metn. PO341J1 2 ABTOMATU3OBAHE TECTYBAHHA NMPOMPAMHOIO NMPOAOYKTY 2.1
lMocTaHoBKa 3agadi KoHuenuiga aBToMaTtn3oBaHOrO TECTYBAHHA MOXE MaTu Pi3Hi BU3HAYEHHS 3arexHo Big
axeperna Ta KOHTEKCTY. Lle moxe cTocyBaTuUcs aBTOMaTMYHOI reHepauii akTUYHUX TEeCTOBUX KelciB abo
aBTOMaTU4YHOro 3anycky TeCTOBUX KeWciB, po3pobrieHux Bpy4Hy. Y UbOMY 3BiTi BUOpaHe BU3HaAYEHHS
nonsirae B TOMY, LlO aBTOMaTU30BaHe TEeCTyBaHHA — Le TeCTyBaHHA Ha OCHOBI PO3pOobreHuX BpYYHY
TECTOBUX KEWUCIB, SIKi MOXHa MOBTOPHO 3anyckaTu cueHapiem. IcHye 6arato NpuvyuH ANA BUKOPUCTaHHSA
aBTOMAaTM30BaHOro TecTtyBaHHs. OCKiNbK1 TECTOBI KENCU € MOBTOPIOBAHUMMU, | KOMN'IOTEP MOXE BUKOHYBaTH
X Ha BMUCOKIM LUBMAOKOCTI, Le 3MeHLye Yac i BapTiCTb TecTyBaHHs. [1pyv npaBUnNbLHOMY BUKOPUCTAHHI
aBTOMAaTM30BaHe TECTYBaHHA MOXe MOMINWUTM SKICTb NPOrpamHOro 3abe3neyeHHsi, OCKiNbKM KoMM'loTep
Moxe OyTu TouHiwe peecTpyBaTh OedeKTu, HdX Oyab—SKuA NIOOCBbKUMA TecTep. IHWIi NO3UTUBHI acnekTu
BMKOPUCTaAHHSA aBTOMAaTM30BaHOIrO TECTYBaAHHS BKMIOYAKOTb 30iNbLUEHHS] OXOMMEHHA TeCTaMu, 3aMilleHHs
TPYOOMICTKMX 3aBAaHb Ta eqEeKTUBHICTb perpeciiHoro TecTyBaHHA. CydacHi cuctemu asTomarumaauii
cTalTb Aedani cknagHiwumu 3aBaskM Ginbll MNOTYXXHUM MPOrpamMoBaHMM  KOHTporiepam, MOfbOBUM
npucTposaM Ta yHKUiOHanNbHO 6aratoMy nporpamMHOMy 3abesneveHHo, Wo NigTPUMYE FOACHKNIA
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MaLLUNHHUKA iHTepdenc (HMI), icTopukam ToLo. MobygoBa rHy4KOl, PO3MOAINEHOI Ta CYMICHOI CUCTEMMU
aBToOMaTu3auil BUMarae CUCTEMHOrO nigxony 4O po3pobkn nporpaMHOro 3abesneyeHHs, Wo, 34ae€TbCs, He €
HOPMOI0 B NMpOeKTax 3 po3pobku gopaTkie ans astomatuaauii (AAD). Y npoekTi AAD 6epyTb yyacTb noau 3
Pi3HMX HXXEHEepPHUX AucumnniH, Garato 3 SAKMX He MarwTb A0CBiAY MPOrpamHol iHXeHepil, oTxe, OesKi
BaXXnmBi Ta yHOAMEHTanbHi NPUHLKMNK NPOrpamHol iHXeHepil YacTo BTpayaloTbed. Hanpuknag, pamkm
po3pobKK, WNPOKO BUKOpuUcTOoBYyBaHi B AAD, He MOXyTb e(eKTMBHO BupiwyBaTu npobnemu, LWo
3MIHIOIOTLCA Mi3HO, Yepe3 paHHi ¢asn, Lo 3anexaTb Bi4 TEXHOSOoril, Ta napagurmu, OpIEHTOBaHI Ha
NPUCTPIN, WO NIATPUMYIOTBCA BUKOPUCTOBYBaHOK CTpykTypoto AAD. OTxe, icHye notpeba BnpoBaguTu
GinbLl rHYYKWI, ane HaginHWA Npouec po3pobkn nporpamHoro 3abesnevyeHHa B pamkax npoektis AAD. 3
uiel ToukM 30py cyyacHi metogonorii AAD BuMaratoTb CEpPWUO3HOro KOHTposi. binbwe TOro, icHye
HeoOXiOHICTb OLiHKM NPMAATHOCTI NepeaoBMX METOAOSOrin NporpaMHoi iHxeHepii B npouecax AAD. Y uin
po6oTi NpeacTaBneHnn KPUTUYHUIA OrMSA HeLWoAaBHiIX cnpob BNpoBaXXeHHS Cy4acHUX MeToiB NporpamMHol
iHXXEeHepil B >XMTTEBOMY LMKIi po3pobku gopatkiB ons aBsTomatmsauii (AADLC). Cnoyatky MK KOpPOTKO
MOSICHIOEMO Npouec, 3agisHun y npoekTi AAD, a 3roqoM 06roBOpoEMO HancyyacHiwi metoam Ta 3acobw, Lo
BUKOPUCTOBYIOTBCA ANA NPUUHATTA NPUHUMMIB NporpamMHoi iHxeHepil B npoektax AAD. AAD Takox
3a3BUyail Ha3MBaloTb "iHxXeHepieto ynpaeniHHs/aBTomaTusauii’ abo "iHxeHepieto gopatkis”. MosicHIOBaHUI
npouec AAD r'pyHTYETbCA Ha Halli B3aemogii NpakTukiB Ta iHpopmauii, 3ibpaHin i3 HasBHOI niTepaTypw.
Omxe, MOXyTb ByTn Binblu TOYHI BigMIHHOCTI B TepMiHonorisx Ta crnocobi cnpunHaTtTa AAD. OgHak mu
Hamaranmcs 3 ycix Cun gartu 3narofKeHun Nornag Ha pisHi ranysi TEXHOMNOr4YHOro MaliMHobyayBaHHs Ta 3
pisHMM macwTabom. 2.2. lMigxogm OO0 po3pobkm aBTOMAaTU30BaHOro TecTyBaHHA Po3pobka nporpamu
aBTomMaTu3auii nepegbayae cniBnpauto nogen, ski 6epyTb y4acTb Yy NPOEKTYBaHHI NPOLECiB, NPOEKTYBaHHiI
06 'eKTiB, eneKTpUYHOMY AM3alHi, NPOEeKTYBaHHI Npunagie Ta NpoekTyBaHHi aBToMaTtu3aauii. Mpoektn AAD
CTBOPIOKOTb MporpamMmn ynpaeniHHA ANS MOHITOPUHIY Ta YnpaefiHHA CKNagHMMKU cucTeMamu, Takumu Sk
enekTpocTaHLuii, HadpTonepepobHi 3aBoan Towo. Mn NOACHEMO XUTTEBMIA Uk AAD (AADLC) yoTupma
OCHOBHUMU pasamu: 1. Bumorn ta gmsanH; 2. Po3pobka; 3. TecTtyBaHHs; 4. Po3ropTaHHA Ta BBeOEHHS B
ekcnnyartauito. Ha puc. 2.1 nokaszaHo AADLC 3 Touku 30py has, aptedakTis (3apisiHnx abo cTBOpEHMX) y
KOXHiM dpasi Ta ponen, BiAMOBiJaNbHUX 3a KepyBaHHA KOXHOK a3ol. Takox icHye TpuBana dasa
TEXHIYHOro o6cnyroByBaHHSA Nicns oasun BBEAEHHS B KCyaTauito, ika He nokasaHa Ha MaritoHKY, OCKiNbKK
OCHOBHa yBara B LIbOMY JOKYMEHTI 30CepeKeHa nyLle Ha 3aBepLUeHHi BBEAEHHSA B ekcrnyaTauito. KoxHa 3
UMx a3 getanbHO NOSICHIOETLCA B HACTYNHUX po3dinax. MoxyTe 6yTn Ginblu TOYHI BigMIiHHOCTI Y cnocobi
CNPUNHATTA (pa3 Ta reHepyBaHHi apTtedakTiB y AADLC Ha ocHoBi gomeHy npouecy. Puc. 2.1. XXutteBun
UMK po3pobkn gogaTkiB Anga aBToMartusauil EkcnnyaTauinHi acnektn nporpamu 3émparTbea nig vac uiel
dasn AADLC. Llen etan gonomarae npunmMaTii OCHOBHI iHBECTULIiMHI pilLeHHS 3 TO4Yku 3opy BMBOpY Ta
npnabaHHa obnagHaHHS, Takoro Sk BBOAM-BMBOAW, NOSMbOBI NPUCTPOI Ta KOHTporepwu. Ha BigmiHy BiA
npoueciB NporpamHoi iHXeHepii ana GisHec—-goaaTkis, No4in Mk 300poM BUMOr Ta MPOEKTYBaHHSM 4acTo
30aeTbCa po3amMuTMM Y npoueci AAD, i X MOXHa NoegHyBaTU Ta Ha3uBaTW LiSNbHICTIO MPOEKTYBaHHS
npoueciB. OCHOBHa MpuynHa nonsrae B TOMY, LLO BUMOMX AeTani3oBaHi; Hanpuknag, BiH CKnagaetbest 3
AeTanbHoi iHpopmaLlii MPo KinbKiCTb MOMBOBMX NPUCTPOIB Ta BxoAiB/BMXoAiB, siki cnig npuabaTy, Ta onucy
npoLecy y BUIMSAI CXeEMU TEXHOMOMYHOro npouecy (PFD). PFD BimoGpakae B3aEMO3B'A30K Mi>K OCHOBHUM
obrnagHaHHsSM 3aBofcbkoro ob'ekTa. MNpPoeKTU reHepyTbCst Ha Pi3HMX PIBHSIX, MOYMHAKYM Bif MPOEKTY Ha
BMCOKOMY piBHi (PFD) i 3akKiH4ytoumM BinbLy AeTanbHUM AM3aNHOM, SKUW HA3UBAETbCS diarpamamMu npouecis
Ta npunagis (P&I). Hiarpamun P&l Bigo6pakatoTb Xig Npouecy pasoM 3 HE3HAYHUMU AeTansdmu, TakKuMu sK
aetani TpybonpoBogiB Ta no3HadeHHs. Lle etan NnoBTOPHOETLCS, AOKM MPOEKT He Byae AoonpalboBaHUN
MK 3aMOBHUMKaMu Ta koMaHaoto AAD B opradizauii. OcHOBHMMK hopmamMu oxonneHHsa Bumor € PFD Ta
piarpamun P&, ogHaK y LMx cxeMatudHmMxX hopmax 4acTo cnocrepiratoTbes cneumdiyHi Bapiauii nepepobHoi
NPOMWCIIOBOCTI. Hanpuknag, pi3Hi TMNM HacoCIiB, KnanaHiB TOLWO iCHYIOTb 3anexHOo Big Tuny nepepobHol

Page 9 of 32



ranysi. TakoXX NpeacTaBHULTBO Ta TEPMIHOMOrA Pi3HATLCS B 3aneXHOCTi Big opradisadii. Hanpuknag,
opraHisauii B HopBerii 4acto npeacTaBnsiioTb BUMOMM B CXemMax cucTeMmHoro koHtporio (SCD)[8], sika B
OCHOBHOMY po3pobrneHa anst HagpToBOI NPOMUCNOBOCTI. [loaaTok B3aEMOAIE B OCHOBHOMY 3 MPUCTPOSIMU
BBO4Y-BMBOAY B ANHAMiIYHOMY dpisndHOMY cepefosuLli. OTxe, NpM3HayYeHHs BBOAY-BMBOAY KOHTpoOrepam
Ta IX po3TallyBaHHS Bigirpae BaxnuMBy posSib Mig 4Yac MpPoekTyBaHHA. Xoda CcTaHgapTHa cucTema
MOLENOBaHHSA BBaXXaeTbCsl KOPUCHOW Ans AAD, iCHye Kifibka BaXXSfIMBUX MUTaHb, SKi HEOBXiAHO BUPILWNTY,
wo6 Taki nigxoan 6Gynu ycniLUHMMM[Q]. Ciogn BxogaTb: 1. BaratctBo MoaenbHOI cuctemu; Hanpuknag,
nigTpumMKa 3aranbHUX ENeMEHTIB, Takmx sik OnokyBaHHsi, 2. BBeOeHHss HaCTpOBaHUX TEPMIHOMOrIN,
cneundiyHNX ans AOMEHIB, CTOCOBHO TexHonorii npouecis; 3. Bu3HayeHHs iHTepdency Big enemeHTiB
MoentoBaHHA A0 nporpam ynpaeniHHe; 4. [ligTpyMka Bidyanisauii Ta pegaryBaHHS MOAErNen Ha pisHUX
piBHSIX. Hanpuknag, icHye roctpa notpeba y BM3Ha4YeHHi 4OAATKOBMX NOrNsA4is (TaKMX K BUA B3aemoaii,
neperngag marepianbHOro NOTOKY TOLLI,O), WO MaTb 3HaYeHHa gna AAD Ta nigTpymyroumnx mogernen ans
BUPaXEHHS unx nornsgais. IHCTpyMeHTU Anga nepexoay Big OA4HIEl Mogeri 40 eKBiBareHTHOI CYyTHOCTI B iHLUIN
Mogeni NOTpiOHI 4NA NOoninNWeHHA NPOCTEXYBAHOCTI Ta YiTKOCTI Bmmor[lo]. Hanpwvknag, matepianbHuin NOTiK
mMoxe OyTuM 3modenboBaHWMMA SK MOAIS B iHWOMY nofaHHi. Ha cborogHi goctynHo 6Garato cepenoBuuy
NPVKNagHoro NporpaMyBaHHs; 40 HUX HanexaTtb K 6e3KOLUTOBHI, TaK i BNacHi IHCTpyMeHTU. Yacto KomnaHii
3 aBTOMaTMU3aLil BUKOPUCTOBYIOTb BlaCcHE CepedoBuLLE MPOrpaMmyBaHHs, sike iHTerpoBaHo 3 ix nnaTgopmotro
AAD. Revision control system. Apache Subversion (SVN) Bu6paHo ans cucTeMn KOHTPOMIO Bepeii
ANs nporpamu i BUKOPUCTOBYETbCH TaKoX ANns uboro npoekty. SVN — ue ueHTpanisoBaHa cuctema
ynpaeniHHA BepciaMK i3 BIOKPUTUM KOAOM, WO HajaeTbcs nporpamHum doHgom Apache. [na uboro
npoekTy SVN nerko 3actocyBaru, OCKifnlbK1 BCi BAKOPUCTOBYBaHI TEXHOMOTIT Ta IHCTPyMeHTapii MatoTb nnariH
SVN y Hawin cuctemi, a TECTOBI KENCU Ta PeCypCU MOXHa MEPEBIPUTU 3a AOMNOMOIOH BXE BUKOPUCTAHUX
komaHa. VMware vSphere 3abe3nevye BipTyanisauito, sika € abCTpakuiiHMM LapoM, Lo nopyLlye
KOPCTKMIA 3B'S130K Mix chisnuHum HW (o6nagHanHs) Ta OC (onepauiitHa cuctema). BipTyanbHa mawwmHa —
ue koMmn'toTep i3 NporpamMHUM 3abesnevyeHHAM, SKUA CXOXUA Ha 3BUYaMHUW Qisn4HM KOMN'loTep, Lo
npautoe nig ynpaeniHHam OC, ane mae BiptyaneHun HW, BugineHun i3 cepsepa vCenter. BennyesHa
KiNbKiCTb BipTyanbHuX channis MoOXHa Nerko po3ropHyTH Ta KIOHYBaTU 3anexHo Big notpedn. OC Windows
Oyne BCTaHOBMEHa Ha BipTyanbHii MallvHi Y BipTyanbHin nnatdopMi vSphere ana xmapHux ob4ncneHs,
wo HagaeTtbes VMware. KnieHT vSphere Bxe BUKOPUCTOBYETLCS Y HALLOMYy BUPOBHMLTBI NS PO3MILLEHHS
Haloro MpPOAYKTY, L0 Mpauloe Ha PO3NOAINeHUX BIipTyanbHUX MawwuHax. KnieHT vSphere Takox
BMKOPUCTOBYETLCS ANSA KNOHYBAaHHA Ta CTBOPEHHS 3HIMKIB i3 npoayKTy cuctemu. Robot Framework — ue
3aranbHa cuctema aBToMaTtu3auil TeCTiB AN NPUMManbHOrO TeCTYBaHHS, sika MOXe BUKOPUCTOBYBATUCS
HaCKpi3HMM TecTyBaHHAM BebG-nporpamn. Robot Framework — ue hperimMBOpK, KEpPOBaAHUI KITHOHOBUMMU
cnoBamu, SIKMM MOXHa PO3LIMPUTM 3a OOMNOMOrOK 30BHILLHIX GibnioTek, WO MICTATb KMYOoBi cnoBa Ans
NeBHUX TUNIB TecTyBaHHs. Jenkins — npoBiaHWIA cepBep aBTOMaTu3aulii 3 BiAKPUTUM KOOOM, SIKU MOXXHa
BMKOPMCTOBYBaTMK Ans NobyaoBu Ta aBToMaTtusadii 6yab-skoro npoekTy. Jenkins obpaHuii ansa opraisadii
BCiX (DyHKLiiA, NoB's3aHnx i3 SW, Big komninauii BMXigHOro kody OO 3anycky HackpisHOi aBTomaTtu3aauil
TecTyBaHHA npotn SUT. Bidyanizauis pesyneratiB TecTy Oyde Bignosigatm OCHOBHMM MpuHUMNAM, SKi
HagasaTume Robot Framework. NM'saTb MoB NporpaMmyBaHHsA pyHKLUIOHanNbHI 6rokun, CTPYKTYpPOBaHWUA TEKCT,
cxofoBa norika, NocnigoBHi Aiarpamy OYHKUIW Ta CNMCOK IHCTPYKUIN. Xo4ya nporpamictv npuKnagHux
nporpamMm AOOCUTb 4YacTO BMKOPUCTOBYIKOTb JIOTMYHY CKMadoBYy 3aBAsSKM CBOEMY [OCBIQy Hacamnepen B
eNeKTPOTEXHILi, CTPYKTYpPOBaHUN TEKCT Ta (PyHKUiOHanbHi 6riokun HabyBaloTb NONyNAPHOCTI cepen HOBMX
PO3pOOHMKIB. ICHYE Kiflbka aBTOHOMHWX (HCTPYMEHTIB Ana nigTpumkn po3pobkn HMI, Hanpuknag,
Wonderware — ogHa 3 nonynspHux nnatgopm po3pobkn HMI. CTBOpeHHs1 nporpamu npoxoautb Garato
piBHIB BUNpoOyBaHb nepen BBeAeHHsM B ekcnnyatauito. Cioan Bxogate: 1. MogynbHe TeCcTyBaHHSA (MT); 2.
InTerpauiiiie TectyBanHs (IT); 3. MpuitmanbHe TecTyBaHHst (FAT). MogyrbHe TecTyBaHHS eKBiBaneHTHO
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MOLYNbHOMY TECTYBaHHIO, KOS PO3POOHMK NULLIE TECTOBI KENCK ANSA NepeBIPKM PYHKLIOHANBbHOCTI OKpEMUX
nporpam ynpaeniHHga. B |IT nepeBipaeTbCa B3aeMofis MK nporpamamu yrnpasriHHA. TecToBi Kencu
NMULWYTLCA BPYYHY. Hackpi3He pilleHHA nepesipseTbesa Ha BianosigHicTb Bumoram FAT. FAT npoBogntbcs B
iH>KeHEepPHOMY LEeHTpI, e BCS cucTemMa HanalwToBaHa Tak camo, siK i Ha 3asopgi. HanawTyBaHHa FAT — ue
NnoegHaHHA M'AKMX TpeHaxepiB Ta BracHe anapartHoro 3abesnedeHHs. KrieHTn TakoX € YacTUHOM
BUKOHaHHA FAT, oe BOHM peTenbHO NepeBipstoTb MOBHUK Habip NOCNiAOBHOCTEN onepauid Ta 30BHILLHIN
BUIMSiA Pi3HKX ekpaHiB onepatopis (YactuHa HMI). [Ins nepexoay [0 HACTYMHOTO eTany 3aMOBHUK MOBUHEH
3atBepanTn BukoHaHHA FAT. lMicna FAT anapatHe 3abe3nevyeHHsi BiABaHTaXYETbCS Ha Micue 3aBoay i
noymHaeTbcsa dasa BBeAEHHA B ekcnnyaradito. SAT BigOyBaeTbCca Ha eTani BBeAeHHs B ekcnnyaTauito. [Ans
MT poO3pO6HUKM MULWYTb MOAYSbHI TECTU HA OCHOBI BIACHOrO PO3YMiHHSA NOrikKu nporpam. TecToBi kencu
AN TeCTYBaHHSA MOBHOI 3a8BKM NOXOOATb Bi BUMOI Ta KOHCTPYKTUBHUX apTedakTiB; Taki K KOHTPOSbHI
po3noBigi, PFD Ta nopsagok ctapTy TOWO, SKi ONUCYKOTb BMMAaAKM BUKOPUCTaHHSA pilleHHs. 2.3. 3acobu
aBTOMaTtn3oBaHoro tectyBaHHs Pecypcn HPC maroTb cknagHi Ta AuHamiyHi notpebu B nporpamHomy
3abesneveHHi ynpaeniHHA Ta o6cnyroByBaHHSA. KopucTyBadi 4acTo XO4yyTb HaWHOBILIE nporpamHe
3abes3neyveHHs, JOCTynHe Ans iX gocnigxeHb abo po3pobok, Wo 0byMoBntoe HEOOXIAHICTb YaCTOl yCTaHOBKM
Ta oHoBreHHs. OCKiNbKM KnacTepu HanvacTile € ChiflbHMM pecypcoMm 3i cneuianisoBaHuMm obnagHaHHAM,
nporpaMHMM 3abe3neyeHHsIM NOBUHEH LIEHTPani3aoBaHO KepyBaTU CUCTEMHUI iHXEHeEP, WOO nepekoHaTucs,
LLIO BOHO Byrio onTuUMi3oBaHO AN pecypcy Ta (PyHKUiM i3 HAasBHUM nporpaMmHMM 3abe3nedeHHam. B gaHun
yac agMiHicTpaTopu BUPIWYOTb Ui CknagHi notpebu B nporpaMHoMy 3abe3neyeHHi 3a JOMOMOro Takux
iIHCTpyMeHTapiiB, Sk moayni cepeposuwa Lmod, Easybuild, Spack Tta Puppet. OgHak HaBiTb 3a
AO0MOMOroK UMX IHCTPYMEHTapiiB ynpasBniHHS nporpaMmHuM 3abesnedeHHam y cepepoBuli HPC Bknoyae
PyYHi Ta CXunbHi OO NOMUMAOK Kpoku. LlonHO BcTaHoBReHe nporpamHe 3abe3neyeHHst MoTpibHO
npoTecTyBatTm Ta MOPIBHATK, WOO KOpUCTyBadi MOMMM ONTUManbHO BuKOpucTOBYBaTU pecypc HPC.
KopuctyBayawm, Lo po3pobnsatoTb nporpamHe 3abeanedeHHss HPC, noTpibHO CTBOpUTK CBIi KOA Ta NPOBECTU
aHarnoriyHi TeCTM Ha KOPEKTHICTb Ta TecTu. AAMiHIicTpaTtopam Ta po3pobHMKaM, WO pPo3ropTakTb iHLUI
OpPIEHTOBaHI Ha KopucTyBaya Cnyxbw, Taki 9K LWA3M, TakoX MoTpibHO cTBOproBaTM Ta TecTyBaTw Ui
cepepoBuLLa. Xo4a ynpaeniHHA nporpaMmHum 3abesnevyeHHsam HPC € cknagHum npoLecom, BOHO MOEOHYE
Garato ogHakoBux nNpobnem i3 po3pobrneHHAM KOpnopaTMBHOMO NPOrpamMHoro 3abe3neyeHHs), ke BMmarae
HaOiMHOrO OHOBMEHHA Ta NepeBipKM BiONOBIAHO OO0 CKMagHWX rpadikiB. [1pOTAromM OCTaHHIX KiflbKOX POKiB
nigepw ranysi BCTaHOBUNM Habip MNpakTuK, WO Ha3MBalTbCs MOCTIMHOK iHTerpauieo Ta 6e3nepepsHa
noctaeka (CICD) ans BupilleHHst Lux npobrnem. CICD cknapaeTbcs 3 ABOX a3 Cy4acHOro KOHBEMEpPY
AOCTaBKN NPOrpamMHoOro 3abeaneyeHHs], SKMn NOBHICTIO aBTOMAaTM3ye TpaHcdopmalilo 3MiH Kogy y BUMNYCK
XXWUTTE3OATHOrO BUPOOHNYOrO NporpaMHoro 3abesnedeHHs. Y Lbomy KOHTEKCTi Continuous Haronowwye, Lo
MOBHWI KOHBEEP 3anyCKaeTbCs aBTOMATMYHO MNICMAs KOXHOro komity. Llen migxigo ycyBae HeobxigHiCTb y
CKnagHux npouenypax 3nUTTA Ta TecTyBaHHSA Meped  BUMYCKOM, OCKISTbKM KOXEH KOMIT HeramHo
NepeTBOPHOETLCA Ha MporpamMHe 3abesnedeHHs, sike MOXHa BUMyCTUTU. ABTOMaTU3auis € KPUTUYHO
BaXXNIMBOKO AS18 UnX dras, OCKiflbKW BOHA rapaHTye, WO KOXEH KOMIT Niansrae ogHiv i Tik xe npouenypi 4ns
nobyaoBu, TeCTyBaHHA Ta BUMYCKY. Lle Buknoyae cxunbHi 4O NOMUMOK PyYHi KpOKKM y npoueci nobyaosu 1a
nepesipkn nporpamHoro 3abeaneyeHHs. e ogHum ocHoBHMM npuHumnom CICD € Te, Wwo nporpamHe
3abesnevyeHHs NPOXOoaAuTb Kiflbka eTaniB aBToMaTU30BaHWX TeCTOBMX HabopiB, 3abe3nedqytoum roToBHICTb
BCbOro nporpamHoro 3abesneyeHHs, sike npoxoantb 36ipky. Xoya CICD TpaauuinHO 30CcepemKyeTbCca Ha
XUTTEBOMY LIMKNi pO3pobKku nporpaMHoro 3abesneveHHs), nosisa Takux NpakTuk, sk Everything as Code T1a
HOBMX pilLiEHb, TaKMX SIK KOHTEeHepK, po3wmpuno CICD, wob 3abe3neunT NoBHE NporpamMmHe cepenoBuLLe,
a He nuLe okpemi nporpamun. Po3BrHEHI MOXNUBOCTI cydacHux npakTuk CICD ons TecTyBaHHS, yripasriHHSA
Ta PO3ropTaHHs MOBHUX CepefoBuLL, MporpamM MakwTb HEOOHO3HauYHi Hacnigku ANnA CTeKy NporpamHoro
3abe3neveHHs HPC. Jenkins BMKOPUCTOBYETLCS KinbkoMa rpynamu Ans noserweHHs aBToOMaTU30BaHOro
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MOHITOPUHIY MPOOYKTUBHOCTI $IK HAyKOBOro MporpaMHOro, Tak i anapatHoro 3abesnedeHHs. [Ons
aBToMaTu3auil NOPIBHANBHOrO TECTYBaHHS Ha PiBHI 4OAATKIB AN BU3HAYEeHHS BNAUBY 3MiH anapaTHOro Ta
nporpamHoro 3abeaneyeHHs Ha NPOAYKTUBHICTb KOA4Y BUKOPUCTOBYIOTH poboumii npouec Cl, Wwo npautoe Big
Jenkins[12]. BukopuctoBytoTb Jenkins 3 MeTolo aBTOMaTUYHOIO MOPIBHANBHOMO aHanidy NpPoAyKTUBHOCTI
cynepkomn'totepiB Stampede Ta Lonestar[13]. Singularity — ue BiAMiHHE KOHTEWHepHe pilleHHs Ans
CTBOPEHHS, OpPiEHTOBAHNX Ha KopucTysadiB, siki Bupobnse CICD. Cama X iHppacTpyKkTypa He npuaHavyeHa
ansa 6esnocepeHbOro CNOXUBaHHA HaLMMW KOPUCTYBadamu, a OTXKe, He yCrnagkoBye TOM camui Habip
npobrnem Gesnekw, LIO CMNOHykaB A0 BMKOpuCTaHHs Singularity. B pesyneraTi BMKOPUCTaHHI AaHOMO
KOHTENHepa OTPUMAEMO iHPaCTPyKTypy 3a gonomoroto Docker, skun € gyxe 3pinuM KOHTEMHEPHUM
piLleHHAM, po3pobneHnm nsg MiKpocepBiciB[M]. BukopuctanHa Docker ans iHdpacTpykTypu Oo3Bosnsie
BUKOPUCTOBYBATU BENUKY €KOCUCTEMY IHCTPYMEHTApI0 Ta AOKYMeHTaUil ANns opKecTpauil KOHTENHepIB, WO
AornomMorae po3pobuTtn Haas3BuYarHO NopTaTUBHE pilleHHs Ta 36iNbLUMIIO PiIBHOMAaHITHICTb 3aBAaHb 36ipku
Ta TecTyBaHHs, ski Jenkins wmir nigtpumatn. Compose — ue IiHCTPYMEHT OpKecTpyBaHHA Ans
GaratokoHTenHepHUx nporpam Docker, skun BU3Ha4vae KoHirypauii crnyx6u y cdanni YAML Ta gossonsie
KepyBaTu nporpaMmamu 3a SOMOMOroK MPOCTOro iHCTPYMEHTapito KOMaHOHOro psaka. YnpasniHHA HaLow
iHppacTpykTypoto CICD 3a gonomoroto Compose 6yno LinkoM NpupoaHUM, OCKINbKA MU BXe BKnaganu B
Docker nporpamHe cepefoBulle MalcTpa Ta areHTa Jenkins, i ue gae MOXIUBICTb MOXIMBICTb NErko
ynakoByBaTW, PO3MNOBCIOAXKYBATU Ta po3ropTaTh iHPPaCTPYKTYypy B iHWKMX Micudax pecypciB. KOHTenHep
Singularity Linux, sk npaBuno, Le i3onsuis npouecis, ska He 3aBxau Aornomarae B pobovomy npoueci
BMCOKOMPOOYKTUBHMUX OBYUCNEHb, Tak $IK, BOHA MOAINAE Manxe Bce. YCi npouecw, WO BUKOHYHOTbCS
BcepeauHi Host-mawmHn, MoxyTb ©6a4unTn KOPUCTYBau, SKUMA 3HAXOAUTbCHA BCEPEAWHi KOHTEWHepa
Singularity, i BCi npouecy, LWo BUKOHYOTbCA BCcepeaunHi Singularity, Taki x, Sk i npouecy, WO BUKOHYOTLCS
BCcepeauHi. 2.4. HenepepsHa iHTerpauis nporpamHoro npogykty JPWL — ue nnatgopma Ans asTomatmaauii
3 BIiOKPUTUM KOOOM, $iKa LIMPOKO BUKOPUCTOBYETbCA ANs NOOyQoBWM Ta pPO3ropTaHHA MNpPOrpamMHoro
3abesneyveHHs. [laHy nnatgopmy MOXHa pO3LUMPIOBATM 3a ONOMOIOK0 NNariHiB, AKi 3ab6e3nevyoTb 3pyYHUN
rpacdiyHnn iHTepdenc ana CTBOPEHHA Ta pegaryBaHHs npouecis 36ipkun i B AaHWA Yac BUKOPUCTOBYETLCS
Ha gekinbkox cavtax HPC sk iHCTpymMeHTapii aBToMaTtu3adii 3aranbHOro npusHaveHHs. JPWL nigtpumye
AeKinbka pisHUX CTUniB KOHirypauii poboymx 3aBaaHb, i MM obpanu metogd Pipeline, ockinbku 1oro nerie
NOCTaBUTU Nig KOHTPOSib BepCii i 3pocTae MONynspHICTb, WO 30inbllye KinbKiCTb OOCTYMHUX NnariHiB Ta
niaTpymkn. 3aBgaHHa koHBeepa JPWL HanawToBylOTbLCA 3a AOMOMOroK crieuianbHO BiadopmaToBaHOro
ckpunta Groovy, fIKMM BU3HA4Yae KOXEH KPOK mnpouecy nobynoBu Ta Te, Ae Uerd KPOK MOBUHEH
BUKOHYBaTUCA. NpoLec KNoHyBaHHSA CXOBWLLA Koy, WO MicTMTb peuent Singularity, nobygnosa obpasy,
3anyck TecTiB Ta nybnikauia yepes Singularity Registry y3romkyeTbca Mk npoektaMmu, ToMy Mu po3éunu
npouec 36ipkn Ha cninbHy 6ibnioteky. CninbHa GibnioTeka — Ue MexaHi3aM BUAINEHHS KOMMOHEHTIB 36ipku
Groovy Ana nosneriweHHs MOBTOPHOrO BUKOPUCTaHHA. CninbHi 6ibnioTekn TakoX [03BONAKTbL Ham
pepdaryesatn nanku nobygosu Singularity HesanexHo Big OyAb—SKOro NPOEKTY, YHWUKalo4u HeobXigHOCTi
BcTaBnaATM dann JPWL y KOXeH npoekT, AKMA MW Xo4eMO aBToMatusysatu. Hanpukrnag, MoxHa
CKOMMIMIOBaTK CBOK MporpaMmy Ha OCHOBI JAvVA koxHi 20 xBunuH abo nicrns HOBOro KOMITY Yy BigNOBigHOMY
cxoBuwi Git. Moxnusi Kpoku, BukoHaHi JPWL, Hanpuknag, Taki: * BuKoHatM 36ipKy nporpamHoro
3abesneveHHs1 3a JONOMOroo Takoi cuctemu 36ipkn, sk Apache Maven abo Gradle; * BukoHaTtu cueHapiv
obonoHkn;, * apxisyBatu pesynbrat nobygoBu; * 3anycTMTM TecTu nporpamHoro 3abeaneyeHHs. JPWL
CTEXUTb 3a BMKOHAHHAM KPOKIB i A03BONSE 3YyNMUHUTU MNPOLEC, SKWO OAWH i3 KPOKiB He BaaeTbcs. JPWL
TaKoXX MOX€e HaacunaTu CnoBilleHHs y BUNaaKy ycniwHoi 36ipku abo Hesaadi. JPWL MOXHa po3wmpuTt 3a
AO0MNOMOroK A0AAaTKOBMX NNariHiB. Hanpuknag, B MoXeTe BCTAaHOBUTW NnariHi Ans nigTpumky nobyaosu ta
TecTyBaHHs nporpam Android a6o iOS. Cl (Contentious Integrotion) — ue Habip npouecis ans
aBTomMaTu3auii Ta iHTerpauii HoBux 36ipok. Yce B Cl novmHaeTbCcs Big PO3pPOOHMKIB Ta iHLWMX YNeHiB
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KOMaHOM Ta iHLWKX KOMaHA, siKi BHOCATb 3MiHM Y BUXIOHWA Ko4 nporpamn. Konv KoMaHOM npautooTb Hag,
TUM CaMUM KOLOM, PU3NK 3namy nporpamHoro 3abesneyeHHst Benukmii. Cl aBToMaTUYHO 3B'SI3yE CTBOPEHHS
nakeTiB. [locTinHa iHTerpauia nepesipsie NakeTu, Wo NiaTpumye poboTy CUCTEMU AK KOHTpOnb AKocTi. Cl —
npouec o6’eaHaHHA BUXIAHOrO KoAy Ta MEPEBIPKM TOro, WO NporpamHe 3abe3neyeHHst npauroe sk LinicHa
oaonHuuA. Ha puc. 2.3 npeacrtaeneHun npouec npogyktuBHocTi cuctemu Cl Ta Te, 9K BOHM NpauiolTb pa3oM.
Puc. 2.3. CuctemHi komnoHeHTn Cl MNMpouec Cl nounHaeTbes 3 TOro, Wo po3pobHUK nepeaae BUXIAHUIA Koa
no cxosuwa (6a3n paHux ans 36epiraHHs kogy). Micnsa uboro cepsep Cl onnTye Lie CXOBULLE ANS 3MiH Y
MaLwuHi nobyaoBu iHTerpadii. Yac onuTyBaHHS, BM3Ha4YeHUM po3pobHUKOM abo TecTyBanbHuKoM. [licns
dikcauii B cxoBuwi cepeep Cl BUKOPUCTOBYE OCTAHHIO KOMit0 KOAY, a NOTiM BUKOHYE cueHapin 36ipkn. Noku
cepBep Cl Hagcunae pesynsratv BKasaHUM YrieHaM KOMaHaw, Lo OYHKLII0 MOXHA TakoX 3MIHUTU OKPeEMO.
Cl Bumarae 4otmpbox yHkuin. Cl-cepBep 6e3nepepBHO ONUTYE 3MiHW y CXOBULLi: * MigKNOYEHHA OO0
CXOBWLLA KOHTPOSO BEPCI; * aBTOMaTU30BaHWUI cLeHapin 36ipku; * aesikuii MexaHiaM 3BOPOTHOTO 3B'A3KY
(Hanpuknag, enekTpoHHa MowTa); * npouec iHTerpauii 3MiH BUXiZHOMO Koay (prqHy / aBTOMaTW30BaHO).
Mpuknag HanawTyBaHHA JPWL Ons HenepepBHOI iHTerpauii. [na CTBOPEHHS IHCTPyMEeHTapiiB MOXHa
cTBOPUTU BnacHuni cpamn Docker i3 BctaHOBNEHMM HeobXxigHMM iHCTpymMeHTamu. Hanpuknag, ctBopuTH
HoBUIN 0bpa3 Ha ocHosi JPWL: 1. CTBopUTM HOBY AupekTopito; 2. CTBopuTM chann nig Hassow Testfile i3
Takum BMicTom: FROM jenkins/:lts # skuwio Mu xo4emo BCTaHOBUTM Yepes apt USER root RUN apt-get
update && apt-get install -y maven # Beectn Ha3By kopucTysBada y user USER nastia 3aBaHTaxutu
dann JPWLwar mMoxHa i3 gomawHboi cTopiHkM Jenkins. 3 uboro davny moxHa 3anyctutu JPWL
6e3nocepeqHbO Yepe3 KOMaHAHUMA PAAOK 3a AOMOMOroto java —jar * .war. Micns BCTaHOBNEHHSA BiAKPUTH
Gpaysep i migkntoditbes go nopta JPWL 3a 3amoyyBaHHsM: 8080, TOMy Ha nokanbHOMY KOMMHOTEpI
MOXHa 3HanTK noro 3a Takoto URL-agpecoto: http: /| localhost: 8080 / Micns BukoHaHHS Ta MiAKMOYEHHS
MOXHa BCTAHOBMTW MNMariHW, ANS LbOro MOTPIBHO HAaTUCHYTM Ha KHOMKy «Bubepith/BcTaHoBUTU» Ta
BCTAQHOBWUTW 3anporoHOBaHi nnariHy, wob oTpumaTtn TunoBy KoHdirypauito. CTBOpiTM agMiHicTpaTopa
MOXHa MiCrnsi BCTAHOBMEHHA BCiX MNOTPIOHMX nnariHiB. YnpaeniHHA kopucTyBadamun y JPWL. [Ons
HanalwTyBaHHA KOpuCTyBadiB noTpibHo Bubpatn «Kepysatn JPWL», a noTim «HanawTyBaHHA rnobanbHoi
Gesnekun», Bubpatn «YBiMKHYTK 6e3neky». HannpocTiwmin cnocié — BUKOPUCTOBYBATK BriacHy 6asy AaHuXx
JPWL Takox MOXHa CTBOPUTM KOpUCTyBada "AHOHIM" i3 OOCTYNOM AN YMTaHHSA. TakoX CTBOPITb 3anucu
ANA KOPUCTYBauiB, SIKMX BU XO4eTe AO0AaTW Ha HacTynHoMy kpoui. Puc. 2.4. HanawTtyBaHHA ©e3nekn B
Jenkins JPWL Ha ctopiHui Bxogy BuGpatn «CTBOpMTU OONiKOBMIA 3anuc», o6 CTBOPUTU KOPUCTYBauiB,
akmm Haganu goctyn. Puc. 2.5. Monsa BikHa Bxogy B JPWL HanawTyBaHHSA nopTta 3a 3amMOBYYyBaHHSM
cepBepa 36ipkn JPWL. Homep nopTy 3a 3aMOBYYBaHHSIM MOXHa 3MiHUTK y dhanni KoHirypauii 3a agpecoto:
sudo vim [etc/default/service restart PO3[IN 3 JPWL - BIAKPUTUM PECYPC ABTOMATU3OBAHOI
MIAT®OPMU 3.1. JPWL baraTto nporpamHux goaatkis 0yno 36inbLieHo, a Aesiki 3 HAX OHOBIEHI BiANOBIAHO
Ao Bumor 6isHecy. OTxe, po3ropTaHHa 6e3 aBToMaTtu3auii 3anme 6araTo 4acy, i KOXXHOro pasy, Konum Bu
3MIHIOETE HEBENWKWA KOA4, BaM Crig WOro po3ropHyTM 3HOBY. Todi sk 3a gonomoroi JPWL MoOxHa
aBTOMaTU3yBaTW Mpouec iHTerpauil Ta po3ropTaHHA OOHUM HaTUCKaHHSIM KHOMKW MiCNA BHECEHHS 3MiH Y
npoekT, i ue 6yno © KOpPMCHO B KOMNAHIAX Ta yHiBepcuteTax, Ae BCi CMCTEMMU MNiKIOYEHi 3a J4OMOMOro
nokarnbHoI Mepexi. [lepeBaramu aBTOMaTU3auii € 3MEHLUEHHSA CXUIbHOCTI OO NMOMMIIOK, EKOHOMIS 4vacy, i
KOPUCTYBay 3aBXOM MOXEe 3HaTW, SK HanawToBaHO nporpamy, SKWO BiH 36MpaeTbCs 3a O0MOMOro
aBTomaTuaoBaHoro npouecy. A JPWL, y skomy € BigKpUTUIA KoL, JIErKo KOHMIrypyeTbCs, a TakoX nigTpumye
Pi3Hi onepauinHi cuctemn, Tomy BinbLua YacTuHa poboTu 3 iHTerpauii BUKOHYETbLCA aBTOMATUYHO 3 MEHLLIOKD
KinbKicTio nomMunok. A 3a gonomoroto ansible moxHa aBTomMaTn3dyBaT po3ropTaHHs 4oAaTKiB, KOHTENHEPH,
iHpacTpykTypy Towo. JPWL nigTpumye aBTOMartum3auilo BCiX npoueciB po3pobku. Takox Hagae
pO3pobHMKaM BIArykM Npo Te, AKUA OCTaHHI KomiT Byae npautosaTu. Lle nigxoauTb Ans NOCTIAHOI iHTerpauii
Ta nocrTinHoro po3suTky. JPWL — ue cepBepHe nporpamHe 3abe3neyeHHs, BCTaHOBIEHE HAa MEPEXEBOMY
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koMn'loTepi Ta 3abesnedye web-iHTepdenc. AomiHicTpatop eksemnnapa JPWL mMoxe BCTaHOBMHOBATU
nnariin ans HagaHHs neBHUx nocnyr. Todi po3pobHMKM MOXYTb CTBOproBaTU poboui Mmicus, Gyayeatu
npouecu, koHBeepu. Cuctema 30ipkM NOBHICTIO HanmMcaHa Ha JAva i nerko posluvproBaHa 3aBOsiku
apxiTekTypi nnariHisB Ta ToykaMm pO3LUMPEHHSs,, 3anuviieHMm B oO6'ekTHin Mogeni. Lle pobuts JPWL
HaA3BMYAMHO THYYKUM iHCTPYMEHTOM, 34aTHUM OXONuUTKM Barato MOXMMBUX CLEHapiiB Ta BMMOr 3aBASAKM
TMCAYaM nnariHis, po3pobreHMx NOoro BennYesHOK ChiNbHOTOK 3 BigkpuTuM kogoM. Koweeep JPWL
NiATPUMYE iHTerpauito Ta peanisauito po3ropTaHHA 3a AOMNOMOroK Pi3HMX nnariHie. Todi nnariHy NOBWUHHI
OyTv BCTaHOBMEHI BignosigHo Ao nporpamu. Y JPWL BCi nig3aBgaHHa HanucaHi 9k etanu cueHapito. Nnarin
JPWL — ue nporpamHe po3wmpeHHsa ang, wo 3abesneyye niagTpyMKy nNeBHOro 3asaaHHs. CninbHota JPWL
Hapae noHag 1500 nnariHiB Ana aBTomatmsadil byab-akux 3aBaaHb 36ipKy, | BOHa Nerko HanawToBYETbCA
[16]. 3aBasiku BciM gocTynHUM nnariHam, JPWL Moxe 6yayBaTv NpoOeKTH, MPOBOAUTU CTATUYHWIA aHanis,
posropTatu npogyktu Towo. [nariHM BigcopToBaHi 3a 5 kaTeropismu: * nnatcopmu; * iHTepdenc
KOpucCTyBauya; * agMmiHicTpauis; * ynpaeniHHA BMXigHMM kogom; * ynpaniHHSA 36ipkoto. MnariH Platform
3abe3neunTb CepedoBULLIE ONsi TECTyBaHHSA Balloro npoekty. Hanpuknag, nnarii Android Emulator
nponoHye TecToBi Habopu ans npoektiB Android. lNMnariH ynpaeniHHSA BUXIOHUM KOOOM MOXe HadaTu
Jenkins moxnuBicTb oTpumyBaTM ko cxoBuwa GitHub, GitLab ab6o Bitbucket. HapewrTi, nnariH
KepyBaHHA 30ipkol0 HagacTb IHCTPYMEHTM Onsi aHanidy pesynbratiB 30ipku. MeTtogonorieto, sikow Mu
KepyBanucb, € Oe3nepepBHa iHTerpauis 3a gonomorotd Jenkins, a noTiM BUKOPUCTAHHSA iHCTPYMEHTY
ansible ans posroptaHHsa. TpaguuiiHuin crnoci® ynpaBniHHA pPO3p0o0KOK MNporpamHoro 3abe3neyeHHs,
Bigomuin ak mogenbs Waterfall, € noriyHoo Ta NocnigoBHOK MoAEenmnio, gka Mae BernuKUA Hedonik, KU
Henerko 3acTtocyBaTW [0 peasnbHOCTI: OfHIE 3 KOYOBMX KOHUENUin uiel moaeni € BU3HAYeHHs
3aMOpPOXXEHUX BUMOT B NONepeaHboMY Ta i30f1bOBaHOMY CTaHi. Llein Kpok 3anodaTtkye Bogocnagm HacTynHMX
eTaniB, Ha MNPUNUHEHHSI SKUX MOXYTb 3HAOOOUTUCA TWKHI 4YM  MicCsUi, BKIOYaOUM MPOEKTYBaHHS,
BMNPOBaXXEHHS, MepeBipKy Ta posropTaHHs. [MpoTarom 4vacy, HeobXigHOro Ans NPOXOMKEHHS Linoro
BOAoOCNagy CxodiB, BMMOTMW, MMOBIPHO, 3MIHIOIOTbCS BHACMiQOK HOBWUX KOHKYpPeHTiB abo npocto Ao
BAOCKOHaNeHHs no4vaTKoBoro npoekty. [lpouecn 6e3nepepBHOI iHTerpauii — Lue npakTuKnm po3pobku
nporpamMHoro 3abeaneyeHHs, Ae Kinbka 3anBnx 3aBaHb BUKOHYIOTLCA Kiflbka pasiB. Y pobounx npouecax Cl
pO3p0oOHMKN Ge3nepepBHO BUPOONATE BUXIOHWA KOA, BUCYBakt4YM HOBIi 3MiHWM [O BMXIQHOMO CXOBWLLA
(hanpuknap, Git, Mercurial a6o SVN). MoTiM NpoayKT MoBUHEH ByTV NepeBipeHWii Ha AeKiNbKoX PIBHSX
(Monyane TeCTyBaHHS, iHTerpauiviHe TeCTyBaHHFI) ta sikocTi (perpeciitHe TEeCTyBaHHS, MpurimarnbHe
TECTYBaHHs) nepen eTanoM nobyaoBY, CTBOPIOIOYM KiHLEBWI NMPoayKT. HoMep mopTy 3a 3aMOBYYBaHHSIM
JPWL 6yge 8080, i noro moxHa 6yge 3miHuTK 3a notpedbu. Omxe, nicna BctaHoBneHHs JPWL noynHante
cTBOptoBaTH HOBUIN enemeHT y JPWL , i iM'a enemeHTa mae 3biratuca 3 nankow NPOoeKTy B KaTanosi poboyorl
obnacrTi, AKWo NOTPIOHO iHTerpyBaTn Ta PO3rOPHYTWU 3 iCHYHOYOI NOKanbHOI cuctemm abo TakoX MOXHa
BMKOpUCTOBYBaTK cxoBuwe GitHuUb kyom moxHa 3aBaHTaxuty nporpamy. licns Luboro HanucaTy CKpUnT Yy
groovy ans CTBOpPEeHHA nanku 36ipku, aBTOMaTU4YHO AodanTe MoAyni, AKWO Taki € Ana nporpamu. MoTim
nicna BcTaHoBneHHs jfrog artifactory, 3a gonomoroto SKOro MoxHa iHTerpysatu GinbLUICTb IHCTPYMEHTIB
6e3nepepBHOI iHTerpauii, Wwob HagaTn NoBHE aBTOMAaTU30BaHE PiLLEHHA ANS BiACTEXEHHA apTedakTiB Big
po3pobkn Ao BupobHuuTea. MoTim cTBOpMTM HOBe cxoBulle B jfrog artifactory ta gopatv HoBui etan y
cueHapii JPWL, e nanka 36ipku nporpamn Moxe ByTv aBTOMaTU4YHO 3aapxiBoBaHa Ta 3aBaHTaxeHa B jfrog
artifactory. BusHauntun 3miHHy 3 Ha3Boto Bepcia y cueHapii JPWL wob npu koxHoMy 3anycky Bepcisa byae
CTBOPIOBATUCb HOBWI Zip-dhaiin pa3oM 3i CBOEID BEPCIED Yy CTBOPeHOMY cxoBuii. [licnsa aBTomaTm3auii
nobyaoBu Ta po3MiLLEHHS [OAATKIB Yac, KM 3aiHAB, 3HAYHO CKOPOTMBCS. ICHye Barato iHCTpyMeHTIB Ans
nobyaoBu, ane npuynHa BMKOPUCTAHHA MOMsirae B TOMY, WO BiH GE3KOLUITOBHWIA, NIErko OOCTYNHUM i Mae
6e3niy nnaridis. Lle pobutb Ginblwy 4acTuHy npouecy iHTerpauii aBTomatnyHum. | cam JPWL Takox
aBTOMATUYHO BUKIIMKAE MpPOLIEC PO3ropTaHHs, 3a 4OMOMOIOK iHCTPYMEHTY MOXHa CTBOPUTU PO3ropTaHHSA
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ansible. Hesabapom nicns peskux 3MmiH, 34ilncHeHMXx y nporpami, cepsep JPWL S BusSABUTH 3MiHW Y
BMXiQHOMY KoAi mporpamu, i Konu BigHOBNEHHS Oyade BMKOHAHO 3HOBY, BiH MOYHEe HoBy nobyaosy. [ns
po3ropTaHHsa ansible cnoyaTky NOTpPibHO NepekoHaTucs, Wo MawnHa abo cepBep, Ha AKMX BCTAHOBMEHO
ansible, noBuHHi 6yTM gocTynHMMKM Yeped SSH. IHWi iHCTpyMeHTH, Taki sk Puppet i Chef, moxyTb OyTn
BMKOPWUCTaHI AN aBTOMATUYHOrO PO3ropTaHHs, ane MoTpibHO BCTAHOBUTWU BCi areHTU AN HanalwTyBaHHS,
ae, sk i B ansible, moxHa BukopucToByBaTn SSH Ons npocyBaHHSA Aeskux koHdirypauin. lMicnsa Toro, sik
JPWL nouynHae 6yayBaTtn HOBUI NpoLec, MOXXHa BaumTh KOXHY CTagito, sika € KOXHOM nifg3agaveto, i MOXXHO
[i3HaTUCh, Lo KOXHa cTadis Byna ycniwHoto. MNicns aBTomatn3aii B Cl/CD yac Ha po3ropTaHHsi oKpemux
AOAAaTKIB 3HAYHO CKOPOTMBCH, LLO TaKOX 3HaYHO MOKpawmTb obcryroByBaHHA nporpam. ABTomMaTu3sais
TaKoX YyJOBO BMKOPUCTOBYETLCSA A5 Nporpam, SKi Aye 4acTto BHOCATb 3MiHW. 3 MOMEHTY Yacy KomaHaa
po3pobHuKiB dikcye kog y Git abo Byab-sikoMy iHLLIOMY CXOBMLL 4O MOMEHTY 3arnycKy Mporpamu, KOXeH
eTan KOHBeepa aBTOMATU3YETbCH, LLIO CKOPOYYE Yac i 3yCUnnsi Ha nepernsg Kogy, a Takox Moxe Oyaysatu
npouecu GaratopasoBo Nicnst BHECEHHSA 3MiH 40 nporpamu. 3aBgaHHsa JPWL MOXyTb 3anyckatucs 3 pisHUX
AKepern: nofisi CXoBuLLa LKepern, 3a YacoMm, 3a 3anuTom. oTim, pa3 Ha roguHy, AeHb abo TWKAeHb, BinbLui
TecToBi Habopu Ta npouec Nobyaosm MOXyTb ByTK 3annaHoBaHi Ans 3abe3nedYeHHs MOHITOPUHIY CTaHy 3a
AOMOMOIoKd  MOXIMBOCTI  cnoBiweHHs JPWL. Xova JPWL MoOXHa BuMKOpUCTOBYBatuM Ans nobynosu
aBToMaTu3auil npoueciB, MOro TakoX MOXHa BUKOPUCTOBYBaTW ANA aBToMaTu3auil MOAYSfbHUX TeCTiB.
Hanpuknag, KOMIT y BUXIGQHOMY CXOBWLLI MOXe BUKNMKaATK TecToBi 3aBgaHHsa JPWL gnga 3anycky pisHuX
PiBHIB TECTYBaHHSA 3 pi3HMMM Habopamu TecTiB, WoO HagaTu LWBWOKUA 3BIT Yy pasi BUSIBNEHHS OEdEKTY.
3aBOskn OekinbkoM JocTynHuM nnariHam, JPWL moxe 3anyctuty 6arato HabopiB TecToBUX Moaynis Ans
YMCneHHUX TectoBux cepepoBul. OgHieto 3 noTyxkHocten JPWL € noro 3gaTtHiCTb 3anyckatm Tectu Ans
Pi3HUX CepenoBULL, TeCTyBaHHs, Sk pisHux nnatdopm (Windows, Linux, MacOS, Android, iOS Ta iHLwi).
LLle ogHa xopolua cTopoHa aBToMaTtu3auii — ue MOXNMBICTb nnariHiB gogasatn Unit Test Generation
(UTG) ans HelwloaaBHO [0OAHOTO Koy, WO MOXe 3aoliaautv 6arato yacy Ans TecToBMX komaHng. 3.2.
Mnarinm B JPWL JPWL Mae kinbka BaxnvMBUX nepeBar: KOPUCTYBalbHULbKAWA iHTepdenc npoCcTun,
iIHTYITUBHO 3pO3yMinuin, BidyanbHO NpuBabnvBMM i 3 OyXXe HU3bKOK KPMBOK HaBYaHHS; BiH HaA3BUYaMHO
FHYYKMI | IErko aganTyeTbCa A0 Pi3HMX Uinen; i BiH Mae Kifibka OOCTYNHUX NnariHiB 3 BiAKPUTUM KOLOM, SKi
OXONJIIOKTb LUMPOKMI CNEKTP (OYHKLIM, TaKMX sIK CUCTEMU KOHTPOMK BEPCIiW, IHCTPYMEHTU nobynosw,
NMOKa3HWKM SIKOCTI kogy, cnosiwyBadi 36ipkK, iHTerpauia i3 30BHIWHIMWM cUCTEMaMM Ta HanawTyBaHHSA
iHTepgency kopuctyBada JPWL OOTpMMYETbCA CyBOPOro KepiBHMUTBa MNONITUMHUMK npasunamu. lges
BMKOPUCTAHHSA NNariHiB Ans MoaynbHoOI PyHKLiOHanbHOCTI He HoBa. OaHak € Hebarato 3ag0KyMeHTOBaHUX
BMMAAKiB BUKOPUCTAHHA NnariHiB sk MeTody, WO A03Bonsde Habopy TectyBaTu goctyn o APIl, a Takox
aonasatm abo 3miHioBatm APl 6e3 icTtoTHMX nepesanuciB. Llen nigxig [ossonse po3pobuTtn OCHOBY
TEeCTyBaHHA Ansa 6aratbox Cryxo6, Lo BUKOPUCTOBYOTbL OAHY MOBY abo cepsep. Lo we BaxnuBille, nnariHm
TaKoX [4O3BOMSATb PO3MNOAINUTM KOQYBaHHS MiX KinlbkoMa po3pobHukamu, wob npuckopmuty TeCTyBaHHS Ha
nnatdopmi. IMig yac po3pobkm nnariHa KoXxxeH aBTop obupae Tmn MeTogosnorii, skun 6yae BUKOPUCTOBYBATU
nnariH. Moxe OyTu Kinibka nnariHiB i3 pisHUMM TUNaAMM METOOONOrIN, SKi nepesipaoTb oanH API. LLo6
30iNbWNTM KOPUCHICTb MNNariHa, BiH TaKOX MOXEe 3aBaHTa)KyBaTW TECTOBI BXiOHiI 3Ha4YeHHs 3 dhanny, Lo
[03BONSAE LWBNOKO 3aBaHTaxyBaTu Garato TecTiB 6e3 nepesanucy nnariHa. OCKinbKy NnariHu He3anexHi,
BOHM MOXYTb MpauioBaTh SK NporpaMmy MiHi- TECTyBaHHS Ha L0 3aBrogHo (OerMl/II7I API, neBH1 meTopn
abo knac). OgHaK TeopeTWYHO NnariH Moxe npautoBaTM Haa 6GaraTtbma APl B neBHWit yac i HaBiTb
nepesipuTK ix B3aemopito M cobot. Google App Engine possonse cTBoptoBaTy, posroptatv Ta
po3milyBaTtn web- goaaTku B iHpacTpykTypi Google. Posnoginatoum 3asgaHHA MiX pisHUMK cepsBepamu,
iHppacTpykTypa Google 3abesnevye aBTOMaTU4He hopMyBaHHs Tpadiky Ha BUMOry Ta BGanaHcyBaHHS
HaBaHTaXXeHHs1 ANna neBHoI nporpamu. B pesynbrati 6arato yHKUi XMapHMX OBYMCNEHb MOLUMPIOOTLCSA
cepen LWMPOKOro kKoma KopuctyBauiB. PisHi APl abGcTtparyioTb nporpamu  Big Uiel  pi3HOMaHITHOT
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iHPaCTPYKTYypK, @ TaKOX LO3BONAIOTL BiACTEXYBATU BUKOPUCTAHHA pecypciB Ha nnatdgopmi. APl HagaTb
AOCTYyn 00 Pi3HOMaHITHUX Cryx6, BKMOYaKYM CXOBULLE (cxosmme JaHunXx, blobstore), ynpaBniHHA
kopucTyBayamu, odnaitH-ob6pobky (Yepra 3aegaHb, cron) Ta web-3sanutn (URLFetch). Takox 6ys
HaJaHWii KOMMMEKT Ans po3pobku nporpamHoro 3abeaneverHst (SDK), Lo cknagaeTbes 3 IHCTPYMEHTIB Ans
nokanbHOoI po3pobkK Nporpam Ha KnieHTCbKMX cuctemax kopuctyBada Linux, MacOS ta Windows. Y SDK
cepBep AoAaTkiB AnA po3pobku imiTye nigtpumysaHi APl Google App Engine i go3sonsie 3anyckatv Ta
Hanarog)ysaTu po3pobneHi nporpamu nepep posroptaHHAM. Ha MOMeHT uboro poscrigyBaHHa Google
App Engine niatpumysas APl ABoMa oKpeMumn MoBamu (Python Ta Jovo). Moga Go nigTpumyBanacs B
ekcnepumeHTanbHin opmi. OCHOBHE 3aBAaHHA LbOro AOCHIAXEHHSA nondrae y 3acTocyBaHHi MeToaiB
YHKUIOHANbHOIMO TEeCTyBaHHHA, @ He TeCTyBaHHi MPOAYKTUBHOCTI 4M MacwTaboBaHocTi. OTXe, cepsep
poaatkie ansa po3pobkm Java OyB obBpaHuM sk OCHOBHWMI 3acib Ak gnsi po3pobku TecTy, Tak i gns
BMKOHaHHA TecTy. CepBep Java 3abesnedyye HeobmexeHur yac pobOTM Ons 3anuTiB CTOPIHOK, LLO
A03BONSA€E NnariHam npawutoBaTi HEOOMEXEHO NPOTAromM TecTyBaHHsS. OaHak BpaxoBaHO TakoX TpMBanicTb
poboTu nnarinis, Wo6 goaatok App Engine mir 6yTn po3ropHyTUi y Xmapi, Ae BiH TakOX Mir MpoTecTyBaTy,
potpumytoumce 30-cekyHOHOro TepMmiHy BignoBigi Ha 3anuT. Llen nigxig TakoX [03BOMMB MOPIBHATU
pes3ynbratv TeCTyBaHHS MiXK NnaTtopmMoro po3pobkm Ta XMapoto, Wob nepeKkoHaTmCs, WO BOHW iAEHTUYHI 3
TOYKM 30py Mporpamu knieHTa. 3aranbHa CTpyKTypa ¢hperMBOpKy npeacTtasneHa Ha puc. 3.1 CTpykTypa
TECTyBaHHA Yy UbOMY JocrifpkeHHi BukopuctoBye Google Web Toolkit (GWT) pns crBopeHHS
KOPUCTYBarnbHULBLKOro iHTepdency Ta yHKUiOHaNbHOI NOrikK, Takmx AK TMNW nnaridis ansa 3anycky. OgHak
Aopatok He TecTye »xogHoro knacy GWT, ockinbku GWT € okpemum npoektom Big nnatdopmu App
Engine. KoxeH BigobpaxeHui nnariH Gyae BuUCBITNEHMM B okpemomy nigposgini. Puc. 3.1. 3aranbHa
CTPYKTypa perMMBOpPKY nOna TectyBaHHs APl [MnariH 3a 3amMoBYyBaHHSAM BWKOPWUCTOBYETbCHA [AJ1S
TECTYBaHHA HaWoro hpenMBOpPKY, a He KOHKpeTHoro API. MnariH 3a 3aMOBYYBaHHSIM HE BUKOHYE >KOLHOI
peanbHOT YHKLUIT, 32 BUHATKOM MEPEBIPKM HAAIMHOCTI 3aBaHTaXXEHHS, TECTOBOrO 3anycky Ta peectpauil.
BpaxoByoun cBOK NPOCTOTY AK NriariH, NnariH 3a 3aMoB4YyBaHHAM MOXe ByTn BUKOPUCTAHUIA O11S YCYHEHHS
HecnpaBHoOCTEN nnariHa, gpenmBopky abo nnatrgopmu APl Akwo € skicb npobnemu, ane nnariH 3a
3aMOBYYBaHHAM 3aBaHTaXYETbCA | BUKOHYETbCA MpaBuUiibHO, ToAdi npobnema Moxe O6yTn 9K 3 iHWWUM
nnariHom, Tak i 3 nnardgopmoto. MNowyk mprepena npobnemyn Bumaratume A0AATKOBOMO TECTYyBaHHS, ane
Tenep uen pperMBOPK MOXHA BBaXaTu AocuTb HaginHwum. Nnarii URLFetch npautoe, BMkopuctoBytoun
iepapxito 00’exTiB, ki HeoOXigHO CTBOPUTU [ONs 3aBeplueHHs Beb-3anuTy. 3 Uuiei iepapxii 06’ekT
BUOMPAETBCSA 3 MOYaTKy, CEepeaHbOro Ta KiHUS naHutokka BUKNMKIB. Metowo 6yno BusButn Byab—sKi
MOMUIIKM, 3BYXYHOUM X NO3ULit0, TeCcTytoun o6’ekTM no BCin iepapxil. Llen meton TakoxX OyHKUIOHYE $iK
peTenbHa nepeBsipka, a He MoKMaaayYMcb Ha 06 €KT HaMBULLIOTO PiBHSA, WO6 NPOCTO OTpMMaTK NpaBUIbHY
Bignosigb. URLConnection — ue Java-knac BUCOKOro PiBHS, SIKMA Hagae OOCTyn 4O MapameTpiB, KOMu
06'ekT URL-agpecy BUKOPUCTOBYETHLCA ANSA OTPUMAHHA AaHux. ATpubyTu 0b6’ekTa BUKOPUCTOBYIOTLCA AN
dopMyrnoBaHHA 3anuTy, KU B KIHLEBOMY MiACYMKY 3pobrieHo. [laHi noBepTaloTbCs Ta CTaloTb AOCTYNHUMMA
3a AOMNOMOror AodaTtkoBMX MeToaiB Big o6’ekta. [Ans ob'ekta URL-3B'A3Ky BMOMpalOTbLCS BNacTUBOCTI, AKi
noTpebytoTb nonepeaHix 3anuTie. MoTiM Ui napameTpu BNOKYOTLCA NiCNa HagCUNaHHS 3anuTy. Tomy 3anut
HanalwTOBYETLCA NO-Pi3HOMY, @ HE HamaraeTbCsl 34MTYBaTWU AaHi Hasag y pisHux cdopmaTtax. URLFetch —
Lue OBepi, Yepes3 siki MOBUHEH MPOXOAMTM Becb Tpacdhik 3anuTiB BHU3Y cTeka Buknukis APl URLFetch.
URLFetch — ue npocTun knac, ki ynpasnse nuiie KinbkoMa BNacTUBOCTSIMU, ane e o4Ha To4ka BigMOBU
ansa APl URLFetch, i, oTxe, BapTa nepeBipku. 3 uiei npuumnHmM 6yno obpaHo HAcTynHi napaMeTpu, NoB'sa3aHi
i3 3anuUToM: * 103BONMTY/3a6OPOHNTIU CKOPOUEHHS — [03BoNMTH (4K Hi) Be3lyMHe CKOPOYeHHS AaHWX Haj
po3mipom Bydepa; * (He) AOTpUMYyBaTUCA NepecnpsaMyBaHb — A03BONUTU abo 3aBOPOHMTM aBTOMAaTUYHE
BiACTEXXeHHs1 nepeaapecauiiHux Bignosigen; * setDeadline — BcTaHOBUTM Yac y cekyHOax, Ha KM 3anuT
NMOBMHEH BIAMOBICTK, NepLU HiX BiH Oyae nepepBaHuii. Y BUNaaKax, Konv € Hebynese BBEAEHHS, Hanpuknaza
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setDeadline, koxXHOMY TeCTOBOMY BMNaaKy Oyno OO3BONEHO BKa3aTy NOABIMHWUIA BXig, Sk OyB gogaHumn
A0 MOTOYHOrO CMCTEMHOrO Yacy. NpoBeaeHo YoTupu Tectosi Habopw. MNMepwi aBa Habopu Oynn BOygOBaHI B
TectoBur nnariH URLFetch, wo6 nepeBipnt HasiBHICTb aKTMBHOMO MEPEXeBOro MiKIMOYEHHS, NepLl HixX
nepexoautTn 00 dakTuyHMx TecTiB. Llem meTog Takok € HanbnmkuMm [0 TOro, WO nporpamict
BMKOPUCTOBYBaB OM ANA NpOCTOro 3axonneHHs web-CTopiHKM, TOMY BiH Jonomarae rapaHTyBaTy, WO Ha
HarBuwmx piBHax APl gaHi noBepTatoTbes, Sk odikyBanocs. [Ona URLConnection HagaHuii TeKCTOBUIA
AOKYMeHT ansi nobyooBM MacuBy, SIKMA [aBaB BKasiBKM TECTOBOMY MnariHy LWOAO BMKOPUCTOBYBaHWUX
napameTpiB Ta MOPSAKY, B SIkOMy BOHWM Oynu npeactaeneHi. Ha puc. 3.2 mictuTe nepenik BOCbMMU
napametpis (BapiaHTiB) TECTYBaHHA Ta X MOXNUBMX 3HayeHb. LicTb napameTpiB MawTb ABa pPi3HUX
3HaYeHHS, O4MH NapaMeTp — TPU 3HAYEHHS, a OAMH NapaMeTp — YOTUPKU 3HaYeHHs. [ns HebyneBux BXoais,
Takmx sk setlfModifiedSince, Gyna cTBopeHa 3-BapiaHTHa cucTema, 3acHOBaHa Ha MUHYJIOMY,
TenepilwHbOMYy Ta ManbyTHbOMY. |HWWMK crnoBamn, TecT 6u copMynioBaB 3HAYEHHS 4acy, sike
Bignosigano 6 Oyob—sSiKUM KPUTEPIAM MOPIBHAHHA i npovwno abo He nNpouWwno, siK 3a3Ha4YeHo B
AokymeHtauii. Ana SetRequestMethod icHye 6eaniy 3aronoekie HTTP, kpim GET ta POST, ogHak ans
TECTyBaHHA BUKOPUCTOBYBanuCb nvwe Asa. KoxeH TeCToBMA BUMNAOOK BKIOYMAE OYiKyBaHWUW pesynbrar,
AKMN BUNNMBaEe 3 gocesigy pobotn 3 Beb-nporpamamu Ta LOKyMeHTauieto Java. KoxeH pesynbtaT mae
dopmy ouikyBaHoro kogy Bignosigi HTTP, 3a BMHATKOM BMMagKiB, KONMM KOHMNIKTHA KOHirypauia moxe
CMPUYMHUTM NOMUIIKY. Y LbOMY BUNAAKY OYiKYyETbCA BUHATOK JAVA. TecTyBaHHA MoOXe 3anHATM B6araTo
yacy, i nepeipuTn BCi Ui KOMGiHauii HepeanbHO. My 30CepemXyeEMOCb Ha CTBOPEHHI MEHLUOI KifbKOCTI
KpaLLMX TECTOBMUX KEWNCIB, i 3aMiCTb BUYEPHOro TECTYBaHHS MW BUKOPUCTOBYEMO TeCTyBaHHsA no napax|[17].
Puc. 3.2. Cnucok TectoBux napametpiB ans URL-nigknioveHHss baratokaHanbHicTb Oinbll Bigoma sk
npocTopu iMeH. BcTaHOBUBLUM NPOCTip iMeH, niatpumytodi APl ByoyTe po3ginath gaHi Takum YMHOM, LLO
HaBiTb OO €KTM 3 OOHAKOBUMW MEPBMHHUMW Krnodamu OyayTb 36epiraTMcs OKpEMO B Pi3HWX HadaHWX
cxoBuLax gaHux. [loctyn o npocTopiB iMeH 3AiNcHI0ETLCS Yepe3d 06'ekt NamespaceManager, akui
BigNoBigae 3a BCTAHOBMEHHS, OTPUMaHHA Ta nepeBipKy NpocTopiB iMeH. Lien meHeaxep € 06'ekToM, SKkuin
Mu Bubpann ana TecTyBaHHs. [lepeBipka BigNOBIOHOCTI psigka perynsipHoMy BMpa3y € CKIagHoK
cutyauieto. Mu BupilimMnmn 3aBaHTaXnTn BXigHI TECTOBI kercn y hann, wob moxHa byno cnpobyeatn Garato
Pi3HNMX MeTOAiB ANA CTBOPEHHA TecToBUX Kewcis. Lle Oyno 3pobneHo npubnuaHo Tak camo, siK i 3
URLConnection ta URLFetch. Kpim Toro, HaBiTb He3Baxatouum Ha Te, WO nnariH po3pobrenni, wob
30cepeanTnCb BUKIIOYHO Ha BaraToHauioHanbHOCTI, BapTO 3a3HavuTy, WO npouec Byae BKNHOYATU TaKoX
TecTyBaHHSA pi3HMX APIl. Bepyun o yBaru, WO CYTTEBOK METOK BGaraToCTOPIHKOBOI AiSNbHOCTI € BMMMB Ha
Te, sk iHWi APl 36epirailoTb CBOI OaHi, BaXXnMBO BKMOYMTU APl WO BNNMBaKTb Ha TECTyBaHHSA, W06
3abe3neuntn HanexHe @QyHKUiOHyBaHHS OaraToHauioHanbHOi komnawii. [Mpu TecTyBaHHi Blobstore
AOTPUMYETLCS paHille BCTAHOBIEHOI MPaKTUKM BiAOKPEMIEHHS TECTIB Bi4 BnacHe kogy nnariHa. lNepwmm
KPOKOM € BCTaHOBMEHHSI YMOB, sikux Blobstore nosuHeH gotpumysaTtucs. byno supiweHo, wo Blobstore
NOBUHEH MaTU MOXMMBICTb NPUAMATU 3aBaHTaXKeHi AaHi Ta noBepTaTu ix 6e3 3aMiH. MOXMNMBICTb BUABUTH, YN
3MIHIOKOTbCA Nofarnblli 3aBaHTaXEHHS Big opuriHanbHOro 3aBaHTaxeHoro danny, 6yge mipoto ycnixy. 3
Lieto MmeTolo ByB CTBOpPEHUN andasiT MyTalin, BU3Ha4eHU NnariHoM sk onepadis, sika 3MiHIoe aHi, ane sika
TakoX € 0BOopOoTHOM. Y LUbOMY BUNAAKy BUKOPUCTOBYBaNMCA Taki pevi, ik cepianisauis abo 3acTtocyBaHHs
anroputMy cTUcHeHHs 6e3 BTpaT. KntoyoBi onepalii: * hedp cTBoproe HOBMIN eneMeHT i Konitoe BCi AaHi; *
stack nepenae 3HauyeHHs Yepe3 pekypCuUBHUIN BUKNKK; * serialize nepeTBOprOoE NOTOYHE CXOBULLE AaHUX Y
pPAOO0K, BUKOPUCTOBYHOUM BarTy NoTouHoro ctany; * bytebuffer nepetsoptoe notouHmin craH y 6ant-6ydep.
Uepe3 obmexeHHst B Yaci Mu obmexunu npouec npoctumm onepaudigamu. OgHak ManbyTHi peanisauii
MOXYTb MICTUTU OiNblU CKNagHi anropuTMU CTUCHEHHS abo XellyBaHHSA. 3 KOXHOK onepauielo nnarid
30epirae Konitd MaHinynbOBaHWX AaHuX, OTPMMYE HOBY KOMilO, a MNOTIM HamaraeTbCcs npogybniosatu
BMKOHaHi onepadiii, OTpuMyoudmn Ton camui pesynerart. [lomunka onepadii 36iratuca 3 nonepegHiMn JaHnmm
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Ha TOMy CaMOMY KpOLji O3Ha4ae, Wo AaHi He Bynn oTpMMaHi HanexxHuUM YnHoMm. KoHTponbHa cyma abo xeLu
- ue iHWi BapiaHTK, Aki 6yno 6 npocTilwe peanidyBaTu; OgHaK, OCKiflbKX 3aranbHOK METOK Oyno 3HanTh
NOMUNKN OyOb—SIKUM MOXITMBUM CNocoboM HesanexHo Big APl, mMae ceHC BuKOpuUCTOBYyBaTWM [0OOATKOBI
MEeTOAM, SIKi A0AalTb CKNaAHOCTI Mpouecy nig vac TecTyBaHHA pisHMX onepadin. Y nnaridi Blobstore
BUKOPUCTOBYETLCH (PYHKUiS HALIOro ppenmMBOpKy, Aka Ha3MBaeTbCH 3aroToBkW. Lle 3anuTn Ha gopgartkosy
iHpopMauito nepen 3anyckom nnariHa. Y ubOMy BUMagKy nnariH BUMarae 3aBaHTaXeEHHs A0AAaTKOBOro
danny, wob BiH Mir npautoBaTu. Llen cdann moxe 6ytn 6yab-sKkoro Tuny canny Ha Bubip kopuctysaya. B
AaHUN 4Yac MU He TeCTyeMO pPO3Mip dhanny Ta He MepeBipAeEMO, UM nignagae BiH Nig SKiCb 0OMEXeHHS.
Mnarin Test Generation cneuianbHO po3pobneHunn Ana aHanidy gaHoro knacy Java, Bubopy Harkpalloro
i3 3apeecTpoBaHuX HabopiB MoayniB MeTogonorii po3pobkn TeCTiB Ta HaJaHHA KOPUCTyBayeBi OTPUMaHUX
HabopiB TecTiB. Ha gaHWin MOMEHT nnariH TeCTOBOro NMOKOMIHHA BXOAUTb A0 CKnaay Haworo Habopy TecTis
AK nnariH, ane 3 npuyuH, 3ragaHux nisHile, BiH MOBMHEH CTaTM CaMOCTIMHUM pogaTtkoMm. [lnariH
MOYNHAETLCS 3i CTBOPEHHSA CNMCKy banniB Knacis, siki BiH BUABNSE y naketax jar. Lli nakeTu jar mictaTb yci
dannu knacis gnsa pisHux APl Ta npegcTtaBnstoTb iX dpakTnyHy 6asy kogy. KopucTtysBayesi npeacraBneHuni
Len cnmcok Yepes npedopmy, i 3BigTK KopmucTyBad moxe BubpaTu uini APl abo davnn ogHoro knacy gns
06pobku. MoTim nnariH 6epe uen cnUcok i BUTArye i3 danny nuwe BubpaHi havnu knacis, ge noTiMm
3aBaHTaxye krnacum B JVM 3a [OnoMOrow 3aBaHTaxyBaya creuianbHuX knacis. Kpim TOro, nnariu
3aBaHTaXXY€e KOXHY MeToOororil0 reHepalil TecTiB K Moayrb. [M0TiM BiH NPOXOAUTL KOXEH METOo[, i3 KOXKHOro
Knacy, BUKOpUCTOBYoUM 6ibnioTeky BigobpakeHHst Java, i nepegae Moro KOXXHOMY MOAYMN0 reHepauii
TecTiB. Mogyni reHepau,ii TeCTiB 0G4MNCIIOOTL KiNbKICTb Pi3HUX TECTIB, AKi BOHM © CTBOPUNK 4N KOHKPETHOro
MeToay, i NoBepTalTb Le nnariHy, SK1Min NoTiM BUPILLYE, KM MOAYIb BUPOBNSE HAaMMEHLLY KifbKICTb TECTIB.
KpiMm TOro, SKLLO MeTogororis reHepadil TeCTiB He NiAXOAUTb 4SS reHepyBaHHA AN NEBHOMO MeTody yepes
napameTpu abo HEMMOBIPHO BENUKY KiNbKiCTb TECTOBUX BUMNAAKIB, BOHA MOXeE BiAMOBUTUCH Bif po3rnsagy B
nnarini reHepadjii TectiB. AKWO BMGpaHO METOAOMOri0 reHepadii TecTiB, il 3HOBY nepeaatroTb Yepe3 MEeTof |
[03BONATbL reHepyBaTy TECTOBI KeNCK, siKi BiH noBepTae A0 nnariHa, akunm doopmaTye TecToBi Habopu sk
BUXiAHI JaHi, a NOTiM noBepTae ix Ao rpadiyHoro iHTepdency kopuctysada. NoTim KopuctyBad Bignosigae
3a BIJOKPEMIEeHHS pi3HMX TEeCTOBMX BUMaAKiB Ta opMaTyBaHHA 1X ANdA iHWWX iHCTpymeHTiB. Cnig
3a3Ha4nTW, WO reHepauia TecCTiB He Aae 3HadeHHs opakyna, i IX 3anuwae kopuctyBad. Kog He moxe
3pO3yMIiTK HaMmipu iHWKX KoaiB 6e3 AoaaTKOBOI PO3MITKW, TOMY HEMOXITMBO HAZaTW OpaKynn, HE NOESHYUM
dannm knacy 3 SKMMCb iHLUUM DKepenoM BXIOHUX AaHWX, SKe AeKnapye Hamip nporpamicta Takmm YMHOM,
Lo nniariH Moxxe ob6pobutn Ta nepesipuTn. Llen nioxig 3gaetbcs 4OCUMTb NPOCTUM, ane € 6arato NpuYmH,
YoMy nnariH reHepadii TeCTiB MOBUHEH CTAaTWU aBTOHOMHUM 404ATKOM, LWOo6 HopManbHO dyHKLUioHyBaTW. Mo-
nepwe, jar APl ans App Engine nepesuuye mexy 3aBaHTaxeHHs. [Mo-gpyre, JVM cnpunmae knacu,
3aBaHTaXEHI Pi3HMMK 3aBaHTaXKyBayaMu Knacis, K abCONOTHO Pi3Hi, HABITb SKLLO BOHM NOXOAATb 3 O4HOIO
danny knacy i € abcontoTHO nogidoHMmK. Ton dakT, wo Test Generation — ue nnariH, 03Ha4ae, WO BiH
3aBaHTaXYETbCA HaLUMM 3aBaHTa)KyBayeM KnaciB y operimMBOpK. TyT, KONM BiH HAMaraeTbCA 3aBaHTaXUTH
mMoayni, BiH pobuTb Le 3a AOMOMOrol 3aBaHTaXyBaya HOBOrO Kracy, a Le O3Havae, WO BiH He MOxe
BMKOPUCTOBYBATWN OYHKLT OpuriHanbHOro pperimBopky 6e3 neBHoi ckragHocTi. [1o-TpeTe, HaBiTb SKOU Len
nnariH 6yB aganToBaHui ANs HanexHoi poboTtn Ha nnatdopmi Live App Engine, BiH notpannse 6u nig Aito
obmexeHHs B 30 cekyHA, i BiH He 3MOxe 3aBeplumMTn poboTy nig Yac 06pobkM BenuvKoi KinbKOCTi dhannis
knacis. HapewTi, pesynstatv MnoBWHHI Oyt ob’egHaHi B oguH dhamn xypHany, wob noBepHyTH iX
kopucTyBadeBi. byno 6 HabaraTto kpawe, akbu mMoaynb Mir NPOCTO 3anucatn HeobXigHi Ana KopucTyBaya
Gannu Ha nokanbHu amnck. 3.3. Nobygosa npoekTie y JPWL JPWL Hagae 6e3niv doyHKUi Ta KOHirypauin.
Micna HOBOT IHCTaANsAUIT Ta NigKNtOYeHHs 00 cepBepa BiabyBaeTbCA HanawTyBaHHs 6a30BMX OYHKLIN 3 yxe
BCTAHOBMEHMMWN OCHOBHMMMW NnariHamu. B igeanbHin yctaHosui gemoH JPWL npautoBaB 6u Ha okpemomy
obnagHaHHi, ane Bce OQHO MOXe MNigkMwyaTuca [0 iHWUX By3niB knactepa. lMpu 3anycky JPWL Ha
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obuncnoBanbHOMY By3ni i nepeagpecysanu nopt HTTP go Byana Bxogy. MoTiM nopT MoXHa TyHenoBaTu
yepe3 SSH Big By3na Bxody A0 NokanbHOI MawwuHKM, Wob oTpumaTtn goctyn go web-iHTepdelicy B
6esneyHoMy Ta 3awwmdpoBaHOMy BuMmMsgi. Ha cTtopiHui ynpaeniHHa JPWL nepenidyeHo psig napameTpiB
KOH(pirypauii, noymMHaroumn Big agMiHICTpyBaHHA MpuMBINEiB KOpuUcTyBada A0 AO0CTyny [0 iHTepdeuncy
KoMaHgHOro psiaka. Mwu 3aBaHTaXunu KOHKPETHI nnariHn, Taki sk “PornboBa cTtparTeris”, “lanepes
306paxeHb”, “KonitoBatn aptedakT” Ta Kinbka iHWWX ANS HaWoro KOHKpeTHoro eksemnngapa JPWL
OcCKinbKkn Len [KryT BKNOYAE BEMNUKY KinbKiCTb 6a30BMX TECTIB, MM BUPILLMAN CTBOPIOBATU NPOEKTUN 30ipKu
JPWL s, BukopucToBytoum BaraTokoHdirypauiviHi Ta 6aratonpodinbHi npoektun. Lle gossonsie 3anyckatu
npoekTn 36ipkn 3 pisHMMK Habopammn NapaMeTpiB Ta rpynyBaTn OKpeMi NpoekTn 36ipkn pasoM 3a NOBHOM
iepapxieto, TUM caMuM 3arnyckardu Kinbka TecTi, byaytoun oamH npoekT. Jani notpibHo 6yno BHECTU 3MiHK
B 6e3neky. nariH cTpaTerii, wWo 6asyeTbcsa Ha ponsax, Hagae cnocib [o3sonuTu aBTtopu3auito JPWL Ha
OCHOBIi porien, HagaHux MeBHUM KOpUCTyBadaM. AZMIHICTpaTopamM HaJaeTbCs MOBHWW AOOCTYM, TOAi SK
aHOHIMHMM KOpUCTyBadYaM MPOCTO HadaeTbCsa A0CTyn Ans umTanHA. Le opgHieto koHdirypauieto, siky
noTpibHo 6yno 3pobutn, 6yno gossonutn JPWL HanawTyBaTn SSH-KNIOYi 4Ns KOPUCTYBaYiB Ta BBIMKHYTU
aBTeHTUikauito JPWL -SSH ana BUKOHaHHA KOMaHf i3 KOMaHAHOro psiaka, BUKOPUCTOBYKOUM SSH-KtoYi
Ansa aBTeHTUdiKauil 3amicTb MapkepiB APl. KomaHaHWMI pagok 3pyYHUn s KOPUCTYBadiB, SiKi CTBOPIOKOTb
cueHapii gna asTomaTtmsauii pyTMHHUX 3aBgaHb abo MacoBOro oHoBrneHHs. Hanpuknag, Habip PAW mae
6eaniy iHauBigyanbHUX TecTiB, ane koxeH npoekT JPWL no cyTi ogHakoBUKW, 3a BUHATKOM BUKITMKY iHLLIOIO
BMKOHYBaHoro danny PAW. byno HanucaHo cueHapin Bash, skuin Bknodae komangHun psgok JPWL gns
CTBOPEHHS BCiX pPidHUX NpoekTiB 36ipkn PAW Ha BigMiHy Big HaTuckaHHA Be6- rpadpivHoro iHTepdency ans
TOro camoro 3aegaHHs. Kpim Toro, notpibHo 6yno HanawTyBaTi napametpu npotokony Content-Security
y JPWL, wo6 3abe3neuntn HanexHy poboty BOyaoBaHUX iHCTPyMeHTIB Bidyanidauii. Okpim JPWL B uinomy,
wo notpebye KoHcirypauii, okpemi npoektn 36ipkn BUMaranu cneuudikauin ons BignosigHOro 3anycky.
BinbwicTe iHOuBIAYyanbHUX MNPoeKTiB 36ipkn MarTb OAHAKOBWUWA 3aranbHUN MakeT, OCKIifIbKM BUMKOHYETbCS
cueHapi 0b6onoHkM, apxiByloTbCs havnu gaHux abo XypHanis, a ons nepernsagy JPWL ny6nikytoTbes
dainm JUnitXML. IcHye Garato iHWKMX KoHirypauin, Takux sik Tpurepu 306ipku, cepepmosuile 30ipku abo
yrnpaeniHHA BUXigHUM kogoM. OgHUM 3 napameTpiB NPUMITKM Bynv napameTpusoBaHi napameTpu 36ipku, Aki
A03BONATb aBTOMATMYHO 3anyckaTn NpoekTn 30ipkM 3 AeKinbkoMa KOoHirypauisMy napameTpis, 3agaHnx
KopMCTyBaqu[25]. 3aranbHi KpoKM Ans BNpoBaaKeHHA TUNoBuMX gogatkie abo tectiB y JPWL nepeniyeHi
Hwk4ye. Lle Oyna rpyba npouegypa, 3a [AOMOMOrol skoi O6GroBopeHi paHiwe anaptameHTn ©Oynu
npuctocoBaHi onsa BukopucTaHHa 3 JPWL. CTBOpeHHsA cueHapito Ans nporpam chig cnovaTtky CTBOPUTH
cueHapin, ge npouecun nobynosm Ta 3anycky hopmani3oBaHi y NOBTOPKOBAHIN Ta NOCMILOBHIN KOHMirypauii.
MoyaTkoBa kOHGirypauia npoekTy 36ipkM sK AN OAMHOYHOI, Tak i Ana Garato3agadyHoi 36ipku NOTPIGHO
maTh wabnoH XML koHgirypauii 36ipkun, agantoBaHui Ans KOHKPETHOro Bunaaky. Cnoyartky ue pobutbes
LUNSAXOM CTBOPEHHS 3aBaaHHsA abo 3 web-iHTepdency, abo 3 komaHaHoro pagka JPWL. PisHi KoHdirypauii
30ipkn HaBedeHi Hwkye. Kpok 30ipky — Ue cepue KOXHOro npoekTy 30ipkn, Ae 3anycKaeTbCs CueHapin,
CTBOPEHMI paHile. Y Hawumx Bunagkax Mu 3aBxam manu uto obonoHKy 3anycky Ta cueHapii Java ans
3anycky 3aBaaHb Slurm. lMapameTpu 36ipkM, apxiByBaHHS, 3BiTyBaHHS MpPO TeCTW, OYMLLEHHS pobo4yoi
obnacTti Towo. IHWi Kpokwn 3BipkM, Taki sik BCTAHOBMEHHS NapaMeTpiB 30ipKu, apXxiByBaHHS pesynbrarTis,
CTBOPEHHS 3BITIB NMPO TECTyBaHHA Ta O4YMLLEeHHA pobo4voi obnacTi, TakoX BU3HaYeHi y cueHapiax XML
KOHpirypauii npoekty 306ipkn. Po3wupeHHs ansa poaatkoBux npoekTiB 36ipku: [licna HanawTyBaHHSA
no4yaTkoBOro npoekTy 36ipku ana byab-sikoro Habopy goaaTkoBi 36ipky MOXYTb OyTVM [odaHi LNAXom
penaryBaHHs KoHdirypauil 3asgaHHsa XML. KoHdirypauinHuin XML moxHa 3aBaHTaxutn 3 cepsepa JPWL
yepes KOMaHOHUM pAOOK, a MOoTiM BigpedaryBaTtv Ta BUKOPUCTOBYBATUM AN CTBOPEHHSA KiNIbKOX iHLIMX
npoekTiB 306ipkn. KopucHa Bisyanisauis: nicna Toro, Ak yci npoektn 30ipky, HeobxigHi ans Habopy,
HanawToBaHi gk npoekTn JPWL, iX MOXHa 3rpynyBatm Ans 3anycky OAHo4YacHo 3 Garato3agavyHumu
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NpPoOeKTamMn BEPXHLOro pPiBHSA. baraTo3agayHi MPOEKTU TaKoX MOXHA 3rpynyBaTu pasoM, WO [O03BOSISE
OOHOMY NPOEKTY 36ipKn 3anyckaTy BeCb NakeT. 3a 4onoMorok rpadidHoro iHTepdency kopuctyBada JPWL
abo KomaHOHOro psiaka TakoX MOXHa CTBOPIOBATM Ta HanawToByBaTW NogaHHsA iHopmauinHoi naHeni,
wob BigobpaxaTn cTaTyc 3aBgaHHA Ta iCTOPMYHI pesynbtatm TecTiB 36ipku Habopis, KpiM TOro, Lo
[03BONATbL BOYAOBYBaTW BnacHi 306paxeHHs abo rpadikn. MogynbHe TeCTyBaHHSA € akTyanbHMM Ha BCiX
PiBHSIX pO3p0obKM NpOorpaMHoOro 3abesneyeHHs, i BOHO, K NpaBuno, po3pobnseTbcs pa3oM i3 BUPOOHMYMM
KoZOM, ane He BOYOOBYETbLCS B OCTATOMHWUIA NMPOrpaMHuUiA NPoaykT. BiH nepeBipsie KOHKpPEeTHUIN 06'eKT Kogy
Ha WOro npoAyKTMBHICTb. [lOCTiNHe iHTerpauiiHe TecTyBaHHS, Habip PpIi3HWX IHCTPYMEHTIB AOns
aBTOMaTMYHOro BUMKOHAHHS MOAYNBHOMO TECTYBaHHSA, SK TiNbKM pO3pObHMK AoAae A0 HbOro HOBI (PYHKLIT.
®dpenMBOpK AonomMarae po3pobHMKaM YHUKHYTU 3namaHoro nporpamHoro 3abesnedyeHHa. JPWL — ue
3acHOBaHUI Ha Java BigKpUTWIA BUXiOHWUI kop, cepsep GeanepepsHoi iHTerpauii (Cl), a6o IHCTPYMEHT
6e3nepepBHOro MOHITOPUHIY 36ipKn Ans 3aBAaHb, WO BUKOHYHOTLCS HEOQHOPA30BO, TAKOX BiAOMUI SK 3acib
TECTYBaHHA aBTOMAaTM30BaHMX TecCTiB. BiH MOCTINHO BiACTEXYE NOMWUMNKM pPO3POBKM Ha paHHi cTagil
po3pobkn nporpamHoro 3abesneyeHHs. JPWL 30cepeaKyeTbCsl Ha BOX OCHOBHUX 3aBAaHHAX: nepLle — ue
TECTyBaHHS, a apyre — 6e3anepepBHe byaiBHMLUTBO npoekTiB. JPWL — ogHa 3 Hanbinbwmx cuctem nobynosu
Cl 3 BigkpTUM KOAOM. 3aBASIKM CBOIN FHYYKOCTi, COTHSAIM MAariHiB Ta CTIMKOCTI 40 pPi3HMX TuniB cucTtem. Lle
A03BONSAE pi3Hi cepenoBuwa Ta npautoBatn 3 GaraTbma 3alikaBneHMMM cTopoHamu npouecy. [NoeaHaHa
rpyna TeCTOBMX BUNALKIB y XXypHani eeKkTMBHOCTI. ¥ BNacTUBOCTAX 30ipkuM BM3HAYEHI XapaKTepUCTUKK
NPOAYKTMBHOCTI Ta cneuianbHi Bumorn. Npu ctBopeHHi BbyaosaHoro JPWL BCi getani nNpogyKTUBHOCTI
MOBMHHI OyTW 3a3HadeHi B XypHani npoaykTusHocTi. Kpim Toro, iM'a Ta 6GibnioTeka, 3BigkM Oyaoe B3ATO
BUXiOHMI KoA. 3aBaHTaXXMB OCTaHHO JAVA Ta BCTAaHOBMB OCTaAHHE CEPEeAOBULLE BMKOHAHHSA Java (JRE) 3
web-cainTty iHcTanaTtopa Java. JPWL — ue web-nporpama Ha 6a3i Java, a Java Runtime Environment
— ue npocTtoTa Angd ii 3anycky. 3a AOonomMorow cepeepa Aogatkis Java Tomcat sigkpue JPWL y web-
6paysepi. BctaHoBneHo 3a gonomorot odilinHoro web-canty tomcat.apache.org. € nporpama 3
BiokpuTUM kogom Telnet i Secure Shell (SSH), BoHa BUKOPUCTOBYETLCS ANSt AOCTYNY A0 AAHUX 3 OAHOIO
KoMmM'loTepa Ha iHWWUIA Yepe3 Mepexy. BiH CcTBOpOE 3B'A30K Mk KOMM'loTepaMu onepauiiHoi CUcTeMM
Windows Ta iHWwWMMKM onepauiiHMMu cucTemamu, Hanpuknag Linux, 3a gomnomoroto knwo4va xocty |P-
agpecw. Lle Bumarae neBHOro nigknoyeHHst 4o iHTepHeTty. Secure Shell (SSH) npu3Ha4YeHnn Onsa 3axmcTy
BALLIOro KoMn'toTepa Big MepexeBux atak. Secure Shell noBTOpHO NigKno4ae KOXEH XOCT-KIoY Y peecTpi
cepsepiB Windows, nigkntovyeHomy paniwe. LLopa3sy nig yac nigkntoveHHs o cepepa SSH nepesipsie, LWo
BUKOPUCTOBYETLCS TOWM CaMWU KITHOM XOCTY, SKLWO He, HaAcunae CroBilLeHHS. BUKOPUCTOBYETLCA B L
poboTi ana nerkoro goctyny o cepsepa JPWL 3 poboyoro komn'totepa, ockinbkn JPWL npautoBaB Ha
oQoiliHMX NpMBaTHUX cepBepax KomnaHii. JPWL MoXXHa BCTaHOBUTM KiflbkoMa cnocobammn — 3 oilinHoro
web-canTy jenkins.io Ta 3aBaHTaxuTW iHcTanaTop. Panin BUKOPUCTOBYE MNpsiIMe MocunaHHs, abo X
BMKOpUCTOBYE Mirrors.jenkins-ci.org/windows/latest Bnachuit naketr Windows. MoxHa 3HaiiT
iHcTanstop Windows JPWL. PO3011 4 MNMPOrPAMA ABTOMATWU3OBAHOIO TECTYBAHHA 4.1
CtBOpEeHHs nporpamu B Git Agpom cepenosuLla po3pobku € Git, po3noaineHa cuctema KOHTPOMO Bepciii 3
BiAKpPUTUM kofoM. Git gyxe rHydka cuctema i Moxe OyTV HanalwToOBaHUI Y Pi3HOMaHITHUX KOHirypauisix,
wob BignosigaT gekinbkom pisHMM pobounm npouecam. KomaHgu Git moxxHa 3anyckaty 3 KOMaHOHOro
psaka, i3 BuAineHoro knieHTa rpadiuHoro iHTepdeiicy kopucTyBaua (GUI) aBo sk Habip dyHKLUiN,
BGYJOBaHNX B iHTerpoBaHe cepeaosuLle po3pobku (IDE) aBo iHCTPyMeHT po3pobku. Git BiacTexye 3MiHy,
BHeceHi y channu, i 306epirae ix pasom 3 MeTagaHMMKU SK "KOMITU" y cxoBuLli. Git 36epirae nuwe 3miHu,
3pobneHi y dpannax, a He NOBHi Konii camux annis (3a BUHATKOM [ABilKoBMX haiiniB, TakuMx sk
3o6pa>KeHH9|), Wo pobuTb BUKOpUCTaHHA Git OMCkoOBOro npocTtopy HaasBuvanHO edekTuBHUM. “linka”
cxoXxa Ha “Bepcito” cxoBuLua. linka dpakTnyHo 36epiraeTbes sik Habip KOMITIB, BiacTexxyBaHux Git, okm rinka
He Oyne "BunydeHa’, nicnsa Yoro Git 3acTocoBye KOMiTM 10 doaiiniB, OHOBIIOKYM iX 10 OCTAHHLOIO KOMITY Y
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rinui. KoHTponb Bepcii — Le Ha3Ba, WO BUKOPUCTOBYETLCA AMS MPOrpamMHOro 3abesneyeHHsl, sike Moxe
AOMOMOITM BaM 3anucaTu 3MiHM, BHECEeHi A0 hauniB, Yy Katanor Ha Bawomy komn'totepi. [porpamHe
3abe3neveHHst Ta 3acobu koHTpomio Bepcint (Taki sik Git Ta Subversion/SVN) uyacto acoujiooTbest 3
PO3pOOKOI NPOrpamMHOro 3abeaneyeHHs, i Bce YacTille BOHM BUKOPUCTOBYHOTLCA AN1A ChiBnpaui B HayKOBUX
Ta akageMidHux cepegosullax. CUCTEMU KOHTPOMO BEPCiV HaMKpalle npauioTb 3 NPOCTUMU TEKCTOBUMU
dannamu, TakuMm K JOKYMEHTM abo KOMM'IOTEPHUIN KO, ane CyydacHi CUCTEMU KOHTPOSIKO BEpPCin MOXYTb
BMKOPUCTOBYBATMUCA ANSA BIiACTEXEHHA 3MiH y dannax Oyab-sikoro Tuny. Ha camomy 6a30BoMy piBHi
nporpamHe 3abesneyeHHs OS5 KOHTPOSMIO BEpPCi Jornomarae Ham peecTpyBaTh Ta BiACTexyBaTu Habopwu
3MiH, BHECEHUX 00 dpanniB Ha HaloMy KoMmn'toTepi. Todi MM MOXeMO MipKyBaTU Npo Ui 3MiHM Ta OiNuTuUCS
HAMKU 3 iHWKMK. [lo Mipi HakonuyeHHs Habopy 3MiH i3 4acoM MW NOYMHaAEMO BauuMTu Aeski nepesaru.
[MepeBarn BUKOPUCTaAHHA KOHTPOSMIO BEPCil: * KOHTPONb BEPCi 4O3BONSE HAM BU3HAYUTU opMani3oBaHi
crnocobu cnisnpaui Ta 06bMiHy kogom. Hanpuknapg, 3nuttsa Mk coboto HabopiB 3MiH Big Pi3HUX CTOPIH
A03BONSAE CNiflbHe CTBOPEHHSI OOKYMEHTIB Ta nporpamHoro 3abesnedeHHs Ansi pO3nOAiNeHnx Komang, *
BepCii — HasBHICTb HAZiiHOMO Ta CYBOPOrO XypHany 3MiH y chaiini 6es nepeiimeHyBaHHs daiinis (v1, v2,
finol_copy); * BigkaT — KOHTPONb BEepCin O03BOMSE LWBWMOKO ckacyBaTu Habip 3MmiH. Lle moxe 6yTn
KOPUCHO, KOIM HOBi TEKCTW YM HOBi LOMOBHEHHS KOAY CTBOPIOKTbL Mpobnemu; * KOHTPONb BeEpCi MOXe
A0MNOMOITM BaM 3pO3YMITH, SK 3'ABMBCS KOL YM 3anunc, XTO Hanncas YN BHIC MEBHI YaCTUHW, | KOFO BU MOXeTe
NOMpoOCUTM SONOMOITU KpaLle 3p0o3yMiTh MOro; * pesepBHE KOMitOBaHHA — Xo4a Le He nepenbadvyaetbes K
PiLUEHHA ONs1 Pe3epBHOrO KOMitOBAHHS, BUKOPUCTAHHA CUCTEM KOHTPOSIO BEPCi O3Havae, Lo Ball KOA i
3annc MoxxHa 3bepirati Ha KinbKoX iHLWIMX koMn'toTepax. Git — ogHa 3 HaMBINbLL LUIMPOKO BUKOPUCTOBYBAHNX
CUCTEM KOHTPOM0 Bepcin y cBiTi. Lle Ge3KOWTOBHMM IHCTPYMEHT 3 BIAKPUTUM KOAOM, SKUA MOXHa
3aBaHTaXMTU Ha NOKarbHY MalluHYy Ta BUKOPUCTOBYBATWM ANS peecTpauil BCiX 3MiH, BHECEHUX OO rpynu
npu3HavYeHnx Komn'rtotepHux dannis. BiH Moxxe ByTW BUKOPUCTaHUI ANSA NOKanNbHOMo KepyBaHHSA BepcCisMu
rannis BM CaMOCTINHO Ha CBOEMY KOMM'IOTEPI, ane, MabyTb, HAMNOTY>KHILUWIA, KONM 3aCTOCOBYETLCA AN
KoopAuMHauii ogHoYacHol poboTu Hag rpynoto dannis, CrifibHO BUKOPUCTOBYBAHMX PO3MOA4iNEeHUMN rpynamu
nogen. 3amicTb Toro, Wob HagcMnaTn JOKYMEHTU 3 BiACNIAKOBYBAHUMM 3MiHAMN Ta OEAKUMN KOMEHTapsSMU
Ta nepeiiMeHoByBaTu pisHi Bepcii dainis (example.txt, exampleV2.txt, exampleV3.txt), wo6 ix
AVcepeHLiloBaTH, MU MOXeMO BUKopuUcToByBaTH Git Anst 36epexeHHs (a6o, roBopsiun Git, "3pobutn") ycix
Lo iHpopmaLito pa3om i3 camum JoKyMeHTOM. Lle fo3Bonse nerko otpymaTi ornsag ycix 3MiH, BHECEHUX A0
dranny 3 Yacowm, nepernsHyBLUM XXypHan yCiX BHECeHUX 3MiH. | BCi nonepeHi Bepcii KOXXHOro channy Bce Lwe
3anuwarTbCa B OpUriHamnbHIN (OpMi: BOHM He Nepe3anncyloTbCH, SKWO MW KonuM-Hebyab 3axovemo
3pobuTu roll-back go Hux. Cnovatky Git 6yB po3pobneHuii, Wwob AoNOMOrTM po3pobHMKaM NPOrpamMHoOro
3abesnevyeHHs CninbHO NpauBaTh Hag NporpaMHMMK NpoeKkTamu, ane BiH Moxe ByTh i BUKOPUCTOBYETLCA
ANs ynpaeniHHS pefakuiamMy Oyab-siKoro Tuny dainly B KOMMHOTEPHI CUCTEMI, BKMOYalOuM TEKCTOBI
AOKYMEHTU Ta eneKTpoHHI Tabnuui. lMicna BcTaHOBNEHHS B3aeMogisa 3 Git 3aiNcHI0ETbCA Yepe3 KOMaHOHWUI
pagok y Windows a6o TepmiHan Ha Mac/Linux. Ockinbku gokymeHTM Word MicTsTh crnewianbHe
dopmatyBaHHs, Git, Ha anb, HE MOXe KepyBaTW BEPCiIsIMM, a TakoXX He MoXxe kepyBaTtu Bepciamu PDF-
dhaninis, xo4a obuaea TMnu dannie MoxyTb 36epiratncs y cxouwax Git. [Ans Toro, wob B Git go6asnTy
CBill KOA, NOTPIOHO ckayatu camy nporpamy Git, BMOpaBLIM OCTaHHIO BEPCi0 Mporpamu Ta onepawiiHy
cuctemy. [llicns Toro, IK HAaTUCHYNMM Ha KHOMKY cKadyaTw, 3arpyska pavny Ans BCTaHOBMEHHS OoOaTkKy
NMOYHETbCA aBTOMAaTUYHO. HacTymHUM Kpokom Oyae CTBOPEHHSI CBOrO FOKamnbHOro penosuTopito B Git.
[MoTpibHO CcTBOPMTK Manky Ha KOMMN'toTepi And NpoeKkTa, 3alTu B CTBOPEHYy nanky i gobasBuTtn B nanky
nokanbHe cxosuLle Git, TakoxX MOXHa BUKopucTaTh Taki komanam: cd Diplom git init # aogae go npoekty
cxoBue Git [ins noyaTtky HeobXxigHO MponTn peecTpauito Ha Github. Cteoputu npoekt B Intellij idea i
Ha3BaTu NpoekT, Hanpuknag Diplom. 3antu Ha GitHub, cTBOpUTM HOBMIN Peno3nTOPIl, 3a4aBLUMIA CXOBULLY
iM'l Ta BNacHWKa, TakoX BUGpaT JAOCTYMHICTb npoeKTy(ny6nil-|Hv||7| yu anBaTHMVl), SIK NOKasaHo Ha puc 4.1.
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Puc. 4.1. CtBopeHHsa Hooro penoautopito B GitHub Y Intellij IDEA HatucHyTn VCS, notim Bubpatn Import
into version control. Jani Create Git repository Ta Bkadyemo nanky siky ctBoput B GitHub. MoTim
HaTUCKAaEMO Ha MPOEKT MPaBOl Knasilwelo, Aani AoJaeMo HOBMIA dhann 3 Hassowo .gitignore, B dauni
nuwemo * .iml * .idea. LWo6 npoekT 36epiraBcsa He B nokanbHOMY penosuTopii, a Ha Github B Intellij idea
HaTuckatoum VCS-Git-Remotes HaTuckaemo Ha KHomnKy gobaBuTtuy, gani 3axogmMmo Ha Github i konitoemo
HTTPS nocunanHs. MNicns BcTaBnsemo ii y BikHi Git Remotes, 3agaeMo HasBy rinui i HaTUCKaeMo 36eperTu.
Oani HaTuckaemo Ha kHomky Commit, 3anucyemo B none Commut Message noBidOMMNEHHs AAHOro
KOMiTa i HaTuckaemo kHonky Commit and Push gna ctBopeHHs1 KomiTa i BignpaBku OaHWX Ha cepBep
Github. 3axoanmo Ha Github i guBMMocsa un 3'9BMBCA Haw npoekT. [licna Toro Ak nepekoHanucs, Lo
NPOEKT 3aBaHTaXXMBCS Ha cepBep, CTBOPHOEMO HoBMIA hain B Github, 3anucyemo Tyam aaHi i 36epiraemo. B
Intellij idea Hatuckaemo Ha pull, nicna uboro dann skun OyB cTBOpeHWn Ha Github nosuHeH
Bigobpa3nTbes B npoekTi B nporpami Intellij idea. Mpu poboTi 3 Git camuii BUKOPUCTOBYBaHWUI MEPEXEBUI
npotokon Ans nepegadi gaHux - ue SSH. MpuumH ans uboro 6arato: 1. 3 SSH nerko npautoBaty i
HanawTyBaTh; 2. [lae MOXNMBICTb i Ha 3anuc i Ha YnTaHHg; 3. He noTpibHO NOCTIMHO npwu 3anuTax Ao
LIeHTpanbHOro cepBepy BBOAWUTU NOriH i Nnaponb; 4. BeaneyHe 3'eaHaHHs No 22 nopTy 3anobirae MOXNMBICTb
BKIMIOYEHHSI B CECIlO | nepexonneHHs gaHux; 5. [laHi nepegatotbca B 3alimdpoBaHoMy BUrmagi; 6. Pobutb
caiinu Ginblw komnaktHumu (cTuckae) nepen nepegadeto. MepLlunm KPOKOM, MOTPIGHO 3reHepyBaTV napy
kntoviB. Lie MoxHa 3pobuTtn komangoto: ssh-keygen -t rsa -b 4096 -C "example@gmail.com®, ge
example@gmail.com — enekTpoHHa noLluTa KopucTyBaya, 060B'I3kOBO MOTPIGHO 3afaTv Ty NOLTY, iKYy
Oyno BkasaHo npu peecTpadii Ha GitHub. Bubpatu wnax 30epexeHHsa kntoya abo XX NpOCTO HATUCHYTM
Enter, akwo xo4ete, Wo6 ko4 30epirca B Micui BKazaHOMY 3a 3aMOBYYBaHHSIM, BUKOHABLUM KOMaHAy:
generating public/private rsa key pair lMicna BukoHaHHs aaHoT koMaHaw, Gyae 3anpoNoOHOBaHO BBECTY
naponb. HacTynHMM Kpokom mnoTpibHO goaaTtu 3reHepoBaHi Krtodi B SSH-areHT. Ans uboro noTpibHO
cnouatky sanyctutu SSH-areHT komawgot: eval "$(ssh-agent -s)" MMicna BBegeHHs komaHau, B
TepMiHani Ha BuBogi 6yae nokasaHwui id 3anyuieHoro npouecy. [lani, Sk 3anycTMBcs areHT, NoTpibHO aogatu
B HbOrO 3reHepoBaHi Kroudi komaHgot: ssh-add ~/.ssh/id_rsc1 Kntoui goganucs, HacTynmHMM KPOKOM
noTpibHO X ckonitoBaT i AogaTu B BigganeHun penos3ntopii BBECTU KOMaHAy B TepMiHani i ckonioBaTtu
kntoy B Bydpep obMmiHy: clip < ~/.ssh/id_rso.pub. 4.2. MigkntoyeHHs cepsepis ana JPWL BctaHoBneHHs Ha
NoKanbHi MawuHi po3pobkn — Ue NepLnin KPOK ANA CTBOPEHHS Ta HanawTyBaHHA aBTOTeCTIB, ane
BCT@HOBSEHHSI HA HanexHun cepsep 30ipkyM 3acnyroBye TPoxu GinblUOi NPOAYMAHOCTI Ta NiiaHyBaHHS.
Meple, Wwo noTpibHo 3pobuTK, Le nigknounTn cepsep 36ipku. LLlo6 npautoBaB HaneXHUM YUHOM MOTPIOHI
npouecop Ta nam’sitb. Cam € BiAHOCHO CkpoMHUM Web-gogaTtkom Java. OgHak y 6inbLliocTi KoHirypauin
npuHanMHi geski 36ipkn OyayTb BMKOHYBATMCA Ha OCHOBHOMY cepBepi 30ipku. 36ipkM, 9K npaBuno, €
onepauisgsMy Sk 3 Nam'aTTIO, TakK i 3 NPOLIECOPOM, i S MOXHa HanalTyBaTU Ha napanenbHe BUKOHaHHS
Aekinbkox 36ipok. 3anexHo Big4 KINbKOCTI 3aBoaHb 30ipKM, SIKUMW KEpye BIACHUK Kopdy, TaKoX
noTpebyBaTume BRnacHOi NamM'saTi AN BMACHOMO BHYTPILLUHBOrO BUKOpUCTaHHSA. OBcar noTpibHoi nam’aTti B
3HayHin Mipi Byge 3anexatu Big xapaktepy 36ipok. OgHak, SKLWO KOpUCTyBay BUMKOPUCTOBYE BipTyarnbHY
MaLUWHY, MEepeKoHaMTecs, WO BOHA Mae [[OCTaTHbO NaM'aTi And NIATPUMKA MakKCUManbHOI KiflbKOCTI
napanenbHux 36ipok. BukopucTtaHHa nam'aTti cepeepa Cl kpawe Bcboro 6Gyde, SKWO CTBOptOBaTUME
aogatkoBuMi Jvms. [HWKMM nigxogoM € CTBOPEHHSA [eKilbkoX MawuH ana nobygosu. [JocuTb nerko
HanawToBye "pabiB” Ha iHWMX MalMHaX, SKi MOXYTb OYTU BMKOPWUCTaHi AN 3anycky AoAaTKoBUX 3GipokK.
36ipkn 3anuwaTbCs HEaKTUBHUMK OO0 TUX Nip, NOKM He Byae nogaHo 3anuT Ha HOBe 3aBhaHHs 30ipku —
TOOi OCHOBHa YCTaHOBKa Bignpasnsie 3aBAaHHs 30ipkv 0O Nignernoro Ta nosigoOMMSAe Mpo pesynbraTtu.
TakoX KOPUCHOK CTpaTerieto, AKWO NeBHi BaxkKi 30ipku, K NpaBuno, «nepenmaroTb» OCHOBHUN cepBep —
MPOCTO PO3MICTIThb iX HAa BNACHOMY BWUAINEHOMY areHTi 36ipkn. AKLLIO BUKOHYBATK YCTaHOBKY B CEpeaoBMLLi
Windows, gyxe BaxnuBo, Wwob cama nporpama npaudioBana sk cnyxba Windows. Takum unHoM, Byae
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aBTOMaTUYHO 3anyckaTuCA LWopasy, KOnuM CcepBep nepe3aBaHTaXYEeTbCHd, | MOXe ynpaBnaTucs 3a
[AOMOMOrO0 CTaHOaPTHUX IHCTPYMeHTIB agmiHicTpyBaHHs Windows. OgHuM 3 nepesar 3anycky Ha cepBepi
AoaatkiB € Te, WO, K NpaBuIio, AOCUTb MPOCTO HamnawTyBaTu Li cepBepu Ha pobOTy B AKOCTI Cnyx6wu
Windows. JPWL mae gyxe 3pyyHy dyHKLUit0, po3pobneHy Ans Toro, Wob CnpoCTUTU YCTaHOBKY SIK CEPBEpP
Windows. B ganun yac Hemae nporpamu ycTaHoOBKM 3 rpacdiuHmMm iHTepdericom, sika pobuna 6 ue 3a
KopucTyBaya, arne OTpUMYEMO Kpalle — nporpamy YCTaHOBKM 3 rpadpiyHuUM iHTepdencom Ha 6asi Beb-
iHTepcpency. MNo-neplwe, NOTPIBHO 3anyCcTUTU cepBep Ha JOoKamnbHIM MaliuHi. HannpocTiwun nigxig —
3anyctuTtun 3a gonomorot Java Web Start. B skocTi anstepHaTvBK, MOXHa 3p00UTUY Le, 3aBaHTaXMBLUW i
3anycTUBLLM 10T0 3 KOMaHAHOro psiaka. Lisi apyra onuis KopycHa, SIKLWO nopT 3a 3amouyBaHHsM (8080)
BXXE BWKOPWUCTOBYETbCA iHWKUM JogaTKoM. Hacnpasgi He Mae 3HadYeHHs, SKMi NOPT BUKOPUCTOBYBATU —
MOXHa 3MIHUTW Ue nisHiwe. AK TiNbKM y 3anycTUTbCH, MiAKMNOYITLCA A0 NOoTpiGHOro cepsepa, NOTPIGHO
nepenaite Ha ekpaH Manage Jenkins. TyT 3HaiiT kHonky ‘BctaHoButu sik cepsic Windows". BoHa
CTBOpPUTb Ha cepBepi cnyx0y, ska Oyge aBTOMaTU4YHO 3anyckatu i 3ynuHaTM Jenkins BnopsiakoBaHUM
ynHom. JPWL 3anpocutb kartanor yctaHoBku. Lle 6yae gomawHin karanor JPWL (JENKINS _HOME).
CTaHOoapTHUA napaMeTp 3HaveHHsi 3a 3amoByyBaHHsM JPWL _HOME: katanor 3 imam .jenkins B
AOMaLUHbOMY KaTanosi MOTOYHOro KOpucTyBaya, gk nokasaHo Ha puc 4.2 Puc. 4.2. BctaHoBneHHa JPWL
ans Windows Server Y 6aratbox Bepcisx Windows fgoexuHa Wwnsxy oo darnna obmexeHa npubnmsHo
260 cumBonamu. AkWo KomGiHyBaTy BknageHun poboumn katanor JPWL i rmmbokun wnsx knacy, 4acto
MOXHa MepeKkpuUTu Le, WO npusBede A0 OyXe HEe3po3yMisiuM cKraganbHUM noMunok. [Ans miHimisauit
PU3NKIB MEepenoBHEHHS Wnaxy Ao dannie Windows oOMeXeHHsi, NoTpibHO nepeBM3HaAYUTU 3MiHHY
oToveHHs JPWL, wob BkasaTtu Ha BinbLu KopoTkmi winsx. Lis 6a3oBa yctaHoBka 6yae BigMiHHO npavtoBaTi B
NPOCTOMY KOHTEKCTI, ane 4acto Bam byae noTpibHO TOHKa HacTpoyvka Baworo cepsicy. Hanpuknag, 3a
3amoB4YyBaHHAM cnyxba JPWL 6yge npautoBat nig NokanbHOI cCMCTEMHOI obnikoBuM 3anmcoM. OaHak,
AKWO BW BuKopuctoByeTe Maven, JPWL notpibHo katanor .m2 i dpann settings.xml B gomaluHbomy
KaTanosi. AHanoriyHo, AKWo BN BUKOpUCTOBYeTe Groovy, BaMm MOXe 3Hagobutuca katanor .groovy/ lib.
o6 ue 6yno moxnueo, i Wob cnpocTUTN TeCTyBaHHA ycTaHoBkM JPWL, nepekoHamTecs, Wo 3anyLweHo Ls
HacTporka sKka npu3HadeHa Ans KopucTyBadya B OOMIKOBOMY 3anuci 3 KOPEKTHO HanawToBaHUM
cepenosuLLeM po3pobku. B AkoCTi ansTepHaTuBW, 3anycTiTb 4OAATOK Bif iMEHI CUCTEMHOINO KOPUCTYBa4a,
ane BUKOPUCTOBYMTE cUcTemy. IHpopMmauinHa CTOpiHKa B JPWL, wob nepesipuTn
[/Users/johnsmart/Projects/Books/jenkins-thedefinitive-guide katanor, i nomictutn 6Gyab-siki
dannu, aki noBuHHi 6yTn. Puc. 4.3. HanawrtyBaHHa JPWL gns Windows Server 36epexeHHs iHLIMX
HanawTyBaHb Aetanen cnyxbu JPWL 6yae B danni nig Ha3soto jenkins.xml, B Tomy x kaTanosi, Wwo i dawn
jenkins.war. TyT MoxHa HanawTyBaTm (abo nepenanawuTyBatn) noptu, onuii JVM, poBouy AvpeKTopio
JPWL. B npaHomy npuknagi go6asnsiemo ana JPWL Tpoxu Ginblue nam'aTi i 3MiHoeMo oro nopT Ha 8080,
SIK Noka3aHo Ha puc 4.4. Puc. 4.4. 3miHa nopta JPWL 4.3. CTBOpeHHsA NpoekTy Ta aBTtoTecTiB B JPWL [Npu
CTBOPEHHI KOXXHOro web-paoaartky abo nporpamHoro 3abe3neyeHHst Ay>xe BaXKIIMBO YNEBHUTUCS B TOMY, LLIO
dYHKUIOHamNbHICTb pO3pobneHoro nporpaMHoro 3abeaneyeHHs BignNoBigae BMMOram 3auikaBfeHUX CTOPIH.
TecTyBaHHA nporpamMHoro 3abesnevyeHHs — LUe Npouec, SKUAN BUKOPUCTOBYETLCA ANs NiABULLEHHS
HaginHoCcTi Ta ABTOMaTu3oBaHe TeCTyBaHHS BUKOPUCTOBYE MPOrpamHi iHCTPYMEHTH, OKpemo Big
TECTOBaHOro nporpamMHoro 3abesneyeHHs, Ans KOHTPOSO 3@ BUKOHAHHAM TECTIB i NOPIBHAHHA PaKTUYHUX
pesynbraTiB 3 NporHo3oBaHumW. lMpouec aBToMaTu3auii TeCTyBaHHA MOXe aBTOMaTtu3dyBaTu HeoOXigHi
3aBOaHHa B (hopmanisoBaHOMY MpPOLIECI TECTyBaHHS, abo BUKOHATW OOOATKOBE TECTyBaHHS, sike Gyrno 6
BaXXKO BWKOHaTU Bpy4Hy. ABTOMaTtu3auis BunpoOyBaHb Mae BupillanbHe 3HadYeHHs Ang 6esnepepBHOro
noctavyaHHs i 6e3nepepBHOro TecTyBaHHS. ICHye 6e3nid NpuynMH ON9 BUMKOPUCTAHHS aBTOMaTU30BaHOro
TecTyBaHHA. OCKiNbK/ TECTOBI BUNAZKW MOBTOPHOIOTLCA i KOMMHOTEP MOXE BMKOHYBaTU X 3 BUCOKOH
LWBNAOKICTIO, e CKOPOYYE 4Yac i BapTiCTb TeCcTyBaHHA. [1py nNpaBUNbHOMY BUKOPUCTaHHI aBTOMaTM30BaHe
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TECTYBaHHS MOXe MOMIMNWMUTK SKICTb NPOrpamMmHOro 3abesneyeHHs], TOMy Lo KOMMoTep Moxe OyTu GinbLu
TOYHMM B peecTtpauii gedekTiB, Hibx Oyab—-sikui noacbkui Tectep. o iHWMX MO3UTUBHUX acnekTiB
BMKOPWCTaHHSI aBTOMATM30BAHOIO TECTYBAHHS BiOHOCATbCA 30iMblUEHHSA OXOMSIEHHA TECTYBaHHS, 3aMiHa
TPYAOMICTKMX 3aBOAaHb | pPEerpecuBHUn efekTPoOHHe TeCTyBaHHﬂ[IQ]. B poboti nokasaHui npuknag
aBTOMatu3auii web-gopgaTtky GitHub HanmcanHui Ha MmoBi Java. Onsa Toro, wob cno4vaTky CTBOPUTH
peno3uTopito B GitHUb noTpibHo 3apeecTpyBatucb abo yBiiTM B cuctemy. TobTO nepLinm KpOKOMm
CTOBpPEHHSA aBToTecTiB Oyae HanucaHHa kody Ansa Bxody abo peectpauii B web-gopatky. CTBOpuTH
BiAKPUTUI Knac 3 Haseolo LoginPage, B skomy OydyTb nepeaaBaTUCh CENeKTopW, siki 3HaXoAsTbCs Ha
FOMOBHIN CTOPOHL KONMW KOopucTyBay Xxodve yBinTM B cuctemy GitHub. package pages; import
org.openga.selenium.By; public class LoginPage { public By loginField = By.cssSelector("
[id='|ogin']"); 36epertn cann B nanky ae byayTtb 30epiratmcb BCi iHWI dhann, Ski Ni3Hiwe nepeHecemo B
Jenkins ans ctBopeHHa asToTecTiB. Haseatm paHunm dann LogininGitjava. HacTynHuk Kpokom
CTBOpPEHHsIM aBTOMaTm3auii web-gopatky Oyae, nepexig Ha ronoBHy cTopiHky B GitHub. Ona uboro
CTBOpeHO NybniyHui knac 3 HasBo MainPage B AkoMy AofaHi CenekTopy, Lo OMUCYITb efleMeHTU Ha
ronoBHiit CTOPOHLi Haworo web-aoaatky. public class MainPage { public By SignedinAsButton =
By.cssSelector("[class='css-truncate-target’]"); public By OverviewButton = By.cssSelector("
[class="UnderlineNav-item mr-0 mr- md-1 mr-Ig-3 selected '|"); public By RepositoriesButton =

By.xpath("//a[contains(text(), Repositories’)]"); public By ProjectsButton =
By.xpath("//a[contains(text(), Projects’)]"); public By StarsButton =
By.xpath("//a[contains(text(), Stars’)]"); public By FollowersButton =
By.xpath("//a[contains(text(), Followers')]"); public By FollowingButton =
By.xpath("//a[contains(text(), Following’)]"); public By EditProfileButton =
By.xpath("//div[@class='d-none d-md- block’]//div[@class="hide-sm hide-md']"); public By
ShowMoreActivityButton = By.xpath("//button[contains(text(),Show more activity)]"); }

36epertu dranin 3 Hasso MainPageGit.java. MNicns HanucaHHSA kody Ans aBOMaTU30BAHOIO TECTYBaHHS
FONIOBHOI CTOPIHKW, MOXHa HanMcaTh KOA4 NO CTBOPEHHIO HOBOro npoekTy B GitHub. CtBopuTn nybniyHun
knac 3 Ha3Boo NewGist, B skoMy AofaHi cenekTopu KHOMOK, CTBOPUTU HOBUIA NPOEKT, AobaBuTu cann, Ta
nepexin Ha Kkpok Hasag abo Bneped. public class NewProject { public By newProjectButton =
By.cssSelector("[data-ga-click="Header, create new project]"); public By projectBoardName =
By.cssSelector("[id="project_name']"); 36epertu dhaiin 3 Hassoo NewProject.java. Takox, Hanmiemo
KOoZ AnA CTBOPEHHS HOBOro penosmTopito. CTBOPUTU Ny6nivHMIA knac 3 Ha3soto NewRepository, B askomy
CenekTopu OMUCYKTb KHOMKY CTOBPUTM HOBY PEn3UTOpIlD, BrACHUK penosuTopil, Bubopy petanen Ans
HOBOFO pernoauTopis i iHWi enemeHTM Ha cTopiHui. public class NewRepository { public By
newrepositoryButton = By.cssSelector("[data-ga-click="Header, create new repository']");
public By ownerButton =  By.cssSelector("[id="repository-owner]");  public By
addGitignoreButton = By.cssSelector("[class='details-reset details- overlay select-menu’]’);
public By addlicenseButton = By.cssSelector("[class='details-reset details- overlay d-inline-
block position-relative’]"); public By importRepositorylink = By.cssSelector("[data-ga-
click='Create Repository, import repository, location:repo new']"); } 36epertu caiin 3 Hassoto
NewRepository.java. [licna Toro, Sk HanucaHi nporpamy Ans asTomaTu3auii web-canty notpibHo
HanawTyBatn JPWL Ta nnariHm ans BigobpaxeHHs aBTOTECTIB, NO3NTUBHUX Ta HeraTtMBHUX Kencis. narix
Git poctynHui B Jenkins Plugin Manager. Mnarit nepenbayae, wo Git BXe BCTAHOBNEHO Ha BalOMYy
nokanbHOMy cepBepi, TOMy HeobOXigHO nepekoHaTucs, Wo ue Tak. MoxeTe 3pobutn Ue, 3anycTMBLUN TaKy
koMaHdy Ha nokanbHoMmy cepsepi : $ git —version Jani nosepHitbcst Ao JPWL, BCTaHOBITb BiANoOBiAHNUNA
npanopeub Ha cTopiHui Jenkins Plugin Manager i HatucHiTb kHonky Install. Micns BctaHoBNEHHS nnariHy
Git Ha cTopiHui Manage Jenkins # Configure System, sk npeacrasneHo Ha puc 4.5, 6yae AOCTYMHWUN

Page 24 of 32



HeBenuKin HOBUI Habip KoHirypauinHmx onuin. Puc. 4.5. 3aranbHocuctemHa KoHdirypauis nnariHa Git Y
Byab-skomy icHytodoMy abo HoBomy npoekTi JPWL Byae BigobpaxeHa HoBa onuist ynpasniHHA BUXIOQHUM
kogom anst Git. 3Bigcn MoxHa HanawTyBaTu oavH abo Aekinbka agpec cxoBuwia. OgHOro cxosuia
3a3BMYan gocuTb Ans GinbWOCTi NPOEKTIB: [o4aBaHHA APYroro cxoBuwlia Moxe OyTu KOpUCHO B Ginblu
CKnagHux Bunagkax, i JO3BOMSE BKasaTW OKpeMi iMeHoBaHi micus Ana onepauin pull and push[23].
CneumdikaTop rinku — ue wabnoH nigctaHoBkn abo cneuundiyHe iM'a rinky, ke NoBUMHHO GyTM NobynoBaHo
Jenkins. Akwo 3anuwmnTi NOpoXHiM, yci rinkum 6yayTte nobygosaHi. MNicns nepworo 36epexeHHs poboTn 3
MOPOXHIMU TifKamu AN HAaCTPOWKM 36ipKM, BOHA 3aNOBHIOETLCA CUMBOSIOM *, O 03Ha4yae "'nobyayBaTtu BCi
rinkn”. Ha puc 4.6. nokasaHa ctopiHka Ans cToBpeHHsl npoekTy. Puc. 4.6. CtopiHka JPWL Onsi CTBOpEHHS
HOBMX NpoekTiB MNnariH Git Takox [03BONSAE iIrHOpyBaTV NMEBHUX KOPUCTYBAYiB, HAaBITb SIKLLO BOHU BHOCATb
3MiHM B kopoBy 6asy, ski 3as3Buudan 3anyckatoTb 36ipky. BuknioueHi kopucTyBadi — ue, K npasuso,
aBTOMaTU30BaHi KOPUCTYBadi, @ He PO3POOHMKK, K BMMNALKOBO MatOTb Pi3Hi 0OMiKOBI 3anvcu 3 npaBamu
doikcauil B cucTtemi ynpasriHHA BUXiOHUM KogoMm. Lli aBToMaTn3oBaHi KOpUCTyBayi YacTO BHOCATb HEBEUKI
YMCNOBI 3MiHW, Taki Ak 36iNbLIEHHs HOMepIB BepcCiv B channi pom.xml, 3amicTb Toro, Wo6 BHOCUTU peanbHi
NOriYHi 3MiHK. AKWO NOTPIGHO BUKIKYUTM OEKINBbKOX KOPUCTYBadiB, NPOCTO MOMICTITU Ha OKPEMI PSAKW.
Mpoctnii npouec HanawTyBaHHA Jenkins Bknoyae B cebe kinbka nnariHiB i 06nikoBUx AaHux Ons
ynpaBniHHA BUXiOHUM KOOOM, a TakoX cepepoBulle 360pkn. 3aBasku gogatky React, nnarii NodeJS
He3aMiHHUI B SIKOCTi 34aTHMX BMKOHYBaTW NPM- KomaHau B obonoHui BukoHaHHa JPWL. nariH MoxHa
nerko 3Hantu Ha Available 3aknagka Ha gianosi Plugin Manager i nepesaBaHTaXXeHHs Nicis yCTaHOBKM
He noTpibHo. lMicna uboro, NodedS posgin B Global Tool Configuration 6yae gocTynHuin Ans AoAaBaHHS
iHcTanaTopa NodeJS, Tak wo Toai nioan 3MoxyTb BUOpaTy BiANOBIAHY Bepcito Ha hodejs.org Ana HagaHHs
nankn Node i npm B PATH 36ipku JPWL. IHWW nnariH TakoX NnoBuHeH ByTW BCTAHOBMEHWN — Lie nnariH
SSH Agent, akun p[ossonse kKopuctyBadam 3abesnedvysatn SSH o6nikosi AaHi Ana cknagaHHs 3a
AOonoMoro CBoei dyHKUii. Lo niogam noTpibHO 3pobuTi, Tak Le NpocTo 3aBaHTaXuTu noro 3 Plugin
Manager i notim 3'aBuTbCA onuis SSH Agent B po3saini Build Environment 3aBaaHHst 36ipku. Cepsep
JPWL nosuHeH 6yTu Bxe iHTerpoBaHui 3 Git, i Bubip BapiaHTy Git B Source Code Management pgae
Ge3niy nepeBar rHy4ykocTi ynpasriHHsA pobodnm npocTopoMm. Kpim Toro, Ans uboro notpibHo rnobanbHa
00niKoBWIA 3annc, WO MICTUTbL iM'l KOpUCTyBaya Ta naporib OobMikoBOro 3anucy, sika A0CTyrnHa B NeBHOMY
penosuTopil. Ona nigkniovyeHHa o S3-60kciB aBTOpP BMKOPUCTOBYBAB OMUii CEKPETHOMO TEKCTY B
cepenoBuLLi 36ipKn, sika CKnagaeTbest i3 3MiHHOI IMEHI KopucTyBaYa i 3MiHHOT napons 3 0bnikoBUM 3annucom
AWS 3 kopeHem abo obnikoBum 3anmcom IAM 3 goctatHiM pyHKUioOHanom ansa 3abesneyeHHs cknagarnbHol
3aBdaHHsA. Y TOI Yac 8K y BUNagky 3 NigknoyYeHHam npumMipHuka EC2, npue'aiska oo AOro Krk4oBoro dpanny
€ ICTOTHUM enemeHTOM [Ans HagaHHA SSH-obnikoBux AaHux nnarivom SSH Agent. [MpasBunbHuMmu
BMMOraMm [0 obrnikoBuUxX AaHuX, SKi NOBMHHI ByTy NoB'A3aHi 3 iM'AM KopucTyBada, € aaHi EC2-kopucTysaya i
AaHi NpMBaTHOrO Knto4a, ki MOXyTb OyTy BBeaeHi 6e3nocepegHbo TekcToM. MpaBunbHa iHopMauis npo
Knro4YoBe hanni NOBMHHA NMOYMHATUCA 3 '————- BEGIN RSA PRIVATE KEY ----- " i 3akiH4yBaTUCA HA "—-—--
END RSA PRIVATE KEY ---- -". Mpuknag npeactasneHuii Ha puc 4.7. Puc. 4.7. JonaBaHHSa 06MnikoBux
AaHux Ha cepsepi JPWL 3aBgaHHA K Ons peakTMBHWMX gopatkiB, Tak i ans .NET gogaTkiB AOCUTb CXOXi
OOVH Ha OAHOro i nepecrnigyTb OOHY | Ty X METY. Le 3aBaHTaXeHHs dpannis B XmapHy cepegy. [licns
3aBepLUEHHA HanawTyBaHHA ANS YNpasriHHA BUMXIAHMM KOoOoM i nobyayBaTu cepepoBuule, 3anunmiocs
3pobuTK TiNbkn ogHe — Hagatu cueHapii JPWL ana BUMKOHAHHA. HA BUKOHAHHA OBOMOHKN. Di3NYHO iCHYE
KiNbKa BapiaHTiB BMKOHAHHS CKPUNTIB, SKi 3anexaTb Big BMMOI KOPUCTYBaua, i MOXHa 3pobutn Ginblue
OOHOMO KPOKY BMKOHAHHS, TaKMM YMHOM, KOPUCTYBadi MOXYTb NobyayBaTv 3aMOBHE BUKOHAHHSI CUCTEMU
cKpunNTiB B 1X po3nopsimxeHHi. Ckpuntu Ana 3aBAaHHA Redct npocTi, BKkMA4YawTb B cebe ycTaHOBKY
noTpibHMX NPM nakeTiB BignoBigHO A0 dannom package.json, noTiM CTBOPITb Nanky NpoaykTy Ans
3aBaHTaeHHA B S3 ckpuHbkM. Ha 3 iHworo 6oky, ckpuntn ana .NET 3aBOoaHHA TPOXwu CknagHiwe ans
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ynpaBniHHA BepcCiamMu | BegeHHsA pe3epBHi pannu. Kpim Toro, 3pobuty TpaHCnopTHUIA dann 40 NpUMipHUKa
EC2 6inbw npoctnm. OanH 3 BaXknNuBMX acnekTie ue nobyaosoto icTopii. KokHe 3aBAaHHA Ha cKknagaHHs
CNOXXMBa€E A00aTKOBUIA AVCKOBMI NPOCTIP | Nam'aTb, L0 MoXe 6yTy BUNpaBaaHo, a MOXeE i Hi, B 3aneXHOCTi
BiO Xapaktepy po3pobneHoi poboTtn. Hanpuknag, 4ns MeTpuKM sSiKOCTi kogy, Wo ByayeTbest 3a NPpUHLMNOM
CTaTUYHMI aHani3 i METPUKN NOKPUTTS Kody 3 NAMHOM Yacy, MOXIIMBO, 3aX04eTbCsi BeCTU 3anuc 36ipok ans
TpyBanicTb MPOEKTY, Sike aBTOMATM4YHO PO3ropTae LOAATOK AN MepeBipku cepBep, 3bepexeHHs icTopil
30ipKM i apTedakTiB 4Nna iHWNX KOpUCTYBaYiB Moxe B6yTn MeHLw Baxxnusum. Npuknag BigobpakeHHs gaHoro
BikHa npeacTtasneHun Ha puc 4.8. Ha puc 4.8 npeacraBneHnn rpadivyHum iHTepenc Kkopmuctysada (cun)
cepepoBua JPWL nicns BukoHaHHA 36ipku. 3aBepLueHo Kinbka 36ipok. KoxxHa poboTta JPWL Mae CTinbku
30ipoK, CKinbkn Mu pobumo ans TecTiB. [icnsa KOXXHOT MoandikaLil CTBOPIOETLCA HOBa 30ipKa i BUKOHYETbCS
aBTOMAaTUYHO, SIK TifTbKM BUXiAHWI KoL, OHOBMOETLCS. Ha puc 4.8 BigobpakeHi CUHi Kyni Ta OCTaHHSI YEPBOHI.
Takox BigobpakeHi NorogHi 3HakM AOLL, rpiM, XMapHICTb Ta coHue. Bcei Ui norogHi 3Hakm onucytoTb poboTty
pobounx micub. Puc. 4.8. Cnucok 36ipok y 6aratoranysesux mepexax JPWL CuHin konip o3Hayae ycniHum
6ing 36ipkn a rpiMm, HeBgane nobygoBa BcepeauHi pobotu. Pobota Bce LWe ycniwHa, ane B Hii 6arato
HeBOanux 36ipok, Le 03Hayae, WO TeCT NPOXOAMUTb, ane € Aesiki No6oBaHHS, WO Te, WO rPOMOBUIA 3HaK
AeMoHcTpye. CMMBOM NOroAmM 3MIHIETLCA 3 COHAYHOIO Ha XMapHWUA i B KiHLi rpomy. COHSMHUIA — yCniLLHWIA
cleHapii. XmapHO 03Hayae, Wwo B poGOoTi Mano HeBOoanuMx BUKOHaHMX TecTiB. [piM 3'9BNsSeTbCA Wopasy,
konwu 36ipka mae HeBgany nobyaosy BcepeauHi Tecty. Ha puc 4.9 nokasaHuin cnucok 36ipok Ha CTBOPEHOMY
avnnomHomy npoekTi. MNepwa 36ipka, aka nokasaHa Ha puc 4.9, ue HOBUIM 3anyweHun 6ing, skun we
BUKOHYeTbCA. [pyra 36ipka — ue BXe BMKOHaHWW 6ing, y sikoro € nomunku. Puc. 4.9. Cnmncok 36ipok y
baratoranysesux mepexax JPWL padik, skmuin npeactasneHo Ha puc 4.10, nokasye, ckinbku 30ipok Byro
3pobneHo 4ns uboro NpoaykTy. 3 NiBoro 60Ky BMKOHYHOTLCA 36ipKu i KinNbKiCTb 36ipok B 3aBaaHHi. Konbopwu
O3Ha4alTb pe3ynbraT BUKOHAHHA 30ipky, sKwo 30ipka byna BMKOHaHa YepBOHMM KOMbOPOM, Lie O3Havae
HeBAanum, CuHin — ycniwHun 3anyck. Puc. 4.10. Mpadik aHanidy pesynbraty 36ipku B JPWL KoxeH 6ing
TaKOX O3Ha4ae€, CKifbKM pasiB 3MIHEHMI KO i HACKiNbkM ycnilwHWA. Ha rpadiky nponwno Kinibka 30ipok, i
[eski 3 HUX Bynu 3 nomunkamu. [pyHTYlUMCh Ha pe3ynbTaTax NPOXOMKEeHHs abo Hebaadi 36ipku, sk
npeacrtasneri Ha puc 4.10, moxxeMo npoaHani3yBaTtu AKiCTb NporpamHoro 3abesneveHHs. JPWL Bigctexus
3MiHM i novaB ByaysaTtn HoBuMKM 6ing Ha ocHoBi 3MiH B SVN. BiH BUKOPMCTOBYE TOW XXe CaMUi CKPUNT, SIKUIA
3anyckae BcCi 30ipku. MeHLwe ogHoro 3aBAaHHs MoXxe ByTU CTiNbKKM X 36ipOK, CKiNbKM 3MiH Yy BUXIAHOMY KoZj,
AKi 6ynun 3adpikcoBaHi B koHTponi Bepcin. IMig yac nobyaosm HoBoro Ginga, MoXHa cnocTepiraTty, Wo B AaHWI
Yyac BUKOHYe nnariH. Bca iHpopmauis BuBoanTbes y BikHi KoHcornb. B LbOMY BikHI MOXHa NOOMBUTUCH, SIKi
TectTn Oynu ycnilwHO BMKOHaHI a ki Bnanu B nomurky. licna 3akiH4eHHs BMKOHaHHA 6inga, MOXHa
BIOKPUTUI KOXEH TeCT i nmpoaHanisyBa, Wwo 6yno BMKOHAHO yCnilWHO a B YoMy OByna nomwunka. Puc. 4.11.
padpik aHanisy pesyneraty 36ipkn B JPWL BUCHOBKW Lis po6ota noyanaca 3 BUBYEHHS i PO3YMiHHS
HeobXigHOro i NoTpibHOro nporpamMHoro 3abesneyeHHs ONA YCMILWHOrO BMKOHAHHSA poboTu. 3aBasikm uin
poboTi Byno BaXnMBO HaBYUTUCA MUCaTWM aBTOMAaTU30BaHi TeCTM Ha MOBI JAva i Hanucaty nepLinin
MOOYNMbHUA TecT, Wwob MaTu MOXNUBICTb 3anyckatu TeCcTu Ha HoBomy cepBepi JPWL Ha KOpekTHOI
NPOAYKTUBHOCTI. Takox Oyno npoaHanisoBaHi TEOPETMYHI 3HAHHA Ons HanuMcaHHsA Koady. beanepepsHa
iHTerpauia 3 JPWL B pesynbraTti yoro Kypc BigMIHHO NigXOAWTb MOKasaB, L0 Le MOKpalluiio TecToBe
NMOKPUTTS | CTPMMYBaB KiSlbKiCTb HeBAanux 6ingis nig Yac BCbOro LUk po3sBuTKy. besnepepsHa iHTerpadia —
Lue MeToa po3pobku, NMpy SKOMY PO3POGHUKM YacTO BKMKOYAlOTb KO B MOBHICTIO iHTENPOBAHY CUCTEMY.
ABTOMaTM3oBaHa nobyaoBa i aBTOMaTM30BaHi TECTM MOXYTb MOTIM NepeBipuTn Byab-sKy iHTerpauito.
ABTOMaTUYHE TECTYBAHHS, SIK NPaBuo, He € cyBopoi YacTuHow Cl. OgHUM 3 OCHOBHMX NepeBar LWOAEHHO!
iHTerpauii € Te, WO BM MOXETE NIerko BUSABUTMU i LLUBUAKO BUSIBUTU NOMUIKN. Tak SIK KOXXHE BHECEHE 3MiHa, SK
npaBuIo, HEBEMWKA, BU MOXETE LUBUOKO BU3HAYUTM KOHKPETHE 3MiHA, B pe3ynbraTi akoro 6yno BusiBNEHO
Aedekt. OctaHHiM Yacom Cl cTaB TakuM CTaHAAPTHUM MPOTOKOSIOM i HABOPOM OCHOBHUX efneMeHTIB ANis

Page 26 of 32



po3pobku nporpamHoro 3abesneyeHHs. Cl rapaHTye, WO nporpamHe 3abesnevyeHHs npautoe 6e3nepepBHo i
nigapo3ainiv po3pobHuUKiB He CUIbHO BiAPI3HAKTLCA Big ctoBOypa. docnigkeHHsa nokasytoTb, wo Cl mae
GinblL BMCOKY LWIBMAKICTb PO3ropTaHHs, 6inbll HaginvHi cuctemun i Ginblw gakicHi nporpamu. Nepesarn Cl
3HayHi. OCHOBHI acnektTn edekTMBHOI 6e3nepepBHOI iHTerpauii NOBMHHI BKMo4Yatn B cebe B3aemogito,
CTumynio4YMn 36ipky nporpamHoro 3abeaneyeHHs. [MocnigoBHICTL aBTOMAaTM3alil TeCTyBaHHA MOBUHHA
OyTM akTMBOBaHa MPOTArOM [OEKiNbKOX XBWUIIMH ANA KOXHOrO KOMITIB BMPOBa[XEHHAM MNpPOrpaMHoro
3abe3neveHHs. beanepeBHa iHTerpauis B nNpoekTu no po3pobui nporpamHoro 3abesneyeHHs gonomarae
3anobirTv BIOKMOYEHHS i 3HU3UTU pU3UK. B xoai HanucaHHA nporpamMu BUHUKNAM TPYOHOLLi i3 3'eqHaHHSAM
YCiX YaCTUH pa3oMm, Ae BanmBo Oyno nNpaBuibHO HanucaTy CLeHapii MapLUpyTiB i Wwnaxis, Wo6 BMXigHWIA
koa OyB iMnopTtoBaHuW 3 noTpibHoro micuys. Lla poboTta 3amHsna kinbka TWXKHIB, Wo6 posibpatnca B
NPaBUMbHUX CKPUNTaxX ANs CTBOPEHHS 3'e€QHaHb. HaBumMTUCA po3ymiTv BUXiOHWUIA KOA i AOro NPOAYKTUBHICTb
Oyro BaXNUBO, TOMY LLIO HanMUCaHHA iHWKX KOHIT-TecTiB 6yno 6 Hemoxnueo. OCHOBHOK BMMOrow 0Oyro
CTBOPEHHSA CepeaoBMLLa TeCTyBaHHA 3 aBTomaTm3aadieto 6e3nepepBHOI iHTerpadii, Wwo sukopuctosye JPWL
SIK iIHCTPYMEHT TeCTyBaHHSI, a JOVA B 3B'A3Ky 3 TMM, LLIO TECTOBI NpuKnaaun O6yayTe HanucaHi Ha MoBi Java.
MigknioviTbCss OO0 KOHTPOMK Bepci, 30epiTb 3aBAaHHA | NPOTECTYNTe (PYHKUIOHANbHICTL cuctemu,
3anyctuBlum toHiT-Tectu: 1. Lini npoekTty; 2. MNMigrotoBya cepeaa; 3. 3aBaHTaXuTn HeoOXigHi nnaribv; 4.
MoegHytoum Bci YacTMHM pas3om; 5. Bu3HaumTu napameTpu TecTy; 6. YcTaHOBKa HOBMX MapaMeTpiB
3aBAaHHs; 7. BukoHaHHA TecToBMX 3aBaaHb; 8. AHanis pesynbratiB. [Jo KiHUA NPOeKTy BCi YacTuHu Bynu
o6'eaHaHi, i, HapeLuTi, cucTeMa nodvana npauloBaTh i pearyBaT Ha 3MiHM Yy BuXigHOMY Kogi. Briok-TecT
noymHae npauroBaTn aBTomaTuU4Ho. PoboTa ycniwHO 3aBeplueHa. |[HTerpoBaHum umkn Scrum, sikuni GyB
NPUAHATUIA B eKCnryaTauilo B TOM Xe 4ac, B TOM 4Yac SK LeW MNpPOoeKT MaB Micue, OyB cknagHum.
HeopHopa3oBo Tpannanocs Tak, Wwo Aesiki pobotn Yepes aesdkmx npobnem 4oBoauniocs NpoaoBXyBaTu Ha
HacCTyrnHUN OeHb, iHoAi Kinbka AHiB. JPWL € Java-cepeepom 3 BIiZKpUTUM BUXIZHUM Kogom i Java-
cepBepom 6e3nepepsHoi iHTerpauii (Cl) aBo iHCTpyMeHTOM 6Ge3nepepBHOrO MOHITOPUHTY 36ipku Ans
BGaratopa3oBOro BWKOHAHHSA 3aBAaHb, TakOX BiJOMUM $K iHCTPYMEHT aBToMartu3auii TecTyBaHHs. BiH
MOCTINHO BIACTEXYE MOMWIKM PO3POOKM Ha paHHin cTagil po3pobkn nporpamHoro 3abesneveHHs. JPWL
KOHLUEHTPYETbCA Ha [BOX OCHOBHMX 3aBAaHHsSX. MO-MepLle, BWKOHYyBaTW TECTyBaHHHA, a no-Apyre,
6e3nepepsHo GyayBaTtu npoektn. JPWL — ogHa 3 HanbinbLmx BiaKpUTUX cnuctem 36mpaHHa Cl 3 BigkpuTum
BUXiOHUM KOOOM. 3aBASAKM CBOIM FHYYKOCTi, COTHSIM MAariHiB i CTIMKOCTI OO Pi3HMX TuniB cuctem. BoHa
A03BOSISIE MpauloBaT B PI3HMX cepedoBulllax i B3aEMOAIATM 3 Pi3HMMUM 3auikaBleHMMU CTOPOHaMM
npouecy. OCHOBHOK METOK AaHOoi poboTn Byno AOCNIAKEHHSA TOro, IK aBTOMaTU30BaHE TECTYBaHHA MOXe
O6yTn 3actocoBaHe [0 web-iHTepdency i aki A4OCTYNHI (PPENMBOPKUN i IHCTPYMEHTU TECTYBaAHHA MOXYTb
OyT BMKOpUCTaHi Ana uboro. MeTta Gyna MOBHICTIO OOCArHyTa, i 6yB npeacraBneHMn psia MOXIUBUX
BMNPOBYBanbHMX CVICTeM/iHCprMeHTiB. B pesynbraTi BipoBamkeHHA Bynu po3pobneHi TecTosi Npuknagu
AN perpecmBHOrO TECTYBaHHS, SKi MOXYTb OyTWU BUKOPUCTaHI B AKOCTi OCHOBM ANSA NOAAnNbLUIOro po3BUTKY
KOMMaHi€eto, WO TakoX Byno 4yacTMHOK nocTaBrieHoi MeTu. Takox B poboTi Byno onmMcaHo sk MigknoyaTn
nnariHn Ta fki nnariin MOXHa BWUKOpUCTYBaTU B poOOTI. laes BuKkopucTaHHs nnariHiB Ang MoaynbHOI
dyHKUiOHanbHOCTI He HoBa. OgHak € HebaraTto 3aJ40KyMEHTOBaHUX BUMNAAKIB BUKOPUCTAHHSA MAariHiB sk
meToady, Wo [os3sonsie Habopy TectyBatu goctyn o APl a Takox gogasatm abo 3miHiwoBatu APl 6e3
iCcTOTHMX nepesanuciB. Llen nigxig [ossonsie po3pobut OCHOBY TECTyBaHHA Ans GaratboxX Cnyxo6, wo
BMKOPUCTOBYIOTb OAHY MOBY abo cepsep. Lo we Baxnueiwe, nnariH TakoX L03BOMSAKTb PO3NOAinvTK
KOOYBaHHA MDK KiflbkoMa po3pobHukamu, LWob npuUCKopUTM TecTyBaHHA Ha nnatdopmi. MNEPENIK
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aBTOMaTm3auii import org.openga.selenium.By; import
org.openga.selenium.NoSuchElementException; import org.openga.selenium.WebDriver; import
org.openga.selenium.WebDriverException; import
org.openga.selenium.support.ui.ExpectedConditions; import

org.openga.selenium.support.ui.WebDriverWait; import java.time.Duration; public class
ElementsHelper { private WebbDriver driver; public ElementsHelper(WebDriver driver) {
this.driver = driver;} public boolean isElementPresent(By element, int timeout) { WebDriverWait
wait = new WebDriverWait (driver,Duration.ofSeconds(timeout)); try {
wait.until(ExpectedConditions.presenceOfElementLocated(element)); return true; } catch
(NoSuchElementException e) { throw new RuntimeException("Web element is not present: " +
element, e);}} public boolean isElementVisible(By element, int timeout) { WebDriverWait wait =
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new WebDriverWait(driver, Duration.ofSeconds(timeout)); try {throw new

RuntimeException("Web element is not visible: " + element, e);}} public boolean
isElementClickable (By element, int timeout) { WebDriverwait wait = new WebDriverWait(driver,
Duration.ofSeconds(timeout)); try {

wait.until(ExpectedConditions.elementToBeClickable(element));  return  true; }  catch
(NoSuchElementException e) { throw new RuntimeException("Web element is not clickable:" +
element, e);}} public void clickOnVisibleAndClickableElement (By element,int timeout) {
WebbDriverWait wait = new WebDriverWait(driver,Duration.ofSeconds(timeout)); try {
wait.until(ExpectedConditions.visibilityOfElementLocated(element));
wait.until(ExpectedConditions.elementToBeClickable(element));
driver.findElement(element).click();} catch (NoSuchElementException e) { throw new
RuntimeException("Web element is not visible or not clickable within timeout:" + element +
"Time" + timeout, e);} catch (WebbDriverException e) {
wait.until(ExpectedConditions.visibilityOf(driver.findElement(element)));
driver.findElement(element).click();}} public String getElementTextVisibilityOf(By element, int
timeout) { WebDriverwait wait = new WebDriverWait(driver, Duration.ofSeconds(timeout)); try
{throw new RuntimeException("Does not see the text of the element within timeout:." + element
+ "Time" + timeout, e); }} public void textinputField(By inputFieldElement, int timeout, String
inputText) { WebDriverWait wait = new WebDriverWait(driver, Duration.ofSeconds(timeout)); try
{ wait.until(ExpectedConditions.presenceOfElementLocated (inputFieldElement));
driver.findelement(inputFieldElement).sendkeys(inputText);} catch (NoSuchElementException
e) {throw new RuntimeException("Text input field is not present:" + inputFieldElement + "Time" +
timeout, e);}}}
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