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AHOTALIA Be6-0o0amxu idieparoms 8axciugy poib 6 JdCUmmi Haulo2o cycnitbemed. Bonu sacmocogyromuvces 6 maxux cexmopax,
AK Oi3Hec, 0XOpoHA 300p08'ss ma OepoicaeHe ynpaeninHa. Bio sxocmi makux 0odamkie moodice 3anexcumuy He Juuie 3PYYHICMb
Kopucmyeauie, ane i yynkyionyeanns opeanizayii. Tecmyeanns € HAOIIbW WUPOKO GUKOPUCTOBYBAHUM i eqheKMUBHUM NiOXO00M
0N 3a0e3neueHHss SKOCmi ma HAOIHOCMI NPOSPAMHO20 3abe3neuenns, exmouaruu eeb-oooamxu. OOHak 6eH-000amku Oyice
8IOPI3HAIOMbCA 8I0 MPAOUYILIHO20 NPOSPAMHO20 3a0e3neueHHs, OCKIIbKU GOHU BKIIYAIOMb 6 cebe OUHAMIUHe CMBOPEeHHA ma
iHmepnpemayito Kooy, a maxKoxc peanizayilo KOHKPEMmHO20 Pexrcumy 83aemMooii Ha OCHOGI HaGieayiliHoi cmpyKmypu 6ed-npozpamiu.
Asmomamuzosane mecmysanHs — ye AGMOMAMUYHEe 8UKOHAHHA Habopy mecmis. Cmeopuswiu yeti HAGIp 00UH pas, U020 MOJCHA
BUKOPUCOBYBAMU KONCHO20 pa3y NICIs 6HeCeHHs 0eaKux 3miH y 6eb-0odamok. Kpim moeo, cyuachi 6eO-0ooamku nobyoosati na
ocHosl 6azamopisnesoi apximexmypu. Tomy, wob nepegipumu 3a2anvHy nH0GeOIHKY 6e6-000amKie, NOMPIOHO CKIACMU KOMNIEKC
Memoodie mecmyeanHs. Aemomamuzayis MecmyeanHs He Modce bymu peanizogana 6e3 6ionogioHux incmpymenmie. Came GoHU
sUHAUAIOMb, AK 6yOe 30IUCHIOBAMUC MECTYSAHHA Ma YU MONCYMb Oymu OocseHymi nepegazu asmomamusayii. Incmpymenmu
asmomamu3ayii. mecmy@anHs € HAUGANCIUBIUUM KOMROHEHMOM Y IHCMPYMEHMANbHOMY JAHYIONCKY po3pobKku. B cmammi 6yno
NPOAHANI308aHO ICHYIOUI NPOSPAMHI 3ACO0U, AKI BUKOPUCTNOBYIOMbCA Ol ABMOMAMU308AHO20 MECHYB8AHHA, MA 00PAHO ceped HuxX
O/ KOJCHO20 DIiBHA 8e6-000amKy Mi, AKI 3MOXCYMb 3a0e3neyumu 8UCOKUll pieeHb Oesneku i MiHIMIZy8amu UMOGIPHICIb NOMULOK
abo 360i6 6 pobomi npoepamu. [Qna ocsacHenHs yici yini 6yau po3eisHymi maxKu uou npoSpamMHUX 3aco0ig: cucmemu YnpasniHHs
sepciamu;  cucmemu GiOCMENCY8AHHA NOMUNOK, 3ACOOU  ABMOMAMUYHO20 MECMYBAHHSA, 3Aco0U 0N A8MOMAMUI0BAHO20
MeCcmysantsi HABAHMANICEHHs, NpocpamHe 3abe3neyenHs 6esnepepsnoi inmeepayii. Ha ix ocnoei 6yno ckiadeno Komnjiexc
agmomamu3zayii mecmyeauHs 6e6-000amKy, sKull 00360aumb 6e3 3aeux CKIAOHOWI8 Npo8ooumu IHOUGIOyanbHi Moougikayii
cucmemu i 3HAYHO 3MEHWUMb KLIbKICMb NOMUILOK 8 npoyeci 00pobKu cucmemu iHwumu cneyianicmamu. B pezynomami peanizayii
A6MOMAMUZ08AHO20 MECYB6AHHA 6e6-npoeKmy 6Y8 OMPUMAHUL NPAKMUYHUL O00CGI0 CMBOPEHHS aA8MOMAMU308AHOI cucmemu
mecmysanus e6-000amkie 3a 0onomozor cucmemu koumponto gepciti (GIT) Bitbucket i cucmemu 6esnepepenoi inmeepayii (CI)
Jenkins.

Knruosi cnosa: asmomamuzogane mecmyeanHs 6e0-000amKis, pI3HOpIGHesa apximekmypa, Oesneka Oauux, inmezpayis Kooy,
MIHIMI3aYisi NOMUTIOK

AUTOMATED TESTING OF WEB APPLICATIONS WITH MULTILEVEL
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ABSTRACT Web applications play an important role in the life of our society. They are applied in sectors such as business, health
care and public administration. The quality of such applications can depend not only on user convenience but also on the functioning
of organizations. Testing is the most widely used and effective approach to ensuring the quality and reliability of software, including
web applications. However, web applications are very different from traditional software because they include dynamic creation and
interpretation of the code, as well as the implementation of a specific interaction mode based on the navigation structure of the web
application. Automated testing is an automatic execution of a set of tests. Having created this set once, you can use it every time after
making some changes to the web application. In addition, modern web applications are built on the basis of multi-level architecture.
Therefore, to test the overall behavior of web applications, you need to complete a set of testing methods. Automation testing cannot
be implemented without the appropriate tools. It determines how they will be tested and whether the benefits of automation can be
achieved. Test automation tools are the most important component in the development toolchain. The purpose of the work was to
analyze the existing software tools used for automated testing, to apply among them for each level of the web application those that
can provide a high level of security and minimize the likelihood of errors or failures in the program. To achieve this goal, the
Jfollowing kinds of software were considered: version control systems; error tracking systems; automatic testing tools; tools for
automated load testing; continuous integration software. On their basis, a complex of testing automation of the web application was
made, which would allow without any extra complexity to carry out individual modifications of the system and significantly reduce
the number of errors in the process of updating the system by other specialists. As a result of the automated testing of the web
project, practical experience was gained with the creation of an automated web application testing system using the Bitbucket
version control system (GIT) and the Jenkins Continuous Integration System (CI).

Keywords: automated testing of web applications,; multi-level architecture; data security, code integration, minimize errors

Beryn JIOJIATKIB Ta TOB’A3aHOI 3 HEI MOTPeOH y SKOCTI KOAy.
ABTOMaTH3aIlisl TECTYBaHHS BBAXKAETHCS BHPIIIATBHOIO

BaxmBicTe aBTOMaTH3allii TECTyBaHHSA Yy BeO- J1 3a0e3MedeHHS  pPiBHA  AKOCT, WO OYiKYeTbes

PO3pOOKax MOXOMMTH BiJ IIMPOKOI0 BUKOPHCTAHHS BEO-
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KOPHCTYBaYyaMH, OCKLUTEKH BOHA MOYKE 3a0LIaIUTH 0arato
4yacy B TECTYBaHHI, a TaKoX J[ONOMAarae po3poOHUKaM
BUINyCKaTh BeO-porpamMu 3  MEHIIOK  KUIBKICTIO
nedektie.  OCHOBHOI  IEpPEeBarol  aBTOMAaTHU3AIlil
TECTyBaHHS € IIBUJKE, aBTOMaTH4YHEe BUKOHAHHS Habopy
TECTIB MICIIsl BHECEHHS AESKUX 3MiH y BeO-noaaTok. Kpim
TOTO, cydJacHi Be0-101aTKH BUKOPHUCTOBYIOTh
GaraTtopiBHEBY apXiTeKTypy, ae peadizamis
PO3MOUISETECS 10 PI3HMX MIapax 1 3alyCKaeThes Ha
pi3HEX MammHaxX. 3 1€l NpUYMHH, 100 TepeBipuTH
3araibHy TOBEHIHKY BeO-IOMaTKiB, MOTPiOHI HACKpi3Hi
METOJH TeCTyBaHHSI.

TectyBaHHA BeO-TIPOEKTiB HEOOXiTHO
3aCTOCOBYBATH HA BCiX €Tarax >KUTTEBOTO LHUKILY IPOEKTY
(puc. 1). Habip wMeromiB TecTyBaHHS 3aJIe)KHUTh BiX
creudiku CTPYKTYPH Ta IPU3HAYCHHS BEO-IIPOCKTY.

3IMiHH B KoOj

Mooynoea
npoekTy

-

Puc. 1 — Cxema srcummesoeo yuxiy e6-000amxy

Takum YUHOM, KOMILJIEKC aBTOMAaTH3AaIli|
TECTYBaHHS BeO-OJATKy JIO3BOJUTH 0€3  3alBHUX
CKJIQJIHOLIIB TNPOBOAUTH IHAWBiMyanbHI Momudikamii

CHCTEMHU 1 JIO3BOJIUTH MIHIMI3yBaTH KibKICTh OMHJIOK B
MIPOIIECi JOPOOKU CUCTEMH THIIUMHU CIIEI[ialiCTaMHU.

Merta po6oTun

Po3pobutu METOJIUKY aBTOMAaTU30BaHOTO
TECTyBaHHS BeO-T0aTKIB 3 Ppi3HOpiBHEBOIO
apXITeKTypor s 3a0E3MMEeYCHHS BHCOKOTO  piBHS

Oe3rneku i MiHiMi3alii IMOBIPHOCTI MOMMJIOK abo 300iB B
poboti mporpamu, IO 0a3yeTbcs HAa BUKOPUCTAHHI
Cy4YacHHX 3acO0IB 1 TEXHOJIOTIH pPO3POOKH 1 CYHpOBOIY
BEO-TIPOEKTIB, AKi PO3POOISIOTHCS KOMaH/I010
PO3pOOHUKIB 3 PO3IMOIUICHOI CIUTEHOKO POOOTOO.

BukjianeHHsi 0CHOBHOTO MaTepiaJIy

TectyBaHHS BeO-I0AaTKIB — 1€ CKIIAJHUNA IIPOIIEC,
TOMy IO WOTO TpPYAHONII TPHUMHOXEHI yciMa
pO3HO}IiHeHI/IMI/I KOMIIOHCHTaAMU CHCTEMU, 1o
B3a€EMOJIIOTH 3 IOJATKOM.

Orysiy  JiTepatypu BUSIBUB BEIIUKY KUIBKICTh

JOCITiIKEHD Ta po3poboK MPUCBSIYCHUX
aBTOMAaTH30BAHOMY TECTyBaHHIO Be0-101aTKIB.
VYHiBepcanbHICTh  Be0-10JaTKiB €  TEepeBaXXHOI

0COONMBICTIO, sKa POOUTH TECTYBaHHS BeO-I0/MaTKIB

ckmagHo 3amadero  [1].  OCHOBHOIO  OCOOJIHMBICTIO
TECTyBaHHs BEO-JOAATKIB, IO BiApi3HsIe HOro Bix
TPaAULIHHOIO TECTYBaHHS NECKTOIMHUX IIPOrpaM, € Te,
o BeO-mporpaMu abCOJIIOTHO PI3HOPIIHI 32 MPHPOJIOI0
Ha pi3HMX DpiBHAX [2]. B poborax [3,4] HaBemeHO
nepeBard  aBTOMATH30BaHOTO  TecTyBaHHs.  Orisin
Cy4acHHX METOJIB Ta BHUJIB TECTyBaHHsS BeO-I10/aTKiB
JNETalbHO ~ PO3MIAHYTO B poborax [5,6]. Takox
3aIpOIIOHOBAHO BUKOPUCTAHHSI CUCTEMHHUX CIEHapiiB JUIs
ONTHMI3aIlil TPOIEeCYy TecTyBaHHA B [7] 1 pPO3TISHYTO
NUTaHHS  TECTyBaHHS  OE3MeKH  Ta  HasgBHOCTI
Bpa3imBocTell  BeO-momatkiB  [8]. B poborax [6,9]
JOKJIAZTHO PO3TIIIHYTO ICHYIOYI HAa PHHKY IIPOTpamMHi
3aco0u i1 aBTOMaTH3allii TectyBaHHs. [IpoananizoBaHO
METOIMKH CTBOPEHHA TECTIB OKPEMHX MOMYINIB, iX
BiITBOpPeHHs Ta aBroMatu3ailis B [10,11]. OgHak misuid
pSI TUTaHb, IOB’S3aHUX 3 MNPAKTHYHOIO peallizalli€ero
3a3HaueHMX TIOXOMIB, SK 1 paHille 3aJHIIa€ThCs
AKTYaJIbHHUM.

PosrisHemMo ckiamHoIII, 10 MOXYTh BUHUKHYTH B
XO/i pO3pOOKH IPOEKTY, Ta CIIOCOOM IX BHpILIEHHS 3a
JIOTIOMOT 00 TecTiB [6,12]:

— Oe3neka NEpPCOHANbHUX MJaHHMX 1 JOaHUX sKa
00pobutioe 1 30epirae mporpaMHHNA TPOAYKT. TecTyBaHHA
JO3BOJISIE  3MIHCHIOBATH  JOJATKOBI  MEPEBIpKH B
MOXUJIMBHX Bpa3IMBHX MiCTaX B KOJI TpOrpamu,
3allyCKaTH TECTOBI cleHapil po0OTH KOpucTyBaua i
CHpoOH OTPUMATH 3aKpHUTY iHPOPMAIIiIO;

— BIpOTiAHICT, BIAMOBHM B po0OOTI MEBHHUX
KOMITOHEHTIB MPOrpaMH Ipu poOOTi Pi3HUX CIELiaIiCTiB
HaJl OJHAKOBMMH (parMeHTaMH KOOy — KOJIM INTaT
CHELIaTICTIB BEJIMKHHA, ICHYE BEJIMKa BIPOTIIHICTH IO
IHIIUH TPOTpaMicT, SIKU BHOCUTH 3MIHHU B iCHYIOUHMH KOJT
MOY€ 3MIHUTH JIOTIKy pOOOTH TaKuM YHMHOM, IO el KOJ
Oyae mpaIroBaTH HEKOPEKTHO, a0o Oyme HeraTuBHO
BIUIMBATH Ha POOOTY IHIIUX MPOTPAMHUX BY3IIiB.
TecTyBaHHs IOHOMarae JOJATKOBO IIEPEBIPATH 4YHM HE
3MIHHBCS THII OOpOOJIIOBAaHMX JaHWX, TPH3HAYCHHS
METOJy 1 B IIIOMY MeXaHi3M poboTH QyHKIIT, 0COOIUBO
SKIIO KOMIIOHEHT aKTHBHO B3a€EMOJi€ 3 IHIIMMHU
YaCTHHAMH TPOTPaMHU;

— BiporinHicTe 3001B MpH HaBaHTAXXEHHI JOAATKY.
IlepeBipka mporpamMu Ha CTIHKICTh J0 HABAaHTAXCHb
0cOONMBO BaXKJIMBA y BUIMAJKY SIKIIO IPOEKTOM Oyxe
KOPHUCTYBATHCh BEJHMKa KUIbKICTh Jroneil. [Ipu pospobui
BCI KOMIOHEHTH MOXYTh TIpaIoBaTH 0e3 IOMIIOK 1
JOCHTH IIBHJIKO, aJle CTPEC-TECTH JOIOMAararoTh BUSBHTH
cmabki 1 HEONTHMi30BaHI MICIA TPOEKTy i YHHKHYTH
TPYOHOINIB B  eKCIDIyaTamii BETUKOK  KiJIBKICTIO
KOpPHUCTYBaYiB;

— 00poOka jokyMmeHTauii TecTiB 1 OI[iHKa
e(eKTUBHOCTI POOOTH MPOTrpaMu 3 ypaxyBaHHSM 3MiH.
ITo TecToBUM clieHapisiM MOXKJIMBO OLIHIOBATH TJIMOWHY
Ta e)EeKTUBHICTH TECTIB. Y BUMAIKY PY4YHOTO TECTYBaHHS
HEMOJKJIMBO OL[IHUTH €(pEeKTUBHICTH POOOTH 1 IaTH TOYHY
rapanTito crabinbHOi poOOTHM Ticisl OHOBJIEHHS BeO-
JI0JIaTKY;

— PO3XOJUKEHHS (YHKLIOHATY 1 MOJKJINBOCTEH
¢iHANBHOTO peTi3y MPOrpaMHOTO MPOAYKTY 1 YMOB
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BKa3aHWX B TEXHIYHOMY 3aBIaHHI 10 TPOEKTy. SIKimo
MIPOEKT CKJIAJHUMA 1 AyXe 00 €MHUI, MOXKJIMBI CHUTYyaIil
KOJIM BHHUKAE PI3HUIS MK TEXHIYHAM 3aBIaHHIM 1
caMUM  MpoeKkToM. HammcanHsi  TecTiB  JO3BOJISIE
3a3Majerilb  CIPOCKTYBAaTH HAWBAXKIUBIII  ACHCKTH
NPOEKTY 1 YHHKHYTH NPU HOTO MOAAJBLIIOMY PO3BUTKY
Cepio3HMX PO3XOJUKEHb B IUIaHI (yHKUiOHATY 1 poboTn
MIPOMYKTY.

Jlnist TOKpUTTS pi3HUX BapiaHTIB crieHapiiB 300iB i
CKJIATHOIIIIB NP PO3IIMPEHHI MOKINBOCTEH BeO-10AaTKY
3 pI3HOPIBHEBOIO apxXiTeKTyporo (puc.2), 3a3BHUail
BUKOPHUCTOBYIOTh HACTYIHI BUIA TECTYBaHHS
nporpamHoro 3abesmneuenns [6,13]:

— Unit-rectu  (OOWHWYHE TECTyBaHHA, abo
MOIyJIbHE TECTYBaHHS) — L€ aBTOMAaTHYHUHA BUI
TECTyBaHHsS IPOTPaMHOro 3a0e3nedyeHHs (BUKOHYEThCS
CKPUNITOM) TECT JJsl TEBHOI YaCTHHU IIPOrpaMu.
ABTOMAaTH4YHI TECTH JO3BOJIIIOTH 3HAYHO 3OUIBIIMTH
00CsST TecTyBaHHsS MOPIBHSHO 3 PYYHHUM TECTYBaHHSIM
KOMITOHEHTIB;

— TECTH CYMICHOCTiI — MOJIIOHI TECTH J03BOJISIOTH
BIIEBHUTHCH IO iHTepdeiic momaTky Oyae cyMicHHU 3
BiJIIOBi THIMH BepcisMH Opay3epis. MoxnuBo
mepeBipuTu KopekTHicTh podotu CSS-ctmmis, HTML-
po3mitkm, Java Script komy B pi3HEX Opay3epax Ta ix
BEPCIsIX;

— TecTH 0a3u JaHuX — Iel BHUJ TECTyBaHHs Halaec
MOJKJIMBICTh KOHTPOJIIOBAaTH CTaOUIbHY po0OTy 0asu
JMAHUX TOJATKy, LITICHOCTI JAaHWUX TaOJHIlb, 1HACKCIB i
GyHKIIIH;

— (YHKIIOHAJIbHE TECTYBaHHS — I TECTyBaHHS
MPOrpaMHOro 3abe3NeyueHHs] Ul NepeBIpKU peaizawii
(YHKIIIOHAJIBHAX BHUMOT, TOOTO MOXJIMBOCTI B TIEBHHX
yMOBax BHUpIIIyBaTH TI€BHI 3a7adi  sSKi  HEOOXiIHI
KOpHUCTyBayaM IPOrpaMu;

— CTpec-TeCTH — LI TECTYBaHHS BeO-IOIATKy B
YMOBaX MEPEBUIICHHS KOPAOHIB IS HOPMaJIbHOIO
¢ysakmionyBaHHs nomatky. Ctpec-TecT Mpu3HaYeHAN IS
BU3HAYCHHS TPOAYKTHBHOCTI CHCTEMH 1 mepeadaueHHs
MOBE/IIHKY CUCTEMH B YMOBaX CTPECOBUX HaBaHTAXKEHb.

510

K

2
m
!

Baza naHux
J CepeepHuii
=] piBeHb
KnieHT 2

Puc. 2 — Cxema mpvoxpisnesoi apximexmypu

TakuM 4MHOM, Ha KO)KHOMY 13 PiBHIB apXiTeKTypH
NpOBOAUTBCS CBil BUx TecTiB. Ha cepBepHOMY piBHI
MIPOBOASATECS  CTPEC-TECTH, TECTH Ha HABaHTa)KCHHS
cepBepy 1 JI0JIaTKOBOTO IPOTPaMHOro 3a0e3MeyYeHHs sKe

foro 00CITyTOBYE. Kiienrcpkuit piBCHB e
Oe3nocepeiHpO PodOTa CaMOro J0JaTKy — Ha LIbOMY PiBHI
MPOBOAATHCS (DYHKI[IOHAJIBHI 1 MOAYJIbHI TECTH, 8 TAKOXK
TECTH Ha cyMmicHicTh. Ha piBHI 6a3u 1aHMX NPOBOANTHCS
OKpeMO TecTyBaHHA 0a3u MJaHUX JOAATKY, IepeBipka
IUTICHOCTI aHUX, X 3MiHa, BUJAAJICHHS a00 30eperKeHHS.

@OyHKIiOHANBHI, MOIYJIBHI TECTH 1 TeCTH Oa3u
JTAaHUX TICHO TIOB’SI3aHI OAWH 3 OJHUM, 1 pa3oM
BUKOPHCTOBYIOTBCS pu TECTyBaHHI OKpEMHUX
KOMIIOHEHTIB JIOJATKY.

PosrnsHeMo eramd aBTOMAaTH3allii TECTYBaHHS 3
BUKOPUCTaHHSIM CHUCTEM IATPUMKH IPOLECYy PO3POOKU
BEO-TIPOEKTIB.

KoHTponps 3a 3MiHamu, IO BHOCSTHCS B IPOEKT
JIOTIOMAraloTh ~ 3a0e3MeYnTH  CHUCTEeMH  YTPaBIiHHS
Bepcismu  (Version Control System - VCS), ski
30epiraroTh nonepeaHi Bepcii BUXiqHuX (aiiiliB NpoekTy,
BIJICTEXKYIOTh BUPOOJIEHI B (haitnax 3MmiHH, 320€3Me4yr0Th
CHUTBHY KOMaHAHY po0OoTy Hajx mpoekToM Ta iH. [lo
HalOUIBII TOMYJSIPHUX Ha TMOTOYHMH MoMmeHT VCS
BimHOCATRCs: SVN, GIT, Microsoft VSS. Bukopucranus
CHCTEMH KOHTPOIIO BEpCii MimHIMae 3araidbHUN PiBEHD
SIKOCTI pO3pOOKH.

Jinst ynpaBiiHHS CYyIpPOBOAY IPOEKTY, BHECEHHS B

HBOTO 3MiH, BWIIPABIICHHS TIOMHJIOK Ta IHIIUMH
acmeKTaMd  pO3poOKM  Ta  TOJNINIIEHHS  SKOCTI
MEHEIKMEHTY BUKOPUCTOBYIOThCS CHCTEMH

BifcTexxyBaHHs nomuiok (Bug Tracking System — BTS).
lNonosuwmii kommoneHnt BTS sBnse coborwo 06azy maHux 3
BiJIAJIEHUM JIOCTYTIOM, IO 3a0e3Ieuye eHTpai30BaHuN
JIOCTYI JI0 BCIX HEOOXiIHHMX (aiiiiB, crenudikaiism,
rpadikaMu, IUIaHaMm, 3ayBakeHb Ta iH. ICHye mmpoke
pO3MAITTsl CHCTEM CTE)XEHHS 3a BaJaMHu: Basecamp,
Bugzilla, Trac, MantisBT, Redmine, Jenkins Tomro.

[To 3aBepiieHHi eTamy akTUBHOTO HpPOrpaMyBaHHS

MOYNHAETHCS erarn TECTYBaHHS KOPEKTHOCTI
(YHKIIOHYBaHHS CTBOPEHOTO BEO-0ATKY: EPEBipKH Ha
HasBHICTb ~ IpaMaTUYHHX  HOMWIIOK,  IPOIYIICHUX

KapTHHOK, HEIpalro4Yux IOCHJIaHb Ta iH., a TaKOX
nepeBipkd  (QyHKIIOHYBaHHS CaWTy B pI3HUX BeO-
Opay3epax. Jlanuii eran Moxe OyTH aBTOMAaTH30BaHUH 3a
JIOTIOMOT0I0 3aC00iB aBTOMaTHYHOI'O TECTYBaHHS TaKHX,
sk IBM Rational AppScan, Empirix E-TEST Suite,
XSpider, WAS, Selenium WebDriver i iH.

TakuM 4YHHOM, OCHOBHI €Tamd aBTOMaTH3allii
TECTYBaHHS 3 BHKODHUCTAHHSM CHCTEM IATPUMKH
TpoIecy Po3pOOKH BeO-TIPOEKTiB MOXKHA MPEICTABHTH y
BHTIJISITI HACTYITHOT cXeMu (puc. 3).

OCHOBHa rinka

Puc. 3 — Cxema emanie asmomamu3zayii mecmysanHs 3
BUKOPUCMAHHAM cUCmem NIOMPUMKU NPoyecy po3pooKu
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IIpoBeneHnit anHami3 cy4acHHUX 3aco0iB s
aBTOMAaTH30BaHOTO TECTYBaHHA HABaHTAXKEHHSA cepel
incrpymenTiB Apache JMeter, AB (Apache Benchmark) i
HP LoadRunner [14] nokasas, 1110:

- AB (Apache Benchmark) — oaHomorouHa
nporpama Jiisi KOMaHHOTO PsIJIKa, 0 BUKOPUCTOBYETHCS
Juist BuMiptoBanHs nponykrusHocti HTTP BeG-cepBepis.
Cnouarky pospodiena st tectyBanHs HTTP-ceprepa
Apache, B OCHOBHOMY MIiIXOAMTH JJIs TECTYBaHHS OY/Ib-
SIKOTO BeO-cepBepa. YTHIIiTa ab IOCTaBISETHCS Pa3oM 3i
CTaHIapTHOIO muctpubymieto Apache, i sk cam Apache, €
BUTBHIM MIPOTpaMHUAM 3a0e3neYeHHsIM i
posnoBciomkyeTses min Jlinmensiero Apache. Hemomikom
i€l mporpamMu € oOMexeHni (HYHKIIOHAT i MOXKIUBICTD
MTOBHOI[IHHO TIPANOBATH JIMIIE IIPH BUKOPUCTAaHHI BeO-
cepsepy Apache.

— HP LoadRunner (takox HPE LoadRunner) —
mporpama st ABTOMAaTH30BaHOTO TECTyBaHHS
HaBaHTaXeHHs. [Iporpama mMoke BUKOHYBaTH TECTYBaHHS
SK PI3HMX JIOJaTKiB, TaKk 1 CalTiB pi3HOrO piBHA
ckmanHocti. [lpu  TecTyBaHHI eMYJIO€ MapalielibHy
po0OTy BeIHMKOi KITBKOCTI Tak HAa3BaHWUX BipTyallbHUX
KopucTyBauiB (y BUTIAAI TporeciB abo TMOTOKIB), IO
BHUKOHYIOTH Pi3HI CKpuNTH (Aii) 32 PI3HUMH CILIEHAPISIMHU.
IIporpama Mmae BiamoBimHI HAOOpPH IHCTPYMEHTIB UIS
NPOBEICHHS  TEeCTyBaHHA.  Takok 1O  CKIamy
HP LoadRunner BXxoauTh HabOip IHCTPYMEHTIB IS
po0OTH 3 OJATKOM IO PI3HUX MPOTOKOJAaX (BiAJaJICHO,
4yepe3 IMpoKci-cepBep Ta iH.). B mopiBHsHHI 3 Apache
Benchmark mae Oinmpmmii  ¢QyHKI[iOHaNT —ajne  HE
MIOLIMPIOETHCST OE3KOITOBHO.

Skmo mopiaaTm  Apache
LoadRunner TIpOaHalli3yBaBIIN
BHUKOPHCTaHHS, TO SIK pe3ynbrar JMeter
BUKODHCTOBY€EThCS ~ Habararo  wacrime Hix  HP
LoadRunner. IlpomentHe mOpiBHAHHSA 300pakeHO Ha
PHUCYHKY 4.

JMeter 1 HP
CTaTHUCTHUKY

33% HP LoadRunner

it Apache JMeter

Puc. 4 — llopisuauns npoecpam mecmy8aHnus
HABAHMANCEHHS. 3a NONYIAPHICIIO

Takoxx OyB mNpOBEACHHU aHANi3 CPCKTHBHOCTI
pobotn mporpaM 1 IX MOXIHMBOCTAX B iMiTallil
HaBaHTaKEeHHS. TecTyBaHHS TNPOBOJAMIOCH HA OJHOMY
cepBepi, ISl imMiTallii HaBaHTa)KeHHS! BUKOHyBasuch SQL-
3amutH select, insert i update B 6a3y manux mopatky. o
pesyneratraMm, HP LoadRunner mae Oinbmm MO>KIHBOCTI
IUIS 3OIMCHEHHS BEJIWKOTO HABAHTAXEHHS 3a IEBHUI
oOcsr dacy. Pesympratm TecTyBaHHS 300pakeHi Ha
PHUCYHKY 5.

25000
21570 kon/mun

20000

15000 13800 kon/mun

10000 8000 kon/muH

00 I2400 VU I3000 VU IBGUO VU
0

Apache JMeter GUI  Apache JMeter non-GUI HP LoadRunner

B \HTEHCWUBHOCTb 3@NPOCOB, KOM/MUH. B KONUYECTBO BUPTYanbHbIX NoNb3osaTenei

Puc. 5 — Pezynomam nopiensinus npocpam no
MAKCUMATLHOMY HABAHMANCEHHIO cepeepa 3d
obmediceHull obcse uacy

Ax  pesymbrar, HP LoadRunner e mimepom
BPaxOBYIOUH HOTO (PYHKITIOHAIEHI MOXIIUBOCTI 1 OiIBIITy

e(eKTUBHICTh TpU  TecTax HaBaHTAXKEHHS.  AJle,
BpaxoByOYM IO 1€  IUIATHUH  NPOAYKT, 1
(GYHKIIOHaJIBHUX ~ MOXJMBOCTEH 1 e(eKTHBHOCTI

HaBaHTaXeHHs Apache JMeter BucTayae Ui TPOEKTY,
0yB 00Opanuii came Apache JMeter.

BpaxoByroun mo BenWKa KUTBKICTh CIIEIialiCTiB
NpaIfoe HaJ OIHAM IIPOEKTOM, BHUKOPHCTOBYETHCS
cucrema KoHTpomo Bepciii GIT — moxmibHa cucrema
JTO3BOJISIE KOHTPOJIOBATH MPOIIEC PO3POOKH 1 Hamae
MOXJIUBICTB KJIOHYBaTH MPOEKT JUIA KOKHOTO MpaIiBHUKA
y HUIAX OpraHizallii OKpeMOTro IPOCTOPY U CTBOPEHHS
HOBOTO 1 penaryBaHHs CTaporo (hyHKIIOHaIy HpOrpamu
0e3 mKoAM JUIs OCHOBHOro mpoekty. Ha pucyHky 6
300paKCHUIl MeXaHi3M pOOOTH CHUCTEMH KOHTPOIIIO
Bepcii.

po3pobHMKa

oGova GITrinka A
03po6GHMKa ) é"’ penosuTopi

Puc. 6 — Cxema pobomu 3 GIT

PosrnsayTi  BebO-cepicm  Bitbucket, GitHub i
GitLab — mie ocHOBHI KOHKYpeHTH NOHiOHUX cucteM [15].
OcHoBHa nepeBara Bitbucket — e 6e3K0mITOBHI IPUBATHI
penoszutopii. Ha iHmmx miar¢popmax OE3KOIITOBHO
MOJJIMBO PO3MICTHTH TUIBKH  BIAKPUTHHA  IPOCKT,
BUXIHUH  KOJ  sKOro  OyJe  OCTYNHUH  BCIM
kopuctyBadaMm. Takox y nopiBusiHHI 3 GitLab, Bitbucket
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mpamtoe OimbIn cTabilbHO, 3 MIHIMAJTBHUM BiJICOTKOM
BiJIMOB y pOOOTi 1 3aBaHTa)KEHHI 3MiH Ha CepBep.

OnTuManbHUA BapiaHT POOOTH 3 MPOEKTOM — IIe
NIOBHA aBTOMAaTH3allisl TECTOBUX Ta 300POYHUX IPOLIECIB
IpoTpamu, BUKOPUCTAHHSA IHCTPYMEHTIB Ui
Oe3nepepBHOT iHTErpallii, IKe HEOOXITHE I MOYKJIMBOCTI
3py4HOi 1 OimbII IIBUAKOI PO3pOOKH. 3a JIOIOMOTOIO
Bitbucket MOJIMBO TpOBECTH iHTErpamilo 3 CHCTEMaMH
ctexkeHHs 3a mommikamu (Jira, Trello, Slack), mo
JO3BOJISIE  ONTHUMI3yBaTH pPOOOTY MK KepiBHUKAMH
PpO3pOOKH 1 crieriamicTaMu SKi 3aliMarOThCsl HAITMCAHHSIM
KOJy, TECTYBaHHSM 1 HAITMCAHHSIM TECTIB.

Besnepepsna interpamis i posropranus (CI) — me
CTpaTerii, fKi JOMOMAaraloTh 30UTBIOINTH IIBUAKICTH
PpO3poOKH i IPUCKOPUTH BUMYCK NOOpE MPOTECTOBAHMUX,
TOTOBUX [JI0 BHKOPUCTAaHHS TIIPOTPAMHUX IPOAYKTIB.
BesnepepBHa  iHTerpaiisi  JO3BOJISIE  PO3POOHUKAM
TECTYBaTH 1 IHTErpyBaTH CBOi 3MiHH B 3arajibHy KOJOBY
0a3y Ui MiHiMiZamii KOHQUIKTIB iHTerpamii [14].
BesnepepBHa socTaBka yCyBa€ TPYAHOLIl pPO3TOpPTaHHS
abo BHIYCKy mporpamMHoro 3abesrnedeHHs. besmepepsHe
pO3ropTaHHs — II¢ OAWH KPOK, BiH PO3ropTae KOXHY
30ipKy, fiKa aBTOMAaTHYHO IPOXOJHTH TecTyBaHHsA. Ha
PpHUCYHKY 7 TIpencTaBiieHa aeTaibHa cxema podotu CI.

B &

G e SUIE
Changesed

) R .

Gated Check-In ‘ PeaynbTats!

TECTHPOBAHHA
NapameTpsi

3aNyeKa Test
Enviroment X

Puc. 7 — Cxema pobomu mexanizmy besnepepsroi
inmeepayii

IIporpamui 3aco0M BimirpaioTh BEIHKY pOJIb B
TOMYy, HAacCKUIPKM IIBHJIKO 1 ycmimHO  OyayTs
BUKOHYBATHCs IiepepaxoBaHi Buiie ertand. I[Iporpamue
3a0e3mnedeHHs O6e3mepepBHOi IHTErparii MoXe JOIOMOTTH

po3poOHMKAaM aBTOMAaTHYHO BHOCHUTH 3MiHH, 1100
CKOPOTHTH 4ac 3BOPOTHOTO 3B’SI3KY.

Ilepen BubopoM momiOHOi  cucremu, OyB
NPOBEICHUI  aHami3  HAWNOMYJSpHILIMX  3aco0iB
Oe3repepBHOi  iHTerpamii, JOCTaBKM 1 pO3rOPTaHHS:
Jenkins, GitLab CI, Buildbot, Drone i Concourse [14]:

— Jenkins € oJgHMM 3 mepuUIMX CcepBepiB

Oe3nepepBHOL iHTErpallii 3 BIAKPUTHM BUXiJTHHM KOJIOM i
3aJMINAETECA  HAMOUIBII TONIMPEHHM HA  ChOTOMIHI
Bapiantom. Crouatky BXOAWTh B mpoekT Hudson
CHIBTOBapHCTBO 1 KomoBa 0a3za poO3OUMIMIHCA B XOMIi

koHQumikTiB 3 Oracle micnga npunbanHs HEMH Sun
Microsystems, moyatkoBux po3poOHukiB. Hudson Oys
Bunymenuid B 2005 poui, a mepumii peniz Jenkins — B
2011 pori.

3ronom cepsep Jenkins nmepeTBOPUBCS B TIOTYKHY 1
THYyYKy CHCTEMYy aBTOMAaTH3alii 3aBlIaHb, MOB’S3aHHUX 3
IPOTrpaMHUM 3a0e3MeueHHsIM. Cam Jenkins
BUKOPHCTOBYETbCSI B  OCHOBHOMY SIK  (ppeliMBOpK
aBTOMATH3aIlil, a OUIBIIICTh JIOTIKH pPEaNi3yeThCs uepes3
0ibmioTexkn 1 Turariad. Bce — Bim TpOCITyXOBYBaHHS
BEOXYKIB 1 TMeperiisigy pemo3uTOpiiB O CTBOPEHHS
CepeloBUIIa 1 MATPUMKH MOB — OOpOOIAETHCS
mwrarinamu.  Ilpomec Ge3nepepBHOI iHTerpamii Moxe
3aJeXaTH BiJl YHCICHHUX CTOPOHHIX IUIATiHIB, IO 3
onHoro OOKy 3a0e3medye THYYKICTh, 3 IHIIOTO — POOUTH
cepey 3aHaJITO KPUXKOIO.

PoGounii npouiec konBeepa Jenkins, sikuit Takoxk
JIOCTYIIHUH uepe3 IUIariH, € BiJIHOCHO HOBOKO (pyHKII€rO,
moctymHoro 3 2016  poky. Ilpomec Oe3mepepBHOT
iHTerpamii MO)XKHa JAeKjapyBaTH a00 BHKOPHUCTOBYBATH
MoBy Groovy B (aiiax cxoBuIa ab0 TEKCTOBUX ITOJISIX B
BeO-iHTepdeiici Jenkins. OmHUM 13 3aranbHUX 3ayBa’KeHb
no Jenkins € Te, mo 3acHOBaHa Ha IUIAriHax MOIEIb
KOHQirypamii 1 MOXJIMBICTP BH3HA4aTH IPOIECH
KOHBeepa abo 30ipkum 1o3a PEmo3WTopiiB  iHOAI
YCKIIaJHIOE peIUTiKallilo Ha iHmoMy ek3eMrnuipi Jenkins.
Cucrema Jenkins HamucaHa Ha Java 1 BHITyHIeHa IIij
ninensiero MIT [16].

— GitLab CI — wne iHcTpyMmeHT Oe3nepepBHOL
inTerpanii, BOymoBanuii B GitLab, miathopmy mis
PO3MillIeHHs CXOBHII i 3ac0o0iB po3poOku git. CrovaTky
BUIyIIEHUH sIK camocTiiHui npoekt, GitLab CI Oys
IHTETpOBaHMK B OCHOBHE IIpOrpamMHe 3a0e3NeueHHs
GitLab 3 Bummyckom GitLab 8.0 8 2015 pori.

Ipomec HI B GitLab CI Bu3HadaeThcs BcepemuHi
¢aitmy B camMoMy pemo3HWTopii KOAy 3a IOTIOMOTOIO
cuarakcucy YAML. Tlotim pobota mnepemaeThcs Ha
MAIIMHY IIi7] HA3BOIO runners, sIKi JIETKO HaCTPOIOIOTHCA i
MOXyTb BUKopucToByBaTH pizHi OC. IIpn HanamtyBaHHI
runner-cepeepis  Mokaa  BuOpatu  Docker,  shell,
VirtualBox ab6o Kubernetes, mo0 Bu3HAUWTH, SK
BUKOHYIOTBCSI 3aBIaHHS.

Ticuwmii 38’30k GitLab CI 3 miatdopmoro GitLab
Ma€ TIeBHI HACHIAKMA Uil BUKOPHUCTAHHS MPOrPaMHOTO
3abesneueHns. GitLab CI He migxoaurte po3poOHUKaM,
SIKI BUKOPUCTOBYIOTH iHII IIAT(GOPMHU JUIS PO3MIIICHHS
CXOBHII. 3 OAHOTO OOKY, iHTerpoBaHa (DYHKIIOHATBHICTH

JTO3BOJISIE KOpHCTYBa4aM GitLab HACTPOIOBATH
cepeloBHIIEe Oe€3l, HE BCTAHOBJIIOIOYM JOJATKOBUX
IHCTpYMEHTIB. ~ ABTOMAaTHYHE  TECTYBaHHS  MOXHa

3alyCTHTH 32 JIONOMOroro BeO-iHTepdeiicy, peectparii
runner-ManvH i nojatd (aiin BU3HAYCHHS KOHBEEpa B
peno3urtopiii. TicHUIT B3a€EMO3B’SI30K TaKOX JO3BOJISIE
PO3MOAUISATH runner-cepBepu MiX MIPOEKTaMH,
aBTOMAaTUYHO NEperyisigaTH MOTOYHMH craTyc 30ipku B
pernio3uropii i 30epiratu apredakTy 30ipKH 3 KOIOM, SIKHIA
ix crBopuB. GitLab i GitLab CI manucani va Ruby i Go i
BHITYIICHI mif Jirensiero MIT.
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— Buildbot - me THyuku#t QpelHMBOpK
6esnepepBHOi iHTerpamii. Bumymenunit B 2003 pomi B
skocTi anpTepHatuBu mnpoekty Tinderbox Bim Mozilla,
Buildbot po3poOmsiBcss B OCHOBHOMY SIK  CHOCIO
aBTOMAaTH3allii TecTyBaHHs 30ipKH Ha HMIMPOKOMY CIIEKTpi
iatgopm.

Buildbot Bumyckaetbes 3a minensiero  GPL i
Hanucannii Ha Python 3 GiGmiorexkoro Twisted.
Kongiryparnis Buildbot moBHicTio HammcaHa Ha Python.
e o3Havae, mo KoHDIrypamis 3Ha9HO CKIAIHIIIE, HiX B
IHIIUX ~ CHUCTeMaxX, aie Ie Ja€ aJAMIHICTpaTopaM
MOJKJIMBICTH JJISI PO3POOKH CBOTO iealbHOTO poO0UYOoro
mporecy 1 koHBeepa. Koxen eram 30ipKH  HiTKO
posninserscs. Buildbot mo3umionye cebe sk CTPYKTYpy 3
IHCTpYMEHTaMH U1 CTBOPEHHSA NPHU3HAYCHUX I
KOpHCTyBaua IIpOLECiB, MOAIOHO IO TOro, 5K BeO-
(peiiMBOpKU JI03BOJISIIOTH CTBOPIOBATH TPH3HAYEHI ISt
KOpHCTyBaya CaiTH.

[Inarpopma  TectyBamHs  30ipku  Buildbot
miaATpuMye Oe3nid pi3HUX ONEpallifHuX CHCTEM i CHCTEM
ynpasiiaas Bepcisimu. Ockinbku Buildbot po3poOnenuii 3
ypaxyBaHHAM TECTYBaHHS BiIKPUTOrO BHXOISYH KOZIY,

Horo apxiTekTypa [IO3BOJSE KOPHCTyBayaM JIETKO
CTBOpIOBaTH po0OYi TpomecH 3  IHAWBIXyaTFHUMU
mwiarhopmMamMu 1 po3MHUpPIOBaTH  0a3zy  IPOEKTY.

KopucryBaueBi moTpiOHO TIIBKM BCTAHOBHTH KiTbKa
naketiB Python, a motim HapaTu 00IiKOBI AaHi.

— Drone — 1e cy4acHa miardopma Oe3nepepBHOI
iHTerpatii 3 apXiTeKTypOIO Ha OCHOBI KOHTEHHEPIB.

Xoya pO3MSIHYTI  BUIE IHCTPYMEHTH  TEX
JIO3BOJISIIOTH 3amyckatu 30ipky 3a momomororo Docker,
KOHTCHHEPH JIeXKaTh B OCHOBI KOHCTpYKIii Drone. Drone
Hanmcanuit Ha Go i OyB Buepue Bumynienuii B 2014 pori
mif Jinensiero Apache.

Drone npaitoe sik cepenniii pierp Mix Docker i
MPOBaiiiepoM CXOBHIIA. 3aMiCTh TOTO, MO0 3aIyCKaTH
cepBep OesmepepBHOI iHTerpamii 1 MiAKIIOYaTHCS 0
CIUCTEMH yIpaBIiHHA Bepcismu, Drone BuMarae
iHbopMallifo OO0JIKOBOTO 3amUCy [UIS 3aBaHTAXKCHHS
BJIACHUX Mojienei nepeBipKu ABTEHTHYHOCTI,
KOpUCTYBaua 1 J03BOMiB. Drone 3amycKaeThCs SK
KoHTeiiHep. BiH miarpumye kinbka 06a3 nmaHuMxX i
MIpoBalepiB PENo3UTOPIiB i Mae BOYAOBaHY HiITPUMKY
Jutst HacTpoiiku ceptudikaris TLS / SSL.

Drone mykae B perno3uropisx cremianbHi Qaiiim
YAML nmns BusHaueHHs KoHBeepa. CHHTAKCHC YiTKUH i
mpocTuif, 100  OyOh-XTO, XTO  BHKOPHCTOBYE
peno3uTopiii, Mir 3po3yMITH TIporec Oe3nmepepBHOT
igTerparii. Drone Hamae miariHOBYIO CHCTEMY, ajlieé BOHA
npairoe He Tak, sk B Jenkins. Y Drone rmuiarinu e
clieliaJbHUMU KOHTEHHEpaMH Docker, SIKi
BUKOPHCTOBYIOTbCS ~ JUISL  JIOJ@BaHHS  HOMNEPEIHbO
HAJANITOBAaHUX 3aBJaHb B 3BUYAWHUI poOOYMil mporec.
Le crporrye BUKOHaHHS CHUIBHHUX 3aBJaHb, aJpKe HEMae
HEOoOX1THOCTI 00pOOJISATH BECh NPOLIEC BPYUHY. Y 1IbOMY
ceHci miariny Drone nemo cxoxi 3 komangamMu Unix, sKi
MIpU3HaueHi A7l 00poOKH BY3bKONPOMIEHUX 3aBIaHb.

— Concourse — BigHOCHO HoBa Iuiardopma
Oe3nepepBHOi iHTerparnii, BunymieHa B 2014 poi. ITinxin

Concourse 10 cuctemMu Oe3lepepBHOI iHTETpalii 3Ha9HO
BIIPI3HSAETHCS BiJ IHIMIMX {HCTPYMEHTIB THM, IO
Concourse HaMaraeTbCcsi abcTparyBaTh BCE 3OBHIIIHI
YMHHUKKA 32 JIOTIOMOTOI0 TaK 3BaHUX pecypciB. Mera
LBOTO TMIAXOAY TIOJISTa€ B IMiJABUIIEHHI JOCTYMHOCTI
cepBepa interpariii. Ile mo3Bossie 3amyckaTv OAHI 1 Ti X
mporecu Ha Oyap-skomy cepBepi Concourse.

Kosxna wactuna nporecy Oe3nepepBHOi iHTerparii
CKJIaZIa€ThCsl 3 OCHOBHUX NPHMITHUBIB, SIKi MOJEIIOIOTH
pi3HI €JEeMEHTH CHUCTEeMH. 3alle)KHO KOXKHOTO —eTalry
BU3HAYAIOTHCS BHO. Hanmpukimaz, i nepuioro 3aBiaHHSm
Moe 3HamoOuTucs ocraHHI Kommit B pemo3uTopii
VCS, a Ha HACTYIHHX eTamax [poIecy MOXKe
3Hago0uTHCS ocTaHHIM KomMmir, mo mpoimoB nonepenHi
erar. lleit MeTtom moOyIOBH KOHBEEPIB IIIIXOM
3iCTaBJICHHS TOYHHMX 3aJI©KHOCTEH KOXKHOTO KpPOKY
MPU3BOJUTH JI0 CTPOTO MEBHOT MOBEIHKH.

Concourse He Oepe ydyacTh B mepenadi JaHUX Mixk
3aBIaHHSMH i HE HaJa€ HIIKOTO BHYTPINIHBOTO CHOCOOY
30epiranHs  apredakTiB  30ipku. Bces  iHpopmaris,
HeoOXifHa Uil HACTYIHOTO €Taiy, MMOBHHHA OyTH SBHO
BU3HAYCHA 1 TIOTCHIIHHO TIEpeHEeCeHa Yy 3OBHIIIHE
CXOBHIIE. 3a JIONIOMOrOI0 SBHHX BH3HaueHb Concourse
HAMAraeTbCs  MiHIMI3yBaTH  KUTBKICTh  HEBIJOMHX
3MIHHUX, SKi TIOBHHHa BpaxoByBaTHu cuctema. Cucrema
Concourse Hammcana Ha GO 1 JOCTymHa 3a JIICH3i€I0
Apache.

IIporpamue 3a0e3nedyeHHs Oe3nepepBHOi
iHTerpaiii, JAOCTaBKH 1 pO3rOpTaHHA — I CKJIAIHI
CHUCTEMH aBTOMAaTH3allil, MpH3HAYeHi A 3a0e3reueHHs
a/1anTOBaHOCTI 1 MOBTOPIOBAHOCTI TporeciB. IcHye 6e3miu
PI3HUX i7eH 1 TIIXOMIB IO AaBTOMATHYHOTO TECTYBaHHS.

OO0roBopeHHs pe3yJbTaTiB

Honst peadizarii aBToMaTH3arii CIIeHapiiB
TECTYBaHHSI BHUKOPHUCTOBYBallaCh  po3pobieHa  BeO-
0a3oBaHa MmicHCcTEMa MIATPUMKH €IEKTPOHHOI TOPTIBIIi.
BiamoBiiHO pO3BUTKY TPOrpamMHOi YacTHHU — OyJio

HEOOXIIHO peaji3yBaTH CHUCTEMY KOHTPOJIIO HAIHMCAHHS
HOBUX (YHKI[IOHAJIbBHUX MOXIIMBOCTEH 1 Oe3meku Ta
cTablIpHOCTI  pOOOTH TmaHeNmi KepyBaHHS s BCIX
NpaniBHUKIB TpoekTy. Jlnsg 1mporo Oyno npuitHATO
pilleHHs omnucaTd icHylOYMH (yHKOIOHAN Ppi3HUMHA
BUJaMH TECTIB 1 BHKOHATH IOJAAJIbIIY aBTOMATH3AIi0
IILOT'O TTPOIIECY.

3 ypaxyBaHHAM TOTO IO MPOEKT OazyeThCs SK
BeO-TOATOK 1 peanizoBaHMK Ha MOBI IPOTpPaMyBaHHS
PHP 3a nmomomororo ¢peiimBopky Laravel, a Takox 3
BukopuctanusaMm Java Script, JQuery, HTML i1 CSS, mis
peasizaiii KOMIUIEKCY TecTyBaHHsS BHKopuctanuid PHP-
(GpeliMBOpK CHELIATbHO CTBOPCHHMU [UIsl  OpraHizarii
tecroBoro mpouecy — PHPUnit. Leit ¢peiimBopk
JI03BOJISIE  3IIMCHUTH  MOAYyJibHE 1  (yHKIIOHaJIbHE
TECTyBaHHsI JOJATKy, a TaKOXX TECTyBaHHs poOoTH 0a3u
naHux. JlomaTkoBO HEOOXiTHO BpaxOBYBaTH MOJXKIIHBI
HaBaHTaXEHHS Ha cepBep, 1 HOro CTilKicTh 10
Herepea0adyBaHUX CHUTyalid — BEJIUKUHA  HaluIMB
KOpHCTYBadiB, poO0OTa HEONTHMI30BaHHX KOMIIOHECHTIB
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CHCTEMH, HAaBaHTAXXCHHS Ha 0a3y JaHUX B MallOyTHHOMY,
3 pOCTOM OOCSITIB JaHUX SKI 30epiraroThes B 0a3i JaHUX.

B nanmit wac PHPUnit wHaii0Ginpmr nomyssipHUi
¢bpeiiMmBopk s toHiT-TecTyBaHHS B PHP. Kpim
HassBHOCTI TaKMX MOXJIMBOCTEH, sIK MmiapoOku (mocking)
00’€KTIB, BIH TAKOXX MOXKE aHAII3yBaTH MOKPHUTTS KOIY,
JIOTYBaHHS JIaHWX 1 HaJa€ TUCSYl IHIIMX MOXJIMBOCTEH.
BpaxoByroun Te, mo Laravel mnoOynoBanuii 3
ypaxyBaHHSAM TECTYBaHHS, TO (aKTUYHO, MiATPUMKA
PHPUnit mocrymHa 3a 3aMoBUyBaHHAM. IIpoekT MicTHTB
B co0i Bci HeoOXinHi 0i0mioTekn, KoH}irypamiiHi paitmu i
KOMaHAM AJIsl YCIIIIHOTO 3aIyCKy TecTyBaHHA. Takox
Laravel nagae myxe 3pyunnii API ms crBopenrss HTTP-
3amuTiB 10 J0JaTKa, IMEpeBipKM BUBEACHHS, 1 HAaBITH
3armoBHEHHS GOpM, 1 HaZae KilbKa JOTOMDKHAX (DYHKITIH
s TectyBanHs JSON API i ix Biarykis. Hampukiman,
meromu  get(), post(), put(), patch() 1 delete()
BUKOPHCTOBYIOTbCS JUIss BHKOHaHHS pisaux HTTP-
3aITUTIB.

PHPUnit no3Bojsie CTBOpIOBaTH HEOOMEXKEHY
KUTBKICTh TECTIB, 1 HAaJA€ MOMJIMBICThH 3aITyCKaTH Pl
BHECCHHAM 3MiH IO TPOEKTy SK OJMH i3 TECTIiB, Tak i
MEBHY KUTBKICTH a00 MOBHICTIO BCi TecTd momatky. Lle
JI03BOJISIE HAcaMIlepesl BIIEBHUTHCH B TOMY, IO MCHA
BHECEHHA 3MiH, CHCTEeMa Hajami Oyae mpalioBaTH
CTaOULTBHO 1 HE BHHUKHYTD Hellepen0adyBaHi CKIaIHOIII B
po0oTi, B mepiry 4epry A KOpucTyBadiB noaatky. [lpu
3allyCcKy TecCTiB, uepe3 iHTepdelHc KOMaHIHOI CTPOKH
BiZIOOpaXa€eThCsI MPOIIEC TECTYBaHHS, 1 HOTO pe3ybTar. Y
BUNAJKY SIKIIO 3aIlyCKA€ThCsl OLIbIIE OJHOTO TECTy, 1
OJIVIH 13 TECTIB HE MPOMIIOB, KOMaH/1a BUBOJIUTH 3BIT MPO
MOMWJIKY 1 aBTOMaTHYHO 3aBEPUIMTh pPOOOTY TECTIiB

(puc. 8).

$ phpunit -c app
PHPUnit 4.3.5 by Sebastian Bergmann.

Configuration read from /Users/javier/Desktop/symfony demo_2/app/phpunit.xml.dist

Time: 3.44 seconds, Memory: 49.75Mb

Remaining deprecation notices (2)

getEntityManager is dep ted since Symfony 2.1. Use getManager instead: 2x
1x in DefaultControllerTest::testPublicUrls from AppBundle\Tests\Controller
1x in BlogControllerTest::testIndex from AppBundle\Tests\Controller

Puc. 8 — 36im 3 nomunkamu 6 00nomy i3 mecmis

Y Bumaaky, KOMM BCi TecTH OyIH YCIINIHO
mpoiineHi, To Oyne copmoBaHmii 3BIT 3 BpaxyBaHHIM
yacy, KA OyB TMOTPiOHWH TSI TIOBHOTO TECTYBAaHHS i
MOBIIOMJICHHSI TPO YCIIIIIHE MPOXOKEHHS BCIX TECTIB
(puc. 9).

3a nmomomororw ¢peiivBopky PHPUnit moxirBo
MPOBOJIUTH OKPEMHUH aHaii3 TMOKPUTTA Koxy (code

coverage, tests coverage) — 1e Mipa, sKa
BUKOPHCTOBYETBHCS ~ IIPM  TECTyBaHHI  NPOIrpaMHOro
3a0e3reveHHs. Bona BHU3HAYA€ETHCS BiJICOTKOM

TECTOBAHOT'O BUXIHOTO KOAY (CHPLEBHH KOM) MPOTPaMH.
Le pmo3Bomsie po3ymiTH, SKHH BIICOTOK JIOJATKY
MePeBIpSAETECA — UMM BUIMUIM BiJICOTOK TIOKPHUTTS, TUM

OlnpIra BipOTiAHICTH MiHIMIi3amii MOMHJIOK IIPH BHECEHHI
3MiH, TaK sIK TIOBHE IOKPUTTS J03BOJSIE BHKIIOUUTU
Maibke Oynb-iki HemependadyBaHi 300i 1 MOpyIICHHA
JIOTiKH pOOOTH KOMITOHEHTIB.

root@Alvin-CentOS6 trie]d ./vendor/bin/phpunit —-coverage-text tests/AppBundle/Entity/ClientT
HPURit 6.1.1 by Sebastian Bergmann and contributors

2 (100%)

Code Coverage Report:
2017-04-21 14:14:37

Summary :

Classes: 0.00% (0/30)
Methods: 2.65% (6/226)
Lines: 0.22% (9/4153)

Puc. 9 — 3sim npo ycniwmne npoxodcenns ecix mecmis

3a pomomoror IBOTO (QpeiiMBOpKY 1 Habopy
0i0mioTek O HBOIO MOXIIMBO MOBHOLIIHHO IPOBECTH
(byHKIIOHAaTIbHE, MOJYJIbHE TECTYBaHHS 1 TecTH 0a3u
JTAHUX.

Jns crpec-tectiB OyB BUKOPUCTaHHH 1HCTPYMEHT
Apache JMeter — 1me IHCTpyMEHT /Uil TIPOBEIEHHS
HaBaHTAXYBAIGHOTO TECTYBaHHS, IO PO3POOISIETHCS
Apache Software Foundation. Xoua cnouatky JMeter
po3po0IsiBCes SIK 3acid TecTyBaHHSA BeO-IONATKIB, TEmep
BiH 3JaTHHH IPOBOJUTH HABAaHTAXXYBAJIBHI TECTH JUIS
JDBC-3’enqnans, FTP, LDAP, SOAP, IMS, POP3, IMAP,
HTTP i TCP. e no3Bonsie 3OifHUTH TECTyBaHHA Ha
CepBEepHOMY pIiBHI 1 OTpUMaTu JeTanbHy iHdopmario
HacKiIbKM  cTabinbHO  cepBep  OyJe  mpaiioBaTu
BpPaxOBYIOYH Pi3HI (paKTOpU HABAHTAKECHHS.

s 3py4HOrO aHamizy i MpOCKTYBaHHS JUIS BCIX
NIPaIiBHUKIB 1 30KpeMa CIeNialiCTiB SKi BiINOBIAaIbHI 32
KOHTPOJIb SIKOCTI KOAY 1 BHECEHHSIM HOBHMX 3MiH B
IporpaMy BHKOPHCTOBYETECS BeO-cepBic Bitbucket — mst
CyMiCHOI pOo3pOOKH Ha OCHOBI CHCTEMH KOHTPOITIO BEPCiid
GIT. Bitbucket 103BOJIsIE CTBOPUTH PETIO3UTOPIN y IKOMY
Oyzne 30epiraTuch BUXiTHHHA KO MPOEKTY, 1 TAKOXK TUIKH
MPOEKTy KOXXHOTO TpalliBHUKA, SKAH 3amissHAH B
po3poOrri.

BpaxoByroun IOCTIKCHHS 1 aHai3 ICHYIOYHX
pilleHs s CHUCTeM Oe3mepepBHOI iHTerpaiii, OyIo
NpUIHATO pillleHHsT BUKopHcToByBaTH Jenkins — Tak sik
BiH PO3IOBCIO/KYETHCSI OE3KOITOBHO, € JIy)KE THYYKUM Y
HaJIAIITYBaHHSAX, Ma€ BEJIMKY KUIbKICTh JOJATKOBUX
IUIATIHIB  SIKK 3HAYHO MOXYTb PO3LIMPUTH pOOOTY
CHCTEMH, a TaKOX JIO3BOJISIE OTPUMATH MOBHHUHA KOHTPOJIb
HaJl BCI€I0 CHCTEMOIO TIPOEKTY, Yy TIOpIBHSAHHI 3
KOHKypeHTHUMH mpoxykramu. Ha puc. 10 300pakena
KOH(iryparmiss cucreMu Oe3mepepBHOI iHTerpamii, sKa
HaJIAIITOBaHA JUIsl KOMIUIEKCY, [0 PEeali3y€eThCS.

Indopmariiitna cucTema OpiEHTOBaHa BUKIIIOYHO
Ha TpAaIiBHUKIB BiIAUTY po3poOku. JocTym no cucremu
KOHTPOJIIO BEpCiii MaloTh BCl MPOTPaMiCTH, CIEIaIiCTH 3
TECTyBaHHsI 1 KepiBHUK Bijniny. KoxHul mpaiiBHUK Mae
B Bitbucket cBoi mpaBa nocrymy. Hampukian kepiBHUK
Ma€ MOXKJIMBICTh IOBHICTIO KOHTDOJIIOBATU BCI TUIKH 1
BECh IIPOEKT 3arajioM. A IeBHHUH ITPOTrpaMicT Mae JOCTYII
JHIIe O CBOEI TUIKM 1 MOXE NEpeIUBISTHCH 3MICT
OCHOBHOI TinmKM Jnojatrky. KokHOMy KopHcTyBaueBi
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MOJJIMBO MPU3HAYMTH ITIpaBa IOCTYIy SIK HA HEPEriisi,
TaK 1 Ha 3alMC JaHUX HO MIEBHOI T'UIKM, a TAKOX HaaaTu
abo 3uaTH TmeBHI (QyHKUioHaNbHI MoxumBocTi. Lle
JO3BOJISIE  3IIMCHUTH  TOYHE Ta  IHIMBIIyaJbHE
HaJIAIITYBaHHSA KOXXKHOTO KOPHCTyBaua, IO 3abe3meuye
NOKpalleHHs: Oe3neku poOOTH CepBicy 1 BHUKIIOYAE
MOJKJIMBOCT1 OTPUMAaHHS HECAHKI[IOHOBAHHX JTAHUX.

conmon_cregentiats ¢
exclude
tyrion-jenkins
datal
Jenkins_service_user = [
username: ‘jenkins_service_user',
password: ‘{{with Ssecret = secret “secret/jenkins/jenkins_service user” }M{ ssecret.Data.value }H{{end}}',
description :'for automated jenkins jobs®
1
slack = [
username: “{{with Ssecret .= secret “secret/slack/user” }H{ Ssecret.Data.value HH{{end}}",
password: '{{uith $secret 1= secret "secret/slack/pess” }H{ $secret.Data.valve }H{end}}',
description: 'slack credentials’

}
}

custon_credentials {
include{
john-snow-Jenkins
arya-jenkins
sansa-jenkins
}
datal
artifactory = |
usernome: "artd’,
password: *{{with $secret := secret “secret/jenkins/artifactory" FH{ $secret.Oata.artifactory_password HH{end}}',
description: ‘Artifactary credentials’

o4
}

tyrin-jenkins_credentials {
datal
nexus=1
“usernane’ :‘deployment,
password' s ({with $secret 1= secret secret/jenkins/nexus” HH{ $secret.Dota. nexus_password YHiend}}',
‘description': ‘Nexus credentials'

Puc. 10 — Ilpuxnao xougicypayii cucmemu 6e3nepepsHoi
inmeepayii

TecToBuil KOMIUIEKC peai3oBaHUI 3a JOMOMOTOI0
¢peiimBopkiB  Laravel 1 PHPUnit wmae daiinoBy
apxiTekTypy 300paxeny Ha puc. 11. ITo criemianizoBannm
JVPEKTOPisIM ~ PO3MOAIICHI PI3HOIUIAHOBI TECTH IiX
TIEBHUI KOMIIOHEHT 1 ()YHKIIIOHAT TOJATKY.

v B tests
¥ I Feature
n:":;j AuthTest.php
r:T;J ExampleTest.php
v Il Unit
¥ I Goods
%GoodsTest.php
v I invoice
%InvoiceprintingTest.php
v I News
5 AddMewsTest.php
rfT;:jGetNewsTest.php
v W Orders
%OrdersTest.php
r:T;J ExampleTest.php
é';_' homeTest.php
CreatesApplication.php
IE) TestCase.php

Puc. 11 — Ilpuxnao apximexmypu mecmie KOMNOHeHMig i
@yHKryii 0ooamxy

CaMi TecTH TPEACTAaBIAIOTh (YHKII B SKHAX
BUKOHYIOTBCSI TEBHI Jii — olHa (YHKIIS 32 CTaHIapTOM
Ma€ 3IHCHIOBATH OJHY JMil0, HANpPUKIaA OTPUMaHHS
OIHOTO TOBapy. [HIma QyHKIS MOXXe BXKE OTPHUMYyBaTH
Hanpukinang 10 rtoBapiB. lle HeoOXigHO mis OLIBIIOL
JeTamizamii  TeCTyBaHHS 1 MOJMJIMBOCTI  OIHCATH
MaKCHMaJIbHO BEJIUKY KUIbKICTh CHTyallil sKi MOXYTh
BUHHUKHYTH B pEaJIbHUX yMOBax BUKopHCTaHH:. [Ipukian

peamizarii TecTy Ha OTPUMaHHS OJHOTO TOBapy i3 0a3m
JIaHWX TOKa3aHWi Ha puc. 12.

testGetOneIsActiveGood

$mockedGoodsCategoryCount = 10;

$mocked 2o odsData = [1;
$faker - Factory::create

$1 = 1; $i <= $nockedGoodsCategoryCount; $i
$mockedCategory t factory(\App\Models\GoodsCategorieshodel ass)->create();

(4mockedCategoryGoodsData)

fail();
$mockedCategoryGoodsData

array_reversel $mockedCategoryGoodsData);

$mockedGoodsData
“categoryld’

Factory(\App\Models\GoodsModel: : class) screate
collect($nockedCategoryGoodsData)->randon( )->1d

(4mockedCategoryGoodsData)

fail();
suser = \App\Models\staffModel: :query()->find 8);
Session: :pu("user”, fuser

$this->actingAs($user
withSession(['user® => fuser]
visit( u '/goods’'
see( $mockedGoodsData->name)

Puc. 12 — Ilpuxnao mecmy Ha ompumanusa 00HO20
mosgapy i3 6asu 0aHux cucmemu

BucHoBkn

B pesynprari peamizamii  aBTOMaTH30BaHOTO
TECTyBaHHs BeO-NPOEKTy OyB OTPUMAaHHWHA NPaKTUYHHUNA
JIOCBIJI CTBOPEHHS aBTOMAaTH30BaHOI CHCTEMU TECTYBaHHS
BeO-II0AaTKIB 32 JOIIOMOTOK) CHCTEMH KOHTPOIIO Bepciid
(GIT) Bitbucket i cuctemn 6e3nepepsroi interpamii (CI)
Jenkins.

Po3pobiena cucremMa TeCTyBaHHSA  JO3BOJISE
IIBUAKO i €(PEKTHBHO aqMiHICTPYBaTH BCi KOMIIOHEHTH
CUCTEMH, OTpUMYBaTH iH(OpMaliiiHi TOBIIOMICHHS |
3MICHIOBATH aHalli3 3MiH, TIOMHJIOK, PECYPCIB CEpBEPHOT
YAaCTHHHU 1 3arajoM OITHMI3yBaTH poOOTy pO3pOOHHUKIB
MIPOEKTY.

Cucrema cTBOpIOBaJlach 3 pO3paxyHKOM Ha
MOJANbIINKA IBUIKUA PO3BUTOK BEO-TPOEKTY y PI3HUX
HamnpsIMKax, 10 JO3BOJHUTH TPOBOJUTH OHOBIICHHS
cTablIBHO 1 6€3 3alBUX PU3HKIB B pOOOTI IMporpamMu.

B 3anpomnoHoBaHHN TiIXia, IO MOXIUBOCTI, OyITH
BKIIFOYCHI TIepeBard pO3MOBCIOMKEHUX IMIXOMIB Ta
IHCTpYMEHTIB, TIPU3HAYCHUX IS aBTOMATH30BaHOTO
TECTyBaHH: BeO-I0/IaTKiB.

OnmHuM 3 HaOUTBII  BaXIJIMBUX  HANPSIMKIB
PO3BUTKY TMPOEKTYy €  aBTOMATH3allisl  MIATPUMKH
TECTOBOTr0 Ha0Opy B aKTyallbHOMY CTaHI TpH 3MiHi BeO-
JIOJIATKY, @ TAKOX PO3IUIMPEHHS BUJIIB TECTyBaHHS.
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AHHOTALIHA Be6-npunodicenus uepaiom 8ajicHyto pons 6 dcusnu obujecmsa. OHu npUMeHAIOMcs 8 maKux ceKkmopax, Kak ousnec,
30pasooxpanenue u eocyoapcmeennoe ynpasnenue. Om Kauecmea makux NPUNONHCEHULl MONCEM 3a6UCEmb He MObKO Y00OCmeo
nonvsoeamenetl, HO U QYHKYUOHUPOGaHUA opeanusayuil. Tecmupoeanue sensemcs Haubonee WUPOKO UCHONbIYEMbIM U
IpPexmusnbiM NOOX000M Ol obecheyeHus Kauecmea U HAOeHCHOCMU NPOSPAMMHO20 0OecheueHus, GKAI0Yas 8eO-NPUTONCEHUS.
O0HaKo 8eH-NpunoNCeHUs OUeHb OMAUYAIOMCA OM MPAOUYUOHHO20 NPOSPAMMHO20 0OeCheyeHs, NOCKONbKY OHU 6KIIOUAIOM 6 ceDs
JuHamuueckoe co30aHue U UHMepnpemayuio Kood, a makdice peanu3ayuio KOHKpemHo20 pedcuma 3aumooeicmeus Ha OCHOGe
HABU2AYUOHHOLU CIMPYKMYPbL 8e0-NPUNLOJICEHU. ABMOMAMUIUPOBAHHOE MECMUPOBAHUE - MO ABMOMAMUYECKOe 8bINOIHE e Habopa
mecmog. Co30ag smom HAbop 00UH pas, e2o MOJICHO UCHOAb30BAMb KANCObIL pa3 NOCNe 8HeCeHUs HeKOMOPLIX U3MeHeHUll 8 8eD-
npunoogicenue. Kpome moeo, cospemennvie 8eb-npunodicenus nOCmMpoenvl Ha OCHO8e MHO20YPO8He8ol apxumekmypol. Tloasmomy,
umobuvl nposepums oduee nosedenue 6ed-NPULONCEHUI, HYJICHO COCMABUMb KOMNIEKC MEMOO08 mecmuposanus. Aemomamusayus
mecmupoeanus He Modcem Obimb pearuszoeana be3 coomeemcmseyiouwux uHcmpymenmos. Mmenno onu onpedensiom, Kak 6yoem
0CYWjeCmEIAMbCA MECMUPOBanUe 1 Mo2ym Ovlmb 00CMUSHYMbL npeuMyuecmea asmomamuzayuu. Mncmpymenmol agmomamusayuu
Mecmupo8anusl AGIAEMCs  GAJICHEUWUM KOMNOHEHMOM 6 UHCMPYMEHMANbHOU yenouke paspabomku. B cmamve 6b110
Npoananu3uposaro Ccyujecmsylowue npocpammHsle cpeocmed, UCHONb3yemble Ol A8MOMAMU3UPOSAHHO20 MeCMUpPOBaHus, U
8b10paHbL CpeOU HUX O/ KAXHCO020 YPOBHS 8eO-NPUNIONCEHUS Me, KOMOopble CMO2Ym 0becnedums 8biCOKUIL ypogeHb Oe30NacHOCu U
MUHUMUBUPOBAMY BEPOAMHOCHL OWUOOK unu cboed 6 pabome npozpammsl. i 0OCmudcenus mou yenu Ouliu paccmMompeHsl
makue GuUObl NPOSPAMMHBIX CPEOCm8. CUCMeMbl YNPAGNeHUs 6ePCUAMU; CUCEMbl OMCIeHCUBAHUA OWUDOK, cpedcmea
A6MOMAMUYECKO20 MECMUPOBAHUA, CPeOCMEa 05l A8MOMAMUIUPOSAHHO20 MECMUPOBAHUS HA2PY3KU; NPOSPAMMHOe obecneyenue
HenpepbleHoll unmezpayuu. Ha ux ocnose 6bLn cocmasien KOMIIEKC ABMoMamu3ayuy mecmuposanus 6e6-npunodiceHus, Komopoe
no360aum 0e3 TUUHUX CLOMHCHOCHEN NPOBOOUMb UHOUBUOYATbHBIE MOOUDUKAYUU CUCTHEMbL U SHAYUMETLHO YMEHLUUM KOIUYECNE0
owuboK 6 npoyecce 00pabOMKU CUCEMbl Opy2uMu cheyuamucmamu. B pesynemame peanusayuu agmomamusuposaHHO20
mecmuposanus 6e6-npoexma OvLl NOJYYEH NPAKMUYECKULl ONblM CO30aHUS ABMOMAMUZUPOBAHHOU CUCIEMbl MeCMUPO8anUs ged-
npunodHcerHull ¢ nomowbio cucmemuvl konmpona eéepcuil (GIT) Bitbucket u cucmemut nenpepvignoii unmezpayuu (CI) Jenkins.
Knroueevie cnoea: asmomamusuposanHoe mecmuposanue 8ed-npunodceHull; pasHoyposHesdas apxumexkmypa, 6e30nacHocmb
OaHHBIX, UHMe2payusi KOOd MUHUMU3AYUS OUUOOK
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