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AHoTanis. B po0oTi mpoBeieHO ROCITIIKEHHS OCHOBHMX Iiijled HAIlMCAaHHS aBTOMATHU30BAaHHX TECTiB.
OrmycaHo METOJIOJIOTiI0 300py CTATUYHMX Ta JMHAMIYHMX METPUK KOy DillICHHS aBTOMATH30BaHOTO
TECTYBAaHHSI KOPHCTYBAlbKUX iHTepQeiiciB y BUINIAAL iTepauiiiHux rpadikiB, CIPOEKTOBAaHMX HAa YacOBY
Bicb. Bu3Ha4ueHO miaxig ais OOYMCICHHS NPOAYKTHBHOCTI PO3POOHHUKIB PILIEHHS aBTOMATH30BAHOIO
TecTyBaHHs. [loka3aHO pe3ynbTaTH OOYHCICHb JAHUX METPHK HA PeajbHOMY HPOEKTI PO3POOKH pillleHHs
ABTOMAaTH30BaHOI'O TECTYBAHHSI.

AHHOTanus. B pabore npoBeneHO HCCIENOBaHWE OCHOBHBIX LIEJICH HANMCAaHHUS aBTOMATU3UPOBAHHBIX
tecroB. OnmncaHa Merofonorus cOopa CTaTMYECKMX W JAMHAMMYECKMX METPMK KOZAA peLICHHsS
ABTOMAaTH3UPOBAHHOTO TECTHPOBAHMS MOJB30BATEIbCKUX MHTEP(EiiCOB B BUJC MTEPALIMOHHBIX TPadHKoB,
CIIPOCKTHPOBAHHBIX HA BPEMEHHYIO 0oCh. OmnpeneneH MOAXO JUIs BBIYHCICHHS MPOU3BOAUTCILHOCTH
pa3pabOTUMKOB pEIICHHS aBTOMAaTH3MPOBAHHOTO TECTHPOBaHMA. I[lokazaHO pe3y/nbTaThl BBHIYHUCICHUH
JIAHHBIX METPUK Ha PEaNbHOM IPOEKTE pa3pabOTKH PEIICHHs] aBTOMaTH3HPOBAHHOTO TECTUPOBAHMSL.
Abstract. Study conducted in the work explains the main goals for automated tests development. Described
methodology for static and dynamic code metrics collection for GUI automation test solutions. Defined
approach to calculate developers’ productivity when developing such solutions. Showed real project case
study with the related calculations.

Kuirouosi ciioBa: ABTOMaTH30BaHE TECTYBaHHS, KOPUCTYBALKHIA IHTEp(ElC, METPUKHU KOy

OmHa 3 HAWBAKIUBIIINX aKTHBHOCTEH PO3POOKH MPOTPaMHOTO 3acTOCYHKY € 30ip Merpuk. lle €
OCHOBHUM KPHUTEPIEM JOCSKHOCTI TEBHOI IiJi pO3pPOOKH, MOCTaBICHOI MEHEIKMEHTOM MPOEKTy. MeTpuKu
JIO3BOJIITH aHANI3YBaTH IIBUIKICTh, MPOAYKTUBHICTE poOOTH KOMaHIM, Iepeadadatd MaiOyTHI KITIOYOBI TaTH
TOTOBHOCTI TPOAYKTY 1 Take iHme. B maHiii crati ommcaHo 30ip METpPHK KOXYy pIiIIEHHS aBTOMAaTH30BAaHOTO
TECTYBaHHS KOPHCTYBAI[bKUX iHTepdeiciB, moOyZoBaHOTO 3a JOMOMOTOI0 0araToIIapoBOi apXiTEKTYpH Ta
HaTePHIB aBTOMATH30BaHOTO TECTYBAaHHS.

Hini npoexkTy. MeTpuky He MOXYTh ICHYBaTH cami 1o co0i, BOHM 3aBXIM IPUB’sI3aH1 1O NMEBHUX IIiJIeit
mpoekTy. PosrmsaHemo 30ip MeTpHK BiZHOCHO pI3HMX HAmNpsSMKIB IiIeH aBTOMATH30BAaHOTO TECTYBaHHS.
BimmosimHo mo mocmimkenHs Oymo mpoBemeHo Habip 3 10 iHTEpB’I0 Pi3HHUX MPOEKTIB 3 BIPOBAIKECHIM
ABTOMAaTH30BaHUM TecTyBaHHAM. OCb SKi TPH OCHOBHI IIiJIi MOXKHA BHIUINTH ISl 3aMOBHUKIB, 10 TIOYHHAIN
pOo3po0OKy aBTOMaTH30BaHMX TECTIB B ce0e Ha MPOEKTi:

30epexxenHst 4yacy Ta rpomeil. HameBHO HaWCKNAagHIMIAM  DINICHHSM  BIIPOBAKEHHS
ABTOMAaTH30BAaHOTO TECTYBaHHS B KOMIIaHIi € MHTaHHA YU OyZe BOHO YCIIITHUM i1 AKUM Oyze Horo pe3yibTar 3
TOYKH 30€pekeHHs Yacy Ta KOIITIB BiIHOCHO 3MCHIIICHHS Yacy Ha PyYHE TECTYBAHHI.

3 IWIMHOM Yacy TIpOrpaMHUI MPOAYKT CTAa€ OUIBII CKIAAHUM Y 3B'I3KY i3 301IBIICHHAM KUTBKOCTI PSAKIB
KOy depe3 I0AaBaHHA HOBUX (DYHKIIiH, BUMPABICHHS iCHYIOUAX IOMUIIOK, 1 T.1. Takox 3amadi moTpiOHO poOHTH B
OUTBIII KOPOTKI TEPMiHHM Ta MEHIIOIO KUTBKICTIO Jronei. CKIIamHICTh 3 TUIMHOM 4Yacy Oyae MaTu TEHICHIIIO 10
3HIDKEHHSI TECTOBOTO TOKPHUTTA 1 B KIHIIGBOMY paxXyHKY BIUIMBA€ Ha SKICTb MPOAYKTY. [HII (akTopn Takox
MOJKYTh BIUTMBATH Ha 3arajlbHy BapTiCTh MPOAYKTY i 9ac HOBUX peNi3iB mporpaMHOro 3abe3medeHHSI. MeTpuKu
MOXYTb JIaTH YSIBJICHHS [IPO CTaH 3YCHJIb, BUTPAUYCHUX HAa aBTOMAaTH30BaHE TECTYBAHHSL.

3arasoM TpH BHUKOPHCTaHHI CHCTEMAaTHYHOTO INIXOAY IO aBTOMaTHW3amii, MOXXHAa OTPHMAaTH
3aJIeKHICTh BiJl aBTOMATH3allii IPOIYKTIiB, ommcaHy Ha puc. 1 [1, 2].
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Puc. 1. Burpatu Ha TectyBanHA (pydHe a00 aBTOMATH30BaHE) 3 TUIMHOM Yacy

KopnopaTtuBHmii craHmapr. B KoMmmaHisX, sKi MaloTh IIUPOKUA CIEKTP TPOAYKTIB, NHUTAHHS
ABTOMATU30BAHOTO TECTYBaHHS € JAHEC TBEPKCHHS «IPOJYKT OyJe BUITYIICHO JUIS 3arajibHOTO JOCTYITY JIHIIE Y
BUNa/IKy K10 80% perpeciiiHux TecTiB Oy/ie aBTOMaTH30BaHOY.

ABTOMAaTH3aIisI 3apaad TEXHOJIOTIYHOCTI. Tako BaXIMBUM (haKTOPOM BIIPOBAKCHHS aBTOMATH3AIIIT
TectyBanHs € Mmoma[3]. CioBocmonyucHHS «ABTOMAaTH30BaHE TECTYBAaHHS BHYTPILIHIX TPOIYKTIB» MOXKE
MOCITY)KUTH K MPUEMHUAM (PaKTOPOM JJIsi 3aMOBHHKA, TaK 1 TapHUM IMOKa3HUKOM JUIS WOTO MPOIYKTIB Cepes
KOHKYPEHTIB. SIKiCTh CAMHX aBTOMAaTH30BaHHMX TECTIB B TAKUX BHIIAJIKAX MOXKE BIIXOJUTH HA 3a/IHIH TUIaH.

BiAmoBiHO 0 MOCTABJICHUX Bapialliif IiJicdl aBTOMAaTU30BAHOTO TECTYBAHHS MiAXOMIATh Pi3HI MPAKTHKU
IMITIEMEHTAITl aBTOMATH30BAHOTO TECTYBaHHS, III0 B OCHOBHOMY BIUTHBAE Ha SKICTh CAMHUX aBTOMATH30BAHHX TECTIB.

Ha pucyHKky 2 UIFOCTPY€ThCS KHUTTEBUH UK MPOCKTY SIKMA OYJIO BHITYIIICHO B PEJi3 Ta KU 3 4acoM
MPOJIOBXKYIOTH PO3p00IsaTH [4].

Aut
TIoKpHTIE TeCTaMH Ta om
AKiCTE MPOIVETY !
POAYETS atio

n

3aTpaTH Ta gac
Ha pemnis

Time

Puc. 2. Butpatn Ha TecTyBaHHS 0 Ta IICIS BBEJACHHSI aBTOMATH3AIli]

3aranoM Tpadikv TPEHIIB € iJleali30BaHi, TaK SK Ha KOHKPETHHX IPOEKTaX MOXKE CIIOCTEPIiraTHUCh
abCOJTIOTHO Pi3HA CUTYAIlis [TOB’s3aHA B OCHOBHOMY 3 HACTYITHHUMH (haKTOPaMH:

e [HcTpyMeHTamis (HMIATOTOBICHICTE JO AaBTOMATH30BAaHOTO TECTYBaHHS) TPOTPaMH, [UIA  SKOi
PO3pOOIAIOTECS aBTOMATH30BaHi TecTH[ 1];

e PiBeHb KOMaH/H, 1110 3aMA€THCS AaBTOMAaTH30BAHUM TECTYBAaHHSIM;

e [Iporpama emysmsnii fiif koprctyBada (automation tool).

Memoio pobomu € TIOKpAIlEHHS MPOIECYy aBTOMAaTH30BAHOTO TECTYBAaHHS 3a PaXyHOK OTPHUMAaHHS
Oimpmrol iHGOPMATHBHOCTI BiJ] caMOro KOXy aBTOMAaTH30BaHMX TecTiB. BimmoBimHo B pamMkax maHOi CTaTTi
3a0auero € BU3HAYCHHS METOOJIOTII 300py METPHK KOXy CTaTHYHOTO XapakTepy, sKi O BiANOBiTaM mporpecy
PO3pOOKH TPOTPaMHOTO MPOAYKTY HA PiBHI KOAY 1 MOTIHM O CIIY’)KUTH B MOJANBIIOMY U TOPIBHSAHHS IIPH
aBTOMATH3allii HACTYITHHUX MIPOTPaMHHX IIPOIYKTIB.
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CTATUYHI METPUKHU KOAY

OpmHak JUIsi caMHX aBTOMAaTH30BaHMX TECTiB MOXHA TOOYyIyBaTH TMEBHUH HaOip MpaBWiI, 3a SKUM B
MOJAITBIIIOMY MOXKHA OOYHCITIOBATH XapaKTEPUCTUKH SIKOCTI KOITy PO3POOKH aBTOMAaTH30BAHUX TECTIB.

Jna BigchainkoByBaHHS TWHAMIKH 3MIHH B PIIIEHHI aBTOMAaTH30BAaHOTO TECTYBaHHA, 30ip METpPHK
MOTPiIOHO MTPOBOANTH TIEPIOUIHO, HATIPUKIIA Pa3 B TIKJACHBL a00 pa3 Ha iTepallito.

30ip MeTpUK HEMOXJIMBHHA 0e3 BUKOPUCTAHHS MEBHUX JOTOMDKHUX yTHMIT. [ MaHOTO AOCIHiIKEHHS
30ip MeTpuK BigOyBaBCs Ha MPOTA31 BUKOHAHHSA JBOX NPOEKTiB aBTOMATH30BAHOT'O TECTYBAHHS 3 TEXHOJOTI€IO
HamucaHHs TecToBux ckpuntiB C# .NET. BimnmoBimHo anms aHamily OaHWX TPOTpaMHHUX 32 CTOCYHKIB
BUKOPUCTOBYBaJlach kKomepiiitHa yruiaita NDepend[5]. OcobnuBicTio Iii€l YTHIITH € T€ 10 3a JOIIOMOTOI0 Hel
MOYKHA TPEJICTABUTH KOJ MPOTPaMH SIK MEBHY CHCTEMY AHHX, HAJl KO0 MOYKHA BUKOHYBATH PEJSILINHI 3amuTH
3a goromororo Texnomnorii CQling[6].

Kiabkicts crpivok koay (Lines of Code - LOC). KinpkicTh cTpidoK KoAy € iH(pOPMATHBHUM
MMOKa3HUKOM 3arajlbHOTO Tporpecy B koai mporpamu|[7]. KimbKiCTh CTpidOK KOAY 3a3BHYail Mae 3pOCTaTH 3
rrepebirom gacy, OKpiM SIK y BAMIAAKaX MPOBEICHHS pe(haKTOPHHTY.

Binnosigamii 3anmut B yrrotiti NDepend:

from assembly in Assemblies
select new {assembly, assembly.NbLinesOfCode}

Kinvkicmo 6i3nec memodis (Business methods count). bizHec MeTOI € aTOMapHOIO OJUHUIICIO PO3POOKH
aBromMatm3oBanux TecTiB[8,9,10]. KinbkicTh Oi3HEC METOMIB Ta KUIBKICTH PO3POOJIEHUX TECTIB HalKparie
LTFOCTpYE TIporpec po3poOKH MPOEKTY aBTOMATH3AILI.

BimnoBigamit 3amut B yrwmiti NDepend (Bci 6i3Hec wMeromu MarOTh BigNOBITHWNA aTpuUOyT
(BusinessMethodAttribute)):

from businessMethod in Methods

where businessMethod. HasAttribute ("Core.Attributes. BusinessMethodAttribute")
orderby businessMethod. NbMethodsCallingMe descending

select new { businessMethod, ForSumCalc =1 }

KinbkicTs po3podsenux TectT keiiciB (Test Cases count). OCHOBHOIO XapaKTEPHCTUKOIO TTOKa3HUKIB
aBTOMAaTH3alii Ha MPOEKTI /IS MEHE/KMEHTY € He MOKa3HHKH KOJy, a MOKa3HHKH caMe aBTOMaTh3allil
KOHKpeTHHX TecTiB. JlaHi MeTpukm He MOXkHa 3i0paté 3 Koxmy, 1 iHpopmaris Oyna 3i0paHa 3 cHCTeM
BincrexeHnHs 3axad4 (Task tracking systems).

METPUKHN NPOAYKTHUBHOCTI

BiamoBigHO 10 BU3HAYEHUX METPUK MOYKHA 310paTh IOKa3HUKH MPOYKTHBHOCTI OKPEMHX PO3POOHUKIB
B KOMaH/Ii, a TAaKOX 3HAWTH CIiBBiTHOIIEHHS MiX pO3pOOKOI0 HOBHX 0i3HEC METOIIB Ta CAMHUX TECT KEHCIB.

BiamoBigHo d9ac, 3a3BiTOBaHHMN PO3POOHWKAMHM, PO3MOIUISABCSI Ha KIJIBKICTh PO3POOHHUKIB, ILIIOC JIO
yBaru Opajimch MOKa3HUKH KUTBKOCTI pO3pOOJICHUX TECTIB Ta Oi3HEC METOIIB.

Busnaunmo TCpD — KibKiCTh TeCT KeHCiB po3pobieHuX ogHuM po3podHukoMm (Puc. 3) mpotsrom
TIEBHOTO TIepioay (dac po3poOKU OJTHOTO TECT KEHCY B JIIOIUHO-THSX):

Irct
TCpD ==—, (1)
n-Nre
ne TCpD — KiNbKicTh TECT KEHCiB po3p0o0JIeHNX OJJHUM PO3POOHHUKOM; 7 — KiJIbKICTh PO3POOHUKIB; ¢ — Yac,

3a3BITOBaHMH KOKHMM DPO3POOHMKOM Ha pO3pOOKY TECTiB HPOTAroM mnepiony; Nrc — KUIBKICTB TECT KEHCIB,
po3poOKa SKMX 3aKiH4MJIach MPOTAroM naHoro mnepiony; C — koe(ilieHT noAaTKoBOI BTpaTH 4vacy (Ha
pedakropuHr Koxy, MITHHrH, neperysig koxy 1 T.1.). KoedimieHT nonaTtkoBoi BTpaTW dYacy BH3HA4aBCs
JIOCJITHUM HIISIXOM, JUIs TaHUX npoekTiB C = 1.5.

AHAJNOTIYHO MOXHa BU3HAYUTH HIBUIKICTH PO3po0OKH Oi3HEC METOMiB omHMM po3podHukoM (Puc. 4)
npotsiroM nepiony (BMpD), 3 enunoro 3MiHOIO B (1):

Yret
n'NBM’

EMpD = (2)
ne Ny — KUTBKICTh HOBHX pO3pO0JICHHUX 0i3HEC METOIiB MPOTITOM JTAHOTO MEPioxy.

B pesynpTati Oynm OoTpHMaHi HACTYIHI CIiBBITHOIICHHS (SIK IOKa3HUK Mepioxy OpaBcs THKICHb —
OJIHA iTepallis MPOIECy PO3POOKH):
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Test Cases Per Developer
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Puc. 3. KibKicTh TECTOBUX CLIEHAPIiB, pO3pOOJICHUX OJJHUM PO3POOHUKOM IPOTITOM THXKHS
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Puc. 4. Kinbkictb Gi3HEC METOIIB, PO3POOICHUX OJTHAM PO3POOHUKOM MPOTITOM THIKHS

BinmoBigHO MOXxHA MOOAYMTH, IO 3aJEKHICTH KIIBKOCTI PO3POOJCHHX aBTOMATH30BAHHUX TECTIB
00epHEHO NpoIopLiiHa 0 KIIBKOCTI po3po0ieHnX O13HEC METOIB MPOTAroM TOro X nepioxay. Lle nmoscHroeTbes
TUM (HaKTOM, IO PO3POOKA Ta HAJATOKCHHS Oi3HEC METOJIIB 3aiiMa€E Jac, a KOJIH JJaHi METOJIU BXKE PO3pOOICHO
Ta HaJaro/HKEHO, X Mepe BUKOPUCTAHHS B IHIIIMX TECTOBUX CICHAPISIX € IIBUIKUM HPOIIECOM.

MeTpuKHU EPeBUKOPUCTAHHS KOILY

Haii0isb1n 11ikaBOI0 METPUKOIO 3 TOYKH 30pH PO3POOKH TECTIB € OBTOPHOTO BUKOPUCTAHHS ICHYIOUOT'O
KOy JUIsl yCyHeHHsl 1yOmroBanHs (yHkuionany (Puc. 5).

Binnosigawuii 3anmut B ytroniti NDepend:

from m in Methods where m.HasAttribute ("Core.Attributes. BusinessMethodAttribute")
orderby m.NbMethodsCallingMe descending
select new { m, m.NbMethodsCallingMe }

Business Method Reusage
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Puc. 5. IToBTOpHE BUKOpHUCTAaHHS Oi3HEC METOMIB y PIllIEHHI aBTOMAaTU30BaHOT'O TECTYBAaHHS

Amnamiz paHoro rpadiky IOKa3ye IO B pe3yibTaTi pPO3poOKH ITaHOTO TWPOTPAMHOTO PilIeHHS
ABTOMATH30BAaHOTO TECTYBAaHHS KiHIIEBHH KOJ| TECTIB B CEpEIHBROMY IEPEBUKOPHUCTOBYBAB KOXEH Oi3HEC METO.
6impmre 36 pa3. Lle o3Hauae mo y BUMaIKy 3MiHH KOPUCTYBAIBKOTO iHTEpdeiicy, 3MiHa B OqHOMY Oi3HEC METO.Ii
aBTOMAaTHYHO Oy/e po3MOBCIOpKeHa B 36 pi3HMX Miclp, /1€ BHKIHUKAETHCSA JaHUI Oi3HEC MeToA. 3a paxyHOK
TAaKAX XapaKTepUCTHK TIEPEBUKOPHCTaHHA 1 VHidikamii Oi3HEC METOMIB IOCATAETHCS BHCOKHH pPiBEHb
MiATPAMYBAHOCTI IPOTPAMHOTO TOJIATKYy.
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BUCHOBKH

OCHOBHOIO ITJITIO 300py METPHK Ha TMPOEKTI € BiICTEKESHHS MPUOIMKEHHS J0 MEeBHOI 11iji. BinnosigHo
OCHOBHOIO METPHUKOIO JUISI MEHEIKMEHTY € KiJIbKICTh aBTOMAaTH30BaHUX KOMAHIIOIO TECT KEHCiB. 3 TOYKH 30py
MIPOJYKTUBHOCTI TakoX Tpeba BpaxoBYBaTH IIBUIKICTH PO3POOKH OJHOTO TECTOBOTO CIIEHApi0/ OJHOTO
TECTOBOTO METOJY.

B crarTi Bmepmie 3ampomOHOBaHA METOOJOTIS BiACTIAKOBYBaHHS KiNBKOCTI PO3po0iieHHX Oi3Hec
METOAIB Ta BIICTEXKEHHS IX MEPEBUKOPHUCTAHHSA, WIO 3a0e3MeYyeThCs BHKOPHCTAHHAM OaraTomapoBoi
apXITeKTypH TECTOBOTO KOy Ta MaTepHIB MOOYAOBH TECTOBUX 0i0Ii0TEK.
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