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PO3MNOAIJIEHA CUCTEMA
HABAHTAXKYBAJBHOI'O TECTYBAHHS
Y BE3NNEPEPBHIN IHTETI PAIIT

Y pobomi eusueno moxcaugicmo nob6ydosu po3nodinenoi cucmemu 0N HABAHMAIICYBATLHO20 MeCHY-
6AHHA 13 BUKOPUCMAHHAM IHCMPYMEHMIS8, wo nepebysaiomv y siokpumomy odocmyni, a came Gatling,
InfluxDB, Grafana, Logstash, Docker ma Jenkins. Onucano nioxio 0718 noOONAHHSA 0OMENCEHb THCTPYMEH-
my 3 asmomamusayii mecmysanusa npooykmusnocmi Gatling, a came obmedcenusa, wo He dae 3mo2u nody-
dysamu 61ACHY cucmemy po3nooiienoe0 HaBaAHMANCeHHs «3 Kopobkuy. Lle piwenns inmezposano y 6esne-
pepene nocmavanus Kody Ha 0CHOGI cepsicy Jenkins i aunpo6o8y8ano i3 YyeHmpaniz08aHuM 36imy6aHHIAM
pe3ynomamis y peanvHomy yaci. Lfio cucmemy 6yno pospobneno na npomueazy npeocmagieHum Ha PUHKY

KOMEPYIUHUM PIUEHHAM, W0 HAOAE itl OLIbWMOT 2HYYKOCHI.

KawuoBi ciioBa: MpoayKTUBHICTh CHCTEMH, TECTYBaHHS MPOJYKTHUBHOCTI, TECTyBaHHs HABAHTA)KCHHS,
Oe3nepepBHe NOCTaYaHHs KOAY, BiTOOpa)keHHs Pe3ysIbTaTiB y pealbHOMY 4aci, po3NoJiieHa CCTeMa HaBaH-

TaXXCHHA, BEIIMKOMACIITA0HI CHCTEMH.

Beryn

[TpomyKTUBHICTH CHCTEMH — 1€ OKpeMa iHXKeHep-
Ha HayKa, SKa OXOILTIOE MiIXOMU Ta MPAKTHKU IS
moOytoBY 1 ONTUMI3aIlil CHCTEM Ha yCiX PIBHAX —
BiJ (i3MUHHUX MPUIIAIB, IHTEPHET-MEPExKi 0 HAIH-
CaHHS BUCOKOC()EKTHBHHX alTrOpuUTMiB. BomHouac
OyAb-Ky CUCTEMY, Ky IPOEKTYIOTh 1 OylyI0Tb, Ma€
OyTH IepeBipeHo Ta BUIPOOOBYBaHO, OaXaHO B pe-
QIBHUX YMOBaX, 30KpeMa Ha MPOAYKTUBHICTE. | TyT
MPUXOANUTH Ha TOIOMOTY TaKU{ BHJ TECTyBaHHS,
SIK TECTYBaHHS IPOAYKTHBHOCTI, 9H, SIK HOTO 9acTO
Ha3UBAIOTh, HABAHTAKyBaJIbHE TECTYBaHHS.

Leit BUI TeCTyBaHHS € BAXIMBUM HE JIHIIIE 3 ITO-
ISy ONTUMI3aIil pecypciB, TOTCHIIIHHO BiH MO-
e BOeperTy KoMepuiiiHi (1 He Juile) OHJaiH-caii-
TH BiJl (PiHAHCOBUX i penyTariiHux Brpar. Hamnpu-
KJIaJl, TOCUTH BIJIOMOIO € iCTOpisl 3 MaAiHHAM Aep-
»aBHoro caity CIIA s MequaHOTO CTpaxyBaHHS
www.HealthCare.gov. Cucrema npunvHuia npato-
BaTU y)ke uepe3 2 TOIMHH IICIIS 3aIyCKy, aJKe He
Oysa rotoBa 10 HaBaHTaXeHHs y 250 THCcAY KopHc-
TyBadiB [16]. I Takux icTopiit y>ke JOCTaTHRO Y CBi-
TOBIHM MPAKTHIIL.

Cama cucrema 3 HaBaHTaKyBaJIbHOTO TECTYBaH-
HS TE€X Ma€ BIANOBIAATH KOHKPETHUM KPUTEPiIM
1 BUMOTam, peaizailis SKiX JacTh 3MOTY IPOBECTH
MOBHOLIIHHE Ta €()EeKTUBHE TECTyBaHHs. 30KpeMa,
JUTS TIEPEBIPKU BEJMKHUX (Y TOMY YHCI pO3MOije-
HUX) iH(pOpPMaLiHHUX cCHCTEM HEeoOXilHO OymayBaTh
(41 ckopHCTaTUCS TOTOBUM KOMEPIIIHHUM pillleH-
HSIM) PO3MOIIEHY CUCTeMY HaBaHTaKeHHS. OKpiM
TOTO, MOYKE BUHUKHYTH HEOOX1THICTh CTBOPIOBATH I1C
HABaHTa)XCHHS OJHOYACHO 3 PI3HUX YaCTUH CBITY.

© IMuboseyv A. M., Kapnosuu A. B., Kosw M. B., 2020

CBoO€10 4eproro, BeJIMKEe TECTyBaHHs MPOAYKYE Be-
JIUKI 00’ €MU Pe3yJIbTYIOUNX JaHUX, SKi 3py9HO 30H-
paTtH Ta BiJCIiAKOBYBaTH LIEHTPAIi30BAHO Y peanb-
HOMY Haci, 0 JJa€ 3MOTY [UIS IIBUAKOL PeaKIlii.

Came moOynoBy pO3MOIiIEHO CUCTEMH 3 HaBaH-
Ta)XyBaJIbHOTO TECTYBaHHS y Oe3lepepBHOMY IO-
CTayaHHI KOAY i3 MOXIIMBICTIO BiJJOOpa’keHHs pe-
3yJBTATIB TECTIB y pealbHOMY Yaci Oy/ie BUCBITICHO
y miif poGorti. dus ii peanizanii BUKOpHUCTaHO 3a-
TaTBFHOMOCTYIHI IHCTPYMEHTH, IO POOUTH TaKUi
Hiaxig e(heKTUBHUM Ta IPO30PUM i3 TEXHIYHOTO T0-
ISy, @ TAKOXK Ja€ 3MOTY 3MEHIIUTH 3aTpaTd Ha
TECTYBaHHS MPOIYKTHBHOCTI.

1. TeopeTuyuHi 3acaau
PO3M0AiIEHOr0 TeCTYBAHHS

1.1. BusnayenHs mecmy8auHs
nPOOYKMUBHOCHI

Cxort bap6ep y cBoiit npami «HapantaxxyBanbHe
TECTYBaHHS BE0-3aCTOCYHKIB JIJIsl TTOYATKIBIIB IS
HOBAYKiB» Ja€ ITOCUTH INPOCTE, ajic BIYYHE BH3HA-
yeHHs: «HaBaHTaXyBaJbHE TECTYBaHHA — 1€ T€, SIK BU
BU3HAYa€Te, CKUTLKU TpadiKy Bai BeOcaiT adbo BeO-
3aCTOCYHOK MO)KE BUTPHUMATH TIEpe/ THM, K yIIajie
YH 3MYCHTB KOPHCTYBadua MMUCATH HETaTUBHI BiATYKU
Ha TpOCTOpax IHTEpHETY. [HIMMU ciioBamu, 1ie HE
OlnbIIIe HiXK BUIPOOYBAHHS BAIIIOrO BeOCANTy B yMOBax
peabHOTO BUKOPHCTAHHS 1 3HAXOMKEHHS TIOMHIIOK
TepeN THM, SIK iX 3HAWIyTh KiHIIEBI croxuBadi» [1].

BonHouac Takuii BUJl TeCTyBaHHS 3/11HCHIOETHCS
He JIMIIe s BeOpecypciB, e y PoKyci KiHIEeBHA
CIIOXKHBAY, a 1 JUIsl KITACHYHHUX KIIIEHT—CEpBEp, PO3-
MOJIICHUX, BOYTOBAHHX Ta IHIIUX TUIIB CUCTEM.
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Cranaapt [SO25010 [ISO25000] Bu3Hayae npo-
JTYKTHBHICTh (€()EeKTHBHICTh) CHCTEMH 3a JOMOMO-
TOI0 TAKUX XapaKTePUCTHUK:

— Yacosa cK1a006a — CTYMiHb BiAMOBIAHOCTI BU-

MOT'aM 3a YacoM Bi[T'yKY, 9aCOM OIpAIFOBaH-
HS T TPOITYCKHOI 30aTHOCTI IPOTYKTY UM CHC-
TEMH YTIPOJOBXK CBOTO (DYHKIIIOHYBaHHS;

— BUKOPUCMAHHS Pecypcié — CTYIiHb BiAMOBII-
HOCTI BUMOTaM BHKOPUCTAHHS PI3HUX THITIB
pecypciB mijJ yac PyHKI[IOHYBaHHS CUCTEMHU;

— emHicmb — CTYIiHb, 332 SIKOi MaKCHMAJbHI
MEX1 BUKOPUCTAHHS CHCTEMH BiJIIOBIAIOTh
BumMoram [ 12].

Bazyrource Ha IbOMY BH3HAUSHHI, MOYKHA CKa3a-
TH, 1[0 TECTYBaHHS NPOAYKTUBHOCTI Tependavae
OLIIHIOBAaHHS 3a IBOMAa HalpsiMaMH:

1. Oyinwesanns, opicHmogane Ha cepeic, KU
Haoae cucmema, — IOCTYITHICTb CEPBICY Ta Yac
BiZITYKY; BOHH 3aMipsIIOTh, HACKIJIBKH ITOBHO-
IHHO (YY HETIOBHOIIIHHO) CUCTEMA HAJIA€ Cep-
BiC KiHIIEBOMY CIIO’KUBAYCRBI.

2. OyiHlo8anHs, opienmogane Ha camy cucme-
My, — TIPOITyCKHA 3/IaTHICTh, BUKOPUCTAHHS
pecypciB Ta EMHICTh CHCTEMH; BOHU 3aMipsi-
I0Th, HACKUIBKH €()eKTHBHO (UU Hee(eKTHUB-
HO) CHUCTeMa BHUKOPHCTOBY€E CBOIO iH(pacT-

1.2. IlopisHanns KOMEPYItIHUX cucmem
i3 mecmysanHs nPoOOYKMUSHOCHII

3a BU3HAYCHHAM KommaHii SmartBear, po3mnoi-
JICHE HAaBaHTA)KyBaJbHE TECTYBAHH € HE YUM IHIIIIM,
SIK TECTOM, TPOBEICHUM 13 JISKITBKOX MAIIIFH (KOMIT O~
TepiB, CepBEPIB) OJHOYACHO, 11O JIA€ 3MOTY CUMYITIO-
BaTH BEJIMKY KUIBKICTh BIpTyaJbHUX OJHOYACHHX
KOPHCTYBaUiB Ta reHepye BeUKi 00’ emu Tpadiky [10].
HaituacTime apxiTekTypa CUCTEeMH PO3IOJine-
HOTO HABAHTA)KCHHS Ma€ TaKi KOMIIOHCHTH:
— MOCTa4YaJIbHUK XMapHUX TEXHOJOTii (AWS,
MS Azure, GCP);
— MallMHa-MakcTep IS OPKECTpalii Ta yIpaBIiHHS,
— MallMHU-aTeHTH I BUKOHAHHS CaMoro Ha-
BaHTaXCHHS,
— IHCTpyMEHT A PO3pOOJICHHS Ta CHUMYISALIT
HABaHTAKCHHS,
— THCTPYMEHTH JJIsl 30UpaHHs Ta BiIOOpaKeHHS
pe3yNbTaTiB;
— 3a TOTpeOM — CHUCTEeMH YMpaBIiHHSA Ta/abo
0e3MepepBHOTO MOCTa4YaHHs KOy,
— 3a moTpeOu — 6a3a it 30epeKeHHS TeCTO-
BHX JaHUX.
s peanizanii moniOHOT CHCTEMU Ha PHHKY iCHY-
I0Th SIK KOMEPIIilHI, TaK i TOTOBI 3araJlbHOIOCTYITHI

DPYKTYDY. IHCTpYMEHTH. X MOpiBHIHHS HaBeneHo y Tao. 1.
Tabnuys 1
HopiBHsIbHA Ta0/IMIA PO3NOALTEHUX
cHcTeM reHepanii HABaHTaKeHHS
. PiBens amanramii . InTerpanis
Ha3zsa Bapricts Ha TpaBens 2020 p. nix npoeser 3BiTyBaHHS 3 CI/CD
Big 6 THC. . 0. / pik Bucoxuii, nae N
Blazemeter ) MOXIIHBICTb Tax, cBiit hopmar. Tax
(5 TucC. BipTyanbHIX BHUKOPHCTaHHSI Pi3HUX V peanbpHOMYy yaci
KOpHCTYBAYiB) iHCTpyMEHTIB
Bix 11 454 y. 0. / pik iy
A Y p - Tak, cBiit popmar.
LoadUI (1 Tuc. BipTyansHUX Cepenniit : Tax
. V peanbHOMY Haci
KOPHUCTYBauiB)
Bin 7 te. — 10 THC. y. 0./ piKk Bucoknit, nae )
LoadRunner . MOXJIUBICTD Tak, cBiit hopmar. Tax
(5 tne. BIpTyajbHUX BUKOPUCTAHHS Pi3HUX VY peansHOMYy Yaci
KOpHCTYBaviB) iHCTpyMeHTiB
Gatling 15 tuc. — 27 THC. Y.0. / pik 3
: (3aJ1eKHO BiJl YaCTOTH Bucokuit Taxk Taxk
Frontline
BUKOPHCTAHHS)
AWS template BbeskomroBHO Huxue nix cepenmil, Tak, ae odmexe-
2] (omara 3a BUKOPUCTaHHS ajKxe 0OMeKeHHH CBOi- HE MOXKJIMBOCTSIMH Tax
BipTyaJbHUX MaIllVH) MH TEXHOJIOT1SIMU CloudWatch
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Cucrema nia
HaBaHTaXKEeHHAM

[IBuaKWI TOPIBHILHAN aHAaJi3 MOKa3aB, 110 Ha
PHUHKY € TOCHTH IMUPOKHIA CIHEKTP MPOAYKTIB IS
IMIUTEMEHTAIlii PO3MOIIICHOT CHCTEMH TECTYBaHHS
MPOAYKTUBHOCTI. BomHOUAC 11i pireHHs He Ge3KOoII-
TOBHI, 0OMEXYIOTh ¥ MOXKIUBOCTSX OOYJOBH He-
00XiZHUX 3BITiB, MPONIOHYIOUH JIMIIE CBill opmar,
1 BMEHINYIOTh THYYKICTh TPOCKTY B IIJIOMY, 3aB’sI-
3yI04HM Ha CBiil cepBic.

2. PeaJizanisg BJ1acHoOl CHCTEMH
PO3MOiJIEHOr0 HABAHTAKEHHS

2.1. Apximexmypa po3nooineHoi
cucmemu mecmyeanHs

APXITEKTypy B3a€MOJIii KOMITOHEHTIB CHCTEMH
PO3MOIIICHOT0 TECTYBAaHH HABAHTAXKEHHS Ta BH-
KOPHUCTaHi CEpBICH Ta IHCTPYMEHTH 1A 11 TOOYI0BH
300pakeHo Ha puc. 1.

Yci iHCTpyMEHTH, sIKi OyJIM BUKOPHCTAaHI JIIsl pea-
Ji3allii CHCTeMH TeCTYBaHHs, € 3arajlbHOIOCTYITHH-
MH, a OT)Ke O0e3KomTOBHUMH (OKpiM Amazon AW S
EC2 BipTyansHux cepBepis). OkpeMo 3yTMHUMOCH
Ha TaKoOMy iHCTpyMeHTI, sik Logstash — iHcTpymMeHT
3 op6itu ELK nnsa 06po6neHHs, HeoOXiaHO1 BU-
JIO3MIHU Ta TIOJJIBIIOTO BiNPAaBICHHS NaHUX [9].
Came 3aBasku Logstash cTano MoxxauBuM 00iHTH
oOMexeHHs iHcTpyMeHTy Gatling 1uist TecTyBaHHS
3 PO3NOAUIEHUX MAIlUH, U0 AOKJIaaHilIe Oyae po3-
IJISTHYTO JTaJii.

Jenking ArenT

-

logstash

atling
MGradle
) GitHub

E -

| |
| |
| |
| |
| |
| |

Puc. 1. ApxiTektypa po3noaiieHoi CHCTeMH
TECTYBaHHS HaBaHTA)KCHHS

2.2. [lobyoosa cucmemu 8i006paiceHHs
pe3ynvmamis y pearbHoMy 4act

Inctpyment s HaBanTaxeHHs Gatling Mae 3Mo0-
Ty HQJICHJIaTH JIaHi B peaJlbHOMY Yaci psMo B 6a3y
InfluxDB, BUKOpPUCTOBYIOYM IPOTOKOI graphite.
Jliis boro B KoHGIrypamiiHoMy ¢aini iHCTpyMeH-
Ta gatling.conf moTpi6HO 3MIHMTH HaNAIITYyBaHHS
IO TaKWX:

gatling {
data {

writers = [console, file, graphite]

graphite {
light = false
host = “localhost”
port = 2003
protocol = “tcp”
rootPathPrefix = “gatling”

bufferSize = 8192
writePeriod = 1

}

Bonnouac Gatling Hagcuiiae nasi 3 iHTepBagIoM
y 1 cexyHzy, mo € 00MeXEeHHSIM ISl CHCTEMH PO3-
MOMIIEHOTO HaBaHTAXXyBAJILHOTO TecTyBaHHS. 11]06
3PO3YMITH, 4OMY, IOTPIOHO CIIOYATKy PO3TISAHY-
TU cTpykTypy Aanux InfluxDB Ha rimoretu4Ho-
MY MPHUKIaal 30epeKeHHs TeMIIepaTypHUX MOKa3-
HUKIB Jokanii y Tabauio (measurement) mij Ha3-
Bolo weather (puc. 2):
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weather,location=us-midwest temperature=82 1465839830106406200

|measurement|,tag set| |field set| |timestamp|
Hmmmmmmmmmem #=mmmmmm #-F--mmmmmo H-Fommmmmmm +

Puc. 2. Ctpykrypa nanux InfluxDB

— measurement — aHaior tabmuii y SQL;

— tag(s) — aHaJIOT MPOIHEKCOBaHI 3Ha4YeHb Y SQL;

— field(s) — ananor HenpoiHaeKcoBaHUX 3HaueHb Y SQL;

— timestamp — 3Ha4eHHs Yacy B toHIKC popmari. OcHOBa
ocHoB i InfluxDB. Came 11e 3HaYeHHS € KIIOYOBUM
1H/IEKCOM IS KOXKHOTO 3aITUCYy.

SIK110 11 000X UM OibIIIE 3aIKCiB OIS time-
stamp i tag(s) 30iraroTbcsi, HE3BAKAIOUHM HA 3HAYCHHS
field(s), To InfluxDB 00poOuUTH 11i 3amucH SK i1eH-
TU4HI Ta 30epexe nuiie ocTaHHi 3HaueHHs fields.
Cgoeto ueproro, Gatling HajicuiIae 1aHi TAKMM YHHOM,

timestamp: 1589214500

tag Request: main gage
tag Scenario: naukma_load
field Response Time: 890

logstash

timestamp: 1589214500

tag Request: main gage
tag Scenario: naukma_load
tag Host: 171_12 9 1

field Response Time: 890

[0 Yac Ma€ PO3MIpHICTh JUIIEC Y CEKYH-
Jlax, a yci iHII1 3Ha4eHHs (Ha3Ba CTOPIHKH,
CIIeHapilo0) € Taramu (tags), OKpiM caMOro
3HAYCHHS 3aMmipy (Hampukiaj, 4ac BiJi-
TyKy), akuii € nosiem (field). Y pesynprari,
BUHUKA€ CHUTYyaIlis, KOJH MU BTPAYAEMO
YACTHHY JaHUX 13 PO3MOAIJICHHX CEPBEPIB
HABaHTAXXCHHS, OCKIIbKH BOHU TEPE3aUCYIOThCS
y 0asi.

Gatling He 1ae 3Moryu ToaBaTH HOBI OIS (tags,
fields) abo 3MiHIOBAaTH pPO3MIpPHICTH Yacy Ha MiJlice-
KYH/IH, 1[0 MOTJIO O IOTIOMOT'TH Y PO3B’sI3aHHI I[bO-
ro ooMexeHHs. Came ToMy OyJIo BUPINICHO 3HAUTH
CTOPOHHE PIllIEHHS JJIS PO3B’s3aHHS OMHCAHOTO
obmexxenHs — Logstash. Bin 3aiiHsaB mo3wuiio Ha
nuIAXy pyxy panux mixx Gatling ta InfluxDB, nona-
1044 1M’ 51 MamHy (y Hamomy BUnanaky im’st Docker
KOHTeiHepa) sik JomarkoBuii Tar. Logstash 3amycka-
€ThCS Ha KOJKHIM MAaIlvHI Ta HAJCWIIAE JaHl B [IEHT-
pamnizoBany 6a3y InfluxDB (puc. 3).

timestamp: 1589214500

tag Request: main gage
tag Scenario: naukma_load
field Response Time: 1020

logstash

timestamp: 1589214500

tag Request: main gage
tag Scenario: naukma_load
tag Host: 171_12_10 2

field Response Time: 1020

€ influxdb

36epexeHnli pesynsTar

timestamp: 1589214500
tag Request: main gage

tag Scenario: naukma_load

tag Host: 171_12 9 1
field Response Time: 890

\

timestamp: 1589214500
tag Request: main gage
tag Scenario: naukma_load

tag Host: 171_12_10 2
field Response Time: 1020

Puc. 3. Cxema 36epexenns pesynsrariB Gatling y InfluxDB 3a nocepennunrsa Logstash
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Hwxue HaBeneHo koHpiryparito Logstash, ska
Jof1a€ iM’ sl MAIIUHA Ha MIULIXY PYyXY PEe3YABTaTiB ITij
Yac MPOBE/ICHHS TECTyBaHHS:

input {
graphite {
port => 2003
}
}

filter {

ruby {
init => “require
code => ™
host = Socket.gethostname
# replace all dots in host
if host.include? ‘.’

‘socket’”

host = host.gsub('.”, ' )
end
msg = event.get (‘message’)

metricsMatches =
[0-9]1+ [0-9]+/)

msg.scan (/gatling\S+

event.to hash.keys.each do
if (fleld != ‘@timestamp’) and
‘message’)
event.remove (field)
end
end

[field|
(field !=

timestamp = 0

metricsMatches.each do |metric]|
metric_splitted = metric.split (' ')
event.set (metric splitted[0].concat

(Y.”) .concat (host), metric splitted[1l])

timestamp =
end
event.set (‘timestamp’,

metric splitted[2]
timestamp)
}

date {

match =>
remove field =>

[ “timestamp”, “UNIX”]
[“timestamp”]
}

mutate {

remove field => [“message”]

}
}

output {
graphite {
host => “18.197.196.197” # IP of InfluxDB
port => 9003
fields_are metrics => true

}

2.3. Ilobyoosa mecmosux cyenapiis
Ha ocnosi incmpymenmy Gatling

Gatling BUKOpHCTOBY€ (pyHKIIOHAJIEHY MOBY IIpO-
rpamyBaHHs Scala [4]. lle Hamae MOXIIMBICTh KOH-
TPOJIFOBATH Bepcii TecTiB (mpumipoM, uepe3 GitHub).
Hanpuknan, ocHoBHUN KOHKYpeHT JMeter He Mae
TaKoi MOXKJIMBOCTI.

[Ie ogHi€ BaroMoro mepeBarolo € Te, mo Sca-
la HanexuTh 10 opbith MoB JVM (Java, Groovy,
Kotlin). Ile 1ae MOXJIHBICTh MHCATH PI3HOTO POILY
YTWIITH JUIsl TeHepyBaHHs Ta 30epiraHHs TECTOBUX
JaHux abo peanizallii HeoOXiIHOT 0COOIMBOI JOTIKH

3a JIOMIOMOTOIO IIMX MOB ITiT IAITKOI0 OHOTO TECTO-
BOTO IPOEKTY.

PosristHeMo Ui npHKIagy HallMCAaHHS TECTO-
BOTO HABaHTAXYBAJBHOTO CLEHApil0 s cailty
http://fin.ukma.edu.ua.

Kpoxku crieHapiro MaroTh TakHi BUNISA:

Puc. 4. Cuenapiii BUKOHaHHS TeCTy
s http:/fin.ukma.edu.ua

s HarmcaHHs TaKoTO TeCTy OYyJI0 BUKOPHUCTAHO
TPH MOJTYJi:
1) baseConfig/BaseSimulation.scala — xoH}iry-
parlisi MpOTOKOJY 3aIUTiB;
2) requestObjects/FinRequests.scala — onuc so-
T'iKM OCHOBHHX KPOKIB Ha CaiiTi;
3) FinSimulation.scala — mocIigOBHICTh TECTO-
BUX KPOKIB Ta OIKC MOJEIi HaBaHTa)KCHHL.
Cam tect Oyito BUKOHaHO Ha ocHOBI Page Object
Pattern, sikuii 3a3BU4aii BUKOPUCTOBYIOTh JIJIst (DYHK-
[IIOHAJIFHOTO TECTyBaHHS.
Po3misiHeMo feTanbHile KOXEH 13 MOIYJIiB.

baseConfig/BaseSimulation.scala
package baseConfig

import io.gatling.http.protocol.HttpPro-
tocolBuilder

import io.gatling.core.Predef.

import io.gatling.http.Predef.

class BaseSimulation extends Simulation ({

val httpConfFin: HttpProtocolBuilder = http
.baseUrl (“http://fin.ukma.edu.ua”)
.inferHtmlResources (WhiteList (”””.*
ukma.edu.*”””), BlackList())

.acceptHeader (”“text/html,application/

xhtml+xml, application/xml;q=0.9,image/

webp, image/apng,*/*;q=0.8,application/

signed-exchange;v=b3;q=0.9")
.acceptEncodingHeader (“gzip, deflate, br”)
.acceptlanguageHeader (“en,en-US;
g=0.9,ru-RU; g=0.8,ru;gq=0.7,uk;g=0.6")
.userAgentHeader (“Mozilla/5.0
(Macintosh; Intel Mac OS X 10_15 4)

AppleWebKit/537.36 (KHTML, like Gecko)

Chrome/81.0.4044.129 Safari/537.36")
.silentResources

}
requestObjects/FinRequests.scala

package requestObjects

import io.gatling.core.Predef.
import io.gatling.http.Predef.

object FinRequests {

def finHome () =
exec (
http (“Fin Main Page”)
-get (/")
.check (status.is(200)
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def finNews () =
exec (
http (“Fin News”)
.get (“/news/"”)
) .check (status.1s(200))
def finDepartment () =
exec (
http (“Fin Department”)
.get (“/department/informatics/description/”)
) .check (status.is (200))
def finDecanat () =
exec (
http (“Fin Decanat”)
.get (“/about/history/”)

) .check (status.is (200))
}

FinSimulation.scala

import baseConfig.BaseSimulation

import io.gatling.core.Predef.

import io.gatling.core.structure.ScenarioBuilder
import requestObjects.

import utils.Utils.

import scala.concurrent.duration.
class FinSimulation extends BaseSimulationf{

/*** Before ***/
before {

SIK BUIHO 3 MOJIYJIIB CIICHApIiiB, IIepeBipKa Ha yc-
MIIIHICTh HABAHTAXKYBAIBHOTO TECTY 3IIHCHIOETHCS
SK MIHIMYM y JBOX MiCIISIX:

— Ha piBHI KOXKHOTO 3anUTy — 3aco0oM .check(sta-

tus.is(200));

— Ha PiBHI YChOIO TECTY 31 BCTAHOBJICHHSIM Ipa-
HUYHOTO 3HAYSHHS YCIIIIHO 31iHCHEHHX 3a-
MUTIB MPOTATOM YCHOTO TECTYBAaHHS —3aC000M
.assertions(global.successfulRequests.percent.
is(100)).

2.4. Bunpobosysanns cucmemu

[Tix gac BUMPOOOBYBaHHS PO3IMOILICHOT CHCTE-
MH HaBaHTa)XyBaJIbHOTO TECTyBaHHS OyJI0 BUKO-
pucrtaHo 1Bi BipTyansHi Mamau AWS EC2, onxa
3 AKUX Bimirpasana pons Jenkins Master, iHma —
Jenkins Agent. BipTyasbHi cepBepu Malu Taki TeX-
HIYHI TapaMeTpu:

CPU, 8 MB RAM, SSD Volume, Ubuntu Server
18.04 LTS.

CaMoTecTyBaHHS HaBaHTaXEHHS BinOyBalloCh

println(“Load Simulation is about to start!”) pnjg Takux caiiTis:

debugInfo (false)

val finWebLoadScenario: ScenarioBuilder =
scenario (“"FinUKMA Web Load”)
.during (120 seconds) {
exec (FinRequests. finHome () )
.pause (1, 2)
.repeat (2) (
exec (FinRequests. finNews () )
) .pause (3, 5)

.repeat (2) (
exec (FinRequests. finDepartment ())

) .pause (3,5)

.exec (FinRequests. finDecanat ())

} .pause (1, 2)

/*** Open Setup Load Simulation ***/
setUp (
finWebLoadScenario.inject (
atOnceUsers (10) during (120 seconds)
) .protocols (httpConfFin)
) .assertions (global.successfulRequests.
percent.is (100))

after {

println(“Load Simulation is finished!”)

1. https://www.ukma.edu.ua;

2. https://vstup.ukma.edu.ua;

3. http://fin.ukma.edu.ua.

Byno mposeneno Oinbiie Hixk 20 pi3HOTO THUITY
TECTIB HA MPOAYKTHUBHICTh i3 BUKOPUCTAHHIM CHC-
TeMHu Oe3nepepBHOro nocradanas koay Jenkins. Ca-
Me TeCTyBaHHs OyIlo 3A1HCHEHO B HIYHWH Yac JUIs
YHUKHEHHS TOXHOOK Bifl KOPHUCTYBaHHS pecypcaMu
peaybHIMHU KOPHUCTYBadaMHu.

OTxe, pO3TIITHEMO Pe3y/IbTaTH HABAHTAXKyBab-
HOT'O TeCTYBaHHs JOKJIaHIIIe.

— Bymno 3niiicneno HaBanTaxkeHHs y 10 omHOYAC-

HUX KOPHUCTYBadiB IPOTITOM TPHOX XBHIUH
JUISL KOKHOTO CamTy.

— 3a pe3ynbpraraMu MOPIBHSHHS MOXHA 3p00OH-
TH BHCHOBOK, 1[0 Ha IOPIBHSHO MaJluX Ha-
BaHTa)XCHHIX HaHKpalli MOKa3HUKU MPOIYK-
TUBHOCTI Mae cailT https://vstup.ukma.edu.ua
(nuB. puc. 5 i Tabmn. 2).

Puc. 5. [TopiBHAHHS yacy BiAryKy i Tpbox caiitiB HaYKMA
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Tabnuys 2
IlopiBHSIHHSA MOKA3HUKIB MPOAYKTHBHOCTI
Hagpan- Makcen-
TasKeHHs], MaJbHU 3anm-
Caiit OHOYACHI | Yac BiAryKy, | TiBy ce-
Kopucty- | 95 % mep- KYHAY
Bavi CeHTHJIb

https://www.ukma.edu.ua/ 10 8,830 mc 0,8

https://vstup.ukma.edu.ua/ 10 963 Mc 1

1,327 mc 0,8

http:/fin.ukma.edu.ua/ 10

Sxmo mopisHIoBaTH http://fin.ukma.edu.ua ta
www.ukma.edu.ua g yac BEJIMKOIO HaBaHTAKEH-
HsI, TO IEPIIUH CAWT Ma€ 3HAYHO Kpally IIBUIKICTh
00pOOJICHHS 3alHTiB, OHAK IPUITHHIE IPALOBa-
TH 3a Outbmie HikK 50 0JHOYACHUX KOPUCTYBauiB
(3—4 3anutu B cexyHay). Hatomicts apyruii mpo-
JIOBXKYE MPAIIOBATH Y Pa3i 301JIbIIICHHS HABAHTAKEH-
Hsl, X04a 4ac BIJTYKYy NIPH IIbOMY MOXE€ CTAHOBHUTH
OibIIe HiXK 3 XBHJIMHU.

BucHoBkn

Y po6GoTi Oyito mpoaHai3oBaHO MIUPOKHUN CIIEKTP
IHCTPYMEHTIB 1 MiAX0AiB AJa moOyJ0BU PO3MOIi-
JIEHOT CUCTEMH HaBaHTa)KyBaJbHOTO TECTYBaHHS.
3TiJHO 3 MOCTABJICHUMH Y BCTYIII IISIMH, 1151 CUCTE-
Ma Majia O BiAMOBIIaTH TPHOM OCHOBHUM BUMOTaM:
1) MOXKITUBICTh IHTETPYBAaHHS 3 CHCTEMaMH 0e3-
MEPEPBHOTO MOCTAYAHHS;

2) po3moiicHe HaBaHTAXKYBAJIbHE TECTYyBaHHSI
(i3 meKinTbKOX MaIINH);

3) Bisyasizallist pe3ynsTaTiB HEHTPai30BaHO Ta
B pealbHOMY Yaci.

YV pesynbrari NpoBEACHUX JIOCIIIKEHb Ta IMO-
HIYKy pilIeHb TaKy CHUCTEMY TE€CTYBaHHS MPOIYK-
TUBHOCTI OyJI0 yCHINIHO MOOY/I0OBaHO Ta BUIPOOY-
BaHO Ha JICKIIBKOX CaliTax CIpaBkHiX caiitax. byio
3MidcHeHO Onm3bKo 20 pi3HOrO THITY TECTIB i3 Ha-
BaHTaKCHHSL.

[ToTpiOHO 3a3HAYUTH, IO OKPIM OCHOBHHX ITi-
neit, OyJIo TOCATHYTO TaKOK BUKOHAHHS JACKITLKOX
IHIINX, He MEHII BKIUBUX 3aBIAHb.

3okpema, it ToOYIOBH CUCTEMHU TECTYBAHHS
BUKOPHUCTOBYIOTHCSI 3araJIbHOJJOCTYTIHI 1HCTpPYMEH-
TU (Open-source), OKpiM XMapHUX cepBiciB AWS,
11O /IaCTh 3MOTY 3MEHIIUTH OromKeT npoekty. BoaHo-
gac AKIIO Ha MPOEKTI € BIIACHI IOTYXKHOCTI (cepBe-
pa), To i ocTanHii MyHKT (AWS) He Oyne cuibHO
3aTpaTHUM.

JonaTkoBo, CHCTEMY MOKHA IMIBHJIKO PO3TOp-
HyTH y OyIb-IKOMY olepaliifHoMy cepeaoBuIIi
(Linux, Windows, Mac OS), amxe ans i noOyno-
BHU Ta 3aIlycKy OyJIO BUKOPHCTAaHO CepBic BipTyai-
3anii Docker.

OxkpiMm Toro, moexHanHs cepaici InfluxDB i Gra-
fana mae 3Mory rHy4YKO KepyBaTH IIPOIECOM Bizya-
mizanii HeoOX1THUX METPUK Ta IHTErpyBaTH JaHi
3 pi3HUX pecypciB (METPUKHU TECTyBaHHS, MMPO-
TYKTUBHOCTI Ta BUKOPUCTAHHS CHCTEMH) B OTHOMY
neHTpanizopanomy Micui. Cama Grafana € He ynm
1HIINM, SIK BeOCEpBiCOM BiIOOpaXKeHHS JaHUX, TOMY
JOCTYII IO pe3yJIbTaTiB MaTUME HE JIHIIE iHXEHED
HaBaHTAXXYBaJHHOTO TECTYBAHH:, a i Oyab-sIKHit 3a-
IIKaBIICHUH YJieH KOMaHIu (3BICHO, Yepe3 CUCTe-
My aBTOpH3aIlii).
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DISTRIBUTED LOAD TESTING SYSTEM
IN CONTINUOUS INTEGRATION

The digital system performance is a separate engineering science that includes approaches and prac-
tices for building and optimizing systems at all levels — from physical devices, network, to writing highly
efficient algorithms. At the same time, any digital solution that is designed and built should be tested, prefer-
ably under real conditions, including performance testing or as it is often called load testing.

Performance testing is designed to simulate the real usage conditions of the system and load on it in order

to find out its potential bottlenecks.

However, to implement this type of testing without special software tools is almost impossible. The per-
formance testing system itself should also meet certain criteria and requirements, the implementation of
which will make possible an effective testing. Thus, to test large (including distributed) information solu-
tions, it is necessary to build a distributed system for its load. In addition, it may be necessary to create such
a load simultaneously, for example, from different continents.

Moreover, large-scale testing produces large amounts of resulting data that need to be collected and
tracked in real, allowing to respond quickly to errors or other problems.

The relevance of this topic is that, despite the presence on the market of commercial tools for such test-
ing, it is often necessary to build own (project specific) system to display either more required metrics, or
the inability to use third-party systems or budget restrictions, or all together.

This paper explores the possibility of building such a distributed solution for performance testing using
open-source tools such as Gatling, InfluxDB, Grafana, Logstash, Docker and Jenkins. Gatling is the main
tool for load testing, but its open-source version does not allow to implement scaled testing “out of the
box”. The main limitation is that even if you run several test processes from different servers at the same
time, the report will be generated separately on each one and will not show the overall picture.

This problem has been solved by using such a tool as Logstash which is described in this paper. Addi-
tionally, this solution has been integrated into the continuous integration based on Jenkins service and
successfully tested with centralized real-time reporting using Grafana service.

Keywords: system performance, performance testing, load testing, continuous integration, real-time re-
porting, test results, distributed load system.
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