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MEeTO/IB ANA BUPILWLWEeHHA 3aaau4i
OMHAMIYHOIO MacLUTabyBaHHA
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AHani3z npobnemHoi obnacTi

* |HGpacTpyKTypa A0AATKY Mae TPM OCHOBHI KOHirypauii:
* Virtual machines
* Containers
* Serverless
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Weeyenko O4.0.
KepigHuK:
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* MacwTtabysaHHAa iHbpacTPYKTYpKW HaMYacTilWe NPOBOAMTLCA iITEPATUBHMMM
MEeTO4AMM: AKLWO iIHQPACTPYKTYPM AOCTAaTHLO MICAA HACTYNHOI iTepalii, To

3YNUHMUTUCL — iHaKWe macwTabysat gani

* MacwTtabysaHHA ByBae ropU3oHTaNbHUM Ta BEPTUKANbHUM
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[TlocTaHOBKaA 334aui

* [poBecTH aHanis TUNOBUX iIHDpPACTPYKTYP

+ MpoBecTi NOpPIBHANBHUIA aHaNI3 METOAIB aHanizy iHbpacTpykTyp

* Po3pobuTi anropuTmMu 1A BUpilUeHHA 3aaadi macluTabyBaHHA

* Po3poBUTH anropuTM BUpilLEHHA 3adadi

* BMKOHaTH NporpamHy peanisaujo

* MpoBecTH ekcnepuMeHTaNbHY NEPeBipKy anropuTmy

* Po3pobuTh pekomeHaali Woao BUKOPUCTaHHA po3pobAeHHOro anropuTmy

* 3HAWTK WNAXK SNA NOSANBLWIONO SOCAILMEHHA 3a4N0A NOKPALWEeHHA anropuTmMy y pasi
HeobxigHocTi

Web-cepeep

Tunoea
MNpunoxetne

apXxiTeKTypa
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MeToan aHanisy iHppacTpyKTypH

eKCNnepTHUM
MeTo/,

(Lol 77|78 @ DyHKLiOHaNbHE TeCTyBaHHA
ALK e TecTyBaHHA HaBaHTaXKeHHs

IHOPACTPYKTYPU PO3ropHYTi 33415

eKCNnepumMeHTy

s 10 lambda-functions and DynamoDB

= 2 virtual machines on EC2 with t2.mini

e Data base
e Application server
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1. Mpoakaniaysaswm oTpUMaHi 4zHi mu G24Mmo, Wo i 30iNsWeHHAM POCTY 3aNWTIE MaKCHMAaNBHMIA Yac BigNoBig] AopaTry 0o
anTumiaa i nocTynoeo apocrae. Nicnr anTHMiaa i My Mmosemo NomMITTH, W Ha MaaiRA kinerocT| 2anuTie ac ix oBpoBua Binbwe, Wik v
iHCTaNALIT 40 onTHMizaUiT. Lie MOoMe NORCHIDBATMCE TMM, WO 33408 ONTMMIZaUIT iHGPacTpyRTypH DynK BrKopHcTaHi incTaHon t2.small,
KOTRI 33 CEOIMI X3 PaKTEPHCTHMREMM NP OrDaEkTe £5.arge, AR BHKOPHCTOBYEAMMOR 00 ONTHMIZaWT.

2 Mik Ha 300 2anuTax cBYMOBNEHO TAM, L0 TPMrep, AKWA BYN0 HANAIWT0BAHO 23 40A NAHATTA HOBMX BIPTYANLHIX M3LMH LUE He
Bignpauwsasi gpyrux incrame 4ns obpofici zanuTie we Bye nigHaTri, B noganswomy guramivke mawrabysanua 4oaeonmno
BTPHMATH Ya< BLONMOBIAIY 3pyHIR AR KOPWCTYBAYAE TpaMKul,

ES 36inbwennn vacy signoaig) nicns 1500 3annTia rosopuTL NPo Te, WE AAHKA TEUFER ROTAMO PEENYE Ha HENepaBaYEHE HABAMTAMEHHA,
HoTpe Binklwe 33 gaHi Ha 0CHOB] AKNX TpUrep Byno noByA0EaHO, WO CTABMTE NG CYMHIE AOTD KOPHMCHICTE Ta NPHMIB0GMTE Q0
HEoBXiAHOCTE 2HaNEY HWKK TRUrepie 4nA IMiHK iHDPECTRYRTYEH.

4. 3 GiHaHCoBoI TOMKN 30PY 40 ONTMMIZALIT BAPTICTL IHGpacTpyHTYpHCKAana 72 nonapu Ha micaui: paxyemo, wo cepeep cS.large
BHKOPHCTORYBACR KOMHOTD AHA NPOTRrOM Micaud 2a sapract| 0,097 nonapa a vac, IndpacTpyurypanicna ontumizauii kowryeana 64
40N3Pia: MPOTArOM EKCNEPHMENTE BMIALLNG, L0 OOHA BipTYabHa MaWKHHE Byna aKTHERE 24 rogHHK NPOTAroM MicRUA, we aai = 16
rogMH, i we 4ei = 8 roguH 33 saproctie 0,027 gonapie 33 ogHy BIPTYANEHI M3WHHY 33 FTOgHHY.
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JlictuHr koxy

numpy

= numpy.
= numpy.
infile:
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func = num (numpy.asanyarray (x_ arr) numpy.asanyarray (y arr)
/ /
/] 2)

diff = numpy.polyder (func)

X param to eval = numpy.array
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p = numpy.polyld(func)
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( o] .format (* k (trigger values)))

param to eval = numpy.arange ( numpy.max (y arr)
(

(1)




JIOJJATOK B

CraTTs U1 HAYKOBOTO JKypHaiy ceMinapy «East European Science Journaly

Vechur O.V.
Candidate of Engineering Sciences, Associate Professor,
Kharkiv National University of Radioelectronics

alexander.vechur(@nure.ua

Shevchenko D.O.
Student,
Kharkiv National University of Radioelectronics

dmytro.shevhenko4(@ gmail.com

Beuyp A.O.
Kauanaar TexHH4ecKHX Hayk, JOLEHT,
XapbKOBCKHIi HALIHOHAJILHBIH YHHBEPCHTET PaZHOICKTPOHHKH

Ilesuenxo /LA,
Crynenr,
XapbKOBCKHIT HAIIHOHAIBHBIH YHHBEPCHTET PaJiHOVICKTPOHHKH

EVALUATION AND OPTIMIZATION OF SOFTWARE
PRODUCT INFRASTRUCTURE

OHEHKA H OIITHMH3AIIHSA HHOPACTPYKTYPDI
IMPOI'PAMMHOTIO ITPO/IYKTA

Abstract: The work is devoted to study methods that can be used for evaluation of
software product infrastructure and for its optimization..

Software product infrastructure contains of vide variety of components. There are
three main vectors in modern reality: deploy on virtual machines, containers or cloud
functions. Software product was deployed in two installations: deployed on virtual
machines and cloud functions. For analyze of both infrastructures performance testing was
performed. A graph is constructed between the response time and the number of requests.

For infrastructure optimization algorithm was developed. Based on experimental data
mathematical model was built and applied to several test installations. After analyzing

received data was made a conclusion about method efficiency.




Key words: scalability, usability, cost-efficiency.

Anvorauns: JlanHas pabora MOCBAIICHA METONAM, KOTOPHIC BO3MOKHO
HCMONB30BATh /Ul OLCHKH CYNICCTBYIOMICH HH(PACTPYKTYphI MPOrPAMMHOTO MPOAYKTA,
a TAaKKe NPOBEACHHIO ONTHMH3ALHH TOi HHPPACTPYKTYpEL.

HHppacTpykTypa nporpaMMHOro MpOJyKTa COCTOHT H3 MHOXKECTBA PasIH4HBIX
KOMIOHEHTOB. 3a4acTyl0 B COBPEMECHHOCTH OHa MAET 1o TpéM HaNpaBlICHHAM
pa3BEpThIBaHHA: pa3BEPTHIBAHHE HA BHPTYATBHBIX MANIMHAX, KOHTCHHEpH3AlUMA HIH
ucnonep3oBanie obnauHbiX Qyukumii. [Nporpammusiii npoaykT Obul pazsEpHYT B ABYX
HHCTALISLMAX: BHPTYalbHble MamHHbl # oOnaunble ¢ynkumu. Jlna asanusa obenx
HHPPAcTPyKTyp OBLIO MPOBEJACHO HArPY304HOC TECTHPOBAHHE H MOCTpOcH rpaduk
BPEMEHH OTKIIHKA OT KOJIHYECTBA 3alpOCoB.

Beun paspaGoran anropurm juis ontuMmsatmu uadpactpyktypel. Ha ocrosannn
NOJYHCHHBIX B XO/I€ IKCICPHMEHTA JIaHHBIX OblIa NOCTPOCHA MATCMATHYCCKAN MOJICHb H
NPHMEHEHA K elllE HECKOIBKHM TECTOBBIM HHCTALIALMAM. OCHOBBIBAACH HA NOJYHCHHBIX
JAHHBIX ObUTH C/IC/IAHbI BLIBO/IBI OTHOCHTEILHO 3(EKTHBHOCTH JaHHOrO NOAX0/1A.

Kuouegwie  caosa:  macmrabupyemocts,  103a0MIHTH,  IKOHOMHMECKas

P PEKTHBHOCT.

Beeaenne: CToMMOCTE NPOrpaMMHOro 00ecreyeHHs COCTOHT H3 MHOXCCTBA
(aKTopoB:  KOJAMMECTBO  3aTPAvEHBIX  HEJOBEKO-HACOB,  YHHKILHOCTH
MPOrPAMMHOIO  pelicHust, HHPPACTPYKTYphl HeoOXOAMMOH uis ero paboTsl.
Ilepsyiit axTop ynupaercs B ynpapieH4eCKHE METO/IbI IPHMEHACMBIC Ha IIPOCKTE.
Bropoii pakrop — ynupaercs B cynectyiomuii prinok. Tperuit ke daxrop 3aBucHr
KaK OT CHCTeMHBIX TpeGoBauuii NPOJAyKTa Tak M OT He(YHKUHOHATBHBIX
TpeboBanmii.

3atpaTel Ha HHPACTPYKTYPY SBISIOTCSH MOCTOSHHON CTAaTBEH Pacxo/108 juis
npojtykTa. Bo3MOKHOCTE ONTHMH3ALHH HH(PACTPYKTYPHI C LEIBIO YMCHBIICHHS
pacxojioB Ha e& cojiepxanne Ge3 yTpaThl NPOH3BOJAMTENBHOCTH CAMOrO

NPHIOKEHHS ABJISCTCA BAXKHOI 3a/1a4¢il B COBPEMEHHOM MHpE.
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B npoexTHBIX KOMaHJaX Ha JaHHBIH MOMEHT CYIIECTBYET JIBE KpailHOCTH B
otHomeHHH HHppacTpykTyphl. [lepBeiii moaxon 3akmouaeTcs B HCMNOIB3OBAHHH
MaKCHMAIBHO MPOM3BOJHTENBHOH HH(PaCTPYKTYphl, KOTOPYI0 [O3BOISET
ucnonb3oBarhk 610ket. HeoctaTkoM Takoro MeTo/1a ABASETCA TO, YTO JOCTYIHEIE
MOIITHOCTH HE HCNOIB3YIOTCSH, a OI0/DKET NMPOCTO YXOJHT BiajgelblaM OOIavHbIX
CEPBHCOB HJIH Ha CHETa 3a MeKTpH4ecTBo. Bropoii noixox HanpoTHs HAET no myTH
MHHHMAIBHOH HHOPACTPYKTYpPHl H €€ PacHIHPEHHIO 10 Mepe Pa3sBHTHA MPOIYKTA.
Oror noaxon Gonee HANOMHHACT PAHOHAIBHBIN, HO BEAET K TOMY, HTO Ha
M3MEHEHHA HMHQPACTPYKTYpPhl MOCTOSHHO 3aTPAuHBACTCA BPEMA CICHMATHCTOB.
Takum obpazom Glo/pKeT TpaTHTCA HE HA Noje3Hble paboTHL, a HA MOCTOAHHOE

H3IMCHCHHE PECYPCOB.

IocranoBka npobaembr: B pesynsrate paborel HeoOX0MMO HCCIEN0BATE
CYIICCTBYIOUIHE METO/Ibl AHATH3a HHPPACTPYKTYPEI H COCOOB! €€ ONTHMH3ALIHH.

HeobGxoamumo npoanann3upoBaTh YHHBEPCAIbHOCTH BBRIOPAHHOIrO MeTo/Aa
aHaIH3a, a TakkKe, pazobpaB CyImECTBYIONIHE TOAXOA K  YNPaBICHHIO
HH(ppacTpyKTYpoii, paspaboraTh METOJA JUIA ONTHMH3ALMH CYHICCTBYIOUICH
HH(pPacTPYKTYphl M HccaenoBaTh ero >P(eKTHBHOCTE HA HECKONBKHX YiKe
CYHICCTBYIONMX TIPOrPAMMHBIX NPOAYKTax. CXeMy MeTo/a ONTHMH3AIUHH MOXKHO

yBHJICTE Ha pucyHke 1.1,

Aanes Toa0Oma o TGRS MacTpoia uagens Macuratpossue
MACUTAOMDOBIHMA WTOMPORSN

Pucynok 1.1 — Cxema anropurma ontumusaumm

Anaani nocaeaunx uecaenosannii w nybankaunii: lpu nccnenosannn

MCTOJIOB aHaJIn3a MH(bp&Cprlﬂ'ypbl OBUIO BBIJIC/ICHO HECKOILKO MOAX0/0B.
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[lepeuiii moaxoa ananu3upyeT HHGPACTPYKTYpPY OTHOCHTEIBHO KoOJa
MPOrpaMMHOIO TMPOJAYKTA: OJKCIEPT AHAIM3MpYeT TpeOOoBaHHA NPOrPaMMHOIO
NMpOoAYKTa, CYMECTBYIOLIYHO MPOrpaMMHYI0 pealH3allHIi0O H Ha OCHOBaHHH 3THX
Bemei'l, 4 TaKXKe€ CBOCIo SKCICPTHOIO MHCHHA BBIIBHIACT BEPJAHKT KacaTelIbHO
HeoOXoanMoi HH(PaCTPYKTYPEI B ClIydae NepPBHYHON Pa3BEPTKH MPHIOKEHHA HIH
ONTHMH3ALINH €r0 B CIyHai aHAIH3a yiKe pa3BEPHYTOro npunoxenns [1].

HeznocTaTtkamu JaHHOro MeToja ABNISETCH CYOBEKTHBHOCTH ONBITAa IKCIEpPTa,
HEO/IHOPOHOCTh ONMHCAHHA TPeGOBaHMIl H HEJOCTATKH IPOrPAMMHOI peanH3alui.
Heonnopoanocts onucanns TpeGoBaHMil NPOJAYKTa NPHBOJAHT K CIOKHOCTH HX
MOHUMAHHS, TAKAKE ITO TpebyeT HAMYHA KaKoii-1n00 NpoeKTHOI JOKYMEHTAIHH,
4TO HA NPaKTHKE HE BCErJa COOTBETCTBYET PEalbHOCTH: HAacTO pPeaan3alus
(PYHKIHOHAIBHEIX TPeGOBaHHIl NPHIIOKEHUA ONEPEKACT HAITHCAHHE TEXHHYECKOH
JOKYMEHTAIlH, a B CBA3H C NpuMeHeHHeM Agile-MeTo1010rHi NPHBOJNT K TOMY,
YTO B TOrOHE 3a MPeJOCTABJICHHEM HOBOH (DYHKUHOHAIBHOCTH KIHEHTY
NPUXOMTCH KepTBOBaTh yA00CTBOM nojiepxanns npuiaoxkenns. Hegocrarkn
NPOrpaMMHOH  pealH3allii  NPOEKTa BEAYT K TOMY, HTO IPH OJIHHAKOBBIX
TpeGOBAHMAX BO3MOKHO MpPEBRILUCHHE HEOOXOAMMOro HHCIA  KOJIHYECTBa
KOMMYHHKAIH MEXK/I HACTAMH NPHIOKCHHA: HACTO B MPHIOKCHHAX BCTPEHAKOTCH
npobieMbl B KOMMYHHKALHH CEPBEpa NPHWIOKEHHSA ¢ cepBepoM 0a3bl JIaHHBIX H3-3a
HCONTHMAIBHOTO KOJIHYMECTBA 3anpocoB B 0aly JaHHBIX WIH HEONTHMAILHBIX
sanpocos. Takme HegopaGoTkn B KOjAOBOi 0a3e NPHIOKEHHS TNPHBOAAT K
HCOKHM/IAHHBIM  MPOCAJKAM B NPOH3IBOAHTEILHOCTH, @ KaK CJICACTBHE K
noseieHHbIM TpeGoBannam K uHppacTpykType. CyOBeKTHBHOCTE IKCHICpPTa XKe
MOXKET 3alpocTO NPHBECTH 3aKAIMHKA B CHTYAIMIO, KOIJIa OH MOUICPKHBACT
undpacTpykrypy 6osee MomHyo, YeM HeoOX0HMO, B CBA3M € TEM, HTO IKCIEPT
PeLIHi NEPEeCTPAX0BATLCH H 3AI0KHTH 3ANac 110 MPOH3IBOJHTENBHOCTH GONbBILINIA,
HeM HeoOX0 MO, ITO TAKKE CBA3AHO C TEM, HTO 3a4acTYIO KOMITAHHH B IOFOBOPax
AKICHTHPYIOT BHUMAHHE Ha (PHHAHCOBOI CTOPOHE, @ HEe HH(PpACTPYKTYpPHOIL.

Bropoii noaxosn 3a csoio ocHoBy Gepér paboty ¢ NporpaMMHBIM ITPOIYKTOM

KAK € «4EPHBIM AUIMKOM»: YEIOBCK, AHAIHIHPYIOIIHI NPOrPAMMHBIH NPOAYKT HE
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JHACT HHYETD ITP'EI ETro }'C’I‘PDﬁCTB{}, a EHBJ'IHBHP}'EI‘ TONBED BXOJANIHE H HCXOOAIITHE
AanHke [1]. OIHHM H3 TAKHX METOIOB MOMKHO CHHTATH HATPY304HOE TECTHPOBAHHE.
Harpyzounoe  Tecrmpopanse  cocraBnser coDoif  BRINONHEHHE  paAjda
(PYHKIIHOHANBEHBIX TECTOB OTHOCHTENRHO YKe pa3BEPHYTOrO NPHIOKEHHA M
dHAIH3a TaKHX COCTABIAHIIHX Kak BpEeMA OTHIHEKA H KOPPEKTHOCTR DEP‘HEDTKH
sanpoca. Takke BO BpeMs NPOBEJACHHA HAIPY30MHOTO TECTHPOBAHHA IPH
MOHHTOPHHTE HH(PACTPYKTYPE MOXKHO BLIABHTE HE TONBKO To, HTO MpH
YBEIHYCHHH KOMHYCECTEA 3aNpoCcoB YBECMTHYHBACTCA BpEMA OTEIHEA, HO H TO, 9TO €
KAKOr0-TO MOMEHTA 3anpockl B 0a3y JaHHBIX nepecTaloT oOpabaTHIBATECA WIH TO,
4TO NpHnokenne noiimano deadlock.

Cpean nmmOCOB JaHHOTO METOAA ANA AHAIH3A HH(PPACTPYKTYPH MOXKHO
BEIJIE/IMTE €M0 YHHBEPCANBHOCTE: NPH HATHYHH (YHKUHOHATBHEIX TpeboBaHMIl K
NPOrpaMMHOMY MPOAYVKTY BOIMOMKHO INPOBECTH HAIPY304HOE TECTHPOBAHHE W
HaiiTH cnabele MecTa paboTh NPHICKEHHA.

HenoctarkoM e JaHHOIO NMOAXOJA ABMAETCA TOT (PaKT, 4TO TECTHPOBaHHE
VKaxkeT BaM Ha npobieMsl ¢ HHppacTpYKTYpoii, HO He ¢ KOHKPETHOI peann3anueii
(yHKIHOHANBHEIX TpeDopauuil. CTOMT 3aMETHTh, YTO A8 MOHHTOPHHIA TAKKE
HEDEKDHHMD NPHBJIEYCHHA ONBITHOrO 3KCOEpTa, IEDTDPHFI CMOMKET HAHTH
I]PDﬁJIEMH, KOTOPRIE NMPHBOIAT K NOABICHHK TEX HITH HHBIX I'IPDEIJ]EM.

Hpegomnm&nn ﬂﬁﬂH‘IHHX CEPHHCGB }"}Kﬂ HMEHT CEPBHCH noMorawine
ONTHMHIHPOBATL HH(PACTPYKTYPY CYHIECTRYIONMX npuinomennii. Hanpumep
Azure Advisor aHATHINPYET TEKYIIYIO KOH(PUTYPALIHIO W TENEMETPHIO ITPHIIOKEHHA
M HA MX OCHOBAHMH NPEJOCTABIACT COBETHI JUIA ONTHMHIALNH HHPPACTPYKTYPSI.
Takoii noaxoa NOIBOMAET CAENATH BBIBOAB OTHOCHTENBHO PEKTHBHOCTH
HCTONBIOBAHNA TeKymei HHppacTpyKTYphl, HO HIHOPHPYET (YHKIMOHANBHEIE W
HedpyuknHonanbhbie TpeGopanns. AWS Trusted Advisor npumenseT ananornHbIe
NOAXOAB! AnA anannia napacTpykTypel. Takke oba npegoctasuTens obmauHbIX
CEPBHCOB NMPEJOCTARIAIOT noiepkky oT technical account manager s Gonee

JETATLHOH ONTHMHIALNH H YKOHOMHH,
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Boizesenne HepemeHHBIX paHee uacTell obmeidi npobaembi: Taxum
obpazom Heobxoammo paspaboTath MeTO MO3BONAIOMIMI HAa OCHOBAHHH
(yHKIHOHANBHBIX  TpeOOBaHMII NPHJIOKEHHI NPEJOCTABIATL COBETHl MO
ONTHMH3AUHH HHPPACTPYKTYphl HMAH MOAHGHUHPOBATH TEKYIIHE METObI

ONTHMH3AIHH JUIA TOro, 4T00B! yHeCTh (PYHKIIHOHAILHEIC TPeOOBAHHA.

Heas crarem: [lpegoctaBuTh  jJaHHBIE  MOAyHeHHBIE B Xoje
IKCIEPHMEHTAIBHOH TMPOBEPKH HH(PPACTPYKTYphl [POrPAMMHEIX IIPOJIYKTOB.
I[lpesocTaBuTh NaHHBIC TONYHEHHBIE B XOJ€ aHAINM3A NPEUIOKCHHOIO MeToaa
onTHMu3anun HHpacTpykTyphl. [Ipoananu3nposats pe3ynbTaThl ONTHMH3ALNH K

NPEAOCTABHTD Pe3yJIibTaThl JAHHOIO HCCIICAOBAHHA.

Ouenka wHQPACTPYKTYpLI nporpammuoro npoaykra: Jlis ananmsa
HH(PPaCTPYKTYphl MNYTEM HArpy304HOro TecTHpoBaHus Obulo BeIOpaHo Ba
NPHJIOKCHHA: Pa3BEPHYTOEC HA BHPTYANBHBIX MAIIMHAX H MOIIHOCTH KOTOPOro
Henonb3y T obnaunsie pyHkimn. B X01€ NOAroTOBKH K IKCIEPHMEHTY M0 OJTHOMY
Habopy ¢yHkimoHanbHEIX TpeboBanmii OBUIO peanH3OBaHO /1Ba NPHUIOKEHUS. ITO
CBA3AHO C TEM, HTO B COBPEMCHHBIX PEAIHAX BOIMOKHOCTH Pa3BEPTHIBAHUSA
NPHIOKCHHS HANPAMYIO 3aBHCAT OT ero peannsaumu. Takum obpazom Obulo
NONyHeHO java-npwiokeHus ¢ Gazoit ganueix  MongoDB npeanonaraiomee
pa3BépThiBAaHHEC HA BHPTYAIbHOH MammHe u HaGop dynkumii AWS Lambda ua
a3pike python ¢ nenonszoBanmem Gasnl fanubix DynamoDB,

[lepBoe npunoxkenne GbUIO YCTAHORICHHO HA JBYX BHPTYQILHBIX MalIHHAX
t2.mini 8 obnake AWS. Bropoe 6ui10 Takxe paisépuyro B obnake AWS. Ha arom
Tare CTOMT OTJIC/IbHO OCTAHOBHTECA H PACCMOTPETh PAIHHILY MEALY MOJAXOAMH K
Pa3BEPTLIBAHMIO NPHIOKECHHIL

Pa3péprhIBaHHA NPHIOKCHHA HA BUPTYAIBHBIX MAIIMHAX M0/Ipa3yMeBacT noj
co0oit nojuIepKAHHE HEKOTOPOro KOJIHYMECTBA BUPTYAILHLIX CCPBEPOB C KOMUAMM
HCXO/IHOTO KOJ1a npuaokenus, paspépuytoii 6a30it ganubix u e€ perumxamu, Takoil

NOAXOJ ABAACTCH CTAHAAPTOM B MHpPE NporpaMMHeix npoaykros. [Ipeumymecrsa
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JIAHHOT O MOIX0/1a 3aKI0YATCA B TOM, YTO JaHHEI 0X0/ NPOBEPEH BPEMEHEM H
DOBIIHHCTRO COEHAITHCTOE YMEHT C HHM FBEDTH.TI: HEI[OE‘I‘ETKH.MH HE TAKOIro
NOAX0/a ABIAITCA CIOKHOCTH MaciiTabupoeanns. [lna macirrabupoBaHis TAKHX
NPHICKEHHH CYIIECTBYET [Ba NOAXOJa: TOPHIOHTANBHOE H BEpPTHKATLHOE
macirrabupoBanne. BepTukaneHoe MacmTabupoBaHHe NonaracTcs HAa YBeIHHYEHHE
00BEMA pecypcoB JOCTYIMHEIX NPHIOKEHHIO 33 CHET YBelIHHMEHHS PecypCoB Ha
BHPTYankHOH MmammuHe. [‘opuzoHTanesHoe e MaciTabHpoBaHHE MONAracTcA Ha
OanaHCHPOBKY HArPY3KH H YBEIIHHCHHE PECYPCOR NPHIOKEHHA 3acET YBEIHYEHHA
KOMHYECTBA BHPTYANRHEIX MalmHH. BepTHkankHoe MamTabHpoBaHHe HMEET CBOH
OrpaHH4EHHA CO CTOPOHE! NPEIOCTABHTENA 00Ma4YHEIX CEPEHCOR, A TOPH3OHTANEHOE
maciurabHpoBaHHe TpeOyeT NpoayMBIBAHHA apXHTEKTYPEL, OTCYTCTBHE KOTOPOI Ha
pPaHHHX STanax MOMET NPHBECTH K YCIoWHEHHI pedakropunra u paboTm
npunoxenns [1].

Ilopxon obnauHwix §yHKUMII HANPOTHE B CBOK OCHOBY OepéT mpocToTy
macirrabupoBanus. [lns BeINONHEHHA KaX/JOTO 3ampoca TPOHCXOANT BEIIOB
«(PYHKUMH» - He3aBHCHMOro (parMeHTa KoJa, KOTOPHIH BHINOJHAET TOIBKO
Tpebyemylo 3ana4y. PazgopatnBaeTcs KOHTeiHEp B KOToOpoM BrinonHseTca ko, Ha
Kauk/IBlil 3anpoc co3laéTca HOBEI KOHTEHHEP WIH HCMONkIyeTcs croboaHkIH. D10
NPHBOANT HAC K TOMY, 4TO MOMHMO BRITIOIHEHHA CAMOTO KOJAa NPHIOKEHHA HA
GonbuIy0 HACTH 3ANPOCOB  JIONOMHHTENBHO A00ABIACTCA BpeMS  COXIAHHA
koHTelnepa. B o6navneIx cepBHcax 3T0 HAILIBACTCA BPEMEHEM XOJI0JHOTO CTAPTA.
Bpema X0n0aHOro cTapTa 3aBHCHT OT pa3sMepa (yyHKIMH, a Takke o e€ asika [2].

Bo mpems moaroToBkH K cnedyiomeil daze uccnenosanns OBUI NpoBeaéH
IKCINEPHMEHT JUIA BBIACHCHHA JTOro BpeMeHH. PeiynsraTsl MOKHO YBHICTH B
Tabnuue 1.1, BuacHuiock, wTo An4 java BpeMs XOJOJHOTO CTapTa B Cpe/iHEM
cocrasnser 500 mmnnmcexynn, a ana python 200 mmmmmcexyna.  [lpw
pazsépTeiBannn o0BIMHOTO cepBepa npuaokeHHil Taknx npobaem we nabmonaercs.

Taknum obpazom pazoGpas OCHOBHBIC PAITHYHA MEHJTY APXHTEKTYPOIl HalMX
pemennii npuctynum K cbopy aammmix. Jlna cBopa naHHBIX Ha OCHOBAHWH

fpyukiHoHanEHEIX  TpeGoBannii 61 NMOCTPOEH pAJl  HATPYIOMHBIX  TECTOR,
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KO/IHYECTRO 3AlPOCOR B CEKYHIY MOCTENeHHO yBenHuHeanock ot 100 no 1500.

PezyneraThl MOkHO yEHIETE Ha rpaduke 1.1 u B Tabmune 1.2.

Tabnuna 1.1 — Bpemsa xonoauoro ctapta obnauHoil fyHKIHE

Konuuectso Brinenennoii | 128 Mb 1024 Mb 3008 Mb
OTIepPaTHBHOH NAMATH
Java 6350 mc 567 mc 480 mc
Python 253 mc 223 mc 189 mc
Node IS 199 mc 212 mc 210 mc
Golang 350 mc 320 mc 300 mc
SO0
450
400
350
300
250
200
150
100
500
]
100 500 1000 1500

m— AHCTAAAALAR C BHRTY L0 A MALIMSOR

OfAauHmiE gy HELRK

I'paguk 1.1 — MakcumansHoe BPEMA OTKNKKA NPUAOKEHMA (MC) OT Yucna

3anpocos

Tabnuua 1.2 — MakcHManbHOE BpeMA OTKJIHKA IPHIIOKEHHA

YUneno sanpocon 100 500 1000 1500

Bpems orknmka 167 236 323 445
MONOJIHTE, MC

Bpemn orknmka 252 264 257 268
serverless, M
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[lpn ananmze mnNOMYHYEHHBIX JAaHHBIX MOXKHO 3aMETHTh, 9YTO C POCTOM
KOJIMYECTBa 3aMpoCcOB BpeMA OTKIHKAa OOJa4YHBIX (YHKIMII NPaKTHHECKH HE
H3MEHSAIOCh H Jiep&anoch B npuaenax 250 muwumcekyHns, 4to coorsercTyet 200
MHJUIHCEKYHaM XOJOJHOTO CTapTa M BPEMEHH BhINOIHEHHA caMoil (YHKIHH.
Perynupys KoaM4ecTBO OJHOBPEMEHHO JXKHMBYIIHMX KOHTCHHEPOB MOXHO HalTH
ONTHMANBLHYIO0 KOMOHHAIIHIO 1O MPOH3BOAHTEILHOCTH.

[lpou3BoaHTENBHOMN Ke HHCTANIALUMH Ha BHPTYAIbHOH MalllHHE OCTaBIfCT
Kenath nyqmiero. [Ipoananusupopas nanHble OBUT C/ICNIAH BBIBOJL, 9TO MPOOIEMEI €
IPOH3BOIHTEILHOCTEIO ObUIH CBA3aHBI ¢ TeM, 4To Tomcat moxer obOpabarbiBaTh
okono 350 Tpanzakumii B cekynay [3].

B nenom wmbl moxkem HaOmoaats, wWro npumepHo Ha 350 3anpocax
HHCTALTALMA Ha BUPTYAIBbHON MamuHe AocTuriaa rpasuisl B 200 MuncekyHa Ha
OoTBeT Ha 3ampoc. B uenom, s amHaMmdeckoil cocraBasiomei caifra aTo
HOPMaJIbHOE BpeMs OTKIHKA, HO C POCTOM Tpaduka BpeMs OTKIHKA JOCTHITIO

JIOCTATOMHO HEYA0OHBIX JUIS KOHEYHOrO NoJib3oBaTens qucen (4]

Onrummsanns HHPPACTPYKTYPBI NPOrPaAMMHOT0 NPOAYKTA:
NPOAHAIN3HPOBAB JIAHHBIC TOMYMCHHBIC B X0JI¢ HAIPY304HOIO TECTHPOBAHHA ObLI
NOCTPOCH METOJ JUIS  ONTHMH3aUMH  HHPPacTpyKTYphl  pa3zBépHYTOil  Ha
BHPTYaNbHBIX MammHax. CyTh MeTOJa 3aKII04aeTcs B TOM, HTO Harpyska
peanbHOrO NPHJIOKCHHS NPHBOJANTCH K MATEMATHYECKOH MOJICIIH H aHAIH3HPYCTCS
nocjie HMero Ha OCHOBAHMHM JTHX JIAHHBIX Mbl TPOM3IBOJANM ABTOMATHHECKOE
YBEJIMMCHHE WIH YMCHBIICHHE MOIHOCTEH B TeueHnn aAns. [Lis anannsa Bo3bmém
Tpaduk oanoro HeGonbmoro npuinoxkenns. Cepsep pazpépuyr B AWS Ha
BHPTY@IbHOI Mamune c5.large. YBHIeTs €ro Harpy3ky MoxHO Ha rpapuke 1.2 u B

Tabauue 1.3,
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04:00 08:00 12:00 16:00 20:00 00:00 04:00

—33NPOCOS 8 CERYHARY

I'papux 1.2 — KonuuecTBO 3anpocoB B CEKYHAY B TEHEHHHM CYTOK

AHATH3HPYEMOrO NMPOYKTa

Tabmuua 1.3 — Cyrounas Harpyska aHaJIH3IHPYEMOTo NPOAYKTa

Bpems 4:00 | 6:00 9:00 12:00 | 15:00 | 18:00 |21:00 [00:00 [2:00
CYTOK

3anpocos | 139 | 226 421 653 763 1236 [ 1672 | 1257 | 805
B CCKYHJLY

[Monenum nanHHBIC NPO HATPY3KY HA NMPOMEKYTKH H NPOBEAEM CrUIAKHBAHHE
METOJIOM CKOJIB3AIIEr0 cpesiiero no gopmysne 1.1,

Ti=1 P

SMA = (L.1)

rae P tpaduk,
N — OCHOBHOH NapaMeTp — JUIMHHA CraaKHBaHus i nepuoa SMA

Ilocae 3roro nposeIéM annpoKCHMaIHIO KaXA0ro H3 YHaCTKOB MPH NOMOIIH
NOVTHHOMHAILHON PErpeccHH M HA/IA NMPOMIBOHLIC OT NMOMYHCHHBIX (PyHKIMI
TNOJYHHM CKOPOCTh ¢ KOTOPOIl YBE/IHYHBACTCH KOJIHHECTBO 3alPOCOB B MOMCHTHI,
korja Bpems obpaGorku 3anpoca nepecexkaer uepry B 200 mMuwuiHcekyHa s
ojtHoro cepeepa [5].
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B pamkax skcnepuMeHTa OBLTO OmpefeleHO, WTO 3TO IHAYEHHE B HAIIEM
crmy4dae paeHo 350 zanpocam. Haiiném 3nadenns npoHzeoHOI 118 BCEX MHOMKECTB
3Ha4eHHil ¢ warom B 350 3anpocos. Tax MBI MOMYy4HIH JaHHEIE 110 CKOPOCTH POCTa
KOIHYECTEA 3alpocoB B CEKYHAY, KOTOphle OyleM HCMONbIOBATE B KA4YECTBE
TPHITEPa JUIS HIMEHEHHS KOH(HIypalHH.

Hactponm load-balancer Takum obpazom, 4ToOE IPH YBENHYEHHH KOMHEECTEA
3ANPOCOE OH TOJHHMAI HOBHIE BHPTYAIbHLIE MANIHHEL, 4 MPH YMEHBIICHHH —
YMEHBINAT HX KouudecTBo. [IpHMeHHM faHHBIE NMOJXOA K CYMIECTBYIOUEMY
NPOAYKTY H pa3BepHEéM HECKONBKO BHPTYANBHEIX MANIMH 108 obecneveHHA
paborocnocobHoCTH npunoxkeHHd. PeaynsTaTel MOXKHO YBHIETE Ha rpaduke 1.3 u

Tabmuue 1.4.

250

. __—

150

o

100 300 500 o0 200 1100 1300 1500 1700 1900

w— 0 OOTHMHIALAA Noche onNTHMW3aunnKe

I'pacuk 1.3 — Makcumansnoe BpeMs OTKIHKA B MIWLTHCEKYH/IAX OT

KOMHYCCTRA 3AlpOCOB B CCKYHAY J0 H MOCIC ONTHMH3ALIHH

Ipoananu3upoBas noay4eHHLIE TAHHBIE MBI BHHM, YTO ¢ YBEIHYEHHEM pocTa
JANPOCOB MAKCHMANBLHOE BpPEeMA OTKIHKA Y NPHWIOKCHHA [0 ONTHMHIALHH
nocrenenno sospactaer. [locne onTHMHIALIMN MBI MOMKEM 3AMETHTS, YTO HA MATOM
yucne s3anpocor Bpems ux  obpaborkm Gonklie, WeM Y HHCTAUIAUMH 10
oNTHMH3ALMK, IT0 MOKeT OBITh OOYCIORICHHO TEM, HTO JUIH ONTHMHIHPOBAHHOI

HHPACTPYKTYPhI OBUTH NPHMEHEHE BUPTYAILHEIC Mauinkel 12.small, koTopeie no
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CBOHM XApaKTEPHCTHKAM MpoHIpeiBaioT c5.large, KoTopas Hcnone3oBanack B
nepenyHoil koHdurypauun. [lnk va 300 zanpocax obycnorneH TeMm, 4To NpaBHIO
NpHMEHEHHOE JUIS TIOJHATHA HOBHIX BHPTYANBHEIX MAIIHH emé He oTpaboTano
BETOpoil cepeep Ana obpaboTkmM zanpocoB He Omn moguar. B jpaneneiimem
AMHAMHYECKH TMOJHATEIE BHPTYANLHBIE MAIIHHEL TO3BOMAIOT JEPKATE BpPEMA

OTETHEA B MPHEMIHMEIX I'PaHHITAX.

Tabnuna 1.4 — PeayneraTel onTHMH3AIHK

Konmuecreo | 100 | 300 | 500 | 700 | 900 [ 1100 | 1300 | 1500 | 1700 | 1900

Janpocos B

CEKYHIY

Bpems 125 | 165 | 186 | 192 | 201 | 213 | 234 | 253 | 267 | 282
OTKJIHKA J10

OIMTHMH3ALIHH

Bpemsa 146 [ 221 | 165 | 176 | 178 | 181 | 179 | 186 | 210 | 246
OTKJIMKA
nocine

OIITTHMH3ALHH

Veenuuenne speMenn oTenuka nocne 1500 zanpocor cRHIETENLCTBYET O TOM,
4TO JAAQHHBIH TPHITEP IUIOXO pearHpyeT Ha Henpeicka3yeMble HArpy3kH, KOTophle
NPEBRINAIOT JAAHHBIC HA OCHOBAHHH KOTOPLIX JAHHBIH TPHITEP CTPOWICH, HTO
CTABHT MO/ COMHEHHE ero NPHMEHHMOCTE M BBIHYKIACT K AHAIH3Y JPYrHx
TPHITEPOR JIIA WIMEHEHHA HHPPACTPYKTYPHIL.

C (uHaHCcOBOI TOYKH 3peHNA HCXOHAA HHGPAcTPYKTYpa cTonaa 72 jonnapa
B MECHI: cuMTaem, 4ro cepsep ¢ large ObU1 aKTHBEH Kam/bIH JIEHB B TEYEHHH
mecaua npu croumocts 0,097 ponnapoe 3a wac. Hudpacrpykrypa nocne
ONTHMH3ALUMK CTOHT 65 N0MIAPOB: B X0Je IKCHCPHMEHTA NOMYYHIOCH, YTO OJIHA

BHPTYQILHAA MallHHA OblZIa aKTHBHA 24 yaca B TeueHHH Mecall, emé ape — 16 vacos
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u emé aBe 8 wacor npu uene B 0,027 nonnapoB 3a oaHY BHPTYAIbHYIO MalllHHY B
yac. JTO CBA3aHO C TeM, 4TO 00Ja4HBIC CEPBHCH NOOHIPAIOT PeKTHBHOS
HCIIO/Ib30BAHHE BBIYHCIIHTEILHBIX PECYPCOB 32 CHET CBOHX LICHOBBIX MOJHTHK.
Hcnonezopanne GONBIIOrO KONHYECTBA BPEMEHHBIX BHPTYadbHBIX MallHH (B
HaleM dKcnepuMenTe ot | 10 5) oka3anock He TONBKO BRITOJHEE ¢ TOYKH 3PEHUS
NOJIB30BATENIbCKOH yI00HOCTH, HO M ¢ (uHaHCOBOH TOukH 3penus. [lposens
AanpHEHIMI  aHanmu3 OBLIO BBIACHEHO, WTO TNPH YBEAHYCHHH CTOMMOCTH
BHPTYQIbHOH MallMHBl JUIS ONTHMH3IHPOBaHHOH HH(ppacTpykTypel Ha | ueHT
npuBesio Obl K MPOMrpeiry 1o (pHHAHCOBOI COCTABIAIONICH, 8 HMEHHO TO, HTO

uHpacTpykTypa 06xoannack 66 Ham B 86 K0/11apoB.

BeiBoast u  npeanomenns: B xoae nposeaénnoit  paborel  Obin
NPOAHAIHINPOBAH  MPE/UIOKEHHBI  METOA  ONTHMH3IALMH  HHPPACTPYKTYPHI.
[lonyueHHble JaHHBIC CBHACTEALCTBYIO O TOM, 4TO METOJA NPHMECHHM M Jaér
BOIMOJKHOCTH MOUICPKHBATE HH(PPACTPYKTYPY B NOJOKEHHH NPH KOTOPOM
npunoxenne Oyaer Ges 3aTpyaHeHHil HCNONb30BaTLCA NOaL30BaTeNAMH. To, 4TO
(HHAHCOBO ONTUMHINPOBAHHAA HHPPACTPYKTYPa OKA3aNaCh BRIFO/IHEE, ABJIACTCH
COMYTCTBYIOUIHM Pe3y/IbTATOM H HHKAK HE KOPPEJIHPYET HH € HeM, KPOME HCHOBBIX
NONHTHK npegocTasuTeseii obnauneix cepsucos. [lpeutoxkennwiii Tpurrep, a
HMEHHO CKOPOCTh POCTa KOJIHHECTBA JaNpocoB, HEOOXOMMO CPaBHHTE C JIPYTHMH
BO3MOKHBIMH, 8@ HMCHHO C KOJIHYECTBOM 3allPpOCOB B CCKYHJIY M MAKCHMAILHBIM
BpemMeHeM oTKAHMKA, CyIECTBYET BEPOATHOCTh, HTO TPHITEPH HA KOIHYECTBO

3ANPOCOB M BpeMst oTKAMKa Oyayt >dpdextusHee s Gosnee Henpeackazyemoil

HATPY3KH.
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