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PE®EPAT

[TosicHtoBanbHa 3amucka: 85 c., 34 puc., 5 Tabi., 4 101aTOK.

Mera: BusHaueHHS CTPYKTYpH KOMIT'IOTEPHOI CHCTEMHM KOMIMAaHIi 3 HaJaHHS

PieATOPCHKHUX MOCIIYT Ha OCHOBI ONMTHUMI3allli MPOTrpaMHOTO 3a0e3neueHHs web-cepBepa

VY cydacHuii yac BHKOpHCTaHHS web-T0MaTKIB JJIs 3aJ0BOJICHHS Oi3HEC IUICH
MonIMpeHa npakTuka. Jyig mijied KoMIaHii 3 HaJaHHs PIeNTOPCHKUX MOCIYT HEOOX1THO
Oy70 po3poOUTH JONATOK, 10 Oyae 3ale3rnedyBaTd IMIMPOKUNA CHEKTP (PyHKI[IOHAITY.
OpHi€ero 3 BUMOT JI0 1oJaTKa Oyria 3/1JaTHICTh IPaIOBATH I1i]1 IEBHUM HaBaHTAXKECHHSIM.

3 MeTOor onTHMIi3allii JoJaTKIB OyJio MPUNHATE PIIICHHS 3aCTOCYBAaTH JI0 HHOTO
rOpu3oHTaJIbHE MacimTadyBaHHs 110 web-cepBepa. HeoOximHo Oyno pO3IIISHYTH
OCHOBHI 3ac0o0M ONTHUMI3allii, MPOBECTH IX aHall3, 31aTHICTh MPALIOBATH SIK y MIKOBUX,

TaK 1 CTAaHJIAPTHUX HABAHTAXKECHHSIX Ta BUOpATH HAMOUTBII IPHUIATHUMA.

Pe3ynpTaTi 3acTOCOBAaHMX 3aXOJIB ONTHUMI3aulli y BUIJISAI TaOMWIb, PUCYHKIB

OTHCaHI y TOSICHIOBAJIBHIN 3aIMCIIl Ta JT0JaTKaX.

JavaScript, NodelS, V8, libuv, Docker, Cluster, Worker thread, PM2, Haproxy,
AWS, EC2, docker-compose, Autocannon, NPM.
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INEPEJIIK YMOBHMUX IIO3HAYEHb, CUMBOJIIB, OAUHUID,
CKOPOYEHDb I TEPMIHIB

V8 — pymiiit Bin xommanii Google, skuii BUKOPUCTOBYEThCS B Opaysepi Google
Chrome.

NodelS — 1e nporpamua miatdopMma, 110 BUKOPHCTOBYE pyiiii V8 s 3amycky
JavaScript y cepenoBumii cepsepa.

Knacrepusamist - 1e¢ METOJ TMEpPETBOPEHHS KiIbKOX WeDb-cepBepiB y TIpyiy
CepBepiB, 110 JII€ K €1MHA CUCTEMA.

PM2 — cropoHHii MeHeKep mporeciB it WeD-cepBepiB, 1110 BUKOPUCTOBYIOTh
NodeJS.

Konrelinepu — 1e aOcTpakilisi Ha piBHI MNporpamu, sKa IMOEAHYE KOJ Ta

3aJI€KHOCTI.



BCTYII

BukopuctanHs MOAATKIB JUIsl OpraHi3ailii Ta CHpOIIEHHS POOOTH 3 BEIUKUMH
MacHBaMM JIaHMX JIJIsi O13HECIB Pi3HOI CIPSMOBAHOCTI CTa€ BCE OUIBIN MOIIUPEHUM Y
cydyacHOMy cBiTi. lle 3ymMoOBIeHO Oa)kaHHSM 3a0LIaAUTH OlIbllle 4Yacy aisi poOoTH 3
OJIHUM KJIIEHTOM 1 TUM CaMUM 30UIBIIEHHSM KUIBKOCTI HOBUX CIOKHMBAuiB 3 METOIO
OTpUMaHHs OLIBIIOT BUTOJM 3a PaXyHOK OUIBIIOI KIIBKOCTI CHOXKHMBayiB. BukoHaHHs
FOTO 3aBJAHHA JIATA€ HA JOAATKOBI KOMIT'IOTEPHI CHUCTEMH, SIKI PO3pOOISIOTHCA
IHIMBIAYaJIbHO BIAMOBIIHO 0 MOTpeO Oyab-sAKOi KOMIIaHIi 3 ypaXyBaHHSM YCiX BUMOT
JI0 KIHIIEBOrO Mpoaykty. JlaHi cuctremMu oOpoOstoTh 1H(OpMAIIIO MIBHUALIE, HIXK 13 [IUM

MITr OM BIOPATHUCS CIIBPOOITHHK, 1 HA IXHI IUJIeYl JISITal0Th TaKl 3aBJAaHHS SIK:

— TouykK iHpopMauii oA0 3aJaHuX PLUIbTPIB;
— CKJIQJIHI1 pO3paxyHKH,

— 30epiraHHs BEJTMKUX MAacCHBIB JaHUX;

— 3axucT iHpopmarii;

— oprasizaiis KJI€HTChKOI 0a3u.

OnHak, BUKOPUCTAHHS T0OJaTKOBUX KOMI'IOTEPHUX CHCTEM BHMAarae J0JIaTKOBUX
(b1HaHCOBUX BHUTpAT, MOB'SA3aHUX 3 PO3POOKOIO MPOTPAMHOTO 3a0E€3MEUEHHS, CKJIAIOM
mTaTy JJs aaMIHICTPYBaHHS, YOPABIIHHS Ta MIATPUMKH Ta JOOMPALFOBAHHS HOBOTO
GbyHKIIOHATY KOMITIOTEPHOI CHCTEMH, a TaKOXX 3MICTOM 1H(GPACTPYKTYpH, Ha SKii
Ipaioe JaHa KOMI'IOTepHa cucTeMa. SKIo OIiHKa BapTOCTI po3pOOKH Ta MiATPUMKH
KOMIT'FOTEPHOI cuCcTeMHU Oy/ie MEHILIO0, HI’K OYIKYBaHUI MPUOYTOK Bl EKOHOMIT Ha Yaci
Ta KUIBKOCTI HEOOXIJHOTO TEpCOHANTy I BEIEHHS IsIILHOCTI B Oyab-skii 13 cdep,
KOMIIaHisi MOX€ BHUKOPHUCTOBYBAaTH [OJATKOBE MporpamMHe 3a0e3MeyeHHs sl CBOIX

JIEH.



Meta po60TH i 3aBJaHHS A0CTiIKEHHS.

MeToro mpencrtaBieHoi poOoTH € 3abe3nedeHHs HeoOXimHo1 mBuAKoall web-
cepBepa KOMIMaHii 3 HaJlaHHs Pi1eATOPCHKUX MOCIYT Ha OCHOBI aHAJi3y BUMOT 31 CTOPOHH
3aMOBHHUKA Ta JOCTYITHUX IHCTPYMEHTIB Ta (DYHKIIOHATY.

JIy1st MOCSATHEHHS TIOCTABJICHOI METH HEOOX1THO BUPIIIATH TaKi 3aBIAaHHS

— Amnauni3 gonatka Ta web-cepBepa KoMnaHii 3 HaJJaHHS PIEITOPCHKUX TOCIIYT;

— Ilo6ynoBa CTPYKTYPHOI CXeMH KOMIT IOTEPHOT CUCTEMHU;

— Bubip ¢yHKII0HATY Ta IHCTPYMEHTIB, 1110 BUKOPUCTOBYIOTHCS;

— Onuc nporpaMHOro 3a0e3ne4eHHs;

— Po3po0ka indpacTpykTypu AJist oOpaHux 3aco01B ONTUMI3AIliT;

— JlocnikeHHst po3po0aeHoi MoJenl KOMIIOTEPHOI CHUCTEMH 3a pe3yJbTaTaMH
JOCTIIKEHb.

O0’ekT HocaimkeHnsi: Web-cepBep koMmaHii 3 HaJaHHS PIENITOPCHKUX TOCTYT

IIpeamer gociigkeHHs: CTPYKTypa MO KOMIT IOTEPHOT CUCTEMH Ta METOIU
OLIIHIOBAHHS IIBUIKOIIi web-cepBepy KOMITaHii 3 HaJaHHS P1eITOPCHbKUX MOCTYT.

MeTtoau aoc/aiaKeHHs: 751 TOCSITHEHHS TTOCTABICHOI METH BUKOPUCTOBYBAJIHCS
IHCTPYMEHTH 3 IMITyBaHHSI HABAaHTAKEHHS Ha CEpBep.

Iness poGoru: Peanizaiiis HalOUIBbII MIBUAKOIIIOUOrO 3aco0y omtumizallii web-
cepBepy, 110 OyB peanizoBaHMi 3a T10MOMOroro mporpamHoi miatdopmu NodelS.

HaykoBi noJs10:xeHHs:

1. BcraHoBieHo, 110 3aco0u onTuMizalli web-cepBepy, 110 TPU3BOJATH 1O Maiike
0€3BIIMOBHMX BIJMOBIACH MiJl Yac BEJIMKUX HABaHTAXXEHb MOXYTh MaTU MOTaHy
MIBUAKOIIIO 1T YaC HEBEJINKUX HABAHTAKECHb.

2. BcranoBieHo, 10 BUKOPUCTaHHS 30BHINIHIX I1HCTPYMEHTIB ONTHMI3aIlii Mae

Kpalry IIBUKO110, HIXK X MPOTPaMHI aHAJIOTH.



1 CTAH IIMTAHHS I TIOCTAHOBKA 3ABJAHHA
1.1 Xapakrepucruka ramnysi

BuxopuctanHs MOAATKIB JUIsl OpraHi3ailii Ta CHpOIIEHHS POOOTH 3 BEIUKUMH
MacHBaMM JIaHUX JJIsi O13HECIB PI3HOI CIPSMOBAHOCTI CTa€ BCE OUIBII MOIIUPEHUM Y
cydyacHomy cBiTi. lle 3yMOBJIeHO Oa)kaHHSM 3a0IIaJUTH OlIbIIE Yacy s poOOTH 3
OIHUM KJIIEHTOM 1 TUM CaMUM 30UIBIIEHHAM KUIBKOCTI HOBHX CHOKHBA4diB 3 METOIO
OTpUMaHHs OLIBIIOT BUTOJU 3a PaxXyHOK OLIBIIOI KIJIBKOCTI CIOXXMBayiB. BUKOHaHHS
OTO 3aBJaHHS JISiTa€ Ha JOJATKOBI KOMITHOTEPHI CHUCTEMH, SIKI PO3POOISIOTHCS
IHAUBITYaJIbHO 0 MOTpeOd Oyab-sIKOT KOMIIaHIi 3 ypaxyBaHHSAM BCiX BUMOT JJO peai3aiii
Ta KIHIIEBOTO MPOyKTy. JlaHi cuctemu 0OpoOIIA0Th 1HPOPMAIIiIO MBUIIIE, HIK 13 UM

MIT OM BIOpATHUCS CIIBPOOITHHK, 1 HA IXHI IJI€Yl JIATalOTh TaKl 3aBIaHHS, AK:

— momyk iHpopMalii o0 3aJaHux QiIbTPIB;
— CKJIQJH1 pO3paxyHKHU;

— 30epiraHHs BEJIMKUX MacCHBIB JaHUX;

— 3axucT iHdopmarlii;

— Oprasi3zailisi KJIIEHTChKOI 0a3H.

OnHak, BUKOPUCTAHHS JOAATKOBUX KOMITIOTEPHHX CHUCTEM BUMAarae J0JaTKOBUX
(1HaHCOBUX BHUTpAT, MOB'SA3aHUX 3 PO3POOKOIO MPOTPAMHOTO 3a0€3IMEUYEHHS, CKIIaIOM
mTaTy I aaMIHICTPYBaHHS, YIPABIIHHSA Ta MIATPUMKH Ta JOOIpPAIIOBAaHHS HOBOTO
(GyHKLIOHATY KOMIT'IOTEPHOI CHCTEMH, a TaKOX 3MICTOM 1H(QPACTPYKTypH, Ha sKii
MpaIftoe 151 KOMITIOTEPHA cHUcTeMa. SIKIO OIliHKa BapTOCTI PO3pPOOKH Ta MIATPUMKH
KOMIT'FOTEPHOI cUCTeMHU Oy/ie MEHILIOI0, HIXK O4iKyBaHUM MPUOYTOK BiJl €KOHOMIi Ha Yaci
Ta KUIBKOCTI HEOOXITHOTO TEPCOHANy HJisi BEACHHS MISUTBHOCTI B OyIb-akiid cdepi,
KOMITaHisl MOXE BHUKOPHCTOBYBAaTH JOJIATKOBE IpOrpamMHe 3a0e3MeueHHs I CBOIX

LJIEN.
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Icnye  Benumka  pI3HOMAHITHICTH ~ MOB  IporpaMyBaHHS, Kl  MOJKHA
BUKOPHCTOBYBAaTH i peanizaiii BeOcepBepa kommanii. KoxkHa 3 SKHX Mae MEBHHIMA
Ha0ip mepeBar 1 HENOJIKIB, 1 3 OMVISIAY Ha JaHWW HaOlp, BU3HAYAETHCS HANHOUIBII

npuaaTHa ado MEepeTiK 3 BIAMOBIIHUX MOB JIJIsl peaiizalii HeoOX1THUX IJICH.
Cepel HAUMOIIMPEHIIIUX BUMOT MOYKHA Ha3BaTH TaKi:

® MOXJIMBICTh IIBUAKO BUKOHYBATH TMapajiesibHI OOYMCICHHS, IO MOTPeOYIOTh
BEJIMKOI KUIBKOCTI ITPOLIECOPHOTO Yacy;

® 3JIaTHICTh IBUJIKO MIJKJIIOYATH Ta 3aMyCKATH HEOOXI1/IHI MOyl Ta 010J110TEeKH;

® JIETKOBAriCTh KiHIIEBOTO KOAY MPOrpamu;

® MOXUIMBMI Yac, BUTpAu€HUN Ha pO3pOOKY Mporpamu;

® HHU3bKa BapTICThb PO3POOKM Ta MIATPUMKH IHPPACTPYKTYpU KOMI'FOTEPHOI

CUCTEMH.
1.2 XapakrepucTuka 00’ekra

OpHi€ero 3 MOB MporpamyBaHHS, sIKI HaOMpalOTh MOMYJSPHOCTI 3a PaxyHOK
BEJIMKOI KIJIBKOCTI MepeBar nepen iHmmMMu MoBaMu € JavaScript. JloHenaBHa 1 MoBa

mporpamMyBaHHS BHKOPHUCTOBYBajacsi JUIsl HamucaHHA 1HTep(deiciB 1 BUKOHYyBala

byHKII:

® 3 00pOOKM cepBEepHUX BIANOBIACH Ha TpadiuyHOMY KIIEHTI JOAaTKa 3 METOI0
MOJIAJIBIIIOTO TPEICTABICHHS 1X /I KOPUCTyBaya y 3pYyYHOMY LIS PO3YMIiHHS
BUTJISIAL,

® peanizallii IHTEPAaKTUBHUX aHIMaAIid s TpadiuHOro KIIE€HTA MPOTrPamMHOro
3a0€e3IICUCHHS;

® BHUKOPUCTAHHS J0AATKOBOTO (DYHKIIOHATY JOCTYIHOTO JUIst Opay3epHOro BiKHA Ta

JIOKyMEHTA.
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[1s MOBa mporpaMyBaHHs CTaJjla MOMYJISIPHOIO 34 PaXyHOK ii 0€3a71bTepHATUBHOCTI
y BUKOPUCTaHHI1 AJIs1 po3po0KH IpadiuHUX KIIIEHTIB MPOrpam, siKi MpaiooTh y Opaysepi.
I 3a paxyHOK ii BeTMKOI MOMYyJISPHOCTI MIBUAKICT BUBYCHHS CTa€ BHILOIO, 32 PAXyHOK
011101 KUIBKOCTI 1H(OpMAaIlli, 10 JEKUTh Y BIAKPUTOMY IOCTYMI, Ky MYyOJIKYHOTb
Oinmpmn  kBamigikoBani ¢axiBimi. KpiM TOro, eHrtysiacTu Ii€l MOBH 3aliMaroThCs
MO>KJIMBICTIO BUKOpUCTaHHA JavaScript He TIIIbKU JIJIs pO3pOOKH Opay3epHUX rpadiuHux
iHTep(deliciB, ajge W MOMATKIB I poOOYMX KOMI'IOTEPiB, MOOILIBHUX IOJATKiB, web-

CepBepiB 1 HABITh AJIsl IPOrpaMyBaHHs (PI3UYHHUX amapartis.

Buxopucranns JavaScript y cepemoBumax, BIAMIHHUX Bif Opay3epiB, cTae
MOXJIMBUM 3aBJSIKA aJalTarii KOMIIUITOPIB KOAY ITiJ HEOOXITHE OTOYCHHS, YH TO

MOOUILHUN TeNeOH, YU BiIJIaJICHU CepBeEp.

3 HaMOUTBII TOMYJISPHUX JIBMIKKIB, $IKI 1HTEPHPETYIOTh 1 KOMITUIIOIOTH KO/,

MOKHA BUJIITUTH HACTYIIHI:

e V8 — nBuryn Bia kommanii Google, sskuii BUKOPUCTOBYEThCS B Opay3epi Google
Chrome, a Ttakox Bcix 1HIIKUX Opay3epax Ha 6a3i Chromium, Hanmpukian Edge
(onosiena Bepcis Internet Explorer) Tta Samsung Internet. Bin Haituacrime
BUKOPUCTOBYEThCS ISl ajanTaiii BUKOpUCTaHHS JavaScript s po3poOku
IpOrpaMHOro  3a0e3leyeHHs IiJ TEepCOHaJbHI KOMIT'IOTEpH, HANpPHUKIA]
oi6miotreku CEF Ta Electron. A Takox mjis po3poOKd MporpaMHUX Iatdopm
NodelS ta Deno nns 3anmycky JavaScript Ha web-cepBepi.

e SpiderMonkey — naBuryn Bim kommanii Mozilla, skuii BHUKOPHUCTOBYETBCS B
Opaysepi Firefox, a Takox B iHIUX Opay3epax Ha HOro Oasi.

e JavaScriptCore — nBmwxok Bia kommnanii Apple mns Opaysepa Safari, sikuii Takox
BUKOPUCTOBYEThCSI y Opay3epax Ha ocHoBi WebKit. Kpim Toro 1eit nBuryH
BUKOPUCTOBYETHhCSI B HAWOUIBII TOMYJAPHIA TporpamHid 1uiatdopmi  Jist

po3poOKu MOOLITBHKX J0AaTKIB Ha JavaScript — React Native.
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e Chakra — nuryn Bim kommanii Microsoft, sKuii BUKOPHUCTOBYEThCS B Opay3epi
Internet Explorer.

e Rhino — neuryn Mozilla Foundation, Harmcanuii Ha Java 3 BIKpUTHM BUX1JTHAM
KOJIOM.

o KIS - amxok xommanii KDE mis Be6-Opaysepa Konqueror.

e Nashorn — aeuryn komnasii Oracle Java Languages and Tool Group 3 BiAKpUTHUM
BHXI1JTHM KOJIOM.

e JerryScript — nerkuii ABUTYH aJisi [HTEpHETY pedeii.

JavaScript
V8 JavaScriptCore SpiderMonkey
ReactNative
Electron Node.js Deno

Pucynox 1.1 - JlepeBo HaitO1JIbII PO3MOBCIOKEHUX PYIIIIB Ta CEPEIOBUIIL, IO 1X

BHKOPHUCTOBYIOTh.

JavaScript BBa)kaeTbCSi MOBOIO MPOTpaMyBaHHS, L0 IHTEPHPETYEThCS, MPOTE
Cy4acHI KOMIUIATOPH, TaKOX 3BaHI JBUTYHaMH, II¢ 3 4aciB mepmioro - SpiderMonkey
3aiimanucs iHTeprnpertaiicro koay. Jpuryn V8, nanucanuit Ha C++ B 2008, 103BOIMB
KoMIuTtoBaTH JavaScript, mo 3Ha4HO 30UTBIIMIO TPOIYKTUBHICTH Opay3epis, sKi
BUKOPUCTOBYBaM Lie kommingrop. IlepeBara xommiisuii mosdraia B TOMY, IO
KOMIOUIATOpP TEHEepye MAIIMHHUM KOJA, SKUH cHUCTeMa KOpHCTyBada BHUKOHYE
0e3nocepeiHbo, TOAl SIK IHTEPIPETATOP PAIOK 32 PSIIKOM MPOXOIUB 3a MPOTPAMOIO Ta

BUKOHYBAB BUXITHUN KOJI. OCKIIBKA KOMIUISATOP MPALIO€ Ha/l CTBOPEHHIM MAlIMHHOTO
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KOJy, BIH 3aCTOCOBY€E ONTHUMI3allit0. K KOMIUIALISA, TaK 1 ONTUMI3aIlis MPU3BOASAT 10

HIBU/AILIOTO BUKOHAHHA KOy, TIOTIPH JI0AaTKOBHIA Yac, HEOOX1THHUM Ha eTari KOMITUIALLII.
CydacHi pymiii nepeciiyoTh Bl OCHOBHI I1JIi:

— IIBUAKUHN 3aIyCK MPOTpaMU IHTEPIPETATOPA;

— IIBHUJIKC BUKOHAHHA KOMHiJISITOpa.

JlocarHeHHss 000X Ileld MOYMHAEThCA 3 1HTeprnperaTopa. IlapanenbHo IBUTYH
MO03HAYa€ YacTO BUKOHYBaHI 4YacTHMHM KoAy sK '"lapsumii musax" 1 mepemae ix
KOMITUTATOP Pa3oM 3 KOHTEKCTHOI 1H(opMaliero, 310paHo0 MiJ yac BUKOHaHHsA. Lleit
IOpOLEC JI03BOJISIE KOMIUIATOPY aJaNnTyBaTH Ta ONTHUMI3YBaTH KOJ JJIsi MOTOYHOTO
koHTekcTy. KpiMm Toro, V8 BuUKOpHUCTOBYe KOMMUIALI "Ha Xoay", IO J03BOJISE

BHKOHYBATHU IICBHUU KO, TUIBKH B TOMY BHIIAJKY, AKIIO BIH BHUKOPHUCTOBYETHCA.

BOynoBaHe kellyBaHHS, € OCHOBHHUM CHOCOOOM ONTHUMI3allli B JBUTYHAX
JavaScript. IHTepnperaTop NMOBMHEH BHMKOHATH MOUIYK, MEPII HIX 3MOXKE OTpUMATH
JOCTYIl /10 BJIAcCTUBOCTI 00'exta. Ll BiIacTUBICTh MOXXKE OyTH YacCTHMHOIO MPOTOTHUITY
o0'ekTa, MaTu METOJl OTpUMaHHA abo OyTH JOCTYymHUM depe3 mnpokci. [lomryk

BJIACTUBOCTEN JIOCUTH 3aTPATHUMN 32 MIBUJIKICTIO BUKOHAHHS.

MexaHi3M Haja€ KOKHOMY O0'€KTY «THID», SKUW BIH T€HEPYE il 4aC BUKOHAHHSI.
V8 nasuae 11 "tunu", npuxoBaHUMU KiacaMu uu popmamu 06'extiB. L1[06 qBa 00'exTH
Malii Ty camy ¢Gopmy, 00uBa 00'€KTH MOBUHHI MAaTH OJHAKOBI BJIACTUBOCTI B OJHOMY

MOPSIAKY.

3a momomororw (opM o00'€ekTa JBUTYH 3HA€ MICIE y TaM'siTi KOXHOI SIKOCTI.
MexaHi3M >KOPCTKO KOJy€ IIi pO3TallyBaHHA Yy (QYHKIi, IO 3BEPTAETHCS [0
BJIACTUBOCTI, a BOY/IOBaHE KEITyBaHHs BUKJIIOYA€E oreparii nmomyky. Lle mae penuuesne

MOKPAIICHHS MPOTYKTHBHOCTI.
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JBuryn V8 nanucanuii Ha C++, Mae BIAKPUTUNA BUXITHUNA KOJ 1 BIH MPAIIO€ Ha
pi3HuX omepaniitHux cucremax, Unix, Windows, Linux. Bin nmocTiiiHO po3BUBa€eThCs Ta
niaTpumMyeTbes. Bukopucranns C++ 103BONMIO BUAUITH KUTbKA MOTOKIB MPOIIECOpa

I1]T TIOTPEeOH.
Sk BIH BUKOPUCTOBY€E BHYTPIIIHI TOTOKHU:

— OCHOBHHI MOTIK OTPUMYE KOJI, KOMITUTIOE HOTO 1 TOTIM BUKOHYE;

— OKpeMHH MOTIK JJIs KOMIUIALIL, TaK 110 OCHOBHUHM MOTIK MOYE MPOJIOBKYBATU
BUKOHAHHS, TIOKH MEPIINUNA ONITUMI3YE KOJI;

— TIOTIK, IO 3aiMA€ETHCS aHAII30M MPOJAYKTUBHOCTI, SIKUW MOBIJIOMUTH CEPEIOBUIIIE
BUKOHAHHS, HA SIKI METOJIM MU BUTpavyaeMo 0araTo dacy, miod KOMIUISATOP MIT iX
ONTHUMI3yBaTH;

— KUIbKa MOTOKIB JiJisi 00poOKH 30upayva CMITTS.

Jlns cknagaHHs CMITTS V8 BUKOPUCTOBYE TPAAUIIMHUN MIJIX1A, SIKUWA MOJSATae B
TOMY, 1100 TTOMIYaTH 1 MOTIM MO MITKaX OYMINATH KOJI, 110 HE BUKOPUCTOBYEThCs. Daza
MapKyBaHHs TIOBHHHA 3yMUHUTH BUKOHaHHA JavaScript. [1{o6 KOHTposOBaTH BUTpaTH
Ha CKJIAJaHHS CMITTd Ta 3pOOMTH BHUKOHAHHS CTaOUIbHIMIUM, V8 BHUKOPHUCTOBYE
IHKpEMEHTHE MapKyBaHHS: 3aMiCTh 00XOy BCi€i KyIM, HaMararO4uch IOMITHTH BCI
MO>KJIMB1 00'€KTH, BIH MPOXOAUTH JIMIIE YACTUHY KYIMH, & MOTIM BIIHOBIIIOE HOpPMaJbHE
BUKOHaHHS. HacTynHa 3ynuHka 30upada cMITTS OyJlie MPOJOBXKEHA 3 TOrO MICI, /e
3YMUHUBCS TIonepeaHii o0xix kynu. Lle mo3Bosie poOuTH nyxe KOpPOTKI May3u Mij Jac

HOPMAJIbHOTO BUKOHAHH:. CKHa)IaHBHI/IK CMITTSA O6p06J'I$I€TBC$I OKpEMHMH IMOTOKAMH.

JavaScript - e ogHOMOTOYHA MOBa IPOrpaMyBaHHS, III0 O3HAYa€, M0 BOHA Mae
OJIMH CTeK BUKIHKIB. OTKe, BIH MOKE€ BUKOHYBATH OJHE MPOIIECOPHE 3aB/IaHHA 32 OJHH

pas.

CTek BUKIMKIB — II€ CTPYKTypa JaHUX, siKa 3/1e01IbIIoro (Gikcye, 1e y mporpami

MU 3HAXOUMOCS. SIKIIO0 MU TIepeXoaruMo 10 (PYHKITT, MOMIIIAEMO 11 y BEPXHIO YACTUHY
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cTeka. Skio Mu noBepHemocs 3 (QyHKIIII, TO MU BUCKOYMMO 3 BepIIMHM cTeka. Lle Bce,

10 MOXKE€ CTCK.

CTek BbI30BOB

War 1 War 2 Lar 3 Lar 4 Lar 5

BbizoB 2 Bbizos 3

Bbizos 1 BbI30B 1 Bbiz0B 1 BbI30B 1

Pucynok 1.2 - cxema poOOTH CTEKY BUKJIMKIB, 1[0 BUKOPUCTOBYIOTH pyiiii JavaScript.
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Ctek Bbl30BOB

PaspysaHwue cTeka

War 1 War 2 War 3
BbizoB

BblzoB

Bbizos

BbizoB

BbizoBs

BbizoB
BbisoB BblzoB
Bbizos Bbl30B BbizoB

BbizoB BobizoB BbizoB Bbizos

Pucynok 1.3 - cxema po3ayBaHHs CTEKy y pyurisix JavaScript.

"Po3nyBaHHs cTeka" - 1e BiAOyBa€eThCA NPU JOCATHEHHI MAKCUMAJIBLHOTO PO3MIPY
CTeKa BUKJIMKIB. | 11€ MOe CTaTUCs JOCUTh JIETKO, OCOOJIMBO, SIKIIO BU BUKOPHUCTOBYETE

pEKypCito 6€3 PEeTeNbHOTO TeCTyBAaHHS KOTY.

3anmycKk KoJly B OJIHOMY IOTOIIl MO>Ke OyTH JOCHTh MPOCTUM, OCKUIBKH BaM HE
MOTPiIOHO MaTH CIIPaBy 31 CKJIAJHUMH CIICHAPISIMH, III0 BUHUKAIOTh y 0araTOMOTOKOBUX
CepeoBHUIIaX, HAMIPUKIIA, 3 OJOKyBaHHSAM. Ajie poO0OTa B OJHOMY ITOTOIIl MOXE CTATH
CEpHO3HIUM OOMEXEHHSM, SKIIO HEOOX1HO BUKOHATHU KUIbKa TMPOLIECOPHHUX 3aBIaHb

OCH1Ib.

Konu y nporpami € BUKINKK (PYHKITIH y CTEKY BUKIHKIB, 00poOKa SKHX MOTpelye
oy)ke OaraTo 4Yacy, HalpuKIaJd, KOJIM HEOOXIAHO BHUKOHATH SIKECh CKIJIQJIHE
NIEPETBOPEHHS 300pakeHHs 3a jomoMororo JavaScript B Opaysepi. [Ipobrema B TOMYy,
10 X04a CTEKH BUKJIMKIB MaloTh (yHKIIT, K1 TOTPIOHO BUKOHYBATH, TIOTIK, HACTIPAB/I,

HE MOX€ pOOUTH HIYOTro 1HIIOTO - BiH OJ0KyeThes. Lle o3Hauae, o mporpama HE MOXKE
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BUKOHYBATUCS JlaJli, BOHA HE MOXE 3alyCKaTH Oyab-sIKMi IHIIMH KOJ, BiH HPOCTO
3aBucae. | 1me cTBoproe mpoOiemMu, SKIO € HeoOXIAHO peami3yBaTh AOAAaTOK
ONTHUMI30BaHUM, IBHIKO TPAIFOE JONATOK ab0 0JAaTOK 3 KPacCHBHMHU IUIABHUMHU

iHTepdeiicaMmu KoprcTyBaya.

I nme me emmna mpobsiema. SIK TUIBKM KOMIUIATOP IOYHE OOpPOOIATH TakKy
KUIBKICTh 3aBJaHb Y CTEKY BUKJIUKIB, BIH MOXKE MEpecTaTy BIAMOBIAATH Ha 3alUTH Ha
TpuBaiMid 4ac. | OuUThIIiCTh Opay3epiB BXKHMBAIOTh 3aXO/1B, BUKIMKAIOYM TOMUIIKY,

3aIlIUTYIOYH BAaC, YU XOYCTC BHU 3dKPHUTHU B€6-CTOpiHKy.

J{nst Toro 11006 BUKOHYBATH CKJIQ/IHI TPOIIECOPHI OOUUCIIEHHS a00 MOBUIBHUMN KOJI,
He OJIOKyIOYM OCHOBHMM TMIOTIK, B SKOMY IIpallo€ TMporpama, HEOOX1JIHO
BUKOPUCTOBYBAaTH aCUHXPOHH1 3BOPOTHI BUKJIMKH, SIKI OOpOOJIAIOTHCS ABUTYHOM TPOXH
iHakmie. Bin BukopucroBye BOynoBaHud (yHkiioHan CH++, 1m0 J03BOJISIE BUAUISTH
OKpeMi MOTOKW JJii ACHMHXPOHHUX 3aBJaHb Ta (PYHKIIA 3BOPOTHOIO BUKIHKY, IO

HA3UBAECTHCS [IUKJIOM MOJIMN.

[{ukyn moaiii BUKOHYE OJHE MPOCTE 3aBJAHHS — KOHTPOJIOE CTEK BHUKJIMKIB Ta
Yyepry 3BOPOTHUX BUKJIMKIB. SKIIO CTEK BUKJIUKIB MOPOXKHIHN, IUKI MOAIM BI3bME MEPILY
MOJIII0 3 YEPTHU 1 BIANPABUTHh MOTO JI0 CTEK BUKIIMKIB, KN €(EKTHUBHO 3aIlycKae HOro.
@DyHKIIT 3BOPOTHUX BUKIMKIB Ta TallMayTH € MaKpO3aBJAHHSIMH, KPIM HHUX ICHYIOTb
MIKpO3aBJaHHS, TaKOX 3BaHl oOOilsgHKamMu. JlaHi MiKpo3aBOaHHS MOTPAIUISIIOTh B

OKpEMHU IUKJI TIO1H 1J1 MIKpO3aBaHb.

Makpo3aBnanHs 3amporpamMoBaHi TakKMM YHMHOM, 1100 KOMIIUIATOpP MIT
rapaHTyBaTU IXHE TMOCHTIIOBHE BHKOHAaHHS TPH JOCTYIi 3 Balloro BHYTPIITHHOTO
nBuryHa. Mikpo3amadl 3amporpaMoBaHi Ha Jii, SKi TTOBHHHI BIOYTHCS Biapasy Micis
CIIEHapil0, 10 BUKOHYEThCS B JAaHUA MOMEHT, HANpUKIAJ BUKOHAHHS YOroCh
ACUHXpOHHOro ©0€3 MIATPUMKU ITpady, TMOB'I3aHOTO 31 CTBOPEHHSIM HOBOTO

MakposaBmanHas. [li MIKpo3aBIaHHS BCTAaBISIIOTECA B 4YEpPry MIKpO3aBIaHb, SKa
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00pOOIISIETBCS MMIC/ISI MAKpO3aBJIaHb 1 HAIIPUKIHIII BUKOHAHHS KOXKHOT'O MaKpO3aBJaHHS

3a YMOBH, 1110 OCHOBHHM MOTIK HE 3aBaHTAKCHUH.
TakuM 9yuHOM, B 1Tepallii UKy TO1i MU MaTUMEMO:

— TEepeBipKa, UM € 3aBAaHHS y Yep3l MaKpO3aB/IaHb;
— SIKILIO II€ TaK 1 LI€ 3aBJaHHS BUKOHYETHCS, JOUEKaNUTEeCs MOro 3aBepIIeHHs, MepIl
HIK MEPEXOAUTH 0 HACTYITHOTO KPOKY;

— TIOTIM 3aITyCTITh BC1 MIKpO3aBJIaHHs, sIK1 3HaXOAATHCS B Uep31 MIKpO3aB/laHb;

Skio Mu 10/1aEMO HOB1 MIKpO3ajadyl IiJl 4ac BUKOHAHHS MIKpPO3aB/aHb, BOHU

TAaKO>X BUKOHYIOTBCA.

Sk HacmiJOK L€l MOCHIOBHOCTI MOYKHA CKa3aTd, L0 JBa MaKpO3aBJaHHS He
MOKYThb BHUKOHYBaTHCSl OAMH 3a OJHHUM, SIKIIO MDK HMMHM B XBOCTI MIKpO3ajad €
eneMeHTH. lle 103BoJile HaMm rapaHTyBaTH, IO Taki 3BOPOTHI BUKIHMKH OYyIyTh

ACMHXPOHHHUMU, HaBITh SIKITO MiKpOBaBI[aHHH B>KC BUKOHAHC.

Y NodelJS, skmili mnpamtoe Ha JBUXKKY V8 3a acMHXpOHHE BUKOHAHHS
MaKpo3aB/lIaHb 1 MIKpO3aBaaHb BianoBigae 0i0mioreka libuv nammcana Ha C. Bona
JI03BOJISIE 3BEpPTATHCA JO MpOLecopa Ta CTBOPIOBATH MapaielbHI MOTOKH, B SIKUX
BUKOHYIOTBhCSl 3aBJIaHHs 13 1ukiy mnonii. Ile Oymo peanizoBaHO ISl pO3MOILTY
HABAHTAKEHHSA 3 TOJOBHOTO TMOTOKY 3 METOI YHUKHEHHS HOro OJOKyBaHHS 1, K
HACIIJIOK, 3HIKEHHS MIBUAKOCTI 0OpoOKU 3amuTiB web-cepBepom. bibmioreky libuv
MO’KHA HaJNaIITOBYBAaTH, BUAUIAIOUM JOMYyCTHUMY KIJIBKICTh IOTOKIB, SIKa MOXKeE
JIOAATKOBO 3a/1151TH, ajie He OUIbIe, HK JI03BOJISIFOTh OOUYMCITIOBAIBHI MOTY>KHOCTI, Ha

SAKUX 3aMyIleHo web-cepsep.
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Kop knueHTa Ouepenpb COBbITHIA libuv [on. noToku

-

Livkn cobbiTuid

ra
\ \_/(

Pucynox 1.4 - cxema po6otu web-cepBepy 3 BukopuctanasMm NodeJS Ta 616mi0Texn

N

1

V8

wep-cepeep

1

libuv.

[Ipy mpoxomKeHHI LUKIY MOAIM AaHa O010mioTeka BHOMpae MOl MOPSIKY
4yepru 1 JieJierye BUKOHAHHS MOJIl Ha BUJUICHI HEIO MOTOKH, y pasi, SKIIO € BIJIbHI.
ko BUIBHUX MOTOKIB Ipolecopa He Oyae, libuv yekatnuMe 3BUIBHEHHS OJTHOTO, Ha

KWW BOHA 3MOXeE JCJIETYBATH HOBY IMO/III0 3 IIUKITY MOTIH.

VY NodelS Takox peanizoBaHuii BOyJOBaHMM (DYHKIIOHAN JJi1 TECTYBaHHA,
mudpyBaHHs, XEIIyBaHHS, BIIJIOBIIOBAHHS MOMHIOK, poOoTH 3 DNS, mMoxmuBicTh
Bukopuctanus HTTP/2, TLS/SSL, crBopennss UDP ceppepa, po6oTa 3 (haitioBoro
CHUCTEMOIO, a TaKOXK 3BEPHEHHS J0 OIMEpalliifHOi CHCTEMH Ta Tpoliecopa cepBepa uu
nepcoHanbHoro Komm'rotepa. Kpim manux 6i6morek y NodelS Takox peanizoBaHuii
(GyHKITIOHAT 3 MIJKIIOYEHHS CBOIX BJIACHUX 010JI0TEK HAMMCAHUX 3 BUKOPHUCTAHHSIM

C abo C++.

Opniero 3 mnepeBar BukopuctanHs NodelJS MoxkHa BBaXaTh MOMKIIUBICTh
CTBOPEHHsI TIOTOKY TpaHCHslii ganux. Moro BUKOPUCTOBYIOTH JJIsi ONTUMI3AIl] Ta
noJiermeHHss podotu web-cepBepa. PobGoTa MmMOTOKYy TpaHCHALIli JaHUX TMOJSTaEe y

MOCIJOBHOMY UUTAHHI 3aMUCY Ta BBEJICHHS.

VHIKaNbHICTh MOTOKY TPAHCIALII JaHUX IMOJSITa€ B TOMY, IO 3aMICTh
nporpamMu, 1O 34dTye (aili B maM'aTh Biapasy, SIK L€ pPOOUTHCS TpaguliiHUM

CrIoco0OM, MOTOKX YUTAIOTh (DparMEeHTH JaHUX YaCTUHAMU, OOpPOOJISIOUH iX BMICT, HE
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30epiraroun Bce B mam'sati. lle poObuth e ¢yHKIiOHANT AIWCHO MOTYKHUM TIpH
po0OTI 3 BEeAMKUMHU OOCATaMH JAHUX, HANPUKIAJ, Y TOMY BHIAJKY, SIKIIO PO3MIp
daiity Moke OyTu OLIBIIMM, HDK Ball BUIBHUM TPOCTIp y NaMm'sATi, IO
YHEMOJKJIMBIIIOE€ YUTAHHS BChOTO (ailiry B mam'siTh 17151 oro o0poOku. Bukopucranus

MOTOKIB OOpOOKH HEBENUKHUX (DPArMeHTIB JAHUX J03BOJIAE€ YUTATU (hallau OLIBIIOrO

po3mipy.

[Toroku TpaHcHAMmil JaHUX MpPU3HAYEHI HE TUIBKH Ui poOOTH 3 Memia ado
BEJIMKUMU JAaHUMU. BOHU TakoX Jar0Th HAM MOXJIMBICTH "KOMIOHYBaTH'" Hall KOJI.
[IpoekTyBaHHSI 3 ypaxyBaHHSIM MOKJIMBOCTI KOMOIHYBaHHsSI O3Hayae, L0 KiJIbKa
KOMIIOHEHTIB MOXYTb OyTH 00'€ZJHaHI MEBHUM YMHOM JUJISi OTPUMaHHS TOTO Camoro
pesynbraty. Y NodeJS MoxHa ckianaTé NOTyXH1 (parMeHTH KOAy, Nepelatouu JaHi

B 1HIII ApiOHINI (P)parMEHTH KOAY 13 HUX, BAKOPUCTOBYIOUU TPAHCIISILIII.
IcHye 4 BUAM TpaHCIAIIN:

— TOTIK TpaHCHAMIl AaHUX, JTOCTYIHUWU [JIsl 3alucy, 3 SKOTO MU MOKEMO
3aMMCyBaTH JIaHI;

— TIOTIK TPAHCIAIII TaHUX, TOCTYITHUH JJI YUTaHHS, 3 SKMX MO>KHA YATATH JaHi;

— AYIJIEKCHHUM MOTIK TPAHCIAIIT JaHUX PEaTi30By€ MOKIMBICTh YUTAHHS 1 3aIUCY;

— TOTIK TPAHCHALIT JaHUX 3 TEPEeTBOPEHHSA, 32 JONOMOIOI0 SKOTO MOXHa
3MiHIOBaTH a00 TIEPETBOPIOBATH JIaH1 B MIpy iX 3amucy Ta ynTaHHs. Hanpukian, y
pa3i cTucHeHHs (ailly, BM MOXETE 3aluCyBaTU CTHUCII JaHl Ta 4YWTaTu

posmakoBaHi 1aHi y daiin ta 3 daity.

TakuM YMHOM MOKHa cKazatd, 10 BukopuctaHHsa NodelJS s peamizamii
BHCOKOHABaHTAXXEHUX Wweb-cepBepiB mae Benukwii moTeHrian. Hampuknan, BeO-
cepBep I pieATOPChKOi pipMu, B sIKii HE0OXiIHO 30epiraTu BEeJIUKi MacHBH JaHUX 3
00'eKTaMH HEPYXOMOCTI, a TaKOXX MaTH MOXKJIUBICTb OOpOOKM JaHUX MacHBIB 0e€3

BEJIMKOI BTPATH Yacy Ha BUKOHAHHS MOIIYKY Ta BUOIPKH.
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1.3 Anaui3 icCHyI04YHX NpodjieM BHUKOPHUCTAHHA NMPOTrPaMHHMX IJIATGOPM A

JavaScript.
Cepen nepesar Bukopuctanus NodeJS Ha web-cepBepi MOXKHA BUIIIUTH TaKl:

— MOXJIMBICTh BUKOPUCTOBYBATH JIOJATKOBI MOTOKU Mpoliecopa I IapajieiabHol
00pOOKM KUIBKOX IPOIECOPHUX 3aBJaHb, TAaKUX SK IMU(pPYBaHHS, XCIIyBaHHS,
dbopmyBaHHS BUOIPKY;

— MOXJIMBICTh YHUKHYTH 3aBaHTQKCHHS B ONEPATUBHY MaM'ATh BEIUKUX (aitiis, a
TakoX 30UIbIlIEHa MIBHAKICTH Tepeaadl JaHux Ta mealadailiiiB 3a JI0MOMOIO0
MOTOKIB TPAHCJISIIIT JaHUX;

— TMPOCTOTA 1 MBUIKICTh HAIIMCAHHS KOy, OCKIJIbKH MOYXXHA BUKOPHUCTOBYBATH OJIHY
KOMaHJy Il CTBOPCHHSI KIIIEHTCHKOT YaCTHHU MPOTPaMH, TaK 1 CEpBEPHOI, IO
JTIO3BOJIUTH 3A0IIQJIUTH JT0JAaTKOB1 (DiHAHCH KOMITaHii;

— BHCOKa MOMYJISAPHICTh JavaScript, 110 103BOJISI€ CIUIBHOTI IMIBUJKO JIOIIOMaraTu

OJIUH OJTHOMY Y BUPIIIEHH1 CKJIQJIHUX 3aB/IaHb.

Cepen iHIIMX AOCTYNHUX MNPOrpaMHUX IuiaTgopM Juisl 3amycky JavaScript Ha

cepBepl MOXHA BUJUIUTH I1I€ OJHY, 110 CTA€ BCE OUIBII MONIUPEHOIO 3 KOXKHUM POKOM

DenoJS.

DenoJS - ne 3axuineHe cepeloBUIle BUKOHAHHS JJIS JTAMHAMIYHO THITI30BaHOI
MoBH JavaScript Ta cTaTUYHO THII30BaHOiI MOXigHOI MoBHU TypeScript, BOHO 3aCHOBaHe
Ha pyuii JavaScript V8. Lls nporpamua mnatdopma HamrcaHa MOBOIO IPOrpaMyBaHHS
Rust. Kpim Toro y DenolJS BuxopucroByethcsi Tokio, sKHii € acCHHXpOHHUM

CepEeNOBUILIEM BUKOHAHHA 1S Rust.

OcCHOBHOIO MeTOK CTBOpeHHs DenoJS € JocsarHeHHs NDpOAyKTUBHOIO Ta
3aXMIIEHOT0 CEpEeOBMINA HAMMCaHHS CEepBEPIB, 3 METOI 3a0€3MEeYEHHs JETrKOro
JOCBIy NI CydacHMX po3poOHukiB. Y mopiBHsHHI 3 Node]JS DenolJS € O6inbm

oe3neunuii, ockinbku NodelS 006pobiisie makeTu Ta iHmI 3actapinai API-intepdeticu, siki,
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cepejl 1HIIOTro, HIKOJIM He 3MIHAThCS. Po3poOHuku DenoJS xoTinu 3po0uTu mokpaiieHy
Bepcito NodelJS i3 cywacaumu iHcTpymentamm JavaScript ta API, cymicHoro i3

Opay3epoM Ta CepBEpHUM CEPEOBUIIEM.
Cepen nepeBar DenoJS Mo)kHa BUIIIUTH HACTYIIHI:

— besneka, mo nonana y cranaaptHuid nmaketT DenoJS 3a 3aMoBuUyBaHHSIM. 3aXUCT
npaioe B cepefouiii Sandbox, SKIO 1€ HE A03BOJICHO crieniaabHo, DenoJS He
Mae JocTymy 1o (aitnis, cepenoBuia adbo Mepexi, yoro Hemae y NodelS. s
JOCTYMy JI0 CepeaoBHIla abo MepexKi HEOOX1AHO SIBHO J0JIaTU MapKepu Oe3reKku
Ta JI03BOJY MiJ 4ac BUKOHAHHS MpOrpamMu y cepeAoBHINl BUKOHaHHS DenolS.
Sximo BIANOBIAHI Mpamopyd HE JO0JiaHi, MPHU 3alMyCcKy Mporpamu Oyne BHIAHO
noMmwiky “‘PermissionsDenied”. Crmcox mnpamopiiB Oe3neku: Allow-write:
JO3BOJIUTH JOCTyn a0 3anucy, Allow-read: mo3BonuTu AocTynm A YWTaHHA,
Allow-net: mo3BoauTH A0CTYN a0 Mepexi, Allow-env: D03BOJIUTH JTOCTYN [0
cepenoBumia, Allow-plugin: [03BOJIMTH 3aBaHTAXKEHHS 30BHIIIHIX MOMYJIIB,
Allow-hrtime: 103BOJIMTH BUMIp Yacy 3 BUCOKOIO PO3JIIIBHOIO 31aTHICTIO, Allow-
run: 103BOJIMTH BUKOHAHHS MIANPONECIB, A: J0O3BOJUTH BC1 103BOJIH.

— Cratnyno TumizoBaHa mnoxigHa JavaScript TypeScript miaTpumMyeTrses Yy
cTaHaapTHoMy makeri DenoJS, OCKUIbKM y HBOMY MPUCYTHIH BOYyIOBaHMIA
kommimsitop st TypeScript. Lle m03Bosisie TONErMIMTH CTBOPEHHS HOBUX
CEpBEPIB, 1110 BUKOPUCTOBYIOTH TypeScript.

— CrtBopeHHs enuHoro ¢ainy ayga BUukoHaHHs. DenoJS Buctynae y sKocTi €MHOTO
daiiny 6e3 3aneXHOCTEH, 1110 BUKOHYEThCS. 3a aHAJIOTiE€l0 3 BeO-Opays3epoM, I
nporpamMHa TiaTdopMa MOKE OTPUMYBATH Ta IMIOPTYBAaTH 30BHINIHIA Ko, Y
cepenoBuIl BUkoHaHHs DenoJS oaun (daitn Moke BU3HaAYaTH CKJIAIHY TOBEIIHKY
0e3 Oynp-akux I1HIMMX 1HCTpyMeHTIB. Bpaxomyrounm URL-ampecy mmatdopmu

DenolJS, BoHa 3amyCcKa€eThCs 3 BAKOPUCTAHHSIM He Ounbie Hik 15 Mb mam'sari.
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Ha Bigminy Big NodelS, y sskomy no1atkoBi maketu, 616;110Teku Ta GpeiMBOPKH,
010 JTOAAIOTHCSA 3a JONOMOTIOK IMAakeTHOro MeHemkepy NPM, merl naketHuit
MEHE/KEp J0AA€ TMaKeTH Yy OKpPEeMY TUPEKTOPIo, IO MICTUTh 3aJeKHOCTI, a
JOJaH1 MaKeTH TeX MOXXYThb MICTHUTH CBOI JIOAATKOBI 3aJI€KHOCTI, IO POOHUTH
nporpamy, mo HamucaHa Ha NodeJS Ouibll MOBUIBHOIO Ta Bakkor. DenolS
BUKOPUCTOBYE JELEHTPANI30BaHl MaKeTH, 10 HE BHUKOPUCTOBYIOTH MMaKETHHM
menemxep NPM. Ile cepenoBuine BUKOHAHHS 3aBaHTaxye Moayii depe3 URL-
anpecy 13 BUKOPHCTAHHSAM CTaHJAPTHOTO MPOTOKONY, SKUW € CYMICHHM 13
Opay3epoM. 3aBIsSKHU LIbOMY BUKOHYETbCS IMIOPT MOJYJIIB, 3 BUKOPUCTAHHAM LIUX
MOCHJIaHb a00 IUISAXIB 0 (aililiB 3 IpOrpamH.

DenoJS cymichuii 13 6pay3epom. ToOTO mporpama HamucaHa 3 BUKOPUCTaHHSIM
1€l MporpamMHoi miarGopmu Moxke OyTH 3amyIeHa sk y sskocTi web-cepBepy, Tak
1 qonarka y opaysepi. Lle nocsiraeThes 3aBAsiKi BUKOPUCTAHHS CTAHIAPTU30BaHUX
API-iatepdeticiB JavaScript nis Opaysepis.

DenoJS Ha Biaminy Big NodelJS BuKOpHCTOBY€e OUIbII Cy4acHUM Ta OLIbII
3pyuHuil cuHtakcuc JavaScript EcmaScript.

DenoJS mae Benukuii HaOlp craHmapTHUX 010710TeK, MOAYNIB 1 makeTiB. Kpim
TOTO, LISl MPOTpaMHa IUIaTPopMa MOXKE IMIIOPTYBATH MOJYJ1 3 OyJIb-SIKOTO MiCLs
B [nTepueri, Hanpukiazn 3 GitHub abo ocobucrtoro Be6-ceppepa.

DenoJS moxe BukopuctoByBatd HTTP edextunnime 3a NodelS.

Tabnuusg 1.1 nmopiBusinHA nporpamuux mwiatdopm NodelS ta DenoJS

dyHKIIOHAT NodelS DenoJS
MOBa JavaScript JavaScript, Typescript
JIOCTaBKa MOAYJIIB BOYI0BaHI1 yepe3z URL
3aXUCT - KOHTPOJIb AOCTYITY
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py1ii V8 V8
TpaHCIALIT H1ITPUMYIOThCS -
CHIBHOTA BEJIMKA MaJIeHbKa

Opnnak cepenopuile BukoHaHHs JavaScript NodelS, y cBoro uepry, Takox Mmae

NepeiiK CBOIX Mepenar, cepes] HuX:

— NodelS 3paren macmTabyBaTuch 0€3 BEIMKUX 3YCHJIb Y TOPU3OHTAIBLHOMY Ta
BEPTUKAJIILHOMY HAIpsSMKaX 3a pPaxyHOK ITiIKJIFOYCHHSI TOJATKOBUX PECYpCiB abo
HAIMMCAaHHS KOy OUTBII aIanTOBAHOTO J0 ITUKITY MOiH, 1110 BUKOPUCTOBYETHCS Y
libuv.

— NodelJS mparitoe y peasibHOMy daci. Y pasi cTBOpeHHsI web-cepBepiB, y IKUX JaH1
OHOBIIIOIOTHCSL JyX e 4acTo, BukopuctanHsa NodelS e Outbin epexkTUBHUM 3a
paxyHOK OUIbII IMIBUAKOI CHUHXpoOHi3amii. KpiM Toro, mukn momii 3amoOirae
HaBaHTaxeHHI0 HTTP 3’ennanus, nos'szanomy 3 po3pookoro NodelS.

— VYci acuHXpOHHI orepaliii 00poOISIOTECS [MUKIOM IMOJIIH, IO JOCTYITHUHA 3aBIsSKH
616mioTeni libuv, Tomy NodelS mBuako o6pobiisie acCMHHXpPOHHI oneparii.

— NodeJS nerme BuBUMTH,

— NodelS no3Bosie kenryBaTu okpemi Moayimi. [Ipaitoe BOHO HACTYITHUM YMHOM, Y
pa3i 3amuTy Ha MOYATKOBUM MOAYJb, BIH KELIYETHCS B MaM'sTi MpOrpamu, IO
3arobirae HEOOX1THOCTI BUKOHYBATH KO/ 3aiiBHi1 pa3.

— Bukopucrannas notokoBoi nepeaadi ganux y NodelS no3Bossie o0poosisiti daiin
IiJ] 9ac 3aBaHTaXCHHS, 1110 3MEHIIIYE Yac HOTo Iepeaadi.

— KopnopatuBna miarpumka NodelS ctana myxe BETWKOI, OCKUIBKM 3a 4ac HOro
iCHyBaHHs 0Oarato KOMIIaHI 3 BIJOMHMHM Ha BeCh CBIT IMEHaMHM IOYaju
BUKOPHCTOBYBATH I[f0 MporpaMHy Iutatrgopmy, Hampukian PayPal, Walmart,

Microsoft, Yahoo ta Netflix.
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1.4 MeTa i 3aBIaHHA JOCTITKEHHSA

Mertoro npeacTaBieHoi poOoTH € 3a0e3neueHHs 31aTHOCTI web-cepBepy KOMMaHii
3 pIeATOPCHKUX TOCTYT TPAIOBATH i1 TOCTATHHO BETMKUM HABAHTAKEHHSIM Ha OCHOBI
aHaJi3y pe3ysibTaTiB TECTOBUX HaBaHTAXEHb Ha Pi3HI 1HPPACTPYKTYpHI PIIIECHHS 3

orrrumi3aiii web-cepBepy, 1o OyayTh pO3TIISTHYTI Y pOOOTi.
JUist TOCSATHEHHSI METH poOOTH OyIyTh PO3TJISHYTI HACTYITHI MUTAHHS:

— aHaJi3 MOXJIMBUX BapiaHTIB onTuMI3allli web-ceppepy;

— TIOCTaHOBKA IUJIEH, 1110 MTOBUHEH BUPIIIYBATH Web-cepBep;

— aHaJli3 HeoOX1IHUX IHCTPYMEHTIB JIJIs peaizallii onTuMizariii;
— po3pobOKa MOjieIl KOMIT FOTEPHOT CUCTEMH,

— JIOCJIIIKEHHS! PO3pO0JIEHUX PIllIEeHb ONTUMI3alll
1.5 BuzHaueHHs HANPSIMKIB PillICHHA MOCTABJICHUX 3aBAHb

Web-cepBep kommaHii 3 pienTOPCHKUX MOCIYr MOXKe OyTH pealizoBaHUM i3
BUKOpPHUCTaHHAM IporpaMHoi miargopmu NodelS. Bin noBuHeH BiANOBiIaTH 32 pOOOTY
3 00’€KTaMU HEPYXOMOCTI, KOPUCTyBauamH, MaTH (PYHKIIOHAN 3 aJAMIHICTPYBAHHS
JTAaHUX, Ta MaTU 3MOTY, Yy pa3l moTpebu, mojaatu HOBiI (PyHkIii. Web-cepBep moBUHEH

CIpaBATUCS 3 HaBaHTaxeHHsM 500 mapanelbHUX OJJHOYACHUX MiIKIIOUYCHb.
1.6 BucHoBKHM 10 po3aiiny

B posmini mpencraBieHa XapaKTEpHCTHKA Tally3i Ta 00’€KTa JTOCHIIKEHHS,
PO3MIISIHYTO MOXJIMBI 3acO0M BUPIIICHHS TpoOieM, IO Yy Cy4aCcHUH yac morpedye

rajty3b. PO3riasiHyTi CHIIbHI Ta c1abKl CTOPOHU 00’ €KTY TOCTIIKEHHS.
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2 TEOPETUYHUHA PO3LI

2.1 Po3paxyHOK KOMII’IOTEPHOI CMCTEeMH 3 BUKOPUCTAHHAM (YHKUIOHAJTY 3i

CTBOPEHHSI KJIacTepis.

CtBopuMo  kjacuuHuii ~ web-cepBep, moOynoBaHuii Ha  Kiacrepax, 3
BUKOPUCTOBYBaHHSAM BOYyJI0BaHOTO (pyHKIioHay NodeJS mo cTBopeHHIO KiacTepiB. Y
TaKOMy cepBepl MOBHHHAa OyTHM TOJOBHAa Bepcis abo MaicTep, Ta YacTWHA, IO
BI/IMOBIZIa€ 3a KOIMIOBaHHS TOJIOBHOI BepCii Ha MIAMOPSAKOBAHY pPEIUIiKy cepBepa.
Jlanuii MexaHi3M J03BOJISIE CTBOPUTH TOJIOBHUI MPOILIEC, 1110 MPUHAMAE yC1 3alUTH 1 1ajl
pPO3MOAUIAE X MDK JOCTYIIHHMMH KOIISIMH 3a JOMOMOrow anroputmy Round-robin. ¥V
HAIIOMY BHMAJAKYy Il KoImii OoOpoOJsioTh 3amuTh Ha (OpMyBaHHS BUOIPOK 00’ €KTIB

HEPYXOMOCTI.

Knacrepuzaiisi - 1me MeTOJ MEpPEeTBOPEHHS KIIbKOX Web-cepBepiB y TIpymnmy
cepBepiB, 10 Ji€ K €auHa cuctema. L{g rpyna HazuBaeThes KiactepoM. BOymoBaHuit
dbyHKITIOHAT 3 KJacTepu3allii BUKOPHUCTOBYETHCS Ha KOXKHOMY 13 CEpBEpIB y TpyIIl.
KoxeHn 13 cepBepiB 30epirae Ty camy iH(pOpMAaIlilo, 1 BCl pa3oM BOHU BHUKOHYIOTb
aJMIHICTPATUBHI 3aBJaHHSI, Taki, Ik OallaHCYBaHHS HaBaHTAXXEHHS, BU3HAUYCHHS 3001B
BYy3JIB Ta mNpu3HA4YeHHS (QYHKIN aBapiiHOTO TMepeMUKaHHs. [HImMA MeTox
KJIacTepH3allii, amapaTHa KJIacTepHU3allis, BHUMarae BCTAaHOBJICHHS CIICIaJIi30BAaHOTO

oOJnaJiHaHHS Ha OJTHOMY CepBepi, SIKU YIPABIISIE KIIACTEPOM.



NodedS

Penniku cepsepy

Pennika 8000

|
|
|
|
|
|
|
|
|
: Pennika 8000
|

Knient —+—>  Maiictep 8000

Pennika 8000

AN

|

|

|

|

!

| Pennika 8000

|
|

Pucynok 2.1 - apxiTekTypa web-cepBepy 3 BUKOPUCTaHHSM KJIacCTEPIB y CEPEAOBUIII

BukoHaHHsa NodelS.
Knactep web-cepBepiB Mae 31aTHICTH MacIITaOyBaTUCh, OCKIJIBKH CEpPBEPU
MOXYTh OYTH JIETKO JI0JiaHl a00 BUIAJICHI 3 KJIacTepa B Mipy HeoOXigHocTi. s 1mporo

HE MOTPIOHO creliani3oBaHe 00JaJHaHHs, KJIacTep, SIK MPaBWIO, MPOCTINIE 1 JEIIEBIIe

HAJIAIIITOBYBATH.
Round-robin — 3 yciX IOCTYyNHUX alTOPUTMIB PO3MOAIICHHS HABaHTAXCHHS
HaWOUIBII TOMMPEHU — BiH JI03BOJISIE HAJICWJIATU KOXKEH 3amuT mo 4ep3i. Tol0To y

pasi, SKIIO CEepBEPIiB YOTUPH, 3aIIUTH HANPABIAIOTHCA Y MOPSAKY YEprd, CIIOYaTKy Ha
NEepIIniA, MOTIM Ha JAPYTHUM, MICIAs TOTO HA TPETid 1 y KIHII IUKIYy HAa YETBEPTHUH.
Hactynuuii 3anuT OanaHCyBalbHUK HABaHTAXKEHHS BIAJACTh 3HOBY MEpPIIOMY, 1 Tak
ki Oyae oOpoOsienuit 3aHoBo. IlepeBaramu 1LOTO aNTOPUTMY MOXHA Ha3BaTH
npocToTy Ta edeKTuBHICTh. [Ipu 1bOMY AOCTYHHI KOIMIi cepBepiB, MO0 0OpPOOJISIOTH
3alliTH, MOXYTh OyTH HE 3B’S3aHUMU MDK c00010, yepe3 DNS meil anropurm moxe

HaACWJIaTH 3alluTHU MIXK 6}7)15 SKUMH OOYHCIIIOBAIILHUMH IMOTY>XHOCTAMMU. I'onnoBHa
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npobJieMa 1bOTO MiAXOY - 1€ HepalllOHAIbHE BUKOPUCTAHHS pecypciB. ToOTO, HaBITh,
SKIIO BCi OOYHMCITIOBANIbHI MOTYKHOCTI OJHAKOBI Ha BCIX KOIISIX CEpPBEPY, peajbHE

HaBaHTa)XKCHHA Ha KOXKHIN KOMii Oyzie BIAPI3HIATUCA.

2.2 Po3paxyHOK KOMII'HOTEPHOI CHCTeMH 3 BHKOPHCTAHHSIM MeEHeIKepy

npouecis PM2.

PM2 - menemxkep mporieciB Ayt web-cepBepis, 1o BUKopucToBytoTh NodelS. YV
Hall Yac BHUKOpUCTaHHS PM2 BBaxa€ThCsi 3acTapiiiol0 MPAKTUKOK, OCKUIBKUA BCE
yacTile y po3pod1ii web-cepBepiB BUKOPUCTOBYEThCA MiAXiJ KOHTEWHEpU3allii, ska
JI03BOJISIE OLIBII THYYKO HaJAaIITOBYBaTH 1H(PACTPYKTYpy nonaatkiB. Lledl iHCTpyMeHT
BCE I1I€¢ BUKOPUCTOBYETHCS JJIsl HEBEJIIMKUX Web-cepBepiB, 1110 BUKOHYIOTh 1YK€ BY3bKe
KOJIO 3aa4, ad0 JTOJATKIB, IO MPALIOIOTh HA BIpTyallbHUX MallMHax abo cepBepa, LI0
HE BHUKOPDUCTOBYIOTh KOHTeHHepu3amio. PM2 ngyxe cXxoxuil Ha MeXaHI3M
KJlactepu3allii, mo BOyaoBaHui y mporpamuy miatgopmy NodelS, ogHak Ha BiAMIHY
Bl 1bOro (QYHKIIIOHATY MEHEIKEp MpoIeciB He mnoTpeldye ajantaiii Koay i
CTBOPEHHSI PEIIiK, TOOTO BiH Oepe BCIO BIAMOBIJAIBHICTH 32 CTBOPEHHS KJIACTEPIB HA
ceoe. Lle no3BoJIA€ BIAAUIMTH O13HECIIOTIKY, IO OMKMCaHa KOJOM Bl iHPPaCTPyKTYypHOI
YACTUHU OIMCAHHS 3aIlyCKy web-cepBepa, 1110 03BOJII€ M030yTHCS NepEeHaBaHTAXKECHHS
KOy JTOJaTKOBOIO JIOTIKOIO, 1, SIK HACIINOK, O3BOJISIE€ TOJETIIUTA PO3YyMIHHS KOJa
pPO3pOOHMKAMH, Ta PO3AUIMTH BIAMOBIJAIBHICTH 3a PI3HI YAaCTHMHU J0AaTKa MIXK
OKpPEeMHUMHU 4YJieHAaMU KOMaHIu po3poOHMKIB. PM2 Takok BUKOPHUCTOBYE NJIsi PO3MOILTY

HaBaHTaXXCHHs anroput™ Round-robin.



OkpeMmi knactepu
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Pucynok 2.2 - apxiTektypa web-cepBepy 3 BUKOPUCTaHHSIM MeHepkepy npouecis PM2.

Jlnst Bukopuctands PM2 HeoOXiHO CTBOpUTH OKpeMuil (haiii 3 eKOCHCTEMOIO,

10 MOBUHEH Ha3UBaTHUCh ecosystem.config.js abo ecosystem.json.

Y PM2 ctBOpeHi peruiiku OyayTh MaTh TakKUil caMUi TOPT, 110 W caM MEHEIKep
nporieciB. [le peaizoBaHo 3a JOMOMOI00 BHYTPIIIHBOTO MexaHi3My PM?2, 110 103Bosise
BCEpEINHI PEIUIIKU TIEPETHCaTH JIaHl PO MOPT, Y KU 3roJIoM HAJACHIAIOTHCS 3alHUTH
4yepek MIKIPOLECHY KOMYHiKalito. JlaHuii MexaHi3M [OCTaTHbO BHMOTJIMBUH /10

POIIECOpPY.
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2.3 Po3paxyHOK KOMII’IOTEPHOI CHCTEMH 3 BUKOPUCTAHHAM (yHKUIOHATY 3i

CTBOPEHHSI PO00YMX MOTOKIB.

VY BiJIHOCHO HeJlaBHbOMY 4Yaci y nporpamuy minatdopmy NodelS 13 Bepcieto 10.5.0
OyB ofaHMl MEXaH13M 31 CTBOPEHHS pOOOYMX MOTOKIB, 10 BUKOHYIOTh OKpeMi 3aj1adi,
0 ctabutbHOI Bepcii 1ed mexaHi3M jgoenu y Bepcii 12.0.0. Panime st pobotu 3
pobourMH MOTOKaMU OyJi0 HEOOXIJHO TapajeibHO CKOIioBaTh web-cepBep vy
cepenoBuilli BUkoHaHHs1 NodelS, cTBOpUTH y CHCTEMH 1HIIIE CEPETOBUILE BUKOHAHHS Ha
NodelS, mo Oyzae 3amyckatu iHIIMKA web-cepBep, Ta OOMIHIOBAaTHCS MIDK HUMU
MOBIJOMJICHHAMHM 4€pe3 MDKIPOLECOPHY KOMYHIKAILII0 CaMOi CHUCTEMH, Y SKIi

IPAIIOI0Th POOOUNIi TOTOK 3 Web-CcepBepOM.

NodeJS

06po6HMKM 3anuTiB

| O6pOo6HMK

|
|
|

[
|

[
|

|
|

|
|

|
|

|
|

[
|

[
|

|
|

[
|

|
P
P
‘///’/’//)/,a 06p0o6HUK [
[ P
KnieHT —L 5 Cepeep 8000 l l :

[
P
| |
| |
| |
| |
| |
| |
| |
| |
| |
ro
|
|

[
\\\\\\\\\T“i 06pOo6HUK
[
[
' O6po6HMK

Pucynox 2.3 - apxiTektypa web-cepBepy 3 BUKOPUCTaHHSIM pOOOUYNX TOTOKIB Y

cepenoBuil BukoHanHs NodelS.
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HoBuit MexaHi3M, 110 BiJNOBIJa€ 32 CTBOPEHHS POOOYUX IMOTOKIB 3alyCKAaOTh
MaJICHbKY, JIETKOBaKHY a00 oOMexeHy KoIiio web-cepBepa y cepeloBHINl BUKOHAHHS
NodelJS, B xoTpux € cBiii i301bp0BaHmMiA pymrii V8, cBos okpema Oibmioreka libuv 3
IHIMBIIYyaJIbHUM IMKJIOM TIOJIM, 1 Tpalloe BCE 130JIbOBAHO BiJ 1HIIUX IOTOKIB YHU

nporeciB (Puc 2.3).

MexaHi3M po0OOYHX MOTOKIB J03BOJISIE CTBOPUTH MHOXKHUHY JIOCTYITHUX TOTOKIB,
10 Ma€ Ha3By MHOXMHA 00pOoOHMKIB. LI MOTOKM 3 MHOKMHU BUKOPUCTOBYIOTHCS Y pasi
HAJIXO/DKCHHS Ha CEpBEP 3alMTy, LIEH 3amuT, 3TiIHO 10 3 HOTro I, CepBEp BIIIA€E Ha
OJIMH 3 JIOCTYITHUX 3 MHO>XUHHM HEBEIMKUX OOpOOHUKIB. Y TOJOBHOMY IOTOIll >KUBE
cepBep, 1110 BIAMOBIAE 32 PO3MOJILI 3aNUTIB. ['0JI0BHA PI3HUILI MiXK IBOMA TOTIEPETHIMU
BapiaHTaM{ ONTHMI3allli y TOMYy, IO y THX JIBOX BHIIQJKaX Yy OKPEMHX IOTOKaX

3amycKaaucs MOBHOIIIHHA BajKKa KOIIisl web-cepBepy.

2.4 Po3paxyHOK KOMII’KOTEPHOI CHCTeMH 3 BHUKOPUCTAHHAM (yHKUioHasa 3i
CTBOPEHHsI pPo0OYMX MOTOKIB 1 OKpeMMM 30BHIIIHIM  OajlaHCyBayem

HAaBaHTaKCHHA.

Oxkpim 3a3HAYEHOr0 BHUILEC TMPUKIAAy Wweb-cepBepa, 1[0 IMpairoe 13
BUKOPUCTAHHAM POOOYUX TIOTOKIB MOXKHA PO3TISHYTH BEPCUIO 13 BUKOPUCTAHHSIM
30BHIIIHBOTO 1HCTPYMEHTa 3 OajaHCyBaHHS HaBaHTAXKEHHsI, 10 OyAe MpaltoBaTh Ha
okpemomy mopty. Lle OanancyBanHs Oyje po3MillieHe Ha OKpEMOMY TMOPTY, 1 Oyze, K y
MOTEePEIHIX BHUMAJAKaX 3a JOTMOMOTOI0 alTOPUTMY PpO3MOMIJICHHS HAaBaHTAXCHHS
PO3MO/IEHOT 00UYHCITIOBAIIBHOI CUCTEMH, PO3AUIATH OTPUMAaH1 3alIUTH MK PEIUIIKaMHy 3
MHOXHMHHU 00poOHMKIB. OnucaHl peruIiku OyayTh CTBOPEHI 3a JOMOMOIOI0 MEXaHi3My
pobounx moTokiB mporpamuoi miargopmu NodelS. ¥V mnpomy BapiaHTi y MHOXHHI

OyIyTh TOCTYIIHI HEBEJIMKI OOPOOHUKH, 110 TPAIIOIOTh Y OKPEMHUX POOOYHMX MOTOKAX.
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Pucynok 2.4 - apxiTektypa web-cepBepy 3 BAKOPUCTaHHSM POOOUYUX MOTOKIB Yy
cepenoBuill BUKoHaHHs NodeJS Ta 30BHIIIHIM IHCTPYMEHTOM OajlaHCyBaHHS

HaBaHTAaXCHHA.

Onucanuii BapiaHT ONTHMI3allli Ja€ 3MOTY BHUKOPHCTOBYBaTH pPI3HOMAaHITHI
ANTOPUTMHU PO3MOJIIJICHHS HaBaHTaKCHHS O00YHCTIOBAIBHOI cucTeMu. OKpiM HaWOLIbII

nommupeHoro Round-robin, Mo)kHa BUAIIUTH HACTYIIHI:

— Weighted Round-robin a6o Static Round-robin, airoput™ cXoKuil Ha 3BUYHHUI
Round-robin, ame BiH [g0JaTKOBO Oepe A0 YyBard JOWHAMIYHI Bard, IO

OIATPUMYIOTBCS  JUISI  ITUKIIYHOTO Tiepebopy, HaWMEHIIOTo 3'€HaHHS Ta
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y3roJIKEHOCT1 XenryBaHHs. Lle mo3Bojsie 3MIHIOBaTH Bark cepBepa Ha JIbOTY 3
iHTepdercy KOMaHAHOTO PsIKa, a00 HAaBITh ar€HTOM, III0 3aMyIEHU Ha CEPBEDI;
Least Connections, anroputM B SKOMY KO>KHUW HAaCTYIHUN 3alUT HAJACHIAETHCS
Ha web-cepBep 3 HaMMEHIION KIIBKICTIO MIAKIIOYEHb, IO MIATPUMYIOTHCS.
Takox myxe epeKTHBHUH Ta PO3MOBCIO/DKCHUNA aJTOPUTM  PO3MOIIICHHS
HABAHTAXKEHHS, 1110 € JTyKe €peKTUBHUM Ta MPOCTUM Yy peamizaiii. Lle pimeHHs
JI03BOJISIE PO3MOAUIATA HABAaHTA)XCHHS Ha CEpBEpU 3 MPHUOIU3HO OJHAKOBUMHU
napaMeTpamu;

Source IP hash, anroput™m, mo xemye Buxigny [P-aapecy 1 aiumurth ioro Ha
3arajibHy Bary cepBepiB, 1o mpamoioTh. OaHa 1 Ta cama |P-aapeca kiieHTa
3aBXKJU JIOCSTae OJHOTO 1 TOTO K CEpBEpa, MOKU >KOAECH CEpBEpP HE BUXOAUTH 3
Jany abo He mpauioe. SKIo pe3yapTaT XEUIyBaHHS 3MIHIOETBCS 4YEpe3 3MiHY
KUJIBKOCTI MPAIIOI0YUX CEPBEPIB, KIIEHTH NEPEHANPABIISIIOTHCSA Ha 1HIIUN CEepBep.
[e#t anroput™ 3a3BU4ail BUKOpUCTOBYeThCsA B pexumi TCP, konu ¢aiinu cookie
HEMOJKJIMBO BCTAHOBUTH. 32 3aMOBUYBaHHSM BiH TaKOK CTAaTHUYHUH;

URI, anroputm, mo xemrye ado niBy yactuny URI, a6o Becy URI 1 auuth xer-
3HAUCHHS Ha 3arajbHy Bary cepBepiB, 3 MHOXHUHU AoctynHux. OxnaxoBuii URI
Oyzae crpsIMOBYBaTHCSl 3aBXAM Ha OJWH 1 TOH caMuil cepBep M0 TUX Mip, TOKH
xoua 0 ojuH 13 web-cepBepiB OyJie mpaitoBaTi ado 3’ €HaHHS OyIe BiIKIIOUCHE.
[le TakoX CTaTUYHUN aIrOpUTM, SKHM Mpaloe Tak caMo, K MONepeaHii
aJITOPUTM;

URL Parameter, anropurm, mo MoOXHa BUKOpucTOoByBaTu jaume Ha HTTP
cepBepi, ockuibku mapamerp URL BijoOpaxaeTbcsi y pSAAKY 3alUTy KOKHOTO
HTTP-3anuty GET. flkmio 3Haiiienuii mapameTp 3aKiHUYyE€ThCsl Ha 3HAK PIBHOCTI
Ta 3HAYEHHS, TOJI 3HAYCHHS XEIIYEThCS 1 MOAUIAETHCS HA 3arajbHy Bary

CepBepiB, 110 MPAITIOIOTh.
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KpiMm MOXIMBOCTI BHUKOPUCTAaHHS BaplaTUBHUX  aJICOPUTMIB  PO3IMOJLITY
HABaHTa)XCHHA, LIe BapiaHT BUKOHAHHS JO03BOJHUTH CTBOPUTH TaKy KUIBKICTH PEILIIK
KOKHOTO CEpBiCY, sike Oyae HeoOX1AHO BUXOSYM 3 HABAaHTAKCHHS HA KOXKEH OKPEeMUU
cepBic. Hampukiiajn, KoXXeH OKpeMHil YHIKAJIbHMA KOPUCTYBad IPU BUKOPHUCTAHHI
KIIIEHTCHKOTO KITIEHTA J0JaTKa 3 TOIIYKYy HEPYXOMOCTI y Opaysepi Ha mpojax ado
opeHny Oyne mepersiaaTd 1HGOpMaII0 TPo O00'€KTH HEPYXOMOCTI dYacTilie, HIXK
iHpOpMaIlit0 PO MPOAABIS Ta OPEHAOAABIISI KOKHOTO OKPEMOro 00'€kTa HEPYXOMOCTI.
KpiMm TOro BmacHukK pientopcbkoi (ipMHu 3allikaBICHHH y TOMYy, 100 KOpHCTyBad
SKHAWUIIBUJIIIIE OTPUMYBaB 1H(OpMAIliI0 TPO MACUBU JOCTYMHUX 00'€KTIB HEPYXOMOCTI,
a TakoXX OKpeMi O0'€eKTHM 1 BXXE€ Ha MIJACTaBl OTpUMaHOi 1H(opMmamli mpo 00'eKTH,
KOPUCTYBa4 B)K€ BHPIIIYBAaB CAMOCTIHHO 3allikaBJICHUN BIH y HbOMY 4M Hi. JlaHuit
dbakTop TOBOPHUTH MPO T€, MO0 MIBUJIKOJIA cepBicy (opMyBaHHS BUOIPOK OO0'€KTIB
HEPYXOMOCTI, a TaKOX NOLIYyKy 1H(popmallii mpo OKpeMi 00'€KTH Tpae TaKOXK IyxKe
BaXUIUBY poOJib. TaKUM YMHOM MOKHA CIIPOTHO3YBATH, 110 HABAaHTa)XEHHS Ha CEPBIC 3
(bopmyBaHHS BUOIPOK 00'€EKTIB HEPYXOMOCTI, a TAKOX MOILIYKY 1H(pOpMALIil MPO OKpeMmi
o0'ekTn Oyne OuTblIe, HIK Ha CepBIC MOUIYKY iH(OpMalli Ipo KOpUCTyBaya, a TaKOX
IIBUIKOMAIS cepBicy 3 (opMyBaHHS BHOIPOK O0'€KTIB HEPYXOMOCTI, a TaKOX TMOIIYKY
1H(popMaIlli Npo OKpeMHX 00'€KTIB HEPYXOMOCTI 00'€KTax OLIbII BaXKIMBO, HIK CEPBICY
NoIIyKy 1H(opMalii Ipo KOpUCTyBaya, CEPBICY 3 aBTOpU3allii KOpUCTyBada, CEPBICY

aJIMIHICTPYBAaHHS NPOrPaMHU Ta IHIIUX CEPBICIB.
2.5 BucHOBKH 10 po3aiiLy

Y po3nini po3rJsSIHYTI OCHOBHI cXeMH omTuMizaiii web-cepBepy kommanii 3

PIEATOPCHKUX MOCIYT, iX IPUHIIUI pOOOTH Ta iX BiAMIHHOCTI. BOHM mosTato0Th V!

— BUKOpHUCTaHHI BOy0BaHOTO (PyHKITIOHATY TIporpamMHoi matdopmu NodelS;

— BUKOPHUCTaHHI CTOPOHHBOTO MEHEKEPY MPOIIECIB,;
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BUKOPHUCTaHHS BOYI0BaHOTO (DyHKIIOHATY IporpaMHoi miatdopmu NodelS, o
€ OLIBIII HOBUM MOJYJIEM IIi€1 MPOTrpaMHOi TIaTHOPMH;

BUKOPUCTaHHS BOyJI0BaHOTO (hyHKIIIOHATY mporpamuoi miatdopmu NodelS, mo
€ OUIBII HOBMUM MOJYJEM Ili€i MporpamMHOi IUIATGPOPMH 13 BHUKOPHUCTAHHSIM

J04aTKOBOI'O 30BHIIITHBOTO 6aJ'IaHCYBaHH$I HaBaHTaXXCHHI.
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— 3 PO3A1JI CHHTE3Y CUCTEMHU KOHTPOJIIO
3.1 Po3pobOka cxemu pyHKIIOHAJBHOI CTPYKTYPH

Jlna mpoekTyBaHHST web-cepBepa pieNTOpCchKOi KOMMaHii MOTPIOHO BU3HAYUTH
CIIMCOK HEOOXIJTHUX 3ajiad, 0 MaroTh OyTH peami3oBaHi. KpiM Bxke 3rajjaHoro cepmicy
BI/IMOBIATIBHOTO 3a 3JIIMCHEHHS TMONIYKY OO0'€KTIB HEpyXoMocTi Ta (opMyBaHHS
BUOIPOK OO0'€KTIB HEPYXOMOCTI, SIKI 3aJOBOJIBHSIOTH BHUMOTAM IIOIIYKY, BHIIIAMO

HACTYIIHI:

— CcepBiCc 3 MOWYKYy iHpopMalii Ipo KOPUCTyBaudiB, OyJb TO KOPHUCTYBay, KMl
3HaXOAUTHCS B MOIIYKY HEOOXITHOTO 00'€KTa HEPYXOMOCTI Il KymiBil abo
OpEHIH, TaK 1 KOpPUCTyBaya, SIKMM € PIENTOPOM, KOXKHOTO OKpemMoro o0'ekTa
HEPYXOMOCTI, SKUH 3aI[IKaBUTh KJII€HTA;

— CepBIC 3 YNpaBIiHHS IpaBaMU KOPUCTYBadiB, OCKUIbKH BeO-107aTOK Oy/e
BUKOPUCTOBYBATUCS SIK KJI€HTaMH, JJIs MOMIIYKY OO'€KTIB HEPYXOMOCTI, TaK 1
pienTopamMu g JOJaBaHHS HOBUX OO'€KTIB 1 peAaryBaHHS BXKE JIOJAaHUX
BUKJIIOYUHO HUM k€. KpiM Toro, HeoOXiHI KOpUCTyBadi 3 IMpaBamMu
aJAMIHICTpaTopa, $KI 3MOXYTb BHIPABUTH MOMUJIKOBI JaHI OyIb-SIKOTO 3
KOPHUCTYBauiB y Oy/Jib-IKUIl MOMEHT;

— CcepBiC 3 aBTOpHU3allii KOPUCTYyBauiB, SKHUU BIANOBIAE 3a 3HAXOMKCHHS
KOPHCTYBaUiB Y CHUCTEMI, 3a JIOTIOMOI'OI0 SIKOTO IMEPEBIPATUMETHCS HAsSBHICTDH, a
TaKOX MPABUIBHICT, BUKOPUCTOBYBAHUX JIAHUX KOPHUCTYBada Il BXOAY;

— 00cmyroByBaHHS JIJIsl OIIYKY ONTUMAIbHOTO MapLIPYTy A0 HEOOXITHOTO KIIIEHTY
00'eKTa HEPYXOMOCTI;

— cepBic aia popMyBaHHSI PEHTHHTIB JIJI1 BU3HAYCHHS HANOUIbIN 3aTpeOyBaHUX Ta
HAWOUIBII MOMYJSPHUX O00'€EKTIB HEPYXOMOCTI, & TaKOX JJIsi TPOCYBaHHS MEHII

MOMYJISIpHUX.
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Ockinbk B BeO-J0JaTKy KOMITIaHII 3 HaJaHHSA PICITOPCHKUX TMOCIYT TaKOX
nependavaeThCsl HASBHICTh KOPUCTYBadiB 3 TpaBaMH aJMiHICTpaTopa, HEOOXiTHO
peani3yBaTd JIOJaTKOBI CEpBICHM MO 3/A1MCHEHHIO YIPaBIIHHS JOJATKOM, KpiM
yIpaBIiHHA KOPUCTyBadaMM, OO'€KTaMH HEPYXOMOCTI Ta peAaryBaHHSM pPEUTHHIIB

00'€KTIB HEPYXOMOCTI:

— CepBiC Ui CTBOPCHHs, BHJAJICHHS Ta pejaryBaHHs (PUIBTPIB MOIIYKY OO0'€KTIiB
HEPYXOMOCTI Il 3HAXO/DKEHHS HaWOIIbII ONTUMAIBLHUX Ta TPHUIATHUX IS
KJIIEHTA;

— CEepBiC YIpaBIIIHHS Ta KOHTPOJIIO CTaTyCiB IUIATEXKIB 3a OPEHJ0BaHI YU pUAOaH1
00'€eKTH HEPYXOMOCTI;

— CcepBiC Uil peJaryBaHHS OKPEMHUX YAaCTUH KII€HTa TMPOTpaMH CaMUMU
aJAMIHICTpaTOpaMu  KOMITHOTEPHOI  CUCTEMH  MIJNPUEMCTBA 3  HAJaHHS

PIENTOPCHKUX MOCIYT 0€3 3a1y4eHHs PO3POOHUKIB.

_—— — - - - — — 5

Cepsicu

createService(/objects)
createService(/users)
createService(/roles)
createService(/ratings)
createService(/payments)
Web-cepeep
createService(/routes)
createService(/search)
createService(/auth)

i
I
I
I
I
I
I
I
I
I
I
I
I
: createService(/selects)
I

createService(/upload)
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Pucynoxk 3.1 - mepenik cepBiciB, 1110 HEOOX1IHI JJIs peatizailii web-cepBepa KoMmmnaHii 3

PIENTOPCHKUX MOCIYT.

CkJ1aBIIM CIHUCOK BCHhOTO (DYHKIIOHANTY, SIKAH JOCTYNHUW AJIs 3MIHCHEHHS 32
JOTIOMOTOI0 BUKOPHUCTaHHS BeO-cepBepa KOMMaHii 3 HaJaHHS PIENITOPCHKUX TOCTYT,
MOXHA IIpoaHaI3yBaTH, SKI CepBICM BeO-cepBepa OyIyTh BHUKOPHCTOBYBATHCS

HalvacTiiie, a K1 OyayTh pijle.

OCK1IbKM B CHCTEMI KIJIBKICTh KOPUCTYBAYiB 3 MpaBaMu aJMiHICTpaTOpa MEHIIIA,
HIX KUIBKICTh KOPUCTYBAdiB 3 IpaBaMU KJIIEHTA Ta pienTopa, TO HaBaHTaXEHHS Ha
CEepBICH, MPU3HAYEHI BUKIIOYHO JUIs aIMIHICTpaTopiB, Oyae HaiiMeHmuM. CepBic s
MOIIYKY MapIIpyTy TaK0>X BUKOPUCTOBYETHCS PIJIIE 32 1HIINX, OCKUIBKU KIIIEHT 3aX04e
OIJISTHYTH OO'€KT TUIBKK MICHSI TOrO, SIK CaM IEpEeryisiHE CHUCOK JOCTYIHHUX O0'€KTIB
HEPYXOMOCTI, 110 Bi/NOBIIal0Th WOTO BUMOTaM, 1 BUOEpe TOMW, KWW HOMy HaWOlIbIIIe
nigxoauTh. IBUIKICTE poOOTH cepBicy 3 ¢hOpMyBaHHS PEUTHHTIB Ha MiJCTaBl MepeBar
KOPHCTYBaYiB TaKOXX HE BUKOPHCTOBYETHCA YacCTO, OCKIIBKA PEUTHHTH OHOBIIOIOTHCSA
pa3 Ha KiJIbKa TOJIMH, 1 BIMOBIHO CEPBIC 3aITyCKaTUMETHCS 1 OHOBJIIOBATUME PEUTHUHTHU
3 BCTAHOBJICHOIO IepioanyHIcTIO. CepBic 3 aBTOpU3allli KOPUCTyBaya TAKOXK HE BIIUyBa€
BEJIMKOTO HAaBAaHTAKEHHsSI, OCKUIBKM KOPHCTYBau BXOJUTh B CUCTEMY OJIUH pa3, MICISA
YyOro 3aJINIIAEThCSA B HIM Ha KiIbKa JHIB, JOKH HE BHUMC 13 CHCTEMH CaMOCTIHHO a0o
3aKIHUMUTHCS TEPMIH il Horo cecii. CepBic 3 NepeBipKU IMpaB KOPUCTyBadya BiJAUyBae
Take >X HABaHTAXEHHS, 110, SK 1 CEpBIC 3 aBTOpH3allli KOPUCTYBAadiB, OCKUIbKHU

BUKOPHUCTOBYETHCS IIIOPA3Y, KOJIM KOPUCTYBAY aBTOPU3YETHCS.
3.2 AHaJ1i3 BUKOPUCTAHUX IHCTPYMEHTIB

Jlnsa 3amycky web-cepBepy Ta 3MOTM WOTO TECTyBaHHSA [UIsl BU3HAYCHHS
e(pEKTUBHOCTI PO3MIAHYTHX METO/IIB ONTUMI3allli BAKOPUCTOBYEMO KOHTEHWHED, B IKOMY
HE0OX1THO 3a(piKCyBaTH KUIBKICTh JOCTYIHUX MOTOKIB IPOLIECOPY, IO OYAyTh BUAUICHI

JUIsL OOUMCIICHHS, Y HAIlIOMY BUIAAKY JUJISl yC1X METO/IIB ONTUMI3allii 00epeMo OJTHaKOBY
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KiTbKicTh. OpmHak cepenoBuille BukoHaHHsS NodeJS He 3MoOXKe BHU3HAYHMTU JaHE
oOMeKeHHs, 110 OyJI0 BCTAaHOBJIEHE IHCTPYMEHTOM KoHTeHepu3arlii Docker, Tomy BoHO
Oyae BHU3HAUaTH TMOBHICTIO BCl JIOCTYIHI TMOTOKH Ha CepBepi, Uil 1OTO HEOOX1THO
BJIACHOPYY OOMEXHUTH MaKCUMaJIbHY KIUIBKICTh IIOTOKIB JUIsi BUKOPHCTaHHS Web-

CEpBEPOM.

Konteitnepn — 1me aOcTpakiiis Ha piBHI IporpaMu, ska IO€AHYE KOJ Ta
3aJeKHOCTI. Jlekiibka KOHTEHHEePiB MOXKYTh MPAILIOBATH HA OJHOMY CEpBEPI 1 CHIIBHO
BUKOPHCTOBYBATH PO OIEPALifHOT CUCTEMU 3 IHIIMMU KOHTEHHEPAMHU, KOKEH 3 SIKUX
Ipaioe SK 130Jb0BaHl NPOLECH B IPOCTOpl KopucTyBaua. KoHTeliHepu 3aliMaroTh
MEHIIIE MICIlS, HIX BIPTyajdbHI MAalllUHU, MOXYTh OOpOOJSATH Olblle AOJATKIB Ta

BHUMAararOTb MCHIIC BipTyaJ'II)HI/IX MalllMH Ta Oﬂepal_[iﬁHHX CHCTCM.

BuxopuctanHs KOHTEMHEpIB, 3a paxyHOK 3a0e3MedYeHHs] HUMU KOHTEHHepu3allii
KOJly 3 WOro yciMa 3ajJeKHOCTSMH, JI03BOJISIE€ IIBUIKO Ta HAJIIMHO MEpeMillaTh HOro 3
OJIHI€T 00YMCITIOBAILHOI CUCTEMU Y 1HIY. Hampukian, 11e 103BoJisie 3pOOUTH JTOKAJIbHY
pO3pOOKy Ha MEPCOHATHHOMY KOMIT FOTEpl HAHOUIbII HAOIMKEHY 10 CEPEOBHIIE, IO
BUKOPUCTOBYETHCSI HA CEpBEPi, Ha SKOMY Ipaiioe pododya Bepcis MNPOrpaMHOro
3a0e3neuenHs. KonrteliHepn MaroTh 00pasu, 10 € aBTOHOMHO BHUKOHYEMHUM TMaKETOM
nporpaMHoro 3abesneueHHs. OOpa3 KOHTEHHEpa Mae y CBOEMY CKJIaJll yce HEOOXiaHe

JUTSL 3aITyCKY MPOrpaMHOro 3a0€3NeYeHHS:

— KOT;

— HaJIAIITOBaHE CepeIOBHIIE BUKOHAHHS,;
— BCTAHOBJICHI IHCTPYMEHTH;

— CHCTeMHI 010/TI0TeKH;

— HaJAITYHKHA MPOTPAMHOTO 3a0€3MEeUCHHS.

[lin yac BUKOHaHHS O00pa3iB KOHTEMHEpPIB BOHU CTalOTh KOHTeHHepamu. Lli

KOHTEHHEpPU MOXYTh TpaimoBatu sk Ha cuctemax Windows, Tak 1 Linux ta Unix.
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Konrelinepu 130J1I0I0Th MporpaMHe 3a0e3MeYeHHs BiJl MOro cepeioBHINA Ta

rapaHTyIOTh, [0 BOHO MPAITIO€ OJHAKOBO, HE3BAYKAIOYM HA BIIMIHHOCTI.

Ha BigMiHY Bij BipTyaJbHOI MAaIlMHU KOHTEHHEP MICTUTH HE BCIO OIEpalliiHy
CUCTEMY, a TUIbKH 1i JTOJATKH, 3aJIeXKHOCTI 1 KoH(iryparito. Lle pobuts koHTeiiHepu

Docker HabaraTo jermmm 1 IIBUIITAM, HDK 3BUYaliHl BIpTyaJIlbH1 MaIllMHH.

Po3pobka web-cepBepy 13 BukopuctanasMm NodelS, mo mnpamoe y cepeaoBuii
KOHTEIlHEpa MOB’s3aHa 13 JOTPUMAHHAM IMEPEJIKy MpakTUK, L0 MAalOTh XapakTep
peKoMeHalii, ame ixX JAOTPUMAaHHA 3HAYHO TOJETIINTh PO3POOKY MPOTPaMHOTO
3a0€3MeUeHHs], TOKPAIUTh MIBUAKICTh HOr0 BUKOHAHHS Yy poOOYOMY CEpEIOBHILI, IO

BUKOPUCTOBYETHCS KIIEHTAMU Ta 3pOOUTH KOHTEHHEp OUTbII O€3MEYHUM Ta JIETKUM.

O6pa3 nns NodelJS y cepemoBumi Docker mocuTh BenMKui 1 BKJIIOYA€E COTHI
Bpa3NMBOCTEH O€3MEKH PI3HOTO THUITY 1 CTYMeHs Ccepho3HOCTI. OCKIIbKA TOHSTTS
KOHTEHHEPY Ma€ Ha yBa3l BUKOPUCTAHHS HEBEIMKHUX 00pa3iB, OCKUIbKH 1€ MPU3BEIE 110
3MEHIIIEHHS PO3MIpy MporpamMHoro 3abesneueHHs Ha oOpas3i Docker, mo 3MeHIIUTH
MOTEHII1I1H1 BPa3JIMBOCTI, Ta MPUCKOPUTH MPOLIEC CTBOPEHHs 00pa3y. KpiM Toro MoxHa
BUKOPUCTOBYBATH JTalJIKECT UM CTATUUHMM xem oOpaszy Docker 3 meToro oTpumaHHsS
neTepMiHoBaHUX 30ipok  6azoBoro o00pasy. Buxomsum 3 1pOTO, HEOOXIITHO
BUKOPUCTOBYBAaTH HeBenukuii o6pa3 NodeJS 13 Bepciero, 1m0 JOCTyNMHA s
BUKOPUCTAaHHSA Ta Ma€ JOBroctpokoBy miaTpumky (LTS) mis Toro mo0 3MEHIIUTH

pO3MIp KOHTEIHEpY.
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package.json

“name": "charly",
"description®: ""
"version": "1.0.0",
“private": true,
"main": "server",
"author": {
"email": "abc@gmail.com"
}
“"bugs": {},
"directories": {
"lib": "server/",
"test": "test/",
"config": "config/"
Ii
“engines": {
"node": "~14.0.0",
"npm": ">= 3.0.0"
i
“scripts": {
“test": "npm run lint && npm run jest",
"build": "npx next build",
"dev": "NODE ENV=development && node server",
i
"dependencies": {
"helmet": ""4.3.1",
"lodash": "~4.17.20",

"sequelize": ""6.3.5",

"sequelize-cli": ""6.2.0",
¥
"devDependencies": {
"git-cz": "73.2.1",
"husky": ""~3.0.5",
"jest": "726.6.3",
}:

Pucynok 3.2 - ctpykTypa package.json ¢aitry web-cepepa Ha NodeJS.

BcranoBmoBaTy nuine Ti 3al€KHOCTI, 10 BUKOPUCTOBYIOTHCA Ta HEOOXIAHI IS

MOBHOILIIHHOTO  (yHKI[IOHYBaHHS Wweb-cepBepy y production cepenoBuIl, sKe
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BUKOPHUCTOBYIOTh 3BHUYAlHI KOpUCTyBaul cepBicy B oOpa3i Docker mis Node.js.
Komanpa a1 BCTAaHOBIEHHS 3aJIeKHOCTEH, MaKeTiB 1 010110TEK 1110 BUKOPUCTOBYIOTHCS
sk s production cepeqoBHIa TakK 1 CEpeIOBHUINA JIJIT PO3POOKH BUTIISIAE HACTYITHUM
gyuHoM: npm install. Jlyis 3amoGiraHHs BHKOPUCTAaHHS TMAaKETIB 1 3aJIGKHOCTEH, IO
HEOOX1TH1 JJIs1 PO3pOOKHU MporpaMHOTo 3a0e3nedeHHs y production Bepcii web-cepsepy,
10 BIJIMIOBIIaIOTh CHHMCKY 3HadeHb 3a kimodeM devDependencies (Puc. 3.2) HeoOXimgHO
BUKOPHCTOBYBaTH HACTYIHY TUPEKTHBY: npm ci --only=production. Bona 3amo0irae
HENOTpiOHOMY pH3UKY Oesmeri, Mo MOXXe OyTH TMOpyIlIeHa dYepe3 NaKeTH, M0
BUKOPUCTOBYIOTHCS K 3JICKHICTh ISl PO3POOKH, a TAaKOX HAJAMIPHO 3aBUIIYE PO3MID

oOpasy.

[Tin wac crBopenHs oOpa3a Docker mns momaTka peanizoBaHOTO 3a JOMOMOTOIO
NodeJS mna production Bepcii HEOOXITHO NEpPEeKOHATHCS, IO BCl MIAaTGoOpMU Ta
010J110T€KH BUKOPUCTOBYIOTHh ONTUMAaJIbHI HAJAIITYBAaHHS MPOJAYKTUBHOCTI Ta OE3MEKH.
Jnst Toro, mo0 moYaty BUKOPUCTOBYBATH TaKy BEpCIIO J0JaTka HEOOXIJHO J0JaTh

HacTynHy aupektuBy y Dockerfile:
ENV NODE_ENV production

Hesiki maketw, GPEeHMBOPKH, MOIyJi Ta OIOMIOTeKM MOXYTh BKIIOYATH
onTUMI30BaHy KOH(Dirypariiiro adbo 30ipKky, 1o npairoe y cepenonuiii production. Tomy
JUTST BUKOPHCTAHHS Takoi KOH}irypamii HEoOXiJHO MTPHUCBOITH HACTYIHIA 3MiHHIN

oroueHHsst NODE ENV Binnosinne 3nadenns production.

Baprto yHukaTu BUKOpUCTaHHSI KOHTEHHEPIB 31 mpaBamu root. KonTeitHepu MaroTh
CJIITyBaTH MPUHITUIT HAWMEHIIINX MPUBLIEIB, 110 BBAKAETHCS JIABHIM 3aCO00M KOHTPOJTIO
Oe3mekn MOMaTKiB Ta CHCTeMH 3 mepmux 1HiB icHyBaHHsS Unix cuctem. Ilim dgac
cTBOpeHHsI web-monaTkiB Ha mporpamuii miargopmi NodelS cmig morpumyBatucs
I[bOT0 MpaBuUJIa MiJ] Yac 3ammycky KoHTelHepiB. Lle mpaBuio icHye aJisg TOro 100 OLIHUTH

YU 3JIOBMUCHHK MOE CKOMIIPOMETYBATH Web-I0AaTOK 3a JIOMOMOTrol0 3acoly, IIIo
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JI03BOJISIE BBOJUTH Ta BUKOHYBATH KOMaHAM, IO OyayTh BHKJIMKaHI 3 KOPHUCTyBaudeM,
SKOMY HaJCXKHTh TPOIEC aoaarka. SIKmo 1ei mpoiec Mae mpaBa JOCTYIY 0 BCIX
CJIEMCHTIB CHCTEMH, 3JIOBMUCHUKH MOXYTh BUKOPHCTOBYBAaTH Maike BCi PEeCypcH B
KOHTEWHEp1, y TOMY YHUCJl cpoOy BUXOJAY 3 KOHTEWHepa a0o MiABUILIEHHS MPUBIICIB

IHIIIMM KOPHCTYyBadyam.

BukopucroByBaTH MO/Ii1, 3 METOIO OE3MEYHOTO 3aBEpIICHHS poOOTH Web-1o/1aTka
Ha mporpamHiii tiarpopmi NodeJS y xonrterinepi Docker. Omgna 3 HaWOLIBII
MOIIMPEHUX TIOMUJIOK TIOB’Si3aHA 31 CIOCOOOM, 3a JIOTIOMOTOIO SIKOTO BHKJIUKAETHCS
TOJIOBHMI Tmporiec. HacTymHi BapiaHTH BBaXKarOThCA HE MIAXOMSIIAMHU JUIS 3aIyCKy

mpoliecy, 1 iX CiiJl yHUKaTH:

— CMD “npm” “start”
— CMD [*“node”, “start”]
— CMD “node” “server.js”

— CMD “start-app.sh”

[HcTpymMeHTaM opkecTpalli KoHTelHepiB, TakuM sk Docker Swarm, Kubernetes
abo HaBiTh camoMy JABMXKY Docker, morpiben 3acid 3a JONOMOIrow SKOTro
HAJICWJIAIOTHCS CUTHAJIM TIPOLIECY B KOHTEWHEpi. Y OUIBIIOCTI BUMAJAKIB TaKi CUTHAIH
cBigyaTh mpo 3aBepuieHHs pobotu nporpamu: SIGTERM Tta SIGKILL. Iponec moxe
BUKOHYBATHUCS TapajiebHO, 1 Y TaKOMy pa3i, HEMa€ BIIEBHEHOCTI y TOMY, IO IIeH

MPOLIEC OTPUMAE 111 CUTHAJIH.
Icaye nBa cnoco6u Bka3ziBku aupektuBu CMD y Dockerfile:

— wHorais shell, y sxiii koHTelHEp CTBOPIOE HOBUI 1HTEPIPETATOP OOOJIOHKH, STKHUM
BUCTYTIA€ Y POJI1 cepelioBuIIa I MpoLecy. Y TaKoMy BHUMAJIKy OOOJIOHKA MOXKe
HEMPaBUIILHO MEPECHIIATH CUTHAIM BallIOMY TIPOIIECY;

— HoTauis execform, sika Ge3nocepeHHO MOPOIKYE MPOLEC, HE BMILIYIOUU HOrO B

o0oyioHKy. BiH BKa3yeThcs 3a JOMOMOTOI0 3amucy MacuBy, Hampukiaa: CMD
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[“npm”, “start”]. ¥ Takomy BuIaaky OyJb-SKi CUTHAJIU, HaJiCJIaH1 B KOHTEHHED,

HAJICUITAIOTHCS 0€3II0CEePEHBO MPOIIECY.

Buxonsuu 3 nporo st mokpamieHHs BukoHaHHs mnportiecy Dockerfile 3anumemo

JTUPEKTUBY HACTYITHAM YHHOM:
CMD [“By30a”, “server.js”]

VY TakoMmy BUNIAAKY MpOIIEC By3ja HOBA 00OJIOHKA HE CTBOPIOETHCS, IO TAPAHTYE,
oo Ied mpolec OTpUMaEe BCl HaJICIaHI MOMY CUTHaIM, Oe3 Toro, moO BiH OyB

OTOPHYTHUH 1HTEPHPETATOPOM OOOJIOHKHU.

[IpaBuibHEe 3aBepiiieHHST web-m01aTkiB Ha mporpaMHiil miargopmi NodelS. V
pasi OTpUMaHHS CUTHAIIB MPOIIECY, IO 3aBEPIIYIOTH POOOTY HOJATKIB, HEOOXIIHO,
3aKpHUBATH BCI MPOIIECH, CTBOPEHI 3a JIOMOMOTOK0 KOHTEHHEPY MPaBUIBHUM YUHOM, HE

3aBaYKAIOUU KOPUCTYBadaM.

Komu momatox NodelJS orpumye curnan mepepuBanHs SIGINT, me mpoBokye
IIBUJKE 3aBEPILCHHS MpPOIECy, SKILIO, sIKi-HeOyIb OOpOOHUKM MOAIN HE HaJlalTOBaH1
TaKUM YUHOM, 11100 MaTu 3MOry oOpoOJIATH oro B iHIIOMY pexkumi. Lle o3nagae, 1o
BIJIKpUTI MIJKIIOUEHHA 0 web-cepBepy, OyAyTh HEraitHo 3aKpHTi, TOMY HEOOXIJTHO
noadaTu mpo Te, MO0 Taki 3 €qHAHHS 3AIUIIATIUCS BIAKPUTHUMH Yy pas3l panmToOBOTO

3aBEpILICHHS MPOIleCy y cepenoBullli BukoHanus NodeJS.

Buxopucranns 6aratoetanmHux 301pOK KOHTEMHEPIB € XOPOIIUM 3aco00M IS
MEePEXO0PKCHHS BiJl MMPOCTOTO, ajie MOTEHIIHHO HenpaBuwibHOro Dockerfile no okpemux
eTamiB NOOYJOBH KOHTEWHEpPY, 3 METOK YHUKHEHHS BUTOKY KOH(IACHIIIHOI
iHdopmarii. s mpOro € MOXJIIMBICT, BUKOPUCTaHHS OiabIioro 06a3oBoro oo0paszy
Docker nms BCTaHOBJIEHHS HEOOXIJHUX TMaKETIB 1 MOMIYJIB, Ta 3a HEOOXIIHICTIO
CKOMITLITIOBATH BJIACHI TAKETH Npm, a MOTIM CKOIIOBATH BC1 11l apTeakTu y HEBETUKHI

obpas3.
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YHukanHs HenoTpiOHMX (aitmiB y oOpa3zax web-moaTkiB Ha IpOrpaMHii
mwiatdopmi NodeJS. Docker mae .dockerignore aitn, skuit m03BOJISSE YHHUKATH
BiAIpaBlieHHs! OyAb-akux (aiiiB, 1Mo BkazaHl y HboMy neMoHy Docker. Ocp crmcok
daiiniB, 100 JaTH BaM YSABICHHS MpPO TE, IO BH MOXKETE IMOMICTUTH Yy CBiil o0pa3
Docker, goro mu B igeam xotimn 6 yaukatu. Jlo daiiny .dockerignore BapTo qomaBatu

HACTYITHI BUAM (haiiB:

— KOIIii AUPEKTOPii i3 BCTaHOBIIEHUMH MOy IsiMu Node_modules;
— (aiinu 31 3SMIHHUMHU OTOYEHHS .€Nnv, aws.json;
— (haitnu koH(Iryparlii JOKaIbHOTO CEPEIOBUIIA, OCKIIBKHU 1€ MOXKE MPU3BECTH JI0

TOT0, IO Kelll 00pa3iB cTa€ HENIMCHUM.

MoHTyBaHHSI CEKpETIB y 301pKy KOHTEHHEPIB, Y pa3l HEOOXIJHOCTI KOHKPETHOI
koH(pirypamii. Docker mae dyHkiioHan, AKUN HA3UBaIOTh CEKpETaMH, 1€ MEXaHI3M
MIXOMUTh JUIsl BUIAJKY, MOHTYBAHHS CEKPETIB, HANPUKIAJ KOJM MOTpIOEH .npmrc
daitn. Konmu mu 30UpaeMo KOHTEiTHEp, HEOOXIIHO BKa3aTH apryMEHTH KOMaHJHOIO
psiaKa, sKi BU3HAYAIOTh HOBUHU 1MEHTHU(DIKATOP CEKPETy Ta MOCHIAIOThCS Ha (ailm sk
mxepeno cekpery. llotim HeoOximHo nomatu mnparnopu B aupektuBy RUN  mis
BCTAHOBJICHHSI Npm, sika MOHTYe ¢aij, Ha KUl BKa3ye CEKpeTHUH ifeHTHdIKaTop, B
[IJTLOBE PO3TAIIYBaHHS (hailily .npmrc JIOKAJIBHOTO KaTajory, B SKOMY MH X04eMO, 11100
BiH OyB noctynHuil. [licig yoro ¢aitn .npmrc MOHTYETBHCS SIK CEKPETHHM Ta HIKOJU HE

KOTMiIeThes B 00pa3 Docker. Y kiHill He0OXi1HO goaTH daiii.

CtBopeHuil KOHTeWHep 13 poOOYOI0 Bepciel0 web-cepBepoM Ha MNPOrpaMHii
miatdopmi Nodel]S HeoOXimHO 3amyCTUTH Ha KOMIT'IOTEpHIM cuctemi, 1o Oyxae
JIOCTYITHA MaKCUMaJbHUW Yac, OCKIIBKM HEOOXIAHO 00 J0JaTKOM KOPHUCTYBAJIUCS
KIIEHTH 3 OyIb-fKOi TOYKM KpaiHu. {7 Takux Ifiied HeoOXiIHO BUKOPHCTOBYBATH
CepBiCH, L0 JO03BOJIAIOTH BUKOPUCTOBYBATH BIAJal€HI OOYMCIIOBAJIbHI MOTY>KHOCTI,

Taki sk, Hanpukiag Amazon Elastic Compute Cloud (Amazon EC2)
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Amazon EC2 no3Boisie KOpUCTyBauaM CTBOPIOBATH JOJATKU JJISi aBTOMAaTH3AIlil
MacIITadyBaHHs BIAMOBITHO 10 MIHJIMBHX MOTPEO Ta MepiojIiB MKOBOTO HABAHTAXKCHHS,
a TaKOX CIIPOIIY€E PO3TOPTAaHHS BIPTYaJIbHHUX CEpPBEPIB Ta YMNPABIiHHS CXOBUIIEM,
3MEHIIYIOYM TOTpedy B 1HBECTULISIX B OOJaJHAHHS Ta JOMOMAaraloyu ONTUMI3yBaTH

MPOIIECU PO3POOKH.

HanamryBanns EC2 Bkitodyae cTBopeHHs1 oOpa3y mamuau Amazon (AMI), sikuit
BKJIIOYAE OTEpalliiHy CUCTeMY, noAaTku Ta koH]irypamii. [leit AMI 3aBanTaxkyeThbcs B
Amazon Simple Storage Service (S3) 1 peectpyerbes B EC2, micis 4oro kopuctyBadi
MOXYTh 3aITyCKaTH BIpTyalibHI MallliHU 3a He0OX1HOCTI. Cepes mepeBar BUKOPUCTaHHS

iHcTtaHciB EC2 MoxHA BUIUIMTH HACTYITHI:

— BENUKHUIA BUOIp CTaHAAPTHUX HAJIAIITYBaHb Ta OOYMCIIOBAJIBHUX IMOTY>KHOCTEH,
BUOpaTH MIAXOSAIINN 1HCTAHC MOHA 32 HACTYITHUMHU 3MIHHUMH: PO3MIp Mam'siTi,
LIIT Ta po3mip 3aBaHTaX)yBaJILHOTO PO3/LTY ONTUMI30BaHi J1ij1si BUOpanoi OC;

— EC2 wmoxe I1HTerpyBaTtucsi 3 BEIUKHM pI3HOMAHITTSM IHIIMX CEpBICIB, IO
IpeJICTaBIIsIE Y BAKOPUCTAaHHS KOMITaHisi Amazon;

— HasBHICTb 3MOTH aJMIHICTPAaTUBHOT'O JOCTYIY /10 CIIHCKY €K3EMIUISIPIB 1HCTAHCIB,
yepe3 sIKI KOPUCTyBaul MarOTh 3MOTYy 3YNHMHSITH Ta 3allyCKaTH €K3eMIUISpH, Ta
MOXYTh OTPUMYBATH 10 1CTOPIi 3amuciB y ekzeMiuisapi EC2;

— (yHKILIOHAJ SKUU JT03BOJISIE PO3AUIATH Ta HAJIAIITOBYBATH ek3eMiuisipu y EC2 3a
TUM YM BOHHU 3aJIMIIAIOTBCA 3aKpUTUMH, 4d JocTynHi B IHrepneri. EC2 nns
peanizalii nboro MexaHizmy BukopuctoBye Amazon Virtual Private Cloud (VPC),
KpIM TOr0 MIANPUEMCTBA MOXYTh MIAKIOYATH CBOwO 3axuiieny [T-
iH(ppacTpykTypy 1o pecypcis VPC.

— cepen Oararbox BapiaHTiB LIHOYTBOpeHHA EC2 mpomnoHye NOCTYNHI MOTOJMHHI

CTaBKHU.
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Y Amazon EC2 € Oarato pi3HOMaHITHUX Bapiailii iHCTAHCIB , III0 MOXYTb

3aJJOBOJILHUTH Oy[b 5IK1 MOTPEOH PO3IIITHEMO MEPEiK X 1HCTAHCIB:

— CK3CMILJIpPU 34raJIbHOIroO IIPHU3HAYCHHA,

o 3a0e3NneuyroTh O00YMCIIIOBAJIbHI

MOTY)KHOCT1 y OaJlaHCi, cepell HUX Mam'siTb 1 MEPEXKEeBl pecypcu 1 MOXKYThb OyTH

BUKOPHUCTAH1 JJISI BEJIMKOTO PI3HOMAHITTS 3arajbHuX Iijiel. BoHu miaxoaars ais

web-cepBepiB, BipTyaJlbHUX CXOBHII, TECTyBaHHS, PO3pOOKH, PO3ropTaHHsS 0a3

naHuX, 30epiraHHs Kemly Ta 3amycKy KOHTEHHEpHU30BaHUX [0JaTKiB. IcHye

MepeITiK TUITH €K3eMIUISIPIB i€l rpyIu, o npeacTanieHi y Taou. 3.1:

Tabu 3.1 gocTynH1 €K3eMIUISIPH 3araJIbHOTO MPU3HAYEHHS 3 TIOCTYITHUMHU X

KOH(piryparismu
Tun IToTokiB ITam’sTh Cxosuiie | ITponyckn | Ilpomyckn
(x-Tb) (I'0) a a
CIIPOMOXHI | CHPOMO>HI
cTh Mepexl | cTb EBS
(I'61t/c) (Moit/c)
Mac 12 32 EBS 10 8000
T4g 2-8 0.5-32 EBS 5 2085 -
2780
T3 2-8 0.5-32 EBS 5
T3a 2-8 05-32 EBS 5
T2 1-8 05-32 EBS HEBEJIMKA
M6g 1-64 4 - 256 EBS/SSD 10 - 25 4750 -
19000
MG6i 2-128 8-512 EBS 12.5-50 10000 -
40000
M6a 2-192 8- 768 EBS 12.5-50 6600 -
40000




M5 2-96 8-384 |EBS/SSD| 10-25 4750 -
19000
Mb5a 2-96 8-384 |EBS/SSD| 10-20 2880 -
13570
M5n 2-96 8-384 |EBS/SSD| 25-100 4750 -
19000
M5zn 2-48 8-192 EBS 25-100 3170 -
19000
M4 2 -64 8 - 256 EBS 1o 25 450 -
10000

Al 1-16 2-32 EBS 10
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— CK3CMILIAAPpH, 110 CTBOpeHi JJI1 O6‘II/ICJI€HB, BOHH Hi,Z[XOI[HTB JJIA I[O,Z[aTKiB, 1o

CTBOPEHI JJIsl peaii3alli BEJIUKUX OOYMCIeHb. Y HHUX BHUKOPHCTOBYIOTHCS

MPOLIECOPH, IO MAIOTh BEJIMKUN 00UMCIIIOBaIbHUI pecypc. Ll ki TOKpUBaKOThH

I[aHi CK3CMILIAPHU: BHCOKOHpOI[YKTI/IBHi web-cepBepH, HAaYKOBC MOJCIIFOBAHHA,

MalIMHHE HaBYaHHsA, OOpOOKa aHaJIITUKH, BHUCOKOMPOIYKTHUBHI OOYHMCIIEHHS,

KOJIyBaHHS BIZICO, ITPH Yepe3 MeEpexy, MOICITIOBaHHSA. ICHye mMeperlmK THITU

EK3EMIUISAPIB IIi€T TPYH, 10 MpeacTaBieHl y Taom. 3.2;

Tabun 3.2 gocTynH1 eK3eMIUISIPU MPU3HAYCHUX ISl BAXKKUX OOYHCIICHD 3

JOCTYITHUMHU iX KOH(ITYpalisiMH

Tun [ToTokiB [Tam’sate | CxoBume | IIponmyckn | ITpomyckn
(k-Tb) (I'6) a a
CIIPOMOXHI | CIIPOMOJKHI
cTh Mepexi | cTh EBS
(I'6iT/c) (Moirt/c)
C6i 2- 128 4 - 256 EBS 12.5-50 10 -40
C6g 1-64 2-128 |EBS/SSD| 10-25 4750 -
19000
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Cégn 1-64 2-128 EBS 25-100 9500 -
38000
C5 2-96 4-192 |EBS/SSD| 10-25 4750 -
19000
Cboa 2-96 4-192 |EBS/SSD| 10-20 3170 -
9500
C5n 2-172 5.25-192 EBS 25-100 4750 -
19000

C4 2-36 3.75-60 EBS 10 10 500 - 4000

— eK3EeMIUISIpYU, UI0 MpHU3HAYeHl JJs 3a0€3MEYeHHs] BHUCOKOi MPOJYyKTUBHOCTI

000YMX HABAHTAXXEHB, 34 JOIMOMOTH BHUIUIECHHSA BEJIMKOTO 00’€MY OMEPATHBHOIL
) y

nam’siTi, BOHU BUKOPUCTOBYIOTHCS KOJM HEOOXIJHO 30epiraTu BeIuKl HaOOpH

JAHUX Yy TMaMm'sTi, HaNpUKIQA: CTaTHYHHN YacCOBUH aHaI3, MOJCIIOBaHHS,

po3ropTaHHs 0a3 JaHUX Ta KelliB, 30epiraHHs aHANITHKU. [CHye mepemik TUIu

EK3EMIUIAPIB [T TPYH, 10 MpeacTaBieH y Taom. 3.3;

Tab6n 3.3 A0CTYIHI €K3EMIUISIPU TPU3HAUYCHUX JIJISI BAXKKUX OOUUCIICHD 3

JOCTYITHUMH X KOHDIrypaiisiMmu

Tun IToTokiB [Tam’sTH CxoBumie | IIponyckn | Ilponyckn
(K-Tb) (I'6) a a
CIIPOMOXHI | CHPOMOYKHI
cTh Mepexi | cTb EBS
(I'6iT/c) (Moirt/c)
R6g 1-64 8-9512 EBS/SSD 10 - 25 4750 -
19000
R6i 2-128 16 - 1024 EBS 12.5-50 10000 -
40000
R5 2 -96 16 -768 | EBS/SSD 10 - 25 4750 -
19000




Rb5a 2-96 16-768 |EBS/SSD| 10-20 2880 -
13570
R5b 2-96 16 - 768 EBS 10 - 25 10000 -
60000
R5Sn 2-96 16 -768 | EBS/SSD | 25-100 4750 -
19000

R4 2 -64 15.25 - 488 EBS 10 - 25
X2gd 1-64 16 - 1024 SSD 10 - 25 4750 -
19000
X2idn 64 - 128 1024 - SSD 50 - 100 40000 -
2048 80000
X2iedn 4-128 128 - 4096 SSD 25-100 20000 -
80000
X2iezn 8-48 256 - 1536 EBS 25-100 3170 -
19000

Xle 4-8 122 - 3904 SSD 10 - 25 500 -
14000
X1 64 -128 | 976 - 1952 SSD 10 - 25 7000 -
14000
HM 224 - 448 6144 - EBS 100 38000
24576
z1d 2-48 16 - 384 SSD 10 - 25

— CK3CMILUBIpHU JI1 BUKOPHUCTAHHA Yy IPUCKOPCHUX 00YHCIIEHHIX 6a3y10TI)C}I Ha
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amapaTHUX MPUCKOpPIOBadax. BoHU 3a/I0BOJILHAIOTH HACTYITHOMY MEPEIIKY ILICH:

OOYHCIICHHSI YKCeN 3 IJIaBal0Y0r0 KOMOIO, (hiHAHCOBI OOYMCIICHHS, CEHCMIYHHI

aHami3, oOpoOka rpadiku abo 3iCTaBJICHHS IIA0JIOHIB JIaHWUX, PO3Mi3HABAHHS

rojiocy, MalllMHHE HaBYaHHsS ab0 cuMyJslli. IcHye mepenik THUMHM €K3eMIUISIPIB

1i€i Tpyny, 1m0 npeacrapieHi y Tadm. 3.4;
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Tabn 3.4 gocTynH1 €K3eMIUISIPU MPU3HAYECHUX JJIs1 IPUCKOPEHUX 00UMCIIEHb 3

JAOCTYITHUMH X KOHQIrypauisiMu

Tun [ToTokiB [Tam’TB CxoBuiie | IIpomyckn | IIpomyckH
(K-Tb) (I'0) a a
CITPOMOJKHI | CIIPOMOXKHI
cTh Mepexi | cTh EBS
(I'611/c) (MobiT/c)
P4 96 1152 SSD 400 19000
P3 8 - 96 61-768 | EBS/SSD | 10-100 1500 -
19000
P2 4 -64 61-732 EBS 10 - 25
DL1 96 768 SSD 400 19000
Infl 4 -96 8-192 EBS 25 -100 4750 -
19000
G5 4-192 16 - 768 SSD 10 - 100 3500 -
19000
G5¢ 4 -64 8-128 EBS 10 - 25 3500 -
19000
G4dn 4-96 16 - 384 25-100
G4ad 4 - 256 16 - 256 EBS 10 - 25 3000 -
6000
G3 4 -64 30.5-488 10 - 25
F1 8-64 122 - 976 SSD 10 - 25
VT1 12 - 96 24 - 192 EBS 3.125 - 25 4750 -
25000

—  EK3eMIUISIPH, 10 CTBOPEHI JJIA 3A1HCHEHHS (PYHKIIT CXOBHIIA, BOHH MpPU3HAYCHI

JUIS TUX BUIIAJKIB, KOJIM MOTPIOCH BUCOKHM MOCTIAOBHUN TOCTYN ISl YUTAHHS Ta

3alyCy BEJIMKOTO MacHuBYy JIaHUX Y JIOKaJIbHOMY CXOBHUIIl. BoHM peanizoBaHi
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TaKMM YHHOM, IO SILaTHi BHKOHYBATH I[GCSITKiB THCAY ,Z[OBiJILHI/IX onepauiﬁ

BBEJICHHSA-BUBOAY. ICHye Tepenik THUIK EK3eMIULIPIB  Il€l

IpyIH, 110

npencrasieni y Ta6m. 3.5.

Tabm 3.5 gocTymHI eK3eMITISIPH Y POJIi CXOBHINA 3 TOCTYITHUMH X

KOH(pITrypamisiMmu
Tun [ToTokiB [Tam’sste | CxoBumie | Ilpomyckn | Ilpomyckn
(k-Tb) (I'6) a a
CIIPOMOXHI | CHPOMOHI
cTh Mepexl | cTb EBS
(I'6i1/c) (Moirt/c)
Im4gn 2-64 8 - 256 SSD 25-100 9500 -
38000
Is5gen 1-32 6-192 SSD 25-50 9500 -
19000
14i 2-128 16 - 1024 SSD 10 -75 10000 -
40000
13 2-72 15.25 - 512 SSD 10 - 25
I3en 2-96 16 - 768 SSD 25-100
D2 4 - 36 30.5-244 HDD 1o 10
D3 4 -32 32 - 256 HDD 15-25 850 - 5000
D3en 4-48 16 - 192 HDD 25-75
H1 8 - 64 32 - 256 HDD 10 - 25

KonrelinepuzoBanuii web-cepBep KOMITaHii

3

pIEATOPCHKUX  TOCIYT,

1110

3amyckaeTbesi Ha ex3emiuisipi EC2, 1 Ha mpuKiIag SKOTO PO3TISAalOThCS 3aco0u

ontumizaiii NodelJS momatkiB HEOOXiAHO MPOTECTyBaTH Ha €PEKTUBHICTh. {15 1bOrO

BUKOpUCTaeMO Autocannon, mo € iHCTpymeHTOM st tectyBanHs HTTP/1.1, mo
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peanizoBanuii 3a gomnomoror NodelS, 3 miaTpumMkor koHBeepHoi oOpodbku HTTP ta

HTTPS.

Autocannon mae 0araTo OIIIIM, SKI JO3BOJIAIOTH HAJAIITOBYBAaTH TECTYBaHHS
web-cepBepy Oyab-SKMM HEOOXiTHMM YHMHOM. Hampukiaa: J03BOJISE HAJAIITOBYBATH
KUIBKICTh OJIHOYACHUX IMIJIKIIOYEHb, 10 BUKOPHUCTOBYETHCS; KIIBKICTh KOHBEEPHHUX
3aMuTIB, 10 BUKOPHUCTOBYIOThCS; 3aTPUMKa 3aITyCKy TECTyBaHHS; MiHIMAJIbHY KIJIbKICTh
3aIlUTIB, SIKI MOTPIOHO 3pOOUTH; KIIBKICTH POOOYUX IMOTOKIB, SIKI BUKOPUCTOBYIOTHCS
s 3amycky 3anutiB; HTTP-meTon, 1mo BHKOPHUCTOBYETHCS; MAKCUMAIbHY KUIBKICTB
yacy J0 OYIKYBaHHSI BIAMOBIII, Y CEKYyHJaX; TUIO 3alUTy; KUIBKICTh MOMMIIOK JJIs
3aKIHUYCHHS TECTyBaHHS; MakcuMaibHa KUTbKICTh 3aIIUTIB, IO CIPSIMOBYETHCS Ha OJIHE
MIJKJITFOYEHHS 10 cepBepa; 3arojoBkun HTTP-3anuTy; MakcuMalnbHa 3arajibHa KUIBKICTh
3alMTIB JI0 CEpBEpa; MAaKCHMaJlbHAa KUIBKICTh 3alUTIB Ha CEKYH]y; MIHIMaJbHY
KUIBKICTh 3aIlUTIB, SIKY HEOOX1THO 3pOOUTH JJIs KIiHI[I TECTYBaHHS; MOKAa3yBaTH KOJH

CTaHy M1JKJIFOYECHHS.T

Kpim TOro 11e#i 1HCTpYMEHT Ma€e 3MOTy 3aJaBaTv MUISX J0 COKeTy noMeny Unix
a6o Windows; 4ac miaroToBKu JUisl IOYaTKy TECTYyBaHHs, HI00 yCl HEOOXIJHI MPOLIECH
3aIMyCTUJINCS, a 3aiiBl OyJlu 3aKpuTi; BUBOJUTU pe3yibTaT y ¢opmi Tabmuil abo
HajamToBaHoro JSON 00°e€kTy, IO BHUBOJMUTHCS 10 KOHCOJI, ab0 3amUCyeThCS Y
okpeMuil (aitn 3 icTopiero. Autocannon mae 3MOry IpalpBaTu 0e€3 mepepBH s
JMHAMIYHOTO OTPUMAaHHSI CTaHy web-cepBepy, aHalli3yBaTH CTaTyC Ta TUIO BIAMOBIACH 3

web-cepBepa Ta nmopiBHIOBaTH iX 3 OaXKaHUMH, 3aITUCYIOYH PE3YJIbTATH 10 ICTOPIi.

Kpim TOro meil iHCTpyMEHT Ma€ NpPUEMHUN (PYHKI[IOHAT 31 BCTAHOBJICHHS
posmupennst Server Name Indication (SNI) ms 3axumenoro TLS 3’eqnanHs, y pasi

SKIIO 1€ HEOOX1IHO.

OnuH 3 BapiaHTIB ONTHUMI3aIlii, 0 0a3yeTbCcs HA BUKOPUCTAHHI 30BHINIHBOTO

IHCTpYMEHTa, 10 peaii3ye MexaHI3M KiacTepu3ailii web-cepBepa y cepemoBHII
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BukoHaHHsS NodeJS 330BHI cepBepa Ta 0e3 yckiagHeHHsS Oi3HeC JIOTIKM KoOja,
BUKOPHUCTOBYE 1HCTpyMeHT PM2. lleil iHCTpyMeHT Iyxe 3py4YyHUN y BHKOpPHCTaHHI,
OCKIJTbKM Ma€ JeKUTbKa J0/aTKiB. BiH 103BosIs€ BicTe)KyBaTH cTaTycH KiactepiB (Puc.
3.3), 1m0 3amyIneHi y JaHui Yac, pecypcH, 110 BOHH BHKOPHUCTOBYIOTh, KOH(QITYpYBaTH
KOXXHUH 3 KJacTepiB OokpeMo. Takok Ieil 1HCTpYMEHT Ja€ 3MOTY OUIBII JCTaIbHO

KepyBaTH KJacTepaMu OKpEeMO Ta BiACIIAKOBYBaTH iX crarycu (Puc. 3.4).

$ pm2 ls

name namespace version mode uptime

G

status c mem user watching

38.6mb unitech
37.9mb unitech
38.2mb unitech
39.0mb unitech
38.1mb unitech

unitech

18m
18m

api default 1

api default 1

api default 1 18m

api default 1.1 18m

api default .1.1 12m

api default 1 12m

healthcheck default 1 0
default 1 17m

unitech
unitech

HoPEE2 @@

disk: o omb/ s

Pucynox 33 - [Tanens MOHiOpI/IHFy Kkjacrepis y PM2.

PM2 w™mae nomaTkoBUM 1HCTPYMEHT JUIg OUIBLI JETalbHOTO Ta 3pPYyYHOIO
MOHITOPHMHTY CBOIX JOJATKIB, IO 3allylI€Hl 3a JOINOMOIOI IBOro 1HCTpymMeHTa PM?2
Plus, mo npaigroe y 6paysepi. PM2 Plus nipeacrasiise co6010 po3IUpeHuil IHCTPYMEHT
MOHITOPUHTY Ta JIarHOCTUKU 3alyIIEHUX KIJACTEPIB y PEXHUMI peasbHOro 4dacy. BiH
Hajae (QyHKIII SK JUIS 3aXUCTy Bamioro motouyHoro PM2, Tak 1 st MOHITOPHUHTY
mporpam, 110 MPAIIOIOTh Ha cepBepax. BiH Bkiroyae B cebe BIACTEXKEHHS MPoOJieM 1
BUKJIFOYEHb, 3BITH MPO PO3TOPTaHHS, XKypHAIW B peajbHOMY uYaci, IHTErpamilo 3
€JIEKTPOHHOIO TMOMITOI0 1 MECEH/KepaMu, TakuMH sik Slack, MOHITOPUHT METPUK 1 TIEHTP

T, 110 HACTPOKOETHCH.
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& 9
[ 0] api-vl-1 Mem: 61 MB i-vl- Executing (default): SELECT "id", "firstname", "lastname", "other name",
[ 2] api-v1-2 Mem: MB > Executing (default): UPDATE "user mgt"."users" SET "remember token"=$1,"upd
> {"message" :ffff:154.225.36.216 - - [04/0ct/2020:09:49:17 +6000] \"POST
> Executing (default): SELECT "id", "firstname", "lastname", "other name",
> g fault): UPDATE "user mgt"."users" SET "last login"=$1,"remembe
"message" :ffff:154.225.36.216 - - [04/0ct/2020:09:49:20 +0000] \"POST
xecuting (default): SELECT "id", "firstname", "lastname", "other name",
xecuting (default): SELECT "id", "programme id", "version title",
> Executing (default): SELECT * FROM programme mgt.course unit semester
> {"message":"::ffff:154.225.36.216 - - [04/0ct/2020:09:49:31 +0000] \"GET
> Executing (default): SELECT "id", "firstname", "lastname", "other name",
> Executing (default): SELECT "id", "programme id", "version title",
> Executing (default): SELECT * FROM programme mgt.course unit semester
> {"message":"::ffff:154.225.36.216 - - [04/0ct/2020:09:49:31 +0000] \"GET

Custom Metrics Metadata
Heap Size 21.23 MiB App Name api-vl-1
Heap Usage 93.06 % Namespace default
Used Heap Size 19.76 MiB Version 1.0.0
Active requests 0 Restarts B
Active handles - Uptime 565

left/right: switch boards | up/down/mouse: scroll | Ctrl-C: exit To go further check out https://pm2.io/

Pucynox 3.4 - [lanens neperisny icTopii 3aMMCiB Ta CTaTyCy OKPEMHX KJIaCTepiB, IO

CTBOpEHI 3a jonoMoror PM2.

[actpyment PM2 mae Benwke pI3HOMAHITTS HANAIMITYHKIB, 1X KJIHOYi, THI

3HAQYEHHS Ta JOTTYHUM 3MICT BKa3aHO y HACTYITHOMY CIHCKY.
3araJjipHi:

— name: (String) Ha3Ba MPOrpaMH YU KIJIaCTepPa;

— script: (String) muIsAX 10 CKPUNTY SIKU 3ammyckae web-cepsep;

— cwd: (String) karaor, 3 IKoro OyJe 3anmyieHo web-cepep;

— args: (String) yci apryMeHTH, 1110 He0OX1THO TIepelaTh IO OTOYCHHSI Web-CepBepy
0€3 BUKOpUCTaHHS KOMAaHIHOTO PAIKA;

— interpreter: (String) NUIAX 1IHTEPIPETATOPA;

— interpreter args: (String) onuii 3amycKy, 0 NepeAaroThCs 10 IHTEPIIPETATOPa;

— exec_interpreter: (String) komaH/a 1110 3aIlyCKa€ IHTEPIPETATOP.

Po3zmmpeni HanamTyHKH:

— 1instances: (Number) KiJTbKiCTh €K3eMILIAPIB Web-cepBepa, 110 3amyCKaloThCs;
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exec_mode: (String) pexxum JIsl 3allycKy, MOXKe€ MaTu 3HadeHHs 'cluster" a6o
"fork";

watch: (Boolean abo Array) ommiss afns meperyisiny 3MiH Yy €K3eMIUBIpl 1
nepe3aBaHTaKEHHS KJIacTepy y pas3i OTpUMaHHS 3MiH;

ignore_watch: (Array) cmmcok peryiaspHHX BHpa3iB, IIO BKa3ylOTh Ha IMEHa
daiinip a00 AUPEKTOPIN. M0 ITHOPYIOTHCS y pa3i BUKOPHUCTAHHS TMONEPEIHBOL
KOMaH/IH;

max_memory_restart: (String) ormiis Mo BKa3ye 0OCST maM'sATi, MPU TOCATHEHHI
SKOTO KJacTep Oy/ie mepe3aBaHTaKEHO;

env: (Object) 3MiHHI OTOUEHHS env, [0 HEOOX1H1 JIsl POOOTH KJIACTEPA;

instance var: (string) 3MiHHa OTOYEHHS 1110 BKa3y€e Ha 1IeHTU(]IKATOp 1HCTAHCA;

treekill: (Boolean) ormiis, 110 BiAMOBiAa€ 3a MPUITMHEHHS JOYIPHBOTO TIPOILIECY.

KoH@irypariist 3anuciB y xypHail 1CTOpIi:

log date format: (String) popmar natu y xypHaii,

error_file: (String) nuiax no dainy, y skomy 30epiratoTbCsi HOMUIIKH,

out file: (String) nuisax mo dainy xypHana

combine logs: (Boolean) npubupae igeHTH(IKaTOp mpoLecy 3 3alUCIB Yy
KypHaI;

merge logs: (Boolean) nceBnoniMm 115t combine logs;

pid_file: (String) nuusix no dainy pid.
Hanamrynku po6oTu Kiactepis:

min_uptime: (String) MiHIMaabHUN Yac poOOTH KIIacTePa;
listen timeout: (Number) wac 10 TPUMYCOBOIO TI€PE3aBAaHTAXKEHHS Y

MIJTICEKYH/IaX;
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kill timeout: (Number) yac y MUIICEKyHAaX TNepea BIAMPABKOI OCTaHHLOTO
curHairy SIGKILL;

wait_ready: (Boolean) ommis, mo BKa3ye Ha Iepe3aBaHTAXCHHI Yy pasi
oTpuMaHHs 1oii process.send(‘ready’);

max_restarts: (Number) KiJTbKICTh MEpE3aIyCKiB KJIacTepy 0 TOTO SK BiH Oyne
BBAXKATHUCS IOMUIIKOBUM 1 OLIblIIe HE Oyzie mepe3anycKaTucs;

restart_delay: (Number) gac ouikyBaHHs niepe]] Iepe3aBaHTAKESHHSIM;

autorestart: (Boolean) Bka3ye Ha Te, uu OyJe KiacTep Iepe3amylieHuil y pasi,
SKIIO BiH BUIIIIOB 3 JIay, 800 BUKOHABCS,

vision: (Boolean) Bkazye PM2 Ha Te um 3amyckatucs 3 (pyHkuiero Vision, 110
BIJIMOBIIa€ 32 METa/IaH1 KEPyBaHHS BEPCISIMU;

force: (Boolean) no3BoJisie 3amyckaTi OJJUH 1 TOM CaMHii CKPUIT KiJIbKa pa3iB.
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4 PO311JI PO3POBJIEHHS ITPOT'PAMHOI'O 3ABE3IIEYEHHSA
4.1 IlpusHayeHHs i 00J1aCTh 3aCTOCYBAHHA NIPOrpaMu

Komm’rotepHa cuctema mnpu3HadeHa Ui YOpPaBliHHSA Ta 30epiraHHs JaHUX
00’€KTiB HepyxomocTi. [l 30epiraHHs KJI1€HTChKOI 0a3W 3 METOK aHamizy HoTped
KIIEHTIB Ta aHAMITUKU iX ILUIeH. YNpaBimiHHAM Oa3u piedATopiB, MO NPAILIOIOTh Ha
KOMMaHIl 3 HaJaHHS PIENTOPCHKUX MOCIHYr 3 METOI0 OIIHKUA e()EeKTHBHOCTI poOOTH

KO>KHOT'O 3 TIpaIliBHUKIB.

JIJ1st BUKOHAHHS aHaji3y NoTped KIIIEHTIB 3 METOKO HAa/IaHHS HAMOUTbII aKTyaJlbHOI
Ta Maxonamoi iHdopmalii 1oa0 00 €KTIB HEPYXOMOCTI, SKI MOXYTh 3alliKaBUTH
KJ€eHTIB. i opMyBaHHS PEUTHHIIB HAWOLIbII MOMYJISPHUX Ta HAMOUIBII BHUTITHUX

00’€KTIB HEPYXOMOCTI, 3 METOIO iX peaizarii.
4.2 OOrpyHTYBaHHAl TEXHIYHUX XaPAKTEPUCTUK NPOrpaMu
4.2.1 IlocTaHOBKA 3aBJaHHS HA PO3POOKY NPOrpaMu

[Tporpamne 3a0Ge3nedyeHHs MOJEIi KOMIT FOTEPHOI CUCTEMU KOMIaHIi 3 HaJgaHHS
PIEATOPCHKUX MOCTYT JI03BOJUTH €PEKTUBHO peajizyBaT MpoLec NpoAaxy ado 3/1adl B
OpEeH/y MPUMIILEHb HUISIXOM €KOHOMII Yacy MpaliBHUKIB, OPIEHTALIEIO HA 3allIKaBJICHHS

KJIIEHTIB 32 HAMEHIINM BIAPI30K Yacy.

Peasizariisi KoM’ FOTEpHOT CHCTEMH TMOYMHAETHCS 3 aHANN3y MOTpe® KoMIIaHii 3
HAJaHHS PIENTOPCHKUX TOCIYTr Ta (OpMyBaHHS CIHUCKY HEOOXIHHUX CEpPBICIB, IO
noTpedye 1151 kommnanis. Ha ocHOBI 1boro cnucky (opMyBaHHS MEpEiKy MpOrpaMHuX

CEPBICIB, IO PO3ICHI 32 JIOTIYHUM MPU3HAYCHHIM Ta METOIO peaizaiiii.
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4.2.2 Onuc ajaropurmy i yHKIiOHYBAHHSI IPOrPaMHU

Jlnsa 3a0e3neueHHsT pOOOTH KOMIT IOTEPHOI CHUCTEMH KOMIIaHIi 3 PieNTOPCHKUX

MOCJYT, 32 METOI 30UIBIINTH KIIEHTChKY 0a3y Ta aHalli3y MOTPeO KIIIEHTIB pO3pOOJICHO
nporpamy.

[Iporpamma 3aBaHTaKkyeThCcsl Ha BipTyanbHuid cepBep EC2 Bin kommanii Amazon

Web Services.

BcraHoBiieHHS HEOOXIIHMX IHCTPYMEHTIB [JIs NMOBHOI OE3MOMMWIIKOBOI pOOOTH
MporpaMu y CEpEIOBUIII BIpTyaJbHOIO CEpBEpy. BCTaHOBIEHHS MepesiKy HeOOXiTHUX
010moTeKk Ta (QPEHMMBOPKIB y CepeloBHUIN KOHTEHHEPY, IO OYB CTBOpPEHHH 3a
JIOTIOMOT 010 TIporpamHoro 3abe3nedeHHs Docker, 6e3 kotpux poboTta web-cepBepy He
Oyzae 311MCHIOBATUCS, 3 METOIO MOJANIBIIOTO 3aIlyCKY, Y CEPEIOBUIIII I[bOTO KOHTEUHEPY

web-cepBepy KoMmaHii 3 HalaHHS PIEITOPCHKUX MOCIYT.

[Ticns 3amycky MpOBOAUTHCS TMEpEeBIpKa HABAaHTAXXEHHAM 3a JIOIIOMOIOIO
IHCTpyMeHTa Autocannon 1 3JaTHICTh OOpOOIATH 3amuTH, Ta (popMyBaTH BIAMNOBIAL 3

HaUMEHIIINHI Yac.

4.2.3 Onuc i oOrpyHTyBaHHsI BHMOOpPY MeTOAY OpraHizanii BXIIHHX Ta

BUXITHUX JAHUX

B po6oTi po3pobieHuil nepeiik apXiTeKTypHUX BapiaHTIB 3amycKy web-cepBepy
KOMITaHli 3 HaJaHHA PICNTOPCHKUX TMOCIAYr 3 METOK OOpaHHS HaWOLIbII

IIBUIKOIIIOYOTO.

Jlnst peamizamii web-cepBepy Oyna oOpana mporpamsa miatdgopma Node.Js 1o

BUKOPHUCTOBYE pyiIiid V8 i iHTepIpeTallii Ta nojaibiioi koMnuisiuii JavaScript.

BXimHuMu maHMMHM BUCTYNAIOTh apXITEKTYpHI PIIIEHHS 3 iX MPOTrpaMHOI0 Ta

1H(QpacTpyKTYypHOIO peaizallielo i 3amycky web-cepBepy. BuxigHumu agaHUMH
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BUCTYIAIOTh METPUKH IIBUJKOCTI OOpOoOKH 3amuTiB Ta (OpMyBaHHS BIJNMOBiACH web-

CepBEPOM.

4.2.4 Onuc i oOrpyHTYBaHHSI BHOOpPY Ta CKJIAAy TeXHIYHHMX i NMpPOrpamMHHuX

3aCc00iB

VY poboti ana peanizaiiii web-cepBepy KoMIaHii 3 HaJaHHS PIEATOPCHKUX MOCIYT

obOpano BipTyansHuil cepBep EC2 31 BcTaHOBIEHMM Ha HboMY Linux nuctpuOyTHUBY

Ubuntu 20.04.

CepenoBuiie po3poOku web-cepBepy NodeJs 16.13.1 mo 103Bosisie MOBY
JavaScript, 1m0 IHTEPIPETYETHCA Ta KOMIIUTIOETHCS JIMIE Y CEepelloBUIIl Opays3epa y

CepeOBUII ONepaIliiHOT CUCTEMH 3a JOTIOMOT 010 py1ris V8.

Web-cepBep 3amyckaeTbcs 1 Mpalioe y CEpelOBHUINI KOHTCHHEpa, Y SIKOMY

BCTAHOBJICH1 BC1 HEOOX1HI 010110TEKH Ta PperiMBOpKH 171t poboTU Web-ceprepy.

Y poOOTi PO3TASHYTO YOTHUPHU AapXITEKTypHI PIIMICHHS, KOTPl JO3BOJSIOTH
3amyckatu web-cepBep mapajiesibHO 3a JOOMOror BOygoBaHuX iHCTpyMeHTIB Node.Js,

CTOPOHHIX MPOIIECHUX MEHEKEPIB Ta OalaHCyBayiB HABAHTAKCHHS.
4.3 Onuc po3podseHoi nporpamu
4.3.1 3arauabHi BiiomMocTi

OnucyBanuii web-cepBep € TEKCTOBOI pealizalmiero Mojelli  KOMIT FOTEPHOL

CHUCTEMH, 1110 BUKOPUCTOBYIOTHCS KOMITAHIEIO 3 PICITOPCHKUX TOCIYT.
Web-cepBep peanizoBanuii Ha MoBi JavaScript.

Web-cepBep 3amyckaeTbest i BAKOHYETBCSI B CEPEIOBUIII KOHTEHHEPa CTBOPEHOTO
3a JOMOMOIOI0 MHporpaMHoro 3abesnedeHHs Docker, 13 BUKOpUCTaHHSM MpPOrpamMHOi

atdopmu Node.Js.
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Web-cepBep mnpu3HayeHHMd AJIs1 yOpaBIiHHSA, 30epiraHHs Ta OOpPOOKH JaHUX
00’€KTIB HEPYXOMOCTi, 30epiraHHs KIIEHTChKOI 0a3m, 30epiraHHs 0a3u MpalliBHUKIB,
TOOTO pieATOPIB, IO MPAIIOIOTH Y KOMIIaH1i, hopMyBaHHs peHTHHTIB 00’ €KTiB Ha 0a3i iX

MONYJISIPHOCTI Ta aHaII3 yo100aHb KITIEHTIB.
4.3.2 OyHKIIOHAJIbHE TPU3HAYEHHSA
Web-ceprep € QpyHKITIOHATBHO 3aBEPIICHUM.

Web-cepBep mpu3HaueHWi 11 BUKOHAHHS IMOTPEO KOMIIAHII 3 PieNTOPCHKUX
MOCIIYT, Ta 3aIyCKA€ThCA 1 BUKOHYETHCS 3a JONOMOIOI0 MPOTpaMHOI IaTGopmMu

Node.JS. Web-cepBep 3a0e3mneuye peainizailito HaCTYIHHX (YHKIIH CHCTEMHU:

— 3MiHY apaMeTpiB JpKeperta MoBiIOMIICHb;
— 3MiHY HaJalllTyBaHb cepBepy 0OpOOKHU MOBIJOMIICHb;
— (opMyBaHHS TOTOKY MOBIJJOMJICHb ITPU MOJICJIIOBAHH];

— 30epeXeHHS Pe3yNIbTaTiB €KCIIEPUMEHTIB.
4.3.3 Onuc JOrivHoI CTPYKTYPH
JloriuHa cTpyKTypa mporpaMu NpeicTaBIeHa y BUTIISIAI MOJICIII.
Omnuc poboTu nmporpamu

Web-cepBep 3amyckaeTbesi 3TiIHO 70 OJHOTO 3 YOTHUPHOX BapiaHTIB, IO OYJIH
pO3pO0IIeH] 3 METOI0 ONTHUMI3AIlT MBUAKOCTI 00pOoOKHU 3anuTiB. OTOYEHHS IS 3aITyCKY
1 pobotH y HhOMY Web-cepBepy Mmi1idpaHO TaKUM YHHOM, 100 BU/I1JIEHI 0OYHCITIOBANIbHI
MOTYXHOCTI CepBepy OyJiM OAHAKOBUMH JIJISl BCIX CXEM ONTHMI3AIlli Ta TAKUM YHHOM, Ta
OyJ10 HAHUOLIBII TIXOASIINM JJIS BCIX 3ac001B ontumizarlii. JIocTymnH1 o0unCIOBaIbHI
MOTYXHOCTI mpolieccopy web-cepBepa oOMexeHlI 3a JOMOMOIOI IHCTpYMEHTa
kouTerHepusamii Docker. Ilicias 3amycky web-cepBepy y KOHTeWHEplI BUKOHYETHCS

TECTyBaHHS 3/1aTHOCTI web-cepBepy 0OpOOJATH KPUTHYHY KUIBKICTh 3alUTIB Ta
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3MaTHICTh (OPMYBaTH BIAMOBII 332 MaKCHMAJIBHUN JOMYCTUMHH BIJIPI30K Yacy 3a

JIOTIOMOTO10 1HCTpyMeHTa Autocannon.
Cepen BUOpaHUX BapiaHTIB ONTHUMI3aIlil OyJiM BUOpaHi HACTYIIHI:

— 3 BHUKOPHCTaHHA BOyJOBaHOTO (YHKIIOHAIY KiacTepu3alii y MporpaMHii
atgopmi Node.JS;

— 3 BUKOPHUCTaHHSM CTOPOHHBOTO (DYHKI[IOHATY YIpaBIiHHSA poriecamu PM2;

— 3 BHUKOPHUCTaHHSAM BOYJIOBaHOTO (DYHKIIIOHATY 3alyCKy OOpPOOHHUKIB y OKpEeMHX
MOTOKAaxX, [0 JOCTYIHUMN y nmporpamMHii matdopmi Node.JS;

— 3 BUKOPUCTAHHSM 30BHIIIHBIO OajlaHCyBaJbHUKA HAaBAaHTAXEHHS y KOMOIHaIIl 3
BOy/IOBaHUM (DYHKITIOHAJIOM 3amyCcKy OOpOOHHMKIB y OKPEMHX TOTOKax, IO

JNOCTYIHUM y nporpaMHiii mnatdopmi Node.JS;
4.3.4 BukopucTaHi TexHiuHi 3aco0u

Jiisa poboTu web-cepBepy BUKOPUCTOBYBABCSL CEPBEP 3 HACTYIIHUMHU TEXHIYHUMHU
xapakrepuctukamu: mnpouecop 4.8 I'T', nmpomyckHa 37aTHICTE SIKOro Oylia 3MEHIIeHa
JUIsS. TECTOBUX 3allyckiB web-cepBepy 10 5 moTokiB; 16 I'6aliT omepaTuBHOI mam’siTi;
omepariitna cuctema Linux 13 guctpuOytuBom Ubuntu 20.04; iHCTpymMeHT
koHTeHepu3aimii  Docker; mnporpamua mmardopma Node.JS; iHCTpymMeHT s

MPOBEJICHHS TECTYBaHHS HaBaHTaX€HHS Autocannon.
4.3.5 Bxiani nani

VY gKOCTI BXITHUX AaHUX BUCTYMAIOTh HACTYIHI web-cepBepu, 110 IpaloTh Mij
TECTOBUM HABAaHTAXKEHHSIM IT'SITCOT MapajelbHUX 3 €AHAHb MTPOTATOM ABAIISATH

CEKYH/:

— Web-cepBep, M0 Tpall0€ 3 BHKOPUCTAHHSA BOYAOBaHOrO (YHKIIIOHATY

KJacrepu3ailii y mporpamsiil uiargopmi Node.JS;
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— Web-cepBep, 10 TpaIO€e 3 BHKOPHCTAHHSIM CTOPOHHBOTO (YHKIIIOHATY
yrIpaBiIiHHAS TporiecamMu PM2;

— web-cepBep, 1110 TPAIIOE€ 3 BUKOPUCTAHHSAM BOYIOBAHOTO (PYHKIIIOHATY 3aITyCKy
OOpOOHUKIB y OKpPEMHUX TMOTOKaxX, IO JOCTYIMHHUH Yy MporpamHii rmiaatdopmi
Node.JS;

— Web-cepBep, 110 Tpaloe 3 BUKOPUCTAHHSAM 30BHIIIHBIO OalaHCyBaJbHHKA
HaBaHTa)XCHHA y KOMOIHAI1 3 BOy0OBaHUM (DYHKIIIOHAIOM 3amycKy oOpOOHUKIB

y OKpeMUX MOTOKaX, 110 JOCTYNHUH y nmporpamuiit margopmi Node.JS;
4.3.6 Buxiaui qani

VY SKOCTI BUX1JIHUX JIaHUX BUCTYIAIOTH JIB1 TAOJMII: OJHA JUIsl 3aTPUMKH 3aIUTY,

a 1HIIa 7151 00CATY 3aMuTy:

— y TabauIi 3aTPUMKH BKa3aHO 4ac 3alluTy 3 BIICOTKOM,;
— y Tabuuii 00CATy 3alUTIB 3a3HAYEHO KUIBKICTh HA/ICJIaHUX 3alUTIB Ta KIJIbKICTh

3aBaHTaKCHUX OaMTIB.
4.4 O4ikyBaHi TeXHIKO-€KOHOMIYHI MOKA3HUKH

[IpoBenenHs 3amyckiB web-cepBepy 3 pi3HUMH 3ac00aMu ONTUMI3AIlT JO3BOJIUTh
HAa OCHOBI aHaji3y pe3yJbTaTiB 3/IaTHOCTI Wweb-cepBepy 0O0poOIATH 3amuTH Ta
dbopmyBaTH BIAMOBI/I IiJT YaC BUCOKOTO HABAaHTAKEHHS Ha (YHKIIOHAT 3 (POPMYBaHHS
BUOIPOK 00’€KTIB HEPYXOMOCTI Ta TOIIYKYy I1HQOpMalli MOpo OKpeMl 00’ €KTH
HEPYXOMOCTI 00paTH HaUOIIBIT TXO AN ISl BAKOPUCTAHHS y poOoUiil Bepcii web-

cepBepy KOMIIaHii 3 pIeNTOPCHKUX MOCITYT.

3 eKOHOMIYHOI TOYKH 30py, po3pobiieHnii web-cepBep H03BOJIUTH 301IBIIUTH
KJIIEHTChKY 0a3y KOMITaHii 3 pieTOPCHKUX MOCTYT, BUTpayaTH MEHIIIE Yacy Ha poOOTy 3
KJIIEHTOM Ta TOIWIYK MITXOJSIIOr0 BapiaHTy 00’€KTa HEPYXOMOCTI, L0 3aJ0BOJIBHSIE

noTpeOu KIIE€HTA, 3SMEHITUTH KUTBKICTh PIeNTOPIB, 10 MPAIIOIOTh y KOMIMaHii.
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5 EKCIEPUMEHTAJIbHUM PO3/IL

5.1 PospaxyHOK Ta MOACJITIOBAHHA KOMH’IOTepHO.l. CUCTEMHU 3 BUKOPUCTAHHAM

pyHkmionana kiaacrepusauii.

Web-cepBep, 110 BUKOPHUCTOBYETBCS KOMIIAHIEIO 3 PICATOPCHKUX TOCIYT Ma€ y
CBOEMY CKJaJl TMEpeliK PI3HOMAHITHUX CEPBICIB, IO BiAMOBIIAIOTh 3a IOBHOIIHHE
¢ynkiionyBanus nporpamu. Ha pucynky (Puc. 5.1) 300paxeHuil moBHMI Tepernik
CEpBICIB, IO BIANOBIIAIOTH 3a poOOTYy web-cepBepa 3 00’€KTaMH HEPYXOMOCTI,
KOPUCTYyBa4aMH Ta iX IpaBaMH JOCTYIy, PEHTHHTaMH, HaJaIlITyBaHHIM (QiIbTPiB
NOIIYKY OO’€KTIB HEPYXOMOCTI, aBTOPU3ALIIEID KOPUCTYBAuiB, JOCTYITHUMH KpaiHAMH,
IUIATDKHUX CHUCTEMaMM Ta IIaTeXaMH, 10 OyJIuM CTBOPEHI 3 IX JIOMOMOIOI Ta

CKJIaJaHHSM MaplIpyTy Ha KapTI.
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m index.js
const users = require
const roles = require
const authmanagement require('./authmanagement/authmanagement.service.js');
const selects = require('./selects/selects.service.js');
const options = require('./options/options.service.js');
const objects = require('./objects/objects.service.js');

'./users/users.service.js');

(
('./roles/roles.service.js');

const countries = require('./countries/countries.service.js');

const uploader = require('./uploader/uploader.service.js');

const payments = require('./payments/payments.service.js');

const paymentMethods = require('./paymentMethods/paymentMethods.service.js');
const settings = require('./settings/settings.service.js');

const routes = require('./routes/routes.service.js');

const searchProfiles = require('./search profiles/search profiles.service.js');
const ratings = require('./ratings/ratings.service.js');

function(app) {
roles);

users);
ratings);
authmanagement) ;

.configure(
.configure(
.configure(
.configure(
.configure(selects);
.configure (options);
.configure(objects);
.configure(countries);
.configure(uploader);
.configure(payments) ;
.configure(paymentMethods) ;
.configure(settings);
.configure(routes);
.configure(searchProfiles);

Pucynok 5.1 - HamamTyBaHHSI TOBHOT'O MEPEIIKY CEPBICIB, 110 BXOJATh y CKiaa web-

cepBepy KOMIIaHii 3 pieNITOPCHKUX MOCTYT.

JI1s1 CTBOPEHHST KOKHOTO OKPEMOTO CepBica HEOOX1THO peati3yBaTu adJIoH, 10
Oyae omucyBaTH KOXHHI cepBic 3TiJHO O MOAENl JaHMX, sIKa BKIIOYae B cebe
HaJallITyBaHHS CXEMHU JAHUX OKPEeMHX TaOJHIlb 0a3u JaHUX, 10 30€pIrae€ThCsl y 3MIHHIM
“Model”, Ta eramniB, 0OpOOKH 1110 MPOXOJAUTH 3aNUT nepea (GOpMyBaHHIM BIJMOBIIHOTO
3anuTy y 0a3y JaHMX, Ta eTamiB OoOpoOKM BIAMOBIAI 3 0a3M NaHUX 3 MOAAJBIIOO
dbopmyBaHHs BiANOBIII0 web-cepBepa. 3a 1i eranu BignoBigae 3MiHHa “hooks”,

MIOBHHUI KOJI CTBOPEHHS CEPBICY MpeACTaBIeHUI Ha pucyHky (Puc. 5.2).
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m coresService.js

const createService = require('feathers-sequelize');
const assign = require('lodash/assign');

= (options, app, hooks, mixin = {})
const { name, Model } = options;
let service = {};

if (Model) {
service = createService(options);

}

app.use(name, assign(service, mixin));

return assign(app.service(name).hooks(hooks), {
hooks,

1)

Pucynok 5.2 - xoa cTBOpEHHS CEpBICIB, IO 3a0e3meuyrTh poboTy web-cepBepa

KOMIIaHIi 3 p1eITOPCHKUX MOCTYT

Jlnst 3amycky web-cepBepa 3 BUKOPUCTaHHSM (YHKIIOHATY BIAMOBITATBHOTO 3a
CTBOPEHHS KJIACTEPIB, 10 HAJAEThCA MporpamHoro miardopmoro NodelJS HeoOXimaHO
IoaaTH pobody Bepcio mporpamu Ao ek3semiusipy Amazon EC2. 3pobutu me mMoxkHa
JIOCHUTH JIETKO, 32 JOIOMOTOI0 CHCTEMH KOHTpPOJIO Bepciit Git, BiH J03BOJIIE CTBOPUTH
peno3uTopiii 13 Koj10M, 110 OyAe AOCTYNHUH yciM, a00 Y pa3l BUKOPUCTAHHS MPUBATHUX
pPENO3UTOPIEB JIMIIE OOMEXKEHOMY KOJy KOpPHCTyBadiB. /[l 1bOro HEOOXiIHO
3reHepyBaTH IMapy KIIOYiB, MPUBATHUK Ta MYyOJIIYHWM, NMPUBATHUN 3aJUIIUTHCA Ha
EK3eMILISApl, a MyOJIYHUN JoAaTH 0 HajamTyHKiB. [licis 1boro HEoOXiMHO H0JaTh
KOPHUCTYyBaya, [0 Ma€ 3reHepOBaHy TMapy KIIOUiB J0 TPYMU KOPUCTYBAUiB, 1[0 MAIOTh

JOCTYI IO PEHO3UTOPIs 3 KOJAOM Ta 3a Jomomoror komanmau git clone 3aBanTakutn
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MPOEKT Ha ek3eMIUIsip Amazon EC2 niis moaayibiioro 3iMCHEHHS TTePEBIPKU 3JaTHOCTI

MPAITIOBATH ITiJT HEOOX1THUM HAaBAHTAKCHHSM.

[Ticist Toro sik perno3uTopiii OyB 3aBaHTaKEHUN Ha BiJaJICHUN 1HCTAaHC Amazon
EC2 neobximno 3amyctutn docker-compose i3 koH(irypariero, mo omnucana y docker-

compose.yml ¢aitni (Puc. 5.3).

» docker-compose.yml

I2.4I

./server
./Dockerfile

production
cluster server
cluster server
always

- "'80:38000"
I5I

Pucynoxk 5.3 - docker-compose.yml daiin i3 koHpirypaiiero web-cepsepa i3

BUKOPUCTAHHSAM KJIACTEPIB.

JlaHuii KOHTEHHEp 3 Wweb-cepBepOoM BUKOPUCTOBYE OINTHUMI30BAHE OTOUYCHHSI
production, mpaioe BCTAaHOBJIIOE ONTHUMI30BaHY Ta CTAaOUIBHY BEPCII0 MPOrPaMHOI
matdopmu NodelS node:12-alpine, Tta mpaitoe Ha 8000 mopTi 1 peTpaHCIIOETHCS Ha

cranaaptauid nopt juist HTTP npoTtokoiy no 3amoBuyBannsim 80 (Puc. 5.4).
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& Dockerfile

FROM node:12-alpine

WORKDIR /usr/src/app

COPY *.js ./

EXPOSE 8000

CMD [ "node", "server.js" |

Pucynok 5.4 - Dockerfile web-cepepa, 1o npairioe i3 BUKOpHCTaHHM (QYHKITIOHATY

KJIaCTEPIB.

Creating network "cluster_default" with the default driver
Building server
Sending build context to Docker daemon 6.144kB
Step 1/5 : FROM node:12-alpine
12-alpine: Pulling from library/node
97518928ae5f: Pull complete
58ab2943ea3a: Pull complete
da5d3df7401d: Pull complete
7384cfecbf77: Pull complete
: sha256:8fad09b7620b2bc715cbba%92e3313c64a797e453f56011857611740a44584d5d
: Downloaded newer image for node:12-alpine
---> 106bb94759ad
Step 2/5 : WORKDIR /usr/src/app
---> Running in 12b60e66616f
Removing intermediate container 12b60e66616f
---> e6ecd7d38222
Step 3/5 : COPY *.js ./
---> eeaB411ded2c
Step 4/5 : EXPOSE 8000
---> Running in 4305e4930cd1
Removing intermediate container 4305e4930cd1
---> dd319e2edc24
Step 5/5 : CMD [ "node", "server.js" ]
---> Running in c9de5c204a10
Removing intermediate container c9de5c204a10
---> d85338eb7fd8
Successfully built d85338eb7fd8
full d cl

Pucynok 5.5 - [llaru 30upanHs KOHTeliHepY web-cepBepa 3 BUKOPUCTAHHAM KJIacTEpIB.
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[Ticns 3amycky komany docker-compose up -d koHTelHep moYynHae 30UpaTUCs Ta

srigHo no ommcanux mariB y Dockerfile (Puc. 5.5) mpoxomutu onun 3a omaum (Puc.

5.5).

[Ticns Toro sik KOHTEHHEp Oyze 310paHuil Y HBOMY 3aIlyCTUTBCS web-cepBep. Y
HbOMY OyJayTh MpaloBaTH BCl (PYHKIII Ta CEpBICH, IO OYyJHU OIHCAHI y TPEThOMY
po31uIi, Ta 5Kl 3a0e3meuyoTh (PyHKIIOHYBaHHA JToAaTka. HaitOoinbIn BaXIMBUM cepBic,
10 TMOBMHEH BUTPUMYBATHU HaOLIbIIe HABAaHTAXKEHHS - 1€ CEPBIC BiAMOBIAAIBHUHN 3a
poboTy 3 MacuBaMu 00’ €KTIB HEPYXOMOCTI, TOMY MPOBEAEMO MEPEBIPKY ONTUMI3AIIIT Ha
NpuKIaal 1p0ro ceppicy. Komu mpouec Oyne mpairoBaTH, BiITBOPUMO TMEPEBIPKY
HABAHTAKEHHAM 3a JOMOMOTOI0 1HCTpyMeHTa Autocannon. [ 1bOr0 BUKOPHUCTAEMO

KOMaHY:
autocannon -c 500 -d 20 http://charly.de/objects

[Is1 koMaH1a BIAKpUBA€E M'ATCOT MapajeibHUN 3’€/IHaHb 13 CEPBEPOM, 1110 OyIyTh
BIJIKPUTHMH TIPOTITOM IBAJLSTH ceKyHa Ha aapecy http://charly.de/objects. Cepsic, 110

BIJIMIOBI/Ta€ 32 POOOTY 3 00’ €KTaMH HEPYXOMOCTI po3TaloBaHui 3a mnisixom /objects.

Running 20s test @ http://charly.de/objects
500 connections

Latency 94 ms 355 ms 494 ms 2627 ms 382.95 ms 613.79 ms 9999 ms

Req/Sec 474 474 525 543 521.4 19.45 474

Bytes/Sec 59.7 kB | 59.7 kB | 66.2 kB = 68.5 kB = 65.7 kB | 2.46 kB = 59.7 kB

Req/Bytes counts sampled once per second.

11k requests in 20.08s, 1.31 MB read
477 errors (477 timeouts)
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Pucynok 5.6 - BuxijaHi pe3yiabTatv, TabauLs 3aTPUMOK (3BEpXY) Ta TaOJIuIls 00CsATYy

3amuTIB (3HUZY).

[IpoananizyBaBmu pe3ynbTatd (Puc. 5.6), MoxHa 3pOOHUTH BHUCHOBKH, IO
IHCTpYMEHT Autocannon BUKOPHCTOBYBAaB CEPEAHIO KUIBKICTh 3alMTIB y CEKYHAY, LIO
nopiBHioe 521.4 Ta 3a 20 cexyna 3poouB 11 Tucsu 3anutiB. Maemo 477 MOMUIIOK, 3
SAKUX yCl OyJin depe3 TaiiMayTH, 110 BKa3ylOTh Ha Te, 110 477 3amuTiB YeKalu BiAMOBIII
oinpine 10 cexyHn, a cepeHs 3aTpuMKa BianoBiAl 382.95 mimicekyna. binbm neranbHa
tabnuus 3atpuMok (Puc. 5.7), mo omucye BiJICOTOK HaBaHTa)XEHHs Ha CEpBEp Ta

BIJIOBIJIHY MOMY 3aTPUMKY y MUTICEKYH/IaX.
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Req/Bytes counts sampled once per second.

156

156
0.1 180
1 316
2.5 627
10 825
25 860
50 895
75 936
90 960
97.5 1003
99 1051
99.9 7249
99.99 9300

99.99 9575

11k requests in 20.07s, 1.36 MB read
5 errors (5 timeouts)

Pucynox 5.7 - neranpHa TabIuMIg 3aTPUMOK, 3T€HEpOBaHa Ha 0a31 pe3ybTaTiB

TCCTyBaHHA HABAHTAXKCHHA.

5.2 Po3paxyHOK Ta MOJIeJIIOBAHHS KOMII’OTEPHOI CUCTEMHU 3 BUKOPUCTAHHAM

¢pyHkuionana menemxepy npouecis PM2.

3a aHajori€l0 3 MPUKIAAOM, IO BUKOPUCTOBYBAaB MEXaHI3M KJacTepH3allii,

perno3uTopiii web-cepBepy 13 BUKOPUCTaHHAM MEHeIKepy mnpoiieciB PM2 3aBaHTaxeMo
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Ha ek3emusip Amazon EC2 3a gomomororo cucremu KoHTposro Bepcit Git. Ilicns
poro 3amyctumo docker-compose up -d, mo J103BOJIMTH JEMOHI3yBaTH KOHTEWHeEp i3
web-cepBepom. [Ticns 3amycky miei komaHau KOHTeHep mar 3a marom (Puc. 5.11) Oyne

310paHuii Ta TOTOBUM JJI1 BAKOPUCTAHHS

» docker-compose.yml

I2.4I

./server
./Dockerfile

production
pm2 server
pm2 server
always

"80:8000"
I5I

Pucynok 5.8 - docker-compose.yml ¢aiin i3 koHpirypartiiero web-cepsepa i3

BUKOPUCTAaHHSAM MEHeKepy nporieciB PM2.

Jlaamii KoOHTeiiHep 3 Wweb-cepBepoM BUKOPHCTOBYE ONTHMI30BaHE OTOYCHHS
production, mTpaIfoe BCTAaHOBJIOE ONTHMI30BaHy Ta CTaOlIbHY BEPCIIO MPOTPaMHOT
matgopmu NodelS node:12-alpine, ta mpaitoe Ha 8000 mOpTi 1 peTPAHCIIOETHCA Ha
cranaaptauid nopt st HTTP npotokony mo 3amoBuyBannsiM 80 (Puc. 5.10). Ileit
KOHTEHHEp BaXKUTh OUIbINE, HIK y MPUKIAIl 3 KIACTEPU3AIIE€I0, OCKUIBKH Yy HBOMY

JIOJIATKOBO TJ100aJIbHO BCTAaHOBIIOETHCSA 1HCTpyMeHT PM?2. Jlns KopekTHOi poOoTu
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MEHEJKEepY TMpoIeciB HeoOXigHo pomatu ¢aiy, y sikoMy Oyae ckoH(pirypoBaHa
eKocucTteMa, y sKkiii Oyae mpamoBatd web-cepBep, s 1mporo y  dain

ecosystem.config.js momamo koH(pirypariito, Bkazany Ha pucyHKy (Puc. 5.9)

m ecosystem.config.js
= [{
'server.js',
‘app’,
‘cluster',
: 4,

P
NODE ENV: 'production'

P q
NODE ENV: 'development'

: true,
false,
: true,
'YYYY-MM-DD HH:mm
true,
‘json',
100000,

5000,

false,
: 4000,

. true,

Pucynok 5.9 - ®aiin koHpirypaiiii ekocucteMu MeHemkepy npouecis PM2.
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& Dockerfile

FROM node:12-alpine

WORKDIR /usr/src/app

COPY *.js ./

EXPOSE 8000

RUN npm install pm2 -g

CMD ["pm2-runtime", "ecosystem.config.js"]

Pucynok 5.10 - Dockerfile web-cepsepa, 1110 nparifoe i3 BAKOPUCTAHHAM MEHEIKEPY

npotueciB PM2.

Creating network "pm2_default" with the default driver
Building server
Sending build context to Docker daemon 6.656kB
Step 1/6 : FROM node:12-alpine
---> 106bb94759ad
Step 2/6 : WORKDIR /usr/src/app
---> Using cache
---> e6ecd7d38222
Step 3/6 : COPY *.js ./
---> 2a7c04747082
Step 4/6 : EXPOSE 8000
---> Running in 370344cec7dd
Removing intermediate container 370344cec7dd

---> 7220a0a7ee5b
Step 5/6 : RUN npm install pm2 -g
---> Running in f4ac7272024e

+ pm2@5.1.2
added 180 packages from 200 contributors in 18.039s
Removing intermediate container f4ac7272024e

---> 6e2658b01bb2
Step 6/6 : CMD ["pm2-runtime", "ecosystem.config.js"]

---> Running in b6c2b15771cc
Removing intermediate container b6c2b15771cc

---> 2093a321e0bc2
Successfully built 2093a21e0bc2
Successfully tagged pm2_server:latest

: Image for service server was built because it did not already exist.

pose up --build’.
Creating pm2_server ...

Pucynox 5.11 - lllaru 36upanus koHTeliHepy web-cepBepa 3 BUKOPUCTAHHSIM

MeHeKepy npouecis PM2.
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[Ticnst Toro sik KOHTeWHEp Oyne 310paHuil y HOMY 3alyCTUThCS web-cepBep. Y
[IOMY BHIIQJIKy MU TaKO>X PO3TJSTHEMO 3/1aTHICTh BUTPUMYBATH HAaBaHTAKEHHSI CEPBICY,
BIJIMOBIIANTHOTO 32 00 €KTH HEPYXOMOCTI. 3a JOMOMOTrOI0 1HCTpyMeHTa Autocannon

BHKOPHUCTAEMO TAKY CaMy KOMAaHAY 3 TAKUM CaAMUM HABAHTAKCHHAM:

autocannon -c 500 -d 20 http://charly.de/objects

Running 20s test @ http://charly.de/objects
500 connections

Latency 170 ms 387 ms 449 ms 1747 ms 404.09 ms 565.97 ms 9954 ms

Req/Sec 457 457 533 544 527.46 18.62 457

Bytes/Sec = 57.6 kB = 57.6 kB = 67.2 kB = 68.6 kB 66.5 kB | 2.35 kB | 57.6 kB

Req/Bytes counts sampled once per second.

12k requests in 20.08s, 1.33 MB read
460 errors (460 timeouts)

Pucynox 5.12 - Buxiznzi pe3ynbTaTil, TaOIHIIST 3aTPUMOK (3BEpXy) Ta TaOIUIIA 00CsTY

3anuTIB (3HU3Y).

[IpoananizyBaBmin pesynbratd (Puc. 5.12), mMokHa 3poOUTH BHUCHOBKH, IO
IHCTPYMEHT Autocannon BUKOPUCTOBYBAaB CEPEIHIO KUIBKICTh 3alUTIB Y CEKYHY, IO
nopiBHIOe 527.46 Ta 3a 20 cekyHna 3poouB 12 Thcsu 3anuTiB. Maemo 460 mOMUIOK, 3
SAKUX yCl OyJK uepe3 TailmayTH, 10 BKa3ylTh Ha Te, 10 460 3amuTiB YeKaau BiJMOBII
outbmre 10 cexyHn, a cepennst 3arpuMka Biamosiai 404.09 minicekyna. binbsin netanpHa
tabmuis 3arpumok (Puc. 5.13), mo ommcye BiICOTOK HAaBaHTa)XEHHS Ha cepBep Ta

BIJIOBIJIHY HOMY 3aTPUMKY y MUTICEKYH/IaX.
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Req/Bytes counts sampled once per second.

0.1

1

2.5

10

25

50

75

90

97.

99

99.9

99.99

99.999

Pucynox 5.13 - neranpHa TabmuIs 3aTpUMOK, 3reHepoBaHa Ha 0a3i pe3yJIbTaTiB

TCCTYyBAaHHA HABAHTAXKCHH.

5.3 Po3paxyHok Ta MOJIe/TIOBAHHSA KOMII’IOTEPHOI CHCTEMHU 3 BUKOPUCTAHHAM

(pyHkuioHa a2 podOYNX NMOTOKIB.

Bukopucranas po6ounx MOTOKIB Ma€ CXO0XI1 €Tamu 3aIlycKy, Perno3uTopiii web-
CepBeEpy 13 BUKOPUCTAHHSIM POOOYHX MOTOKIB 3aBaHTaXeMO Ha ex3eMIusip Amazon EC2

3a JIONOMOTOI0 cHCTeMH KOHTpoito Bepcid Git. [licis 1mporo 3amyctumo docker-
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compose up -d. ITicisg 3amycky i€l KoMaHau KOHTEiHep 3rigHo a0 mariB (Puc. 5.16)

Oyze 310paHuii Ta TOTOBH 711 BUKOPUCTAHHS

» docker-compose.yml

I2.4I

./server
./Dockerfile

production
worker thread no balancer server
worker thread no balancer server
always

"80:8000"
I5I

Pucynok 5.14 - docker-compose.yml ¢aiin i3 koubirypariiero web-ceppepa i3

BUKOPUCTAHHAM POOOYMX MOTOKIB.

Jlanuii koHTeliHEp 3 Wweb-cepBepoM BHKOPUCTOBYE ONTHUMI30BAHE OTOUYCHHS
production, mpame BCTAHOBJIIOE ONTHUMI30BaHY Ta CTAaOUIbHY BEPCI0 MPOrpaMHOI
matdhopmu NodelS node:12-alpine, Tta mpaitoe Ha 8000 mOpTi 1 peTPAHCIIOETLCA Ha

crangaptHuii nopt i HTTP nporokoiny o 3amoBuyBanHsiM 80 (Puc. 5.14).
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&+ Dockerfile

FROM node:12-alpine

WORKDIR /usr/src/app

COPY *.js ./

COPY package*.json ./

RUN npm install

EXPOSE 8000

CMD [ "node", "server.js" |

Pucynoxk 5.15 - Dockerfile web-cepsepa, 1o npaiioe i3 BAKOPHUCTaHHSIM poOOUUX

IMOTOKIB.

R $ docker-compose up -d
Creating network "worker_thread_no_balancer_default" with the default driver
Building server
Sending build context to Docker daemon 2.935MB
Step 1/7 : FROM node:12-alpine
---> 106bb94759ad
Step 2/7 : WORKDIR /usr/src/app
---> Using cache
---> ebecd7d38222
Step 3/7 : COPY *.js ./
---> ee2a%401c963
Step 4/7 : COPY package*.json ./
---> b2b68a4866e8
Step 5/7 : RUN npm install
---> Running in c3ebB854c1f7c

added 1 package from 1 contributor and audited 1 package in 1.627s
found © vulnerabilities

Removing intermediate container c3eb854ci1f7c
---> bdff503d166e
Step 6/7 : EXPOSE 8000
---> Running in 7a2d7fd46fa7
Removing intermediate container 7a2d7fd46fa7
---> @2bab3027808
Step 7/7 : CMD [ "node", "server.js" ]
---> Running in e7da3582e987
Removing intermediate container e7da3582e987
---> 48eff8cBcld6
Successfully built 48eff8c8cldé6
Successfully tagged worker_thread_no_balancer_server:latest
: Image for service server was built because it did not already exist. To rebuild this i

Pucynox 5.16 - lllaru 30upanus konTeliHepy web-cepBepa 3 BUKOPUCTAHHSIM POOOYHX

OTOKIB.
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[Ticist Toro sk KoHTeWHEp Oyje 310paHuil y HbOMY 3allyCTUThCS web-cepBep, 1110
MPALIOE 13 BUKOPUCTAHHIM MEXaHi3My poOOUYMX MOTOKIB. Y I[bOMY BUIAAKYy MH TaKOXK
PO3TISTHEMO 3/IaTHICTh BUTPUMYBAaTH HaBaHTaKEHHS CEpPBICY, BIANOBIAAIBHOTO 3a
00’€KTH HEPYyXOMOCTI. 3a JIOIOMOIOI0 IHCTpyMEHTa Autocannon BHUKOPHUCTAEMO TaKy

caMy KOMaHy 3 TAKUM CAMHUM HABAHTAKCHHAM:

autocannon -c 500 -d 20 http://charly.de/objects

Running 20s test @ http://charly.de/objects
500 connections

Latency 758 ms 985 ms 1087 ms 1104 ms  975.67 ms = 91.27 ms 1272 ms

Req/Sec 365 365 504 530 500.65 35.91 365

Bytes/Sec = 45.3 kB 45.3 kB 62.5 kB | 65.7 kB | 62.1 kB = 4.45 kB = 45.3 kB

Req/Bytes counts sampled once per second.

11k requests in 20.08s, 1.24 MB read

Pucynok 5.17 - BuxiznHi pe3ynabTaTH, TaOIUI 3aTPUMOK (3BEpXy) Ta TabauLs 00csry

3amnuTIB (3HU3Y).

[IpoanamizyBaBiu pesyiabtatd (Puc. 5.17), MoxHa 3pOOMTH BUCHOBKH, IO
IHCTpYMEHT Autocannon BUKOPHUCTOBYBAB CEPEHIO KUIBKICTh 3alUTIB Y CEKYHIY, IO
nopiBHioe 500.65 Ta 3a 20 cexkyHpa 3poouB 11 Tucsau 3anutiB. Maemo 0 moMUIIOK, a
cepenHs 3aTpuMKka BiamoBimi 975.67 mimicekyna. binbm aetanbHa TaOMUIS 3aTPUMOK
(Puc. 5.18), mo omnucye BiACOTOK HaBaHTXXEHHS Ha CepBEp Ta BIJANOBIAHY HOMY
3aTPUMKY y MUTICEKYHJaX CBIIYMTH MPO Te, MO BIATIOBIAL 3 CEpPBEpA HABITH y MIKOBUX
HABaHTA)XKCHHAX MPUXOAMUIIHN y Yac AyXe OJU3bKHUIl 10 cepeHboro. MakcuMaabHHUM dac

BIJIMOBI/II 32 MEP10J] TECTOBUX HABaHTAXEHb CKiIaaaB 1272 MigiceKyHIu.
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Req/Bytes counts sampled once per second.

153
154
171
361
648
10 200
25 929
50 954
75 976
90 1005
97. 1033
99 1048
99.9 1062
99.99 1069

99.999 1073

11k requests in 20.07s, 1.29 MB read

Pucynox 5.18 - neranpHa TabmuIlsg 3aTpUMOK, 3reHepoBaHa Ha 0a3i pe3yJIbTaTiB

TCCTYyBAaHHA HABAHTAXKCHHA.

5.4 Po3paxyHOK Ta MO/JIeJIIOBAHHS KOMII’OTEPHOI CHCTEMH 3 BUKOPUCTAHHAM
(pyHkuioHasa pPo0OYHUX NMOTOKIB Ta BMKOPHCTAHHAM 30BHIIIHHOIO iHCTPyMEHTA

BiIMOBIIAJILHOIO0 32 0AJIAHCYBAHHSI HABAHTAKEHHSI.

BukopucranHs 30BHIIHBOrO OaHacyBauya HaBaHTAXEHHS, 10 BIATBOPEHHUH 3a
JIOTIOMOTO10 1HCTpyMeHTa Haproxy motpebye momaTkoBoi KoHGirypailii KOHTEHHEpY 3
OamaHcyBaueM. AJie HE3BaXKAOUM Ha 1€, PENoO3UTOpid 3 web-cepBepoM Takoxk

3aBaHTaXyeThCA Ha ek3eMIuisip Amazon EC2 3a 10OMOrorw CUCTEMU KOHTPOJIIO BEPCiid
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Git, 1 3amyckaeThbcs 3a qoroMororo komanau docker-compose up -d. ITicist 3amycky i€l
KOMaHIU KOHTeWHep 3rimHo mo mariB (Puc. 5.21) Oyame 3i0paHuii Ta TOTOBUH IS

BUKOPUCTAHHA

» docker-compose.yml

I2.4I

./server
./Dockerfile

production
: worker thread external balancer server 2
: worker thread external balancer server 2
always

"8001:8001"

"8002:8002"

"8003:8003"

"8004:8004"
40

./haproxy
./Dockerfile
: worker thread external balancer haproxy
: worker thread external balancer haproxy

server

"80:80"
always
I1I

Pucynok 5.19 - docker-compose.yml ¢aiin i3 koHbirypariiero web-ceppepa i3

BUKOPUCTAaHHAM poOOYHX MOTOKIB Ta 30BHINIHBOTO MPOKCI OalancyBainbHUKa Haproxy.
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Jlanuii koHTeitHep 3 web-cepBepoM BHKOPUCTOBYE OINTHUMI30BaHE OTOUYCHHS
production, Tpairoe BCTaHOBIIOE ONTHMI30BaHy Ta CTaOUIbHY BEpPCiI0 MPOrpaMHOI
mwiatdopmu NodelS node:12-alpine, ta mparrroe Ha 8001, 8002, 8003, 8004 mopTax, Ta
Ha ski 3 80 mOpTa MPOKCYIOTHCS 3alMTH 32 JOIMOMOTOK AITOPHTMY PO3MOJiICHHS

HaBaHTaXKeHHA Round-robin, mo peamizoBanuii 3a mTomMoMOrorw iHcTpyMeHTa Haproxy

(Puc. 5.19).

&+ Dockerfile

FROM node:12-alpine
WORKDIR /usr/src/app
COPY *.js ./
EXPOSE 8001
EXPOSE 8002
EXPOSE 8003
EXPOSE 8004

CMD [ "node", "server.js" ]

& Dockerfile

FROM haproxy

COPY haproxy.cfg /usr/local/etc/haproxy/haproxy.cfg

Pucynok 5.20 - Dockerfile web-cepsepa, 1110 nipaitoe i3 BAKOPUCTaHHSIM pOOOYNX

MOTOKIB (3Bepxy) Ta Haproxy mpoxci-cepBepa (3HU3Y).
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Creating network "worker_thread_external_balancer_default" with the default driver
Building server
Sending build context to Docker daemon 6.656kB
Step 1/8 : FROM node:12-alpine
---> 106bb94759ad
Step 2/8 : WORKDIR /usr/src/app
---> Using cache
---> ebecd7d38222
Step 3/8 : COPY *.js ./
---> 2850f91134e5
Step 4/8 : EXPOSE 8001
---> Running in 1lec894bb4dfé
Removing intermediate container 1lec894bb4dfé
---> b143b310be5c
Step 5/8 : EXPOSE 8002
---> Running in b@®3b3a5c9ade
Removing intermediate container b@®3b3a5c9ade
---> c7b1c80bfebb
Step 6/8 : EXPOSE 8003
---> Running in 84dc3408659a
Removing intermediate container 84dc3408659a
---> Tee74fd6428e
Step 7/8 : EXPOSE 8004
---> Running in 3c409e6f0670
Removing intermediate container 3c409e6f0670
---> 9795dd8eBeba
Step 8/8 : CMD [ "node", "server.js" ]
---> Running in ce3dieb4b3f1
Removing intermediate container ce3dleb4b3f1
---> 32b190de8164
Successfully built 32b190de8164
Successfully tagged worker_thread_external_balancer_server_2:latest

Building haproxy

Sending build context to Docker daemon 3.584kB

Step 1/2 : FROM haproxy

latest: Pulling from library/haproxy

a2abf6c4d29d: Pull complete

6d06b1621367: Pull complete

41acbafa6add: Pull complete

2edb97a2e8e6: Pull complete
i : sha256:78819cc9c600464c97822be5903db18be24fce9733c76d1ccb8c8863ceb00f35

: Downloaded newer image for haproxy:latest

---> 57535788d81a

Step 2/2 : COPY haproxy.cfg /usr/local/etc/haproxy/haproxy.cfg
---> 11d0a7079f20

Successfully built 11d0a7079f20

Successfully tagged worker_thread_external_balancer_haproxy:latest

Pucynok 5.21 - Illarum 30upanHs KOHTeHepy web-cepBepa 3 BUKOPHUCTAHHAM

poOoUMX MOTOKIB (3BEPXY) Ta MPOKCi-cepBepa (3HU3Y).

[Ticnss Toro sik KoHTelHepu OyAyTh 310paHi y OJHOMY 3 HUX 3allyCTUThCS web-
cepBep, IO MpaIloe 13 BUKOPUCTAHHSAM MEXaHI3My pOOOYMX MOTOKIB, a y JIPYromy
IPOKCI-CEpPBEP 3 MEXaHI3MOM PO3MOJIJICHHS HABaHTAKEHHA. Y LbOMY BHUMAJIKy MU
TaKOX PO3TJSHEMO 3[aTHICTh BUTPUMYBATH HABAaHTAXEHHS CEPBICY, BIAMOBIIAIBLHOTO
3a 00’€KTHM HEPYXOMOCTI. 3a JOMOMOIOI IHCTpyMEHTa Autocannon BHKOPHCTAEMO

KOMaHAY 3 TAKUM CAMUM HABAHTAKCHHAM:

autocannon -c 500 -d 20 http://charly.de/objects
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Running 20s test @ http://charly.de/objects
500 connections

Latency 540 ms 890 ms 1141 ms 1191 ms 877.2 ms 168.48 ms 1222 ms

Req/Sec 474 474 554 599 556.15 34.37 474

Bytes/Sec | 37.5 kB | 37.5 kB = 43.8 kB  47.3 kB 43.9 kB 2.71 kB | 37.4 kB

Req/Bytes counts sampled once per second.

12k requests in 20.07s, 879 kB read

Pucynoxk 5.22 - BuxigHi pe3yabTaTtu, TaOauls 3aTpUMOK (3BEpXYy) Ta TaOIHI 00CTY

3amuTIB (3HU3Y).

[IpoananizyBaBmin pesynbratu (Puc. 5.22), MoxHa 3pOOMTH BHUCHOBKH, IO
IHCTpYMEHT Autocannon BUKOPHUCTOBYBAaB CEPEIHIO KUIbKICTh 3alUTIB Y CEKYH]Y, IO
nopiBHIOe 556.15 Ta 3a 20 cexyHpa 3poouB 12 Tucsau 3anutiB. MaemMo 0 mMOMMIIOK, a
cepenHsa 3aTpuMKa BianmoBiml 877.2 mimicekyHi. binbin neranbHa TaOMMIS 3aTPUMOK
(Puc. 5.22), mo omucye BiJICOTOK HaBaHTaXXEHHS Ha CEpBEp Ta BIAMOBIAHY HOMy
3aTPUMKY Y MIUTICEKYHAaX CBIAYUTH MPO TE€, IO BIAMOBIAL 3 cepBepa MO aHaiorii 3
BapiaHTOM BHUKOPHUCTAHHS POOOYMX IIOTOKIB ©O€3 30BHIIIHBOIO MPOKCI-CEPBEPY
HaOJIMKAETHCA JI0 CEPEHbOr0 Ta CKIadaB 1222 MuliceKyHAu. AJie Ha BIAMIHY Bij
3aTPUMKH BIJMOBII Web-CepBepy IO MPalloBaB 13 BUKOPUCTAHHIM POOOUYUX TOTOKIB,
MOTOYHUUN BapiaHT peajizallii Ma€ MEHIIY 3aTPUMKYy BIJIMOBIJII HA MEHIIUX PIBHAX

3aBaHTAXKEHOCTI Web-cepaepy.



Req/Bytes counts sampled once per second.

171
171
186
366
534
592
25 758
50 901
75 974
90 1032
97.5 1088
99 1173
99.9 1195
99.99 1200

99.999 1200

12k requests in 20.07s, 904 kB read

Pucynok 5.23 - neranbHa TabauLs 3aTPUMOK, 3reHepoBaHa Ha 0a3i pe3yJibTaTiB

TCCTYyBAaHHA HABAHTAXKCHH.



haproxy.cfg

global

log /dev/log local0®
log localhost locall notice
maxconn 10000

daemon

defaults
log global
mode ht
option
option

retries
timeout
timeout
timeout

frontend ht
bind *:

tp
httplog
dontlognull
3
connect 5000
client 50000
server 50000

tp-in
80

default backend webservers

backend web
stats e
stats a
stats u
balance
option
option
option
server
server
server
server

Pucynok 5.24 - kondiryparris npokci-cepsepa Haproxy, 1o BiamnoBigae 3a

servers

nable

uth admin:admin
ri /haproxy?stats
roundrobin

httpchk

forwardfor

http-server-close

nodel host.docker.
node2 host.docker.
.internal:8003
node4 host.docker.

node3 host.docker

internal:8001
internal:8002

internal:8004

PO3MOIIJIEHHS HABAHTAKCHHS.

86



87

5.5 BuCHOBKH 10 pO3aiiy

VY po3aim Oyno peanizoBaHO yci 3aco0u omTuMmizarii web-cepBepy Kommadii 3
PIENTOPCHKUX TOCIYT, 3aIlyllieHi, Ta TICIAsS BIEBHEHOCTI, IO BCsA 1HQPACTPYKTypa
MpaIfioe, MPOBEACHHI TECTYBaHHS OKPEMHUX 3acO0iB ONTHMI3aIlli HaBAaHTAKCHHSIM, Yy

MaKCUMaJIbHO HaOIMKEHNUX OIHH JO OOJHOI'O YMOBAaX.
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BUCHOBKHA

Kpamidikamiitna poboTa € 3aBepIlIeHOI HAyKOBOI poOOTOIO, B SIKiM BHUpIIICHA
HAyKOBO-TIPaKTUYHA 33/1a4da. Y JaHiid poOoTi Oyio chopmMoBaHO Iisi, MO MOTpeOyBaIH
BUPIIICHHS JJI1 KOMIAaHI1 3 HaJlaHHS PIEATOPCHKUX MOCIYT 3a JOMOMOIOI0 IHTerparii y
ii pobory web-momarky. OcHOBHa BUMOra, IO ToJisirana, y 3AaTHOCTI web-cepBepa
MpaIroBaTl I BEJIMKAM HABaHTAKEHHAM Oyina peaizoBaHa 3a JOTMIOMOTOIO

3aCTOCYBaHHS JOCTYITHUX 3aC001B ONTUMI3aIIii.

PosrisHyTi 3acobu onTumizauli MOJSATaid SIK Y BUKOPUCTaHHI BOYZOBaHOIO
dbyHKIIOHATY KJacTepu3alii Ta JIEKOMIO3WIT MporpamMHoi rmiaTdhopmu, Mo
3aCTOCOBYBalach, TaK 1 y BHUKOPUCTaHHI CTOPOHHIX MEHEDKEPIB IMPOIECIB Ta

IHCTPYMEHTIB PO3MOIIJICHHS! HABAHTAXKEHHS MK CEpBEpaMu.

VY pesynbpTaTi a”amizy MPAKTUYHOI YACTHHH OYJI0 BUPIINIEHO BUKOPUCTOBYBATH
3aci0 onrTumizalli web-cepeepa, o NOJIAraB y BUKOPUCTAHHI CTOPOHHBOI'O MEHEKEPY
MPOIIECIB, OCKUIBKM PE3yJbTaTH TECTIB MPOIYCKHOI 3aTHOCTI cepBepa MoKa3aiu
3aIOBUILHUN pe3yJbTaT 3aTPUMKHU BiAMOBiAl. Takok 3aTpuMKa BIAMOBIAI TiJ Yac
HEBEJIMKNX HaBaHTaXEHb Oyna oOjHi€l0 3 HaWMeHmuX. KpiM TOro BUKOpPUCTaHHS
MEHE/KepY MPOILECiB T03BOJISIE BUKOPUCTOBYBATH BEIUKHUI CIEKTP T0OJAaTKOBUX METPHUK

Ta HaJIallITyBaHb, 110 TOJICTIIYE MATPUMKY web-cepBepa.

[IpakTiyHy IIHHICT, JaHa poOOTa MOXKE MaTH M THUX, XTO MOTpelye

ONTUMI3yBaTH wWeb-cepBep, 110 IJIAHYETHCS 10 PO3POOKH, a00 BXKE ICHYIOUHUH.
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JOJATOK A

TexcT mporpamu MoBoI0 JavaScript 13 BUKOPHUCTaHHAM KJIACTEPIB

[TporpamMue 3a0e3eYeHHsS KOMIT I0TEPHOT CUCTeMH WeD-cepBepa KOMITaHii 3 HaJaHHs

PIEATOPCHKUX MOCITYT



HamionanpHu# TeXHIYHUN YHIBEPCUTET

«/IHimpOoBChKa MOMITEXHIKaY

MPOI'PAMHE 3ABE3NEYEHHSA KOMII'IOTEPHOI CUCTEMU WEB-
CEPBEPA KOMITAHII 3 HAJAHHS PIEJITOPCBKUX MOCJAYT

Texer nporpaMmu MoBoI0 JavaScript i3 BUKOPHCTAHHAM KJIACTEpIB

804.02070743.22002-01

ApkyuiB 4



2022

AHOTANIA

Y JOKyMEeHTI HaBEJIEHO TEKCT mporpaMu Ta 1HPPACTPYKTypHOi KOHpirypariii,

po3pobieHoi B kBamidikariiHii podoTi.

Po3pobnena nporpama Ta iHGpacTpyKTypHa KOHDIryparlis € peanizaiiclo onTuMizarii
web-cepBepa kommanii 3 HamaHHS  PIEATOPCHKHX  IOCIYr JJIs  peaisaii
MINPUEMHUIIBKOTL  IisUTbHOCTI.  OnTuMi3allis BUKOHYBAJIACh TOPU30HTAIBHO 13

BUKOPHUCTAaHHAM (DYHKITIOHAITY KJIacTEPiB.

[Iporpama Hamucana Ha MOBI JavaScript 13 BUKOPUCTaHHSIM NPOrPaMHOI MaT(GopmMu

NodelJS.



3MICT
TexcT iHppacTpyKTypHUX (ailniB 5

Tekct nporpamu Ha MoBi JavaScript 6



TekcT iHdpacTpyKTypHUX (aiisiB

// docker-compose.ymi
version: '2.4'
services:
server:
build:
context: ./server
dockerfile: ./Dockerfile
environment:
NODE_ENV: production
image: cluster_server
container_name: cluster_server
restart: always
ports:
- "80:8000"
cpus: '5'

I/ Dockerfile

FROM node:12-alpine
WORKDIR /usr/src/app
COPY *,js ./

EXPOSE 8000

CMD [ "node", "server.js" ]



TekcT nporpamu Ha MoBi JavaScript

I server.js

const cluster = require(‘cluster’);
const http = require(’http');
const numCPUSs = 5;

const app = require('./app’);

const host = process.env.HOST || '0.0.0.0;
const port = process.env.PORT || 8000;

const start = async function startServer() {
I Cluster
if (cluster.isMaster) {
console.log("Master ${process.pid} is running.’);

/I Run cluster.fork based on numCPUs
for (leti=1;i<numCPUs;i+=1){
cluster.fork();

}

cluster.on(‘exit', (worker, code, signal) => {
console.log(" A worker with 1D ${worker.process.pid} died.");
)
}else {

const router = function requestRouter(request, response) {
app(request, response);

}

const server = http.createServer(router);
server.listen(port, host, () =>{
console.log("Node.js Standard Library HTTP server running on port: ${port}");

)

start();



JTOJATOK B

TexcT mporpamu MoBoto JavaScript 13 BUKOPHUCTaHHAM MEHEKEPY MPOLIECiB

[Iporpamue 3abe3meueHHs KOMIT FOTEPHOI CUCTEMHU Web-cepBepa KOMITaHii 3 HaJaHHS

PIEATOPCHKUX MOCITYT



HamionanpHu# TeXHIYHUN YHIBEPCUTET

«/IHimpOoBChKa MOMITEXHIKaY

MPOI'PAMHE 3ABE3NEYEHHSA KOMII'IOTEPHOI CUCTEMU WEB-
CEPBEPA KOMITAHII 3 HAJAHHS PIEJITOPCBKUX MOCJAYT

Teker nporpamu MoBor0 JavaScript i3 BUKOPHMCTAHHAM MEHeIKepy MpoueciB

804.02070743.22002-01

ApxkyuiB 4



2022

AHOTANIA

Y JOKyMEeHTI HaBEJIEHO TEKCT mporpaMu Ta 1HPPACTPYKTypHOi KOHpirypariii,

po3pobieHoi B kBamidikariiHii podoTi.

Po3pobrnena nporpama Ta iHGpacTpyKTypHa KOH(DIrypailisi € peanizaiiero onThuMizarlii
web-cepBepa kommamii 3 HagaHHA ~ PIEATOPCBKHX  TOCIYT JUIsA  peaiizarlil
MINPUEMHUIIBKOL  JisibHOCTI.  OnTuMizallisi  peaji3oBaHa  TOPU3OHTAIBHO 3

BHKOPHUCTAHHAM CTOPOHBOI'O MCHCIDKCPY HpOI_[CCiB.

[Iporpama Hamucana Ha MOBI JavaScript 13 BUKOPUCTaHHSIM MPOTpaMHOI IMIaThOpMHU

NodelJS.



3MICT
TexcT iHppacTpyKTypHUX (ailniB 5

Tekct nporpamu Ha MoBi JavaScript 6



TekcT iHdpacTpyKTypHUX (aiisiB

// docker-compose.ymi
version: '2.4'
services:
server:
build:
context: ./server
dockerfile: ./Dockerfile
environment:
NODE_ENV: production
image: pm2_server
container_name: pm2_server
restart: always
ports:
- "80:8000"
cpus: '5'

// Dockerfile
FROM node:12-alpine

WORKDIR /usr/src/app
COPY *,js ./

EXPOSE 8000

RUN npm install pm2 -g

CMD ["pm2-runtime”, "ecosystem.config.js"]



TekcT nporpamu Ha MoBi JavaScript

I server.js

const cluster = require(‘cluster’);
const http = require(‘http’);
const app = require('./app’);

const host = process.env.HOST || '0.0.0.0;
const port = process.env.PORT || 8000;

const router = function requestRouter(request, response) {
app(request, response);

}

const server = http.createServer(router);
server.listen(port, host, () => {
console.log("Node.js Standard Library HTTP server running on port: ${port}");

)



JIOJIATOK B

TexcT mporpamu MoBo1o JavaScript 13 BUKOPHUCTaHHAM POOOUYUX MOTOKIB

[Iporpamue 3abe3meueHHs KOMIT FOTEPHOI CUCTEMHU Web-cepBepa KOMITaHii 3 HaJaHHS

PIEATOPCHKUX MOCITYT



HamionanpHu# TeXHIYHUN YHIBEPCUTET

«/IHimpOoBChKa MOMITEXHIKaY

MPOI'PAMHE 3ABE3NEYEHHSA KOMII'IOTEPHOI CUCTEMU WEB-
CEPBEPA KOMITAHII 3 HAJAHHS PIEJITOPCBKUX MOCJAYT

Texer nporpamu MoBo0 JavaScript i3 BUKOPHCTAHHAM POo00YMX MOTOKIB

804.02070743.22002-01

ApkyuiB 4



2022

AHOTANIA

Y J0KyMEeHTI HaBEIEHO TEKCT IporpaMu Ta 1HQPACTPYKTypHOI KOHIrypariii,

po3pobieHoi B kBamidikariiHii podoTi.

Po3pobrnena nporpama Ta iHGpacTpyKTypHa KOH(DIrypailisi € peanizaiiero onThuMizarlii
web-cepBepa kommanii 3 HamaHHS  PIEATOPCHKHX  IOCIYr JJIs  peaisaii
MIJNPUEMHUIIBKOL  JTISUTBHOCTI. OnTumizailisi  BUKOHAHA  TOPU30OHTAIBHO 3

BUKOPUCTAHHSAM YHKIIIOHATy pOOOUX MOTOKIB.

[Iporpama Hamucana Ha MOBI JavaScript 13 BUKOPUCTaHHSIM MPOTpaMHOI IMIaThOpMHU

NodelJS.



3MICT
TexcT iHppacTpyKTypHUX (ailiiB 5

Tekcr nporpamu Ha MoBi JavaScript 6



TekcT iHdpacTpyKTypHUX (aiisiB

// docker-compose.ymi
version: '2.4'
services:
server:
build:
context: ./server
dockerfile: ./Dockerfile
environment:
NODE_ENV: production
image: worker_thread _no_balancer_server
container_name: worker_thread _no_balancer_server
restart: always
ports:
- "80:8000"
cpus: '5'

// Dockerfile
FROM node:12-alpine

WORKDIR /usr/srcl/app
COPY *,js ./

COPY package*.json ./
RUN npm install
EXPOSE 8000

CMD [ "node", "server.js" ]



TekcT nporpamu Ha MoBi JavaScript

I server.js

const http = require(’http');
const { StaticPool } = require('node-worker-threads-pool’);
const numCPUSs = 5;

const host = process.env.HOST || '0.0.0.0;
const port = process.env.PORT || 8000;

const start = function startServer() {
const filePath ="./worker.js';
const pool = new StaticPool({

size: numCPUs - 1,

task: filePath,

workerData: {},

b

const router = async function requestRouter(request, response) {
try {
const result = await pool.exec(request, response);
response.end(result);
} catch (e) {
console.log(e);
process.exit(0);

}
}

const server = http.createServer(router);
server.listen(port, host, () => {
console.log("Node.js Standard Library HTTP server running on port: ${port}")

)
}

start();



JTOJIATOK T

Texcr mporpamu MoBorO JavaScript 13 BUKOPUCTAHHSM KJIACTEPIB 1 30BHIIITHBOTO

OanlaHCYyBaHHSI HABAaHTAXKCHHS

[Iporpamue 3a0e3neueHHs KOMIT IOTEPHOT CUCTEMHU Web-cepBepa KOMITaHii 3 HaJaHHs

PIENTOPCHKUX MOCTYT



HamionanpHu#t TeXHIYHUN YHIBEPCUTET

«/IHimpOoBChKa MOMITEXHIKaY

MPOI'PAMHE 3ABE3IEYEHHS KOMIP'IOTEPHOI CUCTEMU WEB-
CEPBEPA KOMITAHII 3 HAJAHHS PIEJITOPCHKUX MOCJAYT

Texer nmporpamu MoBoI0 JavaScript i3 BUKOPHCTAHHAM KJIACTEPIB i 30BHIIIHLOT0

0aJIaHCYBAHHSI HABAHTAKEHHA

804.02070743.22002-01

ApKyuiB 5

2022



AHOTAIIS

Y [OKyMEeHTI HaBEACHO TEKCT MporpaMu Ta 1H(PpacTpyKTypHOI KOHIryparlii,

po3pobIieHoi B KBaTi(hiKaliiHINA poOOTI.

Po3pobnena mporpama Ta iHGpacTpyKTypHA KOH(DIryparis € peami3aiiero onThMi3aiii
web-cepBepa KommaHii 3 HaJaHHSA  PICATOPCHKMX  IOCAYr JUIsA  peai3amii
MINPUEMHUIIBKOL  JTISUTBHOCTI. OnTumizailisi  BUKOHAHAa  TOPU30HTAJIBLHO 3
BUKOPUCTAHHAM (PYHKLIOHATY pOOOYMX TMOTOKIB Ta 30BHIIIHBOIO IHCTPYMEHTY 3

6aHaHCYBaHHH HaBaHTAa)>XCHHI.

[Iporpama Hamucana Ha MOBI JavaScript 13 BUKOPUCTaHHSIM MPOTpaMHOI IMIaThOpMHU

NodelJS.



3MICT
TexcT iHppacTpyKTypHUX (ailniB 5

Tekcr nporpamu Ha MoBi JavaScript 7



TekcT iHdpacTpyKTypHUX (aiisiB

// docker-compose.ymi
version: '2.4'
services:
server:
build:
context: ./server
dockerfile: ./Dockerfile
environment:
NODE_ENV: production
image: worker_thread_external balancer_server 2
container_name: worker_thread external_balancer_server_2
restart: always
ports:
- "8001:8001"
- "8002:8002"
- "8003:8003"
- "8004:8004"
cpus: ‘4’
haproxy:
build:
context: ./haproxy
dockerfile: ./Dockerfile
image: worker_thread_external balancer_haproxy
container_name: worker_thread external_balancer_haproxy
depends_on:
- server
ports:
- "80:80"
restart: always
cpus: '1'

I/ haproxy/Dockerfile

FROM haproxy

COPY haproxy.cfg /usr/local/etc/haproxy/haproxy.cfg
I server/Dockerfile

FROM node:12-alpine

WORKDIR /usr/src/app



COPY *js ./

EXPOSE 8001
EXPOSE 8002
EXPOSE 8003
EXPOSE 8004

CMD [ "node", "server.js" ]



TexcT nporpamu Ha MOBI JavaScript

/] server/server.js

const {Worker} = require(‘worker_threads');
const numCPUs = 4;

const host = process.env.HOST || '0.0.0.0;
const port = process.env.PORT || 8000;

const start = function startServer() {
for (leti = 1; i<=numCPUs; i++) {
new Worker('./worker.js', {workerData: {host, port: port + i}});
}

}

start()

/I server/worker.js

const { parentPort, workerData } = require(‘worker_threads’)
const http = require(‘http’);

const app = require(’./app")

const server = http.createServer((req, res) => {

app(req, res);
by,

server.listen(workerData.port, workerData.host, () => {
console.log("Node.js Standard Library HTTP server running on port:
${workerData.port}")

)



