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The evaluation on hardware utilization application of Docker container
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Abstract

The purpose of this research is to evaluate hardware utilization of multiple Docker containers. Typically,
the effectiveness can increase with the increasing number of Docker containers. However, our investigation finds that some
resources have to be allocated to manage those containers. This research focused on examining the resource utilization of
web application containers connecting to a database on a single server. Nodejs is used as a web container to retrieve
data from a Postgres database. The research demonstrates the effectiveness of a single container, as a baseline to
compare with 2 containers, and 4 containers via a load balancer. The experiments conduct 3 trials to simulate the usage of
the system from 100, 200 and 300 concurrent users. The measurement indicators used in the experiment are the averaged
CPU usage, Response time, and Throughput, the results demonstrate that increasing number of containers improve the
performance and reduce web application responsiveness; however, the increasing efficiency is not a linear proportional to
the number of containers because the server resources have to be allocated for the container management.
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aaninas (Docker) Wuunwannasudea (open platform ) Muia1wmaTulad Linux Container (LXC) 1N
Amudfudpane Wldanladedeau (vaucher, 2015) Tnanisuanuedndiadusenaininseainanugiu
o o v ‘;‘1 Y 7N o ] £% o a o [~3
(Infrastructure) uazflaunsndnnisiassairsnuguldieldiauiu davalinisimuinelndndusoniia
uazanilymnisdenauansag (Docker, 2013) 3\1Lﬂmwﬂﬁlﬁ{ummﬁﬁmﬂwLL‘W@"Mmﬂ
Ineinlluaaneninasainnsanianunianiulauinngn 1 AaumBLes (Container) Kubernetes %38
d‘ A o o & 1 d‘ a & dll
Docker Swarm LuiAra9daliun199AN193uIBAR WMILE FUULAAZIATAAT WIna T (server) LNBANAANIT
. D4 A . e e 4 - = o o o X .
MausznIATesdnne e nuludames (Cluster) Tedsz@naninzeuanainduiinauANaIuIL
2e3naumULLes aeialsfin N llTununinensgo@aiisAnunedan (overhead) Naniludmiunen
e d o o 2 o ¥ = —e ¥ ooy 4 o
Naf WBAANITABUINLILATIANNA UL Aa1NNN9ANHTe9ERAatud liwuseenwReiu Overhead 1o
PR AD NV TN UL ULATRLTN D TR
NUITBUNINIINAda Ul szENSN NI Iue UNALATURNNUe UuAanINafA WL T 1
A0UN13NWANFAAY TASNITANANUILARLN LTI LNAATULWEN e iR ellsviRuanIsnuy
s ltauaFaLafIasnannafLazilTauaulssANn1nee9n19Us LI ANATRIA N UIUAD LN WLUD T
S ¥ " ce dd o o oo . - .
WANTU ANNNNFANEINIUIRaNNgaTe9il overhead lagN19InAdaLUsz@NEN19N11LR LA LNALATY
FEUINNLUATRNIALAT (bare-metal) AULUABNNAFNLINEE CPU Iﬁmuﬂgjiwdw 65% 019 75% overhead
aglszanns 10% usiila CPU 149uunngn 80% overhead avanasiiaandn 5% (Casalicchio,& Perciballi
2017) WBAAUNIUDFTT NI ANAI U WANFANaTY mum'ﬂLu@5@mWmmﬁmumé’wmﬂizﬁ'qumﬂ laasinam
gnuRaLNa e MU sritanaulusn LAt (Jha et al., 2018)
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M1519% 1 d@nnes wednawrdi Resource

nWeNg ?WEI@&L%EI@

CPU 6 Core

RAM 8 Gb

Storage SSD 120 Gb

0s Linux iiWinas 18.04 LTS

Docker Docker CE Version 19.03.12
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2. NN9IRANULLUANIKNNTIIANARY
nseanuuuan unraianaeslun1magey Mmalulatinsanaeagninug aaeuduiusansmiag
Feandn pewmuies luaniAsedeeniuuganiunisniannns 3 aomntsalsel
2.1 apunsal 1 sznetdag peumLLeF Hanunsuy 2 Aewmues LA uelwdinduuas

database

Port : 5432

<>

If

Application Bridge Network Database

Forward port 3000

‘ ! Docker Engine |

‘ 0S : Ubuntu Server LTS 18.04 |

gﬂﬁ 1 Structure Scenario 1

v

2.2 @0 un19ad 2 Usenausas ARUNLILAET TINNARIWIL 4 ABILNULILET LAkA wallwaladiy 2

ﬂﬂumuma{, database llay load balance

Port : 5432

Port :?
Application \ Application

N N
m 4 load balance m 4

forward port : BOTL

‘ Docker Engine |

| 0S : Ubuntu Server LTS 18.04 |

gﬂﬁ 2 Structure Scenario 2

2.3 2071N190] 3 UsTnNausmse A NUATIINNARIUIL 6 ADUNLLLET tHLA wallwalAgy 4 Aau

WLLLAT, database WAL load balance
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\ Port : 5432

(<

‘/;ort :3002
‘ _—Port : 3003

A
Port :3000 ™ port : 3001~

. E" —
load balance w3 1

Ifurward port : 80

L~ 7 2

’ DockerEngine ‘

\ 0S : Ubuntu Server LTS 18.04 \

gﬂﬁ 3 Structure Scenario 3

Tasusiazaniun il database LWHINTA ABWMNULUASIYINIUININE database 7ldnAaaLly
standalone instance yin9uLaziUdayantN8asE T9N15H database NN MINAUMUILATazIN TR
Toymenliaenndeaiuzesdoya luaniunisnl 2 uazaniuniend 3 wansieananiuniend 1 essdae

4 [ a o QI -4?/ PR3 = id [ v a o
AU AU VILATIDIUDLUNALATIUANNTIUAINA LB load balance duiunszataanuliualnaiadis

3. anwiansauLalnaLAdy

anmuwandesuetnaeduiunisidensenisinauszdng welwaiadu fu database Tagnnsvinan
watlnaladu Fandayaann database AWMU 20 40 e werndindu gnwWawIsae JavaScript taeidl Nodejs
114 run-time 1 @asafy database #2e3a Object Relational Mapping (ORM) Taald Sequelize #in139119711
{Fasiariy database &N connection pool & e pool mﬁ‘ﬁ@wﬁi@mn‘ﬁlqmwﬁ 500 connection 11
#rurnddatabase 14199 Postgres Tmﬂ;"qmmiﬁ@wi@@ﬁ@mﬁ 1,000 connection dayanieluilaseaing id
LAY name S1UIL 10,000 LAY UAE Load Balance Minawluaniunizal 2 uay 3 14 Nginx Taeaenld
#ane37iu Round Robin $mn1siaAnnnsidessian1avinemlsal 1,000 Fannsidessianisvinaiussmdng Nginx,
Nodejs UA¥ Postgres i la °'m'1@f;"\1ﬁﬂii’Lﬁ@lﬁa‘xuu@ﬁquima*mi’ﬂmmﬁ%’ BuluaTen g fIEE

Y~
TIERTLALAANL

M157199 2 Software Environment

Auatansiag EaziRYn
Nodejs node:13-alpine
Postgres postgres:12.1-alpine

Nginx

nginx:alpine
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4. N19RBNKLLABNINAASY
nMR8NLLLAEN1INAARlE38n1T Load Testing unnmagavilsz@nsniniszinnuils Tneeenuuy
. o oA [ a Y o - o
Load Testing 3 natid iva liidnlangfinssunisldninensaes docker ABUMLLLET LATUNHANINARBIAN
AnUNI0IMRAIUIUN PewmWed lwiiunBeubauiu InanisiivuangAnssunisldeussuuniels
annzinfuazgegn e liiuladuatndnduannsayineulfidedgldidnneludosnanmaniu Inavinnis
anaasduseunIsBandayasesy 4 hldiualndindu anilunedwainduEandayalles database uay

asnavllduelnwairduine naundulldedlduanalu g1 4

Applicatiom flow

Client App Database

HTTP Request

SELECTION query

Queried data

HTTP Response

Client App Database

usoewms SWimlanes.io

5U7 4 uanawndu flow
Tun196519 Load Testing lusuideiiaan’d K6 1w open sources tnanivuanginssuaeeldaae
JavaScript Tun13d4n19v1e1ue9 K6 49iu CLI Tunnseenuuu Load Testing NMUANGANTINTRaE LT uLis

. L
LY 3 ANHUTAL
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a vy A

A o . a A a £
4.1 TestCase 1 AR @RATINNTAY Request LINFAUN 10 Imﬂluﬂﬂ"l 10 AUINATLINNIUU 10 Request

QUNILNINEMINE9 100 Request kazAddNERIAINAIIAUATL 10 WA

' !
a v o

4.2 TestCase 2 A §79IN1949 Request 3NAUN 10 Iaalunne 10 FIuRaziinau 10 Request
AUNTTAINNERTED 200 Request wazAdliNEnMAINAINAUATY 10 WIT
A o ) a o a A o &
4.3 TestCase 3 A 8M31N1949 Request L3uAuUN 10 TaelunnT 10 INazIANT 10 Request

AUNTZINNERTNES 300 Request uazAdliNenmAINaIauATL 10 WA
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import http from 'k6/http’
import {check} from 'k6'
export let options = {
stages: [
{duration: '10s', target: 10},
{duration: '10s', target: 20},
{duration: '10s', target: 30},
{duration: '10s', target: 40},
{duration: '10s', target: 50},
{duration: '10s', target: 60},
{duration: '1@s', target: 7@},
{duration: '10s', target: 80},
{duration: '10s', target: 90},
{duration: '10s', target: 100},
{duration: '10m', target: 100},
1,
}
export default function () {
const response = http.get('http://192.168.1.80:3000/product/all/20")
check({response, {
'succeeded': r => r.status === 200,
1

5% 5 K6 Load Testing TestCase 1

5. n199ALszAnsnIn
luns9pLlse@nsninnisinauredninesazyinnimaaaunay 3 TestCase Nn1uua l3d1efunag Ke
Tneazsenunadayaae Load Testing TedsnaazBaunfall
. A o 4 A o = -
1. lteration AR 91U request NannaNaalUes Ennas
. d doa . o o 2. y oo
2. Response Time / sec A9 1A EWII8F RaUauaInausa Client TP BULAAILETNES request
AUNILTN TS AELINAL
. Max warxnnganldlunisaeunau
Il Min wardeengalunisaeundy

. Avg naedslunisneunau

'
o

3. Success A8 N1IABLNALLEY ENaF Nd15awinluslnednann HTTP response status codes 200
OK uanssailulefiny Faluntsisanlfaulaenldn 200 KO wihths senuenmiieantdudedn
T Failure faviain
4. Failure An NMeRaUNALT99 EnneF g1 5awinlnslaeasnann HTTP response status codes WARIHA
Wila i
5. Throughput A8 il @nnes anunsndsvananaldiazaundulungn 13w
Tnelunamagevluusias TestCase azsniiunmagewyionan 3 A5 wazridayadilduniinezd
AN enagaUlsrAnann (29030 WAT UNATTY], 2020)
6. ﬂ’]?ﬁl?’)@@ﬂuw%ﬂ’mimﬁim(Hardware Resources)
ma‘mq@muwé“wmm‘l,m‘%;m(Hardware Resources)Tmﬂ*i’m‘émﬁ@ open source Falunsnmaaey
nFneNNIEIes luuATuTnsaaaLsts @Wnes uaz Docker AaIULES Tdalsynaussn

1. NM9IAIRABUNINEINT 1ENnaF LATasieldAs Node-Exporter iluirzasiialunisiudayanisld

NuUNSneng Sever s Inedayaniiududuiids Node-Exporter gnainsisatilu Linux OS
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2. nauanratayanineInalesaInmsadayanineanaiie dvines uaz Docker AaWMLET d03A

o

n3ldninannsain Node-Exporter azgnaslilis database NRAN®IMznsfiudasauuy Time
series Tnaaan’ld Prometheus uazld Grafana lunsuansnadasanisldsrumingans(visualize)

Grafana 3endayaain Prometheus lun1suansug

v
o 1

Tun1smgaaaaunineIngiATae Node-Exporter gniinsfaguu @Wwas us Prometheus waz Grafana

U
'

a o d' \ v v o ' d' a =R
ANAARILULATAN monitor memqﬂamﬂmmmwmniqﬂmmu APl iivaanANulsUune EWaT @9

Prometheus Way Grafana @eviadaalilsunsunismnsaludneyasunuiues (Casalicchio, & Perciballi,

2017)
Grafana Prometheus Node-Exporter
S <SS
Pt
L) &K
— d
Monitoring Server App

Load Testing

gﬂﬁ 6 Environment Monitor

nnsmsaagaulsz@ninanlasausandayanisldaiuninains d@unes Tasiuindayanisldanu
ninenlugesinandeusdizunisaaeauieaunimaae tesusaz TestCase danswaansaidlunis
mm@muﬂizaw%mwLﬁﬂﬁmmzﬁwqﬁﬂﬁmmLLrii@mmuﬂ’mﬂfimmﬁ il
1. CPU Taaitlsznaudaedoya 2 dau
. System a5ungnsldeUNnINEINg CPU 20952UL Taeitlsisauiunisldanuans
ARUMIULUAT LAY IRQSs N1FL9UNTNaINT CPU Tun134ANNg Interrupt 1099514
Il User a3unen1sldeunineans CPU 989 Docker ABUWMMLUET
2. RAM gBuneiFaunninnsldens RAM neunazes divlaes Tnavsadailu MB
3. Disk /O aBunaffununisanunisuazlaudayaes Disk Inaduieadniiu MB

4. Network 83181 3N104N95ULATAIdDYAIDI network
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v . v o’ dl £ £ o a dl a
HaANNINAARLIAYE Load Testing uazran s ldanuninensy ldsumsdeyainsnnfauieuietlssiiiu
ANTIOULNNT U F AU TIDIUDLING LATULLAB NNB T ABLNILLE IF AR

1. Throughput

Throughput
400 368.59 371.04 371.19

o 304.13 301.50 298.88
8 300

—

=

=3

£ 00

1)

=

e

= 100

=

TestCase 1 TestCase 2 testCase 3

M scenariol M scenario2 scenario3

51% 6 Throughput

NN 4 wudusazgaunsniilensn Throughput Fiindy Taeasifivlddnszudneannunisai 1
LAZANUNNTAT 2 uaasifiudnduy wetnALAdY TLRsIuTLEN901s AN Workload TdtBumy
annanalulfanlagd Throughput Tiiauanansadnil % TAENNIAUIUAINGAT

%Throughput “7‘;1,‘*7\1'34%1& =(Ty-Tx)/ Tx* 100 %
Taefi Ty 1flu Throughput JdnUNsA A BT LAz Tx 1 Throughput FiinTvae

ADNUNITAMNNNIIANAIUIY ADVINULLATS. HATBINIIAIUILAAS AN 2

M519% 3 Compare Throughput%

% Throughput Ay A01UN130d 2 vs A0NUNNT0I 1 #011N190d 3 vs AnTUNII0L 2

TestCase 1 67.40% 21.20%
TestCase 2 65.12% 23.06%
TestCase 3 62.08% 24.20%

°lufqmmﬁmﬂﬁmm Throughput aanantunianl 2 Weufuaauntsal 1 Aasidisduidl 2 wi
iasaniinisindiuan pewmumed a1n 1 lthilu 2 uswudn Throughput Lﬁmﬁu”lﬁa;mmm 67.40%
(lu Testcase 1) duREaunsfiniures Throughput A& 1UNNTOd 2 ATl fins Il peLLe T
an 2 paumuef iu 4 paumuef uin1masesuandliiiuiniinisfisdures Throughput guiiiegn

Ve 24.20% (lu Testcase 3)
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2. Response Time

Respone time Avg

1.35
12
0.96
1 0.84
2 08 0.67
@ 0.58
06 0.51 0.47
04 031 4o
- Hm
0

Testcasel Testcase2 Testcase3

M Scenariol M Scenario2 Scenario3

51% 7 Responetime

AN 7 wdASHA Response Time MfFauiieulunsazaniunisallagdniunisel 2 way 3
3 Response Time Nanaaunanalfifinudinisanuay Aeumnuwes ARNTUa N TNz @nan1na89
a e e Al e 4o ¥ - .
uatlnaiadu Tnailsz@nsnmaas Response Time MiinAuamsnanilu % Tnanisauanmiugns
% 1s2@&NBNN Response Time AN = (Ry - Rx)/Rx * 100 %
Tneif Ry iU Throughput 2898n1uns0iinaclFaufiay waz Rx Wy Throughput MAnTuaes

A0UNTIMRNIANAIUIL ARUNWLESS. HATBINNTANUIILAAS lUA 5197 4

AN5199 4 Compare Response Time %

% 1se@NBNIN Response time  AN1UNTT0Y 2 vs @n1UN19DY 1 A0UN90d 3 vs AnUNITOL 2
o

NNNTU

TestCase 1 66.09% 22.15%
TestCase 2 65.15% 23.07%
TestCase 3 61.55% 24.20%

T9lugANARNIIANGITDY Response Time ANANUENNGT 2 WeLiuan1uznsi 1 avsanaaiu 2 wa
A a a . al dgl dll = QI o o o
1178 % 1/358%501W Response Time WxTW 100% {aIaNHNISivNa1uan patmnumes an 1 Astwiiuesidu
2 ARUINILET WANUAN Us@nBnIm Response Time nAUNTlALA 67.40% (lu Testcase 1) ARy N3
o - s , 4 da 2. : .
WHAULD4 % 1s=BNEN1W Response Time A Nan1en1shl 2 NHNTIRNAIWIN AIILLET AN 2 Aot S
w4 peumiwed usinismaaeuansWiiiindiniainauaes % 1sz@snw Response Time Angaiiies
24.20% (lu Testcase 3)

3. mimmfmfﬂuwi‘%ﬁﬁﬂ?Lﬂ?‘m(Hardware Resources)
X

Tuanuddetidaiunimagaunis lanuaes CPU wWiuuan Wesann wailwaiady Al lunimaass

a

1911 CcPU TunnsinanudlunandaanfauaFludauauildunanisldanunm ldiiutannuwnnstalungld

urntin TneFunninisgldeu cpu iudasnafldnugegaainiuisnAiededcinalunngem 5
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A19199 5 Average CPU Usage

Test Case Scenario System% IRQs% User%
Scenario1 4.54 0.49 29.31

Test Case1 Scenario2 10.51 2.16 51.49
Scenario3 19.79 2.48 71.51

Scenario1 4.32 0.44 28.86

Test Case2 Scenario2 10.36 2.20 49.71
Scenario3 19.53 2.50 71.29

Scenario1 4.43 0.43 28.72

Test Case 3 Scenario2 10.47 2.23 50.20
Scenariod 19.39 2.54 71.28

AnA1299 5 nslderugauluniduses User Faduniaidnldeu CPU saspatmuiues tnad
an1un13nd 3 HFununisldauninigauenanni System uar IRQ SaiiFununasldauniiuaudas
ufURaNIAINNITINEA WU Aeunues InadTunun g CPU 189 User IANIUATNNID AU IR

ans

Y
a K

%User CPU 7NN = (Uy - Ux)/Ux * 100 %

e Uy 1w User% 2asdn1unisaiiniaadfauiieu uag Ux i User% Niinavaasannunisol

AN NANUIUABUNULUB T ATBINNIANUIULAAS TUANT 1T 6

AN9199 6 Compare User Usage CPU

% User 14911 CPU 1N A01UN1708 2 vs 40UN1TRd 1 ANUN1T0Y 3 vs AnUN19EE 2

TestCase 1 75.26 38.88

TestCase 2 72.24 43.39

TestCase 3 74.75 42.00
asluazailaama

ANNNINAFDLANNLNNTIA1889914 3 a0n1n13ad Tasgnunianin 1 Wunnenaadlimnauiunigld

' '
ada

nunANHntpeumuasiiegwoAnssunisldeundneans luaniunenin 2 uaz 3 inainueLnaLATwY

feavindeyanginssunisldvuminennsuaztsr@ninmnisvinnuiwnBeuneuiu naudazaniunienl
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Igimmasasinaama 3 1iia HuANATIALUA MAgaLldYanmegey 3 A% eanAdLuLslsoy
Theninuata 3 AfsunLeREfY ?ﬁmammawmm@;ﬂdmmﬁuﬁqmummmumum@a"mmm atlsyAnBnm
lunnsdszanama (Throughput) wazdeanaanlunisilssaana (Respones Time) W6 LANNINANINLAN NN T
sy permuued 1118 TusPad i unseT UL ANE AT AT naaRe MR AevLe fily 2
winenaldlé Throughput 114 2 i1 ¥i72 am Response time 181 2 1¥in AN LR UL NG L Fudaa R
YFunnunsldauninensidnnes Lmﬂ?mmﬁLﬂ'ﬁuﬁuiﬂﬁqﬂlﬁmﬂLL@ﬂWELm%uLﬁmwiﬁ&u nineneagn
Fanldlnaszuy (System) Wiy Hesannssundeaiminennsn i unisimesansnemmaye i
A vieTiBendn overhead INmEasN RS IULeL NG AT LRI LT N0 F AR IR AL AL

LT ANBNINNNINNLE DT NA U ULA L INR AT IR WA BIANTNDS overhead pneliaL

LaNE19819D9
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