73 A9l o] x| o]
£& 45 24

fuj
[m
oX e
Jott
(1l
L
e
)
o r'i?_‘.

{mwkang98, kdonggyun97, yuhc, k2j23h}@korea.ac.kr

A Performance Analysis of Pulling Rate Based on Image
Layer Concurrency Level in Docker Environment for Cold
Start Mitigation

Minwoo Kang, Heonchang Yu, Donggyun Kim, Jihun Kang
Dept. of Computer Science and Engineering, Korea University

=) of

o}
< ge #AAS BE VER, AW Z2e|AY gle] Z=E wjEsta
*‘EJF’L T 9}3‘# Oﬂaoﬂ mEt TR AFY ﬂii% gogste] o EEAoAE AP o R
Q2 o]gF T 3y<l cold start &= = A3
3!

el olv A Egol FaE 4 ek

ojm A %L cold start #]<12] EHE—%% i}Xlé}i Frol SHAREE ST AAM AR Bl
FAAA dFE F F Arh wEbA, 2 =Rl A= cold start A o]V 93 =AE ZEHA
ofulAl ool wA EF JleE 2HFORA owA FH HEE AAANA & deA 24k
ohooleh 2& RS Fd £Y At 29 Slo 9 F 5 deE FUs

1L M= AL 9ngeH2]. Cold start ol A 27 A =E o
Serverless AFELS Zalorc Axue o gy, COIUFATE A HA FtHd AA x| B R
NELANE At AE Ay psp gauw  C1UAE TR Ak olnA ERE cold start =
Sog WEsR 9T 5 9t BAL AT g A0 A0 T WE AP AAGRLQ], Al &
£8 mdo|til]. M m= g 2 Qe g ARbE SUFeHAl RbeET ol AREA Aol F
FshE s)7) el A amel 4y g wele  SAY FFE WALE ST elnd T uEE A
W@ nes @ Besl glone A Aol gy ISIFS=M Cold Start W8S Hastehs o) T8
A}, st
Hoo= g Zaor= A% AA7l Serverless 2 EEoAe =AE &8ste] ouA] dolo9
Computing platform < A gal@A @Al Zrhapgiry, o FE ATE LA of# Heel] wabd o
U407 Amazon ¢ AWS Lambda S+ Google Cloud ~|->=elol MR ThsE A7]e) oA S Eehe
Functions S0 A3}, Serverless TAF gy DSBS ABAT 2§, ol dojeie] A EH
Agoly 7]uk 71&S AJLate] 4 mEi o] gl Mg 2datd onA] 9 S8 Md & = o
g ARBLh Aol Ak AEe gt ofF T wHAT oY A9 A <lsl Serverless
gAIAY WE AF F32 sbsA s Ay Ao LB cold start e ojrlx] Ex vl
a9 BAL ATHORM AHYS FaT. Arseta A5e A4seE W Fad AP A
AR Severless AFHES B ApAY ok wa o T e WA,
s 1 ZoA] }F o] =9 HE= o]4= cold of =iel TS tad gk 2 3= sl A
start F4FolTh Cold start = §47/} Hzw 559 o oof WA AT VIESS A 3 AeA e
g A A HES 2k, 4 FelAe A

o AR A AelolY 2718 L THo| B

-89 -



o 2 FY TS w4 mpxgo 2 5 A
AN A 7Idads As=so

2. #FH AT

2.1 Serverless AFH

W2 7E Aqu el Q1 ARG I ) o |
9= FFATE stEdo] #eleh Aw Z2

Serverless AFEH L Fg9s 7|0 ZghEzog
= o)
= A

5
>
30:";9057@;

= Agety, /A 1= Aglelwt e
A Azt oMEZL WAISHH Serverless =P E LS
F oHlE B gete FE AvorE At

W Aozt AAH T B4 A Aol el
A Ada B, @4l g edSd o A
U 2 Ao 2AUY FozM B 7

44S B3 Serverless 79> pay as you go &

25 Agect g4t AAEE Sty vgo] A
A slme AlgevtEnt AAshd @k whebd A}
S84 & Wl ugo] AE F A /Ml
¥ vk, vg SHA wlg- a& Aot (1
1)< Serverless AFHANA A A~ T4 &

% s4e yepdd

000 o . <
@ G— Gateway G <= “
(4) (3)

User/ Client API Gateway Functions Database

(29 1) Serverless AFE A~ 34 5% A

DM = ZEFo]AETL Serverless &
2745 A8 o] 5 API Gateway = HAFHTE (2)°
] APl Gateway & S.7 ¥ Serverless 35 2
A 2 FqrE =3 (3)01]/\1b = ¥

ZoolAETL a3 % gt o] ),
a3k dlo]EHlo] 2z, ﬂl"% APl 9} A4 59
H
ay —

nSL' ool

2ol oAl & = v g AEE vhA|
API Gateway ol &3t} (4)o] 4] API Gatewa
W2 3t AE SefoldEddA dAE

”mﬁ
LB ) A ok

oo B 32K

2.2 Cold Start

Cold start == Serverless HFE oA LA = Aol
th T ASo® APEHAY Dro] WA FE
F7E Al sk ) gt Cold start ofl A=
A s Adstr] fsiA Aoy 2713t 4 &
335t A& AAA FTh Coldstart & AA =W &
g AlZbo] S7F HaL AREA JAFelA BE d
dol= =& 4= 9t} Cold start = Serverless 373 9]

A Fed ud A F shuUE, Hol: cold start
S $3lete 7IWEol wWol dAarHEa v [4] [5]

Cold start of| /] 3= Ao dagk o]y ou=&
AAo ZRE Esfof sttt cold start & A8 A|zF
% S7bskAl "ok whEbA] olm ] EF H| &S

Zo|W coldstart &) D#o]= H43} & 2= 9t}

AE B Y N

et
\

=
14

w w

oo
o
o

Tencent Cloud

Region Region

T T T
] LI I
a o o

Bangkok

E

Silicon Valley

E

Region Seoul

(=13 2) Tencent Cloud 7M™ Al T4 =

Tencent Cloud & 9]
Aok WA AE # ol
7HEMAS AT &
7Vhe sAYE EH,

2] Ao 2p7t YA~
Ef AY & Ut AL 7Y HAlES
AR Aol AHE } Mol CPU & Intel
Xeon Cascade Lake 8255C = AM&-3it}. W2+ 2GB

H ﬂa}c’l
E}OWJ_EETH Z
W ea 7HY

f

¥ FEE
w4
AL

2 AYa Y fgES % 10Mbps &2 A 83}
A} 29 A A = Ubuntu Server 22.04 LTS 64bit & A}-&-
a3t

3248 my

Docker registry = 2834 Eil, W, e
Aol AMA HA ~E"E 5

100MB 18] 3. 500MB ¢l 01D17<l shGlal o] &
© 7}7} 1MB, 10MB, 50MB 7] & o] Fo]xl 10 7]¢]
ol x] #oloj& FAHFAJL. MG oMAES 7
Ao AR YA A~Ez o HL stk e A A
AAE TdmAle] HAXREYE FEHI AJERR
B thekd 719 omAE Z

=0
[e] = 5 = = [e)
& =3A% 33 WP

¢l °time docker pull’ = ©]-&3lth. Docker & ©]W|#] ¥
oo} FA E AFE v|Bow 3 AR AA H
2 15 1,357,910 /= ZtzF W7 shA] o]u|#|

-90 -



ACK 2023 st=

LENS =

i

Zl (303 23)

Pulling time (5)
Fullmgnme m

1layer 3 layers 5 layers 7 layers 9 layers
Number of concurrent image layers pulling

10 layers s 5 laye
Murmbar of concun

s
an6
a04
2
a3z
Az
azs

s layers 9 layer 10 layer.

N mber of concur

7 layer: 9 layer:
tmnglv s pulling

10 layer
(-tm!lv nng

(a) 10MB ©]m| =] (b) 100MB o] ] (c) 500MB ©]m]#]
(29 3) €& A HAZELERHY ojnA] £H A8z
S z. N
“ I 1 kL
(a) 10MB ©]m| =] (b) 100MB 01 U]X] (c) 500MB ©]m]#]
(25 4) 0T Ao ALEZZFE S o] FH A8z
(a) 10MB o]m| A (b) 100MB O]U]X1 (¢c) 500MB o] v A]
(2% 5) A2y Ade HARERZEE olnx] £ LA
T ERC AE2 A A4 @l dEl 1087 W 4000 2aphoz AuEy] gRom =AU
f:s}ﬂ FANG. B=F 54 ARM Ef=e]l 3T 440 dojolut 8 stletn glelEo] s £
2 7 ooivhE Ale A, AR v ARl Y g ogn magg ge 2 9. uAR A ES 3t
AeE 2in Ak AA wY A REE T geel g dojolg BA EY B 5 AT o
At T Al diEd d9E WS LW R ooy gron wegony WAR dYE A4ae
@ SR SAd ot FHAD O R AT guge gz 2gun. ol A4 oA EYA
olH & 2HAslal EHS st 7bo] Z7hE= Fg 9olel Roz melt)
o] AReA olwx] #Holo] FAl EF JNF
4. olo|x| vhx] B SA BY M WE M5 BEM o soo g an gage u Eo Auol A4 A4
Mg A SEelJAET b Ade = 4 o2 HAENY. deloE %i}@.o_i W] eFal ok
A~EQ 2R =Z77F ZHZE 10MB, 100MB zE]ar 9] o]u[A| #olo & EA] o £% oA fodF
500MB 91 oW A& EHer). (¥ 3), (19 4) 1 = adHow &Estal GHE A 313 Aow H
2la (28 5)& olulx] #olo] B E¥ sjel up Atk AR FA EF 7HTE a1 olgew Sk Al
2 Tg, WE AgaEug iy onx A4 E 7W A Mol ZA YEhUA gAY 237 ots)
g 29AE Yebd TeZolth, melze) stzE Holt. 9 FE oldom A B2 9 A4
& olulx] golo] FA Y JjFE Yeha, Az S FIHIH gF Sl =dste d4do] vEhY
%o Zo] 299 NS Uedt s ddez ot WED ¥E AXS TN £ Ut
HE ¥Eog dAd HE onxE JAorRE HE AR i A EF MFE TV AAE
EYT u, skt olnA HoloEs wxor Es Ade 7HAdol mvsiAY e35H o3t © Aom w<l
= 2 B o] onA HoloE FAAcR F1 .
S e Aol 28Nz WM AA AAE BHE YO ZHE 10MB ovAE EHT wf TA EH
HthE Aol o wEog onx FolojE & FE SHFF A flo] Aol AL JidE=
o AS, d9ES S5 FEehH KA AL AP, o= AYHoR Ik HALE

& A7]e] omAE EHE W, dHoly 74



27F #a HEY A AAdo] 7
ool w2 A HFH.
3 Wi @t g9 E Agke o
A womz ALk FAl ouA|

[0 o hu o

W, (o (m

& o,

[0 oft M4 o N o ook
oL HI o ot tlo N o 2

0o o2

I
T A7 wel A
o _

I
olm =] 27

10MB 100MB 500MB

z] ez ]

o3
A=) 405. 3% 15.21% 2.89%
W= 38.56% 17.68% 0.39%%
Ay &g 189.91% 33.38% 16.39%

&
E =RdAe BAE 884 oA ol &
EY N7t oluA £ gl 9

. EA olm A Holo 9 FE
A Aol JE dAAEZEH
o olux & EF Y} dF AP, st
W= AR 5 o X

Mé%lﬂ&hrlr

_O‘L
oN & [o W R & &

o o

fol
o
a3
ro,
poy

=3

2, AgHer 7k dALEZRY
= onAE E¥E d=

HAE AR oz HF

S off
>,
g

Acknowledgement
] =ES 2023 0% AR (SH) ] PO T
A el AP wol £PH 1 2ATAIY
(2022R111A1A01063551)

o

3t

9

2023 %
HEA7) 87l %
0.2022-0-01198,

A=)
i

=
(N

ol
4z
—~~
B
%
2N

o
ox flo

o
79

[1] https://www.redhat.com/ko/topics/cloud-native-apps/what
-is-serverless

[2] P. Vahidinia, B. Farahani and F. S. Aliee, "Cold Start in
Serverless Computing: Current Trends and Mitigation
Strategies,” 2020 International Conference on Omni-layer
Intelligent Systems (COINS), Barcelona, Spain, 2020, pp.
1-7, doi: 10.1109/COINS49042.2020.9191377.

[3] Wang, Ao, et al. "{FaaSNet}: Scalable and fast
provisioning of custom serverless container runtimes at
alibaba cloud function compute.” 2021 USENIX Annual
Technical Conference (USENIX ATC 21). 2021.

[4] Vahidinia, Parichehr, Bahar Farahani, and Fereidoon
Shams Aliee. "Mitigating cold start problem in serverless
computing: a reinforcement learning approach.” IEEE
Internet of Things Journal 10.5 (2022): 3917-3927.

[5] Lee, S.; Yoon, D.; Yeo, S.; Oh, S. Mitigating Cold Start
Problem in Serverless Computing with Function Fusion.
Sensors 2021, 21, 8416.
https://doi.org/10.3390/s21248416





