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Abstract

The rise of Serverless computing (Serverless) is providing developers with more effective cost
savings and flexible computing capabilities. This model greatly improves the flexibility of compu-
ting resource allocation and at the same time makes it possible to rent computing resources on
demand. So that users do not need to participate in resource scheduling, automatically realize that
no computing power is occupied when there is no computing demand, and at the same time, the
capacity in time is expanded to ensure the timeliness of the response when the computing volume
rises. However, the current Serverless computing based on container virtualization technology
has additionally brought about cold start problems. Container startup and user code initialization
will cause a response delay of several seconds. Cloud computing vendors usually recommend us-
ing reserved instances to alleviate this problem, but cold start cannot be eliminated during con-
tainer expansion. At the same time, the reserved instance solution also reduces the cost-saving
advantage of Serverless compared to microservice. At this stage, most research goals are focused
on reducing the time-consuming on cold start by modifying the underlying container technology.
But compared to the widely used Docker solution, it is difficult to replace it in actual application
scenarios. On the other hand, merely modifying the underlying container cannot reduce the addi-
tional time-consuming initialize of user code. This article analyzes the development mode of con-
ventional Docker container applications in Serverless computing scenarios, and proposes a cold
start optimization method for Docker containers based on init-less and lazy-restore strategies.
This method stipulates the usage patterns of computing resources such as network, files, and
memory of user code, captures a snapshot of the initialized Docker container based on CRIU tech-
nology, and replaces the startup process of the conventional Docker container through a two-stage
lazy-restore. According to the above method, docker-initless is realized, which bypasses the bot-
tleneck of the startup time of container applications, and greatly reduces the cold start time of
Docker containers. The experiment compares Docker and docker-initless in terms of memory, file
resources, etc., and verifies the effectiveness of docker-initless in optimizing the cold start of con-
tainers without additional computing resources, while ensuring compatibility with existing Ser-
verless solutions.
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1. 5|15

LA Docker JARER A & FE AL BRI RE 1 it SRR e, RN 2038 1 A% Gt B AT Tk AL
BAFBR KN FIAAE ] 2488, JE4EKR, i Docker SARHEALTT R Serverless T i 55 & 5 I BORIEE 32 3]
JZMISREMBL, RN R 3 5 AR - A B R IR S5 a1 & L, P SRS i AT,
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BHANEN— MR BB R, FAELRIUE T N B8 B P LAl b, SEIl TR R Bt E] . Hh
THEFNIRAERGILZ AR, KA AN SR br B2 RN IEOR P 7 00 1 IR 2R
Z[1] [2] MbAM 32 20 T 25 2% 0 PROA JE B SRR PRI SCRF, ARECT T SR S B UL, e R 4s 251155 (Serverless
[3] [4] [S1)FT LICKs THE BRI o5 FH 438 B3 SR 2RI EAT, 75 ST M8 F I R & B B3R KR 34 (6] [7]
[8] [9] [10]. Edwin & AFIEA 0 HT W], Serverless A] LA 3 ¥4 A : Serverless Ji I 553547 (1) A< AT
PLIK B 55 R RS A 0.85% [11]. EL 2 %o IR 4% i Iz Fsf 1) A 95 7 20 e SR 03 5, 4] dan o ko
KEFFRIERIEAE R, 32T 58 30 R BE 1) K520, Serverless HANAE R 1 M fif okt S 1a) 2t
[12] [13] [14] [15]-

TEABGLR, Serverless [N S [RJ A0 2 T 75 45 01 4 14D ] 5 T4 DA B 75 25 P30 B AR 7 ) JE B AE IR
LRI E RN 2 B B AT N FE S T B TR S N, Serverless il 5% (1 E IR K 22 AR A AN AT il
i, BRSNS T Serverless KFUBN FH ) —/Mifai. Serverless N FH )R shisf )ik, 7E2R bad
— MR FE A ) 17

AL H AR RN Docker 2538 8 AL REACAL I, 456 Z RSB ENMIATTIE, TRAE—AHH
BB RAE N, AL G Z IR AR AR BRI RS FEANEWT:

1) 7EHL7Y Serverless B FHI7 5 I, it SEB8 45 73 Docker 2538 5 2 B AR AE & B BRI FERS, 50
UE T 25 %% namespace 12 A1 FH R UG 40 72 AR 25 ¥4 i Bl oy 2 18 1 S B IR 25

2) $RH T —FIET init-less SB[ P ARSI, IR S HARSS D init-less B, {3
CRIU i ARFIR A ZE N AR, PABFTEX lazy-restore B H L Docker 2583 i JE ShimAE, & F#K FaaS
3 B0 B 1) S FERT .

3) FT UL EHFSEEl T docker-initless, 7EZ > Serverless N FH 375 ¥ J8 s 550 AT 4518 >R i B 4E
IRBEAT X LL SRS, B T VR R Rk .

ARSCEE 2 AR AR R A S AR, 28 3715/ 4 init-less HEmg F - ARRS g AR A 5L 1T
55 4 124 Docker 2535 ¥4 A B UURE HHRZ A 1 SR BN [R] R OGBE DRI 25, B 5 /40 docker-initless )57
S, 56 AR ANGE R, BT Rk R E,

2. HXI1E

TR IE R LA R AL api 82 T 02T Serverless AR 25 (1M BOEBE, afE RN 52 mT A
N A AR BT AT TG AL R AR TR 25 2 TRAN B BT [16],  DUS & a2 72 25 #4838 A7 B B 1 I 8] I
[17]0 ZE¥ AN Z—NRRIT linux ST B NP A4 L%, Docker 7548 1 A= i B 604G T create.
start. run. stop 5B EX[18]. 7E create [frB¢, Docker Daemon #f£xiE Mt — Nz gssetl, HNHA B .

BEAESR, Serverless (L4 HAG W FRATEE M, Kt nl LLLUHF IS 4T S50 AT 25 25 101 2
[19], JER—A “Za8i” , BB Bt RIATIE BSERR I NAE S, TEZUE ER&T4I. £ start BB,
Docker 5 5¢ Bk 25 25 BEFE LI cgroup AT namespace PLK GRS B [20], AR E TG, Kok
KPATEZAFRAN B o BEB Boks 20 9% 2 /D B0H D I [ 8 F4 [21], IXFEFS I J5 Bl 8] R A 3R
etz 18]

CRIU (Checkpoint/Restore in Userspace)f& Linux FR%G 00— A: TR, HIhRERLER 258 52
Checkpoint/Restore Dig. i L H AR AT AR ZE — AN IELEIS AT ARST, I FOR HARS RAF N — R VIS,
ARG A X SO 5t o] DAEEAR ] =ML B BT Ik R T B R 45 AR A5 [22] . BLCR [23] (Berkeley Lab
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Checkpoint/Restart)$&fit 7 F /= A5 1) liber 221 A AZ LR 58 1A 2% 1) Checkpoint/Restore 1./ . DMTCP [24]
(Distributed MultiThreaded Checkpointing)lll B4 library JE K szt — N EFE Checkpoint/Restore.
gVisitor 137 #FLL Checkpoint/Restore 7% 2 AT 25 AR A R AF AR [25]

b4k, Ranjan S84 F T B0 VAS-CRIU [2614HA, Kff k4 Docker Z54% 5 F W AFE =il CRIU X
A B AR ATIE JEL I BEJT A I KRR, CRIU ] 1 VRS VR g bR IEAF i AT L B Mk, (B IXE Al 1
B S RGN RE T AS[27]. VAS-CRIU fH T COW [28] (Copy On Write)Hi AR, B AN
17 RN T 2285 [29], W5 N AZ L (13 DU FR L8R B 75 88 AT WAE S E 2 I AT o Bl T30 5 7 171 3C
1 ZGHAT NAE TR . RFFIEIRTVE, VAS-CRIU (R ) 145 H AN £ it 25 25 25 45 T B PN A 28
KiK. Dong Du 2542 H: (1) Catalyzer [30]4 1] T on-demand f¥] restore 5%, ¥4 APk A0 io B 4EIR
B A SIRAR M B A2 DS HEAT , AH115 25 3 IV FH S 00 S5 455 87 A 38 FH 380 19 P9 A7 DURI ST R 75k 52 5 HE BT
A4, ATRORE D restore [ B AN 06 EERERT

3. Init-Less #EXN+48

TEHFL Serverless 45, SEIRBUSAUES A A E S iH5E ) iR AtR FaaS 2 Bl
Serverless ) THESEIL, 1M FaaS M55 & LA Docker /£ /Z 2585 SCHF . FaaS &t 1 il 231X — WL AR Jyoxt
RS G, SLR A fh & 2SR SE TS5 . W R A7 http 55K %E, b http 7Y fid & 2% 5w o
AR R B 3 i T AR R AT S

http 2 Serverless k%5 1) H A& CRUFFE AT fl i sRACFRET, JoR4ERFE Docker 75 #5 SEBlig4T, TEiIFK
BRI A BAT R ZR SO . — AN 3L http Y Serverless A4S 6L & X LLT H «

1) Bootstrap Ja I 4% . Serverless 5] 4@ i 71 25 45 P &0 AT Bootstrap [l 4>k 5 2 H 7 iR

2) SCHFH S H PR DUCR B S RAFAE ST SUE R G rb () s . ARHE . BE S5

3) &% s WL . @I 252 —A tep % 140 9000, 1#75 Docker Daemon 7] DAL ST 215 3 5 1 B 2%

BN
4) WAFHIRE R . Docker Daemon 2&F Cgroup $efiTH 5 R IE R &M, (E15 2548 1 H P I REA S FE
2 1E EHLNAT

3.1. FaaS &=,

RS TSR T AR RN R Sl K 2 AT R BT IR 55 SUE Dy Serverless ik 55 (11771, RN FaaS
i3, FaaS BLxlis ik H 3T state-less BRI SS -

state-less 452X ) Ji DU e MU Sk b 38 G i R RK) 7 A o —AMRIUIR 55 IS FH S 510 7 Ak 7 S IR A 2 A FH AR L
TR PR AL SN A1 R S8l T mgE— B A RS IR S RBEAT A7 A, LI S AS [R) S 3 TR
SHEEA—E L

FaaS 13X T state-less #UARSNR i 7 BEREAGEBEIN (], {475 Serverless 51 45 n] UL A= Ab 2 I [F]
FrORLEE ATV BRI 0 BT o 3 R 20 08 B A SEBIHE AN BE SR IR 45 IRZS A b AR5,
BIANRI A 5 65 2R AE AR B SK 2 AT R I () AT AR o

Tl 55 Fh SCRFEESR Y rpe P SORT Ak top i 1, T FaaS AR G H AN SO 4 5 SR hitp i
5o R Hie 2 45 A1 0 55 6Tt 5 B4 P 75 T ok R I 1) P9 22 U ST R R AT S B R

3.2. FaaS By AOT {ifk
MARF RV, 7E FaaS RS-, &EHT python. c. go 587 runtime i& 3 ¥ B SRAL 5 10 LA
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X E AL runtime 15 5 W1 java. dotnet S5 AR A AUPER, — AN R AR Spring Boot il H #4546 1T BE 2 FERF K
ik 2s. FET init-less SEHE [ AOT (Ahead of Time)fIt A i pk b 288 Il 1) S B, I 2 KR JULVA Ji B (]
Ak T &5

AOT AL HIAZ O AR R AR 25 2% CVIIA L e SR lE X T H R IR A 5 S 2, KGR e s n 25 4795
WAEDL S SRR 15 55 17 AN 3 SO ORAE o KAl SR DR DL s ek & (R A 152 1 77 BN
1E, WERIEBAT BT WA I R BIFERHEAE,  DUARA B Z LI 38R

AN T ML 1 FAHE SRR = B RR B v, AR AT O E EALA I — AR . CRIU HoARN T
H#E#% checkpoint il restore §i J5ig 47 51— B BN ™%, 7 restore By 3 ZE IR A -

1) X TR CIT ISR, 7525347 redo-open #:4F . iR MEEA AT — AN S0 S et R E ok,
A4 restore 232 .

2) HERRAEHIA ip i AN R4 HoA e R 5

3) HEFEAE A pid Al A ERE A

4) HEFEAE I tty LR 20 ] 1 B IE

5) HEFEH LA socket 4 X S5 v ip 200 AT 4 EEH U ]

1M Docker 25 2$%F T ip ¥ 1A pid Z54% ] 7 namespace AL, [KlH CRIU fEXF %5 28 #E AL E 4T restore I
AT DAL AR 2 RE AT AP A A 1t o (IR, H TR 48 3EFEAE J3 B A S AT tty Kimghe, o8
VEICSE o) i, Ak, Docker 258 #3481 overlayfs #E47 SC#F H AR SRR B, X E1S A3k
PRHBLE restore 24 22 /> S IE BT s SR (1) ST A i 5% 10) R4S 2] AR B (AR o (RSN T8 s JERR AT I 1) SO AR A
B socket HEAE, FFEA M ImIEB AT E .

3.3. Init-Less &3

T AR T checkpoint, LA AE restore JG BEREIAINITE 3K, init-less B E FaaS i AEAl 2
RSN T I R PR -

1) S TAEFRRVIE TE B EFT RIS, o 2 5] A i N R 2 R e R i@ ik, Av AL
HER. B AR RAEAL BTSSRI AT H SCHREAT o B2 5 4AE,  FRENIIRI I FE AN F T AT AT SO

2) X TAERFERIMEATE e JG E @I tep Kokde, (EEHA TG EEE . B0E R R /a4
PRVE SR I A 4 tep SRV M AR S5, FRAEWIAR I R AN ST ATAAT tep idEHz.

3) BN TEESS, FHE M stdout FTEPFIAG EEEALE, PLRI/RZA A LI AT 4 checkpoint, i
AT H R http fd RERS 25 7 VA BRI AR 25 2 15 i 2E

init-less #5005 AU T [ AR (1Y) FaaS AR 45 mT # et LAIE B checkpoint 1 restore [ i), 4[]
45 T o IR 55 ) BAA R o BT init-less A5, FRATTAT LAgw S Y RE 5 4% docker-initless R 47 3 #F(1) FaaS
K55 -

3.4, ING

AR FAARAT B, state-less LUK R T % SL1 W9 772500 — SRR IO, FaaS BEAAAMHER T
SN B TSRO HE, init-less BEaIE— 5 R T % SR IZ VUL A1 EBSCPRAN AT AS PE () et
4. R BRFERTH

1T Docker 1§ | runc FEAT AR IAIEE, A SCGEITLE runc JEAHY HE N THIHARAS B BE, %) Docker 2%
28 B BN Bt AT T RERT St .
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4.1, RBUVEHER

TERZR OV B, runc 23 34T init EREWIEE R B, Forh B M 4% namespace #6135 181.492 ms,
1% Cgroup 5 0.381 ms. BEPYEX N Docker 545 MIMZS . A7 CPU SR IFIHTAURE e, JF
AR EIE R BR A

1T FaaS 8% JyH iRk 55 % Docker 7325 SLBIAE R, R mT DA FH 25 85 TN AL, T8 pe— 252 it
TEAAT55 5 AL BT S 25 B pre-start (19 S2HEAT IR A, 7T DAZEREANTE 3K - i Ry A2 1544 300 ms
1) [ 5 FET

4.2. B KM BB

IEBY BE5E Rk Docker 258 8% U SR AU 0 BCFIFR B, HyifE N init BEREPAT Bootstrap 6 g A 7 it
T2, S P 3 REIA L se )G, K Docker 1ig 325w TR I http 175 SR 5% 2 1 28 8% 9% 9000 3 1, FRf
Wi [ 258 B GR [] o FRATT 20 N H I SR IE T init-less R H) lazy-restore 37570 5l 704

421 BHAR

A java )7 Spring Boot 1 H A5l :  #£H FARIS AT Z 11 75 EE AT IVM W60 AR ST I,
MO FERTKIA 1.89 5. UG 74 2 HEHT http 15 R OACEE, i 324 FERS A 99.351 ms. 7E FaaS #4544 5 513
FT, AR http 5 SKAEHS AT RE 2 BITUIRS 4  T I 22.7 15,

4.2.2. Lazy-Restore &

Docker 2L T CRIU /A% %8 CIR MR Z SCFF. (HAE T A2 RS gn FEAR 28 HEAT PR 1) B 2
PABEIES CIR, TRIIR AR K 3140 T experimental RS A W ERNTT IS - tE4h, Docker HA%EH T CRIU
H1—Fr Bt restore. AT CRIU [ lazy-pages 4514 %) Docker 245 14T T I BL 1Y lazy-restore, {433
FREIFA 7 E N A7 T8 W B S8 R R AT R AT IS AT

lazy-pages T Linux ] userfaultfd £ K, TR o BO O N A, 767 A2 07 Ia) 3 % AR ik 5T I sy ]
HHERE EATAE . B CRIU #4717 page-server JF3E 3 rpe SLHL N AE L,  SEEL % 75 Wk B (10

Table 1. Resulting data of Flask experiment
5z 1. Flask LI 45 R #iRE

ﬂ%ﬁﬁég%ﬂ*ﬁ 2 B AL 5) CRIU Iazy(—;zstore FEI Iazy-;gs;s;; Ei?f-’; http CRIU restore £EiH ()
1.3 0.349 0.356 0.704 1.402
2.5 0.348 0.362 0.715 2.151
5 0.350 0.368 0.723 4.003
9.8 0.371 0.400 0.785 7.135

e 1 s, BA—A> python ¥ Flask T H 4, A SCil i AR SER2 I aa A0 61 g — M5 T 54 int
BTG, FER lazy-restore 77T M. SRER A AIBLHL T 1. 2% 4x. 8Xx MK AEHlA%
B, FRAERRRIE R INH—ANFEHLY key T ia] AS [ Hbik i) 947 00

lazy-restore B i =R S FERT 5 BARFI B AL RGO, F4T5 restore [1)FEE 7L 25 A PUBARF K HAg
DAL HRE RAN T 58 4 Vi A7 AT LABUAR B e e SR 1], B2 AT 3E lazy-restore 375,

5. Docker-Initless &1t
docker-initless /&t Docker {243 2 1), & H TRALIET init-less BTF & 1 http 2525 N ¥4 J5 2 i
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[]ff] FaaS 4t . docker-initless (14244 i B ATz, 324y Core Controler. Checkpoint Manager. Docker
Daemon 3t 3 M4y

5.1. Docker Daemon

Docker Daemon 3T Docker CE 17.03 i, /& docker-initless [{))i5 2 25 88 S0 K5, {534% 1 % JH 4= Docker
1325 . docker-initless 1&04 1 IR AS BT 48 F 1 runc 1 containerd, 3f18%% 7 dockerd [{1fic & 3044

5.1.1. Dockerd

docker-initless )5 T experimental 554, LA# 2T CRIU [ checkpoint ZiGE. A28 83 K2 S0
Z4iH overlayfs A btrfs, T inode 2%/ COW 5, RIM KRR 28 CAE 0 S i S HIRERT, [H
ISl TU AR S R 75 ) o F

5.1.2. Runc

ANFETFH BT runc J3sh 280, 7€ docker-initless H runc {1 T CRIU K swrk #& 38R HE47
A OBOHRE B AE JR . CRIU ¥ i3k B2 41 ) restore 3£ 4> 4 network-unlock .  setup-namespaces -
post-setup-namespaces. post-restore %5 4 AN EL. 7E swrk £, i runc FFJE—A4> socket H-fl7 CRIU
FiEFE, runc B rpe IO EUG CRIU #E4TUHH, CRIU ££ restore AN BE5E IR [BIIR B, runc 78 LI i
4T hook BRELIIHAT -

EFX lazy-restore 55, docker-initless ZR4ME N T rpc iR A X} lazy-pages W50 FF, {3 CRIU AT L
A5 FH it 22k () A 3k AT 2B R restore, 75 Y A7 TUK B 5858 2 A R AT #E N post-restore B B, 31 Core Controler
REf RUPLIEAT http T R 4T

B Xt pre-start &, 7 post-setup-namespaces B, runc ¥ i@k 25 8% id 7E redis H3kHL Core Controler
P& 5, FFFF S —A> top server 7E localhost X i T 3E47 Wil . — ELcE)>k & Core Controler 1]
top IEFEIE R, runc B IEEARIRE, K% rpe BRI CRIU #E restore 1) K —F B

5.1.3. Containerd

4 containerd [1%5 4 3 S HE IS B 1] B BRIA TR 2 2038 nE) 30 238k, XML ENXT pre-start SEmE 1)
flift.. pre-start SIS EK docker-initless 4E4— M 4bT pre-start IRAS 72, BT7E rpc i SR AL -
I 2 7%t containerd JUIHFE S AR JF IR [MLEEIN 4%, DR 0 Ik K6 11 IF I )R 2 3 B0 28 R A T e A
5, FRATTR AT IR
5.2. Checkpoint Manager

Checkpoint Manager +& —> T 61 2 25 23 P IR 1) Python JIAS, 258 B IR (K i/ JRE v] 20 58 A% 2010
Dockerfile [R5, FZRNIA:

1) Dockerfile H1 25Z5iif it ENV 48 5%€ CHECKPOINT_MSG. RIZ8#% P N #1461k 58 5 )5 5 stdout 4T Ell
R4 HR G

2) Dockerfile H A 4@ ENV $5E RW_DIRS, H4ZiCN VOLUME (74, BIE SRR A 1S
H. X H o ER S HRIE SRS B Checkpoint Manager #HAT & #1454, (EAAEA B Rt H
Ko

1T Dockerfile R -THl1EBE &, F 7 75 Z 42— docker create iy 4 H T 7515 LA AT 7548 50451
B, AR ER A

1) {8 H build fir #4772 SR B BLAR M 2 .
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2) fd I R4 create iy &R E R B AT I SE R AR AT 25 RS B 2

3) fH start iy A JE AR, FEHATH T SEALR Bootstrap iIAS, @47 H ARSI LA .

4) PEfEH info Ay A IRAAM stdout {55, FIWZE T CHTE) CHECKPOINT_MSG. i
CHECKPOINT_MSG CU#E4TER, MHEAT T2,

5) XFT A RW_DIRS #EAT ST S il 45 4, 16 5 il i [ B OR B3 SOA 1) 43 1% o BT R ST 1E restore
I 52 ) — 3 R A DABEAT 3

6) 18 H commit iy 2K LI K A SR ORI BT A B BE R . 1X— B2 T ORFFA A FH I I SO
— B, MAREEAEHE 1SR

7) [ checkpint create 774, FK1H CRIU 3R AL 25 2T I PR IE . A5 A7 DL 32 o B Ky
£>1E restore I HH page-server SEHL.

5.3. Core Controler

Core Controler /&1 Go 4i’5 1) FaaS 51%, 1,2 docker-initless [ =42 Mb . 44> FaaS R 55 #8 i —A
st http 1 RiEATALEE, Core Controler 7157 T iZ A with IOV . e ANER k. 1RSI,
KR O E RS R IR RS, Core Controler i ] pre-start SEm& HEAT A S TGN, IR T 1) i
S ARAFAE redis W o AEZ A8 B B I 2 RN S SR 15 — > CRIU (1) page-server, LUMERL A CRIU
lazy-pages FFPEAE FH o HOIZ S B ] — A B H sk SO, 55T btrfs (19 COW 5%, R FE7E S il &
& reflink JEY£ 4 always Bl 1], pre-start [ 252557 2> 4b T post-setup-namespaces Fi Bi 2 30 4r4f, i1
] —EL%A http 15K T E AL, 24 Core Controler #4551 BB G 4k

Core Controler 3% #h % #&— > tep Ui 1 LA http 18RV 1] . 2475 8% ith PN 78 . 58 42 8 3l 1) S B
— B http 15K Ek, HMNERMAERE—56 1T CRIU 1)~ —Fr Bt restore. T lazy-restore &R,
CRIU £x7E 28 88 P Py 17 U1 i 58 BE 3% B A userfaultfd Ji 37 B #E N post-restore [frB¢, H1 page-server fit
G e RE SRR T W AL EE . kIS Core Controler TKG http 175 3R 3% A 2 28 A Sgi], 45 45r M 17 485 SRl [
B 58 CEAS hittp TR — 1 SRR .

O i 2058 SR I 25 4% S K 2 4 Core Controler £G4 iC http 15K, B2 — W (8] N B hitp 153K
T T A H e 2SR I A BN b BN RS SR B SR A RE T BIR, s <> fili Core Controler HEATH™
BB

6. BRSO

SZIGIAEN: 8 #% AMD Ryzen R7 3700X 4.20 GHz Ab#E4%; 64 GB DDR4 N 17; 512 GB [E Al fL; 4
1E & 4i8 Ubuntu 18.04, WZhR AN 5.10.60.1-microsoft-standard-WSL2; Docker 5 Community 17.03.2 kiiAs .

S AE AL T PN BRIl Boot B B Docker Daemon W F http & KT UA B 2548, B A%
PN FH AT AR B hitp 1>k 1k Execution B B2 & N R R T 4R AL BE hitp 155K, %I Docker Daemon ¥ http
M) 1. 25 SR 3R 5] 4 1k

SIGELHE T =AM FaaS IR Facis, FHIEARIEIILL init-less BimS, I HILHL T Dockerfile
LAE docker-initless MR, S50 HITRFEN:

1) fH Checkpoint Manager fil{f FaaS 4% ()45 2 IR AR

2) i H JFf Docker G4, Guit Pk BLFERT .

3) %4 pre-start F1 lazy-pages %514, 18 docker-initless & T2 2 ER IR G S, 481t Pl BORERT .

4) JFJ3 pre-start Al lazy-pages 51, 141 docker-initless 3t T2 a3 R G 2 524, Siit PR BOFERT o
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5) #4551 PHIE B 28 PR HE A = A7 B tmpfs SCHE RS, /A pre-start F1 lazy-pages
e, IR docker-initless & T 2% s PR AE G & S5, Seit PR BCFERT
6) FEEH 2~5 5% 1000 K, X FER BCFMHE .

6.1. Flask
4754 [ Boot
5000 + I Execution
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docker run criu restore lazy-pages lazy-pages with tmpfs

Figure 1. Resulting data of Flask experiment
1. Flask SE3G 45 RE R

mE 1R, AL — AN NAEEFEL) 1.3 GB I Flask S, 78 HAMAM I fE b 8 a2 —
AMLE T3 int ST 7 d 6 5. S8 R AE I http 1% K2 BEMLUT A 3 g — AN, LR
restore HIHRAL R -

IRYE LI SR, EAFIME AL RIS I OUR , init-less A 20AIE T 1518 FaaS 53 7E & g o ]
FEUET 3.10x MR RCR . B SRYE T X Python K INAEX RATEA140 I AOT 4k, it LL init-less
TG IR init I FEK T H FERS

TEAEH T lazy-pages (X LLSEIG 1, pre-start SRMEIE R T Boot B BLZ) 92%[FHERT, —F B RIE T
FERTREAT 1 namespace I Cgroup 557528 M55 FIHI 4R 1L, ; lazy-restore Sl 75 Execution [ B 1 17.82x
MR o (RIS PR3 el 9 A7 19 tmpfs FRNEE R, s Ry S [R) S 2843 21 T 64.06x [RI41L .

6.2. Spring Boot

Wik 2 fror, ARSI 58— AN H Hello World /) Spring Boot i H ,  fEMIIAAL I FE o 75 28 5l
IVM FFINEAKAGPE ST, 2™ 244 300 MB [N AF i Yo ARSEG AL 1 1 A F Y runtime (1 FaaS fIkd%
() — AL o

5 Flask SEER2RAY, FEAEIME FH AL SIS 1550 T, init-less B xCAREL T FaaS A5 AL & 0 Bz I 1]
BT 3.17x A4 . 1 docker run 375t AT %0, Docker Gl %5 25 28 60 29/ 364 ms; H criu restore
Yystal %, Spring Boot 7£ 58 & W) thAk 5 By, H: Execution B B8 5E #E I 2924 99 ms; R AT {ANAE criu
restore 375 4 CRIU 1k & HRFRAERT 204 611 — 364 = 247 ms, i 7£ docker run 175 41 JVM F1 Spring Boot
FERIARALKERT 2 1888 — 99 = 1789 ms, init-less L3 UAHE: T init JURE AT LA 7.24x FIIIEEE .
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Figure 2. Resulting data of Spring Boot experiment
2. Spring Boot Z5 R #(iE

1 lazy-pages ¥ 5 W] i, {Ef£H] 1 pre-start #lig )5, 7E Boot BBl HUfF 114 364 — 53 = 311 ms K]
FECAL . TIAFAME 611 + 99 — (257 +53) — 311 =89 ms, & lazy-restore $EH&7E Execution B Bt HUAS (1) #E
WAL, X 3 WP TN 3 9F R AE Execution [ B = A Bk 0T HR T A 9 AE TS ERZA 897247 =
36.03%.

t T Spring Boot SZ5& [ N AEER AR A LT Flask %7y, CRIU #E restore BB 77 42 i 2 14
i0, BRI ST RGN tmpfs FEEA IR B R SOR A58 A e P9 A7 TS IS LG 43 50l Dy 7.26x A
7.93%.

6.3. Rembg

3500 { @2 <7 Boot
[ Execution

3000 A
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N N
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Figure 3. Resulting data of Rembg experiment
3. Rembg £5 REE
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Wi 3 fiw, SEE I 5o — N B A N8 2B 5 1) Pytorch N, 7EYI GG R Hh 75 2240 160 MB
PIRER SR IRAE T E I D202 1 GB B . ARSLIHEI | CPU %44 FaaS IR 55 (1 —MIb o, HR 4T
WA R e, RIS b B R R B R T [ R 1 (5 L

B Rembg 7ERIAAILTE EEIIE DL T, 58— IRIE K - W RN 7R 2 2s, M A init-less AL FHEA
REIR /D I — 3B 70 HIFERT o PRAE AR S 06 v 2 50 2 (P RE R D040 XS el L3R T DTk, AH B AT AR LTS
T L 1.75x B BOR .

6.4. INGE

TEZ Fh FaaS R553%50 T, docker-initless ¥ AW 25 234 18 L BOER Rk 2808 =0 200, I
HIGUE T docker-initless 7EA# H 118 558 5 T A5 M, [RIRSIE ] PURAEXTILA Serverless J5 R AIFERM:

7. BESERKERE

ASCHEH T — T F) Serverless A% 554 JA SR ALY init-less ZRAEAE N, FH3ETiZBA LI T — AN ERK
pre-start 1 lazy-restore 5H&[] FaaS & 4; docker-initless. % R4 2 AN M A 528637 5 R %t FaaS AR 45 (10%
JE B RN AT R E SRR, RN AR AR RR AT

AL IR B AL WA PRI B S I OR300 1) TR 2 R AR 78 E A
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