2022

2% 7HdmAe UEHA 35 48 24 2 dT v

w7, HLv, f

SRS
« 312 ) 8w

’

{ejko, ymcui, yhyoo}@os.korea.ac.kr, *chuckyoo@os.korea.ac.kr

A Study on the Light—-Weighted Virtual Machine

Eujin Ko, Wonmi Choi, Yeonho Yoo, Chuck Yoo
*Korea Univ.

8 o

Ml A4 B FehpolN GBA AL AT gol AgH
ugkio] Hokat). ol neay) ekl spariae

Mo o
2 4

Ze oy 718l 712 fols Wi} &
gy e &8 Ad 5171 =
LYste 7ME VleE Jtt. 28y F7F AFo® Q&) HEYAS} Fe Aol d%S vz £ ) B
=R AE HT AE L Y AH 7 71€E 5 Amazon oA A3 Firecracker 9F Xen, Linux Foundation
ZZAE|A g2 Unikraft o] ] MEHA +x 2 A5 ZolE vt}

R Az =gtoly (e.g., USB driver)E A7 3 73}
B Ad olvA] (microVM)&} o]& A ds= Virtual

Adely 73t 7S dwbEel G AA Aol A Machine Monitor (VMM)& A|&3t}.  Firecracker
oAy AREAE g agdE Al BES AT VMM & AL} #@o| A 523t3 REST APl & &3
o Zg Aol & wlxZe} FEHEAR 289 microVM & Ao}, microVM ol A wHAs /0 832

I.A4 8

h =

FHom Qs AdHeld rMEste = A virtio EZ#elME  F&  virtqueue FH  HEZ
ofEgAlAE FFHetedl ®ol ARgHThH[1] Z#y A7ttt o]% Firecracker VMM ©| 3 wXEE

Adeld= shel AAE Tty wel ds 3 A 2dS B AdY UEYA A5
men A g Zl:d i% %OJ A9 %Zﬂ%} Unikraft & Xen ¥ Linux Foundation X Z & Eoj X
Atk (2] W S SFAAE ] AW s Wl Zo] Ak AY ZEo o] = Tzio
220 w0 o)Al © o FoLArm Al o] = M T2 BF Ad FAFoRA @ Fo NS
1S 2 BAES 7L AR TpEE A b A= goludal $gAAe] A%< Unikernel &
o 18] Adoly uH JEYa AS Ao = °l= 8 =39 Unikernel =
e & el o 7o 2 #uh.[4] Unikernel & 54 ojZelAlo|d e
T — hs . . o = =2

A7 dAg) o= A A" e vES S
Bsol To% oEgAlAS Pkl A Aot
weba] HZols ®Hekd WESA Hes EAl
BAsteE AR 7PEHAl lse] pEEa v 2
=Rl Hol AMEHI v AR IMHAES
HEA FHoA EAg. 53], AR ddeA
sAete FHAgke] A =golHut AlgEe
Firecracker ¢ @ ofEgAloldS Adstr] A3
AYS H= sl Unikraft o UMEYa +x25 EAstn
% Aol E Hlalghtt

T53t7] 93l $AHAJ EE E dgdojEdgRE FAd
$AAAE  AFITF. Unikraft = o ZgAolAY
HESA S5 Agsty] A8 lwip e AZst
TCP/IP 2® gojBz#{g]E A}&3t}h. Firecracker ¢}
AR WAl o THgm Al A At o EE] Aol o]
B2l /O 8L virtio =Ele]lBE F3) virtqueue °f
A&k o virtqueue o A #EI 23S QEMU
emulator & &3l Az2l¥}.

O0.0. 4% ¥4

e LI 49 8%
X 13 o ] A =

2 &A= Firecracker ¢ Unikraft ¢ F&& 2 d9E 10Gb ejrmles ddd S Jhel

§_7H6']'J—1 L‘”E—?’—]E’_ %X_]l_ HO]—/;]I% H]ﬂ":ﬂ'ﬁ]— 5‘3":51’ :,L}__g] X86_64 7]?1'9] Intel(R) Xeon(R) CPU Eb5-2650 v3

polm  Qld WA= AN zpo]E BAEly] 93 2.30GHz CPU & Ag3tth 32E AWE 25 20.04
si7el Aol el vEdD AeF @ A9 Apgge oo FHAE AT FEE 1804 WA
W) 3 &k}, ARgstE oA BE gsa Ad 54 WHE

AH-g-%t}, Firecracker & 1.0.0 W@ Z12]al Unikraft &
0.1 A% 7H3eA Tethys W7ol X86_64 o}7]€x 7]¥ke] KVM

p

Firecracker + Amazon ¢ serverless computing
service ¢ AWS Lambda o] A}g¥E=  spakE
Z P Eo|t}.[3] Firecracker & o Zg] Aol o] Al&-5}A]

0494



2022

1024 4096 16384
Packet Size (Byte)

10000

9000
8000
7000
6000
5000
4000
3000
2000
1000

0

32 64

W Firecracker M Unikraft

Throughput (req/s)

a9 1. Firecracker & Unikraft M E93 A% v

17

tlo (1

sto]Hutol A& Agetes W F outoluE] omAE
ARggth MEY T ds 545 sl T2E AHdA
Redis v5.0.6 do]lgHo]~[5] AM¥E AP,
Ztol|AE A Ho|Al Redis— benchmark & A}-&3}o]
Redis A¥o] 23S ®ult} ol Z+z} 32B, 64B, 1KB,
4KB, 183 16KB =719 SET £3%< 100,000 WA
H2um dAStE UENT AHEFFS SAHS 19
WA SHE CPU AME#S mpstat 45 BEUEHE E[6]S
ARgete]l  FAGT FUME, YT Fo AdAA 9
Aes 54371 98l kel CPU core #He AM&3t =S
ZRA2E Agstginh

Ay 434 42 A5 4

¥ 1 & 32B HE 16KB 7HA A7]9 wHE
Tpgmale]l 29 Agsks 23S et 32B HEH
4KB Z7]9] #HAE HEste=  AF  Unikraft 7}
Firecracker Ht} Holu W EL A Hg&HS HojFu}
£3], 1KB ¥Z79] Unikraft ¢ UET HgFo]
Firecracker © H]8] 1.98 ®] =t} 2z} o] FHuj
A% G MTU) (1500B) A71Ry & %9 Unikraft 9
Firecracker ¢ UE$ A A% ZFol= 0.88 wi7HA|
ZolEr}h,  AlAo], 16KB 9 HREL AF A
Firecracker 7} Unikraft ¢ AR} 12% %<&
Aoz yYehdt}l, o] Unikraft oA 71 olnx|&
v g o A}g3 lwip @lelB gyl TCP A&3}
EXEE (TSO) 7I5& AFstA &7] "o & HAS
&3 o) TCP/IP layer oA MTU Afo]=e 9HA
Azt & AFsor 7] wEolth. wEhA, R=
WS AFsr] A =90l NIC oA HRAS
AE38E 4= 9lE Firecracker HUul Agd & =
2o NI EFolse AR oo,

oz FAHeR AHe o)yt e U<l
=A387] 918 CPU AMEEE 571 &A%t a9 2
24E& AHEd uw 4z user, system, softirg
guest 2 AE3E CPU A&3HS Ho=t a3
Firecracker ¢ user level CPU A0 A}g-3fo]
Unikraft o] ¥]3] 23% ¥ H¥HA guest level CPU
AHFE 25% e AL gl = Q. ol sMIHAlS
A &&= Firecracker VMM ©] Unikraft 7} AM&3le=
QEMU o H8 ¥& ows=7} dAsta, o2 <l
Firecracker microVM ©|A4 1/0 23S Hgst= H
AHEE 4 gl CPU A9do] Unikraft 7HdwAlel »] &)
A7 Wi " 1 oA HESYA A" faAE

w2 i o

0495

o]
S

H
o
S

o
=

| B
DIIIIIIIIII

32 64 1024 4096 16384 32 64 1024 4096 16384

CPU Usage(%)
£ @
o (=]

A
S

Firecracker Unikraft
Packet Size (Byte)
B %usr W %sys W %soft m%guest

% 2. Firecracker & Unikraft CPU A3 v

m 22

2 =wolMe A% 7419l Firecracker <}
Unikraft ¢ {7l Afo]=¥ HIESL A Aol disl] vl
2 EAgT 22 Aol FoHE W, Unikraft &
Firecracker o W&l #E4 =2 XHs& RAgFEd o
o]+ QEMU 7} Firecracker VMM Xt} & CPU
eHF=E TAAA HEHDT /O & HYst=d d
%2 CPU AYE 288 & 7] widelrty. 18y &
Arolze] 84S AHE3E A5 TSO 71es Adste
Firecracker ¢ WIEY A A5o] ¥ £& AL g &
AAc}t. Wb % A2 Firecracker 9F Unikraft <
FHE BT ZE AR A 7P 7es eE

A= et
ACKNOWLEDGMENT

o] =& 2022 dE ARG AYo=
FgdrAe] Ade wop FiHE 712ATAYNo.
NRF-2021R1A6A1A13044830)% 2022 a=
AR (7 E g HE A5 Age=
BEEA71E37H e ALNo. 2015-0-00280, (SW
=) A% % Heh SLA WP sbsdk A
FEE AL SW S wol 3 A

Faed

[1] Hussein, Mohamed K, et al. "A placement architecture
for a container as a service (CaaS) in a cloud
environment," Journal of Cloud Computing, 8.1: pp. 1-15.
2019.

[2] Sierra—-Arriaga, Federico, et al. "Security issues and
challenges for virtualization technologies," CSUR, 53.2:
pp. 1-37. 2020.

[3] Agache, Alexandru, et al. "Firecracker: Lightweight
virtualization for serverless applications," NSDI '20, pp.
419-434. 2020.

[4] Kuenzer, Simon, et al. "Unikraft: fast, specialized
unikernels the easy way," EuroSys '21. pp. 376-394.
2021.

[5] "Redis," (http//www.redis.io/).

[6] "Mpstat," (https://linux.die.net/man/1/mpstat).





