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[Abstract]

In this paper, we analyze the performance of MicroVM when running Al applications on an edge
computing environment and whether it can replace current container technology and traditional virtual
machines. To achieve this, we set up Docker container, Firecracker MicroVM and KVM virtual
machine environments on a Raspberry Pi 4 and executed representative Al applications in each
environment. We analyze the inference time, total CPU usage and trends over time and file I/O
performance on each environment. The results show that there is no significant performance difference
between MicroVM and container when running Al applications. Moreover, on average, a stable
inference time over multiple trials was observed on MicroVM. Therefore, we can confirm that executing
Al applications using MicroVM instead of container or heavy-weight virtual machine is suitable for an

edge computing.
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I. Introduction

Internet of Things(loT)= & IT AMGoA 7 &
Y Q= 719 E & shtoltt loT+ 2] £HY 2=
Abzo] QIEfSlof] AAE]o}, mEetd T2EFI FAl 7
SOl UAH AIME ol Mz FEE wetshl sAIE 4
e UELZE Uittty [1]. IoT tjujo]A9] oAl 2+
AOLE R, JHEE, AULE QR[S ofy2} AULE A
B & Ot FEiet 2712 2] A Lol EA1
gt 202392 7o g oF 1509 77} de loT Huto]
250] A AIA A= o] et [2]. 22 COVID-19 H
gRlS FoWA ADLE & tjujo]Aet J[QlE iAo
F87E golutal VR/AR/MR tHfo] A, Ahg2el, ADLE
SU/A0IE WED] 5 ALY AYRY] RE AbdojlAf ToT
tjupo]A9) 27} A& oyl Q710 1 = Vlshks
S0 7 A& ol'd AYoltt [3]. EgE Al 7]&at 56,

LPWAN(Low Power Wide Area Network) = THISH U]
EQF 7], IoT 4ufjo]A9] stegfo] Alyo] g43] &
et et Alet loTe] ZAgto] =1ty Qlot. g2 7|
oA Zidstal Q= Al &840 7MY Fast 22 £2
249 goJgeld, lIoT Hujo]Ao] AN E F3ll & &
e ti&Fe] Hoje7t Al 253 &5, H|AESH= 70
g2 & 4+ G 5?‘]‘:'} By k?_} Al Aol A] LAESH=

£, }&x} 2 cJole] 9ISk e Fol ol

£ Aejolo] Bals BAMAPIL HoRAS WAL Wy
o] wwct,
oT ClufolA5e Avkslel 2R &a 2e), 4
o APA(CPU, 2], HjA3, A2 £)g shack 22n
2 0T cutol2olA ojZeplolde vlx, 29% fe
Tefsior & ARo] et K| 27HAle] Edge/Fog 73H
o ZiEol Fhyst 7140l olEs) Sict. SRl e

olu Te} ZAToR gt WHE I, TAE HUS
243P7] theol WY 4 9t Bt FHopd Sof Tol
axjaicy. dejelo] of2ist BANES slAsls] sl &)
< AWS Firecrakcer{4], Kata Containers[5]e} &2
microVM(Light-weight Virtual Machine) 7]&0] 7
=it Wb 2 A-tollA = microVMo] ZdEjojudet 7
S8R0 7HdHAl 71eS diAlste] Al ofiE2)AloldE &
AZ1710] At 7Hdst PRI S YorE A} gt
olZ #sll 7P Wol ALRElE A HufolA F shel
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e}xuelfo] 42 AHgslof microVMalH Al ofE2jqo]
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2ol Qie|ciole] GPUZL AHAHElo] Q1A Slol 2l
oAl 494 T YAH2] £, CUDA Toolkit
721 cuDNN 59| 145 2folueielg ALgatA] 23}
7] heol Yol B 8% oL £ Alo] 4% Aol
BRI, SAje epmdlimole] Mg F1AT S WE
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II. Preliminaries

1. Background

1.1 KVM
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2 7P CPU 7158 AR 1 81 2ss eAAS
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Hulo|A A3 T © 2AE AJARLR off] J[9] AlA
E 7Hduirle A8 27 AAE HAISoA
=59 7 @S Alsetth skego] 2as ool
B9l QEMU(Quick Emulator)= &2 KVMxt 374 AHE:
Eol ga3, YEYZ, USB 59 st=dof ol&eolds
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1.2 Docker

ZAEolH 72 A
Hohs SA0] Atk 7HIHAl oM =
oA BASHE Tl AIAE tlAlo] 717 HEo] o
AIRE 7PHoF staL, o]zol|A AA| stedlol7t At A
A s0] 7] 915l steflo] 2jas gl 2y
o] a3t} 3K Aoy SAE AJAHIQ HIS
oottt 288g 519 Z2NAS VP & 7 SiS
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71 ol Zash oot AZERo] sfojuajz], HEHY,
egHa A 281 A8 B9 5= ZHsto] vixd o
Qeb=, aaMQl uix 5l A=lS & 4 . Docker
= Ol AEolY e Ag o WP A 4 8l
=5 ogtt 7l Alsshe SRECIH 2 AFolA A]

AsH= Docker Z1H[o]\y= Dockero|A] runc Z1€]o]y

ERLS ARg3to] sk ZEo|uIE ool

1.3 Firecracker

7189 ZA8olY 7Hdehe 1.2 OJH?I RS
20] 90| AFEIYITE SRl
o] AES Z9st= AojA AHAA EOP 14040] eI
o Jefsiel efolfel JIget B 1 Aoy
P, B @Al 714l microVM 7]&0] S7fst
¥t AWS Firecracker= T}QFSt microVM ZZAE

% sfuoltt. Firecrackery -84 Q1 7HITAIIA AR
EE KVM/QEMU Z0]4 KVME 2 [A|skL,
QEMUE microVMe] B2 & 2|5 sl a4 ARt
VMM(Virtual Machine Monitor), Tjujo]A @& AP[2
A5ttt Firecracker= sAEON}T £ 150719
microVME A 4~ 9l HE] A|7ES 125ms ©O|5t=
U wh=ct, Wobgdo] &2 Rust 2 12fY 1o} & ARE-
sigon), AAE BlAIo) 328 Aasksh] gsl et
gjdto]A BES A3ttt Firecracker= AWHZ]A &3
22 xelslr] Yl JfEElglon], AWS Lambda®h
Fargate 3 CHJRH AfH] 204 285 Qlct [4].
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1.4 Edge AlBench
Edge AlBench= 0T X]-Z2t-E A|AEIS B|AESH
7] ol 7ies #ixjot3olct £3], Edge AlBench 2.0
xr%@vﬁ AU} 0g 7Eo 2 ARSIt (7], A AFeR
AR ARl o 0o BASHAIGH 2S5 S04
ZQ3F 712 Object Detectiony} Image Classification©]
O Eoh def S5 AHoA] o] Rojx]= Held 23
Sttt dlole AAAY A2 AR Ul fase Zas
2 Hix|or=oA AQ]st¢ict. ZufA o2 Edge AlBench
2.004= ol2] k& defd R9E3 ARESkL Object
Detection, Traffic Light Classification, Road Sign
Classification, 72|11 Lane Keeping ©0] 47]2] th 5?1

HIR]opE ofZ2] Aol Rt Als-eit.

2. Related Works
17goA et ZAX™ Edge/Fog T 004 Al
ojo] AL B U A 2 Uk
Hua et al. [8]o|A= Ale} SIA] HREQ) 23 o] &
5t o] F0A]= ol & ZHRIE AAISIA. AA, Al
uF 2242 285}0] Ox] ZAZEIO|A] UG AFol A
Aed, At 2, 2o I ZA 52 siiEs L gt
=R, AOLE  AJH], loV(Internet of
Vehicle) SOl ALE| Al OjZajfol4e o] e
oA 2aatol, YEUD x|olat Hlolel matoluA] B4
£ siAstq L otk ofX™, WX ARE LERN B
' 299] 2L o] msolN QAL Ft Tt
J2jog SIX] dufo]AoAQ) Held B FE e
ole FR3 Alzmoln] AEA A7t Wasic
%2 ALgste A CjuolAd 2hxulato], olu]
tJo} Jetson Nano 12]1 J+= Coral Dev Board S0]
qict. 1Aolq 13t vle} o] ebxuamols B 71|
GRdlE B8k, AT 71T e WeHS Sl
ChoFst Al HopojA 83| &89 4 9ltt Villanueva
et al. [Q]0M = =AIAF 5 BAIE Hdll 2tad|2jutol &
ALESEAT 7HtetE &5l Y olulA|2 SqueezeNet
Al 92 £201 e skl A
= A|AEIS Aottt Lavanya et al. [10]of|A]
£ Z8sto, 5484 EY HolHE 22w
mo] Ao} Al ofZajflo| Mol Aejatc} Eopo] B
VY BEE oozt &, 2507 FEE Alssted =
A5HES o]k AJAELS AotsliC) o]2]sh A}E]%
24, ehavlelntolst A AEY AN bY &
352 ol 42 ol Tl YRlo2 FREI
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Anjali et al. [11]o]A]E LubAQl 15 A=E 3H
ofA] native, LXC(Linux Containers), Firecracker,
gVisor 4709) 7NN AMG 7Rsat AR Sk Al
+ 73 FE9 &= FAsiAT. Eot HEHF, Hwa
e 1y ol FH UM TR 452 vl
siict. 1 Ax}, i A £HoY|A] Firecracker’} &
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Wang [12]9A]= microVMo] FaaS(Function as a
Service)ofl Aglet ARE SHAXE &elshy]| flsto]
7P AL ZAEloly 22]al microVMY] startup time, T
A3 /0, YEYZ, Hra] H=g 8|wsiYit}. Startup
time2 7P Alo] 7 w2]11, zigo|yr} 714 whaict,
EJ/\ 3 [/O &A= iozone2 AFR-5I9C}. Firecracker
slace] 2ot AL 49 Zejolul it Ao A
Aoz Gojr|Agh Y AE F7|7t S7ietol wet ZdEo]
Vot w23k 52 ol ALt bt HEY R A5 57
ol iperf3E ARSIt ZE|o]U= native 702
e £=F  HICh U, virtioE  AR&SHe
Firecracker= A 7F}sHFull Virtualization)”} ZQ3t
PPN wEe it
Goethals et al. [13]o]A= SlI&] C]ujo] A0|A]
light-weight 7Vde} 799 d52 #AsI ¢

x86-64 A| 213} 2hxuajuolol 2E|lr}. AT
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Fu o i rlo
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o] Al3lofA 9] request A2] A2 OSv7t 7Ht
T3} microVMe] As-2e Ad gRpola} 71Ak :a}o]]ﬂ 4
SR g2 A s 4 15 =IEIL 22y 47)
o] 30}2 AFgsH= AFolAl ZEo]He gVisors AME
P53t 30] ol wep YA R IR TPl

11

718F 2550 Y dURos "ot T2
POST requesto]] EH?_F AIZE HlnoflA], ZAEojH =
PR 0= As] F2 o|HAIE 7| 5T 7HITAl
7|8t ZeHEE0] Hat E]OIJ = =0HRIT, 49s] o
ARl |t Ho|HIAIE Bt

Lee et al. [14]o| 4= 2t=wj2joto] 4 == B} ollw|C]
ot9] Jetson Nano 2GB, 4GBof|A] native, ZAE|o]\, 7Hik
MAl, Firecracker, Kata container?] 45-g tjokst =
HoA SR o= FASIIT. At FoflA YE A 1/0
of Z2& atsttt s Aol A= netperf benchmark
S AR&Sto] TCP miZlE A¥l= Hulo] U ESIS
transmission A=< A5t 7 Ayt Firecracker
9} Kata container= 79] H]&st A28 Hom,
microVMo] 7]& ZgojH et FAlog 3 £2 4
= EOE‘E% Eeh mlcroVMOl ZgeovyEt ¢ =2 A
d AH[FS HolX|Tt YEYT S I 1592
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III. Experiment

1. Hardware Specification

£ Aol 2tzyajuto] 4 Model BE AT
o] AX]= Quad core Cortex-A72 1.50 GHz CPU2t
8GB LPDDR4-3200 SDRAMS &H&fsti Qlct. A3l &7
o] Ba]= 95, 32GB micro-SD 7}t 372 &85}
717Y0) 7Hdst e &SI

2. Method

Fig. 12 A9Ao|A ARESE 7 9] Ui
W Zojct. & 4719 Al ofiZ2)Alolds ARESIIAITE
Fig. 101X = 5719] Alofog <lsf| 2712 of&E2jAo]dgt
nsIt. kzdeutole] S AE RFAAE Ubuntu
Desktop 22.04.3 LTSE ARgstit.

Docker Zig|o]Hq+= Al RIX|ot= ofjE2j7Alo]dd 2 7}
7¥o] Dockerfiles A}/dsto, & 47l2] Docker ©|O0]X|&
Ay/gstoitt. Dockerfileo A= #]o]2 o]o]x]2 Ubuntu
22.045 AdEistlon], RUN Fgolg ol&ste Zast
7]A] 2 2fojB2] 22]il Al ofF2jAlo]de] Zl5{E
IR B S 2t st} upx|2te g, gy A
38 A] ofj=2]7Ao]d 488 AT E(e.g. run.sh, test.py)

7} AF=stz2 ENTRYPOINTS Aojal9ict,

Firecracker®] 3¢ &4 25| Boj|A Al&-sh= Ui+
[15]2 Zt13to] Ubuntu 22.042 2FAA] oJu]x| 2 1\}
4%}— microVM-& A3/Jstgict. 479] o ZejAo]M 7zt
of] thall rootfs(Root File System) TtU-S HEF QH50]
|
gl
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Z7sto] microvVMe] At /471t #ei = json 1}
1S A5t sl json U2 microVMo] AR
|2€ 7t rootfs T Aol Was o2 wateolo}
sfo), x71del g4 47)e) vCPU, 4GBe] mlRal2
microVMoll dates Agsloict olet e MRS ul
o HIX|opE. ofSaAold & microVM KA 3§ 4
7He] microVME A¥/ds et

KVM 7PJHAI% Firecrackeret SARsHA Ubuntu
22.045 SIGAA| 2 MEHSIY T, virt-install o] &
Moz 4749 vCPU, 4GB H22] J2]1 8GB g2 = u}

e n:}o r" =)
rulo rulo
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8ol 9] 7d--oll= docker stats P01 E AFESIRAL
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T Z2A|A0) CPU AHEES &5ttt Al HWHE bl
Al AR RO AA] oA Hlolg HAelE
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(b) Virtual Machine
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IV. Result

1. Performance Analysis on AI Applications

1.1 Inference Time

Fig. 2= Al 7HA] 29 7304 4719 HiIx|up= of 22
Aolde 22 50apy 2aet 3, £B AR BRS
UERA 7o)}, ofx]al mjo]x|o] AA]= Appendix Table
12 Image Classification ofjZ2]7o]42] 4382 1034
F7HL Ol 8 ARIel ZEUR ke e 2]
th. ol &3l 502]9] dgtterw ofEAlold F&
AlZEe] et AlojA oMdd REHALE Hole g &

2 4 ok AE Ae §9) 2 4 9k ANSS e

=2 T MXu 2«
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Table 1. Comparison of data transfer performance

Docker Firecracker KVM

Time (s) 42 6.7 135

Transfer Speed

3480.47 2184.02 1085.47

(KB/sec)

Table 2. Comparison of CPU performance on sysbench
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Fig. 5. Docker container’s CPU usage trend
and x-axis is time (mm:ss)
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Fig. 6. Firecracker microVM’s CPU usage trend
and x-axis is time (mm:ss)
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Fig. 7. KVM virtual machine’s CPU usage trend
and x-axis is time (mm:ss)
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Appendix

Table 1. Standard deviation variation of Image
Classification inference time by the number of trials

Trial Docker Firecracker KVM
1st ~ 10th 9.15 5.28 8.25
1st ~ 20th 8.61 476 6.98
1st ~ 30th 8.0 3.29 6.31
1st ~ 40th 7.52 2.83 5.74
1st ~ 50th 7.35 2.35 5.20
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