2021

FT E AR ATY
{dhkim,jhmoon}@kisti.re.kr

A Comparative Study of Distributed Al Inference Performance in
ScienceDMZ-based High Performance Networking Environments

Dong Hak Kim, Jeong Hoon Moon
Korea Institute of Science and Technology Information

2 o

w2 319} o} Q) w0 2 S Aol El 7} B0 1 0 2 Foheha QOv T & W]
5 71%9] A 0= B Hlol e o] 4 71 o] Wik 5] 31 gl he ) 3Hstu vl o] Elof ths) 91345 7] 1] GPU 9

FPGA o] 4] 0 £ 4 5ol g vl it 7ol o), 58] Fshlujo]eje] A%, QFA s 7 wke] B4, B 71&E 4 A
o Sl oIS AT UL T AAL VA FRAD A=, L EpA ol T A E AN T

N ﬂ FPGA 7] 4k DTN f\] *EM A58 0 i A ST **6& éi}% EEHE FPGA 7}*71 7}1:_7}
wOFE A} F Aol ScienceDMZ 7|4k} a1 **L A8t 84S FESE WS AR FF-
ATEAE P IR A Aol M o] Ie AT B A RS A HFY 8-S At

DT
x—l He| &= F 9=

ScienceDMZ 7] HF2]

I.AE ks o] = 747 SscienceDMZ 7 o tisle] DTN &
HlolE] A% 7h7] 241 o] o 3k nk o)} ) % CRu,
GPU. FPGA 52 HAFH Yoz &d8o] 71535 E3]
H25o] eyl robl A AE/HS A M Doy neee A ]}Sc,encewz glﬁ%fﬁ;}r%
LAk AP 71 e] LSS Fatel MO e o) ojghe wha A A% e ) eolElo] v 3wk 143
kol HAM o2 TG . SO T 7SS MHOE e me 34k bestnE FF 0eolEl Aol v¢
olelg et ol Ele] na AFL A1 NUE AGAA, o e remal A=A Bho] e
S QI3 JIFA T 7Rk HFHE A, 48S fg T B 1 Aoas =Roa= 019]_71% w3 B g o] 2
AA ol WEA wdsta k. ol gt A et g 27207 ALsl o TZRE Z317] 93 AaEs
Wzl Bldo]E] 7Rkl 4 A Aoz FujEo] 53 28] 8 A A 3] /Htgzsh;]_ 2 Ao 1L 2] 65;;4 28] o] A 3}
Aerde 7ie] muloleel tist & Fwel FF =T g wajg Ad AnkE A1s) A Aeely Ase
Ao el gl Aol sedlo]l w3k 3 A9 HE, A P 52 A3
ol A2 S| ERol Aol AEAEE AT gya) o) o) BF wHS e L FES AT AHY
dEleld afHmE Azlet B4 e legAe TN g0 4ekels) 98 scienceDMz 7] i H A o] AT ZHES
HFE AAE AAS SciencebMz 7|HEe] AFEHF TZ=3b= WEA S A A B} 3} Bk}
37do A Hdolg 7Hke] JAFAF FE2 TS v nlx| ko 2 3 Mo A B ol A8 S B Bl s Aulo}
=3 gt FPGA 71457] FhE7F 3] e S Qe Eol 58
ScienceDMZ E H—. lol8 nHw2 AARAN WECIHE  wo)gi g5 of araks A A Sl
AR nHo] HETS WA 02 gT A1F PRk et d
713t HEE A}°l°ﬂ T/gskaL, delg AE 48 mEg)
DTN(Data Transfer Node)= %35le HlHo|HE &0 o Es
Fohz 71E Aotk vEolE o] nHHdFS 93 T Sl
ﬁﬂ Tl e gl A2 Ak Edga AT
Edag Eelate] sRlzae] BAS it = 2-1. 4% 74

HeE T A&de AL WdlolE e dFol SlolA

Folxl el % diu] 90% ol 4ol A& (Throughput) A5 L =EAIAE CRAR-L0 HlolE A3} Kaggle o ¥7}5]]
LR d cHu %) ‘CIFAR Images Classification using CNN’ 2}i= 22 F =5
A A
51414 7}

1071



2021

g8sle] AEs DYl ZAEEYS HFE A
dagFe on x| 7 Ao 25 &85 = CIFAR-10
o] e M2 32*32 779 Bdll 858 o n|X] 5 9z el
H7HE oluA 1 A, =% 6 T G o|H| AR FA o]
om 10 /9] F AR 24z ERE o] ik w1 Ao
AFE-H Kaggle 2=+ 55X 2 AEF A 40 2d S

A5t} B ol X HolE AL 8 sl 7es}a
)]

tlo o,
[e}

™
=]

SRS o
gt Aol B FHrkE oA dlolH A& T3 B
H7LE A PstE AU EY F=olt)
H =fo A 233t 213 L DTN (Data Transfer Node) 74|
71Hbol| A FPGA 71457] 7h=B19k GPU 7F W AlE Y Sy A4t
S v w3lar EAEE o] 9l GPU 718FS] DTN ¥} FPGAMI
k] DTN o] 22 o Z g Alo] A& T A S u MY
A A TS v aslarx} s,

=

<H1>4 A3 =8

Epoch & 4 < 24 g 29 g o dE 0t dE
B 2212 | BF 22A2 | A0 BYs | D HLE | B2 T | WP dIE
(sec) (us/sample) (acc) (loss) (val_acc) (val_loss)
CPU
Intel Xeon 42 840 09771 0.0751 0.7255 1.8957
Gold 6226R
GPU
NVIDIA 7 140 0.9750 0.0781 0.7208 1.8430
RTX 2080 Ti
FPGA
Xilinx 4 82 0.9590 0.1136 0.7185 0.8820
Alveo U200

ol9f e AT B E G5 Y&l g s dlolH A
Ao A CPU, GPU, FPGA 3} =¢f|o] 41] ~d E 2] 71 g|o] g
Al Aes TR AEE TA83laL, &5 ScienceDMZ
79kl AT HESA A7 ZREFS T3] 98l
ANFA T HAHY Ar A5 Sutg oz 288 R8sl
whehA] 2 213 o] A= CIFAR-10 Bl o] B AL 7]dko & o]n] X

%2, 2l o] n] 4] 35 43y

& Ao ARAE AFEse] E4 53l

B
4

B =Rl A 2133k 232 Cent 0S5 7 =G A A 7]19+2] Dell
PowerEdge 740 5.2 21 DTN (Data Transfer Node) “ZH] 2 th&
AHESE o IPMI B AFESEe] A SR AH]E A o3
] St 3 DIN Al 7AEE AAkS
7] 913l Tensorflow, Caffe Framework 3735 +%3} 11
Kaggle =2 FPGA 7}%7] 7= dAibd] &8 4=
AEF A5 FAsI AdS skt Al ouA] 57
Axbol ALgE AAY ZhS Microsoft Aloll A w3
resnet505], Google 2] googlenet . 2!-S- 717} AL-£31 3t}

3 sl=glo] B T-2] CPU = Intel Xeon Gold 6226R, GPU +=
NVIDIA Geforce RTX 2080 Ti, FPGA & Xilinx AF2] Alveo U200
74457 FtES gl <F 1>2 B AT 23 dx

>

oo o2 ndh

ot >
1% O o

W85 =2 el sto] Yehdl 25 ol

<3 1>7 2ol Al A%k oA S ARE-sEe] cPu BhO. R AR
NYHL off 358 dloly Al 5 v & Shsh=dl Al
AFHE Bt 42 27F 2859l eH, FIHE dlolE Al v
A 7w wdl JUbE AgPSs W A 072 e
TEOROAE FHYSER R 5 AU

1072

/ — accuracy / S
/ wal_accuracy / vl acc

00 25 50 75 1200 125 150 175 00 25 S0 75 100 125 150 175
h Epoch

(23 1] GPU €} FPGA 7}= 3t A5 Wl Z1eff 32

E,mmﬁg
w O
L8P
o N3
N
N
[
it
klm
T,

o
|

B
ko
>
s
o {H
o
o
g
&
Q
3
T
[¢]
lo,
e b
ki
fu
Y
)
<z MmN
2
rl

W3k 82us/sample, GPU ©f| H
g g 4 A A

Every 1.0s: nvidia-smi

wed Jul 22 12

| GPU-Util Compute M.

o
|

|- -
| ame Disp.A | Volatile Uncorr. ECC
| f P

i

|

pefault |
...................... +

Default |
———t

(29 2] Al A% ¥ gpu 28 3HA

tha s ol WolA= 2SSl 5 gl ot o= 109 A
Epoch 7B A&7} obAw olmAE EFdhs AS
gelgh = glrh (29 1] & AJeA A Haled S
latel GPU & AR E WO 2 22k FPGA 7157
s AHEElE wWel 25 AdEE 2z yEkd

a3 o|th

ol¢} K&, (¥ 219 Zo] DTN #AH]l 3 719 GPU =
et Al A EY AAS FHHS o Az AN
ko=

<¥2>4 A7} = E

Epoch & 4E 2 29 %g 29 g it ye ot AE
B 20 | B 29AM2 | A0 s | M HIg | B FHE | WP U8
(sec) (us/sample) (acc) (loss) (val_acc) (val_loss)
GPU 1 EA
NVIDIA 7 140 0.9853 0.0731 0.7107 16423
RTX 2080 Ti
GPU 3 EA
NVIDIA 7 130 09352 0.0856 0.7037 1.7052
RTX 2080 Ti
FPGA
Xilinx 4 86 0.9048 0.2430 0.7063 0.8786
Alveo U200




2021

A FAL IA <E 1> 9] FAT FLs A HAlE Y
ke GPU 1 7], 3 7], FPGA 7 7+7y &gt A3Es
wAElen < 2>v A ARE ExE e
ade|th

93 A5 29S 242 GPU 1 7], GPU 3 7], FPGA 7=
1 7]12 5383AS W GPU 1 719} FPGA 714:7] 7= 1 719
Ao 9 <E 1> =% Aol Hs=dith.Gpu 3 7] 2 [1¥ 219}

A~
Bol FAF F ANE AT A3, 7 Epoch T AE T
= tq A\Exe % -‘ii‘ AS_A]7}O
J_Z\_..Q_ gl-o] &} _}]: 2}19}\ . Eta‘], 7 }:Hz]H
o

oH FPGA

Lo

po
o
it
i
(L op

> i) rie
F &N i

ro

8

1)

>

8

o

§

N

L

o@ T

K

|

lw)

_|

=2

oz

2

>

ro

of
&g XL
¥ & ol ro

©
rC

ﬂ 01 011
3] 3]

& 74
o

to o K ofy rr

/‘\_:]

o

H
Me
>
L

bt
r 2
|
do
&
e
=
ofr Mo ok (3
o
o,
tio
N
[-40
ol
38
nj

folr &
b Z o I o
a2
ro
ol
o
!
ﬁ
29
M
tio
ot
o 9
]
‘1)‘ _|${_5

T O
-3

E)

01*}0 7}*§]r°}i o] =&}

FPG 7]’*7] Ft=9] Fxo]
o EH3H v}o}sl o O]‘:} HEo,
| 233k Kubeflow = &-8-3}¢] ScienceDMZ °ﬂ
A3 A S 5T 71"930]‘:}.

oot ot f1 ol [0
w2 opg

| r>~

f

v

T

—W

f
o 1

Y off o pll TN
J S J6 L T o o
RIS e)

oZ:r
F

>
A

ALEA

[1] Dart, Eli et al, “The Science DMZ: A Network Design Pattern
for Data-intensive Science”, The International Conference for
High Performance Computing, Networking Storage and
Analysis (SC13), pp. 173-185, 2014.

[2] Fei Wang, Mengqing Jiang et al, Xiaoou Tang, “Residual
Attention Network for Image Classification”, Proceedings for
the IEEE Conference on Computer Vision and Pattern
Recognition(CVPR), pp. 3156-3164, 2017.

[3] Kaiyuan Guo, Shulin et al, “A Survey of FPGA-Based Neural
Network Accelerator”, ACM Transactions on Reconfigurable
Technology and Systems, Vol. 9, No. 4, Article 11, pp 1-26,
2017.

[41Y.Ma, Y. Cao, S. Vrudhula and J. Seo, “Performance Modeling
for CNN Inference Accelerators on FPGA”, in IEEE

1073

Transactions on Computer-Aided Design of Integrated
Circuits and Systems, Vol. 39, No. 4, pp. 843-856, 2020.

[5] Kaiming He, Xiangyu Zhang, Shaoqing Ren, Jian Sun, “Deep
Residual Learning for Image Recognition”,
arXiv:1512.03385v1, pp 1-12, Dec 2015.

[6] S. Kolala Venkataramanaiah et al., "Automatic Compiler
Based FPGA Accelerator for CNN Training," 2019 29th
International Conference on Field Programmable Logic and
Applications (FPL), pp. 166-172, 2019.

[7] M. Qasaimeh, A. Sagahyroon and T. Shanableh, “FPGA-based
Parallel Hardware Architecture for Real-Time Image
Classification,” in IEEE Transactions on Computational
Imaging, Vol. 1, No. 1, pp. 56-70, March 2015.





