0
>

Heterogeneous 0] ZHEO|A Singularity 10| 2]

Cgroup FX0j| 2 HPC XHYUo| U5 &M

{mjkim1130, security0730, yuhc}@korea.ac.kr, kchung0825@knou.ac.kr

A Performance Analysis of HPC Task According to Cgroup
Policies of Singularity Container in Heterogeneous Cores
Environment
Myeong-Jun Kim!, Chung-Geon Song!, Kwang-Sik Chung?, Heon-Chang Yu !

'Dept. of Computer Science and Engineering, Korea University
2Dept. of Computer Science, Korea National Open University

e of
20| QIEo| AJ2L CPU OF|ENO| RO 2 Singularity ZAHIOIH LHOIM cgroup BHo 2
olsf £ Zelol ds0l d¥s =g &= UCh £3| Singularity ZAHO|HOM HPC('Es AF
B) ZUZ cgroup HHO| 25 %Y 20| HEHE £+ UL Ot ME2R cpu &d80|AM2| HpC
210 Ciot S0t SEX| SO ek, 2 =22 Singularity ZEHO|H dMd Al 22 cpU O}7|H|
Mol A= cpu 2O FYE cgroup A|EO| HPC 8= ERSHY CHYst FEo &Y M40 0O
K= G2 Hu 245731, 0|F Sl HPC AFEXIOA ZH0|EEtRIE HSdth= A0l FXO|Ct

ZHOIH= TSN Zhd=t G40 H3] 3=tz YETM J|E B JHX| |FHO AO0M £ THK] |

o 1= —

2 A|ZF A|ZtDt ZAE osete| ESH A WOl TFoj7t cpu W HAHE|= O]7|F(Heterogeneous)
=x
o

l_l

2388 €2 TS5 222 UESHH 2 £+ Ao HY M2 sHo| e 0jE
285t sHE  MISSCi12]. 59 = =22 07|15 2O Raptor Lake & ALE
ZHo|H= HpC 2EE flof 58 1

of 7 A|A"OA Singularity
=

2MSYOn 0|2 E&f 2t MM

% — o
ot= SAIO, 7|& HPC 21Z2teto] =ghy Aot £3%] HPC YAZEO Cist IS

o C|Atelo| E7Z0|Ct4] Ch olgist M2 &dl, st 20N
|52 29 MAMO|ME cgroup(control group)= & AFEXIS0A /8% 710|E2t91E NS

ru

AHOIAZE AHEStE 2la28 MotstALE Ao 2 J|CiECt

o olz2 QI8 Y¥elz2 Cpu 2laAF

[o]3

—_

rir

ZAH O M-d Al cgroup

ox ox

OF
nr @ or 42

—_

Of

—_

R O



2.8 HF
2.1 Singularity Z1E|0[Ll4 ZHE
Singularity = ¢tEFSt O|4] 7hS3HH I 7hsot

YHo 2 HpC EOM =Tt oE2AH0lHdE &

A5k7| 218 2SO0 MLH5].

uoneaddy
uonesyddy
uonesddy

>
-]
=
=
o
=z
<]
3

uonedddy
uonesddy

J3ypuneq Aenbuisg

Linux kernel

(A& 1) Singularity Architecture

(A8 12 Singularity OF7|HINE MAYHSILD ULt
Singularity 7t F2 AF&E|= O|fF& 7[&

2 ZHolH 7|=xt

Docker 2F &
=2|, Singularity = ZIE|O[L] LHOj

N RE B2 X @7 YRO By X} F

2

=Lt S Singularity O[0[X|= Tt IYAZ M, Cf
o EHA dEotn =M = A0 JOf

g BN CHE F BEYELH POtCie).

il

A| A

2.2 Raptor Lake

7|Z Q"o qIAZEE crull HEl 12 M0 Alder
Lake = p-ZO{(performance T )2} e-T 0f(efficient T
St= SIO|EZ|E OFF[EN 7|gtoz 27
C|QACE Stole
A=A Ol F
CHE Z2 M MLt

2= O7|HXN= ABX CcrU EEZ
o|Ate] ME
T E A2t A|AHEIY NME2EICE

Of7|EiNs QUHtMoz DHIY SoC Of A

T2 M0

2t =el= p—_—T*_O19f 4 7|‘|9-| ‘Tremont’ e-DO{E T
ACH Ol2{3t OFF|=A 20| H23F crU B =
ZIHA, 12 MOl Alder Lake 7F SESHA EQ{CH Alder
oz 7

Lake £ ‘Golden Cove’p-Z {2} ‘Gracemont’e-T

‘Sunny Cove’

SEo R4, 2 =22

o

€ ASst 13 M Raptor
Lake 22 GFE ZIASHRUCE Raptor Lake &
A0lE A& RACE.

r¥2 2o 28

‘Raptor
Cove’ p-Z 02t 7[F ‘Gracemont’ e-1
Ao AFBE cPU ZOQ] MEF A

Zl Corei9 13000k & 7|EC =2 HEFHDICE

<E 1> Raptor Lake p-20{ e-30| ME At
p-20 e-T.0f
maximum turbo | X|C§ 54GHz | A|C} 4.3GHz
frequency
base frequency 3.0 GHz 2.2 GHz
number of threads | 2 1

<H 1>2 p-T0Q e-TO{Q| Fhf X0 S 7HX|
Fhi£

QULCHT].

=
=
CPU ZO{7} g = A= At {2l HIEE L}

EteHCE
2.3 Cgroup

Cgroup 2 2|52 2 HAHOM Z2M2 IS
dgsta e[St 7|=0|Lt.

Cgroup = &5 ZH|O|
L A Al ZHOIH7} A8E [0 Cf

-I

S|

oot HEoI0] A[AH 2l

=
=
St Zz M ZH 7S Molg 5= bt

3.AIAH &A 3 Ay Ao
3.1 Ay &4 3 dkH
(0]

Singularity ZAHO|HOAM &= A0 A HE| A 2
BoilA #XO2E S 58 HYoAMel 955 &

i) puing

O 87, e-2
AEDXE

7t5tCt 2AM0 AMBSH A|A'RE o HOo|A S Core
o 16 7), 64GB 22|, 12|

Atgetth 28 HM=zs

i9 13000k (p-2
1 1TB SSD &

Ubuntu 20.0.4.6 LTS & AH&SIH, Singularity 3.8.5 & &

i ZHOIHE d™g3iCt p-AOTtCE  O|F 0T
cgroup = Cp, e-AO{PtOE O|F 0Tl cgroup 2 Ce 2f
Folotrt ot HPC oM F7HH 22 HTESt7| 2[5l 8

Mol p-20{et 8 72| e-2OE ZHT OA&ES Cm 0|2t

T oSt}



of 42320 A ZEFO H

e

X
o
=1

x}o

n

or
A

= o

Al
23

ot

2|5 Geekbench 5.4.0 2 &&d
FIPHo2Z NPB 342 HIX

AZEO0M cgroup 7t

L e

jm} _T_

i
oo
2

C

or
i
Jot
ro

&

HolA 29 cgroupd M
Geekbench 7 HSote HIA=
xtojo] Mi H4(EESH 2|2

EH

[m=]

SHRACE Geekbench 5.4.0 & & 3 7HX| ¢4t
2 7

T8 3=2E IRE

= AL L
N5 "pe

Zt
A

2 wHgolq HIH 2 Yazc

. P E

5000
4000
& 3000
Q
[8)
9 2000
1000 I
0

Category

ag 2 38 H

[}

0E

A =
™ X M

EH
=

P

£ MESH 2, 7|5t B AU 4 #"Fe Ha=2
gt O] HeE2 <E 2>0AM B0 F= 7IEXE
s 7tE ME Ha A4S S B 2 2
SM MSECH 2 & s AT ZF cgroup 7
3% ¥4 2 WFY F4, d2ln Ky 9a=zcy
M4+g Fetect
<H 2> Workload 357 % 7t&X|
= YIzE IHE K|
ot AEX-XTS 5%
XMz | Text  Compression,  Navigation, | 65%
HTMLS, SQLite, PDF Rendering,
Text Rendering, Clang, Camera
BE N-Body Physics, Rigid Body Physics, |  30%
R Gaussian Blur, Face Detection,
=T @ | Horizon Detection, Image Inpainting,
HDR, Ray Tracing, Structure from
Motion, Speech Recognition,
Machine Learning
= Cp Ce
16000
12000
o
(b) u8: 8000
4000
0
\0’0‘,@ o‘*@o @@"5 . qﬁé&
¥ &
Category
g3 (@ €229 (b) 2EIRO

E

(c) §

"4,
%

g TTTITITTITIn | TTOY

& o8

& & & & s Q@ QL- &
& o i #* «S e e
& & ® o

€ +F & %$§

&




. Cp Ce

25000
© 20000
@ 3 15000

10000

5000

0l

Workloads

(A% 3) FZAZE JHE H= (o) A=2329 d) EEIZY

|0
Hu

(@)
(@)
N
(@)
o
I
in}
ok
0

2

o

o

o Ho

T =2 o U K
ot I n
BS 237
14 i |n = -
ro N = HF
e Tl
oo o R 0
o N 2
-_ - g
£ = 4
o gy g
N
12 Jhu
|> ot
m :@
[

(98]
rlo
ox o
my
A1]
i
#2
ng
m

30| 2F0M 2=

£ LIEtdCE 38 3(d)E &8 Ce

fol

+

7 AEX-XTS, Text Compression, Image Compression,
Navigation, HTMLS5, SQLite, Clang, Face Detection, Ray
Tracing YAZE0| CHsH Ce 7t BT XMOZ CpELt &
2 H+E 7|EMel, HTMLS % SQLite 2 ZE0
OishM= 2= AME0M YMes ZoE E0FRALCL
J2{L} Face Detection X Ray Tracing FIAZEE X2
Loix| 25 248 #Zo| AzcSof fsfA
BaHo=Z Cp7t Ce BOF 252 52 7|55

C. W2t Ce OA= 1/0 20| =2 O|ROX|EHA

%

rir

= A0| Helsitt=
= AR/UCt. olet Z2 ZI7t 3| HPC

OotE7| s A

3.3 HPC benchmark & &8t cgroupd A
5 BHR HdE2 NASA O|M XMS3St= HP

s Cp s Cm

800 -
)

o 600
)
Q

400
=
H

200+

O.

Cp Ce
Cgroup

-

(A2 4)cgroup & HPC & Q! 438 A7t

(A3 42 Cp, Ce, Cm UM CG HAUNM T 2 F
AZhz)9| EBaitg 2oFa Uk ¢p AMes Ea
446.47 2| ALH AZHO] 2Q &[T Ce O M= F Hf
7bH2 880.47 =7t £QE|UCH Cm & Bo 72847 X
2 Ce ECt WE2X|TH cp ELC AJZHO] O 2RE|&

o

WE 2OFRALC ol Zatrt LIEHH Olf=2+=
2ot AIARETH 2 3OO FHEHUS W -2 02

SE0| p-RO{EL} oM FMHA HY Al

-

24
2 0SS 2 4 UATH WERN HPC 9 2

=
g5 At S50l 2ast HY oisiM= p-2



4. Z2E
= =22 0|7|F IO Q2 Raptor Lack A|AEI0|A
Singularity ZAE|O|H l-d Al CtE cgroup BME A

OF

| HPC YA EE0| Cf

R CREE

i e Fe, S¥ o=
2l a2 Do

mjo
gt
oo o
ot
n
02
rot
T
g~
@

Qo 27

=
AHolHel §5& A7 flet HE

-4
a

Singularity

= g7 ofFgolct

Acknowledgement
2 oops MYYGRAYTSY) ADEIE A

HEAFRI2022427C10-2224-0801°2] X[ 0 2|8l O]

=
FOIT AYLICH
Of =22 2022 & FF@7|=8ESUM2| M

o2 HHEMNI|EHYIAY XYL WO

=

f
T (NO.2022-0-00983, AMEAL ¥ QERE|
of

she UKl 22ARC 78 XY BR

[1] Sochat, Vanessa, and Alec Scott. "Collaborative container
modules with singularity registry hpc." Journal of Open
Source Software 6.63 (2021): 3311.

[2] S. Abraham, A. K. Paul, R. L. S. Khan and A. R. Butt, "On
the Use of Containers in High Performance Computing
Environments," 2020 IEEE 13th International Conference
on Cloud Computing (CLOUD), Beijing, China, 2020, pp.
284-293.

[3] Keller Tesser, R., Borin, E. Containers in HPC: a survey. J
Supercomput 79, 5759-5827 (2023).

[4] Kurtzer, Gregory M., Vanessa Sochat, and Michael W.
Bauer. "Singularity: Scientific containers for mobility of
compute." PloS one 12.5 (2017): e0177459.

[5] O. Rudyy, M. Garcia-Gasulla, F. Mantovani, A. Santiago,
R. Sirvent and M. Vazquez, "Containers in HPC: A
Scalability and Portability Study in Production Biological
Simulations," 2019 IEEE International Parallel and
Distributed Processing Symposium (IPDPS), Rio de
Janeiro, Brazil, 2019, pp. 567-577.

[6] Singularity User Guide,
https://docs.sylabs.io/guides/latest/user-
guide/introduction.html#why-use-singularityce

[7] Intel® Core™ i9-13900K Processor,
https://www.intel.com/content/www/us/en/products/sku/2
30496/intel-core-i1913900k-processor-36m-cache-up-to-
5-80-ghz/specifications.html

[8] NPB,
https://www.nas.nasa.gov/software/npb.html

[9] Geekbench5 CPU Workload,
https://www.nas.nasa.gov/software/npb.html



