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Real-Time GPU Task Monitoring and Node List Management Techniques
for Container Deployment in a Cluster-Based Container Environment
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ABSTRACT

Recently, due to the personalization and customization of data, Internet-based services have increased requirements for real-time
processing, such as real-time Al inference and data analysis, which must be handled immediately according to the user's situation or
requirement. Real-time tasks have a set deadline from the start of each task to the return of the results, and the guarantee of the deadline
is directly linked to the quality of the services. However, traditional container systems are limited in operating real-time tasks because
they do not provide the ability to allocate and manage deadlines for tasks executed in containers. In addition, tasks such as Al inference
and data analysis basically utilize graphical processing units (GPU), which typically have performance impacts on each other because
performance isolation is not provided between containers. And the resource usage of the node alone cannot determine the deadline
guarantee rate of each container or whether to deploy a new real-time container. In this paper, we propose a monitoring technique
for tracking and managing the execution status of deadlines and real-time GPU tasks in containers to support real-time processing of
GPU tasks running on containers, and a node list management technique for container placement on appropriate nodes to ensure deadlines.
Furthermore, we demonstrate from experiments that the proposed technique has a very small impact on the system.
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Fig. 1. GPU Sharing in Docker
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Fig. 2. GPU and Container Monitoring System

Y 7|8t S84 84S 938 Prometheus[8]9] 49 28
2EY H BE LE9] Y AR HHE cAdvisor[91E &
&ol mUEY HESS S3S AR, GPUuY 49
glolu A&l Docker?t oFd GPU ¥#2] T NVIDIA
Docker[10]°14] #e]sh, GPU A+ ARS=, A 9l =
EA28F o] GPU A% ¥E JH+= NVIDIA SMI
(System Management Interface)[11]15 E3] ZYEZHH
t}. Fig. 2= GPU AR&o] 7k53k HH ol 75004l X1 o]
Yol GPUS ZUHHY AlAH9 25 HojEr,
AREA Q1 HEolH oA ol WHE RUEP
AHe} GPU A #=E ZYUEHY FJRE A= 2Y
g AAFE EHH o g A53itt o|& <l HHol &
UE g AA”A= GPU &gl Hiet ARE 43 5 ¢l
GPU RUEHY AAHA= HHolH] tgt JHE &
5 ik E3 =9 A ARgol thgt A o 23
= 7] WiZol 7z dEol| el &Y A% A= & 5§l
o, ol2gt B0 s AT A9 vl=akel Aitolut
2k A qel AL AYE FPst= 2o kst
o} kA HdEoly 7|vk S oA AAIZE GPU

o ki

292 28317 AL Arlold e} HEekel, GPU 24l
o] Aleg Ayehoh ol AAIZE AAL TS| 91T JRE 3

_Z’_
goluvet GPUS BUHF JHE AT ot

o

30 X
_0|L
R
B

2.3 SHAH 2HH0IAM ZE|0| Z2H|HY(Provisioning)

STFE oA AREAY] A= HE ool B 2%
o] WA 7P WA M= AA4E AEo|HE o' Lt
X & A] AAsfjoF gith. Aty o R FeAH 7y S
E oA NEL JARAE Gt BeEshs FP2
L9 A AHRES 7o g Attt durEel S
T 3By AARY 5FH2 A9 EEES =olHA S84

52 PASE wCo] oS RSkt Zloltk. o|F B3 4



384 FYEXN|E=EX/EFH H &

4] FRAIS Hasetal 54 k=of ARAT S EHE
A& YAE Rk ST QIR e Ast 2AIE siEdt
SEE HE| ALE2 A2 Zgel|E wiAIsk] A
S AEHE FASE RE 29 A9 ARE tigh ZYE
d RS ST wEsH, 9 At A Zol v
LS 294H FHE #2874 =59 Ak ARBECl 2
e =0 sHARE AARE ARAE 29T 1 7P Sa%t
JE= v=eela BAE FEolth Eg, el I
H gEEle 7IRe s 7 AHolu o] E2 HEE]l Azt
< A7) AsiAle Ade] A3 Sk Zo] Ao A
@ JgHioll dist Rk e a5
LEHHRl FHPE A= ST LHY REE HEs)
= 7P 583 A WEHS Ad ARSFolt. o=
TR A AT HEE 7N R AR 85k
A &7l S = AEste] WiAde RN 5 kB
o AREAE HEH= Ag AL AHRE Aol 23 A
G50 Asol Astsle 2AE ﬁﬂé"éi}. SHAIRE AAIZE A
HlAE 288 W 7MY 383 5 WEHS HEklet
FEHFE FE A= AHOA 4 ‘c‘i %A RE AAZE Y
qEelE B A8l A Ao FoliatE=
EERlo] g2 #jlo] 54 k& Oﬂ HEHA Fe= 24
Aok otH, M2 ZEolUE wWiAd o Al AHSFET=
ekl FAo] WA Ar% sk= Ao| o Fasith
53], AAIZE GPU #& 2-83k= @404 94 41
ot A3} o] GPU AA= dutd o g Y AEE A|L5H4]
7] wiEo] g2l ZHelurt GPUE &/ W GPUE
sfdhe e AHOU7 A 9% Teth o= <l
2 A9 Heolvz Qe A 23 A2 A= d3d
Zigoful Rt o} 7]Eo] A= 9l oE AdH el o
ool 2 vIAY] W2el 54 AR Hell A4de d=
afoF sh= ”*VJ Aol FFFZ 7. E9, 7HE A
o] st et HlEle] 2 Aol 54 kB HS
=7 "opd gEE]l 3R Q) qEIRlE EASHA
Bo= 7§°E Igl\ﬂr‘ﬂ— 2= 01q.
olg3t B4 0.2 Qs AXZE GPU AYS 283t 2
= BoIAE Bkl Bgel ofsl 3&% 2 23}5
7] Slg) 2+ zigelvie] B=atel, AAIZE GPU eie] 4
Aejoh 2o ANz At Bg w—*——i FA5T 5
28 71g02 AZE FHAONMS Lol AT o 7
of A= Id AR GPU #YE HefishA] =g 14
o Eof iA[5E] {3t k= AE o] dasith &
& ol 79k S9E BT o] A AREge 7]‘:&
0.2 sk ZEely #e| Ho] obd mEoA Attt g2
AAZE GPU 2t 283 AAIRE GPU 29| dl=2t
Q HHE 7uto & sl ZAgoly ] 7]wo] Washy, of
£ 93t g=gel AR e U AXZF GPU 2ol A5 A
o o] Wasitt

i

0|

)

)
N
F}‘N i ot

i

AAE H113H M115(2022. 11)

2 =RoA= ¥4 AP At o] 7]E Eoly $7
olA AAIZF GPU &Y< 2&ot=t Aot A
Ast7] Yol LZ4A 7|9k Aoy AIARIRQI Dockerg 4
146}01 Zgoly A7 wtde] "=kl RS dgstar A

o] flgt vl=el B 75 S7kekal AT GPU &
044 2 gEgRlS A4telr] 918 GPU 249 *Wﬂlr 5
2 ARE 3] A% GPU &g A9 AH ZYEHT 79
Alketet. T3 A2 BAHHE ZAHOYUR Qls) kEoA] A
221 = oY Afolof A WAgsh= Hl=et]l AL WAsH]
g L& YAE I7IHE ARt

=)
;

w
e
r
ra

__I.l.

gl=ael Akt glojg XIS AT 2AEF 719
[12]2 HEEAA] A AHIAS] QoSE EAstaL A
LEES P Hlol 2AEY S 5o A=
78S AQtettt. vlg 584 AAEY 71312 2Hkd
AX] AFY N4 A Akl IzsE AAIZE 29 H1
£ FATE Albst, o]& wrgsto] AA] A9 FAS
AEGsta HEzkls 2] s A dsol =2 %
T AUS 89 fEeklS 1S 58 A #E
7191412 d=gRlol st A9 2arE FHo= T
gsto] 29| - AZHE /RAgT). g B2 AEEA
oA FE WA T o 54 A FEet Fob #AS 5
o tlEElS BT 4 s XYt

UA AT 712 AFE AAZT AP dEEel 23S
Qs A9 54 #E Bl "= H5kS WA g ot
Ak, =gl ARoR Qg d=akel vk 54 2ol
AAs 71 dFoitg el B 4= gtk =
2l AL E%Ei 9] HUEHY FE B3 AE B
gk =]l ‘?1;91 Ho} Fito] ggasirt

REACTI15]= ZHo]H QAAEH 0] AARIQL FHY]
EJAS 7|9to 2 AAIZE A olUE {3t LAAEHo[H of

719 A& AQteict. o B2 AXZE Aol 85 &
& st HEZHS Aosta Az Agolel HHAZE
ZAglo|v & wtof &3 vix|ste] AAJ7E AEo]y 9] H=gt
IS BEAZITE [oT Y ZEe|v3} 7]«(16]2 A9 ToT
73oNA 518 SF Az Holl B8 A4S AT of B3k
Xd% o] tigt 548 sEsH] ol SAE A|AH9)
71Hg A4S B9l cfEeA IS ZE ol ollA AdYsH= 7]

< ARketet. g 2 A9 o]E WAlE Bl ZH oY
sk A 9] Hl&E FHota AAd GEES Fdskeitt
SHWS[17l= 2xeiel vix] I E29-9F 221 *E%
AZELE AAEYoH AP Bx fEgly $4e
£ AFsto] AP el A T454 STARE B
Aot7] gt 2AEY 719 Atgit 0&E3 CR-PSO &

r

P

|

JN i m°l

¢

Hﬁ rlr

rl?l



SEAE 7|8 HH0|H 2E0lA HAIZEGPU &Y ZLIEHE & AB0|H HIXIE 28t e 2|AE H2[7[” 385

AEF 71H181Z H=gelo] IFH of=7e] Sl
9] gERlS BAst] gt AAEHS fld & 23 3
Z3KPartial Swarm Optimization)?} &8 ¥-& &3}t
(Chemical Reaction Optimization) €12]&S 23St
sto|BEE AAEY PSS AR

STE oA HEeelo] g HAIRE &Y 8
b 71E AFe A ] S gedilo H8HoR

H1
Jh
N,
e
ot
ol
N
1o
<t
N
}
il
flilo
2,
)
o
A
ol
ol
A,
=
i}
%
i,
k1
sk

B AeE 2157 918 74e] AHA grom,
A A% Azke A BT A A8 HE
£ Jtow AHolE AAEUE FHS A8
37] tEo] Theket 44 A3 Alzte] W] H=etelo] Sut

3 JHIE AR FA5HA] o]
off Hl=atel Hut AE Ao & 4= glojA A
€ F QoS #ut ARl tiAsh=dl At oIt shA|

W AAIRE GPU 29 A3 el
AZtez FA5h7] o] gkl ot e dErd
& & e, ol S3f e o9 o]t T2 Ko} 24

19e A8achd quel gut EAS 2T 4 ot

il 22} [ g,

)

I

4. GPUE ZR3t= HZOIM Xigl ZYoR olst
45 st

ol ZoA AHgt A} o] o RE GPU+ A
g 7l&S AFotA] Gt A FE 7)&o] ATEHA
17] wii2ol Aoyt A 4= e GPU A9 &%
Agrst 4= glow, o|Z Q3] GPUE T-7dt= g0y
oA Z ZHolvE GPU 2ol wet 71 A4S 3
o] A8SHE S A5otA "ot o]t £42 GPUS
sto] AYE= GPU &Y AlololA] Ahd RS HAYAI
, A5 B TFE vIA GPUE THdhe
AA GPU &9] 45 Ast &

§9 1,

=
o
e

N
)

¥ H do o ox

Y
il
tZ ofy
o

o

ol
©

il

>omoh N ofd & ot o
>
)

O,

Ny
=

1o
i}

ol
=2
EY
rr
v
P
21’,

9] Agolv7t GPUE

= ZAEolve] 4%
GPUE &-f3= AH
o] J5 At EAE EH4SIct

GPGPU === APIQl CUDA

A okt

> T oo o
o 1o o

A+
2

53] GPU #Ag9] Ak
7o W2 GPU 2+
oA 83 GPU 2t
2 7a" 38 JA
glojv o] =7t 57t 353t 7+ ZiH|olY Alo]
9] s HAE SHeI. AFAE= GPU Fof Hohg %ol
7] 913 20709] HElolv7t Z¥ZF CUDAR &3t 8,192 %
8,192 Fd FAL 3t A A= Fig. 33 2

rit
o%
2 o
j:“r‘
o
g
cC o

jia
o

g
o

oft

1

0
2,

o
ot

A
o 1o
A

14
i
tlo
4

)
ol,
H
@)
~
c
(]
of{
%

ot
rir
)

i3 o]

ok
£
Lo
o)

el

o

60

(%4
o

S
o

N
o

Execution Time(Sec)
w
=)

iy
o

o

4 6 8 10 12 14 16 18 20

The number of containers

Fig. 3. Increased Task Run Time as GPU Core Loads Increase

700

600
E 500
£ 400
=
= 300
S
g 200
& 100
0
1 2 3 4 5

The number of containers

Fig. 4. Performance When GPU Core Usage is Less Than 100%

Fig. 39| A4 Helo]dofA A== FE F4 2
2 67,108,8647119] A8 = A%ttt stute] zE|o|| 7t
GPU Zol& 100% AH&sH =™, B F41E Fsk=
glojyrt S7tg4E GPU Foj9] Faprt J7iskA =i
GPU Foj7} g ¥lo] A2 4= Sl= Al=9] HLlE ol
AA "t o]2 gl FAlo) A== Aol Tt F
7Fd4E GPU FojollA A=A Zotal tj7]sh= AfE
7t Z7V5HA EH, o] QI8 AA|H Q] A Al7to] F7FsHA
=} SFRITE Fig. 49} Zo] GPU Z o9 AR&o] 100% ©]
St A5 sAlol AdEEs e olHY et Agle] +
A3t 452 A Hot. Fig. 49] AFL Tensorflow[19]1&
AR&RF MNISTI20] HoJEAlY] & A9 5= HoE
o} Aelojv = X S7HE ARESH, mlE] BAAE Al 2dS
AR&-Sl 10,000719] ofm]A] & 2AdE gt A A
A= g Hole9 AR Aot &4 & &Y
o Ay A|7HE HojEt

Fig. 49| A% Axe} Zo| g ol 17494 =& 2+
SRS W} ol 57HA FE AdE A0 AF
= 9] g5 Zpol7t A WAYSHA] F=Tt. Fig. 49| AR
A ARERE 22 A4 5719 HE|o]HoflA] FAlo A=
GPU o9 o 70% oJst& ARE-sl7| wiZe] GPU Fof9]
5-& W9 HolA AHeEot. 0|2 sf FAlo| Ad == E|

& e
32 o



386 FEAMZSI=2A/HFE X &

ojv 9] &7t Z7HEIE 1719] AHolHoflA 2 2de A
PP wel G Apolrt AL HAIEEA] kA =

Fig. 39 A% AyoA HojF= A Zo] GPU HY<
APt Ag ol e M7t Z718E olo et GPU &
9] Byt F7kshd, GPU Ao Ratz Qls) RE A
oju{e] GPU 2 A Alzto] F7lele AL & 4= 9tk &
ot Fig. 49 A% Zio|A HolFE A o] GPU Iol&
100% ©l3t& A&t 3% FAlo] AP=E g7t Eof
Ur 793 452 24t AL B 5 9ok

oA AW AT 2 1 Aelo]y A4 GPU AL
GPUE F93H= the] golul Aole] 4 A2 AF
o170 e, A ek ABSHA gt A 2 el

0

o] GPU Al AMFE AT 4 gk ZolH, oz <l
8 GPU 2:i<] tiLof Eﬂr 7H¢ GPU A9 B%g AMg5}
23l & Aolrt. wEtbA, oY Atelof] Al AMgoE <l
gt 73Ao] WA, GPUE &-R3te B AHH Y 45
o IF= mA.

A Ffshe Aol Atelol M A
= 22 GPU AHed& Eshe e ov 9] Zisol wat 4
50l HEHE A& K5tH, ol EEEkle] g3 m] 7+
z i
Al

A7} 275t

oA QoSE EAst=Hl Al
Zgoly AMgA7F Addsts GPU &Hgje 4
et A /\}o k0 GPU ZHejo] AdE 1 EEr] Azt
E A ARGl et R 7pA]aL A
E} 1 BT F S8HLA] & 4 ik
‘IJrEW 2 =&oAE 71E AEely 7Iit 22he= 87
oA AA7H GP U 24e 983 ] st Aok 235}
7] 18] AAIRE GP hﬁﬂ A s FH57] 93 7
UHE 7H% Az AfEe AdHeluE AET o H
A o Fxolr] 93 =5 2AE BT HS A &
w2olA Ajtshz 71l tigh ARt W82 v ol
ZA|5] Ayt

rek

5. 4
2 =EoAe o9 AEelyrt GPUE FRsh= &
= ggoA AAZE GPU S 28317 Yt 4
GPU &< Ay 4= =3 7|Hy =& gAE A7
Aergtct. AAIZE GPU #49] Ay g F4517] sl
AAIZE GPU 2 HUE Y A& A28 AEolyd BijA|
£ 9% =& f2AE #AY 7S A2t Fig. 5+ £ =
ZolA Ajtet= AA| AAH fFRE HojEo

2 =04 At 71HS IA 37HA] AE AlA”e R
T8E A 1A= AeEolUE 88T o AelolvY 44
o) HEeziel RS st T 4 UEE Docker
A Docker CLI(Command Line Interface)[21] AFo]o]l

Ho

il

AAE H113H M115(2022. 11)

i # i #
Container #1 Container #n Master Node
GPU Task GPU Task
Assign the Deadlines Node List
to the Container
‘I Docker | -
» Monitoring
o Information
] HESEA0R Collector
£ K
£
N
= Node Information
2 o
[
5/(/26
b1 o<
S| ||S T GPU Process Run
2118 8 state information
a5 ® Node
=R Information
- v —
c ©n
° 4
o
o Docker CLI NVIDIA SMI Worker
“|H (Command-line (System Managemen Node #n
o
£ Interfaces Interface)
S
&

O
1s1] ssed0ud
Nndo A1anp

4>‘ Container GPU
config file

Worker Node #1

Fig. 5. Overall Structure of the System

qeetel ARE VY 4 e HEdtel PR B s,
5 WAL GPU A9 A8 S 7]utom Adolie] GPU
9] A% e AL A0 A4 Ul F7 ARG 2E
371 SIak ALAKE GPU 219) Al Afef BUE™ A28, w1
e gze Aozt MY o, SeAEE T 7
wEo] gEskel B4E U lEE} 1 0} AIE RS 7ike.

Aesr] 95t L& 2 AE e
r)r% Ao A ZFA|] 7145t

. GPU =gt e} 2UEfR]
UAZE AP 8T o MY FeT Hul dseel 4
olc}. 7} AN AQle] AAtEl F HlEetelon oA &

AIZE ool 2dE = sfioF 517 miizol Hl=atel AR

N =2 orlr oo HT
il
>,

b MBIAE 285 AElA FERRe] 8] mE
2] 249t AAZE GPU Aol sl=etelo] dg=H,
Aol AlFHELL gESRIZIA] E2 AlREE AASH] {8l
A Al g= AZEE FAs)oF gt
ZHlol ol Hl=atelo] s A AgoluolM U3
S AAZE GPU 2o] Hl=2]l oo AFo] HeA] &
Asfof gt dwta oz AR 2A9] HE=ziele A
A A AIZEET B g2 AlZto] 2Ent. I2|al gleet
R AA A A7 AZE2 th27] fiZof AAZE 2efo]
=&l ool A=A Ajde] A3 winiet glsfof

aitk. GPU o] HlEatel ool AgsleA] Selsty] 9]
SAE GPU 2] A4 A A7he gRlsky g=etelat
sletel ofg GPU 2ol Hi=atel ool Halg gaat
4 Zlsfof gt



SAH 718 ZE|0]H EF0A &AZEGPU Y ELEE S AH0|H BiXIE

Container #1 Container #2 Container #n
[ GPU Task | [ GPU Task | GPU Task
[ L LY

Assign the Deadlines to the Container

—| Docker |

Query process list
of containers

Host OS ‘

Docker CLI NVIDIA SMI
(Command-line (System Managemen
Interface

Interfaces

Process list
comparison

GPU Process
Run state
information

Container’s
GPU Process List

151 ssedoud Ndo AsenD

Monitor task start and
end times by querying process lists

—
Container GPU e
config file

Fig. 6. Proposed Real-time GPU Task Run Status
Monitoring System

Storing the container's deadline information

LERoAE AAZF GPU 29 2 Are ZUEHES
149 AJA”IQl Dockerdll & 7HA] 715& 5713t
= AAIZE GPU 29& F3stke Zeloldol b
tgstal dgoly 44 FEA F7tstr] et b

71%50]2 F WA= AAZF GPU &g A&
174} G2 =kl e Atsly] 8t mUE 7]

'%rlﬁ
o
2
[¢]

ll‘

e o r'E
_VE sk

rS o

oon e

or w8 i m & 4o
oy
il
>~

i)
&

M- gy T AlAH”olE "=kl #eshr] gt
oA =tt. AElolde] mEglS ¥ &
AlZE GPU &9 Hl=giRlS A4bstr] A3t 75
—‘—’5} A et £ =12 AAZE GPU #YS A Ys
off @E4A 7]5F AH ol AIARIQ] Dockerol Hl=2}
g5t7] AT 7= FUHITH 2 =24 Atske
AIZF GPU 29 Aoy A mUER] 7] Fig. 63 2t
2 =79 FoA= AEeldof HEklE g 5
AEZE Docker AT} Docker CLIO| #H&H 7]5& F715H
ot Docker= ZEo|H &2 A7} Docker CLIE &f 7
oly A4, A ¥ RYUHHZY 22 Aeoly By HH
8745 Docker 7oA 8HH AdS Aste AH-Z
Zo|IE F2E Z=t} olfd EAZLE Qs zH ol
geaiolS ddsta Bst7] Ysis= Docker AZT}
Docker CLIOIA & HEE walelyl A&e 4= JEE 7]
5= F71eloF gttt £ =EolA= Docker ZlofA ZH|
oy A4 mdg AT o =gl JEE AFE 5 U=
£ zlgo|H 9 mtetn|e] JRE 715k Docker CLIE
Asto] Aeloly JHATL e A4 2 EYEF &Y
< 53T o g=alE ety ERlstr] gt

roo
(] ob
)

N,

5 loo
o_I'EI“m
N

> =
OH

5%

> o N oo &9
ftfo S
ol

ol

&

o

£ =xolAe A=y A4 Al e eldo] dEetkele
ggstal ST o U=E AEH ol Y FFoIRA docker

QIS LE 2|AE H2|7|Y 387

CONTAINER ID

DEADLINES

Fig. 7. List of Container with Deadline of Each GPU Tasks

var/lib/dockerfcontainers/f42f1dcd329cdb246f13d
fa2f1dcd329cdb240f13defe619a3ef236cfe8309ch3faf
cudacontainerae", "k ,"Driver”:"over
0,”HasBeen5tartedBef0re”:true,'HasBeenManuallyS
{},"SecretReferences”:null, "ConfigReferences":n
containers/f42f1dcd329cdb240f13defe619a3ef236¢f

Fig. 8. Deadline Contained in the Container Configuration File

create ® docker run©®l| HEER HRE
491 -

=t

Jgstr] fIgt
dI& F7Vstal Fig. 73 o] ottt I
S ZRIT 4= =s AF 52l AEloly fArE
23]517] st HH oA docker psoll ZAH 0| 9] Hl=2kl
AEE 29T & A&F 7|52 F7i6kith. Ee, Fig. 8
¥} Zo] glEgel FE7E I AGEHES HEH oyt B4
F 1 Docker XA ZAst= zH oW A oA
config.v2.json & FAlo] HEZS HRE Il
Docker M%& 47451t
ool gl=gilo] S=EH AA| Aol oA A
H& AAIZF GPU 2Hdo] g=akel ojujo] Agw=x] =y
Ej g afjof gteh. AAIZE ZHF Y] HEgel BA of R AH|A
4% AFA o7 AWE U= ARRto]7] wiizol ATt &
o] AYEIL gl=aiql o]Hof o] LRrE=A] Al F
A o= Qlofof qhrt. bA ARt At o] AR 29
el vt o g i) Ay AZtET B W2 ARt
o] gt o2 Qlsh H=gklat A AP Ad AR
A& g2 HegelE Tttt A2 Aol ¢EEo]
of gt= AlZto] ik 71&E Aok B YD Bolw, AA &
o] "E=I oo &8l 4 Slthe EA2 ofyrh
AAZE 2 9] Tl B AEE &elst] flsiA=
l=gkel, 2 A& 9 F= Azl gt ARV d sttt
AREALS] 8ol whet Zjo] A|ZMEH Zbgjo] AlAE I &
Alof El=kel Efolm 7t AR Qo] SaEH HEgt
?l 7H2EI7F SREHI A9 F= A4 HE E}o]e H|
sto] gl=gielo] AFEHUEA AHF=AE
gloly /\V‘Eﬂ% Adold ejAtol| o3 049“5] ]‘ﬂ'
oA A== ZPL MH|A AFAL] 95 %%
o|& Qlsf HEloly A= FH oA A== 7—‘}
O A& E & AEE & 4 ik H oA AdE
7]
g

i b r°1'

ru°" r°" JE

r-‘l
r&v
) —E
i) rﬁ

n:E

9
7

ARAE RS o 2 AR g e A
3 71%5e F7b5Hs R QAT oleist WL o



388 HEMZS=2X/ERFH ¥ S4 AAH M113H M115(2022. 11)

o|Ade] FPAE &t RUEPE AR AlFste A
Hoj| oJ&dfjof 5}, o]= ] FHJA Y Al=HE BT
= Aok

B =RoAE AA7E GPU 29 9] A9 S $2]517]
el Z2AA BAE 2315 Fal ZAgoluolA Ash=
GPU &9l A3 AeE FHgict. AeolyoA A=
GPU #4& FA5}17] Yeix= 4 GPU 2ol Adg o7
£ Qlsfjof gt} 3L, HAHolHuit gE Hl=EeRIo] A
2 27| f&o] ZAeolyEE A8 F2 GPU &S &
Sfjof gttt & =wollAl= 7t zdElojuolA A== GPU &
g 27| 98] GPU ZEA|A ID YAE FRE AFE3IT}

OFA w3t A3} Zo] GPU Y E T} Aoy ZYE
B2 o] A|AHOA HEHT) o]& Qls gl XY
HY AET 7FA 1= ool AP Qs TEAA
7F ol® ZQiQ1A] obd A & 4= glow, GPU HYETY HE
= GPU ZEA|AS GPU A AHEERE F24517] ojio]
g GPU Z2A| A7} ojE A oHo A AgP=l=r] &
Ut kA B =Foxe g olHoA AYEE ZE2A
2 HL GPUOA A== GPU Y9 Z2AA D 4
Hol vlwg &3l sid GPU &<do] ojd Hg|o]ufof A Ay

=4 At

A2 GPU 29do] AP=H GPU ZEA AV =1L
GPU ZE2AA FAEQ F71E7] w0 GPU 29 A3
A= Bl 7rdstA A 5=l shARE, ZF zH| o]
e S92 /i AR #Esh, oA AY
& GPU g2 A A=A vz & 4 g7l W&
GPU ZEANA YAEE AA]| 23511 FAEQ HE5S I
QlsfoF gtct. o] I3 GPU 29 A AeHE F& o=
2k} GPU A}io] AAE AP A gote 4 =
Al GAEE RI|obe AHS Fdof gttt & =Rl
Arst= GPU &9 AF e ZUEE 712 Algorithm
13} Zo] 53ttt

Algorithm 10]4] HojS= A3} o] 2 =ofA A|<tst
= GPU &Y A% A ZUEE 7|HS GPU ZEAA 7
2EE A Z3)otHA 2 AAE GPU Z2A| A7 24
A GPU &go] dAd AldS &Y A& Ao & 71559
I ZAgo|H ] ZEA|A 2AES FAFSte] ofH Zgo[U7}
A2 B4E GPU &< £3ot=A 2=t E3 GPU &
EAA7 g Eo] TEA|A HAENA AQEH 2 F=
AlZbo &2 71535kt o]ek 2 WAlZ B3 AAIRE GPU

d

GPU 79l AMFE HYHT .

Atel= 7I¥olA AAZE GPU 24e Adste= 7Ho]
HE 20 Ao A& 2 28 A7 7|22 AAGHA AFEA
o] Helely 9 GPU A3} =yZ o8 A5t 2 =&
o] M 2 AHolY AMgAlA ojuHdt FRE a7

Algorithm 1: GPU task run state monitoring

struct GPUtaskinfo {
str ContainerID
str processID
int Deadline
float startTime
float endTime
bool deadlineHit
float floatTime

}

10 | while()

11| get GPU process list;

12| if num of GPU process ) 0

13 GPUtaskinfo-)startTime = now()

14 GPUtaskinfo-)Deadline = Deadline + now()

15 Get Container list
16| for 0 ~ num of Container
T7 Get Container’s process list
TS if Container’s processID == GPU processID
struct GPUtaskinfo[] =
19 {ContainerID, processID,
Deadline, startTime}
70 if GPUtaskinfo != Previous GPUtaskinfo
21 SharedMemory = GPUtaskinfoll
Z if remove Container n of list
73 free(GPUtaskinfo[n])
24| else
25 if remove GPU process n of list
76 GPUtaskinfo-)endTime = now()
] GPUtaskinfo-)floatTime =
27 GPUtaskinfo-)Deadline -
GPUtaskinfo-)endTime
78 if GPUtaskinfo-)floatTime < 0
79 GPUtaskinfo-)deadlineHit = false
30 else
31 GPUtaskinfo-)deadlineHit = true
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Algorithm 2: Node List Ranking

Worker Node Side
T struct nodelnformation {
7 int nodeState = 0 or 1
//1: Provisionable, 0: Unprovisionable
7 float nodeFloattime
7 int GPUmemusage
511
? if request information from Master node
7 for 0 ~ num of Container
? if deadlineHit == false
? hitFalse++
; if (hitFalse ) 0 || GPU core usage == 100%
|| GPU memory usage == 100%)
T nodeState = 0
12 else
TS for 0 ~ num of Container
Z nodeFloattime=+ GPUtaskinfo->floatTime
TS nodeState = 1
E send nodelnformation
o Master Node Side
T if request new container create
7 request Node information
? sort list of nodes based on available GPU memory
4| for each node list
T if new container’s deadline { nodeFloattime
? candidateNode = node n
7 break
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Table 1. Experiment Environment

Container Server
CPU i9-10920X (3.5GHz)
Memory 128 GiB
GPU RTX 3090 (24GiB Memory)
0S Ubuntu 18.04
Docker NVIDIA Docker2
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Fig. 9. Performance of Real-time GPU Task
Run Status Monitoring System
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Fig. 10. Resource Usage of the Real-time GPU Task
Run Status Monitoring System

Table 2. Actual Execution Time of GPU Tasks and Measured
Time Through GPU Tasks Execution Status Monitoring

Difference between actual measured time
and monitoring result(Sec)

Start time +0.22 (min: +0.18, max: +0.25)
End time +0.21 (min: +0.18, max: +0.24)
Runtume +0.22 (min: +0.17, max: +0.24)
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Table 3. Monitoring Information for Node List Configuration

Tpye Node state GPU memory Deadl}ne
usage float time
Size 1 Byte 5 Byte 10 Byte
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Fig. 11. Node List Configuration Performance
with Simulations and Dummy Data
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