2023

A F&+= UMEAIANAN AFH AFHsdassS 283
S

a7l En St a e %Qﬂr Ul IR e
Faleaghey Jdr|ed T
dsb04163@koreatech.ac.kr, glenn89@Kkoreatech.ac.kr,
ithsan@koreatech.ac.kr, yhhan@Kkoreatech.ac.kr,

Hierarchical Deep Reinforcement Learning-Based
Partial Task Offloading Optimization in Edge Cloud Networks

Yeong-Jun Seok!, Hyun-Kyo Lim!, Thsan Ullah?, Youn-Hee Han'"
"Future Convergence Engineering, Dept. of Computer Science and Engineering,
KOREATECH
?Advanced Technology Research Center, KOREATECH

[oT 2 5G WEYZoA RE 2 o Z 24 (Partial Task Off- 1oading>—3— 2ol AgtEl 24 A
]/‘1 O:rLHL oﬂﬁx] 9 A AAE AT 7] % Fo% £F4 F syl 3}*]‘3& FE X—}‘ﬁ
TG $ZEY ngr Aol 3t A5t ZAI7F AT B o=l A= ol e Al s
%’43H ol A *g“ﬂ'—r AFE AAANA AFTH AF 7o]'§]'§. %+ (Hierarchical Deep Remforcement
Learning)S 483 ¥&8 ¢ e=Z 29 Acksie) w3 A2 A= Zabeks 710k 2] a3
3} FAo th3d Markov Decision Proc ess (MDP) ¥ H4g+E Zé/]@‘jr AZA AZF Aslstgol
A9l Z+ 74]%% ’\1i e dugdEs F8sls 28 sy Jd Eu & ]Oﬂ ﬁH& 1331101*4 4 7}

= AgstE Yol & W EU} AAAZ d 2ALAE =

Q ok
2

I. }\‘1% Update envirmment and resources

IoT % 5G 4 UEQas S/ 44 22 il ) High level | (" Lowlevel
Mz fEFYAlA AES 7}b'3}7ﬂ At sHAR i = Fn |
Aglol Alga 22 BA7h Aol Wgkata AL QoA ] =
NZe A A 01%\:}[1][2]. Wb oA & & &G | § | ok § |8
gegs pEY AAY 2d4E ezzgsel =7 wrc i1 bl I el e I
Ao A ol cfFYAClAS AdIFEE T F - ‘thm T
ATH]. mif‘

Listoftags for offloaling

A S A A 7 8} 8+ <5 (Hierarchical Deep
Reinforcement Learning) %3t ZAE A9 #ddz

el WMz RSl AR ATUS AdFOoA (29 11 7152 %3kt wael o

Aetets GAdnH4lel o "W, A9

B ofel ol e gAR REEH olejg A5 D A2Y 2d 3 EA 39

ditdew sds77h ° 4a, 2 dEHEL gE B g AE oA ZEes AFE AA Az 2w

wAES Ads] A8 Axed vk 2 EA Aelg A9t 1y 1L oA FHe=

% #(Partial Task Off-loading) S22 H]gol AAANA 2 exzmde §3 Adtd AFH AT

wEl A7 2 oouA ARz ksl waka Zepets Was ®BolEth Alad Bl ¢ wd

AHol exzy &S Ao s 2F A Qs A%} AA 2, AQARE REE T

ALY B =RddMs 9 £AE sty fsl oA

FepE FRG AANN ATH ASHHTG 0 e 1. 24l 22 (Task Model)

hva KR 5 3T

49 ez2he Adei, ged ex=m wER Arals mElol A Base Station& M7 EAahH 7

Alarste] ol g x] AR Hash B AQJAE v Sl A Base Stationoll N71¢] A7} 9t 7F FA o= Hee

S5 A FHETh Aelol st EAsh Al dolg e Aol g(MB)Z
AQAZE Moo P4 gk i A emugs
T B wEe tg 2ol ;AEr V= {zy 2}

Togkd s wAl A A cHAdE 24, °ﬂ7<1, Sehrs ¥ A exZed

0172



2023

[¢]
-

[l

LHERI T 29 Al FTE 12 At

Hl &

2. A9 A & (Energy Model)

2 & AFE duyA EE
A AUA BT 3 ol Atk Ho] 04 1AFe] <]
#HE AHAG. A oyuA B gS3 o] AAE.
E7 =PV, PU(J/hine AFe HFH CdUAE
et Ve A9 29 vE&S etk AE oy A
E'=  gegd gol  Axddd. E'=PT(oV+a).
Pr(Jmit)E AE AFE duAE JeEuy o= A F

HEE = dlo]E o] Alo]zol T,

N

A& dAdA BTt

I
<

3. A AA 7 2 (Delay Model)

AA A7 Te AE Ad A 773 A A A
79§ ot A F AF AAAR 77eE &t
Zo]l AMAY. T = oV/p p(Ghps)e QLTZ2Y A&
AEEolt AY & ASAA Ay AAAT T
AMNAT, 7% = ¢ V/F. F(CPU cycle/s)=
ArolE S YET A Ar e 7 AlFY
A ia=

L

lo

oZay
2k A el
. B & Base Station
o ZRYse] AREE
AaN B oA

m AZ&E A% 23 sF

B Ao A2®E mdoa ¢ ozZzdgs 93
Azd AF ZssFe A9 @™ MDPMarkov
Decision Process)¢} &9 @® MDPE Ao}

1. %9 @' MDP(High-Level MDP)

A9 #HW doldEE AHE HEYI AHAHE
Aol FFom  ZAPe R oxzny XS
et P52 [24, dF, F2e=] 22 JuHE
7T dA R 24, o X, F89-Edd AYgs 2
dgstd 5o FeeE (1, 1, 11 ey, =7 A
oA gt APAS FAA sttt s FEE (I,
1, 013 2o olg3d A9 e YdF HeHe 9
e Az HAEE, BASe 319yl oolHEe
qs 5 AstE

2. 319 =" MDP(Low-Level MDP)

9 AW elAEE FHE ENT Ju P 49
dus PEe devel Prow emmy uES

L
T

ol
A

299 @59 P

04, 02] 2t} BA4e

A7d ouiAsl A
%3 7l

49 i Zow oAl [04,
2dls S ALt =g
3 ALt =4
2 T<AH¥ 1-F,
el "l =

N
3
T
@

0173

0

-10

Episode Rewards

—— ours
select
—— static

0 50000 100000 150000 200000 250000 300000 350000 400000

Episodes
(9 2] 9¥d dues] dyir= BA Hu 43

] &)

al
h =

V. 24y 2 23

Hlul AgeA AFH AF Zess duzlse
g2 DQN, 319 #¥We PPOE AF-& 3t} statice
A3tk PPOWHS AFE3] 3l select static} ¢ard]
2T A e Bilsle] o xay A gEvh Aie
gt Hys ARgden [a" 2]k 2oL 3A
M=3°" N=320|t}, XEFL& duiL=E YYelyH,
HAEo A e wads vehth, A A3

A3t e A & 5

oo TN mx o
2 Mo o o Ao

ol

o

YES A 2]
e wEey quA AR Hasss AFH
38t AAsta gdg AT 2
Ao eZrdg FAE AHsEA|
exzay

2
AT E oA ZHf=
s
7

P

ACKNOWLEDGMENT
mEe AR(EET)Y AYOR FFATATe
Aee Wl am  xATAdd  (No,
2020R111A3065610 & No. 2018R1A6A1A03025526)

A28
[1] A. Singh, S. C. Satapathy, A. Roy, and A. Gutub,
“Al-Based  Mobile Edge Computing for IoT:
Applications, Challenges, and Future Scope,” Arab. J.
Sci. Eng., pp. 1 - 31, 2022.
2] A. S. Mohammed, K. Venkatachalam, S.
Hubalovsky, P. Trojovsky, and P. Prabu, “Smart Edge
Computing for 5 g/6 g Satellite IOT for Reducing Inter
Transmission Delay,” Mob. Netw. Appl., pp. 1 - 10,
2022.
[31 B. Dai, J. Niuy, T. Ren, and M. Atiquzzaman,
“Towards Mobility- Aware Computation Offloading and
Resource Allocation in End- Edge-Cloud Orchestrated
Computing,” IEEE Internet Things J.,
2022.
[4] T. D. Kulkarni, K. Narasimhan, A. Saeedi, and J.
Tenenbaum, “Hierarchical Deep Reinforcement
Learning: Integrating  Temporal Abstraction and
Intrinsic Motivation,” Advances in neural
information processing systems, vol. 29, 2016.
[5] M. M. Botvinick, “Hierarchical Reinforcement
Learning and Decision Making,” Current opinion in
neurobiology, vol. 22, no. 6, pp. 996 - 962, 2012.





