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ABSTRACT

Intelligent vehicular applications are currently under active research. However, there are limitations in
meeting the service requirements with the vehicle’s limited resources. Therefore, the methodology of offloading
tasks to edge servers is gaining attention. However, edge servers are resource-constrained compared to
centralized servers, and this can lead to overload and localized offloading failures with high traffic or when a
large number of high-computation tasks are requested. In this paper, we propose an algorithm designed to
address the problem of load imbalance among edge servers in a vehicular offloading system. The proposed
algorithm aims to maximize the utilization of the limited edge servers’ resources to increase the offloading
success rate. We have formulated an optimization problem to form a cluster among edge servers and minimize
the deviation of available resources within the cluster. To facilitate optimal load distribution in dynamic
environments, we propose an algorithm that utilizes a reinforcement learning model TD3 (Twin Delay DDPG).

Through experiments, we demonstrate that the proposed algorithm effectively alleviates load imbalance,
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particularly in environments with a growing number of vehicles or an increasing diversity of tasks. The

algorithm achieves a high offloading success rate and confirms the scalability improvement resulting from load

balancing.
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Algorithm 1: TD3-based in-cluster edge server load balancing 12> Aol 285 Feprle] s Aelgk Zoluk
algorithm ° a H L o =0 5
1 Initialize two ecritic networks Qg,Qg, . and actor FEE AJRESh= TD3 7]ME 45 AL el S :'L?ii
network 7, with random weights 6,6, ¢ 317 95l PyTorchi 2% 7)slEky mdl o E
2 Initialize target networks 6) « 6. 65 « 6,9 « @ 2o glolBEE]E sl TD3E A= 2
3 Initialize replay memory M
4  for eachepisodee =1.2....do 7N¢] Critic VIES) =2} 1719 Actor VIES = 2 3712
5 for eachstept =1.2....do ES BZ 9bx] o3 A= o7 o]2olz]
Observe state s from the environment Target =H = A% [t
Generate a random number p from [0, 1] DNN-=2 AR230t} Critic VIEY T = 2719 2d=2
if p <€ them 3 [ = ol rgox
Select action a with random policy 7HAAL —‘U% Actor Lﬂ A= 9H3 A
and get reward 1 and transit to new state o] 9k 94 1t} o] & olo]HET} AA ot
SHe A ST A S T1S 26 S5 et
919, Sk B AT A 2 2UE 917 el
Z2lKel 9k oA AZ=o g olmdhc} zhzte] 9bAd
Q17 Azozye] 225 s} ool iEe] HE 4
e 3-o 128709 WS 7 aL glck &
% 2] vkt ge Bl flsle] 2] A
Al

Select action a with pelicy ™ adding
noise and get reward 1 and transit to new

Aol nE oy
e 08= AASIAL ellv]ie=rt St wet gl
Flo] A=) Ao u)e-g 7+ 4A 7T

%S
9:]_ /\ 1:11:—1]_,+ ‘L}‘E:]Q J—]—\:’/]'U]Ei %}1\"%

10 else:
11 £
state s’
12 Store the transition < §,a,7,8 > in M
13 if ¢ mod C then
14 Sample mini batch of N transitions
< s,a,r, 8 > from M
15 Update critic networks by
minimizing the loss
16 end if =X =
17 if £t mod D then 2l 0.995%5
18 Update ¢ by the deterministic 3 2+ TD3 ~
policy gradient 2] 7o
19 Update target networks gelst Zlelt
20 end if B w=ellAle okl ul 7] A A zhe] Ae]
21 d for - -1 =
2 endfor FmelEle] vlag e vl FAelAe] Ak o
a2]Fe] AsS EAMEch Wl 7 vl dare]Es
E = 1o } offel 2t
717} =4 replay bufferOJ]H Shgrol| A28 N7
o g ) 1] vl WA E P Nearest: Aol 2118 A& 418k o] Aul}
critic VIE9)212] 715 S qldle] =5k actor V=S B ks ks dareiSeld
= wak Al vk} olule] Egkt), wix|ulo 2 Random: Aol 7] 2psl& 52A418F o] 4wz} §-
target W ES|ZE0] dlo]|Exr)
ERRE R RETER SECEE
A= Table 1. Parameters of vehicular task offloading
V. cjs "é:jl' environment
- N Parameter Value
o] Aol ARk i) A ula 1A,
#A) 518 A1 B3E ek, 527864 A Time slot (sec) o
ol wlele] e8] FPAS u)Es)] 4714 el =) A Simulation area 3.0
LowaEt ARe Basi) Number of edge servers 9
RSU coverage (meter) 500
5.1 Ay =A AN Bandwidth between edge servers [0.07, 0.1]
A T3 17} e 2k Fele] 144 P (Gops) :
2 wE el o] ZalEglck orje] o] Aulz} Average available computing 50
resources (GHz)
AT 7E T v QAL A ® ke 7 AR —
N co _ Standard deviation of available 25
F& 7RItk 2SS =28 wet ol 7 71t computing resources (GHz)
§ AR A A LZ 2 HoJgE Ak ]'D}—J— 74 Data size of task (MB) [0.01, 1]
gt 01]‘14 srwit A Aue] 7H8- AkdE B Number of required CPU cycles of 0.0025, 2]
50GHz, %533} 25GHz S W22 dgdsid] 27|35} task (Gigacycle) ' >
=} i\“/} 7‘45]’5]' e BAS Qs e As 4 Delay constraint of task (sec) [0.5, 2]
Alde 1003] HFE A8 3 x5 AREsleitk & Number of vehicles 30
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Table 2. Parameters of TD3 DRL model

Parameter Value
Learning rate (critic network) 0.003
Learning rate (actor network) 0.0003
Initial epsilon (€) 0.8
Epsilon decay coefficient 0.995
Minimal epsilon 0.0001
Mini-batch size 256
Maximum replay buffer size 500000
Maximum episodes 5000
Parameter update frequency 3
for target network

Ao ® Asks whgsh, 2HA| 718 ARslRke R 21
STARRS BEEEl] ofel 739 1hop o AW 5
gk A E FARIEHA Adgsla Adsle] A2E 94
sl are| 2o},

Greedy: *[&llA| 2h1-& Al JIA] A 7]
2 2K Z31’E Lhop o) AH F 71 71HE- A81=F
o] w2 oIx] AHelA| A& Asle] MulE 8A43)
= dae|Eo|th

DDPG: At dare|5a AR Z3skeks-& 7Iut
o2 FeiaE] Hollx] 2] ik AW, Za} Ak A,
gl 28] v)&-& ZAAsh, DDPG 7J3lehsy dare|s
< 83k} DDPGE TD3¢} 2] 1709] critic V]|ES
FRkS 71tk

5.2 &y An}
¥ 4 Aok FwElEe] 4 A F 18 A%
A% sk ekl otk a7 4@ye B g vt

|
ol

P 4(b) = 2ZEY JFES Beloh I3 49}
4(b)ellA= Felo] 715l vl Ak gt Aa-so)
A2} Z7RI} ol F] 4= 200048 TS E]lE
T oleh 27 4ol HAk) e xRy AJge] BT
SHgA e g 1S Fall Akl daElEe]
1l slpe] Wi jol] $2233he 2helgick

a7 5% 7 daelEs st SR Aud o
T 7 AR vepdic) 25 dre]Sel disl]
5()9f #2o] U 27| A= ARAE F 2wke)
100tHel $H oA dare]EE 202 SaishHA 202
b ZF e 71 xpedEke] Hs Aok aF
5% 58 & o] daE 3 Aol A
7F Eatdo] Al Alve] &E, 53] 19, 5 A e
74 AHAEke v A3 o, 79, 89 A= AR

ol

Reward

2000 3000 4000 5000

Episode

0 1000

(a) Rewards according to episodes

2
Sos
”
3
3041
=
)

0.2

0.0/ i : ]

0 1000 2000 3000 4000 5000
Episode
(b) Success rate according to episodes

a2 4. Algk daeEe] 53

Fig. 4. Convergence of the proposed algorithm

27 g2 2RE 7P slek 23 5(b)2] Nearest=
A AH F ARde] A= AWzt slvlzke A8t
AR A3 w4 97 wigel Al=wl W 7He A

go] yo} ) Follw 2] Axpr} oJ318] v
3] A 193 539 2} F= gito] T2 AlskEl
B 5 9lrk 713 5(c), 5(d)°] Random} Greedy

[
+

PO
o

2Hd s ARk vAYSe] 7= 4ok

2ol AEl 7hg AU BEA 0 BHeShe 7

tlo 2 N poh ¢

A4 daelFEe dwelF 53 F A 2k e
ARzge] FAp} 2 FoIE A Ha1F 5 ok 7
Ao 2] Aol Aok 1, 53 Awle] 2l
e FAIE W, ARle] ol AmEe] A4
o] HlaA] ZA) FOIE HatkE Faleol, FeloEl dl=rk
Feloe) o) A4 AEsha Hale] vl w4t AYE
Bl Eabe o2 WeHE PS5 ek 53] 4
o e 2 bl ol Alel) e FAEE %

Yelu ARt dTEE A T b Age
Greedy kel 2 o] 2t 3u) o) olal 3-8 o 5

At

1105



The Journal of Korean Institute of Communications and Information Sciences ’24-08 Vol.49 No.08

<100

% 0

R Z

ER F 40

K 2
) I t HH H * l II II
, NN mEEE (|| | M
’ "2 S 6718 ST 23 4 50078

(¢) Random

o 0 2
@ n s Amouns (b) Nearest

2 2

Average Available Resources (GHz)

801

601

ige Available Resources (GHz)

40

Average Available Kesources (UHZ)

S l.|||.||| I.|||.II|

H}(r\d) (mnp( ml"np ed

J2 5. daEFE e F A e 7R A=
Fig. b. Average available resources per edge server
during algorithm execution

2% 6 Ae Porel wE Qkvele emex 4
EE Hehlich o] A3E faixe ex=d 84
Aepe] #x g Al AP WEAA ugkek Akl
(@)= 2= L7} 3 3ol BRE Alve] e, AlFE
o] Z17] 1°] FHellA o A FHsE T THollRb
91308k Acjel2o] Asfolek uleb 0dl Auls) di-
2] xen 2Ag SAekA Heh Avjel2 @) o

Al 2peE EE7E 54 A el WAER] sk ot Al
K]L]—E]Ril:]»‘—‘— 1:'17(1_5:__7], 1/1—_9_ A]—i]—_gi :j_al 11:11_0,]
0%, 178, 31, 41 AQs] elRk eEo] 21Xk At
2eo]c}. “V] 2re R ARl (o= 1?%"35’1 Y| ES
= Al A Wl ExF Ae]2olck WA
AL (o) ollA] AIRE HIokS A9l Al 7FA] HlekS
70% 2] AR AF-E-S ok 22u Nearest= 4]
B} 393} ol A ABlEe) ¥3} B4le] 213}
oRz 4o ek Eefe) grade] s A% A
aF Fo] zlom A2l (a) ollxles TPt e ex

o (a) nghly congested
(a) (b) Lightly congested
(b) © (c) Uniformly distributed
08 @ () ()
C (b) (C)

2
5
f 0.6
g
3
&

04

) I I I

0.0

Proposed Nearest Random

0% 6. A% FE skl wE AFE
Fig. 6. Success rate according to changes in vehicle
distribution

1106

o AFES ¥9r}k Random¥} Greedy+ o] AH =
o1 ¥3f o] ol = 3] A

= Al A=lsbr] ot J%WH 1T A 5 -r"iH
2 Alelab] del Ajslo] v el Aol gk
2 £ glo] LAEY)} AASLE AJTFo] Yolxit)
Greedy+= ©1% A5t 718 2k Al Sfslee
AL} Ahlo] $EE Aol Ak ale g
SR ARk o1%13] K} H4ke] Wl9l7} 1-hop & §F
AEI7] sl 2] Al AAEE A &
St

olell "ksle] FeixE] 7|uke] Ak darelss
DDPGi= ollA] A#] 7} Zeloe] 755 $4ske CH
A Fele v 7h AL el Belsled 32
Btehez 5 Alellzk <kslo] Tk aAolE CH
] 5t 3ak Aol ket Zel e Weld] wE

o

Ale] A1) w2 BEH. 2 A1 4A1aE A
WS} 002 QU Aelals AW E Helgho

A Ao Apepo] WAIE oA HelE b
o7 g2 Falsle] =2 o xRy AFES Bk
w3k vl daE|EES B Bade] AlsdaE

T ol Zststsy 71k

“

%}131?58 Edy B3 A=} dAe] s =&
AT G B 2H =& oS 7= A= 33
A= QA o R £35S B = 9l5S E]Ig)
o} 3k TD3E 2-4-8F Agk Heto] DDPGEE} Bt

0.8- \'/4\‘\"\1\,

/

Success Rate
=1
=2

N
RN

"~ —e— Proposed N
—— DDPG
—#~ Random %\,
04+ —&— Nearest \\‘\__1'\'
l-\

—— Grucdy

o
N

0.5 1.0 15 2.0 2.5
Number of Required CPU cycles ((Jlga Cyclc)

a3 7. 2ol ik ARl Wstel] mE A3
Fig. 7. Success rate according to variations in the
computational resource requirements of tasks



=&/ IA FEl2EH 729

=

o exuy Asdeld Boes B4Y Vo 14 J3eF

7Vel7] witel] B darejEe] Aol AAAQ 33
< "I} £3], Nearest, Random, Greedy % 1E]52
27 Ak Ztell w2t Adg-Ee] FA43H sl
& & 4 olrh 2] a8k AdEde] AASE
28]l W] 718 A 582 0" ol s 3}
Ak} g 28l Fdo] o] A|#] 97| wjielrh
w2bA] Nearest7} 7H S Adeg Holn o] A
oA Adsl= Random¥} Greedy”} FA12F A3}5 1
I} vhH AlQE ek32]E3 DDPG= A5 A3} F]
Ao ® 2L, 7ol Ao 8 AlEdo]
Z7VeIeet e CH MW7) SeiE] W) 718 214e] &
= A E TA R Adgshd F8kE AR A}
2] Ad AIZF a7ARRRE Hledgt A9 At 21917
A3 wEelcth 53, Aljt daEle Asie] 8-
lego] Frlelete e gl F 3
< AFES B3

a7 82 ez ey 2] dlo[e]e] z7]| WSl ulE
G2 AE-S Ehdth Nearesti= A1 7F 5
Alo] MAYslA] ofom® =ie] Hlole] Z7]| Flel <3
e W] ol Ae Wishr) gl vl ) 7] e
2 Au 71 dlole] Adoe] WhAslEE dlele] =7]
71l we} AF-Ee] Al Aes B]lrk Lol
= 7 WA A F dHolelE galele] Aibs HE
= = A = A1 S8l S A
of| ksl Far thE Aol 8314 FEA| =7 wfio]
o} wepA] dlele] 277} TS HAl Ak Hod
A|az, ookl AAS 831 Hshs Alke] AsAe
2 Z7VlEE 28] E8-Fo] Jolx|A Hrh

53] Random-> AFA| Aol oJH o] gl 73-Foll
o] M ellAl AL3h, Greedy+= #H *12] 7|5
o} FAGle] S 71e- ARl 7 2 AellA A

jind)

tlo

s

2

;_—._\'/H\'ﬂ\

08 e
H ‘\—/__«‘/\__—a——v
0.7
Q
s
&~ :><C
2 E———
8 0.6
Q
=3
7
—e— Proposed
0.5 —— pprg
= Random
—&— Nearest
—— DDPG
041 o Greedy

0.2 0.4 0.6 0.8 1.0 12 1.4 1.6 1.8
Task Size (MB)

J2 8. Ale] wlele =] Wt e A¥E
Fig. 8. Success rate according to changes in the data size
of tasks

3R FAlo] TS A AYEHA| =
7Yl whE As A3} Fol tiS =zt 7dslEs 7ak
dae|EES Ao 27 2 A SIS HAss)
At thofFo] 71 F& AuE AlEshs 5o 584
3l Alele] 753l g Ae Ak Fo| AL & AF-E
S Holw, 53] Algk Wik Alg g Fob
DDPG "H] =2 A¥ES 2k

I8 9= AR g STl wE e AEES
viepdcl 2Bk 71 2k 300 vl dare]s 7F A
& A7t ZA] ko), ARF 7 Sl wEt v
o dwelEEe] AEES 343 sl 53] ARk
7} 60l o|ide] E= APHElE AW 7 H8kE &
AFS= Greedy 2} Random Hrbe xpAld o 2nt 2hed-S-
2]2]8= Nearest’} 53 A3=S Wlo =2y, £
73S aEfsl] ok sl WAk HiAYSe] 23518 A}
A FEES o] oz ey AFES UJE S oSS
sl gic) Zskeherg 43 Bk CH AW7} 2t
ol zZealel, o, AHEe] 71 ARl 5o 4
B ARE SR med FHe] Fal E4F EA
2 A A wles AAsleE A vt Srise=)
= 7H A EEES o] e Ak 2aslsid
= S B9k 53] At Wk DDPG tH]
T Pl At oF 10%2] =2 e Welck

" N

S
&

e
=

Success Rate
S
>

—e— Proposed

-5 —— DDPG : o
—#— Random
—— Nearest
—— DDPG

041 e Greedy

0.2 0.4 0.6 0.8 1.0 12 1.4 1.6 1.8
Task Size (MB)

=}
n

38 9. A 4 7kl WE 4TE
Fig. 9. Success rate based on the increase in the number
of vehicles

VI
W oEre A2 oxee FAd oAl An Al
3 o) Ao 7k wshE palst
= siats 7 mElEe Aksisick oA A
7

%
o
i
£
i

1107



The Journal of Korean Institute of Communications and Information Sciences "24-08 Vol.49 No.08

SRz el FE vEew, eioE U] 7He Al
B Hzspehe A Fsh 24k HA5 2AE e
skt E4el SR ek A o7 HAgE 2|
s15te] Zsfaler it Ts} 4 ehwe)Zg Aoty
el A48 Ak ARk ke o] A 2k st 2t
Al o dsislor] Avpow ¢z
RFES PP 2 Falskick 58, JF 57}
Z7VsbA 2kle) Hopide] 2 A Hla o
YEEx) 2 Ak 2 _-«ii‘% AFES HYew
2 Sl $rEe Felsknk B Aol
As }\]-X—]o]] JL,]E] 2424 E‘H/\H 2= %_Lg_g]. }j\ \,}
F ATAAE A A FHe AR ko 2
Ao FeloElE sk ke BAlshe Wl
A7kt gek wak Ao 2lq) 27 A7) vhe
W) FEL A LA S5k oL A
ol thite] F9b 415 Tk AuE P ek
emay) e st ek

0

r.?L’ mlo

References

[11 Y. Ma, et al, “Artificial
applications  in  the

intelligence

development  of
autonomous vehicles: A survey,” IEEE/CAA J.
Automatica Sinica, vol. 7, no. 2, pp. 315-329,
Mar. 2020.
(https://doi.org/10.1109/JAS.2020.1003021)

[2] E. Amold, et al.,

detection methods for autonomous driving

“A survey on 3D object

applications,” [EEE Trans. Intell. Transport.
Syst., vol. 20, no. 10, pp. 3782-3795, Oct.
2019.
(https://doi.org/10.1109/TITS.2019.2892405)

[3] X. Zhao, et al., “Fusion of 3D LIDAR and
camera data for detection in

vehicle applications,” [EEE
Sensors J., vol. 20, no. 9, pp. 4901-4913, May
2020.
(https://doi.org/10.1109/JSEN.2020.2966034)

[4] H. Khayyam, et al., “Artificial intelligence and

object

autonomous

internet of things for autonomous vehicles,”

Approaches in Eng. Appl:
Automotive Appl. Eng. Problems, pp. 39-68,
2020.

[5] T. L. Willke, P. Tientrakool and N. F.
Maxemchuk, “A

Nonlinear

survey of inter-vehicle

1108

[6]

[7]

[8]

[°]

[10]

[11]

[12]

[13]

communication protocols and their
applications,” /EEE Commun. Surv. & Tuts.,
vol. 11, no. 2, pp. 3-20, Second Quarter 2009.
(https://doi.org/10.1109/SURV.2009.090202)

A. B. De

offloading for

Souza, et al., “Computation
vehicular environments: A
survey,” IEEE Access, vol. 8, pp. 198214-
198243, 2020.
(https://doi.org/10.1109/ACCESS.2020.3033828)
C. lJiang, et al, “Toward computation
offloading in edge computing: A survey,”
IEEE Access, vol. 7, pp. 131543-131558,
2019.
(https://doi.org/10.1109/ACCESS.2019.2938660)
M. Ahmed, et al., “A survey on vehicular task
offloading: Classification, issues, and
challenges,” J. King Saud University Comput.
and Inf. Sci, vol. 34, no. 7, pp. 4135-4162,
2022.
(https://doi.org/10.1016/].jksuci.2022.05.016)
Y. Liu, et al.,

for offloading and resource allocation in

“Deep reinforcement learning

vehicle edge computing and networks,” /EEE
Trans. Veh. Technol., vol.
11158-11168, Nov. 2019.

(https://doi.org/10.1109/TVT.2019.2935450)

X. Zhu, et al., “Multiagent deep reinforcement

68, no. 11, pp.

learning for vehicular computation offloading
in IoT,” IEEE Internet of Things J., vol. 8, no.
12, pp. 9763-9773, Jun. 2021.
(https://doi.org/10.1109/JI0T.2020.3040768)

J. Zhang, et al.,
edge computing networks: A load-balancing
solution,” IEEE Trans. Veh. Technol., vol. 69,
no. 2, pp. 2092-2104, Feb. 2020.
(https://doi.org/10.1109/TVT.2019.2959410)

P. Dai, et al., “Multi-armed bandit learning for
MEC-
empowered vehicular networks,” [EEE Trans.
Veh. Technol., vol. 69, no. 7, pp. 7821-7834,
Jul. 2020.
(https://doi.org/10.1109/TVT.2020.2991641)

L. Huang, S. Bi, and Y.-J. A. Zhang,

reinforcement learning for online computation

“Task offloading in vehicular

computation-intensive  services in

“Deep

offloading in wireless powered mobile-edge



R WA FelzE Fxe) A% exed Azl JaGs 3

op
<
—r
ok
s
Y
=
ey
Ach
o\

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

computing networks,” IEEE Trans. Mobile
Comput., vol. 19, no. 11, pp. 2581-2593, Nov.
2020.
(https://doi.org/10.1109/TMC.2019.2928811)

J. Liu, et al., “RL/DRL meets vehicular task
offloading using edge and vehicular cloudlet:
A survey,” IEEE Internet of Things J., vol. 9,
no. 11, pp. 8315-8338, Jun. 2022.
(https://doi.org/10.1109/JI0T.2022.3155667)

S. Bang and M. Lee, “Distributed server
vehicular task

resource optimization in

offloading environments using deep
reinforcement learning-based algorithm,” in
KICS Winter Conf. 2024, Pyeongchang, Korea,
Feb. 2024.

R. S. Sutton and A. G. Barto, Reinforcement
learning: An introduction, MIT press, 2018.

R. S. Sutton, D. Precup, and S. Singh,

“Between MDPs and semi-MDPs: A
framework for temporal abstraction in
reinforcement learning,” Elsevier Artificial

Intell., vol. 112, no. 1-2, pp. 181-211, 1999.
(https://doi.org/10.1016/S0004-3702(99)00052-1)
K. Arulkumaran, M. P. Deisenroth, M.
and A. A. Bharath,
reinforcement learning: A brief survey,” /EEE

Brundage, “Deep
Signal Process. Mag., vol. 34, no. 6, pp.
26-38, Nov. 2017.
(https://doi.org/10.1109/MSP.2017.2743240)
H. Hoof, and D. Meger,
“Addressing function approximation error in
actor-critic methods,” Int. Conf Mach. Learn.
PMLR, pp. 1587-1596, 2018.

V. Mnih, et al, “Playing atari with deep
arXiv

S.  Fujimoto,

reinforcement  learning,”
arXiv:1312.5602, 2013.
(https://doi.org/10.48550/arXiv.1312.5602)

Z. Ding, Popular RL Algorithms (2019),
Retrieved Jan. 31, 2024, from https://github.co

m/quantumiracle/Popular-RL-Algorithms

preprint

gt 4= M (Soo-jeong Bang)

2021 84 : o] st 7
et =4

2021 9U~FAY : o] Bfod A}l
st A5 Et Aabedt
4

<FEeR  Deep

ment learning, vehicular task

reinforce-

offloading, optimization, mobile edge computing
[ORCID:0000-0002-4201-0595]

0l O] H (Mee-jeong Lee)
. 1987+ : o]sfodxlfistal i}
Axksta) Z4
19893 : University of North
Carolina at Chapel Hill %
selstat A
1994'3 : University of North
Carolina at Chapel Hill %
Sefstat uht

1994 3~& A : o]sfoAz St HrElgstat

<¥A]#ol> FANET, MANET, VANET, Task
Offloading, Wireless Mobile Networks, QoS

routing, Internet Traffic Engineering
[ORCID:0000-0001-6968-8817]

1109



