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Joint Optimization of Delay and Energy Consumption of Tasks Offloading for Vehicular Edge
Computing
LI Wenwang.ZHOU Haohao,DENG Su, MA Wubin and WU Yahui

National Key Laboratory of Information Systems Engineering, National University of Defense Technology,Changsha 410073, China

Abstract The combination of the Internet of Vehicles(IoV) and connected autonomous vehicles(CAV) has promoted the rapid
development of autonomous driving technology,but it has also created a huge demand for computing resources, which is challen-
ging to resource-constrained vehicles. Vehicular edge computing(VEC) offers an entirely new solution. By offloading tasks to
edge servers deployed in the roadside unit(RSU) ,we are able to service the IOV in a more efficient way. However, resource pre-
emption will occur when multiple vehicles send offloading requests at the same time, which will increase the task processing de-
lay. How to efficiently dispatch resources to maximize the quality of service is an urgent problem to be solved. To solve this pro-
blem,we treat it as a multi-objective optimization pro-blem and propose a task offloading algorithm named NSGA2TO based on
non-dominated sorting genetic algorithm-I11. The algorithm can find the Pareto optimal solution of multi-objective optimization
pro-blems,and extensive simulation results verify that NSGA2TO outperforms counterparts. In addition, we also explore the rela-
tionship between the delay and energy consumption involved in the Pareto optimal solution,which helps to better understand the
complexity of the vehicle tasksoffloading problem. By properly balancing delay and energy consumption.we will be able to further
improve the performance and efficiency of the connected autonomous system, providing users with a safer and more convenient
travel experience.

Keywords Vehicular edge computing, Tasks offloading . Multi-objective optimization, NSGA-II.Pareto optimal solution

1 T A T 4 Ak S A A R AR R B G AT DL

‘(ﬁéﬁﬁi&Tﬁ'ﬂéiiﬁWL%J&&J%?{E#%%»U\ﬁ’ﬁﬁn’”ﬁﬁﬁﬁ

ARk, B A I T Ak HE R 0 HESE 2SR B L O R S N N Y I - T L S [ R
(Y= R T AN NG [ I i S Nl 9 N L L 1 7 e g % UET+E§§H*§7KH/JﬁWJ:7i%i5EH’J T R 2 38 J7
o R IX — R , 256 B (Internet of Vehicles, loV) 4 AR ZX o A T 42 B I i A e 4 R Ak B R BB L 45 A A RS LN
*HH)@H A 3% 3 95 % (Connected Automated Vehicles, CAV) TRBESFRA LAY A PR G
B BN TSR M E R E., FHRMEARE oV 5HM A sh B3R %E CAV WSS T A ah B il H R
fﬁ o R 2 (R R R R 2 T Y T LR, SRR B By CHUR LIRS T e R MR ROR O AT AT 4R

1 5%

HEWH (R A RP A4S (61871388)
This work was supported by the National Natural Science Foundation of China(61871388).
HEAFVEH S8 (haohaozhou@nudt. edu. cn)

231000080-1



Com puter Science THEHLES Vol. 51,No. 11A,Nov. 2024

BET R ARES . SRI, S AR I I R RN B ) B 2 ]
A B R R TR R 7E v Hb STt 1 R b 47 A A PR
FIR SR Z AL 5 52 JE K 5040 A 1 4% S, 81 4, — 49 3% )
HEE/NE R4 25 GB BB, i BE 258 R G %Y
506 9 Ji P XoF 408 3R 43 UK A% i A R BEOR N F 1msT . XK
BEURAZ BRI ZE R T R .

KW ih %3+ (Vehicular Edge Computing, VEC) () 1 31
FEAE T B A R P T B L A K T 4 BT 5 3 B ik
¥1.9% (Road Side Unit, RSU) I it £ 19 31 2% Ik 55 #% (Edge Ser-
ver, ES) , AT 52 BLAR AL 38 Ay > i #ETT . #F VEC W, B & %4
A% TR A AR S — AN B BT, — A RSU MR 2 b £
55 245 AR 55 Al v AL 20 U M R A BR 0 R S R A AT S 1) 2K
A S 0 % o L dRe /N S 3R O G R AR R B o LA B IR M 0 .

TER D G AU AT 5 W R GH i #o g e 2215
B F WIS I R R AT 55 3 Xk 4 IR B Rk
A dc /NG AR o), 1 1T 43 A 3O% R 43 Bid O i (iR Oy
EED R FRERMANE R RXEERSE FED R AR
O A I AR T R T AT AR 5
TR B Ak 2] TS 1 Ty 0k R il Pk S ) B, LAY TMR B
FLAR P B — PR RERE AR b A0 R AR T 1% 4% BERE L R AT 55
AL R A/ MEAT 5 7 B AER A, SR X 2 R T R
L4 HBEEFELGAEEZEEZANBEE, Bl T gEFe,
A REA 1) T4 4T 45 1 4% 2 3 19 RSU,L {H i T RSU &b #L4T:
S5 B0 BR 0] BE 2 T BUT 55 A5 15 I e 38 0, 5 v 3600 2% e 5 I
IR 55 i, DR AT 45 S 3k 7R B4R A IR R R TR SR AP RE A Ol
St Z HoAr i dk. A o X SRR 5 Ak R O AT BE A I
O K B A AR AR AU 1R S — A B bR, Rk S e TR
B — FpAUE T 09 5 e L I BLAE 52 B R v A 0 DA R 2
SCo AR SCER ST 55 1 4% 48 38 RN RE AR R /ME L N £ H BRI Y
1B Ab B A0 T T B R AR S AR R AL N T X — )
A B T — 3 T el A S HE I AT L 1A S B
¥ (Non-dominated Sorting Genetic Algorithm-II Based Task
Offloading Algorithm, NSGA2TO) , Hl F 3k 15 pareto & ik fi#
% BB G 4R B I U0 AT 4 B AR 0 48 8 B AE R AR AR I /D
fb. ARCHEETAEBLIT .

DFETRH D LT b 04T 55 S50 380 A0 o B, 78 o 3
Tilh - 5 o 2 AT 55 1) 3R ] A

2)F TR PR B N T AT 55 ) 3R ) R R O — A
Z H b Ak 1] 8, /M B B AE 5 g

30 $ H — 5 Tk Ak S HEIT 0 Rk AT S
% (NSGA2TO) . LA 3k pareto Bt .

DEEE P E S B E NSGA2TO 8974 fE . 7618 % pareto
B B R IT IR S REREZ MM K R

AR 2 AW TR TAE L 3 H/MAR T RGEHAL
L ENB TR A NSGA2TO B8 5 ZiTin T LR
R EE RS2,

2 MHXIE

B A 55 40 28 TR A R IR g O T Y () AL G v Y
S R T 28 A0 ] A 250 4 T O A 0 5 B U, LA R A1 S 3R
I/ BEFE

T 22 B4 5K T N PR S S0 R R 00 2 R AR 7 A
15 E R A IS 4E M) B, Tang %1 7 % & VEC R G M =8
AA DGR A BE R b, B T — s s A S 3O 48 L DA [ AR s
FE, Liu 5500738 14 155 4 e O n) B R A Sy 2 P ISR,
PN T Rt AT B R AR T R, R T
A YME RGP A B IR ZE R, Ren PV B T
I EAGLGTB 2  UE 4R R s RGO
BTG ENA LR, Pan FP BT —FfET R
BB B AT 5G G A B RAE R IR 55 1 3% R

H T BEARTT 5 1 20 A2 P Y BEFE , Zhang E IR T —
Ffr 3 0 I 2 G 43 TiE R 2 0 3 2 0 = B B R O I B O
Jang 8 2 g8 T R 2R 0 OR [ B0 S A BB AR L
3 [v] {1k 22 2 (10 S0 48 B 0810 R R 40 B SR /MK TR ) L BB RE
Yang %2 % T WML A L $2 1 T BOCO #iik. B
YO DUt SR A4k 8 T VEC BT 451k b .

AR AR R A AL P B e AT R R E A R
B Ao P Ak ) 0, G e /N Ak 4 3R B RERE . (H R T N 2 B AR 1
SR AT S5 HIE T B R R R TR ML A Re, M £ A brth
fho ARSCHE B A WFSE AR R L oF— 25 EAT T 09T, Bk
Ut % BT ORI TS BE T R A A 55 W A 5 1 R S AE —
ANBA AR N E —HER D B E T REMNLEE T
REFE bR, B2 T —Fh 22 H bR AR I B i 3500 28 0o 2 v Y 22 3R AN
ARG, HEAh Gl AR SCER R NSGA2TO B/ T
[ (1Y pareto e .

3 RgER

TR G AL LR N E 1 TR AR B LA M
A TG RSUR={r yrp sy} » BB IE RSU F 8 il
TCZ 32 A A (Access Point, AP) Flil % it % #% ES 40 5%, RSU
BT B W G SR A IR AT 55 AU EHR 1 . i T ES SRR 3
BHET BT ES B RSU 1] LA AT &5 A FHERAE B T
AP ) RSU 1 52 8 & 4. AL HIE W D ES: S= {5,
Spamysw WML Bl M A RSU Wl W AN#E T ES. #%34
WA TG RE j AT Oy 0L 1.6, Hohy,
RS RN IAAR AT S5 KR WP it a5 AR
S5 (2B 0T DL 43 Ry 4% i A 55 (Ul e 8 4% 4% sk 5
154 Cnseit e v 5 F A R RS W B ERE S
i ABE T Z WG, AR SCRY B AR R DR/ S B T B A D AR AR
ABAES KB AP AT AR % B ES 17115,

(@) (R
0 RSU B Rrsu

e
il

RSU

1 A0 2 5 T 2% HE R 1]

Fig. 1 Diagram of vehicular edge computing network frame
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Non-dominated Sorting Genetic Algorithm-1I Based
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3. Calculate the fitness value T; and E; according to Formula(8) and
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PO(n) < Non-dominated sorting(PO(n))

PO(n) < Crowding distance(PO(n))
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11. endfor
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13. for z in Z do
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16. endfor

17. return Pheg
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