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A Multi-layer Distributed Edge Computing Task Dynamic Offloading
Strategy in Internet of Vehicles
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Abstract: To address the challenges of low offloading success rates and inefficient data transmission in the
internet of vehicles (IoV) , this paper proposes a multi-layer distributed dynamic offloading strategy for edge
computing tasks in loV based on multi—agent deep reinforcement learning. Firstly, a multi-layer distributed internet
of vehicles edge computing system model is designed by integrating software defined network and mobile edge
computing. The system model can realize collaborative scheduling optimization at different levels, which can better
meet the needs of dynamic allocation of mobile vehicle resources and real-time processing of tasks. Then,
considering the success rate of offloading and data transmission rate of vehicle computing tasks, a multi—agent deep

reinforcement learning algorithm framework is proposed. The algorithm framework uses collaborative learning of
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multi—agent systems to enable the vehicle edge system to independently select the optimal task offloading decision.

At the same time, the optimization of the action space search and the priority experience replay mechanism were

introduced to further improve the effective search of the action space and the stability and accuracy of the task

offloading decision. Finally, based on the above algorithm framework and optimization mechanism, a multi-layer

distributed vehicle task offloading decision optimization algorithm is proposed. The algorithm can ensure that the

vehicle can complete the computing task offloading with the minimum task transmission time and effective offloading

success rate according to the current network status and task size. Simulation results show that, compared with the

existing offloading methods, the proposed method improves the success rate of computing task offloading by 5%~

20% and the efficiency of data transmission by 17.8% on average.

Key words: internet of vehicles (IoV) ; mobile edge computing; task offloading; deep reinforcement learning;
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Fig.1 Single software—defined internet of vehicle system
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A A AR PR 2 RS 2 0 B, AR S A3
NG RGN R R TG 2 75 R
Gt 1 45 R A HIURD 4 Jey B A ) 5 2R 2 67 T AL BN
e e TR BN Gk R G0 T ) A R B R R G
YRR )2 A b ]2 A e ] 2 = R R
1.1.1 #HK#EE

B2 hE g RS ZE A E . B2
HH — 22 271 0 28 A 3 % 55 1 I8 321 B 50 (RSUD A4
XY T EL A B A BRAG RE 0 RS Bl 2 ) AN [
HARIH ML,

1.1.2 A¥udsh &

SHA RZHESDN J7 A, A SCRH T 22
434 2 SDN A3 il 2848 . F )2 24 H45 SDN T g
B A Ml 30 2 45 1l 2% (SDN=C ) 2H il , 3 26 45 1] 28 48 ik
TEAL T8 [ 300 2% (1) % 311 5. 50 (RSU) s 3 (BS)
— B IS 2 A A O ) e B s D R R
DA i SRS A b 4 ) T DA S AR L R
BBl ZE AR RS S R RAS S R mT DL = 300k
5 RGN 2 A M 2
1.1.3 P 35h B

AL T 12 Y 7 55 30 BT R A e g ] e
(SDN=G) , A DX} H AT 55 3 61 P A A b 2 i) 25 24 1 7
Pl . EIERE, e g s i g mT S 300 1 S st s o g 2
2 JRfE BARE R R #h it B R a2 R
B ILAh , SDN-G i i Jo2kal (5 S5 i vho o Al =
BE .o IE O N R BN G R BT KT
THE fEftae 7 BAR 2 2534 2 SDN 42400 4 &
GBI AA ] 3 R .



82 PN QR 2]

2025 4F

B3 % EaHXSDN &AL R AR RHM
Fig.3 Architecture of multi-layer distributed SDN vehicular

edge system model

TEm BN AR s B, S AR RR e 1Y 1)
HOE TG AR 55 O T 4 m AR 2 Ak
i AR SOKs SDN-C 28 31 TH 5 i 42495 1% RSU 5 BS
rh, {15 SDN-C S 45230 4290 , A 30 5 424 kAT
A, 1K 3 v A5 PR Ml A R IR R 2 T ok
FPRIE AR LA A BB B S 1Y H Y . TR,
S i BT i 2 UK AR )2 T AT AR Y P
PRIFAEHR AR O3 8] 280 3R 1) — B0k AR e Rk . A
P 1) i AR A S B 7 00 R Al SR T e o 2%
P AL T 4 10 ) 0 28 L I RN B JECIR A AR B it — 20 3
FEAS 45 ) 2 AR B A AT S5 3 R e
1.2 E{EER

TEE T SDN M 4 il G B R Gih AT 55 28k
1) 25 3] A Ml 428 o S 2R A T SR MK 4, O i ik OFDM (GE
SN 52 ) HE AR O AT LA ) P B A . AETEAG
T ) e S P ST R N A I TR 2R
LA PR D) RT3 A 400 ) 2804 B m {5 18
DI Z3G 25 . 38 b /N RUBE 3 I R R B 32 7% 1Y 5%
M 45 & A — BT E 8 i B i b S 8 e, RN
5 T O M R R S 1 5, BRIV BA 52 3 7% RIS A2
PAFE , b, 7R S HRAR /N R SV 45

g, = a,h, (1)

X A B R B EA TS AT S5 B T
S Z (] B {5 B G 15 LA R T I8, DU DAL
1 A PO B ] R

VOB k5 G HEAT S S o g 7 A 0 TR 1
Wt RN R gl (k) A5 35 KRN g, (k). R n %
TR AT TR B B A ) T A T 2R R R

gl (n), (G 25 KRN g, (n). W k5 280 76 T BAT
55 HIER S = A S TR AN (2) B
o MR DR (k) R k5 AR A2 B0 TP T 5
KN, PR BRI S T3 KN
P.g, (k

= (fflm(l)c) (2)

k5 B AR ATV AT 55 SR 7 A 1 TR T
B (3) PR

1(k) = P.g,(k) +p,(k)P,g,(n) (3)
Kb P, BN n S RN E KN p, () S — DA
IRAE R, RN k5 AR A E BN S R G h kT T
S, W p, (k) = 1,5 Wp, (k) = 0.

W (3) , 7] LAAE % R 2R 2 R A B T4 i 1%
U VAl B 3 00 T D A T o i . 3 e 2 O
A Z [ AR B O AR B A L S B 0 U, R
PSR AN G H B R G 0 PERE AR L [R] BAR
PWARAX, FHD G ARG DT H (G ER R
K/NA I 2 (4) RT3, Hoh € (F) RoR k5 225
HEAT AT 55 2R A9 05 T 75 2 KN, W RR 1 805 1
Y7 D

C.(k)=Wlog,(1 +r,) (4)

AR (4) , WAL RS 6] TN k5 240 T3
ZUIHAT 55 1y ) B 3 ] o =(5).

V(E) = Y0 (1)C,(0) (5)

1.3 i Br

AR H i i 4 31— 1 A I BB IR O
P77 58 , VAIK B0 A AT 55 1 43000 2h A< A0 R A1 4 A
55 HIB N HE . P AR R R0 B A R R A A i 0 3
i % 1) A B R AL P ) AT 55 O I R, H
P RRBCRAAE SCAINA L (6) s

Maximize: f (x, y) = ici + ZV(i) (6)
e (6) TS 4 C R 5 i 5B 5 B I BT 25
i, V() FR i AT 55 8 A n FORIE

TR T VAT 55 038 15 Sk i (0 B0, - RN IEME R GE
HFEA T S A A R

2 TEESHERRE
TER BN G R 2w, i T 4400 w2

B, B o AT 55 44t L rP g, DA TS BB 40T 55
e R W Ry 1 X A sh A AR A 4 A i 2k



543

FL5 - 22 )2 00 A U IR I 30 0 R 55 3 A8 I ORI 83

ST 55 BN R 1 BRI, A SO E L ot 3
3 (R R bR 28 e AR H R ] RIS AR 4R
— P Z R e AR TR B iR b2 ) A HE AR R A AE AR
FHZ B BIR R G IMEY > 4 Hh % R Gi ke
S e PF B A AT 55 B0 B2 L RIS T i — 2D 4t
XS 8] B A R 2% 32 ST 55 B 2R e SR iy AR e
PERNERAE , 51 A SIEZS 48 R AL AL Se 28 56 7]
AL, LTS5 R 2 A B AR DR B o Ak 2 >
IR B2, 42 THA G T RAT 55 B AR e
P2 DL BB RE AR AR AL A Al 1L 3R T 22
3 A A AT 55 B R D SR BRI 4y e AR 530 1 SP—
MAD3DOQN. i 7 SP-MAD3DOQN &% , 4= fig s AR 4
YR I 25 PR A TR 5545 o, SR R TR 55 1Y
IR, e/ MU 55 A5 it 8], 4 55 4 55 28 %) il 2 3
5 v IR A =
2.1 SEBREDRAIKRARITRE

e BT 55 E AR SR L, e — 1 2
BRER R ] KPR R AR E T 2 e AR
S Ak ) PEAT )RR . AR S SR g A AR
M AR R — A AR S AR A BE A 738 AR
2200, I 22 ST B SR s . 2R BRI IL R R I
5 IR A BRSO A 2 i SR mes . A 4 v i 22 1)
2504 SRR R, B B BRI (T HTAR ] 22 5l ki 4. 2
BReIR SR AL A7 > AT DAE ORI ] ) Bt AL
AR R PUICA (S, A, R, P) KA R R ood s %
NIRBE IR SE A R BB AR W] ABRAT I SRS
R 7= Be AT 58 A S 0y [l i, P4 AR 2 AE A
MORZS S 3 I BPIRAS S AR 25 iR S /R ml R
P BB T
2.1.1 RKRAEZREZT

XA R G AR 10 5 {CAE IR H [ O i Ab 78 55
70 LA Y AR S AR B SRS A ), T 42 Ja 5 5L
FIL A RRAAR I B VR B 2 R A . Y AR AT 15
BRI, SN BRI B 1 = 3R A5 B AR A5
H & {E RS 45 g, (k), R B HAW ) 0 42307 A 0 T
PAF B 25 g/, (n) A 2 00 B0 2K/ B L A5 Y
TP BV, DA R R AR BX,, Y, U BE IR &
JITRER B (AP IR A 2 [H] 0] e H

SE={B,V,g,(k). g.(n).X,.Y,} (7)
2.1.2 A=kt

ARSI AT 55 B AU AR mE SR 3R,
B N BT 55 B B A T SR S5 A b LR
HIER I ANA R (8) iR, Horb o FoR 55 2 HI 2k

B n AN LRSS B S (AR 55 R AT

A1) = (as™, ag, -+, at) (8)
2.1.3 £ F %t

TE 2240 AR P S e R v, AR b s o g =2 )
FEATUME . A5 B 1] 25 0B AR i 224 i R 25 R i SR B
(AT SR A ELR I 2 5l . AR SC H AR 2 78 B/ ME 424
AT 55 SN ZE T JE I R 42 AT 55 ) 2 R ) o 2 ] 4k 2]
S BT, DS IRAR 42 Tl SR s . e T2 T2 il ek 8K
R 2 400 25 2 o T 3 ) 22 il AR 2 00 ) 2 A )
Jih 2 A BLE U R b S IARGE S8, BUEE F
FEOF 1 22 [] i 31430 50 288 5 W0 1) 1 AN [ 1) [l 4
JF3E 120 7 S8 A ) B I S R A AT S5 1
fi ) 23 () A R ST R A 2 Dl [ . LA 1 42 Tl
PRE AN (9) T .

R=A>C,(kt)+(1-2)>L(1) (9)

e L, (¢) Fy k5 B AE ¢ B B) AT 55 S8 280 ) %
FAE Ay o I 200 N 28300 25 I 55 s R Ak B 2230 4T 55
B 5 o I 20 A AR BT SRR Y LU ME
C,(ky t) RN k"5 B30 ¢ I 20 4 390 ) 28045 1 79 B8
i, m ARG E EEE B, (51 B A BBOR, RGN
T8 RE IR | A AT 55 1 SE B S Al 2B
2.2 fE4: D3DOQN ZFEBX W {E 5 E = HIHE 2R

D3DON 53125 [ 45 235 14 72 75 DDQN 533 0 2% 11
FEal g A Dueling Network KA b 2f >
H (R B VR ) > B BRI 45 V (5) il
EWVEDLFA M E A (s, a,) IS F I 45 K B e rp B A f
PR A (s, a,) AR S RS E S 2 RS T B4 30
VEARNT T HA S AE B DL 3 % M 25 45 52 RS T g R
VE R A I 4 th A S E A e A T A3l
T A SRR AR 2 RSP L8 V (s) 155
FEAGTHE S RSN B4 AT BESHVE R M . 1% 1 2%
s R AR T I th B 1T RE SRR M (ELA
L A AT TR D SRR L >l A
V (s ) IRASTE N FN B E RN A (s, a,), 7T LAAE
VE A R RO T8, DA T B8 o 4 b 3P A B A~ 3 1 1Y
QME IR AAFRR N

Q(s,a;)=V(s)+ A(s, a,) (10)

] 4 AR SCHET D3DQN B3 A A2 106 I 31334 55
AR TR SRS HE . B e, A2 o 42 TR P 15 1Y 2%
BB BT 55 50K A% A HAR i 2% . A A 45 )
fr Y — RS EIEXT, Horp s 278 2 Firiey 2] i 4R



84 PN QR 2]

2025 4F

SAFE MR a 7 Fir R B RS it . A s 428 ] 45 Ry
TAEAARES s T AT HA S o 153 1Y TUY 1412,
T S RS W 28 FN SR OL 3 W 2% kA7 31050 IR (B
PO 284 1) JTT A 22 090 2 ik B S IR ST | T [ i . 5l
VEDIEH 0 28 D) FH A5 PR T 5> S A L HA Bl 1
TP A M5 . 3 aek 20 5 R AR 0 2% R Bl AR 0 3 1) 2%
KA Q1E Q (s, a,), T Ja B i FH argmax(a’) 5 W A TE
2 W28 v R B 3T AT H bR 253 53R H AR
Q1H Q' (s, a, ), [ Hsf A b 455 1] DA 19 2 BRI v 35675 2 R
N y. B, A i 42 i AR R U AT 8 o R IE 45 H
flb 45 i 5 L O L8 G ds /N AR A5 % R EIOR BRI R 2%

2 3 15 A
i :i:‘ ‘:x
A

SR
L0 PREE AR

10) = [y, - Qspas 0] (1)

A L(0) Frn i R s N R REAS B 5y, #7m H
i QfH.

R IR SRR B AL B e il g
Hh e i A e A B A AR 2 A5 B AT AT 55 R BT U
6 BEOMIC AR 1 A, AR Ml o i o A B
1, FREE BOHUIR S W0 28 AN Sh AR AL R 2% B9 25, LA
AP v S A3 SR g S B M 55 S A0

G (e (]
ZLAa) .

B4 A F D3DQN ik oy £ 3 M 3 FAE 5 SIS AE R
Fig.4 Control framework for task offloading in internet of vehicles based on D3DQN algorithm

ARG a R B b, 45 R SR BARTERE AR .

D3DON EET%%ﬁxﬁ;&ﬂé)ﬁﬁ:%,fﬁﬁiﬁﬂ
G RAT 55 H A AL T 2 5 BUR TR AL | 3% i 3%

2.3 SP-MAD3DQN & X iEZ2
EBNGITEAL 5 B R D E R R, %
[F] B 2% A0 B B B9 RS B Pk I 4% 9% U5 A B 25 4 TG
J5 3, DL AT 55 Ab B SR SR SE 2 A i AL S
5 Ak 24 2] FE% D3DQN 3l R4k s 5 B e T Ak
PR, MAE A Bh S H ARG b AT 55 A 45
TR PN e O AR O, B R S TR

THRATERE . 2B BB TR 2 Ak~ S HE 2R ﬁE@Z?EH%%
AR N Z AR BRI, 8 S 2 A RE AR Z 18] B T
[l &8, B A b Gt 5 R b b al REAF e i 24>
ka3 S e E



543

FL5 - 22 )2 00 A U IR I 30 0 R 55 3 A8 I ORI 85

AN T A RO AR 8 38k A 2 % D3DQN
FEFEIAR L T T3 F 22501 U SDN 32y i £
BB TR BB AL 2 ) 0 B h S TR 55 I ARAE AL
SP-MAD3DQN. i i 248 et Z [ i BME , 52343
A 2 0 0 S SRAT 55 SV B D S, DT B G b )
il % R G0 TR 48 ST 55 b BRI RCR AL
SP-MAD3DQN Bk HEZR N 5 s .

Z B e R FIE AR b L UK B, A
BRI R SRS B R X e (5 B AE N

stk

SRR AR 5 S b g ) 25 AR B8 RO 15 B
ik SP-MAD3DQN 5 7AHESR AR 2R S - SR (R %k,
B 2SR T R A 5 sl R L O
MG S PATIIESG B SRS B AR 2 g
il , v g o S AR B 4 R 15 B T 42 )R SR R P A
5 AT 55 M TR L R A A AR A SR BE A
B BPIRASAT B B AE Rl {5 5 2 W) 5 25 0
JFF F MAD3DOQN 53 35 N Wi 2% 21, A Ak AT 55 0 4%
.

A M 383

e e e |

A5 SP-MAD3DQN fik4E2
Fig.5 SP-MAD3DQN algorithm framework

24 HETEEERMLL

TEA BN Gt R 5oh B RE AT ZAE AR Y
RS TR R SES 0], A4 Ve 46 5 B 1 207
ORI 9 19 30 % W 55 i HEAT I ARAT 55 . X8 M sh Ak
% () e 495 0] R, 2 0 1Y) B3 38 5 R T A DI 3 i i
TTENVEIR R  (H R BEAILPE 152 B i vy w1 £ 52 M %
FRCEMEA TR

R T AR R NEZS 0], 455 Softmax SEZS
[ 45 2R AL A R W, R BEARTE AR R B A =5 () I B 1
HAE T E R W S A T T B 7 Y HIRES T
A A A B AR R 03 T 7 =X R A 55 AT
RO R GENERE .

14 Softmax 3l 1 25 6] 48 2R AL 1k K g fl A SP-

MAD3DOQN S yEHESL b 3 3xF f ] Softmax () PRELCTT
SR 2 o 2% e L SNV B A (ELARE RS, DA T BE A S |
YRpp 2 2%, LT DL ) BIEARRPRAS TR, Wf st
A A AT S5 PUATROR LR eI R
SEINAT B0V L e B Sl A, DTS e 04T 55 ) 2
IR S Be I 26 T 6 ARl T Softmax 5 I 114 P4 75
Q W24 .

i 3 2GR R S8, R ] LALE 4R
SRR A SR S8 IR Hh 4 R G BT IR Y =
F AT 55 00 0 R AT . X T B4R 25 - 3 7
(s, a), 18] Softmax () BRI HUHF Q (B o — AR (E
SoftmaX(Q(s, a)),ﬂﬂﬁ(lZ)Fﬁﬂ?.



86 PN QR 2]

2025 4F

O-Value

Advantage
PR - d

6 @A Softmax & &89 SP-MAD3DQN A3 Q) M % 254
Fig.6 Internal () network structure of SP=D3DQN integrated

with Softmax

exp[ BO(5,a)]
> exp[BQ(s,a")]

X (12) 1, R — RS E B T IR R R
RN A R Z [R]85 SR /N R
Sy A AR T B R TR A ) T B ELA R Q Bl
A 5 10 2405 S RO KR, MRS A T4 AT, B RE R
A 5] T REAL e S AR i s R IR AR S5
FR G5 0] LA 4R B S e AT 55 S 28R s
2.5 LT BRI &

FEEFNGAT ST & R T ZE N W id
P26 AR D | 2R A5 AR AL AN T RS T b AR B >
PR ERENE T RE S B AT S . T ik —
A AT 55 3 D SR AR P R 1, AR ST
TD—error 1 56 25 55 M1 AL ], £ B e AR 1 I 2 A 4
T AR 28 B B8 DL S A, B A AR e PR AT
G5 EET S A ) i R R TR M RE

HLRSS G TD—ervor 8 516 28 56 [T UML) R W% 1) A%
O SEVREUR: XTI 5 A0 1 %) B0 T 3 s 1 P S
R, AER AT 2 Rt AT R AR BT, R S i B s
ke Tl R ok, 2 T 4R v U1 R AR R S
JE 2 5w R AR AN I R B, A K e g e X
AR (13) s .

P, =10l +8 (13)

K (13) 8 A — RN IEE, T 38k G0 45 a0 11
PRGN 05 TS50 0 8 Lo TD 1222, WA
X (14) R

d=r(s,a)+ Q' (s,,,a.,)=0Q(s,a,) (14)

A (14) 1 Q' Q 43 5l F 7 AE Ze I 2% Fil H i 1]
2P BRI Q1 57 (5,0 a,) TR B BEIRAE IR TS 5,
ME a, AL FIWER R 28 MG ek S s, R 3R
il e S 256 [l O REASHEA ToRAR B, 24 )

Softmax(Q(s,a)) = (12)

ot WP O RERE SO P () I (15) R

p(j)=-2 (15)

Zp?
VSR O EZY Rl OESS = WL 1 vt &ick s ORI i B
TR A BRI DR BRI S G s A B A A i
e S 2 56 [ ORI, AT LA Gy e ) P A0 (AR 50
P2 =N GR i RCR AR M R B g T AT 55
OFEIE 7S
2.6 ZE4 % SP- MAD3DOQN &%

1E L b 2R BRI TR B s Ak 2 > A AT
55 HIEAESE | BN/ 2 A48 A0 Ak B P 5 28 56 [m1 L
HI LA |, FETF D3IDON FE B T A L )20 i
2 AT 55 0 2 e 3R R e IR 4y e O A B8 1 SP-
MAD3DOQN. iZ 5 k38 1 2 )2 5347 X SDN ZE 44 24 44
PRSI O 28 PR 285 A RN O B A, 45 i 4 2 ok Je%
VR BRAT 55 BT BT SRR BT PR A, % A b ¢
DR UEATAE BN E B, 5 HL 38 aod 43 A g ol 45 4 i 2>
T AEIR P AT 45 3R A R 3

Softmax () BRSO B3> E 28 SR R 5 40 %
G3AT R REMAIE S AR A A BE R B, TE 4 AT 55 1)
AR o A B A M R S S Ak BE AT AL
PR B P 25 ], B o SR A 1k

P S 2 56 [T CHL AR 398 28 56 58 1 41 Se A R
VERE U GBI 500l A A e
A 2] DOms | 2R3 R M SGHE B . i 28 AR R Be
il T A A R FH 7 R N RO | 2 i DR ORI o
PEFIRCR .

AL SP-MAD3DOQN k2% H 4 A XA 75 =X,
BN AR AR AT LAk 37 A PSR AT, RO
THATHOR AE A X PAT B, B e R T 2
JRFRER , AT AEAS T A FL AR R AR PR A B A
AR A RS A AR AT LA R B EA T PSR
AT, R B T 2 R A5 B 58, AR B A 1AL
R HRSEN AR R

3 KBEHERSERSH

31 LRRBERSHIEE

AR SCZERR AT 55 ) 40 A% i s ARl SCER (25 )
rhoE SCR IR T H R RO E8 A T AR AR
T RN T 2k 38 {2 458U . fd ] Python 3.7, Tensor-
Flow 1.13.1 ,CUDA10.0 % T HFf A4 s2 56 HAKR K
fifi {1: 38 4% 5y NVUDIA 1050Ti &+, 24 GB N 1#, CPU



543

FL5 - 22 )2 00 A U IR I 30 0 R 55 3 A8 I ORI 87

B 1 22 3 03 A 34 7 A D B % B O3 IS G Ak Bk s
MAD3DQN

HiA:S) = {B.V.g,(k).g,(n). X,.Y,}

i AR S VBRI A ()

1. WA A AE R P28 SR o DTG D90 2 SR S HA Ty 0.0, 2255
RN D, BEHLES N,

2. for FPINZE do

3. WAL MRES s

32 RS
3.2.1 KT

T B AR SCTT i WSO L B AR ST R S R
HLAEAL . D3DQN . SP-D3DQN . SP-MADOQN P4 Fift J5 ¥
Y2k T2 1) 2 il [l i (B A7 7 X L DAL 7 RT LR
0, BEE I GRiRr Bk AR, Rl EZ S n . 848 500
RIS , TR oR B a Ak 2 > B W R sl
A LT A i Ab 2 ) S0 AR SO HE Bk R SR
REY 2%~10%. BEPLYL AR L PRI AT B B AT X R E B
i 8 e D01 O B8 R B AL A, 78 SE 50 Hh A T
Il AT Bl v 0, A5 2 242 (B A A2 A 11 B AR X
A TR B MISGE R AR SO R I
INBBEENPE , B AR SCR S LN T P 5 28 5 B L
il , BB A DR TR S 1 X 1 RE B T G BR  22 56, T A
B A R B2 55 i TG, BB AS T s R SR AS
FERAR Y St i v (0 2 el e 8

92 -

90

88 I

4. for TABHEIA 1 do
5 for TAEREE m do
6. BRI IR SRR BIEA ()
7 BRI TENE s J5 348 R — B2 IR ES s
8 end for
9. JIARRRIAIA TS SR SR [R) 22 Ji
10.  for FAEREA m do
11. if Z240 2% vl D R
12. TE D PERSHEE S
(s,a,r,s")
13. D AR s C13) RS /Ay Kt il 25 s
14. else
15. 242 vhith D
16. M= (10) A5 HARAE Q
17. AR B2 R 12 ST B VRO 34 9 45 S 8K
18. a2 (1) e/ M 2 R A S HTIR S (B I 25
19. T BRI S H, TR Ry o
20. end if
21. end for
22. end for
23. end for

4% 2 Jaly

86

84

—— SP-MAD3DQN

4 CORE i7 8th . (1 bR &N ReLu. 2 1 5631 BT $2
SP-MAD3DQN 53 75 #4747 384T 55 1 3% 15 19 2%
PEFILLT DUFR Oy 001 T O

1) BEHLAE AL 3 (Random ) < 7E B AN I ] 25, 42
TR UA—Fp 850 o A (G BEHL T sCEIZ T AT 55

2) B BE IR R i AL~ > Bk (D3DON) - i
AR, B BE IR B 7R 2% A H AR N
26 WU 245 2548, 8 e AR BB AR USRS ZE A0 1 = R A5
JSRIESI

3) 5| A TD—-error HIL il Fll Softmax ¢ W& A9 5L 5 HE
AR B o Ak 2% ) 5k (SP-D3DQN) 3% 5 ik 7E
D3DQN 3k iy LAt _E A T TD-error {45 2855 713X
B AT Softmax B 12 [ R LIL R W .

4) 5] A TD-error #L ] Fl Softmax 5 W& 1) 22 % G
TR 58 A 2 5 )71 (SP-MADQN) « iZ 383 v 24
B REVREAE DN Bk | RIAEAN 8 BE R SE T 2410 421K
o A 358 3k B B T A S 1 . BTk B R B 00 ) SRR
AT 5A TR A 2

—— SP-MADQM
—— D3DON
—— Random

al—SP—['BD()NI | )
0 250 500 750 1000 1250 1500 1750 2000
VER/E
A7 =R E ATk

Fig.7 Reward comparison

82 |

3.2.2 mKHFBIR RS

R TS UE AR SC T TR B ) A8 R T T
e, L T 7EAR AT 55 208l 18 0 T 280t Bt 55
VAR (R B A S st 2 . AL 8 P LA Y Bl 5 1T 55
B AN, BT DA A ) R AR AT 55 A e B A
W b AR S s A O A 5 A L, A% i e
SE B AT 55 B84 1 3 R AR R B 218, H R R AR
S BT A AR 4 K R S A 55 2 TR A
AP R 38 3 Ak 4 B S &R G AE 1 B IR 4T
Rl /DA e 2 ] T, DA IR B ATRAT: 55 1% Hn o
H DRUAR B0 - 5% A% i R S 3 7 4 o A 55 1)
S BT
3.2.3 FERIFE 5

KT BEAR S AR AT 55 N T R T



88 WIRE IR (A AR D 2025 4F
1.4 -—— Random 1.0 —— SP-MAD3DON
——  SP-MADQM —— SP-MADQM
——  SP-MAD3DQN —— Random
~~  SP-D3DQN 0.8 |- —— SP-D3DQN
12 D3DQN —— D3DON
‘.N%z ~_‘w 0.6
= 10 =
& & 041
0.8 -
02}
0.4+
1 L 1 L L L 0.0 £ | I | | |
1 2 3 4 5 6 1 2 3 4 5 6
TEVARAT 55 Hdli kb AT % HE kDb

A8 REF M & T &AL 545 fatat

Fig.8 Task transmission delay under different load sizes

IVERE , TEAN RN E AT 55 T80 R AR SO e Fn HAth
DU A 7 i 0 AR T AT 55 I R S R AT TXT L
ME9 R LR Y, B R B I, B Ak ey
TR AT 55 V38 L ) 4 B W AT X L TR
125, TEAH R 0 AT 55 B 2 T, A SC SP-MAD3DQN
SEAR T A R R T B A AT 55 2
B B A BT 55 T HS I, SP-MAD3DQN
SR R A O o 5325 7 ) 280 i B 23 22 [ 114 22 L8
£ N |2 e 6 e R £ N R | B P RS
AR T 5%, e $E i 1 20% , B T 8545 1931
AT 55 HV MR RE AR SO PR ARG, AT IR AT 45 1 22
RN 2% e 55 i 0 RT T BE PR 0, 8 e b e P 1
()30 2 Ik 55 4 AT AT 55 B8, W] AR R AT 55 75 B4
SRS THELRE ) R 2 (8] 1 IR 55 2% R T , A
TN 0 2R 38T 55 B2 ) 258 L Ak, 0 2% 08 T A%
ik ZEE RIS A5 0 00 ] S | B0k S VP AR S 2 IR 55 4
22 1) ) A% i I S, Ay 4 0 4 T e 5 3 19 i 2 IR 55
FEI G, BRI A A1 ) A% S T8, LAIGOR 3 5 4T 55
IR %

324 #FELELSH

R T RS UEA SOy AR AL B A A AT 55 5 Y )
AR WG AR ST 1 R LA AR 3 AR A B 3 A4S 4
SR AT 55 38 SR B 1 0 28 P () A 55 S0 28 SR kA 7 T
FeA . B 10 FNIET 11 43 51 R A SO i AR HLOL A 33
FEAL B 3 A B TSR AT: 55 A8 AT 1) 28 28 ) A 55
VR AR ARSCO TR ML AL S TE A B, T3
1555 VSR S T 17.8%.

TEAT 55 HIBGHE 05, N 10 AT LA T, RS
SRR AT S5 AR5 0 9 R 1~3 5 A AR AL ) 25
R 55, 580 15 L 43 Be BE R, o O 0% 4= WA
)ty 30 26K 3 R v LA A T S AR A DB e A

B9 RE AT E AL 5HHoR S Fad b
Fig.9 Comparison of success probability of vehicle task

transmission under different load sizes

ToA B GUT 55 B RCR D AT 55 15 fan et 1] . B
15 4A 58 I, RGT 2RI SRAT 55 IS 9
THRBTER O 5 R A BT I B 45 Jm SR 1 2 42400, 5
AR GE BT IR G BT EC RN R T AR SO B AR 4
1155 BINL S S, 3t aod 7 0 280 A 45 B30 J A A
FBN Gt R G B IR, R A A IR 55 19 4
RS Ab T O RS RO A L 2 R Geit
SR IRORIEA S 20 i W A 55 S ik 45 B 4k 2, [a] i b
[l AN [) 22431 34T 55 o Rl b AT S AL 9 TR B R
FC , AT 48 5 R A A i i 0 R SR T 55 1)

—— 2]
—— 402
—— 43

1.4

1.2

1.0

0.8 -

0.6 -

HERE R /(Mb-s ")

0.4

02F

0.0

1 1 1 1 Il 1 1 1

5 10 15 20 25 30 35 40
SRR [F)/ms
B 10 SP-MAD3DQN J kAL 5 %9 2 B 8] Fo 7 2 ik
Fig.10 Task offloading time and transmission rate of

SP-MAD3DQN algorithm

WA 1L FeoR FAS SCREAR L, BEALOC AR 5 3%
H T3 5 BT AL 55 004 R, e TR
55 e UM ST S TR U4, JOvE A R A
DU TR 3 BT, T B0 40078 1 20 e v 0 280 R 1Y
W B B, NTITRZ A 1 A 4 54T 55 0 i)




543

FL5 - 22 )2 00 A U IR I 30 0 R 55 3 A8 I ORI 89

AOH AR R PR R AR A 30 5
Hh, BEALOE A5 T S B R A 55 1 4

0.8

—— 241
——
—— 7243

0.7

0.6

05

0.4

T

03

SEIERIH R/ (Mbes™h)

02

0.1

0.0

5 10 15 20 25 30 35 40
FNZRI ] /ms
B 11 FAAEAC S AT 4 49 2 ) Ao A iy ik B2

Fig.11 Task offloading time and transmission rate of

random optimization algorithm

4 £

ARSCET X A B G AT 5 E AL A AL, LA
e RAGATE 55 1 28U M e/ M G A4 55 ) 8] SiE
oISk 7 e S LD BRI 45 SuR ST S|
R 55 A%, Al E E 48 RIS sl il 2 5 4
R 2R e AR, LA A3 5] A 4 22 00K 0 3 0158 30
55 i 5| SDN 2 il AR i 42 R PRBE 5 8, 1 i 42
JR 2R, SR A 73 AR N, BB 5L, LA S B R Y
GEUER A 55 AT RCR 56 T 28 RE AR 1 AL
LB T AT EAL S I ARES, LR
195 LR T AT 55 1 250 28R 2 A R R s 1) 20 R ()
o T Bk — AP S TRk B S AT SR RE L A
T SRS R R O AL AL R e 22 46 ] HCR w78
Sy M EA B FRUIN PR TR R 5 Ak > B I o JEE
BT T3 A B A AT ST 55 E BAE AL AL AL
AL A SR L3t S T 22 220 A AT 55 0 3K
PSR B GRSy IR L SR I RS SRR W AR S
P $ IR AR R A SR PR T |, 5 AL 207 A A
FU FE 4% B4 3008 10 4 A2 3l A0 AT 55 1 2800 A Al
P, mTRASE T 54T 55 A R AE R A 8OR
B iR 2 MR 55 45 BT IR T 308/ T 55 AL Hi it 42

S 30k

[1] YUAN T T, DA ROCHA NETO W, ROTHENBERG C E, et al.

Dynamic controller assignment in software defined internet of

(3]

[10]

[11]

vehicles through multi—agent deep reinforcement learning [J] .
IEEE Transactions on Network and Service Management, 2021,
18(1): 585-596.

ZE M, B0, XRL, 45 . Bk TD3 (9 SDN = B 19 i1 2% 11 3 i)
BAEme L) ] I EEHLE AR B R 5, 2023,29(5) :1627-1634.
LI G Y,XUE X, LIU Y, et al. Improved TD3 edge computing
offloading strategy for software defined networking internet of
vehicles[J]. Computer Integrated Manufacturing Systems, 2023,
29(5): 1627-1634. (in Chinese)

HAN SD,CHEN Y Q,CHEN G H, et al. Multi—step reinforcement
learning—based offloading for vehicle edge computing [ C]//2023
15th  International Conference on Advanced Computational
Intelligence (ICACI). Seoul ,Korea, IEEE, 2023:1-8.

ALAM M 7, JAMALIPOUR A. DRL-based

Hungarian algorithm (MADRLHA) for task offloading in multi-

Multi-agent

access edge computing internet of vehicles (IoVs) [J]. IEEE
Transactions on Wireless Communications, 2022, 21(9) : 7641-
7652.

LIU H Q, ZHAO H B, GENG L W, et al. A distributed

scheme for vehicular edge

8th IEEE

dependency—aware offloading
computing based on policy gradient [C]//2021
International Conference on Cyber Security and Cloud Computing
(CSCloud)/2021 7th IEEE International Conference on Edge
Computing and Scalable Cloud (EdgeCom). Washington, D C,
USA. IEEE, 2021: 176-181.

SUNY L, WUZY, SHIDY, etal. Task offloading method of
internet of vehicles based on cloud—edge computing [ C]//2022
IEEE International Conference on Services Computing (SCC).
Barcelona, Spain. IEEE, 2022: 315-320.

WANG S S, XIN N, LUO Z Y, et al. An efficient computation
offloading strategy based on cloud—edge collaboration in vehicular
edge computing [C]//2022  International ~Conference on
Computing, Communication, Perception and Quantum Technology
(CCPQT). Xiamen,China. IEEE,2022:193-197.

SOUA A, TOHME S. Multi-level SDN with vehicles as fog
computing infrastructures: a new integrated architecture for 5G—
VANETs [C]//2018 21st Conference on Innovation in Clouds,
Internet and Networks and Workshops (ICIN) .
IEEE,2018:1-8.

LIN C,HAN G J,JIANG ] F, et al. Underwater pollution tracking

Paris, France.

based on software—defined multi-tier edge computing in 6G—based
underwater wireless networks[J]. IEEE Journal on Selected Areas
in Communications, 2023, 41(2): 491-503.

WANG Y Q,HU X,GUO L J,et al. Research on V2I/V2V hybrid
multi~hop edge computing offloading algorithm in IoV environment
[C]//2020 IEEE 5th International Conference on Intelligent
Transportation Engineering (ICITE). Beijing, China. IEEE,
2020: 336-340.

ZHAO N, LIANG Y C, NIYATO D, et al. Deep reinforcement

learning for user association and resource allocation in

heterogeneous cellular networks [J]. IEEE Transactions on

Wireless Communications,2019,18(11):5141-5152.



90

PN QR 2]

2025 4F

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

SHARMA H, KUMAR N, TEKCHANDANI R. Mitigating
jamming attack in 5G heterogeneous networks: a federated deep
reinforcement learning approach [J]. IEEE Transactions on
Vehicular Technology, 2023, 72(2): 2439-2452.

LIU Y B,MAO B M. On a novel content edge caching approach
based on multi—agent federated reinforcement learning in internet
of vehicles[ C]//2023 32nd Wireless and Optical Communications
Conference (WOCC). Newark, NJ, USA. IEEE, 2023: 1-5.
GONG Y Q, HAO F, WANG L, et al. A socially-aware
dependent tasks offloading strategy in mobile edge computing[J] .
IEEE Transactions on Sustainable Computing, 2023, 8 (3) :
328-342.

PURN - E T K - U Sa N G s N e SR I
AL, 2021, 49(5): 861-871.
LIU L, CHEN C, FENG ], et al. A survey of computation
offloading in vehicular edge computing networks [J] . Acta
Electronica Sinica, 2021, 49(5): 861-871. (in Chinese)
ARRUE IR, 594 S I S R TR AL
R )] RO 2R (22 AR , 2022, 52(11)
2698-2705.

ZHU S F, ZHAO M Y, CHAI Z Y. Computing offloading scheme
based on particle swarm optimization algorithm in edge computing
scene[ ] ]. Journal of Jilin University (Engineering and Technology
Edition), 2022, 52(11): 2698-2705. (in Chinese)

GAUR K, GROVER J. Exploring VANET using edge computing
and SDN[ C]//2019 Second International Conference on Advanced
Computational and Communication (ICACCP).
Gangtok, India. [EEE,2019:1-4.

WANG B X, LIU L, WANG J.

learning for task offloading in vehicle edge computing [ C]//2023

Paradigms

Multi—agent deep reinforcement

IEEE International Symposium on Broadband Multimedia Systems
and Broadcasting (BMSB). Beijing, China. IEEE, 2023: 1-6.
Bt VP5E, WG, . b A s S ORI
ZRAR[0]. AR, 2021, 42(3): 190-208.

LYU P, XU J, LIT S, et al. Survey on edge computing technology

for autonomous driving [J]. Journal on Communications, 2021,

[20]

[21]

[22]

[23]

[24]

[25]

42(3): 190-208. (in Chinese)

Ei, Lk, X, 55 . D3DQN-CAA: —F5E T DRL [ H i
MBS BT 55 R RE D 12z [0 ). 1R R 22 i C A AR
2024, 51(6): 73-85.

JU T, WANG Z Q, LIU S, et al. D3DQN-CAA: a DRL-based
adaptive edge computing task scheduling method [J]. Journal of
Hunan University (Natural Sciences) , 2024, 51(6) : 73-85. (in
Chinese)

AR, WIS, i, S YR A Gt R SR R T
FEPAL 55 WAL [T ] Sz i (i), 2024,
54(11): 3338-3350.

ZHU S F, HU J M, YANG C R, et al. Optimization of priority
task based unloading decision in the context of edge computing of
the internet of things [J]. Journal of Jilin University (Engineering
and Technology Edition) : 2024, 54 (11) : 3338-3350. (in
Chinese)

TANG S H, CHEN B, IWEN H, et al. VECFrame: a vehicular
edge computing framework for connected autonomous vehicles
[C1/2021 IEEE International Conference on Edge Computing
(EDGE). Chicago, IL, USA. IEEE, 2021: 68-77.

CHEN X W, ZHANG Q Y, JIN Z G, et al. Research on
intelligent vehicle infrastructure cooperative system based on 5G
mobile edge computing[ C /2021 6th International Conference on
Transportation Information and Safety (ICTIS). Wuhan, China.
IEEE, 2021:21-27.

TAO X, HAFID A S. DeepSensing: a novel mobile crowdsensing
framework with double deep Q-network and prioritized experience
replay[ ] ]. IEEE Internet of Things Journal ,2020, 7(12): 11547-
11558.

T, ERE, kA, 55 BT 2R AR IRR B AL T B
106 o0 5 5 B U8 43 e O A (D). Jb o 3 3l K 2% A4 iz, 2022,
46(2): 64-72.

FANG W W, WANG Y P, ZHANG H, et al . Optimization of
communication resource allocation in connected vehicles based on
multi agent deep reinforcement learning [J]. Journal of Beijing

Jiaotong University, 2022, 46( 2): 64-72.(in Chinese)



