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Abstract The increasing number of vehicles, along with the development of the fifth-generation (5G) wireless
communication technology, has made the interconnections between vehicles and other objects (e.g., pedestrians,
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infrastructures, and service platforms) become a reality, which forms a novel networking paradigm: the Internet
of Vehicles (IoV). In the loV, due to the rapid speed of the vehicles, services such as route recommendation and
collision warning are required to be satisfied in time. Thanks to the birth of edge computing, which deploys
resources (e.g., computation, storage, and bandwidth) at the side close to the users, thereby reducing the
transmission latency and alleviating the network load, service providers can efficiently serve users with
low-latency services by introducing edge computing into the loV. Nevertheless, since the edge servers are often
limited with insufficient resources, problems such as overload would occur if all the services requested by the
loV users are offloaded to the edge servers for executing, which will significantly slow down the processing
speed and reduce the quality of service (QoS) provided by the edge servers. Therefore, how to allocate the
limited computation and bandwidth resources of the edge servers to the loV services and determine the
offloading destinations of the services to serve the loV users with low-latency services still remains enormous
challenge. Toward this end, an end-edge-cloud collaborative computing framework for 5G-enabled loV is
proposed in this paper. Based on this framework, a distributed service offloading method with asynchronous
advantage actor-critic (A3C), named D-SOAC, is developed to figure out the optimal service offloading strategy.
Specifically, by leveraging the deep spatio-temporal residual network (ST-ResNet), D-SOAC predicts the future
service requirements from the loV users in each road segment firstly and sends them to the local edge server
deployed in the road segment. Secondly, through combining the local future service requirements with the local
network condition (e.g., transmission power and channel gain) and the local resource condition (e.g., remaining
computation resources and bandwidth resources of the local edge server) into local system states, each edge
server feeds the local system state into the local actor network to obtain the preliminary service offloading
strategy. Technically, to avoid dimension explosion of action space in A3C, a multi-output actor network is
introduced. Thirdly, based on the temporal difference (TD) error, the local critic network evaluates the
preliminary offloading strategy and calculates its parameter gradient, which further guides the gradient ascent of
the local actor network for gradient accumulation. After the accumulationof the parameter gradient, the local
network pushes the accumulated gradient to the global network in the cloud center for parameter updating and
pulls the updated global network parameters back to the local networks afterward, thereby collaborating with the
global network in optimizing the preliminary service offloading strategy steadily and obtaining the optimal
service offloading strategy. Eventually, extensive experimental evaluations of D-SOAC are conducted based on a
real-world service requirement big dataset. The experiment results demonstrate that D-SOAC decreases the
average service latency by 0.4% to 20.4% compared with four exiting service offloading methods in different
loV environments, proving the effectiveness and efficiency of D-SOAC.

Key words edge computing; Internet of vehicles; service offloading; deep spatio-temporal residual network;
asynchronous advantage actor-critic
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et Feom F P w77 AR R 55 5 K s, OIS 18], {7
£ R F P IR S5 7 SR s, Bl 0 L B T A5 1 1

B IRD, D0, PR S B S 6 T] AT N
tlyvait — tiend _ tistart ) #(6)
3.3.3  EIHE| = T E AT I F IR 55 I SE
R4 3.1 751 5G KM St A, g
F P B AR 55 5 oK 75 B B 23 = m AT, B4R
NS HE BB LA EE A S R
ERA% ), AN A St FT mEd A 445
T R4 mam AT AC B . 5 R B = I lic &% 1 = IR 55
P ERGRITIERE ST, A PRI G AR T AL Y S
KU v LLABEANTE, Bk, Y P u R RS s I E
B 2 Ui PRAT I 7 A B0 IR 5% N SE T BB 5 S5 AR R 4G
FIET KSR B ASH B RIL SR
RN E, LA G A S R S RS AR
(AL S 5 i = AL AR IR I ZE - (Round-Trrip Time,
RTT) =&, HEAXWTHIR:

) d;
tﬁW:tW”+j+MT-“ﬂ

T = IR 5% 2% BE 29 0 2 v 57 05 1 s B R B
Bz, AR RN S EER R Y B
1 2 v 1 e 25 Ak 2 25 SR (R ) i A — A = 7= AR A
IR SE, HAZEIE S5 A SR =8, K
M, RTTW LS -

RTT = 2t5%*¢, #(8)

Horr, eclond Ok A DI TR 55 B8 0 B 2 o

I = A RIS 4E

3.3.4 R ISR S5 4E
EARZRGH, B—H BSR4

RN AH, TR Ss 28 A0 2 v = i ) A — kb

AT AF ] 0-1 A B A1 B RN K — MRS s, T BN 21

W, H, Bea € N B EARMPAT:

w_{LW%g?ﬁﬂ&ﬁ

Y7o, B Ss R T AT
A B By SRR AEILER I 55 B AT
5 = {1,E&é%siﬁﬂ%ﬁﬁii&é&ﬂ&é&%ﬁiﬂ?f
' 0, 55 s; H#ZE = 552 AT
R, *FAERIRS s, LRSI

t; = atl + (1 — )[BEFY° + (1 = p)efovd]. #(11)

Firbh, X T RB N R L ok, R4
S R 55 I SE A SR R B

#(9)

. #(10)



8 TR

M(7)

T = Y t;. #(12
©) Z; (12)
3.4[E)ER 24
FEARRGH, BATERK I — By, 75
RGN AL /0 1 — AR 55 BN ARG, [RIk, i)
AT DA AR -
z=1 T(7)
et 3T ey P
T A2
nb < NPVR,vt, #(14)
u;€UR (1)
nf{ < N¢ VR,Vt, #(15)

u; €UR(7)

a; + an’zl =1Vi < M(t),vVt, #(16)

(1 —a)(X — L) = 0Vi < M(7), VT, #(17)

a;, B; €{0,1} Vi < M(7),vt, #(18)
o, Do RAFEHIBTERAL, 50 MR, (A
1, HIUMEDY 0. HFReRE(13)H) & SRR ME K
I PRSI, a, B, nPFIncfRFE &AM
AT R e s A e, BN P e B~ nd Fiing
MEE. ARA)FRELER RN, SRS HE
T8 % B P 1) 1A 1 24 0 1208 2% B N AT 40 T
MTEiEE; ARAS)FRREALEN BN, i
o5 A8 B B R TR SR B RO B 1% A B B
GRS A A TR R IEE AR (16) 2K 270 AL

-1
\ R
ﬁﬂl Nroi=NR
Ty
B

e VRFE I 2% 22 04
(ST-ResNet)

St inhsin

HEDIRE
il
—>
<=
HIE S

SRR P EEECH OB, ZH P RS TR
L T AHPAT s LI (LT)ER G i es e —H
PRSI SS 2T EHRECH 0, BATEARMINAT
B, 1z REeA T mumdb T 3T, BT i e
—A> NP-Hard =E 85000 i), AL G078k 3
AR EIE S R BER BT R . 5 R B R 55 #14%
PR SEERE ] DA SO B R BRI Rl
FAIRFE R A 2% ) SR AU, DR AR S de ok T
TR P Ak 2 2] By A3C SRRZ ) .

4 ET A3C RYZBR P AR 55 ENEK

A4 ST-ResNet 1 A3C &k, #it 7 —#h
A 7% D-SOAC, SRR VLRI I 2 11 538
B AR 25 E En) . 1 Y645 tH D-SOAC J7iE [
IR, SRJE XA S A AT AL, &S
#5 H D-SOAC [H)5e 3 51k
4.1 BRZE

D-SOAC J7 VA I S AR 3= AL 5 AR 77
WwE 2 frion. —W o RBEESRSEMN
ST-ResNet, = £ Dljfit & MR 5 18 % B 1 g 52 FH P R
% e RE T AR PR K2, FEH I RS
Gt E ARG E AR . e
T A3C, FEINAERMRIEINL)E Bk TR
WEREE, WFERFEIERS N S EEE 2K
THEE RN AP RIED ., FIER R LA KA
RS e R E G R, YeE FH P RS 7R SR 1 E1EE
H .

AW RHATEE - PR M 2%
(A3C)

KB

B 24

& 2 D-SOAC J7 i Sl ZE

D-SOAC J7i:H) A3C #5rid Bel 4k 4L 70 it
AN Hb R 25 R4 o P 2% . A A Hb o 4% T 4576 3

ZIZHHAET 5G GRS L, MITTARIEH BT
BT TP IR S5 7 SR N B T 4 ) o 28 4 7 22
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R IZE. SR — AR 2 G,
NGRS B ARPEZ BRI, IR X R R Z 1R
Wi, AH0 N 28 FRAR TR Z AR 2Lt B 2% 1 R
BEEE. UBERE BT — @ I, GRS AR A
CLI 4% 1) BT 5 08 31 = R 45 28 IR 4 JR I 4%
RTFSHE#, REaRS S E R AR M
LEAET SRR [ 25 AN 2%, WA 45 A A b X 4%
AW S AR B A (P NSRS . BT A R 2%
BB AEA [FIE B B i iR 45 4 b, DRz 2
e — A R, RGPS R T %t 5
A K RHIE .

4.2 EFST-ResNetfIfR S ER = 7N

TEFIH ST-ResNet 147 Ik 55 75 K 2= Tl 2 11,
TSR RS T SR B AT E X

EX 3. HF RS FRE. ERRMHSEH A
PR TR R — A 4 EM € R7IRI, Hoh
RoRW R BB H , |RIMRER R4 B B A
. fEHM() = [M1(T),M2(T),“':Mm(ﬂ]ﬁﬂ?flﬁ
BN P RS k. R —mE B, 3t
TH % BRI 55 75 K 22 R M B[] Bt P4 3 2 BER T T
HHP AR RS &R =0 H A%, B
Mp(1) = Y.e5¢0) lr=r- e, ZRG R =Iuls,

fE9 0.

MR L3 LAEH, H P RS kEL—
[ B 6 T e ) e P A ) i P Y i R s 4
. X S HE B A A AR L R A
FELR LT Gi vt PR AL, 5] 4 22 73 B85 # 3T
¥ B [\ 9 Autoregressive Integrated Moving
Average, ARIMA) R, DL K HE VR B 2 5] A
2, Flink A2 4% (LongShortTermMemory)
S — FRF1 S0 E B AN B 0 A 1 I 25 2
PEHEAT TS (B, (AR B 2 ST i — R,
ST-ResNet [FJi =5 FEHHa (R [ A2 [A)RFAIE, 0
7 I 5 HCHS 408 2 [ P BT ) A 56 e 0 22 i) A 6 P
fEfIRE 1, CAg) 2 T I HE P IR Ss 7 K
BENK— RV ZHE, HRE T REFME
L. 40, [36]+ 3T ST-ResNet, #it T —Ff4 N
SeqST-ResNet ¥4 248 W 2% 34T H P P A2 AT 45 11 T
WM. [37]H7E ST-ResNet [fi%:hk -, it T —FiEE
g BE AT M A IR 55 W OR TR R g W 2%
DMVST-Net. £ EfTik, ST-ResNet H At /)5 HiH
JIRSS T RITI AT 55, BRIAEA S, JeA 12T
ST-ResNet SEIUIRSS 75 K BRI T, 2% 2546
B 3 s, OO 48 8 btk AT FLAAR B

H Ao it SR T

s

F) 3 B AR AR RIS S 1, g MEDA 1. 5T

3ST-ResNet i) X 4% 4544

B, RS R ORE R AR E
PRAIK G b (B TR AEDT) . 5 e P P R 45 7 R
XKLL [A]RFAE, ST-ResNet M 52 7 Ik 5% 75
REF, SRR AER I X = FRr AR ) ik 55 75 5K
i, (E IR N 2, 0T 5. B
Ak, ST —AMRZEM (), 5 H X R 7R
JE SRR SRS 7 SRFEA 7 31«

lc
M@@F{JM@—D,ﬂw)
i=1

by

M®P)(7) = U M(t —1,i), ######(20)
i=1




10 TR

Ly
M@@y{JM@—qo,##ﬁﬁQD

i=1

Horb, URIREHEEAT: 1, M, 70 2R A W
SRR SR A I BS B2, Loy L, AL 70 SRR I
ok R SRAC A RE SR A B A 2

4 LA AN [ A B (R RRAE (9 F P IR 45 7 SR R4
R JE, ST-ResNet H4E 41143 7l N\ K i) 75 K 8
T8 AR R IE TE A R SRodE PR R
fIE. 33X =AM 2 B AH [ 265 25 1) () — AE S A
M. R, DT R G N 2% HOS R T S A
KM IR, BT R EMRE R, K
R — BB T — R ZE STt AR—K
P, DUERT R SRM @O EEAT b, B 5k, MOE
NE—AD—4EEE CL N, TR

M((B(T) = Cov1D[W), MO (D)] + by, #(22)

ok, Wy Rilby 2 R BUR CL 0 BLE A E
CovIDZR 4R FHR() R %28 A
85— R 2 0 S

BT TR A BRUR LR, AHkEUE
LA AR BT, Hrh S — TR A TR
T LU F AR5

MG,y (2) = M) (D) + Res(M(;) (D), #(23)

Hh, Res®p 45k Z KA, & X NRes(x) =
g(g(x)), ##Hg(x) = CoviD[W,G(x)] + b, HFw
A A2 4, GFRN ReLU ¥, YHALE
BUE/NT OB, A0, HIUMESETHAREMHE.

W L A4 2 R oTE s, £0d RelLU
BREEE, EAN—YEGARE C2, 15 B)HE R R K
WIEN R, AL

il
M) (1) = CovID[W(41), GMM{) ()] + b(rs)- #(24?A

AR, 2 0 5 R R 307 5 o 38 2o 2
2, WLAEE B e MP) () M
M (). SR S R R ER K S50
SRR O R SRR 5 T SR R AR R, X
AN A 4 e LURCE JF TSR A, AR
i

MO@ = ) WOOMY, @), #(25)

i€{c,p,t}

o, WO WEFIW O 53 51 g B e i i 75 K i
B AR RIEER . DL A SR

H ERIBCERERE, BONRIZRSE: ORRBnR
feiz:.
Ja, G XU V)R R, RT3
—HEARRII A RS F KRR, AR,
M(7) = tanh(MP) (7)), #(26)

Hrh, tanh AT EY) %L, tanh(x) _ete "

eX+ex

FA¥) )5 2% (Mean Square Loss, MSE) 1
KR E, AT RFRSEM (T R ZE T AR

1
MO, (1) — M, (1))

IM(7)|

Hopost @M ETE T NESHNES, |- |E£n
TR AL, 7RI M () | B v iE B B A
HR|.

DRI, K F /N BE FE T B 3% (Mini-Batceh
Gradient Descent, MBGD), —IXKEUBANFEA, F¥s
SBIANFEARIIRZEL ALy (05Y), FTUMEA T 2R
JEE o 23 B 22 IR 24 330 AT S H0 T -

L(@St) — (Z

, #(27)

B

9t 65t —p %Z VL (6°) . #(28)
Horbmy 222, g2, AT DARBIEARL (050 /)y
i 2 $ st . @i IE W) % # 5% (Forward
Propagation Algorithm), B[R] F5l 45 21 A K (1) 7
MR FERE. HRFRET 2L, BIHARkZA
I ) B PR P A 2% 7 SR, D) DR g T e i B D
MR %% R H AR 2 D L & SR EAE i N2 8f% [l
W2, FREAT — ORI RERIAT, dndRik 1 pos.
BiE 1. 2R RS TR SR E T
fN: M. B e, 7. 05
H: [M(z+1),M@+2),,M(t+x)]
Lle1
2. WHILE < «:
3. MR @A9)~L)iF HM(t+ )X MM FEAMO (T +1),
M® (7 +1i), MO(t +1i)
4. LTRGBS E, HMOC+D), MOT+i).
MOz + DA, HHE(22)~(26) A 5N + i)
6. i—i+1
7. RETURN [M(z + 1), M(z + 2), -+, M(r + x)]
43 ETRPMBITHETLRARSZEHEIRR

SR ST — P Re AR IE I RIS AR B, AN
WA, RGBS, AT R I AE SRR KA 2 1 5
WS FRINL 38 2 2] 71 ARSI B R A4 B R %18 % B
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Be 24 I 2R 55 2% . BT amtb 2 I B
— M LAH MDP BB EAT R, FRATE RS
BRI DT 5 RS BN MDP #5858, JEAR 4R %A
B, g —Fh 2 S ER AT 2h & 4% 5] N A3C H,
XL S A3C FIEAT 1 oldE, AR T 5G %
B P 0 5 AR 45 S 28K i)

43.1 MDP ifl

D RE =]

HHT, R FI R B Ak 2 ST 34T R BRI i
Gt E RS EIEN) TAE, B LAPREE i — I B B N
JIr A R IR SS TRk . MZRIL. DL %
R 25 23 (0 IR DUVE N R G HRAS, 1l SCHR[30]
SCHR[3L]. XM RA MR — R EA R
BN, HPRSFERESRKAELNL, FEURET
(e & — A E AR R, R, EAPRS TR
IR, RETHGEER S, PR TREIE
EMET WS ). R T R GIX K ), AR
H— P T RS IR S 7RIk 7%, 198 e
A R T L 3 — N IR S5 TR SR IRAS, ATTT7E
[i] 5 PR A 2 (R 4 B B RTINS 92 1 R A 23 1) ) 4
.

BARKUL, RGNS RAAE — RS
£, TERAI R BUITURIT, BRI S0 S AN IE i
B A P BIIRS 7K, FRMA RS S, [RIE
FiE P EARRSAT B SRS oK. SRR, 0%
YT 208 BT A P B IRSS 75 SR 06 56 A IR [R]
et B, GRS A DRSS S R BE ML — A
M2 @K, PR ZRSS 7 R IPIRAS, 22 A Re ik
AT BB R, IR % RS 7 R IR 55 2 A
B, BT, 1l S HTE 22 A E IR 2% 7R R
FAGHAT A FR IR E], Bee™ . BT RS AN
N R 25 4 B 4087 vl B 3847 3B 268 R 5% 1 s i) B A Al
B I i T 55 I T I ol =
- R ZEAE, HBESESR
TEECAEW M. SRMTE—5HFEE
PIIRSS FERk bR ER, SN FEETIEE, kst
IR SS 7 5K, A Bl 2R 45 2% a3 AT A 45 0 28k 1k
. ER, WRAESGTEESHEES,
TEARPATIIIRS TR O EPAT e, WMIRS 4
I RBRIZIRS R, R, Beek—Ik A
X — AR S T SRIEAT IR SR, IXFEELRUE TIRFS
) ¢ P AL A LI

x5 JE B A KM IR S5 75 oK B I 55 AR H
BAHIIER, ARG AERT ()20 y ) PR AT B[] B

wait _ pend __ gstart
et = ¢ t;

AL R 55 B P P, T PR 5 5 SR AT AR
T 4 X8 4 BER P8 R AL B DR 75 s G) T 3 7%
W

stp(x) = (U2 Mp(t + ), 55,u;,0, NS Q0), NP (0))» #(29)

Horhe s P IR 55 75 SR B 002 H . Ne (o) A
N® () 53 5l 2 s B 8] 25 y s 0] 73 B 9 1 B8 5 8 450
TRENL. fEEN, T XXHEATIEESUE N
T, HEERRIEREI TIRR.

2) FfEAE

A, MDP B3Ik 73 8] € A4 Eies P )
TAEE A EAN TR BRI H 2yl A Bk 4
(one-hot) &0/ R0/ 1)PF R, Fltn, Rk
KRFABENEO e KT BHIRANE ) 9 4 003,
#-4 (0/1)P(2) = (0,0,1,0,0) F1(0/1)¢(1) = (0,1,0,0)
I3 MERIRAIHE 2 DS FASEA L AR BIRSS AH0
(D PSR RSG5k BRI, S E 2 TR B R
HHIE KRR, &N

A = (0/1)¢ x (0/1)", #(30)
Hp, xREHFRRBL. BAMEHa(y) € ARER
SR 8] o BILEIS TA) 28 ) AT ) — AN B E.

FERCEI R U R, A7 AR (14)~(18) LN
A, AHRARYE (30) 2 L HIBNEZS |, AN RELRIE
LI (AB) MBI . i, AT T —MEhfEmM
RS S, NSk 2 PR,

Bk 2. ShVERUENE R SR It SRV

N a(y), BIRTEENEN (), BIRTERENE
N Q)

it SHEXE L IR 25 B0 SR IS (a, B, nb, n©)

1. Wifa()HESE T EEMTERFEANEmb. ne

2. IFnb ==0 OR NY(y) == 0:

3. ae<l, f<0.n"<0, n©<0

4. ELSEIF nc ==0 OR N¢(y) ==0:

5. a«0, < 0. n’ < miniN’(y),nb), n° <0
6. ELSE:

7. a«<0, B<1, n?<mniN’(y),nb) , n«
minfeNe (1), nc)

8. RETURN (a,B,nb,n°)

Hk 2w, EEd A Ba ()5 H s E
73 BC 20 24 H IS5 7 K B 715 E A B v S B R A
. gt NFIW, SRR A ARG T
G518, B HRTHER BN 75 1E Ao
56, WIKEZIRSS 7 R EN BB A MAT, ANHE
TEEMITERE GPIR 2. 3), Wl 4R



12 TR

(14)(16); WiIRF(5E R LA, HBEE A A 4T
MR %5 TR O R, sE TR R IR O
56, WK ZAR S T R 1 HE = AT, Bla =0,
B =0, NFHAELH T E N EON 21 % B R
R ) FAE AN EOR BN A 43 BE 1) 15 18 AN P IR
ME CPER 5), XFERE T4 14)FI(17); 1
Y IE MR IR A RIS A BC R, UPKZ IR SS T
KRENE BN RS EAT, Bla=0, =1, [
I S R 43 FiC R 15 TE AN BN T R 715 T8 S B0 3))
PER I FEIE N R IME, SERR e i THE
BEIREC T A B THE SRS BN AR S T
BEURAN B BB /IME, IR R AT DA A2 205K (14) A1
(15). MR¥EX 5L, BEW ORI M AT 2R
AR L, [RINHAR IR 43 BC 1 5 18 A5
RIRE, BRI 13 H R AR B a fI B I HUE, FRAK T iR
FARMIYERE.

3) HiheREk

AT ARSSEN ) H R, A ATA K
(3P40 B 45 It 3 22 R /N . 58 SUAE R GRS st () i
PAT SIMEa(y) BTk RIS 22 5hr () 1= st ()
Y e F P RS 5 SR ENER, A8 w7 2R 1R
% w7 Rs RIEEEa Q) AT RS N, AHEL TR
sy EVECE P AR H AT AT I R8T LRI ], B

() =t —t;. #(31)

T e KA AR BE T A A7 1 77 0 st [a) A i
MU P P2 B 4% s TR A o B — 2, PR
{8 FH (L) 24 Jih R HmT LASK A7 (13).

4) MDP i F2

AR AR A st Qo) I H BV a () AR BTl
SENEENS, 0T (aCy)|st(y)). BN, HDZR
55 2% WL 2 A7) 46 iF (8] 20 R0 X 1A 2 v E S IR B Ak T
st(0)IRE, FHRYER (a(0)|st(0))IEFE—M R 55 H %
Hh&a(0), RGUIREHF st (1), P52 )ihr(0).
GAWITEA SRR, BERER TR (B,
I (B B T R, BN IR SS EI R i A w] AR
NN

(st(0),a(0),r(0),st(1),a(1),r(1),---, st(X)),
Hp, st)FRRRGL LIRS, XEL IRE K
0. % MDP AR 440 AR AL vl LA -5
N:

X—1
R=) yv*r(x), #32)

HrhyZordrfn s, [0, 1) A% L.

IREERRALZE I 0 B B2, G4 — A r sk
W& me (aCr)|stO)) M T-Z440, {15 MDP I
W R TR R R . WIERAE R — )20y i, 5
REAR M IR BT IE AL TR & st (y), HARYE 3 — S n
o (a(y) |stQ)) BN Ea(y), H3 T —MECRK
Kihr Q). AR ZSME A 1 R GURES He RS AL R I
()25 x ' I R e A4 T B IR A5 B 2L AR A5 56 /N, Bilr(x)
/N, Wz MDP AR R 3T 0 R H 2 Rt 2 4
NI/, AR AME. Kk, Fasdmasda
TSNS, AT BLARTE I )25 y ) SR A 22 il AR X ¢
%, HEfERGHATIRESER G, (ERED I
PAFER B BIAE, AT S KA 3T 40 2R 122 06)
R. P, RIAGLE 25 ek 2 (31) A B — H
LI ], HRRA B4 R AE R A, AN SO
T A3C R FHR A Y0 RUT 2 K SRS, i3k
T A R ZE B I 31 25 U B A 5 v 1) IR 55 0 48K ] R
4.3.2 5T A3C 55 #1 %k /772 D-SOAC

s A 2 2] Bk — M T DL 4y A TE ek B
P e I R N NG S R 2R A 7o = R
(Actor-Critic, AC) NIPKEJ {5 bR FOR1 I T SR I 11
TR AR, EAREE T R BT, AT
WS E, B AR RIS A 2 TE R AT
PERFHATVENY, I3 & se A B L )3
Hng. RBATENFE-PFIR K (AdvantageActor-Critic)
HRBMARBEIN T AC EiEd, X AC Bkt
177 8—bekik. 1 A3C UZE A2C [%ERE k4T
THEHFE—ZIRAN, B2 ADAFERATEIHEFIFE XK
AEAN RS AT H, AT E- TR A S
e — R, BECHEIZRZ S — A
L4 RTINS EE T, R G K45
R 265 v (14 2 000 [ ok BB 4% PR B A AT 3 & - VR e
FNSH, INifite 3 eSS A 1. Rk, A3C
HEReE R A kb 5T

£ 5G ERXMAZ it ES G, LN ER
THE ORI S SR B 1 AR X 45
B Rsses, Bl gmEsaH g 17—
Tt L 789 f 23 A AR, TR UFHIIE TR T A3C BVE M 7
R IAT . T AC F1 A2C S g
VR BEBRAL S SIS, A 7RI 5G BRI
ST EIREE I oA U AE, 7 BRI AT L&
IR 55 25 U B RS ), MIA RS AR E R B
TS TR ERORE, P EIgEE S, RE
A SR 4E R IESE i . BRILLASE, AC.
A2C G4 A B Ak 2 5 SR BRIk 45 2R IE %
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GPU ZERFIR I THREAEM, JHAHECR, GRSt
— AN L A& IR LERE R I A 1T A3C LRI
R SEARXS AR, UNEEH CPU B SE AT, £F
BN RS w U E IR PR AR . BRI, EARST
i, FRATHEET A3C Sk, 5Bl 5G ML Lt
T B IR S5 #1%, 7 1% D-SOAC.

1E 5G ZEERMIA S it G, 17838 M4 GR
WS TN 2% ) B2 T 3 o 428 IO 5 SR A0 65 (1) IR 5 0 28K S s
g (aCp)|st(x)), HoRMEESH. X TH—173)
F, BERPR KL AT LI 9 E RV ™ (st; 07),
o AT g M IR S5 ENFRE RGNS, 2 8 BIRAS
stfa, JTReIRAA M Rt B, B
VT (st) = E[X2, v r(x + i+ 1|st(y) = st], H
E()REH A, £ A3C 1, TR MLt —
MR AP P 2RI (R R KL, WS SHONOY. R
HHh, A3C fE I ¥ 2% (Temporal-Difference,
TD) wZE ARG %M 2%, HSHEIBEEE AT LA T =X
THE:

v _ a[Q(st(n), a(x)) — V™ (st(x); 0")]?
a0V

Hrb, Q(st(x), aQ)) NIRA-IMEE RS, — Al

RO RFR A T, BIQ(st(x), a(y)) = r(x) +

yV™ (st(xy + 1)).

X SREE P 2%, B H AR R T 2Rt
BT . AR 4.3.1 797, SR 2% SR I
AT EE R E Sy i gs F P RS & R IM FEE 2,
W 7 EE Y Syl gs H P RS i SR TH R B I A
RN R 2 (B Fom NP R RAR, X80T
ER A A NO(NC - NP), [ R4+
A 75 18 R R R AR B IS KT T &
P, — BRG] A EESEMT R R
BRZ, MeFBEMETR4EL R, MeSEHud
Z . NAREEEN . N T RIOXEen B, AR30K
A& 235 1R BRL B0 A i HH SR S I 245 355 45 e % ) I 4 HR
Z A1 e FE M ZE 5 A SR ORS 2%, BY
g (a° (), a® () Ist(x)). EFE, FMESRAEENE
REMH T EREON - N R TR IRE
O(N® + N?).

X BB VR 4 B SRR I 28 g (a () st (X)) »
HBHWIBEE ] Dt E N
do = A% (st(x), a(x))Vg logmy (aCr)|st()) #. (34)
Horp, A% (st(), aQ) 2R FHmE, £REMHS
BONOHI KNG o NG OL T, PATSIERIR 1. A
S, FAMEA TD R ZEfr &, RIA% (st(x), a(y)) =

dé

, #(33)

Q(st(x), a(x)) — V7o (st(x); 0). (VAR HiMgm,
PAT & T B Z 18] B A 2 18] 2 BLAH BN,
Rl
g (a‘,al|st) = my(a‘|st,a’) - my(a®|st),
IR 22 BN Hin SR S DX 6% 1) 2 0086 B T DL G R
P
dg = A%V, logmy (a‘,a’|st)
= A%V, log[my (a‘|st, a?)m, (a’|st)]
= A%V, [logmy (a‘|st) + logm, (a®|st)]
(T ERE L, AP IS HORI RE y B IEAS), Bi%
SVE H SR DX 2 (1) 2 E0kh FE R
do = A%V, [logm, (a|st) + logmy (a®|st)]. #(35)
s ERHE A5 R, AT LA 35T A3C IkS5H
#7775 D-SOAC, ik 3 fisn. 1E 5G ZEEKM L
GUTEWE T, MU GRSIBLE TIT31E M
R R L S = S U S v i BUR L NI R Lt g
LEES, WEHP RS FRESHEGER,
HPrRsEHFRERESEEEY O LW
ST-ResNet, FilIARKIIIRS FRE. RF, ToLz
KPR IR S5 75 oK B L 4 i G R 55 2%, LGRS
A PR LA R B A A R B TR ek TE 1
a, DWRFRFEEMT R TIEEENAE, Bk
RGURA st (), FINASHPIAT B3 28 FNTF L K
% CGPIR D). 1730 B MM DT AT E B,
HMEac(x). a® ()G, HizshlEl NG 2 AT IR
FEIE CGPIR 9. 10). IRGSHEETERE, & Re0
M BPIABE )T — ARG BLEAZ B E R K il CGE IR
11D, EEZIREE TR, BRI 7L RS,
B I W RS, TRPR RN T R R R
P FhEEE GBI 15), FIH $D REET MY
T B E-IRESE R E CPIR 17D, JFHR¥E(33)41(35)
ARSI RIPER T CPER 18, 19), i
JE R BE B AR BTl 2= 1 42 JR I 24 TR AT
R CPIR 200, &G, RREESATL. =
Ik 55 2 S s I ) 4 SR X 4 1) 2 8 Rl A% 3110 2%
25 25 1) S i W 2 TR AT T —RER I ZRad iR CGRER
5). R HERAEALE A B B R iR 55 s )
I RPEkT, HIEY T e BEUE, BiEA
1B B BR 21D, i th A (32) dx K I 5 BE 1 2%
g (a“ (), a® () st Q) 1E J I 55 D kg (U BR
22). fERET, AR P s P IR Ss 7R SR B ok
TP BN RE. 05, (AT DLRE S 0 2850 2
LGRS F, SIS R i AT Ik 55 75 SR D
.
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H3% 3. D-SOAC.

WIN: M, K, N°, NS Ymars Xmaxs V

Bt BRI  (a (), a® (0 st ()

1. BENLAIGGA 2 RFE PR R N 2507, SRS W 2% 24
0; IR RILZENEPX <0

2. BEHRIIGE S DS RS 2R R X MG S 5007, Hng
MBS H0; VIEIAZ RS 28 M0y < 1

REPEAT

HEEDD « 0, dFY « 0

<06, 9% « 0

Xstart < X

HHE B 1 TN A R o e 28 5 oKk i, 193 st(y)
REPEAT

- ¥y (@ (), a® () st Q) IEH BN Eac (x), a® (x)

10. #a‘(x), a’(x), N®, NHNEIE 2 BT IR S5 HI 4%
11, RIS B A5 2 B S 22 e (), MRAE SR 1 TR A
i B P RSs F ok, MREHDRSst(e + 1)

12. y«<yxy+1

13. X« X+1

14. UNTIL st()Z1EIRFE OR ¥ — Xstart = Xmax

0, st(RZIBIRES

Vi (st(x); 07), st() AL RS

16. FOR i FROM y —1 TO ygan:

17. Q «r() +vyQ

18. AR#E(33)it 5 dEv, AGY += dov

19. AR#E(35)115dE, A9 +=db

20. A" AOFEFiI 4RS00

21. UNTIL X > X,0r

22. RETURN 14 (ac(x), a’ (x)|st(x))

© 00 N o O B~ W

15. it%Q = {

5 SKWMSZERD

NSRS o S MV WS T St ]
By, RERENALBSHEE. BEX
D-SOAC J7 k47 1 Wkt siss, WER] T D-SOAC
FEMATAT . eI b, BT AR R SR
RAS, FRATX D-SOAC HEAT T VE4H 114 BE S48 Rl VP
i, FHANIUA IR SS B #7153 T TR AT
51 XEFESIIHIEE

ARSI RS , CPU {1 Intel Xeon
E5-2678 v3, HAL{ 48 Mg AHEEE; GPU 1l H
NVIDIA GeForce RTX 2080Ti. JTf [)sLih3FiE1y
{4 Fi§ Python 3.7 il PyTorch 1.3.1 523

RS B 4 9 R AR B R T R Y LS

M RS TR B, BuREhas Tl 1
CFRMEBH P RS HRER. XBFERKETE
i P R VG I 436 ML E T, A5 BRI T
2014 4F 9 H 1 HIF4H % 2014 4£ 9 H 30 H A1k,
Wt b g — S R B B B R R o8 — A I
JC: (¢, id, speed, color), Hrp, tRIRES[A], idFR
ANEFIZH T ERIL R TTH S, speedKaniZ M
TR LE, color ZonTEMBE. — R FHH P
P AP R — H P IR AL T 5 — B 1 B T i 78 538
b, fEscserh, FRAUE A DY s H BTN 5
BIELS, BN oL Y ITHmSid. BT
30, FTDATRACBE I R (R)RR T Y, FEIE B BRI T AT
B IR SS  RE
Mg(7) = Lier niger » #(36)
(t,id)eD

Hrb, DEROREEREF AN EEMIER, (@ id)
F L B e — %D SR I ) M7 o5 2 H
WIHD R TEH T . Leer niaere DHIBTEREL Hid
SRR TR e ARAE RS (8] Ber N, HLE s H P R
TEAE T IX IR AP, iZ R EI(E DY 1, AN 0.

Uesh, B, AL T 5 A
AN FLAR R B B 70 S L M PR 28 5 P A ok . B
S rh Bl Bt ST R B A U 1 4 B

?

PRl 4 el S 4 32 T ) 45 A A

52 ZWBHEE

ASzIGH, T CPU BAg 48 MNBAEALFELS,
DAL FRATT AN 436 /N6 o BEH LI 1 48 /N
TG, FEHAEE T A T AT S & -F IR R
%, BIHGMRE AR TAE. WERNRBKEN 2
oy AP AERT R BT AR 23 S TP 8 (1) ik
55 BEATL= R — R R T AR S5 IR S5 75 =R . AR STk
[18], W& /PR 55 P 75 i N Eds K/ A [15,
25, 30, 40, 45, 60] MB, JikR% it EHER/INAL2,
0.6,0.7,0.7, 0.8, 1.2] Gigacycles, /£ &/ IRSs R
(% 243 531 25 10.1,0.2,0.3,0.15,0.15,0.1]. 9 T 3F
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fli D-SOAC JHEEA R B IPERER I, %3
HR[38], X E AN [F] 5G FEERMNFREE T &AM 1E % B b
2% (1) S 98 20GHzZ. 30GHz BY 40GHzZ, fij [ 5 4
—/NFAEIEPT S A % 1GHz; 2% 3CHR[39],
WE LGRS &R e J) 8 2.5Gigacycle/s. 5
Gigacycle/s 5% 7.5 Gigacycle/s, fij [& 52 &1 5 %
TR RE J18 0.5Gigacycle/s. R, 7EARFIFR
B, FEIEFTREN 200 30 B 40, iIEEUELL
FIREDN 5+10 B 15. 1 N R KA 7 R 55 7 K =
W E ST-ResNet 1 JE HH 75 SR A 75 5K (1 1 1] 25 52
SR LR 3R, FERFFESR. AR RAIKIAT
RIS TR 43 00 8+ 3 Al 4. 7 ST-ResNet [l
Rt FRr, AR FH S5 RIRR 2 2] 2 R B SR NG, BERR
10 YOEARHRE 2 2 R HE N F K1) 80%. HARSH
i Bk 2 Pios.

R2ILWBSHEE
A 18
p 2402 wil
5 144 + 14.4 dBM
o2 1.5 x 1078 wH
f 0.3 + 0.03 Gigacycle/s
teid 1000 ms

Ak, XFT- ST-ResNet Sk, T (H0E
JZ Ntanhek £, FdaHBRGIZE 1 (=1, DVEEN. Br
DURR 215 5600 Iy 52 F P Ak 5% 5 oK B O AT s i
AL B A Re T B 22 . X HLR e K /M it 4L
(Min-MaxNormalization) k47 4k 7 Ab F #:1F,
E XN
M- M,in
Mmax - Mmin
Horfr, Nom#F/mf K/ MrEL AL, My, RWM
R /AME Mgy, M 5 R AE.

FEXT ST-ResNet THE MR 1R Z I, YT R
ZeRATEMRIRE, R ES S R/t
TR, 5 XN

M = Nom(M) = 2 -1, #(37)

L e S—
RMSE = Nom™! (%Z\/”M(l) I_er[ (l)”2>, #(38)

i=1
Hrp, VREIEEFHFEANE, Nom 1FRINi K
e/ IR AL BR BT S BRI
53 LINZER
SCIG 1. S AT
AT P D-SOAC J5 127 ST-ResNet sk 14

&, AT ST-ResNet Yl Zrid F2 H 4R 3] =
23 9% E ¥ 0.0025. 0.005. 0.0065 A1 0.007, fiifd
B I 22 A ki 22 USSRt 1o 23 ol 14 5 A
Kl 6 .

0. 025

0. 0204

0.015 4

i
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VI ERETBL
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200
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VIR B

Kl 6 AN[F]%: > 2 ST-ResNet k15 22 W s i

AL, M2E3FRN 0.007 B, HFEE
By, ST-ResNet ANAEAR U 1k 145 5% oR B 1I AR /)N
AL, WERRZERLSIE] T 0.015 45, FHI,
FEMAREE A Rtk 22 ey, ¥ ARR 25 8
LT 70 FE A T S SR E BN, S 0.0025
B, BESRTEVIZAE FHURRESL, HEBAT &
R AAL, BEHIIIZRR 2 BRI T2 31N
0.007 if, {HJ2%5 T2 >]%9 0.005 F1 0.0065 [¥11h
B BEAh, ES]ERN 0.0025 B, B SE T A
WA, BARIZRRZE AR, (HEMRZEH
TEFTA ) RGP R 22, MR 22 I &1
100 4. H{ZESIRRE N 0.005 5% 0.0065 K,
ST-ResNet fIYIZRR I, 5 Ja Ul ZRiR 2 08
BT —ABUME. 22, BT 0.005 RN
0.0065, Al kil 2538 5 AR50 5 2) %6 4 0.0065 B 5E Ky
2205, IR HAENRE EHI TS RA RSN, &
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MARSE B35 5 iR 2527 2] %08 0.0065 & 1
10 A, MiZA>ZoN 0.0065 I R A, EMHR
SRRV B3I T RO RIFIRIL. AR
IR ZEWSE T 15 4.

F1 ST-ResNet #H[F], D-SOAC J7i2:H A3C 4%
()% 2] et 2 e sk — AN EE M S 0k
B A3C MIZHI%: 1% 8 0.05. 0.01 F1 0.005, X}
D-SOAC #AT%k, &R WKl 7 frzs. BT D-SOAC
ik, IrA GRS fe P AT AT, AN A X
Wil 2R 5 28 AT B TP KB SR E A, 5
RS ZE TR 1 2T SR 5T R B 3R (12 3P 3
Kl — e — MR TR, R HHGE
7Y e I =1 (651 Gl N R4 7L O]
W, =M REEDUT, D-SOAC Jiikdfsy, ik
B T FIFH D-SOAC J7 i AT BRI it 5 IR %%
AR AIATIE. 25 2] %08 0.05 B, TR H]
BT, mATERAWSE AR 45 %
49 0.005 B, HIT22 2] 38K, KRS 3l T35 22 i
WS, 24222 %N 0.01 IF, D-SOAC K15 T #¢
I R, JF HASR R, 1A R TP
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AL AR e e LT AR AR
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S SEH
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ST-ResNet AR F IR R B1E RN RGOS
fN A3C, BEATHRSEER M. thah, i R
THE A R T 40 ey 5 A R R A0 K A 22 h Bl
BRI AR R . DR, TRNE Buc R f1 Ky 2
D-SOAC JiiEH I EEME S 4. Brit LIt
ST-ResNet H RIS 753K« & A 75 SRR 3 75 =R i B
) 1 AN ) 22 3 BUIR 55 75 SR A TI0 485 SR = A=
WKZER. EANH, BAIEAN S ESHIRE

AT RRE, X X R 5% /5 SR AT iR 55 S 48 g
RIS REAT 18

FATE e 2O RN TR KL . IR R
FEL, AR SRACBE L AT B, k5 S ik
BN RS TR e LR DL S E L, ML,
53 3 A4, R HME YN 1. 2. 4. 6 A8,
IS5 R IIE 8 o, W, R TR
9 6 M8 I, RS SR B R GBS, TR
W RERKE N 2 B4R, IRERR. ZERMERR
WY, BEBUN R AR 55 fa R B 12~16 38
P RS TRERREY]. MAE 4~8 480l
R IR SS F R E R R AK.
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100
80
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40
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8 I 75 SR A AN [ I R 2% 7% SR Tl 2% 22
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1. 2. 3. 4505, TR IR SR FET AR 4 75 SR 13
MIPERERRZIE . SEIG LS RN 9 FioR. SRIRZh R
B, 1 RE| 3 K Z AT o s R4 i SR AR
R 55 T SRA R ICER, T B A Gz 2 B FH RS
RAUFTH P PIIRE TR KRAKR, HESSFBUR
% T SR PO P I R AR . B, P HARE SR KA
4] (AT AR 22 S K P ol L I FRINAR 25 11 6 15 %2 . 24
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B, o RIEE T 15.14 A 15.47 BT R iR 2.

SRJIG, TEEL AL, 7353009 8 Al 3, B ELHIE A
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K SIS ECN 1 A ZEA K. UEEH AR
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Tl 7%, 5 ST-ResNet J7 k47 R4S 75 2K &= Fl
AERA T L a8, LAIER] ST-ResNet 75 /iR %5
TSR TOAT 55 - ge e it 1.

(1) HA (HistoryAverage), JJis P34, HJ7s—
BN TE] N 35— DX~ 3 F P i 55 /5 SR &2 AR R
KAz X el H i IR 55 7 oK 5

(2) LSTM (Long-Short Term Memory), K% H#iid
2. VBRI —F, LSTM B 5
K F IR H R Jy, HOAE ARG S A BS540
B T2 IR

(3) Bi-LSTM (BidirectionalLSTM), X[ K J&
A7 %%, FHATH LSTM AlJS [ LSTM JE A 2H %
fifgh 7 LSTM v B BE BT ) b BE 7 1 E50 405 ) i) 7L

(4) CNN (ConvolutionalNeuralNetwork), #5514
22 M 2% . H G A da SRR A B <2 1) 1) 2 [A) 5%
. RGBT, BN S, CNN O I H
SR R RE

A5G E ST-ResNet ff12% ) %4 0.0065, %4
I AR SRR L R 5 SR A BEANK I 5 SR 30
8. 31 4. sIGLEFINER 3 R,

& 3 AEIARSS FH KN 7 ERNZ IR ERMMINIRE

IiRE (MSE) MiRiRZE (RMSE)

HA N.A. 84.09
LSTM 1.953 x 1073 23.79
Bi-LSTM 1.760 x 1073 23.22
CNN 1.617 x 1073 22.57
ST-ResNet 0.188 x 1073 15.47

MERIGZE AT LR 1, ANEEIIGRREL R
MARRZ 71, ST-ResNet (1138 BRI T HoAt Py Fl
PR3, B, ST-ResNet [l k% 2 AH b T
LSTM LRI 7 10 £ LA F. BIERITE S b v rh
T U I CNN Fi%EAHEE, ST-ResNet i)l Zkix 2
KA CNN [ 11.6% 7 4. XF TR 2,
ST-ResNet [k 1% 22 47 A A A HA. LSTM.
Bi-LSTM A1 CNN J57% ] 18.4%. 65.0%-. 66.6%7!
68.5%, HUfF /AR UF MR . %S0 45 RAUER,
ST-ResNet HH T [F]If 2% 18 1 Ik 55 7 oK X — I
2 B TR T B A DG PR AT 2 (R AH DG, AR EE TR 4t
I fig B — Hb B HURS (AR AE (BT HAL LSTM Al
Bi-LSTM) 8 2 [HI4FE (U1 CNND IR %S 753K
U WRr SIS = = b b i R G
LG 4. 5 AR IR S5 I A A AT b S

ARSI, FRATERE LN AR RN L &

LT IRFSEHE N TT%, 5 D-SOAC JiikiAr Xt
t:

(1) LO (Local Offloading), 4=AHbEIZL. Z-EER
FH P R 95 75 2K 2 98 A b 1) 2 380 T AT

(2) RO (Random Offloading), FEHLEIZL. MZEEk
W = A IR G5B SR INE, T2 IR S5 A BEALZE - 43
P AR B AU B G R AT R L 1) IR 55 1 B B A

(3) ECO (Edge Computing Enabled Computation
Offloading Method with NSGA-11), fd F#EAL %
NSGA-I TR A1 IR 55 0 5 1]t PRy s LA, AT
BEAT IR 45 3R SRR 25 En g R T ECO
FERFRIR 5 ENE R SR, w7 Il IA A 7 U 2
AR, DK ECO SykHIEACH 7] B Ay firfy I 7
R S5 A T 1]

(4) BDR (Big Data Deep Reinforcement Learning
Approach) ™. %771 D-SOAC J7ik—#f, HR
PR FE sl 2 S HEAT IR S5 BN B S AN A
BDR J7iAEH KRR Q %] (Deep Q-Learning)
VE IR FE 9 Al 2 S B 7 1

(5) Optimal, L&A E. T RS EIE 82—
AN NP-Hard 7@, SRf# 12 i 5 (1 B 8] 52 2% B 6 T
P IR 55 e SR B MO [R) RO T I Fa B ek, 7
FIRESZIN 8] N TGVE e AR 55 . BRI, JRATTE Sext
Mk 25 ENER ) AT ik, AE R B5G EBML L1t
ST AT B U SR IR EAE PR BSR4k, A
DB IR 1) B 9 32 2 I 55 a4 AL 1] e H i 5
WIBMFEEN . RE, EHIENR

( DynamicProgramming, DP) $iA, RFiZfE1k
%) I 55 S0 28 1) R ) e i

TESZES 4 v, FRATIM 436 A T8 B B A Bl B L Y
50 MERK B, THAE 1 /N 20 43BN 25X 50 ANiE
BB P P AP P RSB AE . Ak,
WIS RGE T FEEMTERIRAAE, R
D-SOAC HUx EU SR A A A2 BRI G 1t SR B
IR, Hrr, D-SOAC J7i:A# H %% 2] %4 0.0065
I 513 201 ST-ResNet 247 F R4S SR 1) —
T, #2158 0.01 1 A3C AT
JIR 55 B R

BIGNRS HITHERE s (AT BRI THE
TSN 5) B, AN RS EEOTVELEAN ] P 2% A
BRI 13 Fras, & 5k SR AR T FH i 18]
e 4 hA . SERRSE RERW], D-SOAC J7iANAE
W T ML 7.1%~26.7%HI AT [A], (HiLF] T
62.5%~65.4% AN ARITAAZE . b4k, D-SOAC 1
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B KR 2 IR BE R [ AR 55 B0 8 R B AL T B B f 5
HEUSMO HAR T MARGR T FEEAN SN
20. 30 m# 40 I, D-SOAC [IFH J* 31241 IR 55 B 7
391N 2.541s. 2.547s F 2.542s, MHT HK B2
1) ECO %%, D-SOAC JiiA Mt gede S+ T 5.12%~
5.70% A%, ARSI ZEFFAK 7 0.15s Aty [EIR,
D-SOAC RAERINF M ECO Hi%MZ) 1/20. i
AT BDR Ml RO 5% 4k, D-SOAC %
IK T 0.4%~2.5%[1 FH ' P35 AR 45 B 4 , 5 HLR gt
A A EATTH 59.2% ~67.3%. 1% S0 45 SLAIF
D-SOAC JJEAEIN G IR 55 S 1t B RE JJEL ST, WA
FA PR AEAIG I S AR 55 (1) B

8RO = BDR
m D-SOAC Optimal
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189 e 55 B 42

FFs

20 30
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FlEEHE 20 30 40
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LO 190.78 191.25 191.72
ECO 1485.88 1494.48 1494.31
Optimal 288.65 620.20 1081.99
D-SOAC 77.17 77.24 76.72
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IR OR S — B ). XA & sk bri, B H
i 55 R SR B, A4 ZE IRt B AE S 2 15
BEPRAIHT 58 BER,  DASE AR IDRI 7 A (0 A5 Al
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IR 5% 5 SR HG IF 80T AE — NI R B NI e P
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BTSRRI, A RS54 ol IR BSR4,
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Background

Due to the development of the Internet of Vehicles (loV)
and the modern wireless communication technology such as the
fifth-generation network, drivers and passengers can be served
with numerous services by the service providers while traveling
on vehicles, thereby enhancing users’ riding safety and travel
experience. However, since most vehicles are not equipped
with sufficient computation resources, these services are
traditionally offloaded to the cloud center for execution,
leading to high service latency because of the long distance
between the users and the cloud center. Edge computing solves
this problem by distributing edge servers equipped with
resources, including computing power, storage space, and
bandwidth, near to the users. However, the resources deployed
on the edge servers are often limited, which makes it
impossible for the edge servers to support all the
latency-sensitive services requested by the users at the same
time. Therefore, how to build a service offloading method that
selects the appropriate offloading destination for services and
minimizes the service latency remains a challenge. Recently,
there have been some service offloading methods for
5G-enabled loV with edge computing based on game theory,
convex optimization, and evolutionary algorithm. However,
these studies mainly had two significant drawbacks. Firstly,
some of the studies did not consider the dynamic changing of

computing-enabled computation offloading method with privacy
preservation for internet of connected vehicles. Future Generation
Computer System, 2019, 96: 89-100
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the loV environment, including but not limited to the users’
service requirements, the network condition, and the amount of
available resource. Secondly, most of the existing service
offloading methods were centralized algorithms, neglecting the
distributed feature of edge computing. To handle these
problems, we propose a distributed service offloading method
with asynchronous advantage actor-critic (A3C). By utilizing a
big real-world dataset from Nanjing, China, the experimental
results show the effectiveness of the proposed method. Our
method reduces the average service latency by 0.4% ~ 20.4%
compared with four existing service offloading methods in
different 5G-enabled loV environments, where edge servers are
deployed with different computing and network capabilities.
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deep reinforcement learning.
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