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Survey of Research on Task Offloading in Mobile Edge Computing

GAO Yue-hong and CHEN Lu

School of Information and Communication Engineering, Beijing University of Posts and Telecommunication, Beijing 100876, China
Abstract With the popularity of the Internet of things and the development of wireless communication technologies such as 5G,
various new services emerge one after another,and mobile data traffic is also growing exponentially. In order to guarantee the
quality of service,the mobile computing model has changed from traditional cloud computing to mobile edge computing( MEC).
The main feature of mobile edge computing is setting network resources at the edge of the network to meet the needs of delay-
sensitive and computation-intensive tasks and provide users with better services. Task offloading is one of the main research prob-
lems in mobile edge computing. This paper summarizes the research status of task offloa-ding in MEC in recent years. Firstly.the
basic concept,framework and typical application scenarios of MEC are introduced. Then it expounds the problem of task offload-
ing,analyzes and summarizes the existing research results from minimum delay, minimum energy consumption and minimum
weighted sum of delay and energy consumption respectively. Finally, the future research directions are prospected from four as-

pects:data dependency,user mobility,resource fairness and information security.

Keywords Mobile edge computing, Edge network, Task offloading, Task delay,Energy consumption
T R, Q0 2% SRR A PR L L B A R Bh M T AT S
A

SRR PR AR L ] e BT A i R 3R ) e O Y G 28R SR S R A

W 5 4 10k ) 11 5 K R Bl 3 A B R I R TR L 45 20T R
55 S W T P, U0 B8 5 B SE (Augmented Reality, AR) /g 481 31 512
(Virtual Reality, VR) . F 3l 25 3 F1 %0 25 £ 97 S5 89 6B 0L A . X
Loy 55 7E B AT A TE G TR R (E P g ok T BRI
FEJ1. ARG AR P SR O 1 1% B
2 B IR 55 5 Ak B R B0 AL [0, B P T A% i R e R AL
B AR AR A IR A A% G A X T 1 il 2 kS i S AU AL
AR S5 TSR o T 20 B o5 A B 2 RE A A5 A BRI L JE
W AR I AT 55 . O TR X L R L BE S A AR L T
% 31 %11 2 (Mobile Edge Computing, MEC)™ % i 2, il
ot 7E W 2% 301 % O P 3R IR S S AR RE T s DA R TR IR 55 22 A B
3, S PP SR AL TE 4 0 IR 55 R 5

TEIL S W2, F PR 54T 55 (0 48 3 3 1Y AT A
F, 0] LUSRATAR B AT AR B8 FE 14 I 55 4 38 (B E 52 BRI o IR
55 i P28 3 U £ 2 18] B AT 55 400 W 7 EF IR Z R A R W

WAEVEE 3 H 40 (yhgao@bupt. edu. cn)

55 SH) A TR 0 AT M

ASCHE AR T B 3 i ST 5 A R AR B DL R
M5 ORJ5 FR T 7 8 2T B b i 4 55 S0 4 ) UL O A
KWFFE TAEIEAT T M MLE &S IR T B AR 55 40 o4
it ffp DR ) 1) AL i 5 X 2 SCHEAT TN

2 BEibgitEESR

2.1 HE&

MEC 48 4 fr B 91 HE {5 A5 #E B 25 (European Telecom-
munications Standard Institute, ETSD F 2014 4 1E X $2 H , #%
FE U TERS Bl P B B Jo 442 A N S P R 3R TT IR 55
W5 2 Rae 7 T B B S, 7R 48 R 4 Sk
“M” LR “mobile” , BI5 8 3 0 45 BR 5 5 A8 43 SCHk b M7 3R
/R “multi-access” , X 42 P O Fifi 35 AF 58 19 A W HE 9 ETST N 1
K gt By s Wiki %4k 3GPP 5t L 7 I8 89 “ mobile”

220400161-1



Com puter Science THHEHLE Vol 49,No. 11A, Nov. 2022

P8 F “multi-access”™ L H i T8 sh ¥ 5 T 9L 43 B AR
AT 5 BT DA 2ol AR B s i i+ 57

MEC (1) A% J5 B 78 B0HE U8 0 B R A7 50 i %
W P R IR 55 L 2 i Gy GSTT VR W R N R SR, R
I ZHAR PO . SR EmE 1 R, =
oL B R AR B T R Y TR B VR RN AE A BT R B % A B AT %
AL A% B P B, H AR —E it 5 e
FIAERERE ST 4 Cloudlet FHEVEUHE oL | i /N L BE 3 45007 s &
Uity A 5 8 BB T AL M A i L R) SR IR A SE . ORI AR A R LA
RRBRE T2 M= vh 8 MAZ G B R T, SR 4 14 3 AT
LLE i, MEC Y32 IR 228 T U = 3058, i 2 o 1T ok #b
IR Ry BRSO P SR A T A Y I 45

_ Core
.- ;
SOEES N

o (R (R
37 C
i 58
............ v
Edge

K1 =i
Fig. 1 Cloud-edge-end architecture diagram

2.2 MA%BE

R B30 Gt 38 B W AR 26 i BB A L A 4K 2 o v, b 77 L
I 3E 5] o 40E S A5 1 BRI Ok mT L FH 7 AN T) 19 4 55t 20 Tl 4 Bk
AT R R K VR B R YT AR R T A 45X LA LR 1 52
M5
2.2.1 T XHER

Tk ¥ 8% ™ (Industrial Internet of Things, IIOT) & —Fh
PLAE 7 g 5 ) 1 Dol AR A R G Bl KA Tl e 4, I 4
2 V) AR B e, R TR 0 3R 0 1 AR AE L S B SR Y U
GYTE 5 AR AR 2B 7= A R4 w8 28 7= 2607 A8 Tl 3k 0 v, 58
b Ul PR v 4 £ AT A BB AR U i
SR A7 e 0 AN TSR 0 L HEAT IR B 4 T 2 4 A T
W, AL R 5o B B R B D VRS, AR
117 W & 2 8 A 193 B Tl 3 5 v X T A0 I S g 2 SR B R ik
i AN TE A B A D B BN 37 B N I R ) A AR DR AT
55 o I I ARG I A R DI M 45 A 43 A ) 25 R B 8 B I
WIS . MEC §E 35 48 3 B o, 7T LAk Tolk 38 4 $2 A i
S A 353 T AE A A 55, B0 T 5 A O 22 ) B A Tl
e il B 3 Y R BT S 5 ) AR ORI 2% i 55 AR AT
AT DL Bl AT SE K 26 S F Wl 5 T A S s 1) B PR A
2.2.2 HBEM

Wi A28 R G H i 2 BE Ak, Bk B 22 1% 37 4 R A i B
Tl Bt e A 1 AR BE A% (AT AT E 0, 005 0 RO
LR R YNEALITINOY R G N A K =R S A TR Rd
e, T LAAE B AT AR I 5 4 (0 B 10045 8 o LA (6B A8 s it e
BRI 2 Ab BT A B ol 4 g 28 ik v] LA SE I A% A SR B AR
T30 P B WA IR B R T R R S EmT . M
Wi 2 B 0O R DG 1o FH 09 R R A 55 I G i R A 2 R T
B A B 0 T e 0 A B M DL R AR 55 1 AR SE R

B F A 5 2 B O M FERGE (5 15 i T A
K, 05—, KEMERH P RS 208 o E R
a7 AR AT BE IR S R0 L T MEC AT RUAR 45 b A e
X —MER 4 MEC JIR 55 &5 5 5 76 #3205 ol vb L 1] DU 2 42 2
N7 AV B S s i B 0 TG A 5K [ B L 8 e D = i IR 4% 4%
)R 7, 45 2 o I 55 4 7T LA SE 47 st X6 42 5 {7 8 0 AT Wi 4R 0T
Qb ER
2.2.3 HRRE

Wl AR T KT B S I 48 1 AT 6] T A B85 1Y 5 35 R A
AR TS MZE R A TR EERANFE R,
REBUREEEATE.GEEEMEHEA.ADERHE
P NNCE-STECE % NS S g & S DK R (A R =T <l
MEEEHRED , NAPWMERE, B iR EMEELE
T PR B v O A% 25 PR BB 4% X S I B A B B P AT L)
I3 AT AT AT 3 4 30 R A 1 A (N A B T AL SR I R 1
AR 4T . BRI LB B AR R R B W K AR s A
R B WA T . — 7 . R BE R A% S A% s g B
B 5 A% 2 2 v afE AT A BRI 4 AT, 08 O F P 3R 8 A
il O BT 09 IR 55 o 0 G K A BOHE A AT RE £ Dy 1% i B
Sk B R FE T [7) B 3 8 v 1) e 5 53 — T, AN BB R R
AR I SR A A T N RRRA K AL R I DL B
B9 v b B 202 S A AR B2 2 R B . T A T 5
TRR 2 AR P Y N 4530 & F B0 a0 A3, W] DA
B I 7 R [ 4% B S ] B R UK G RA T O P9 XU . IRLOt L 3 2
THERT DUAR i A0 5 AR T i
2.2.4 HREF

Bifi 5 AT AE T R 7 B 388 T HE R, DA SN F 2 i Ak
T 4 0 18 R I o R R AR e T b DR L e I
L TR AT AT TR T IR A T oK A % i
e, 0 HJR 7R N 195 5 A 0 9 M 1K, 45 ) IR e A2 T 1Y) I8 T %
TR Ao ok AR 22 3 Ok 3T S B R T MRS T . B 45
TURE 2 AR KR O T A B R BE YT B IR AT LA T £ 0 AR
FA AN A7) A B 3 NN A = B &Y B E S 3 N
TEBEST A3, T B T — 28 LU0 AT T S B0 9 il b
S BEEEYT . R RVECE AR IR I ) Y A Ik
BE 25 W AR BB RIS P A% 2 5 0 B Bk Al 4 B R
2 TH5 o0 SO A A BEAE 7 % Bl i A7 43 B 5 AT 7 B 4 it
MR %5 256 BRI 2 R R R E T A B B A 5
FRBEERTT R MR &I A S AR RRE ST, AT LR R
S5 S PR AR R W AR B B B N A% T v, AE T
SRR DAAR B AL b T AR R R RIS AN TR B YT ALY
AT DL g 1 2% M 55 4 S0 I EHE L L T AT I R YT &

>, 17]
gh,

3 BIBLZTEESHEARTARK

3.1 fESE#FHEE

45 038, FEAR 22 SCHlk b A BB £ 3 53 B 2 L B diE
OO EAT BT B R Gt B Y 3 A ST R
— AR T P A B O BE . A 5 R R o
T A I A2 SRR A 55 BB A A 5 AR BT T IR R
A IR 55 4 B 2 i IR g5 AT AR BT L AR 2000 4R A
AR F AR T SRR BEE L LU A TR L R AT 5

220400161-2



i H AL 5 R g i G0 5T AT 55 1 s R 4 0

) B FRAE R 4% 56 & (Cyber Foraging) ™), .0 B 48 2 F|
7 IR A T 1 S5 Tl 34 5 184 o G 2 % 35 A T 5 0 R L SR PO ax
ol 3 7R B OO 4% 3 2 B IR IR 4 A £ S I G R O AR B
(Surrogate) » X4 % 3h 28 v iff A — A~ DX, 24600 1% DX 3 P9 1Y)
T A L 3 T P R A R SO R S T, MW
LA PR A S 0 55 L B B AR UKEAT 55 ik 4 AR AR B
A AL BIZAT 55 . X — MRS YA Z B TR AW IZ X
TE AR R T2 B R S B A O A SRR T e A
PR AR . SR L3 AR K B AL BhE MF AR 1 & R UL R
B 90 1) 7% 0 % 2 e A 2 A R B R R R Ok
TR PIX — X A A R HORE 2 O 8 B U R
BT EM 40 %08 BB %57 5 2 M AT 4
B LR A i 4 ) Rt O T RS A

2w B A 2 ) IR R R . BB i T RE O R A i fE
T T W Y 55 1 750K TR Al A5 A5 BT BB IR A
7 B8R X T A0 AR S5 A AT R YRR
W &5 R AL W, 3X — 5 T 2 3 K 2 30 4 4 o 3 4F —
BRGNP R L, G S8 P A 3L ]t TR S AL M 55 B A
T P IR E R AR FE S R R AR B . TR G, AR AR 3R H B Y
AT o AT 55 ) o 3 B BE T R AT 2R O 3 26 Ll /MBI
S5 B b Lm0 AL BEFE D B bR L LA IR SE R BE R
H Az,
3.2 MXTR

AT T E LA SR /MU I SE S H AR L LA SR/IMERERE S B AR
DAAS A s S FTRE #E S B AR 3 A J T X AT 55 480 48 5K m B 47 [
W 21 HH T LA R IR BT

1AL HEWET A

Table 1 Summary of research on task offloading
##H E A7 % & & A& KB R K
KA RTE AR I E R REEERRELHRT £
BT — A BRELEAERTESATHY LS
PR B AR R 2B o — 48 & Sk F R A
. . HTREBLEIRET —MEH I FERE S
B B 3 € B0% 1 A ; ,
Rovferse  xmizosz] WARMBREER o K me R kAT R
FHAETREREZNA R FARCE L BRI A RRLSER A
FIR Bl 3k dh & fn & T i & o AT B SRR — AT E %
BT —AETRELEPMEIRKE RN B AR LXK
BRUTETAGCLFETHAEN R THACESE
BT —MHEAREE T REEART R ET £
A ] R A AR AL AR A e B M A K AR K I 0 4R R R T R L
T 3T Ot b A1 Gibbs W MY A B R K
ML A Xk [33-41] A AL LA RET - HEEBMFILERRM AR D E S H K
BT — M T B A K] Ak RS E R IR BB AR b 1 A
EFHAAXN IR TEAEEMBEAE RN AT oM LR
AT H#E R G A DQN B T — a6 2k R A TR MR 4 a0 H R e
AT TDMA R E T — M ETHELE M 5 BRI LY EE OFDMA 24
A 7] B 4% A A A OF R R R BBy 7 R AR R A T R AL
HE BN R RRFEIBFETREBAOFE T RITE 2
BUTETHBFERALY S A HEL S
Food 3L F AG RE S0 £
ARy et FE Fn g AR X ik [42-48] HE AR RUET - HLEmAMT IR BT HREM N RETHT £

H R E RN A

BT — AT MOEA/D & & 3 & %
K = 448 F Ak A 7 b 3t S oh S A 8RR wE AT R AL
RET - HETFTEFRAMNKRELEECS P EL A

3.2.1 AR/DALEEE A B AR

SCHRL25 14 T8 BE L M 37 5%, BE X3S BE IR BR Ay s )
2 iy A1k BT P B 7 A 9 R I TR 8E XA 55 1R) 8 A B R 43 T
FEMWAT TS T IR A AR /b (Mixed Integer
Nonlinear Programming, MINLP) [a] #5 , & 4% F] F £ 4% B H 3
TR T BE R 3 C A S U0 A L TR BT R R o G Y A 3
38 A5 54 ¥k (improved-AGA) 3R 1 T A & 94T 45 81 % 07 &,
RSB R W], 5 ILAN AL ST A L R Bk B 68 0 3 R IR 2
St 19 R IFAE o ARt L SCHR (26 1 8 3 T MINLP [/, A [7)
ZAEAE T AR ST 55 AN AUAT RUAE A 3 B0 2 IR 55 A O IE
AL DLAE A i AT TR, Bad 05 IR UE, SO 4R 1 iy CTS
(Comprehensive Task Scheduling) . 72 G % 42 = 4T 55 Z 6] 1
AT B HZ T RN R 2 A T R
Bom . CHRL27 IR B R AT R 3, 58 i 43 A 48 55 /9 7 g
HE TNV 19 S DG, $2 1 T AE D) R LT /Y I AT f /M k)
BT R AL SR A ORI T R, SO
[28]#)# T WPMECN(Wireless Powered Mobile Edge Com-
puting Network) P 25 8 81, 75t 85 80 T, £ T 3 B s b %% >

P T — ) R P R AR S BRI M R B TR
CPU #y 4k B8 3 3R T T A7 2 0 5 Hh B9 I 38 (A7 AT 55 1 3 I
D7 T 5 AR RS E AR 22 AN . SCHRL29 B % 36 10 b ) s 32
SN 4R T TG 98 29 R B T S I TR AR A L DL
W IE LW AT R & U LIRS /N 8 T A 80 3 ok
SR I I FE WY T BT 4R S UA AT AR A A 0 TR B, SO
(30 T30 3 3 20 BR A ke 17 g IR U5 I S 154 W)L 1 SE X B i
G F TR IR BEAT AL L A B R A R TR T B R AL
il B4R 7 TR A 16 58 0 X 22 A i T R TR B IR R AT 0 T
R R AT 55 A IRD UG £ 0 A s WL ) IR AT SR A% 7 ZCIE
W32 05 6 W LA SR AR N B . SCHIRT 3T 151 X 2 e ) 2 T 22 1.
e I T TR VR BE BTk ke 2 A 2 SR R AR AR B 3k
LR T il e 3 2% T B ) T A I SE N T I R A 2y
B BT T — il 22k 7 o JRE ) B8 A SR g A 55 TR ) AL, 15 £ ¢
SEMEAR L SR A PR AR TR SE . SCHR32 05 1 Bt IR Yy
WO A I S f5 /0N Al ] AL 4R 11 T — b 3 T8 4% B vk M 4ULIR
KB 5V T R WNZ R R R R T 2 Bk L
L B R 2 B B A IR AR BOA RE R A H

220400161-3



Com puter Science THHEHLE Vol 49,No. 11A, Nov. 2022

3.2.2 AR/DLEEA AN B AR

ik [33 % % % F DNN(Deep Neural Networks) 1% g
/L N i S LR A R (NS PrE A R i W KRS
(Self-adaptive Particle Swarm Optimization algorithm using
the Genetic Algorithm operators, SPSO-GA) , i F 3K i 7& i
JE 24 BT A A5 RE AR S/ 9 S0 A SR O ELUE B L 5 A S £k
VR AR L 2B A5 00 SRS TE T 48 RE AR T A AR
W, SCHRC34 08 T #F — 2B b3 s BB HE L B T 1 2 SR 41, ik
BT Dy A AT 5 BT R S5 T 0 TR R b R A AR A
1k o) 8, 2 T E2PC (Energy Efficient Power Control) 8 %
Sk T HRTE I E 24 5T 1 dme 0 A O LR B TR I TE R AR AR
FE 77 T DL AR B E TR E A kv, SCERE35 1
A 55 181 28 17 5 43 B AL A S 4R L ] ) 2R 43 I DA B B R R
SYEC 3 A [AL A, A D™ O Ak RN 68 Bk 20 R H0 R) A DG 3R
W MU e T LA T IR, SR T 56 300 5e 2 i B AT 55
FORME . SCHRL36 1858 T BA Ge it QoS R B ¥ 4F 55 1) 48
5K B AR VR AT 55 58 W0 I 1] 7E — 2 0 Fl P9 8 ) 2 5 1R 1R 3l 5
AR QoS B3Rk >k B ARBEAE . 3C b A T 4 A A 338 F1 Gibbs il
FEIITT 6 48 0 7T 55 AR AR, 2R vk ol o 32 AR 1) 23R
W . RE A% L AsE s A A SR S 3 4 Jm) dee I A . SCHRL37 J 41 X B
MEC Z& £ MEC R4 T 19 AR R 9 4E 55 81 48 7] 8 17
TS T —F 3 F MADDPG (Multiagent Deep Deter-
ministic Policy Gradient) HE 3% f4) %8 B i fb 2% > Bk L 38 i I
MADDPG R4, 3Rk T 16 45 454> F P A8 A de /b 19 4E 55 ()
RN, SCHRC38IWESE T MEC R 4t W i 2 H P AT 55 1 2 )
L D/ MEZ A B s A 1 SRR HAR L R TR TS
FA 1) A 55 98 E 0B YR 43 IC 0 1A DR A B 38 5 TR
TREEA RN, AT REARREE R, O R T —
ol B 380 2% B3 O 05 BLIE B 1O B AR E TR B B R AR B2
A BL5 S DA 22 181 1 22 BE A2 — A BB 2 (9 98 P . STk
(39 VLM SE 2y 3T 19 Br A5 1 B Be #E Jie /ME S HLAR , 43 )
Wit TR TSNV ELREEMELRE L, BLE LN T
AT TR IE G THE B R B3k 4 A 0 Se B fE R B e
MTTELE I H R X SR I 5 B R R S 3 — I
B, CHEKL40]8F 58 T MEC [ %% b 3% F 1E 38 4 43 £ ik (Or-
thogonal Frequency Division Multiple Access, OFDMA) i £
FH P lp I 50 28 R0 5% 95 43 I A4 18] A L 76 3% SRR, AR 55 Bk T RT LA
TEZR M T B B 0 2 ST SR LA S L 3 R DA A% i 4 At 28 i
Pl . VR 2 F W R 4 (Ant Colony System, ACS) Fll
DQN(Deep Q-network) i T — Fl I 4 16 /0 ¥ (Joint Iter-
ative AlGorithm,JGA) , 45 5 3% B 5 vf DLk B 428 = 9 4F 55
SERLR L ABAE N A REAE T T AR B A 5, SCBR[41 1 T
it 43 2 31k ( Time Division Multiple Access, TDMA) F 1F 38 4
4324k (OFDMAY B 5Y T 2 J 7 19 %% I 43 IC ) 380, 42 il T 2k
TRE LA B IR o FESEms . Horh 7 TDMA R4, 7 i
ST LA SR AR K B R Y S U 43 T IR A A R T de /M AL
REFE B T O A I AT, S T OB I B RE AR AR T 1Y 45 1
EE) A3 S 2 eR B i ol 0 A Bl 8 i AT D 2k O
BT 4 G 4 B de /)N G 2 OB 07 I 3 24 R 9 /N BN D
Hrh RSB T 45 BE 09 20 BAT 58 2 0 20 A% T B8
P4 26 S AT Joe /0N D 4 5 B R SCOKe 33 il i T I 5 4 ) 43 T OR
WY EF OFDMA R4, &t T — I8 & 4% B 19 B0k ok

fifp TR e Al 1P
3.2.3 ABMHEEA=RRAL K B AT

SCHR 42 T dre /I Iy S2E 10 HEFE 14 1) 2850 4% Ak 1 G A T
T ) R G Sy B0 20 e G L I Al 0 3 T A% i T R ) TE A
5 IE AP B 4 A IR, 1A~ IR0 AN [R) 194 O 3k 3R A, 52
50 45 3 R Wi 43 A 2B 1 R A AR A A A R BB R AR L 1H
AEF BB PMER T Ak, CHk[43]#
HTET 5G MERIRAM £ 0k 8 % 5 M 4% VAMECN (Ve-
hicle-Aware Multi-access Edge Computing Network) , $& H T
F G0 I A 1 RE AL ISR S5 /b B 06 Ak 18] R %R & 8 B0k
2 W S T R R L) R T SR e R G AR L SRS kT IR R AL
2V T A 5T 55 1T B B A AL 5 (Joint Com-
putation Offloading and Task Migration
JCOTM) . {5 BLAE B L % B0k W LLFEAS TR 9 3R 8 1 B3 °F A 28500k
T SEFTREAE . SCHR 44 18 7% 2 1 2% 71 53 55 08 95 42 W0 4% 45
B I T — R R G A BRI T — b 2 g
BV LA AR A LG T B4 Bk i SR AT LU AR IR
RGFFH YIRS S BCE B 20 R RS S B W B E I
B, SCHRLA5 14t T — A £ B #r i 4L 5B 35 (Multi-Objective
Evolutionary Algorithm, MOEA) , H: 4% 0> JEL AR 2 H) i 22 )\ 2%
S 0 308 95 4 g A D TR SR H R T T B P A AR AR AN S
B A 5 . 15 BLUE B L 3% 8 RE 6 A A8 (IR B A g
FELIRARRBOM 2, BOR BUEF . 2RI, SCHR 46 15 X K5 1
S YRS IR I 2 B AR AL R AL, T2 H
Ry i i 3E 4k 35 5 (Multi-objective Evolutionary Algorithm
based on Decompositions MOEA/D) #4577 ot g, 2 18 T
MOEAD_MEC 553 , 7 BLE5 3 3 B, 1% 53 0k 76 B IR A 3 1 g
FE 77 T B RO T A BE R vk . SCHR(47 LA SR /M b BE AR AL
AE [ FASCRN R A 43 03 g T 4 R g A A 1R T R e
A% % 3y 5 VN B R g AT O AL L (5 FL R W] BE A 78 B i A R
BIEG I, 7 2 45 5 T P BORNT S 5 A S A T H A
LR E WSO - AR S B . SCER[48 11
T TAE S5 BRI, e B A 1) 1153 b 25 08 T HEBAB AT L LS Bl 2%
i £ IRF 2B 0 B8 AE B9 AR S H BR L 32 T — iRk T 42 T v
R IRE ZREAT 55 A e B % — DLOTA (Dynamic Lya-
punov Optimization based Tasks Allocation) % ¥, i i 17 7
BB #5119 CPU M4 il 1 20 AT 55 1 1) 4% Ha 2y 34k BRI fig
I ZE 22 T8 0 P-4, £ E0AE B 3% B 12 R 4% 50 0 A8 50 11 i 280 R
BAR M I AT

25 LRTR . B ST S A 45 ) 2K R] A B 9
DL ge /M B2 T0UHE AR (R I | BEFE SR 0 35 19 AR 2 B A, 1
7 G T I A R B FE 1 R A B A O A R SR AL R
2SR A AR 55 IR M . SR F 37 50 5 5K 110 2 S B
B SR L T 6 0 S R M S T TR L O T SR e R L A SR
AT 55 1) 3R 194 TR) e 3 T 25 R T U 43 E L ) R A 1 A O R IR
B EREB T B SO R 2R A AL 2R v R A
A S8 002 0 A 0 R gt A SO OB B 1 S R R AU ke oK
AT 55 BRI

4 REHRFME

B, Tolk 52 2830 % gl 2 3+ 5 b 94 55 ) 38 )
BEAT T Rk B WF ST I IAS TR JR L ELAT K T I — 26 P AR

Optimization,

220400161-4



i H AL 5 R g i G0 5T AT 55 1 s R 4 0

HAAFRATHFE 2L ERE,
4.1 BIBKREHE

TEX TR S5 H B R S A F 5 b R Z2HR T R AR 5 2
(]2 AR B S A B BEE AR S B A 45 B8 R A Rk ]
REAFRIE . B, NSRBI P Al 4 Ry 6 > FAE 55 B ARk
BRI A 2, 0 A 3 4 AF 48 BRURN 43 26000 R A 42 B
10 85 RO S A AT S5 B T4 43 2 L RE AR RRAE 4 I
SERRZIG A REIEAT . WSRAEAT 55 E A R A AT
55 Z ] [ 4 361 ¢ &R, ) g 43 2 U IR Y I ZE RN R RE 1Y 3
el 3Cik [51-52 1 5k H A 1A 6 3 B (Directed Acyclic
Graph,DAG) kR T 4 Z [ & 4= IR M1 56 & L 76 1 B K
WO RMWATER T, 24 FAF 5 7 L4747, DLA B R AIK
R SE 1) Y o (2 S SR W 1 ) R T AR 2 L
55 % AE WA~ MEC IR 5% &5 3647 81 28 AT 55 09 AT 0T L LA
B2 FH P 22 1) (9 5% U5 5 4 45 o B0HIR AR OB P e 23 X ) 2 e
SR YRR 43 THC S5 1] 813 02 T, DR O 200 ] 7 AR G R A 2R
Bt G Y HI AR e — > B 2 i HERE
4.2 ARPBIHE

TEALGE () TOLk W 4 v 8% sh 2L e /N X 2 (8] B8 B i, 75 22
T P4 ok 4R R IR 5 (0 e R RE Stk S, M B B &
Ui A — A 2 0 S SRV A B B ) — A g R A TR
30 L IR 95 Bt AN % 32 B 52 e, A6 H AT OC T 55 1 2
RIBFFE B 0 45 8 37 5T 4 75 IR B 2 19 A Bl ok 0 AR R
P TE A HILAE , T K 22 85 STk 38 23 25 5 19328 3h AR B0 I 42 il
Sk Xof 22 3 B S VR EAT 40 BT SR U AT 45 T 4% 3 B AR IR 55
a5, AR R5 I 55 i Stk . v, il 0 B0 5 P 48 SR T 1Y
FH P % gl M ABCEDRS i 00000 2 — U EE R PR, BR U=z Ah, TP
T AR IR 55 4% )5 36 VT RE 23 3 BUIR 55 4 1 20O Y A B 55 1
X 19X 445 40 2 55 ] i, DA T i R 55 5 e 32 B0 i . ROk, dn el Sy
R gl i (g T P 3R A 34 2 1 e B Y IR 5% 38 F I OT N A BEAT IR
AW, SRR TT R .
4.3 BREXAFHE

B 25 % sh B0 il 1 s R R 3 K, R AN TR 2 A 9 AT 5
A DG 5 5 R A AT 55 T 55 22 1) 23 0 1155 A7 At i
5 SR AEAT 32 5, 30 4 T BUW B2 IR AT T AS 39 2 il 45 i 55 T it
TRE L SR [F) AT 55 % B IR A R RN [F /Y Bl 0, VR/AR,
NGRS AT 557 ZEHEAT R 35 T AR CPU %R, 204
KRl 55 S FEM S 28 AR . BRI Z 80 R [ 1 3
W T CPU A7t 25 18] 55 B B AN 6], T B $2 4k 1) i 55 66
WREF RN, 7B AR — R0t AR AEAT 55 (1 45 1
Cansa YRR B 5 1 BT A AL 3R AR S T A N Y P e 4
S TR SR B AT AR S5 TH S BRI MY 43 B, T e & R BUR IR 5B R
55 S5 4 I 18] 5k T I8 325 76 A8k B P S8 BT . ZERF AR
45 SR R) R L B T 56 A N E AN AR AEAb L B T 2 R IR W A
Ay L ST X B IR T S A A T R
4.4 ERREM

TEIA AT 55 I 2B 5 A5 8 Y 22 4 Pk IR A i A 15 3
FEOT T, 48R 22 BOCHR A O TR TE TSR R B R A B
P 2E) 2 SR W, TR AN 2 7 I 3R 0 1 SR A AT A AN T B
PP TT LA 20 55 5 LA S an ol SR 477 DA 300 25715 0 A% 11
BARBRA AR 2 etk W T, AN TER B R E B ET %
N7 FH R S g A TR AR H R BN V5 B AN N B RA  FE A% i A R

A 5 Mk A N BAFA A i R 5 53 — O T, A 4T
SR T2 SR LR HR B 0 A R B Ok R B
HOBE A T RE U BB GIT R R MR E . BA
I EHRE T WL NPT BAEN T MEC, H2 /] L%
T MEC #0120 88 3 o 9 4 e 70 H 26 Al AT ki . BR
ez 4h . i F MEC TIN5 4 A A % 2B T &id
W A [ 375 57 X 1222 A P ) 5 R[] S BBk i L 3k T B 2

— A E R BI
BERIE TR, BEA H 53 A T AR A I S AR

RN B B S G B E NS R
KU AL A N R ARZ — WH N T MEC 919 &
HUPRNE . A B T DG RREE S B 137 5
VLSV B B A5 2 X A4 » 3 A 48 1 AT 55 460 4 1) RY BT 5
B, 38 0 S AT FLEL S5 AT LU L AT 55 BN (L RE 08 % e A8 3
2o 1S BT URAT KR A4 [ B8 RE i = 3 S O R L E
B P A5 B 4 (RBLE i R AT IR R 5 IR T
AR BT I i BEAT B A A A DR T 5

2 X X #f

[1] HU Y C,PATEL M,SABELLA D, et al. Mobile edge compu-
ting—a key technology towards 5G[]J]. ETSI White Paper,
2015,11(11) :1-16.

[2] XIE R C,LIAN X F,JIA Q M, et al. Survey on computation off-
loading in mobile edge computing[J]. Journal on Communica-
tions,2018,39(11) :138-155.

[3] SHI W,CAO J,ZHANG Q.,et al. Edge Computing: Vision and
Challenges[ J]. IEEE Internet of Things Journal, 2016, 3(5):
637-646.

[4] ZHAO S,ZHANG X,CAO P,et al. Design of Robust and Effi-
cient Edge Server Placement and Server Scheduling Policies
[C]//2021 IEEE/ACM 29th International Symposium on Qua-
lity of Service(IWQOS). 2021 .1-7.

[5] LV JN,ZHANG ] B,ZHANG Z F,et al. Survey of Mobile Edge
Computing Offloading Strategies[ ] ]. Journal of Chinese Com-
puter Systems,2020,41(9) :1866-1877.

[6] SUN Q B,LIU J,LI S,et al. Internet of Things: Summarize on
Concepts, Architecture and Key Technology Problem[ ]]. Jour-
nal of Beijing University of Posts and Telecommunications,
2010,33(3):1-9.

[7] NAVEEN S,KOUNTE M R. Key Technologies and challenges
in IoT Edge Computing[C] // 2019 Third International Confe-
rence on [-SMAC (IoT in Social, Mobile, Analytics and Cloud)
(I-SMAC). 2019:61-65.

[8] XU Y N,CAI C,HOU Y L,et al. An Optimization Scheme of
5G Network Slicing Technology in Logistics Warehouse[ J]. De-
signing Techniques of Posts and Telecommunications,2021(4) ;
84-87.

[9] ARTHURS P,GILLAM L,KRAUSE P,et al. A Taxonomy and
Survey of Edge Cloud Computing for Intelligent Transportation
Systems and Connected Vehicles[ C]//IEEE Transactions on In-
telligent Transportation Systems. 2021,

[10] WANG K, WANG X, LIU X, et al. Task Offloading Strategy
Based on Reinforcement Learning Computing in Edge Compu-
ting Architecture of Internet of Vehicles[ C] // IEEE Access.
2020:173779-173789

220400161-5



Com puter Science

AR Vol

49,No. 11A,Nov. 2022

[11]

(12]

[13]

[14]

[15]

[16]

[17]

[18]

(191

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

TONG X Y,FANG B Y,ZHANG Y Y. Internet of Things
Smart Home Development Analysis [ J]. Mobile Communica-
tion,2010,34(9) :16-20.

GUPTA N,ANANTHARAJ K,SUBRAMANI K. Containe-
rized Architecture for Edge Computing in Smart Home: A con-
sistent architecture for model deployment[ C]J // 2020 Interna-
tional Conference on Computer Communication and Informatics
(ICCCD). 2020 1-8.

CHEN Y,YU L,OTA K,et al. Robust activity recognition for
aging society[ ] ]. IEEE Journal of Biomedical and Health Infor-
matics,2018,22(6) :1754-1764.

QIU Y,WANG C,QI K Y,et al. A Survey of Smart Health:
System Design from the Cloud to the Edge[ ] ]. Journal of Com-
puter Research and Development,2020,57(1) :53-73.

NI M X,ZHANG Q,TAN H Y,et al. Smart Healthcare: from
IoT to Cloud Computing [ J]. Scientia Sinica Informationis.,
2013,43(4):515-528.

XU J JL.CHEN J. Development and applications of smart health
care system based on internet of things[J]. China Medical De-
vices,2017,32(10):118-121.

SACCO A, ESPOSITO F, XMARCHETTO F,et al. On Edge
Computing for Remote Pathology Consultations and Computa-
tions[ C] /IEEE Journal of Biomedical and Health Informatics.
2020:2523-2534.

ZHANG Y L,LIANG Y Z,YIN M J,et al. Survey on the Meth-
ods of Computation Offloading in Mobile Edge Computing[]].
Chinese Journal of Computers,2021,44(12):2406-2430.

DONG J, FENG F. Efficient data offloading method for edge
computing with privacy protection[ J]. Application Research of
Computers,2021,38(7) :2072-2076.

ZHU Y K,LE G X, YANG X H,et al. Summary of Edge Com-
puting Migration Research [ J]. Telecommunications Science,
2019(4) :74-94.

MAO Y.YOU C,ZHANG J.et al. A Survey on Mobile Edge
Computing: The Communication Perspective[ C]// IEEE Com-
munications Surveys & Tutorials. 2017 :2322-2358.
SATYANARAYANAN M. Pervasive
challenges [ ] ]. IEEE Personal Communications, 2001,8(4) :
10-17.

BALAN R K,FLINN J. Cyber Foraging: Fifteen Years Later[]].
IEEE Pervasive Computing,2017,16(3) :24-30.

WONG V,SCHOBER R.NG D.,et al. Key Technologies for 5G

computing: vision and

Wireless Systems[ D]. Cambridge: Cambridge University Press.
2017.

DOU H.XU Z.JIANG X, et al. Mobile Edge Computing Based
Task Offloading and Resource Allocation in Smart Grid[ C]J /
2021 13th International Conference on Wireless Communications
and Signal Processing(WCSP). 2021 . 1-5.

LU Y,.ZHAO Z,GAO Q. A Distributed Offloading Scheme
With Flexible MEC Resource Scheduling[ CJ// 2021 IEEE Sm-
artWorld, Ubiquitous Intelligence & Computing, Advanced &.
Trusted Computing, Scalable Computing & Communications,
Internet of People and Smart City Innovation ( SmartWorld/
SCALCOM/UIC/ATC/IOP/SCD. 2021:320-327.

LIU J,MAO Y,ZHANG J,et al. Delay-optimal computation
task scheduling for mobile-edge computing systems[ C] // 2016

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

220400161-6

IEEE International Symposium on Information Theory (ISIT).
2016:1451-1455.

YU Y,.YAN Y, LI S,et al. Task Delay Minimization in Wireless
Powered Mobile Edge Computing Networks: A Deep Reinforce-
ment Learning Approach[ C] // 2021 13th International Confe-
rence on Wireless Communications and Signal Processing (WC-
SP). 2021:1-6.

LI J. Maximizing User Service Satisfaction for Delay-Sensitive
IoT Applications in Edge Computing[J]. IEEE Transactions on
Parallel and Distributed Systems,2022,33(5):1199-1212.

NIU X. Workload Allocation Mechanism for Minimum Service
Delay in Edge Computing-Based Power Internet of Things[]J].
IEEE Access,2019,7.:83771-83784.

ZHANG Y.DU P,WANG J,et al. Resource Scheduling for De-
lay Minimization in Multi-Server Cellular Edge Computing Sys-
tems[ J]. IEEE Access,2019,7:86265-86273,

WANG H,LI R,FAN L,et al. Joint computation offloading and
data caching with delay optimization in mobile-edge computing
systems[ C] // 2017 9th International Conference on Wireless
Communications and Signal Processing(WCSP). 2017 :1-6.
CHEN X, ZHANG J,LIN B,et al. Energy-Efficient Offloading
for DNN-Based Smart IoT Systems in Cloud-Edge Environ-
ments[ ] ]. IEEE Transactions on Parallel and Distributed Sys-
tems,2022,33(3) :683-697.

WU F,LENG S,MAHARJAN S,et al. Joint Power Control and
Computation Offloading for Energy-efficient Mobile Edge Net-
works[ J]. IEEE Transactions on Wireless Communications,
2022,21(6) :4522-4534.

GHOSH S, AGRAWAL D P. Prioritized computation offloading
and resource optimization for networks with strict latency[ C]/
2021 TIEEE 7th World Forum on Internet of Things(WF-IoT).
2021:686-691.

LI Q, WANG S,ZHOU A, et al. QoS Driven Task Offloading
With Statistical Guarantee in Mobile Edge Computing[J]. IEEE
Transactions on Mobile Computing,2022,21(1):278-290.
CHEN X,LIU G. Energy-Efficient Task Offloading and Re-
source Allocation via Deep Reinforcement Learning for Aug-
mented Reality in Mobile Edge Networks[ J]. IEEE Internet of
Things Journal ,2021,8(13) :10843-10856.

ZHAO T,ZHOU S,SONG L,et al. Energy-optimal and delay-
bounded computation offloading in mobile edge computing with
heterogeneous clouds[ ] ]. China Communications, 2020, 17 (5) ;
191-210.

LABIDI W,SARKISS M,KAMOUN M. Joint multi-user re-
source scheduling and computation offloading in small cell net-
works[C]//2015 IEEE 11th International Conference on Wire-
less and Mobile Computing, Networking and Communications
(WiMob). 2015.:794-801.

TAN L,KUANG Z F,ZHAO L, et al. Energy-Efficient Joint
Task Offloading and Resource Allocation in OFDMA-based Col-
laborative Edge Computing[J]. IEEE Transactions on Wireless
Communications,2022,21(3) :1960-1922.

YOU C,HUANG K,CHAE H,et al. Energy-Efficient Resource
Allocation for Mobile-Edge Computation Offloading[ ]]. IEEE
Transactions on Wireless Communications, 2017, 16 (3):1397-

1411.



i H AL 5 R g i G0 5T AT 55 1 s R 4 0

[42]

[43]

[44]

[46]

[47]

[48]

[49]

[50]

[51]

YU H,WANG Q.GUO S. Energy-Efficient Task Offloading
and Resource Scheduling for Mobile Edge Computing[ C]// 2018
IEEE International Conference on Networking, Architecture and
Storage(NAS). 2018 1-4.

WU Z,YAN D. Deep reinforcement learning-based computation
offloading for 5G vehicle-aware multi-access edge computing
network[J]. China Communications,2021,18(11) :26-41.
WANG R Y, WU H,CUI Y P,et al. Edge Offloading Strategy
for the Multi-Base Station Game in Ultra-Dense Networks[]].
Journal of Xidian University,2021,48(4) :1-10.
BOZORGCHENANI A,MASHHADI F,TARCHI D.et al.
Multi-Objective Computation Sharing in Energy and Delay Con-
strained Mobile Edge Computing Environments [ ] ]. IEEE
Transactions on Mobile Computing,2021,20(10):2992-3005.
WANG P, LI K,XIAO B,et al. Multi-objective Optimization for
Joint Task Offloading,Power Assignment,and Resource Alloca-
tion in Mobile Edge Computing[J]. IEEE Internet of Things
Journal,2022,9(14) :11737-11748.

YU X,SHI X Q,LIU Y X. Joint Optimization of Offloading
Strategy and Power in Mobile-Edge Computing[ J]. Computer
Engineering,2020,46(6) :20-25.

GUO S,JIANG Q.DONG Y,et al. TaskAlloc: Online Tasks Al-
location for Offloading in Energy Harvesting Mobile Edge Com-
puting[ C]//2019 IEEE International Conference on Parallel &
Distributed Processing with Applications, Big Data &. Cloud
Computing, Sustainable Computing & Communications, Social
Computing &. Networking (ISPA/BDCloud/SocialCom/Sustain-
Com). 2019:116-123.

ZHAO W,CHELLAPPA R,PHILLIPS P J,et al. Face recogni-
tion: A literature survey[ J]. ACM Computing Survey, 2003,
35(4):399-458.

GUO S,XTAO B, YANG Y.,et al. Energy-efficient dynamic off-
loading and resource scheduling in mobile cloud computing[ C] //
IEEE INFOCOM 2016-The 35th Annual IEEE International
Conference on Computer Communications. 2016 1-9.

SHANG Y,.LIJ,WU X. DAG-based Task Scheduling in Mobile
Edge Computing[ C]//2020 7th International Conference on In-

220400161-7

formation Science and Control Engineering(ICISCE). 2020426~
431.

MING Z,LI X,SUN C,et al. Dependency-Aware Hybrid Task
Offloading in Mobile Edge Computing Networks [C] // 2021
IEEE 27th International Conference on Parallel and Distributed
Systems(ICPADS). 2021:225-232.

LI B,NIU L,HUANG X et al. Mobility Prediction Based Com-
putation Offloading Handoff Strategy for Vehicular Edge Com-
puting[ ] . Journal of Electronics & Information Technology.,
2020,42(11) :2664-2670.

MESKAR E.LIANG B. Fair multi-resource allocation with ex-
ternal resource for mobile edge computing[ C] / IEEE INFO-
COM 2018-IEEE Conference on Computer Communications
Workshops(INFOCOM WKSHPS). 2018:184-189.

LIAO J X, WU X W. Resource Allocation and Task Scheduling
Scheme in Priority-Based Hierarchical Edge Computing System
[C]//2020 19th International Symposium on Distributed Com-
puting and Applications for Business Engineering and Science
(DCABES). 2020:46-49.

FAROOQ M O. Priority-Based Servicing of Offloaded Tasks in
Mobile Edge Computing[ C] /2021 IEEE 7th World Forum on
Internet of Things(WF-IoT). 2021:581-585.

LUO Q.HU S,LI C,et al. Resource Scheduling in Edge Compu-
ting: A Survey[J]. IEEE Communications Surveys & Tutorials.,
2021,23(4):2131-2165.

GAO Yue-hong, born in 1981, Ph.D, as-
sociate professor, Ph.D supervisor. Her
main research interests include wireless
communication systems and network

calculus theory.

CHEN Lu, born in 1999, postgraduate.
Her main research interests include

wireless communication and task sche-

duling in edge network.



