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Abstract  With the rapid development of the Internet of Things (IoT), cloud computing, and
big data, data manifests explosive growth. Traditional cloud computing uploads massive data to
cloud servers. Due to the long distance between cloud servers and mobile devices, traditional
mobile cloud computing suffers from high energy consumption and network delay, which limits
the development of mobile applications. To overcome this limitation, Mobile Edge Computing
(MEC), a novel networking and computing paradigm, is proposed and becoming more and more
prevalent. In MEC, the computation tasks are offloaded from the resource-limited mobile devices
to the powerful network edges, which can leverage the computing resources of the network edges
to perform the computation tasks while providing quite low latency as most mobile applications
ask. Therefore, computation offloading has become one of the essential technologies of MEC and
gained a lot of attention in both the academic community and industrial world. In this paper, we
conduct a deep survey of the state-of-the-art works of computation offloading in MEC. First, we
divide the existing computation offloading schemes into two categories: the traditional computation

offloading based on heuristic algorithms and the intelligent computation offloading based on online
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learning. We compare these two different methods in detail and analyze the advantages and
disadvantages of the existing computation offloading methods. In general, the intelligent
computation offloading methods are the mainstream of research directions in the future which
outperforms the traditional computation offloading in terms of privacy data and user mobility. We
analyze the traditional computation offloading schemes according to their optimization objectives,
which include minimizing network delay, minimizing energy consumption, and optimizing the
trade-off between network delay and energy consumption. These schemes are based on heuristic
algorithm based on an optimization objective, and then design a heuristic algorithm to approach
the optimal solutions. We also analyze the intelligent computation offloading schemes based on
the underlying Artificial Intelligence (AI) technologies. These schemes based on online learning
not only can solve the problem of high delay and energy consumption but also address the problem
of data security and privacy, which is not considered in the traditional methods. More importantly,
with Al technologies, most intelligent computation offloading does not take the network delay or
the energy consumption as a single optimization objective but considers the overall performance of
offloading. Then, we introduce the resource allocation schemes of the edge servers, which is an
important process after the concrete computation tasks are offloaded to the edge servers. We also
present several emerging application scenarios such as Internet of Things (IoT), Internet of
Vehicles (IoV), Blockchain, Unmanned Aerial Vehicle (UAV), Virtual Reality (VR), and
Augmented Reality (AR). Finally, we conclude technological challenges which include mobility
of end devices, edge servers, security, user privacy data, and service heterogeneity and prospect
future directions about computation offloading which could point out the direction for the follow-up
research. Though this area of research is young, there is much room for improvement. We
believe that more studies about computation offloading in mobile edge computing will bring more
opportunities soon.

Keywords mobile edge computing; computation offloading; intelligence computation offloading;

edge server; resource allocation
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h 3 E VL 29 R TR S AR M A [R) A (Mlixed
Integer Nonlinear Program, MINLP). i T fi# #t iX
AR AR S T — R O T AR AR Y 5L
E FL (Reformulation-Linearization-Technique-based
Branch-and-Bound, RLTBB) Jy . % & 2| 1Z 7 ¥ 1
52 M AT Ginl R AR kA
(Gini Coefficient-based Greedy Heuristic, GCGH) ,
18 3R 0] et 2 Al DAy o™ ) UK figp o 22 30 A2 2% B 1Y
MINLP [}, fj B 45 R % W RLTBB 1 GCGH f£
HEAT TR BN BA 35 1 Y RERICR.

Z i) = i MEC RGEi— 4> &3 15 1l —
AN SR — A G R AR Cao 48 AT R

T =AY i MEC RS0 P I A 50 A A5 DA 1)
7 BEXA RO BE B L A T S R I [ 2 A

PR SRR T — o S BRI 5 T 5 03 15 P A 1 b asd.
TEZBCE T A Uk 1 2 S 1y 5 R B39 5 A9 AT
5 30 53 AV (8] 73 BT » A B 250 2 1) 4% i D) R F0AS M 7t
B Y CPU A MUTHT AE 28 3 3 45 (9 28 38 I [8]
90 /MU ERE AR, 1 T A A T 1415 B
DU, BEZE R R, 5 A T7 A B %07 6 B %
Fe w1 R TEIRE J R RE PRk R (HUR i T
FRTZMN =M MEC RELIELPRG T i
AR =AY A

5 35 BRI Lyu % KT — A8
= NG A R B IR RS I T — A i
B 0 R 3 SRR HE A fife 2R R g T 4 A i
HY T 8RB Z 8] P 3 o S 08 R A A
VR SR R A ME 2R AT LA 2 S ) B R s o AT
M55 & Boy BIa AT an el 8 s, SRJE R IT T — ANk
PR S0 5 5 oK R /A B A 1 BE BT FE Ll i Fu i
VA 1 45 2 B0 TH 260 0 280 0] DLk — 2P AR S 4 T
B O A R AR B 1k PR ) 2T SR RE i AL
AN TRl 55 14 S 38 7 5K AR 4% i 0 16K O 82 1) RE A
P T5 SRR AT LU AR B A AR S B B S PR O e 4
T 2K

L3
[#2Fe 4 b ——| Vel 8 [« # Qos

k55 4%

v/

o A

A

e el i)

Kl 8 MEC i35 Hl 4 HE 42 14

MEC H W 28 K 22 02 R 10 5 N 25 5 4 1 M AH
S5 G BEOR AFTE VS ) 07 2B — I 2 v S B S 2
T i o 28 A RRN il S5A BIF 5 DL SR MEC 1]
5G & JE Ry 2. 2 ALE G £7-T8 & (Fiber-
Wireless, FiWi) #& A W B 4 MEC & J5 & o[
AE Guo S NS A TR G RLF-To R M 4 . 1 42
T — MR DG -To L A M B 280 1 & iR
T AR R B E IR AT R B AR T
B A 3 5B G f# (Cloud-MEC Optimal Collabo-
rative computation Offloading, CMOCO) [a] # , Ff-{IF
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B 7 iZ ) e NP MER. A f2 7 =M 5 58 1 9%
WA 5 EH HO7 5 R R PR R T S HOT &
PR TSN 4R T 5. 1At SEER R B =R 7 KA g
R Hh A RS 3 1 4% I REAE. B 3% A R B0 38 il
JRie U R TR AR Oy 52 B RE IR R R RE AR B /DN JF
W SKCT — A A S 25 R R WA T 8 WAL S B R
H AR E TR

3.2.3 AU HE IR )R] FIBEAE

1E B30 4T Dhdse/MESE IR Fil die /B REFE
AL B bR 0 B B 7 5 ABAE SRS 3 R X
B BEAEHRA — i By 2R 5 E 455 75 I8 SE IR 1 [A]
FIRERE » HORE AU SE I8 1] (5] F1REAEAE S A AL H B,

S g iy E A 7 1Y R TA] L Chen 88 AN 4
X2 F L TS T MEC £ [ it 55 6 2 (7]
BRI FE. AV 1 S5 E B SR A T 53 8 4807 38 el
it NP XERY )80, By AR 38 70 i KR G S &
RIS BT B W V3 1 e B 32 R g A
RUSEAE O AT S 65 91 Bt 1 3 T 00 A 2 5 ) 305
BHRAEEFZE T2 EEZ H P A E R R,
BAE A R L] B ] LS B Ay i Th e O B
BEAE P B R 8 B R AR S, HOREAE TS
A 40%0. %7 ZEOR BT 2 B T R 0 R A 1) L B
38 I L TER [R5 T S RE AR R M RE.

53wk (47 R A, Dinh 4 AW 42 K — 45
A AT 55 B 24 MEC I 55 %5 19 A0 AL HE 22,
A 28 e 613 T3 0 R B B i 1) CPU AR
K d /MU EAT 55 AT IE R TN S Bl iR A REAE. SCE S
JE T WIRNR O [ E CPU B Hl 3 CPU M 32,
PR R 2 n) U2 NP O Ry X [ 2 CPU B
VEE A& 7 35 T 2 M P st 1) 5k LR T2 1E 8 A ot
(Semidefinite Relaxation, SDR) [ J5 ¥, % T 9 4
CPU Ml AEHE 4R 7 5 T o5 2 W Ry Iy ik Mt 1
SDR 175 k. 5 &5 R B, 3L T SDR #9512 P g
R B L. %07 BAEH IR Z A G JZ IR 55 4% Aok
CPU AR5 O T o 78 RE Ht 14 #6 F1AE 55 PhAT SE 3B J7
T HR A B 2 i PR RE B . e AR B R UEW] TR Bl
# 1 CPU Y 230 158 0 0™ A 52 ). AH 3207 58 Bk
soE QIR T AL S AT TSR I A T .

Ry T Fe /NI IR [ BT 4 2% i B A 1Y REFE
Chen 25 AN F) FH Bk X W 4% (Software Defined
Networl, SDN) f) JEAH . AF 5 76 % 4 19 2% (Ultra-
Dense Network, UDN) tf MEC ) 1 2 1 2% [n] 5.
YRR 21 ) R R NP XERTR & B IR &

PERL [ R O T R ke AR TR) L AR R XS P AR )
TG A Ry W A 1 [R) 8, B AT 55 560 280 F0 % U8 40 BT, OF
PE T — B A RO KA E AT 55 #H 3 (Software
Defined Task Offloading, SDTO) {44 {1 28 77 .
SRR EE R SR RAT 55 AR T A AR
1T 55 S0 5 S8 AR LU o 7 & B 0 9 O 58 T LA 20 %4
AT 55 Rz if ], 1548 3070 (1 e

Ning &5 A0 A B 22 3t B 45 1155 1) 25 1) ) s FF
LRIFSE . th TR 1) MEC %A 3Z BRI & n] LA
Or SCE SRR R BB S A E % B s A i i 2
[F1) B8 8 1 5 4 o 2 2 g T A B 1) 3 ) UG Al Ol TR
E R LR 1 M R (Mixed Integer Linear Program-
ming, MILP) [a] @, &% i1 7 —Fp % X7 & X MEC %
VB3 Be B (Tterative Heuristic MEC Resource Allo-
cation, THRA) . il 1 17 B 55 45, 25 R R Wi A 7E
PIAT SEE 3R 1 380 28 R0 3y T AR AN T % BT R

XA T B BT AL B AR 83 5 20 A
KA LA BV 2 AR AR 4R T 7E B 5 1 R 1 4%
R ABEIR 55 B A7 & MEC i) — AR AEE i £
A B AR D 52 B T IR 55 GeAF AR 1R L S IR 55 o
G AF O T IR 55 B G AR 56 1) 8040 P+ DT 466 745 30 2%
1R 55 % BE 0% AT AH L Y 31 34T 55, i T R RE ] I A
BEIRAT BRI 1 G Ik 55 s vb G2 A7 /0 0 AR P IR 55
PR b 00 AT S R AT A IR 55 DA SR R A T b 4 i
NGt AR RE.

TEXFER T SR Xu APV TS g
W 2% P 5 5 /0 () MEC 3l 25 IR 45 28 47 1n) L, 42 4
T X MEC & 8803 1 178 4 Ik 55 2% 17 1
(Online seRvice caching for mobile Edge cOmputing,
OREO) i S E A A T 53 380 2 3 25 IR 55 2 A7
[ & 9 &R 1R & 4 iy MEC Bk & 11 55 () 2%
MG EAFHER. Z B2 5 T Lyapunov 4L
Gibbs RAEIF & 1Y, v] LATE 20z 47 10 70 5 8 ok 19 5
K I Hon] DS B 4 i e A O PERE. (I LS SRR
OREO 536 7] LA 2> 3l 5 45 19 1 55 48 1), 5 1 [A)
IHORFE R G R I BEAE. 1207 FR U0 s 2 A 55 2 A7
THRE R I 25 L RE S 1 ) MEC RGEPERE. B &
BRI Sk W 2% (Heterogeneous Networks, HetNets)
(90 2 Bl Ryt T — AR TJC 2 I 4% 8 i P 1) B A
T B 5 % BE Y HetNets (] 401 7 16 55 /)N 6 53 vh 1Y)
/IR S 0 % IR 55 i ) T 6 T S R G B AR R B L
FH S BEAR T A7 B i R0 B AT B B A 3 15 I A 3% g |
BRI
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1A 55 iR 2
LRATHINSS

B9 MEC A i 50 0 i 2% 2 A7 HE 22 14

Zheng 55 AU 4 HY IR 4 R AT BE RN 1 AT 6 B
(9 10 Gt B S 4 DA Bl AR R B B IR O3 I AR TR
THIAE A A 18] BUEE A6 D fe /N AT: 55 19 U HE BB
[6] . [a] bF 5 249 8% Bl i o B9 REAE. 3 f th HA BT oy
TiE Y JR 45 T A 6 B R A B O ) R —
HE LA Al P TR B 2 ) o SO0 K i) A s A R )
WA 0 BT IR 3 TE R T S S P TR AL B T IR A
AR U S R T %S TR I SE R ST
TRETT A AL, 3% 2 R BAIEXT I TR TR K
APE MG 307 5. 28 B BF 58 45 IRk
S AR AT 02 B2 =K HA - fie/MEIE IR I
[ | 5 /M BE FE Bl AU SE IR I R RTREAE. & 11K
TR A0 K T 5 A X S NP Y R) AL 4% I — 5
A AR IBE 1 B0 - e 480 T A 1 TR 7Y )5 i B 2 0
B FL bR » SR 05 3R A T L i I 30 3 A 2 S 38 e R W)

e S0 B 0. VF 2222 38 ) BBLAG AL B 5 JK ]
R IR A BB LA 55 8 L TR) R A L (222
Btk T8 s it 5 3 5 #RA ARG I ROR. 2
F AR 18 58 4 1) O 73 ) 2807 58 I AR 408 S B
B2 56T AT 55 2 75 nl R o R ik A7 5 3 AT 55
ST LR 23 (9 U 25 R R o 181 2 4 T AT 55 4 AT LA
Pror M5 58 e\ 4. FEL PR 5T, Zi0%
VAT O LU AT & B S B AR ST T A 1 ik
wAROUE Y RAT T AT & KL 5 T 2%k
A ERTT R A AR TR T R &K
FERTT R AT R BT RES ARG E T
BE T &AM HAR. H X TR MEC
R G AL ] R — > NP e ) B8R 5 &0 - F A
WT7 kK seit MEC B9+ 5 H) ok 5 AT e A 2Bk
g e ]

®2 ETFRRAAEEMTTEHRATRIE

TAE W)/ 2l H#r 1287 = iff R 7 1 R T R 5758 ROR
Liu et al. IEEE International Symposium o . " W — 4 R B T R RS - = on0
2016038 on Information Theory FEIRER e AN HBED 4 80%
Mao et al. 1EEE Journal on Selected s - " LT Lyapunov {51k Ik &2 24 & & . — 0
2016039 Areas in Communications FEIRAE LS R 515 B0 A R R H#ED A 64%%
You et al.  IEEE Global Communications ceEE BRI AR A 3 A kAR R R A
2016041 Conference (GLOBECOM) FREfere  HAHE PRI e ZED - N/A
S 4 B — B T Gini 0 9 3%
22)17“2(— " IEEE Access FEMpede Mo Rk E ML FRkZHI ZED  N/A
52 2% 1) MINLP ] #5
. 16th International Symposium N N v s
Cao et al. . L 2 o PRHT sz B A T 5 A E 1 B
5 on Modeling and Optimization  [&{%fE#E HR 43 H1 3 TIS . el ML ED N/A
201843 i Mobile AE B VU B 5L R T AR AR Tk oK i
Lyu et al. ) ] > 1 2 O 1 1 R oV HE B
20 etk IBEE Network piciere o oo RARIERRRIFER R ey A
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%
TAE W/ 2l R 277 fifk DR 7 1% R ST R Y5t RR
Guo et al IEEE Transactions on Vehicular USRI FIWL B A K R 2 1
e e actions WICAERE  WrEE DB Mg BEEE M R ZED  N/A
comoiosy SRR A 2 2% 3 I B0 2 ) A
. A N Lo PR, R MR 38 J7 16 i v 4 A 30 8 K
Chenil b Transactionson - BMEE  wpibman H% R BPTAS AT @m0 ZED B 104
NGNS
Dinh et al. IEEE Transaction on AU ZE 3R . " 2 T WA 3L T SDR A 7 B 1 <
2017L18] Communications FIHEHE ot R A SE FspE CPU i R FED - N/A
Chen et al.  IEEE Journal on Selected FUBTIE IR WA EI R RMR A EBCEAE M P g2 o B4 200
2018L19] Areas in Communications FIHEFE " * F%k SDTO H i3 7 & - fEFETTH 30%
Ning et al.  IEEE Internet of Things AU ZiE 3R AR Bt T — MR kX MEC 55 43 /% LR 4548 30 %
2018L%0] Journal FIHEFE " i it THRA SE3K 2l A8 Mtk A7 11 S iR 24 ED fEFE N/A
IEEE INFOCOM 2018- P i — # B T Lyapunov i fk 1
Sl IEEE Conference on HIER  yymm  Gibbs REEF&MA A MEC BECE  ZED  N/A
i Computer Communications He 78 2k IR 55 R A7 B
3R 53 5 46
Zheng et al.  Mobile Networks and AU ZE 3R A WA AT 5 3% E AT 88 B% 00 31 55 ) £ ED 47.3%.28.9%
201952 Applications FHEAE P B AR T — RO 1 B REFES 08 >
47.2%.33. 7%

3.3 ETHELFIERTENHAE

TE b — . 4 7R T A A R 0 T B 2
T5 58 AEAR TR 45 K F A 488 Ak 0B AL T R 1 4R 7
. AE MEC W, i T30 G IR 55 i 19 98 62 A BR 1Y
2 i LA 1) 01 2 I 55 i ) A AE: 55 L 02 AT BRAY B
R RBHN BT R 45 & R Al EE A9 N TR RERR 1]
MR EE 2% 2] . Q-learning IR B 3 fb.2% 2] (Deep Rein-
forcement Learning, DRL) . ¢ I %% 3 (Federated
Learning, FL) %, 0] DL 547 AR 1 550 81 48R 45 19
PERE. ¥ AN LB REAH G AR FH BN S 2 m) e
AT DA FC B BE AL o AT U2 B0 ) i v R S 0 A
R ARG A 3R IF 1] [) i) 3 5k ) ] /N B ARE MEEC & &8 i
A1 22 0 26 19 DI 2545 3 R RS MEC £ 52 1 5K g
R AE L AT DU e B T 08 e O 1AL S8 1 SR 807
ZRIE T KB MEC 248 15 0. %A 5 5
THEL A ) 1 B () 48 5 12 41 B I L BE G A 4E
R 53 o 2 R R R 43 8 RE S0 2 07 S8 AN LA SEE I B RE AR
H AL B AR e 455 % B R AR M. H
DAL S 1 3222 H 2 7E DR UE T P B AL 52 1 251
T S I e ARRS Y T AR ) BRI B BT [ I BE A%
T 2 S o ) S5 11 A2 ) 22 5K R FE 29 3.

BEXT H A i 42 15 0 i BB AR X 52 I A% Bl B Y
JE T £ 1 600 TR 5 00 Alam 58 N5 $ TR B T
FE M 4 1 MEC Hh i3+ B 3805 8. B ik &
R Sl S 4 P 3t 38 A 2 MEC 550 30 2805
T LA PR O 1 Ak B 5 B 2 150 9 0 53 BT R
R AEF S T —Fh i TR Q-learning £4AR
(3278 S SR L ] 5 ok R AT R e SR o R R A

TR B 5 A2 2 SR e ) L. ) BC S50 25 0B T B IR oK
5HR 85 R 2 i ] P 8 B 1) A% Bl P L S 3R T 4R Y
BT B B E Q-learning 2 ) {1 J5 5 i fe /M b
HR 55 1SR A 3R W 2 AR T I R B A PR e AR
EWETE T AR5 2007 R S BN S REAE . R R
B Jofr it A T D B T 2R T RE Y.

W T A AT 55 1 3 B 3 02 SCHF IX LB
AR MEC g —Fpal 47 1 i D 7 58 SR 0T, 2 T &
A I 1% e 1 0 3 7 28 J0 W AR S W 22 Ak 1 2R
e R m Ok S B R, Ak B R
TR B 5 A 27 >0 100 S0 8 7 1 A v 2 R s () Ae Sk
18 ). Qiu 48 AU I T — F B 9 3 F DRL
AOAE LR 807 58, He b W] 2 i T IX e
P20 AT 55 FBCHE A BRAT: 55, 8 0 B 78 R T 48 1) J 36
RN E R AT R YR R ARG R T R R B M AR
T P BE AR B R TR R s Ak 2 ) SR 3 v
Bl A B I BE I Al Pt 03 52 % B R AL I A AR R A
F 3 N st A Rk I A BIR Ak T R A
R E ST TC A AR R L TE AN BRI PR R 191 O T
T WS B . AR DA AT i B[R] D RE RE D7 1AL T
HE T R PERE  SCIR A R T B AL 2 FE
T BT

h T R MEC &4 19 3 & 722 b, Wang 4%
AP T FL 254 1) DRL SR MEC &
i R AE AT B 20T S8 WAL 10 Fros. 2 m i
F ] AR PR T B AT 55 B 8 B 310 35 A, da) Bk
P HAIAT. VB % 2 2 MEC 385 iy KAEDR &8
FEEAE 25 18] 4% R WU £ Q-Network (Double
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Deep Q-Network, DDQN) J5 k. S 1 &4 F 7 (9 K&
G AEERN TET FL g7 2, A 2w 1 P E U
T B AT N 2. X T3 2% Ik 55 2% 2247 DRL 1)
B AR Cagent) PuiE IR 55 #0215 G2 A7 30 LA S B AT
B BRI SO NN G AE Yu 5 NV 42
T — P TG 2 2 1Y 32 8 N 2 G2 £F (Proactive
Content Caching, FPCC) H £, Z HF B AT ELE |
W AR TP 0 Bl >k i AT 15 Il FPCC & T4y 2 1R &
S5 I IR 55 TR S P A B P B R R
A PR X A 3 dn i b IR G i uE o HoA
B AT U k. 2B 45 R R AR A WCEE T FAN
BRI OU S %07 BAEGAFROR Iy wA SR AR T
56 T2 ) ) SRR

10 HEFHIRE T DRL Il Zr 2

Ren % NS AN TR B4 152 2 1 Bt
AR B S L2 S I AR Bl 3 25 AR DA R JE 4 v 36
Bk g AR E R EEZ T BEY R ENZ A
DRL [ agent S 45 7% W 1k 9 B 2 1 19 #0383 F. 53
— 71 R T SE T DRL (#2057 & w1130k — 4
WA IR I 15 7 S5 3 1Y md Z IRl R A5 i 1A . FLOA

WG REA T HAT S

TN A X DRL 1y agent. SEE 45 R KW T 157
s | B 1 R e e R e PO /) P B v DR S g e

Qian % ANV 28 T — Tl B RA 8 HI IR 55 i
2. H BN G =P RIR A AE D &R 55 B
B EEIRS. R iRk %S &R gk A&
¥ 330 % = A L. B 56 AR AE 7 A0 R 55 1 SR Iz
FIAE B UL R A P B F SCfF B O 4n A7 % Fi 7
EORIEE PR A R H R, T X T RE W B
RIS NAF S 3R 7 —Fh BT FL A 5 0k
I 25 i 4 A5 B[] B oK P 0000 8090 O B8 7 A NI
# bR E R T — AN ik R R L H bR AR A T
MBI FEAZ A A & PR e T, BATEERS AT
B IR ANE DL T B KPR B b 3R = L /oK 1
Ik 55 K5 e 9K i {5 A SRR SR i P Ak T 3L 5 M e
WO AR R IR 55 B B R SRIR A O IR T
FHENG s FRARE R . B TE AW
TR EH TR,

Zhang 2 AP 21 MEC 1) 683k iR 2 R 8
Bl A% 1% 2l P Sk P Fi g A fuf B o] b S AT 55
H AT B 58 A K 22 4 it [n) 380 ) 2 iy Y 80 28
B I {1 ] 5 7K AT R e 3R o A R AT SR A, HLABRIR
FH P % sl PR 2 2 45 i M Ibe . (HDR AR ME T SE 3R 15
Mm% sh X, b EE Sl T — R T IR
Q-Network (Deep Q-Network, DQN) fJ £ A, H
T MEC R4 191+ 8 #H 28. & ] DL LURT Y 28 5
Hh 2 B B AR AT 55 3T B 3R M, T AS 5 38 5 4R O ¢
P B S A, 75 MEC RGh k4T 20
D5 FLS NG, S50 2 W% 5 58 R Dy s Bdie i )l 2
T #% 2l % 55 1 B8 Bl Bk . BT LA ST AT bl o 3R A e
TR 55 #1245

Wang % AN 3Bt 1 36 F 0 G538 1 3h 25 1 2K
B W 1L TR B 2 2 AT AT B 0 ] 92 AF AL

AT 484 F

G
a GRL S s

IES

R

11 ETFREIH W ENRT &
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NG AT AT IR 3 B = 2 7R JF 42
T —Hh = 3R] RS S AT 55 sl A Bk LU
TR i 2h A 2, H P B A 55 8T mT AR I R G Y
SE SRR B R 800 G )7 H B AR E AR N
18 S I 5 SR e — 2D 2y S IO Ah 2R . A 2R 2T
SR LU S AR N 5 B2 T 5 IR Y AL
FH CBI ARSI W DD 5 C 28 R AR U & 0 T B AT AR
AR 53 B s () n B A M A 2 RE A0 IR B A 5 D 3
S B I s O 6 42 350 1% A0 000 Ak 3D 1
R e R . VR O A R 2R ALY N AR Y
BEE A B SE OB ] DA AR R g B A
b BRI ], SCrp AR T — 3 25 % $£53 3k (Dynamic
Switching Algorithm, DSA), & 4c | ] LibSVM &
AR R R GRS T R 7 SRR A [e] 26 B
LR 15 O A 28 N FH B AS (] 1 S 8 N JR].L S
50 ¢ W] Jr 42 8 VR A AT I R BB L DSA By P 24 4 B
R[] D 96D 4% R FE 43 3 B 2 T 1039 ~ 78,500 Al
3.76%~178.6%.

Wang 55 A" X MEC & %5 <, 2k (High
Altitude Balloons, HABs) W 2% 37 & & JF #F 5% , HABs

Y Je gk Bkt 7E 25 vh AT H R A BB iH 6 .
FH PRI ROBAAT 45 #1238 2 HABs #E47iH8 405, T
AP B 3 5 55 60 B0 /) BE I Ta) i Az Ak
HABs 20751 ) 25 18 8 ]I P J 3l SCHE O & L e 55 it
AL 55 %0 73 07 S8 LA )2 0 P i ok A& e i 1
F 3 #5175 ML (Support Vector Machine, SVM) Ky
R 2 2] Bk ot s TP ORIR LA B4 JH P i IR 55
Fe AT 55 20 L. D7 S 45 R R W S e b X
07 TR A LIRS 1 1 RR AR R 3B AR AR 16. 1 0%,

3G T I TR I B BTN BT R
X Ee s 3y AR S A o AR H TR RE TR
WFFE LB e 2 B A G IR iR A 2 A HOR R
Q-Learning £ AR \ DQN 25 £ AR f 2 2] 4 i 15 45 Al
FH P B I3 52 3 2807 58 VI BN A OC AR B X AR TE
WFFE T 53 0 2% 7 S8 B AT AN FH 050 Al 15 ¢ i 12 4 1
PP B AR A Sl 1 8 i 2 ) £ B HE 0 45 21 2 3 1
HMA P B IEEEE. MR = NERNEERA
S 4 Z A BYIERA AN BE SRR AL & 2% 2 19 58 4
HEIE — A% (HX AR R AERS 3 10 St 5 b it S
B Y — > R Rk

R3 ETHELFIGERITHEIHARILL

TAE W/ ARy FEEEAR fiff P 7 5 R BT ik 775
Alam et al.  Future Generation N e 1 PR T — A EE TR Q-learning HEARM { F 4 HIAEL,
201977 Computer Systems  VHAL WE Qleaming gpp o oo BB ERCE T R D
Qiu etjl. IEEE Transactions on A E B DRI — BT ﬂ"!%?{)R}ifﬁJ ngiﬁ'/ﬁ 'ﬂ[ﬁ‘ Ji %8 H o [ B £ED
2019L54] vehicular Technology 18T X HCRE B2 I8 AT 5 AV EUE Ak AT 55
Wang et al. - . . P2 T FL 254 1) DRL Sk 46 MEC R 4P i1y .
gorres) [PEE Network Ao FLDRLDDQN R e e fnih %p 268 (0 F FLRJ DDQN gy 2 0
Ren et al. - - , . 1E£ 4~ DRL 19 agent b4/8 P06 M 3 o5 LR EIE I,
2019L57] IEEE Access R IE=7 DRL.FL Pk FL JIIF 11 %40 4 5t DRL ) agent %2 ED
Qian et al. e , . PN T —FP AT FL A J7 2R I S p AL, [ B o .
20190581 Information Sciences T4y H 2 FL Fi P B B0 A 2 7 FE A AT 25 I ! %2 ED
I Computs S WAWR vy g S TS TTRRREEEE e
Wang ot al IEEE Transactions on P —Fh DSA B ¥, FH LibSVM B 4R 1 & 48Ik
sosoiso | Network Science and  HSAMAIE  DSALISVM AU IR AR AN TR 6 AR AR NI B ED
Engineering AN [R] ) 2E 3R B[]
Wang et al.  IEEE Internet of Things I, X PEH T I F SVM AR 2% o Bk 8 P o1k L I
20207 Journal A B SYMWEL oyt 4 0 55 7 9 904 25 40 B FED

TE TR BE ¢ 20 55 B BEAT I 1) I A%+ 28 S
BeAr P RO B B AL 2 A g — D B R 1)
WL AR SCH 2 1 25 18 P R e FA R 22 A 9 7 S
AR R T T IR 2 > BOR L 2 B A AU A 3%
S (LI M dhe . T 2 £ B T 2R 1 2 8. XA L AE
— R L LR AP T B 0 2 4 L T TR
JBBEIR IR 27 > A B 11 2 Ax L AR 3K — 4B s 30 A
PE— 2 I 52 R

4 MECR&E2BREDE

TE_ESCA 4 T a5 & 2 — AT B E
Ja - 23 L T8 ok 3 AT 55 R MEC i &=
AT AEJE T MEC 1502 1 iz 55 4 B8 A TR 44
VUK IR 55 i 19 BT IR AT & B3 BC . BIVHT P AT 55
AN A 21 G MR 55 o e 52 B MEC iz 55 45 B8 R
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A BT LA S5 /NAT: 55 181 031 MEC ik 55 & 1 53
(R S SR A 2 A TR AR R v ) O B ) 2 —.
Fr AN MEC Iz 55 5 247 A B B8 I8 43 Bic - 23 18 B
BE VR TR O FUT: 55 55 155 SE 3R I ] 45 F5 SR DA 52 e
TR ZBOCR. AT N HBRA LT
MEC flz 55 25 ¢ I 43 Bc A1 43 BE AL AR R 0 58 TAE.

Guo 55 AU Y 2 e 5 w2 3 o 3K 5 e/
e B T SAT: 55 1 ZE 3R I [A] (40 45 T 26 4% i 4 38 AN
1155 $A T B ) 3 2% = M 55 2 1) 3 AT D RE R 1k
RGMERE. S TG T AL B A R ] U o S5
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Background

The traditional cloud computing which has powerful
computing power and computing resources to process data
centrally. Cloud computing is a centralized processing
computing paradigm, which has attracted widespread attention
and has been widely used. However, traditional cloud
computing is no longer suitable for some scenarios with the
rapid development of end devices, applications, and networks,
such as IoT, IoV, and some new network applications.
Therefore, MEC as a kind of new computing paradigm has
been proposed in 2014. MEC is working on the edge of the
network, which expands the cloud computing. With the
development of the intelligence end devices, various intelligence
end devices are raised with different sizes, shapes, functions.
Those end devices” computing ability and storage size are
limited by their size which is difficult to meet the requirement
of some application scenarios and technology, such as sensors.
The computation offloading is a key technology in MEC which
can solve the problems of the end devices’ weak computing
ability and the delay of cloud computing. Summarizing the
methods of computation offloading makes it easier to under-
stand the research progress in international academic circles
in the field, and to understand the application scenarios and
challenges of computation offloading to propose better methods
in depth.

This paper systematically summaries the existing repre-

sentative solutions methods of computation offloading in
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recent years and try to analyze the future direction in this field.
Firstly, the background and concept of MEC are introduced
in detail which is comprised of cloud computing. Second, this
paper summaries the methods of computation offloading and
divide them into two categories, the traditional computation
offloading methods and novel intelligent computation offloading
methods respectively. Third, the resource management and
allocation in MEC is an important problem after a method of
computation offloading is determined. Then the application
scenarios and challenges are discussed in detail, which
include application in IoT, IoV, blockchain, unmanned aerial
vehicle, VR/AR, social networks. Finally, the future and
development of computation offloading methods is prospected.
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