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Abstract  With the rapid development of the Internet of Things (1oT), 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
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algorithms and the intelligent computation offloading based on online 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 (Al) 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 (1oT), Internet of
Vehicles (loV), 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.
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R R 821k = = S Y i = 2 =y S B M
T, = M7 SR RO PR AICRE 25 & (1 e
b EARRE 3G I, R P [F o BT &
SEReRRE S RERE D, TR — N, S
e 25 SR 3R W% 0T R SR B R HL AR E T B
3.2.3 1UEE IR B[ F e F

T ESCor IR T UL MEIE IR F R /MERE
FENUAL B FRIEN ST 5 EAE R e N I 5 T
XPREIRFIREAEHA — B R, TELEGHELE
RIS A RTRERE, WO AU LE SR I (B A0 REFEAE IR
A=p ¥

S G REIE 75 R [12][18] 48 [F], Chen &5 A\
HXZEELL T MEC 2 H it E
BRI o AFF B S WSR-S 407
SRR NP XM R, P AARE A AR 4
Fe A A IR IR BT EIEENG . R ek 2
H T GERR AR AE O I o 1 2T oA X
TR E AL o, (EEHE T 2EEZH
PR E R 5. BUEAREW], S EE R DAk
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BB hRe, FEHBESE BN EE
RIEFIT R, HREFETTH 40%. Z 7 ERIT
SIS RR S, FNENER, EAR
Y FYIRe R e

5 CHR[A7)ANE, Dinh 28 A 4R MW — M
E VA AT S5 B 2 A MEC IR %5 28 LA HESE,
H br & 8 A TR E A 3 i % 1 CPU 4i
R B IMEEAT S PAT IR R Eh B & feke. X
EHE T HIRMER, [EE CPU AE M CPU
A, AE IR H 12 1) B NP PR o X T[] 2 CPU
BRRAVE AR T 3 TR T A V3 T2 1E
5E WAt (Semidefinite Relaxation, SDR)f)J51, *it
Faite CPU SURMEZIEE THRT M RN Ty
EFIEET SDR k. (i HE5 KW, £F SDR
SRR R . 1% RAEHZ L ANLLE
k55 g s CPU AR 5L R, 75 BE Ry AL A
145 AT IR 7 TR A W B v e itk . )
VERIBUEM T B shik %1 CPU 1 Bl &5t i1 56
R . 1% Rk e R R T AN S
F AT TS RS L

N T e IMHE SR (1 [ B 48 4R i 5 4% (R B
Chen 25 \ ™' F #c 58 W4 4% (Software  Defined
Network, SDN) {1 48, B 5t 1 48 %5 £ W 4%
(Ultra-Dense Network, UDN)* MEC H 115 1%
. AR S RN A NP SRR A
AR R A @, N T R BIR R, fEE
W XA RAL I AL AT 18, BT 45 50 3%

MGRATC, FRRH T — P R AT 2 TS5
1% (Software Defined Task Offloading , SDTO)
ITHREI TR . SCIR A R R, ST EAR
FENETT R YIS EAR S BT AL, EE
P AT LD 200 AT 45 Rt i), 54
30%I[1HE

Ning 25 A" M\ B 23 45 46 5 560 48 14 il At
Fih, BT REER MEC WIRAZIRG, &l
CAH 73 S8 FREER . BhfS, 1EEHIERa) %
Ui B L AN BRIR R 4, o 2 2 B A AR 4
v A A A TR B Rk 1 I (Mixed  Integer
Linear Programming, MILP) @, #¢it 1 —Ffik
5 & MEC B4 BL s i (Iterative Heuristic
MEC Resource Allocation, IHRA). i i 17 B SE4,
48 R IZ AL AT B IR RN EN 08 2R T T A AR
TR %

XA T HEA R H bR THE EI
FHICTENS, BUA MVF 2 TAE A R ERE S5
HETT R, HEMRSZZEFZ MEC AN FRIFEE
B RS, HHRDZRE. RS EFETRAE
1225 i 55 2 T G2 A7 S R 55 B FLAR O () B e
T A 75120 5% B 55 2 e 5 $RA T HH IR R T 54T 55
HH T~ R B[R] 7 BEUR A IR ()30 21 Mk 55 2% Th 22 A7 /D
N RTINS, K UE PR E A7 PR
DU KR FE M 52 e #% B i 2k i B R

FERFET 2T, Xu 25 NVBF A T 34

pivg

N N
: N . \/
. ~ /\ -
I (‘A’) -
! 1] i
} (W]
\ 11 )
\ A
\ 7\
AN s N
\\& BUE i & PN
-

~ -
~ -

ST R
\/ .

S AL 2%
GeAT IR 55 D3R

REEAF TS5 b
1 2B R IAT

.(.( )

N

T 25 5 8 R
ZLRAEI RS

P OMEC k45 T S0 2T 25 S A7 HEZR



10 THEHLER

M2 AL E D I MEC B2 AR SS 2A7 i, $
7 — X MEC w8l IR LIRSS R A HIE
(Online  seRvice caching for mobile Edge
cOmputing, OREO), & EEC G THE = HA
NS RAE . B 9 fean TR MEC
KA TH AL SR HESE . S EE R T
Lyapunov ft4b 1 Gibbs SREEFF & 1), AILATEZR IS
TR RIS S, e H ] DUSeElE R )
PERE. i E&5 %R, OREO Hykn] LA/ 3)
WA RITHEIER, 5 R B R EF R G BRI RE
27 M SR K MR 55 A AT BN AR B 5 L
e itm MEC RGPERE. % E F A W 4%
(Heterogeneous Networks, HetNets) &5 #iA N
s T — AT M 2 Be L () Bl TR = %
) HetNets (5] 4% 6 &3 Al /N 53 o (1) /N FIASE S
WAL MRS 48 AT REIR R B RE N Y, P
AT RERE AN A7 2K (1) 3845 I RE B % 5| 2
SIS

Zheng %5 N R LIS T AT BERS AT 1 AT BE
(AT R DA B AT E SR B, RS
V4 SR 0] R A R B MAT S5 () S B R
WfA], [FE 2R RS ReRE. EEIRIB AR
TER O EC A N AT BB AN A7 R B T B 0 4 )
JL S — AN DAAS B VR A 3 ) O R [

R RSl 1 L A D B i 7 B A S S B il AL

P T G EEENE . BUE 2 R BE T A
FERSSEAN R L1 RE T A k. R 2 thE 450F
XL T 3T R R AR G R E BT R E
FRE T RS B A AT 22K, FEA=

K BAR: B/AMUIEIRI ] /MU REFE B AUfT
EIRBT[HFNRERE . 3 TR o # R T S
XA NP e A8, I — e RS O, R
AT A ) 1) RS Y J v B BRI B AR, 2R
Ja SR AA I R, e fE R B SRk R B R H IR A
RO . V5 2 38 ) G A B SR AT R R
W IREEE MRS ) R AR, TR
BTt 5 8% Bl it S 137 5 N #R A AR GF I RER
B AIE % B 58 A AR ANEE 70 AR T =, AR
SERRN 5 B AT B a5 40 k3T, A1t
AT 55 1T AR 20 B 25 3R oy k55T
AT LAYR 43 ) 25 FE 5 A 3. 7E SEBR N 35
T, ZAGEEEHBRFEISL, HHETR
THEANNGREELE, VRWAESTS BT
I ZihGR &S EIS TR, FEIRRT
AR T B R EERTEE TR, BT
FEZANRT, #A28 7% B E .
{HA, W REUBE) MEC RSk Ak 0] J 2 —
AN NP ) 1) RSO, AL 772K &0 MEC
()T B0 2 28K P 5 T i T BRI TR B T
33 ETHELFIERITEHNRAR
EE—, NHT T E RGN EE
WOTR, EARTTRLS R E B8 G i A v G
WTER. £ MEC H, BT LZMRE #0572
HRRI, s & il S R 55 4 BV R AT 45t 2
ARRM), FAE R T RE AR Tl HERAT
HHeEA,

%2 BETRAREENHEHHG R

TfE BT/ 2| H#r HEI R R BRI TR E573- R
Liuet al. |EEE InternationalSymposium
PEARAEIE  sEadEidl R4 REE T IR BT S s HLED 4% 80%
2016[38] on Information Theory
Mao et IEEE Journal on Selected Areas £F Lyapunov SRALIMARE  BE 5L, 158
FEARREE  e4xEnEk L ED 4K 64%
al.2016[39] in Communications A R E R SR
You et al. IEEE Global Communications IR AR 23 A OB AR S 3
FEACRERE  ERorEIEK % ED N/A
2016[41] Conference (GLOBECOM) IR S )
2 PEEB—FPIET Gini REI 2R K
a0 et
IEEE Access FefiChest w5, ARk R 2 S R % ED N/A
al.2017[42]

MINLP [5] &
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16th International Symposium

Cao et PRt T — P LI A T FORE S P E I I
on Modeling and Optimization — FE{KAEFE B0 EIEk ¥ ED N/A
al.2018[43] ML, RV K
in Mobile
Lyu et TR R ME R AR VFHESE, $EHE
IEEE Network FRfiCRERE A4 % ED N/A
al.2018[44] PEVEEET R
PRt IFRH FiWi BN 2848, RS AL
Guo et al. IEEE Transactions on vehicular )
FRARRERE ¥ EiE  [FAEZIR O R O R =1L % ED N/A
2018[46] technology
P[] 0 2 ] 5
Chenet IEEE/ACM Transactions AU ZEIR K R0 T VAR oy A 2 v 2 SR
GiFasiE= ZED  BEFETTA 40%
al.2016[47] onNetworking FIREFE B, BRSBTS v S AR A
Dinhet |IEEE Transaction on AU REIR P T HRPEET SDR 77 v T [ 5 A
SEAT IR HLED N/A
al.2017[48] Communications FREFE 1 CPU #i%
Chenet IEEE Journal on Selected Areas Ui 4EiR SRR A SRR M R I, 42 sk JER AR 20%
EiFas ik % ED
al.2018[49] in Communications FIREFE SDTO HykE )7 & REFETTE 30%
Ning et IEEE Internet of Things T e IR . Wik T —Fk s & MEC B4 L Bz WEIRZEK 30%
B E AR
al.2018[50] Journal FIREFE IHRA HFk B A M AT T H I 4K ED HEFE N/A
IEEE INFOCOM2018 - IEEE $EH—Fp3E T Lyapunov P4k F1 Gibbs A
Xu et AU AEIR
Conference on Computer BEIE TR MEC 2R 1AL LR IR 45 5 47 % ED N/A
al.2018[51] FIREFE
Communications Hik
81887 7 | iy
Zheng et Mobile Networks and AT HE IR A FATRERS AN AT BEBR I TT S 4R, 42 47.3%,28.9%
B EE N i % ED
al.2019[52] Applications ilkivs W T — o e AR S R B REAES) 5l Jak />

47.2%,33.7%

WIVR B 2% 31 . Q-learning « V& & & 4k %% =] (Deep
Reinforcement Learning, DRL). BxF2%>] (Federated
Learning, FL)%%, SE4FHPRIETHSLEI B ST HOVERE .
N TR REAH A F BT A i, w] LA
R A, i b E kG R P AR E AR F4
IRREIR B[] o [F]BE R /NI MEC RGuET
FHZE P 25 I 25 A4S 2R MEC R 480 SR K
FE, WM REET B R EEE SR BT &
ANEF T KR MEC REGHITEN . WHERT
TELR 2 2] (R B N B S AL AL I . BERE M 4E 2 &1
g, BRI R REEN AT AN AZE S SR AE A
BRACHR, MRS FEE BBt H
PAGEE I 2 H B R AERIEF P B FART SR 14 %
PE T SEI O B S E AR S T, R AR
5 JE S BRI 5% (1 AE I LR R REFEL) B .

BEEH I R 48 1R 15 RE FE R S I RS 3 4 B
JSEF P AR AR, Alam 2 IR I T FE SR
F P o 4 ) MEC FITHEENE T 6. B ahik
HIR . SRR A/ MEC TH5 12K,
iR DA RAE? S S I 5 B 0 ) 5 o o =
WEIF R, EHESEH 7 —ME TR E Q-learning +%

R H FERNELE, 7] i@ /R ] R o i A2 A
HR BE 5 Ak 5 S SR g 1) f . (7 LRI H e 1 B2 e
SRR LN 2 o FH P e S sh e, Sie R B i th
MET B FIRE Q-learning 2 > [ 7 vl id i /M
MR 25 v AEIR B fe SR E B e RE . MR
T T AN B E T R FEUN SR, SRR
B AT H R T SR 3 SR T RE Y

Wt B AR AT 55 0 B B 30 G AL SRR IX BB
FORE) MEC B)—Fh Al AT IR OIT 2. SR, BT
Ji R ARG AR GE T S R 7 5 T0 VAR A RN I AR
IR E A A SRNE, TV SE I AR . 4, T
A3 TR AL ST W 3T AR S Y S
UL S5 B MR A el BB Qiu & N PR T — R
5T DRL MELIUMHEIE TR, KRN FE T
X BB B E 12 98 A 55 A B A B 55 . B %8, HAE
LN RN N R R RGO R, RE, AT
I KPR B A2 = RS EN Bt e, A R IR B2 s
5 2 R IE N FE B A IR A et SRR 2R )
o AL, VEE LN B & ROs AL BRI N BIR T 58
MR RS, ARdhE e T EHIIRE, A8
FEARMERE IS G0 T It 7 WS Shod B2 o A # DAL Sy



12 THEHLER

[ FNBERETT IO VPl 1 #1407 SR RE, SRiegh Rk
B, %07 RAEZ SO N A RIS .

NT R MEC 241 )32, Wang %5 A\
PR TG FL 45419 DRL SRtk MEC R4
MEAAAT B TR, WK 10 Fix. Kk &
AT ORI T AT 55 #I 3 B 21 4, AT LIEHE
AT . EFHRER] MEC FRBE A K RLIR AN
BER], BRHXGRE Q-Network(Double Deep
Q-Network, DDQN) /5% . N T /4 H I AL, 1
HIEW T ET FL W7k, R 2 B RAER
BIHAT ISR ST IOZGMRS #2247, DRL M5 R
14 (agent) 1k Ml 25 2 A& 5 A7 SCHF, DA K SR AT I 2
B tE . BRI GN BB, YWENTRE T
— Fh I T B A 2 I E B N R 22 17 (Proactive
ContentCaching , FPCC) 7 &, % A i 4+
LB AT R I . FPCC 3 T4y ZEA R 45
P, FA RS s A P B H P E S,
AN H A8 HE S 2 E sh g o 28 L iR A i s
AHEIE AT I SR SLIRLE R R, AR P
ANEARE LN, %07 RAEGAFREETT AR
T HAWEE T2 ) M AF %

Ren 25 N\ "N THSEIE B BB AN 2k (1 %
PR, I HROZSER AR S TAE R o2 i
WECRE . EEMEAMEAEZ MU S L
A DRL ff] agent SRA8/RPNEEM B 45 LR 4 1F
B—IJ5, JNTAERET DRL HEIE T RT3
— 35 BRI Y 8 2% 5 3 27T 1 2 TR R AR AR
FL T2 4ii 3% DRL ff] agent. S2& 45 K T
THEE T A 2 ST BN AP R Gi 4 1)
AR

Qian 25 NS T — b B AL SRS IR 25 T B
%, HERFLG PRI RIRAR, USRS L

HREH T EIEIRS . REBA RS SR Bk
BB NDG . B, WYEE RS IE R X
2 RKME R LA P B SUEE (Bl aEsg
AR ED M P R miF A . (H2, HT X0 RE
W RBURAN NG R, R 7T —F T FL 19
TR Grlmir iy, [RII P (R 258 £ B 70 3L
MNBEE B REIRE T — MU, KBz
WY H P Ly, A AR, HHEED, b
ITHERR AN R8T T LIRS DL N, BoR PR EE A &
WG TR EE . AR5 SR B R Ak
e R, SN O B AR R IR SS BRI AR BEUR
IR IE . ET RAEN G = F AR RS SR A= T
T AT RO R

Zhang 25 A\ "3 MEC [ Hk R AR 4R 7
BN #5 S Bl 14 S 5 S5 7 AT IS e T FE AT 55
H AT A 78 A K 22 4 1 i 850 ) g A I S 268 A
B, IR SR AT R SR R AT SR, BB
PSR O R . (HR2, RMETLRA
RpP sy e bk, fEEfEE 7 —FhiETURE
Q-Network (Deep Q-Network, DON)J¥A, HF
MEC R4t BITH 5B & mT LU DR 456 H
BT S5 IT A5 SRNE, T AN S SR B O
B ER. £ MEC R4 H3HT) 2 KM
SEH, SIS B SR I s S e R i
R BB RS B ENE, AT DL SE B b e SR A I 3R AT 1
FAT S5 E#E. Wang 2N Bt TR T ET
BHASEE
P, Wl 11 For, HIA%E AT RN H AT
ELG)Z, AHAT RN RIS S = 2T E .
HERH T —Fp = W [F RS A AF 55 B A E 4 %,
A
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UG Z AT AT IR

—

W5IZ
AT R
ik E BRI R
zfE T WHEELER —Q

I
I
' H%
I
I —
I
b
| %R IR =
L -

B S TUGHENaISEHET 6

TR RSN A EIEL, Hrh P E AR 53T LIRS R4
IS A E B IR B A S JZ E E . VR R AR
JF (RS2 75 SRR HdE— 20 2 DU R R A A SRt
HeMHRERAONA; BRAITHERNERE
N CBIAnREATR I FH D s C R & v A B A 5%
fRATHE S A (B an B BT e R EE A AL D
Fo BAEEE S T GOR A R A Ak 22D
) N R T o AR PSR B AR T )
WEAGHEFERR ], DR R 2 A 5/ 1k
PRI E]) . SCHRPEH T — MR EEE (Dynamic
Switching Algorithm, DSA), ¥ 4:FIH] LibSVM %
ERR AR RGURS RN R T 7 SRR AN R 2R B
REFHAREF?, RN B A R RER I A, 52
55 R AT IR BE A B 1 RE, DSA T3 Ab 3N
[ FHEN S REFE > A>T 10.3%~78.5% Fl 3.76%
~78.6% .

Wang 25 A\ “VEFxF MEC 8 43 /< Bk (High
Altitude Balloons, HABs) M £% 37 5 J& FF-4ff 5, HABs
VE R Bl 7E 2 v /AT H B A BORMTHERE S,
F P a] UOBAT 45 B0 48 & HABs #H T 1B, HT
BEAN FH P B UE ST 55 O 088 R /) B s T T A2 4k
HABs 2B A5 7 Bl Rk &R RSS2
AUES XN 77 BV R P IR FEEIR T8
T3 Fr 1A EAHL(Support Vector Machine, SVM)F#EL
o S B, W P ORER, RN P RS
JFHIFIMESS 3. i ESEInss Rk, Sttaifkd
HIPEM LSRR BEFEANIE B N ALFFIK 16.1%.

3R [T ARG IR e EE T R

Ahp=m|

STEG, EIET AR EEk . H AT At EEE
Mo th b, R BUR G A IR T A STROR
R Q-Learning $ K. DOQN ZE0 AR sk 2 ) &%
SR P 10 7 SR D 8k 7 SRR EN 3 N A S R, 1X
FELERT T8 T 5080 25 5 20 T DUAS FH 99050 B4 4% i
WA AR, i oI5 BN 2
L&A P BB EER. M8, ¥4
& RAR T 02 A IERE, IEA RG22
SRR TE—RE . BIX SRR ER LG
HH T B S AT P — AN K S

TR PR B 2 2 SR AR AT DI R o, 280
W P BRI A 2 At — AN T EH M
e ARSCHN 27 e B R B FA RN 22 A 1) 7 S,
R RH T2 S HoR, K & M P AN E#%
UL IR GRHAE, TR MBI R ER I S 5. XA,
TE—ERRE LR T8R4t T H ATt
BRI ) AR B )2 4k, FEIX — AU A A+
A HE— 5 R FE I
4 MEC BR&5=25IRETED

TE LA BT IUEEHR TR, 49— N RfE
Je, i P AR o v AT S E14E) MEC 1M
PAT. (HZHT MEC UZZERIRS 47 IHEA R,
WA R SS B I IR AT S H I, B PR S
AR FIA D Z RS 55 WSl MEC R %5 85 7%
TEEA AL, DA MUAT S 33 MEC R4 2511
A LEIR, R T S R AR ) S e
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—o AN MEC RS2 HT & M RIRESE, =

1 R IRR B A 55 45 A S IR IR TR A S5 R, AT

*3 ETHESFIERHENHRG R

TH B/ HEFTR FEER fERTT BRI TR E5bs
P T b TURPE Q-learning HARH B £
Alamet Future Generation
G E R Q-learning FEAELY, AL T R AR P AR AR % ED
al.2019[53] Computer Systems
AL TR AR
—MET AL T DRL MEZTH R EIH T R, Kb
Qiuet IEEE Transactions on
A ENE, DRL [ 25 FE T DX B S 42 4 AT 55 A0 50 Ab AT %Z ED
al.2019[54] vehicular Technology %
W | e T FL 454 1) DRL KAt MEC R4t
ang et al.
IEEE Network T EIER FL. DRL. DDQN it #05 R A% W 547 HR A % ED
2019[55]
DDQN J7i%
Renet 1£2% 4~ DRL [ agent -5 /R4 5k WA % £ b (s
IEEE Access o IR DRL. FL % ED
al.2019[57] BEAE, FL 1145 4 ¢ DRL #) agent
Qian et R T —FEET FL BRI S i B8, R
Information Sciences BB EIEK, FL % ED
al.2019[58] I R P PR O DR BR E AN AR
Zhang et al. Future Generation R H—FiEET DON FIH AR M T EEE, A
B ENE DQN ) ' % ED
2019[59] Computer Systems HRE KM P B E R
IEEE Transactions on $EH —Fl DSA Hi%, FIH LibSVM HZRYE R
Wang et al.
Network Science and HB 4> ENER DSA. LibSVM GUIRAS AN AR F SR SRR T 25, BN % ED
2020[60]
Engineering BRI FH 1 B AN [ g L SR B[]
Wang et al. R T ET SVM RIBRZ SISk, e B ok
/ o I E SVM. FL % ED
2020[61] B, RS IR 55 R 51U AT 553 i

SN THE T R . BT, BAHEERH
KT MEC JIg 55 2% BT VR 73 BO AN 23 B AR AL B i 7 A o

Guo 25 N R H B2 i SR I S SE L BB A B/ M
R Bl AT 55 W AE IR I [H]) CELEE TR 4 A% i 2 1R FE
FHATI (] FIL % = I 55 S IS AT DHFER AL R
GuitkRe. N TAEH G TACIR, RFEK ) @ N S
AR B HIUR [A] SR T R sl R . R e, I A
FR) G IR A SRR SR BOARAHE T %, DR E A3
BRSNS, B, XREHIRATTH EdTE%, JF
B RERWIEEHE. B, EERH T —F“R
g 5REE 7, i £ n] UL E FIREAIE R MEC IS
&, B LMEILA B BN 2% rh R RASEEL,  SREe R
IR FH 2 51 SR AT LA/ 7% REFE -

Wang %5 N B IR R T I N IR
HEZE(Edge Node Resource Management, ENORM),
Wik 120 AbATIER 7 —FRoE B E AR E AL,
TIERD G SN s O Z 8, XFE
ENORM i i] AEI HAE 55 BIU 47 1. ENORM K]
TR HonT DUdEa 3h 4 3 3hr e AL Sk s i 58
M BR BT s, DA S A BRI 1 e ) A R 3

V2 FH 2E SR BBUR ) 1 28 Xk B ilE ENORM A Rl 4714,
SE BRI ENORM 1T LAy /b 20%-80% 2 [A]f)
LR LAEIR , B2 mis 2 2 (A1 A5 A
AEMRE R 2 KR 95% .
Guo 25 N8 T 2 1 S shi it 5 R ST fE
VIR e, EOL T AN ECR m e,
53 ) B AT AT 2B 0 5 R 55 S AT B ) AN T 22
WS PRI 25 IR 55 A PUAT BF ), AN T 2B 320 5 IR 55 2 B
ATEF AT B R T 2k an ] 13 B AR 5300
EFRIBAL R, @R 2 B A5 A 558 TR R il
SE S A BRI BE FE dpe /M il /. 7T DL 2 F 300 % i
55 BEPAT R EA 1A) A A0 Ak e B T B, DRI A 2 DA
B AIRS T Zm @ &, FFIH Johnson
SRR 2= B IR R R T 6

Tran 25 N4 (] B AN MINLP 713, - [R] i
HEMAAT S EFH T % MEC JIRS5 2% B B8 43 e -
B o & 1 FATBE R AR S T S S5 1 . BT 2 )
AR, T KBNS, FRGEG2
ol v 50 ) B AR R T SRR AR AEI . N T el Bk
W, VRN R AR ) A R A ] AT 55
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EEEAIEZEN [ amets || sz |

|
|
|
| [ ams || wee ] [ s
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[000n

B 12 T0 477 i BRI FEHE L

A T LRSS A IRAT I [R] R

/ N\

CPUFHHAL | v o

CPU I #IN

P 13 TH A A ] 2%

BT R AC R, it S . fE
MR AL SR SR i e B IR A )
TR T —FE R, ZEIEAE—E R N A]
PUR B . D7 B85 BB, 1ZH S Rk
TR R, IR H S5, Rk
Hiew 7P R E SRR

Zhang ZE N H T —FET MEC H15Aiat
B A vk S O B 2 IS A A 4k 5 %€ (Joint
Computation Offloading and Resource
AllocationOptimization, JCORAO). fE##H 7 —4

PACHR, 250 T RACTHEEE TR AT TE1E
e EATHER DR A R IR . (EEE
SRR T AZARAL R R NP SER, SRR 1 AT
AW T, IR M. (8 B3t
AT E D /7 4ist JCORAO Hik, B /1H
IEHVH SRR R R (7 A RR], 7>
iz JCORAO J5 F AL R K R SE I REFEAE:
F5E TR, BRI RGBS

LG R IR Fl 2 v R B R RO 2 —,
BB R T A IR AL G R 55 4 ) BEUR 2 e 1] R
ANENIAT S5 AER R PAT I R AESR 4 v, S5 T
ARG T, FEEPULGIRG BT
A UASEELBR IR IS, (H LSe35t T 2 RS54 1
B Z . EZUGRFHEHFT, FHERLAHR
MEC HESEF T 55U 7 B A0 A B, 3d s AN A (1l AR Sk
BRI, S AT A R R SRR AR
WHCE T %, YIReitm RS S A vEme.

5 WEHHERARNALR

B ARIE N MEC Foe ARy —, 1F
M2 BRRI N . BT MEC SEi & ik 4 H.
BB — e TSRS IR RE ThRE RS 55 A HLAE 5G.
PIBEIA . ZRBR . T AL, R 40U S/ 5 T S 5 o
FAATISAS AN, 100 e P RN 3 — TR AT 55
5.1 4EXM

SR FXTIERI F) 5E XA 2, BN 2 B
ZIRE S BRI E Y O LR, TR 2

®4 FRESEFEME

TfE B/ RRDRIT A TR s B
Guo et al. IEEE International Conference 42 T —M & 5IHLH], i+ vl LLRBIAIE AR S 2% FI 2 51 w8/
FIAG RS %R
2016[62] on Communications BEAT VSN, T T REFE
kb 20%-80 % FE 7
Wang et  IEEE transactions on services  #2HHHF K ENORM HEZE, JLilid shas B zh ML R
. LG5S R, BIKBS%E5E
al.2017[63] computing IR PR, DA R B 1 i A AR Sk
iGN Ep T
HAL T AR S AR, 43 5 A R R AN ]
Guo et al IEEE Global Communications
RSN G RS AR PATISIA]; DA AT RS T iR fig, 2GRS R N/A
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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 loT, loV, 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
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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 understand 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
representative solutions methods of computation
offloading in 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
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important problem after a method of computation
offloading is determined. Then the application
scenarios and challenges are discussed in detail, which
include application in 10T, loV, blockchain, unmanned
aerial vehicle, VR/AR, social networks. Finally, the
future and development of computation offloading
methods is prospected.
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