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Survey on Computation Offloading and Content Caching in Mobile Edge Networks
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Abstract:  With the explosive growth of mobile devices and the advent of many new applications, mobile network traffic volume has
been growing exponentially. The traditional centralized network architecture cannot accommodate such user demands due to heavy burden
on the backhaul links and long latency. Therefore, new architecture, which brings network capability to the edge of network, is proposed,
i.e., mobile edge computing (MEC). MEC provides lightweight cloud computing and caching capabilities at the edge of cellular networks.
In this survey, an exhaustive review on the state-of-the-art research efforts on mobile edge computing is carried out. First, an overview of
mobile edge computing, including development process, research hotpots, and key enablers, is given. Then, a comprehensive survey of
issues on mobile edge computing architecture, computation offloading, edge caching and service orchestration at the mobile edge
computing is presented. The applications and use cases of mobile edge computing, such as augmented reality, virtual reality, dynamic
content delivery, Internet of vehicles, and Internet of things, are discussed. Finally, from the prspectives of function enhancement, quality
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of service assurance, security, and availability, the open research challenges and future direction of mobile edge computing are presented
as well.
Key words: mobile edge computing; MEC architecture; computation offloading; edge caching; service orchestration
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gL BEBRILSL . N URNAR). AT 32 AT v SRR O SR R Al ok 1 e 0 AR T AR 2 BRI RE B T 8 4y =
A% N B KBRS X R T # 3 = 115 (mobile cloud computing, & # MCC)RE & K % J& 4% = v 5 g J1 4k
3% B 5l W 2% A A% 3 T A% I 4 1 = SR 45278 MCC Hh B 3 4 (mobile device, fj Fx MD) ] jifl it
B iz 8 7 4% 0 M (core network, {17 #7 CN) Ui [ 345 FH Th 8 55 2K 1) 28 72 = HH 0 (cloud center, f&j #% CC) L ()75
U RIAE ik 2505 MCC AT AR 3 AN 5B (1) 38 3o o v i o 0 R T AT 55/ FH R A A 1) 2 rho B30T,
LA B E K B e 4 I A3 i 1) H 195(2) SCRFERE Bl e Las AT v SR A I N AR 7 (3) W BB e 4 it
S PR B A i 07 SR T A D9 2 B b IR AR BE R MCC 58530 H 7 - Ta) 1 BR B 0o T3 38, 1X 45 % 5)) 19 4% 1) A%
Lo PRSI T AR K IR S 28 RN 5 1R T i P 4% I A

h T AR MCC BRI 8] S 38 3 vy 14 1) 5L, 8 L B0 PR 3 5 v SRS 01 2% B8 K 2 IR 95 1 28 A6 MID [ B 3, B 8
) P 455 (1) 30 2 30 Bk T 50T LA BRAR D o2 MCC ¥ — FERER 5 0L AEAL S8 1K) MCC b MD i B8 33 35 35 1 A% 0
W SR U7 1) A8 FH 25 5 45 190, 00 40 0 Gk SR R BN T SR A7 6 8 A (B A7 4 T 50 MDD [y B Rk,
MCC #H L, MEC RJ DAHR A TG 1) IR 55 I 4E . St Ah MCC s — T 56 4 A v 0 28 10 I 45, T a0 v B0 )t A 23 A 2
R b & 5 1007 2028 5 — D7 T B Gt AR X T MCC USRI R I H SR it 2298 3% 1R T MCC Al
TGt AR B BOR J7 T EL R

Table 1 Comparison of MCC and edge computing concepts
£ 1 MCC RAZ it HM &I g

BT H MCC DG
B 7 5 Frpat I3 A 2R 4 A
F MD (1) i 55 b i
i %iE [ {is
THERE (PN AR
Ttk e K 51

11 BH;BKIHENERARE

S AT SRR ik E USRI MD R L 2009 4EH 119 Cloudlet™, & & — AN i sh i % . 0% 2P &
(EI Cloudlet)F4E th 2 5 0 4R 3 24244 . Cloudlet (148 YE & o BT 3RO T 6 ) 10 IR 45 B8 0B 15 TE 2%
) 2% BE) S S vy 8, DR g 320 ) MID 4R 8 JRURI A7 4 % L E Cloudlet 2 T —Fh 15 WFT Rt R LR 3t
AR, B Cloudlet A FLIE P IE 4 4 8 2 H P 4R L 32 B2 40 1K = 7SI 45 Cloudlet m RLg &8 72 A\ 1
AR AL X I TR, e . KZESE . B YA H R, BT Cloudlet J5 75 /2 5% 2 19 4% 1) [543 36 43, DA e
Cloudlet )35 T ,MD (1) Ik 55 % 2 (QoS) AR #E & MCC ARAE: 45 21| £x

L5 Cloudlet A b, W 2 iS50 55 — AN 58 ) S A ME & e 0k b 55 VA5 VR 2012 4R 48t T %5 UF 4, DA A
A 2% 300 5 b B K 10 4285 558 T TR ¥ 4% = 160 57 P OV 8T b, 25 5 0 A g 2 0 B ) (1o ) AT K S50 I P £ 6 e 3 50 IR
HZ BT ESUT 4 AR ) I ) G R R E RN (2) HhIRAT B 4 A )2 (3) K 44 (11
U TE L AR A% ) O T3 (4)  SCREUR B A5 5 A S i 1N 0 Ah, 28 TF S S o5 RT DAE ¥R 22 B 3% 5P R L 4
W BRI R REACHE . TC LR AR A I 4 S5 B0 e A R R R R 3 BB R BRI 2,
%5 2 AT DURR S 55 Bbr 5 SR #0 e 24 2N 2 B 49 sl n] LU /NEL IR B . WFT B2\ 6, R 2w DU T P 80 T P 1 4% 3
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MRS ) A 2R E BB Cloudlet FH55 v 51K T 5 B8 0 B RAR AR BB R 50 99 2% 28 kg v TR ik 24 78 )
P % /e 2 A /N IX 2 10 % ) B ,QoS Al QoE LA £ ) {5 k& . Kk ¥ L {5 b #E B 2 (European
Telecommunications Standards Institute, fij &% ETSI)H7 B 1 2014 47 ML #5641 (Industry Specification Group, i &

ISG)TRH T 14 & iF BVE 1 52 BB H5 B)) 9 4 B Ay
{0397 Bk & ——% 314 2k 1 5 (mobile edge computing,
fiiFk MEC)!™. 5 MEC 43 X[ HEAL T 5 1L th 3% 4
(1) % #h iz & 7 (W DOCOMO,Vodafone, TELECOM
Italia) 1 i) #& 7 (41 1BM,Nokia,Huawei,Intel) # 5
1. MEC Ak 2 K 5k 5G 7 5l I 4% 48K 1) T B 41 ik
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% BB T8 3 1 A% PR AT 1K 0 R 4 N 4%
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Fig.1 Typical mobile edge computing architecture
Bl 1 MEC [ A 4L fty

RERAA 7)) I E R HEE IR E 1R T MEC (BB AEY. MEC IR 5 4% (0 Tkl B I, b AT m] LAR AT 7 33§
SR I LA A i 1 BCHRS  SR A 2 Internet H R cdfE G

12 BHhbGitENEERRERE

ASSON 2FR BIA Gt 50 BT TARREAT VSRR EE, JE R T I 2 Bros i shid it SEHsiik &

wE |

i/ iU HENE

Ik

I

A ) MECHE IR WGTAT

M55 Gt e

e | Rz | [izeoe | [ amtee
KRER s | | vorme | | was

SR
bl e

ks o4 2%

A TG | | B AE X

W& e || ML)
AL HAR

D2DHE A

Fig.2 Mobile edge computing research system
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121 OCHE )
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THAH) MEC NI FEFe M 2 v SR 55 A% 3l i Zr vk 5507 AT 5504 SR AN 5 1 N DR e 4 (1 B ST i vk 07 25,
5 R SR, T Gevt S H IRt 2 S A Al B, DA 7 T R R e B AT S A o SR 8 g WAL TV I B
H it SR ARE 2 MEC S0 T BEHul . TR AR 7 28 4200 T T gm R 0 AR 38 R A, 538 1 I A8, TR i e vr
IS FH R 25 A3 1 R g FH P A DG 0 5 224 . DLk, 7 7 110 DG BB T 9 1) R, MEC ) TR U1 2 e R it 1.
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o 1 8 S5 i A S e s 3 W 4% VT AT 45118 R PP 6 380 199 245 o 1 R 55 2 25 40T, T A SR8 20 B
(TS Be 0, k0 A B B A AT B AR P I (R BE VAL N T A B4 RIS I AE L T B B B REAE M H 1,5
AP T — RIVEHET A F R0, T Bk i T S 0 voh SR 7 530 75 B 4545 7 TE RS Bl e &
fES5 IR MEOIRS S AR 3.

(3) &2t

S DA ) AT B AT LA P AR i 1 55, 3 e P9 2 IR 55 i 1R R 92 I 5 S 3R AEL I AR S8 A
PRATA AR S5 TV SR FE) 7 oDR 245 P 502 Ty ST A A Y ) 3 8 R ) MEC i 45 95 4 by 3 Bk 2 A7 15 0, i) LR T 14
ZORES  BEARE BB SH A N RS IR T A B 7 1A KR T MEC IS5 2847 T M 46 1R i 2%,
AR A A B B (A&, K e ) LSS & F P R Sl M A0 P 255 1) SR A A0 A58

(4) MR%5 %t

TER F) I E IR TP AR MEC 16 4l ok T 55 IR 55 2 HEAH 5C 11 22 kil LRI DA 009 5% o ) IR 25 4 19 i 22,
ARG EXHEA MEC RS 3 10 B UROH ST U AP R UR) BEAT A7 80 4 B I i bl T H P i s i 51 R T
TG 2k v ) 45 5 5 10 2 A5 AR 4K ]I, MEC I S R 8 FH R £ 2 i J 907 0, B 4 5 52 58— Dy I FH ) S 9] 4
28 11 N R 0 IR 250 3K LA P B AR B o e A IR 25 PSS H b, 45 5 B U A TR IR 253505 U7 Sk S MEC
VB I RS RO .
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(1) mIFMESEAR

{7 P 1t A 3, B8 B 30 kU SR R o v S D B S i B Bl W 4 1R L 2k A SRR I R0 A A 7R
2K St R o 5 A5 A T I 95 b L 28 R AU L AR A5 S BN % B 2 v S R 8 B 3k iR K R Ak B R g N R A A R
525 TSR I 1 4 A R E W AT R T BT 1 R 45 U5, DR ok 25 S D S i B B 1 4%, 0% Oy o 2%
B 2y % 55 V) AJ% R RV SRR A v T A e 7 €.

54648 2 v S b AP L(virtual machine, fRIFR VM)EEAR A 7], 57 2 10 25 35 B A I — o 3 A% 50 2 0 I 451
RYLZ R EOR E R R - W ENL I SR, QI 2 A 5 VM A EE RTINS 2 10 I8 8 3 ) s 49 e T 24
AR R P, L BE NS A AT I I RE > Bl e 55 T $i A3 15 B 10 S 81 A AW B 1 8 ORI T BE 8 SE I MEC i
S5 WA 455 XIS AT, A R 3 7 0 R AR K R A e A, b 25 4% B R SR 7 PRt T 40 iy HL I, e 45 3 1 i A 5 7
A 37 IR 55 88 B O ELIERIK) MEC 1 &

(2) WA e LI e

e UM 2% (software defined network, fii #k SDN)HE AL 10 % W 45 KA R Gett . I 4 FRAN 5 T8 BN
i (LSDN 1ty = 22 LKL 3 135 X 0% 14 s TR SO0 T, e 10y DA 98 o B 0 /000 PR 8 2 0 2 o g A o T T
AP T T 2% Dy i+ 326 P47 1 190 2 B 4% LUK Ke o0 2465 385 il D322 BB AR R g AR [ 100 B -3 (1 42 ) 2% .4 B SDN
Fe AR AT LA SC RS B A Gt 51 & B s 10 4 J2 i Ee ),
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(3) ML REE L
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FARZARGHAR T NFV 1R H 2 05 Bh 3 g R AN 35 90 4% Th e A e il 304K, R4 0N L T I BEAE T 5 3
T B8 H v 5P & AR A 10 99 2% Tl e A Hen] LLSR A 55 4% 28 3 ) 45 AH 5] 1) IR 25 TR1 bk, 3% 30 9 28 1 T 7 e e
R E PG 30 T 4% i PRI e ) B A5 (M BE A5 2 T 6 A5 ) NFV BRI 4558 8 7 M 2 0 A fig
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(4) D2D 15 FA
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(ORZEVIREZN

W25 D) Fr 40 B TSI 281 R A 11 S BN 2, e S AT R TR 4% 5 SR KB 2601 5 4 M 47 &
AT G5 AR BE A 4 — A 000 28 38 A 43 ) 1 2 A SE 81 A5 A S 481 2841 S0l AR s £ B P R e AR R 25 JEAT 4K 0
L AR AAE TSI T 28 P IR8E, 3CHr R TG HC B P 2% BE IR AR I 4 T fig . Lk B AR ABY(RAT)FI N H AR P
0 75 SRR R B 25 0 B U5 45 B W45 00 R BRI MEC R K 45 78 R K 1) 5G4 4% A Fp 7 5% B (1 471 5.
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B BN E SEAR S T I 2 IR SS A AR I v B 3 B v I T R DA A B A DR B 5, [ B L 2% BRI 2 B
(A3 Shi %5 NP0t 10 Gt 45 16 s S LA K SR f) S U RIE S AT T A b i 45 OF 4R T 30 Gt S 40 11— S8
{1k ik A L3 1 A1, Ahmed 26 A P55 il 5 S8 B PE A4 T MEC 199338 % J% MEC [R5 T4 34T T fij 22
Hi 54 25 Roman 45 N\ 200 i 28 7 4% Pl ids 25 ST v (1) 2 4 ) A

5 FIRSESCSCER AN R 2 A AE T, SCAR OGR4 K B 3l 1 Stk S SU e 508 T B 3 i o A 1
REDIFE AR 2 47~56 5 IS8 MEC 324, 15038 . WG BAE RIS ik iX 4 A S8 o) 8 1F 7 e 2R 3t
ITERIR ARG A0SR 6 X R Bl 2ol v (¥ g B 1 T 3 5, a3 g L S . R AINSE L I I 45 AT VRN A HT
WA A 7 IR G R R LA R R SR RIS Bk, LA A [ A R SR B — 2 IR HES)
fEH.

2 MEC EZE R 524

MEC JE 1 B RN 5 1% Ze 8% 3 X 46 1] 5G R 4t 1K) B AR I8 12 RIS B4 T 1.0 T 78 99 48 10 2 S IR T3 A 1) B
BN N R 2 RS MEC SEIL T Ak . TTBGR IfE 7 8 AR AL T 7T g R 0 2R 78 R 48, R I AV BV FH 72
FPARAIL T AR HCE S H 7 W EE 245 5L, DU 2048 H P AR50 4 B B9 AT BEIR T ETSI BT 0 1E7E MEC 42491t
ST FT RIS 3 558 2.0 T RIEE 2.2 A4 T ETSI ) MEC HEZE K 3044 B T ETSI 28 M 2 Ah 0 — L83
Al A1 BA FRIAE 5 B SR TR LG BT BRI A R, AR SOREE 2R 2.3 150 e AT EAT 53R
2.1 ETSI MEC#EZ2

ETSI MEC HEAPIRIIA T — Bl R 2 R G4, 45 T K 10 SR N Th % 28K 1T 43 5 MEC R 482 . MEC
I 55 4 5 B AT 2% )22 MEC il 55 4 4 B2 A2 ETSI MEC HEZL A REAC L B 73, & B A5 P4 2 24 70 :MEC ik
4535 F1 MEC 45 4 208 BLMEC i 55 #5 $2 (1t R S0 B il e it 1 4% B i 2k & A8 148 20 100 % N Y FE e 1R AT
B U TR D 2% o2 ST AR Bt 5 45 ey ] PR 42 (4% 3GPP RS 8l M 45 . A 1l o) 26 11 L Al &85 0 45 (91 - Internet) Uy
If) A B )2 MEC RG24 BRI T LA MEC RS R (8 178 8 Be& A4 —J7 (17 ).
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2.2 ETSI MECS%£24EH#)
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55 140 BE A5 D0 A 3K 5 T 6 B 120 5 4 HE 25 AR AR I8 P 2 9 5 = (491 2 5 A5 B [ ) 4% jE 4040 MEC 8905 43 i 45 B H. )3
BN AR G Ah 2 HIE 38 34 1) LR H46 /IN G 0 1 E 7RIS AT b S AR IR T U
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55 3% A1) R HOLP JE At 35 e 4 3 1100 R LA T SR i PR R KA MEC IR 55 4% A2 25 2% B AN ] sl e (1) — 35 43, TR Ay
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B T AR ETSI MEC ATV SR ZUE L T W Ffh MEC P Re 3 a5 00 S FRn . Je HE Sz e 4
P (5 9545 MEC JIR 25 %% 1) A 45 22 G5 AR ) 24330 I TRt g oA SR 100 A A0 0 il 00 355 30 118 % MEC P &5 B A
L) 3GPP A5 B M 4% ZE 43 B AE AN MDD RAN A 0o 9 D BE AT RT3 N, 9820 X 4% o 1) 2 2324 8 MEC
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W T AR %% J).0penFog 1 2015 4 11 HHEH, JE H b AR 85 TR bR i B R 8 oA 20T E S5 0 3d A RE 4.
LA H 2 5 W) X 2 (1930 240 r SEBL T TR E B 48 R bim A7 6, DA 78 20 R H A 23 A X 2 SR v e AL
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KK W3 % 18 (1) SESAME T I O 4 1 /N 780 i 55 7= (cloud-enabled small cell, i #k CESC) I 4% 2. SESAME & 1t
{fi CESC R A £ 1875 1 (22 ML) SEAR, IX B M 2 N M 44388 i g ig RN F SESAME 7 & &A1 & # 4l
A TP M 4%, A FE IR ) MEC ThAEAZI0 H 30 7 4 (1 R BRI e 5 5 2 MO A Sk e i B 7
JCRHE R IR RN R R (s B4, K2 5 ETSI ) MEC HESE fR$F—EK.

I 2% 1 16 K2 FULAE (NFV) B A 2 S B MEC SRRl ¥ i (1) Sz 4 3R 2 — .Cziva %5 N8 MEC 1) NFV - &5 2
HE TR 307 5F 9 4% I g (Glasgow network functions, ) FR GNF).GNF /& 5k T & 2 SR (1) 4 m A ) 55 8 e g
PR AN AT (1 55451 A4 S S W )RR 98 U T4 AR 8 A SO R T VAR MEC Ik 2548 SEELRIYE K GNF SILA 1
ML T Re#E1T T ELEE, IR T — AN .

Rimal 2 A% 18 7 MEC %0 5 ELA LT To 2k M 48 1R 45 45 AE SC 3 BB T S A% LT A
fie JJ1¥) AP(access point)ff: il & MEC fR45 23 it it AR5 B T —F 3T TDMA K4 — %R H#
XETT EAVHES ) AE MEC il Al MEC #H G 3447, th T TDMA IR 8 1 i, 1% 7 % A ir MEC Hli i
JVE B A A U #3247 1R B 1) 39 1 g N RIS = M B DA 1 &5 SR R I SO I B tH B SRR ST T R 4 1 B
V] ) 8% 2 23, ] ) 4B K T MIEC 37 Bl e 45 114) Bt 73 iy
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Fig.3 General model for computation offloading in mobile edge computing environment
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Fig.4 Three schemes of computation offloading decision
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Fig.6 An example of MEC resource allocation
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Table 3 Comparison of existing papers addressing allocation of MEC resources
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Table 4 Comparison of existing papers addressing edge caching problems
F A4 DGTATF R BT

Yk BAAE s et 7 15 SRk R

60 FAlENE RmRAERER LT i il ARG ERZRLTT 300%
700 AEafEiE RESfEahE LT 382 5] {2 NIA

71 dEAfErE ROBERITR T ORRRREERE i SAERIFRIRD 70%
721 % ReSfrahE T 4 2L NIA

73] AfEE RAL IR 45 72 ST 4 R M) D2 B 42 45 32%

74]  ofEE RERGEEER ST i1 N/A

751 AEFE  ROBMERITR  CENR TR R SR> 54%
[76]  afEh%E RESEfFAhER ek a i3t N/A

771 el WEARR ERIAEEE ST 43 LI S fiis N/A

5 MEC BREHmIESHHMMEER

MEC i 45 I M8 AR 45 4 HE S RE LA KL MD 15 W 28 B8 M O A8 1. i F MEC 2 36T FE UL & /9, 384
MEC A5 BRI 4 HE 2 it % R nT g b 42 I35 T NFV/ [ S 6l 20 0 465 B2 JOLAK 190 2% T R (VINIF) FIRS 31 300 ¢ 7 FH R
FEAE B AH 7] BAH AL B HE AL B0, H A, ETSI MEC IEAEWFFTWIFT/E NFV 3153 b S8 MEC, I 7E AR K ) 5G k4
S8 SUE BN G HIEHE 2270 A% MEC W45 4 HE b ORI 9 TAEBEAT T M 45 JF R R T MEC R4S 1088 3h itk A 1.
5.1 MECBREZHHMR

4 MEC - & 42 B B8 3l W 4% P55 T s ok T 5 55 g HEAE DG I 1/r 22 Bk, =2 2 R BRL 2 ) A R0 K G 2k A
R LG P B s 51 R B 050 3 MEC 22 Gt B S 7 I8 FH it 2 o JE9 30068 3L, DA 40 28 — 7 1) 5 oK s 45 4k
BZOE N AR M —A MEC V- & P07 IR 55 4 HE BT, 08 J5 4 B L IR 45 00 DA B i 25715 R IR e 408 0T 4 vy MY 4% %
PRV 2 S THFH P AR50 i R 25 nT S e 2 OC B AT LA R 4 AN 5 TR X MEC I 45 g HE B ATF 72 IR
BT T B4

(1) UHE

R U] U EAE MEC IR S5 1R 1k 26 DI ke 25 45 SC J 22 (1 41 1Y . Taleb 2 ABV0 47 745 56 VM % 4%
K% 0 PR 25 ) I 2% B T RS SE 4RI CPUL VAR AMAE 485 55 1 W] L PE . Liang 25 ABMRIFSY T 78 258
55 VP 3 T YN (16 7 FEAE A R FLR 5 (10 R 25 R . L 25 N TE2I P e 1 6 2 T SR A R e S FE 1) 22 W U4
Pic K s, 1% SR WS 5 T FH 1 52 B e 0 2R 0 K 2 10 D7) I PR 8 W IR D I I A

(2) Megsss

¥ MEC 55 B AL NG =6 LT H T QOE eif it &8 56 5 B (1. 78 Mk 45 358 8 1 b #3218
N T 5 F 1 DX 430 2 8 5 | A P 1 ) 40 0o L A B 45 TR 5 28 5 2 2% R T AR T P B Bl AR 2, LA £ AT
S PR LA AE . RS )27 T 3R Bk B Jia 2 N BB 4 s B B AR B A R IR T SR AT R,
VEAN 3R T 55 30 2k 2 50 B AL AL B 5T Volley S U 2 5 —Ff gt g 7 5, T T A R VR 22 [ 1 20 A 20
BG-GB VM AR 425 R R P LB 1 R N AT RS B SRR k4 MEC R 45 1) & ) 8
T LA S 2 i SRS B I 44 B 5 T VN O (0 i e B,

(3) LG Mk

FEIL LT AR RERIE T T AE vh 8 5 I B 4 A FE (19 G i 48 ) H 2 4 MDD B 1 BE B3 5 1) MEC 16
{E2 IX PR S mE 1] BE 2 T BOICRAR R, 5 1R M BB, U R AE AR 18 MEC IS5 # #3688 8l i 4%k 0t iR
FH P R 8RR A5 RS AR e M, 100 2 MR 45 9 10 R IR R PR 18 8 S0 L B,

© TEBREEEEIEDT  htp/ www. jos. org. cn



2508 Journal of Software #k4+373& Vol.30, No.8, August 2019

(4) etk

#iHE MEC JIR 45 (1) &) — A~ 35 B2 i 802 v) S M AR GE 10 D7 8 v 8 A8 PR RS 2 p vt v B R 4 P () 2 )
O AN TR N T RE R 2 ) PR B ) ] A R I T R A e R 45 () T B AR T, i TR B3R
B R A5 T8 IR A 0 3h A28 ALK, AT B 7 500 2 o A P A 2 A v, AT 4 750 2R 40 1100 0 S A ke T i v ) S
— P RIAT O A ] MEC IR 45 9241 5456 88 (1A 2 1 59 AH BL %07 R AR S 3 44 5 22 1R It 1),
52 MECHREHIFshMEEIE

FEFH PR MEC 45 e, el £ F P R A2 R s I ik B2 b B MD R MEC 2 [ & il B I da e, 2 IR %5
HHEZ A T — A T BT AL )8R P R AR S I LT, MD AT 4 A SR (1 U AR — A MEC Y 25 3]
/A~ MEC 75 1) fEIX Rl 5L R A MEC g kb T et QOE IR A AR TG A% L b ke ik, U 32 06F I 4 Ak Y
7 1. 43 A4 2088 3 1 #E(DOMM) 7L A B8] P B s PE RO R vk 7 62— S IR T 4R v RS sh vk A 37 S AE T

B ARSI S P AR R4S P B A A 1) MEC IR SS i Sk 1w ] R IR &5 i #E MEC
AR 55 25 T BEAS A B AR TR A W 7 2 R A 1B 5 00 630 28 IR 58 0 AR 45 3 75 15 0 B 0L T S8 (VML 195 88 ) A& i 1
ERZR VAN S Siol e v IS e =i

BARZEARSAE VM IR 7 DA T 12 WIFR AR S RS T (10 # Bk B VM IR R FE Sk
TR A A B8 451 dr /MRS S0 1 14 R 45 3 8 ) B T AE ) SR AT BAT 1P S 1) 3E B, Watanabe
S NBMR T 1P B B fif vk 7 S AR 3T 1P IR 45110 55, 1P ki ) B ek S 04 il vl b, WAL T 75 228 3 e T
B 1P Mk % 4z, 3E T 4 X% QOE i B M.

2 [0 2% T AN LR AT A — ANE RS S 0] & A 1P M HEAR AL IR, 51N DNS F1 NAT Z55 A AT R %) 95 5 5
2 18] 1P T 5 7 35 1 ) A 900 33K A e AR A 5 AN S R 3 A 0 W 2 O A2 ST A T AR AN LT IP (IR SS
T3 P4 11 0] B Ksentini 25 AP T Follow-Me-Cloud (1 HE& AE 76 S0 A48 T — AN Be s i 08 25 IR 55 BR b
FH P RS IAE SR 1% 7 5238 1 AR 45 1800 VR 1) 5 B e 1P F-dik e Ak B L5 RS B M SHEZR IS 2 EEE 3
JE I B AZHE LR T OB R FII A5 S, VRN I 3R T T RS IR 45 1) vk 532 45 Nadembega 25 NPAEh& 7 508
QoS/QoE W # ah TMi# A 1k —2 56 3% T Follow-Me-Cloud (1 # 4.

AR, T 478 Follow-Me-Cloud FRIf# Bk 75 %, Aissioui 25 N5 [N T 5T SDN 17792, 4E 5 70 284 vh il &
T oA R # . Secci 25 NPABFST T AW RN % & T VM TR UL P IR s, 51N T3 TR 8 1D
I3 B PR BL(LISP) 1) 77 725, DA 3B e = % B 0k 2> VMU IE RS 16 v W i 1) 6 T 10 2 01 571 & it B SDN #4 dll8, 1T LA
e M A IR 25 1 7 A SR U A, DA 5 30 O BRI AU QOE/QoS A% BRI —fske st AR I P FE R 2K
T PIASF MD [P0 55 75 3R (UGN ZE) T 8 2 6 i A (7). D81 16 SDN- 428 1) 4 55 W i 2% B A% A Ik 45 1 B I 1 0L T 2%
8 B — A5 B0, T IS S AR AR £ T 3R ST A 1 R e PR T S IR A 16,

6 BEhiasitEINEFRIHEENF

FH 307 2% Y FH 70 B0 i AL s R L I 25 I 55 77 THT 10 75 SR B R B 7™ A%, IRk, 3 2 1 FH 135 % et ) 4% 44
AV AR ) B HE B e AT S A S R B G A D N R 2 4.
6.1 iEEINST/EMIELSE

5 T S AR (AR) AR 8L I S 4 AR (VR) B A g 2 A8 A1 AR 3 5 SN BB i i B9 N L ARIVR B 2 )%
T T — S R IR AR S 90 G P BT TS A R 1)L e AR, T OB ARIVR R B R IR 45 R
TR AN TR 3 5 5 B R I TSR ) L IR R I A DL R A R A O SR e AT 45 3T 88 . MEC Il 45 2% R 1% Al
A R S04 B IR I LA Ao It db B A 7, AE % 1& & AR/VR R H.Simone 25 NP T — R 3h ik gt 45
FREE N % (FOV) IR Je il v 07 28 Ak T 5% 360°VR WA T 75 1) 4 55 I 4. Dastjerdi 25 A 8440 7 —F
TE 3 AR A I R 3 A R R - S ML AT B AR 0 e e O o R A A% S 2% s R i, IR I 4 B MEC

© TEBREEEEIEDT  htp/ www. jos. org. cn



RIFA F B ALM%E P HEEHE NREARREL 2509

HZ 507 65 A B KR ) 1 14T 4% . Schneider 25 NPBEHF T — B3t T 10 205700 AR B 48, 70l 7 % ik T
Bl PRI S5 R 3l AR e 2% 16 1 B8 J7 T A7-E 14 TR M, 171 5K B8 30 AR T 14 s 1) iy 2 3R ik /> 21 7 50ms LAY
6.2 MBEHNBEXRAT

5 W55 AT B2 o 2024 /7 W) 4% P B B o S R 1 — 1 DL BT HOX — B AE B XS SO ) I 44 ]
T A5 4 T 15 57 e 40 412 v X ) 4% 20 ) vl %) 910 25 ) L D9 265 10 0 5% AT P9 28 A7, T LAAR 9 B R S A IR R
(1175 5 A LB 50 AR 100 P 20 A I 25 TR0 3 3 ks T 4 22 T AR MBI L 5o B0 A% 0 I A i 2 TL I P CDIN.
A &) MEC RS54, H 7 T LATE D RS K B St 7 & B 3AT — e WLAI o3 BT 045 A= 10 AN S 70 A A ) R
S OU Py - phy e e A I T P P 167 M40 AT R 45 ) QOE fiEE 19 3 i 3 4R

B T 2 AR N R AEAT 2 A0, 88 Bl G v S AR AE W 3 M B AL b iR A DB L B B AF HTML A 2% .
A S TAT R DL R OR A T LA KN B B S R ) HTTP i sk 45l MEC JIR%-4%; 48 )5, MEC IR %547
T IAT 22 P25 SR gk 1 7 88 3l i o6 ST L 1% 9 BT sl T Web (1) 8 F AR ). BT MEC IR 45 2% 38 8 A L 2
2 BRI, DA I Wb 97 FH £ 375 SR S 4 5% =15 49 I Ta).
6.3 ZEFKM

R i St SnT DATE R 0% 42 V2 X TR RVR 2R 22 4 IR 45 v b 4 B TEAE 4] o 502 I 28 5 s o A B8 1) 8% T
TGS UK LA S P LB 4 e 3 OB AT AE MEC 4% 2% 1R 1 R 55 ZE A0 1 R B AR 3 30, 7T AR IR 28
IR i S e T3 e A A5 B T MEC IR 4538 i 52 0 A2 38 2 AR R B 457 2, DR A A k51 45 B g I SR 0 43
K A I A AL 4% 1) S T i 2,

HIRM BN G A0 A8 08 53 i b0 S R0 A B AR B L MEC P&, i LS B 2
V¥ ) X0 1) T A . — 06 2 ] L5 A3 B P 2 A0 1, 5 45 A A AT T ) IR 2 g A2 T 3 2tk 2 MEC 1] LA
SIS R A K 3 R 20 1) 43 A 2 R 4% 34 55 040,
6.4 HIEEM

it 5 i A e s I I B SRR A5 B AR (R 2B 25 I 0 (10 T) 1 72 2 25 A 0E AT B0 H 3 2B 35 008 it 61
SRR AE SRR IR A I P FR 7 T AT 25 AR IO 9. Gazis 25 NOOHR L T —AS A Zh@E L K EF & BE WS 76 Tk
AR 10 455 v I P S % S 2 A T R SUUHLER Cloudlet, B 6% H3 3 1 T06 199 v 1) £ E 40400 PA) 8 S TR 320 43 14071,
MEC H442 {1t 2 BT AT AT 8T 10T JI 45 1081 It b vl MEC {1 EL A4 7 FH RS FH 52 004 A 4 4 R
6.4.1 FEEIT

I A Ak R A i) 8 T OR E SS 1 N T SIS AT M — R B g AT I R T AR T S AR
B35 Bl 451 40 30 S S AT R XU TRD R N AR T AR U B LB kAR 2 AR DA AT T R E AT, B ol i 51N
BETHL. 2 BE TR AN AR B4 A HLAZ B8 4% Cao 25 NP0 1 7 — Bl 44 oy U-Fall (X% A8 B2y 5L il B0, & A1
PG HHARFF BT BT O EEF7.U-Fall vt T JE T s 3 (e R 35 2 A 1 180 ) 810 40 BT 1) K 80 0 0 45
155 05 B AR 16 U 2% A (L B8 BB (SR 3ot P52 o) S s s A . U-Fall 43 g M AR F5E Y REF AR MEC iR %5 %% 2 1)
AR 0 1k 22 L A 7 S P G 3
6.4.2 ZHAEHLM

H T2 A PR O 0 Rl % e S 1 22 ol 2L ) R P, IR 0k, ek 28 i R D) AR 05 e A PR B U AT A0 BT R —
FLAT PR E AT 55 A8 B 300 2k v 50 (K0 A5 T, T AR o 5000 7 4 6 B ) 60 % i 8 38 1200 %80 fi ol o 2 —
IR (1 75 B MEC 2 rF o W ) 42 £ FE A T3 28 7 1 2% 300 25 1) MEC I 55 o Wi 9 A Ty vl o A J g A 58
2 HE U A BN , 2 vt ) 7 DR 4 R o I DR A I TR B8 1
6.4.3 HEER T

BRI RGO A AR IE ARG R AR A BE K & — P ol M2 0] R A A0 T A5 32 BR /N 2 4
TR R GE s MEC IR 25 5% 51 B A 53T 80 RE XS 2 1A B I 190 5 3 Aok R A 199 2% 1K) M2ML 3358 oy T g 12
MEC 75 S REFRE (SR BE IS th#% . ML & s BE FAL L IX — PR AREAE 1 3 BE 5K i SR AR B 4E . A< b A6 A

© PEBEBPHIFST  hip:/www, jos. org. cn



2510 Journal of Software #k4+373& Vol.30, No.8, August 2019

A7 H 00 55
7 RREBEESFRATREL

Bl 2k 5 R K 5G B 8)) N 45 440 T (0 Z YL 4. S IUE 1) 3G/AG B 3l ig s M s A Lk, e R T £
Broh e A H I QoE Al R iE M. IR A K R (I WF 5T TAE b B Bh ik St 52 TH I 26 4% R 45 AR (R AL 3B A Bk ik
FEATH FRATTR S T 8 8hih S 155 1 TR Ui o Bk %, R T R SR AT BE I 98 07 1.

71 RERERME

(1) M

FEA KB F Bl W 265 1055 T B8 255 400 106 D) R 0 R T 00 A e, I 6% (s R R et 18 it 1) S5 Ay g 2 1ok — A
DR I LA 24 T PRI AT O BIOIR e, TP 5% B 53 o A R 1 A A TR TR (MEC IR 45 25 T80 2% A AH 8] 1) ok B 8 L A %
TR B AR AT TR RS 250 6t T {5 B I 6 A0 23 A7 S0 AR 185 B0 (EL B I 1T 70 20 S W AS B D 28 S ) A 11 4 o TR b, I 2%
BCBEAE e 1) TR 248 (R R 055 T RS 40L 5 4% Bl Sk v S AR DG ) — S8 506

(2) P&zt

F 7P 3% 3l R B 8l il 2k vt P 16 S BBk i, e 0 T ST B e A A AN ] A B W SR K ST T R
RIS 22 SR P 1 SN B s A7 8 10 7 S B FE 0 s 0t AR v I 5 34 49 M 0 O B 8K T S R KL #  HG J o
IR T MEC 45 #% 2 18] AT % 1A 5 Hm A2 48, 386 I 17 099 24 (¥ S 40 an o] 76 1 7 1682 2l B2 v S B MD 5 MEC iligs
B R TG S AR 4t 0 B 10 Ziv kS50 Z0U AR ) i) R

(3) WMk

LG v SIS L, T R R B Bl il St ) — T SRR AE BB 56 TBASHIARM 10T FARIIK E,
TR 22 11 286 3ty B 4 (A A K T (10 A SRS 2 46 ) T B IR 45 TR mT 4 e kU 0 0 5% 4% (9 B30 AN I 189 o, S
KEW A TRV MEC IR%5 25,1 4 6 B 58 3T, 5 4 S EUR S T W S % B 3 20k B s, B sl gt
S VFTT LG I G HE 8% oK R 3% A B MEC IR 45 4%, 35 v 199 4% 1 ] 47 g k121,
72 REFAM

(1) =4

FER BN SR EF MEC IR 2548 75 B0 TR 3 ¥ 46 1 — 2845 B OB & 51 8 — S0 10 22 e Pk LR
TR AT R R R AR A B (E 2 AR AR TE TR BR BT I 2 A i 16 20 A 2 B 1 2 A T LR K
A % 2 4B 5 o 5 A R AR Y SXAE RS Bt G b ST ER B T IF AN IS, IR F 22 B I 1 BRI 0 40 2 v i v
(¥1.Mtibaa % A\ MR T —Fh 4 4 HoneyBot 115 il 4 A, HoneyBot 7 s 7 LUK . SR EEHI R 25 D2D (% % 21
A& )N R B 12 B A R B R HE A % 52 HoneyBot 5 i Iy B A0 & 11 5%

FHT MCC I EE1& R 7 ZEnT ReANIE A B 3 vt 5, R0 2= 2 2 vh K1 o1 S 484 1 32 S v S )02
B, MEC 119 T AE FRI5E 0 THI G 1 22 AN 7] (049870 S8 T A () 25 531 1 DX 5 R0 485 i ¢ &6 1R AR 3t 22 3% 8 il 2 0t
SABE R — AN 2 A LA MEC PREE T IR UAE 1) 3, 22 RSB SR H T — S IR e 7 2, e+ 48
FHBL AV (PK) R i v 77 5 81 LT DiffieHellman %5 £H A8 #i ) i vk 7 %19,

(2) KA

W ZEANZ AL P B FAR T2 Tl MEC AR 45 237 i) I (8 A% 8 e 45 10 B2 5, & MEC IREE R ) — A4
B Pk k. CAEAE IR AT L B B id St 55 > MEC I 45 2% 22 Ta) BeURABIL sl A 38 -4 W1 7 1) A9 a6 4 R W, 1)
WL MEC IR 25 28 BT 55 B8 FE 3R 25 1 n LA B S &5 S AR 7 B0 I e R 2 4 IS AR 20 L BB FE B 0ok
IR AN MCC rp L5 T VR 2 BOHE Ko AL CR P LR, LT AR A8 B8 4% 22 Ta) AT B RA o 7 SR O34 3 B
2% i S ) AR T v S A B T 4 R R S ik 55 1 R R DR AP D e R 3 T B R IR 45 b, T DLIE
EAE MEC IR 45 28 38 B — N AT 6 Rk 52 T 7 (1B 44 Hh g 41221,

© TEBREEEEIEDT  htp/ www. jos. org. cn



RIFA FHHAGMET I+ EHEAREEARGL 2511

7.3 IhRELESE

(1) VPR

TR BN S T AL VSR AE P8 S AR U8 F P 10 75 SR 348 43 . R it MEC (¥ s A v 28 SR 15 £ ¢
VAT IR KA R RS S i 2 SR BT 2505 o 31 22 o i 45 i Ao ok S Jig 252 (1 38 O 3R A 2 AN T 1) A5 — e
MR 25 4R A A A AR RIS AT 7 2. AT % 7 8 35 2O [R] 16 IR 45 O A5, F P 126 b IR AR . FH o 23
AL SRt SRR B Bl I 48 R 0 IR 55 P 0 200 Ay Vi R S A 9l 32 90 P R 1231 58 b 40 BiC 45 T AR IR 25 5
58 BT SR AT CAIE W24 1 960 IR 45 2 T IE MEC IR 25-45% 10 46 ) 5% 1) o 21 S s 1) Bk 35 s g (1221,

(2) Web #111

FE 1K W28 858 A 3 L U 1) MEC 8525 H o0 19 Web 82 17152 T8 396 2 38 2 11 ) S Ak 84 1 i 75 SR 1.
U Web 422 VI AN A2 2 1% 8 S ¥ U (0, BRI A7 70 3 2 1 1n) B F - MEEC T 2 2 [R) 1) 30845 75 550 1) A i
PR HTRRAS I HTMLS & 7t I (0 88 2 8 4 1 1 11, 20 SF AR e o 5 B8 TP ML AR R AR AR T B AT 1
REVH O Tl eIy T I 5, A A SR I Bl i Gt 3 s AU 1 4%

8 % it

W B 2T SRS A 1 G A% 0o 9 2% 1) V1 SR A7 il BE 0 9 N 210 2 VL N I 2% (13 L 2 P9 A 3K Rl % 28
Ha) F A 2 10 B 3l AN BSOT AR T 970 2 ) 3 T AP 8 L AR AR R UK MEC IR G5 s 0 B sl L SR 1R AT B
N SCIRE AL BRI HR S5 RS S G v SRR R A D R 3l PR I P R P B A8 SN R I S R R g £ Y
AR B 5G MAE B M A A B LK K] iZ N BB s i Gt SE 2 2 T 2R F I )2 R0E IR A
MEC 2Ky THEETR . UGG AT AL SS 2 HE S5 07 T T e TR AT ST AT T — ARSI TR A SO X
LERSCRAEAT T ARG RR &5 F 2D R T AR — L0 TUR FET7 1) AR, B RE S/ BB S . Bhas
BRSSPI S N AN W L, AR BN T R BSOS g% AR N i 2588 B B il
G HAE AT REVE L WA g2 AV 5 T A 1 i 5 VF 22 0T I BOR B, o BIETT B S i T — RSB KB 5T )

References:

[1] Ahmed E, Gani A, Khan MK, et al. Seamless application execution in mobile cloud computing: Motivation, taxonomy, and open
challenges. Journal of Network & Computer Applications, 2015,52:154-172.

[2] Dinh HT, Lee C, Niyato D, et al. A survey of mobile cloud computing: Architecture, applications, and approaches. Wireless
Communications & Mobile Computing, 2013,13(18):1587-1611.

[3] Barbarossa S, Sardellitti S, Lorenzo PD. Communicating while computing: distributed mobile cloud computing over 5G
heterogeneous networks. IEEE Signal Processing Magazine, 2014,31(6):45-55.

[4] Khan AUR, Othman M, Madani SA, et al. A survey of mobile cloud computing application models. IEEE Communications
Surveys & Tutorials, 2014,16(1):393-413.

[5] Satyanarayanan M, Bahl P, Davies N. The case for VM-based cloudlets in mobile computing. IEEE Pervasive Computing, 2009,
8(4):14-23.

[6] Bonomi F, Milito R, Zhu J, et al. Fog computing and its role in the internet of things. In: Proc. of the Workshop on Mobile Cloud
Computing (MCC). ACM Press, 2012. 13-16.

[71 ZhuJ, Chan D S, Prabhu M S, et al. Improving Web sites performance using edge servers in fog computing architecture. In: Proc.
of the IEEE 7th Int’l Symp. on Service-oriented System Engineering. IEEE Computer Society, 2013. 320-323.

[8] Stojmenovic I, Wen S. The fog computing paradigm: Scenarios and security issues. In: Proc. of the 2014 Federated Conf. on
Computer Science and Information Systems. IEEE, 2014. 1-8.

[9] Stojmenovic I. Fog computing: A cloud to the ground support for smart things and machine-to-machine networks. In: Proc. of the
2014 Australasian Telecommunication Networks and Applications Conf. (ATNAC). IEEE, 2014. 117-122.

[10] Liu Y, Fieldsend JE, Min G. A framework of fog computing: Architecture, challenges, and optimization. IEEE Access, 2017,5:
25445-25454.
[11] Mach P, Becvar Z. Mobile edge computing: A survey on architecture and computation offloading. IEEE Communications Surveys

& Tutorials, 2017,19(3):1628-1656.

© TEBREEEEIEDT  htp/ www. jos. org. cn



2512 Journal of Software #k4+373& Vol.30, No.8, August 2019

[12] European Telecommunications Standards Institute. Mobile-edge computing—Introductory technical white paper. ETSI ISG MEC,
2014. https://portal.etsi.org/portals/0O/tbpages/mec/docs/mobile-edge computing—Introductory technical white paper v1%2018-
09-14.pdf

[13] Tanaka H, Yoshida M, Mori K, et al. Multi-access edge computing: A survey. Journal of Information Processing, 2018,26:87-97.

[14] Zhang WL, Guo B, Shen Y, et al. Computation offloading on intelligent mobile terminal. Chinese Journal of Computers, 2016,
38(5):1021-1038 (in Chinese with English abstract).

[15] Botta A, Donato WD, Persico V. On the integration of cloud computing and Internet of things. In: Proc. of the Int’l Conf. on
Future Internet of Things and Cloud. IEEE, 2014. 23-30.

[16] Jararweh Y, Doulat A, Darabseh A, et al. SDMEC: Software defined system for mobile edge computing. In: Proc. of the IEEE
Int’l Conf. on Cloud Engineering Workshop. IEEE. 88-93.

[17] Salman O, Elhajj I, Kayssi A, et al. Edge computing enabling the Internet of things. In: Proc. of the 2015 IEEE 2nd World Forum
on Internet of Things (WF-1oT). IEEE, 2015. 603-608.

[18] Cui C, Deng H, Telekom D, Mihel U, Damker H. Network function virtualisation: Network operator perspectives on industry
progress. Updated White Paper, 2013. https://www.researchgate.net/publication/275037832_Network_Functions_Virtualisation_
NFV_Network_Operator_Perspectives_on_Industry_Progress

[19] Satyanarayanan M. The emergence of edge computing. Computer, 2017,50(1):30-39.

[20] Shi W, Cao J, Zhang Q, et al. Edge computing: vision and challenges. IEEE Internet of Things Journal, 2016,3(5):637—646.

[21] Ahmed A, Ahmed E. A survey on mobile edge computing. In: Proc. of the Int’l Conf. on Intelligent Systems and Control. IEEE,
2016. 1-8.

[22] Roman R, Lopez J, Mambo M. Mobile edge computing, Fog et al.: A survey and analysis of security threats and challenges.
Future Generation Computer Systems, 2016,78:680—698.

[23] Mobile Edge Computing (MEC). Framework and reference architecture. V1.1.1, ETSI GS MEC Standard 003, 2016.

[24] Mobile Edge Computing (MEC). MEC metrics best pratice and guidelines. V0.1.0, ETSI GS MEC-IEG Standard 006, 2016.

[25] OpenFog Consortium. OpenFog architecture overview. White Paper, 2016. https://www.openfogconsortium.org/wp-content/
uploads/OpenFog-Architecture-Overview-WP-2-2016.pdf

[26] SESAME project: Small cEIIS coordination for multi-tenancy and edge services (SESAME). SESAME Project (Web page), 2018.
http://www.sesame-h2020-5g-ppp.eu/

[27] Ahmad S, Ahed A, Eshrag A, et al. SESAME project: SESAME: An innovative multi-operator enabled Small Cell based
infrastructure that integrates a virtualised execution platform for deploying virtual network functions. SESAME Project 2nd
White Paper, 2017. http://http://sesame.org.jo/ sesame_2018/machine-and-beamlines/sesame-publications/sesame-white-book

[28] Cziva R, Pezaros DP. Container network functions: Bringing NFV to the network edge. IEEE Communications Magazine, 2017,
55(6):24-31.

[29] Rimal BP, Van DP, Maier M. Mobile edge computing empowered fiber-wireless access networks in the 5G era. IEEE
Communications Magazine, 2017,55(2):192-200.

[30] CMCC. Study on context aware service delivery for LTE, 3GPP TSG RAN meeting#71, 3GPP. Technical Report, RP-160633,
Gothenburg, 2016.

[31] Agiwal M, Roy A, Saxena N. Next generation 5G wireless networks: A comprehensive survey. IEEE Communications Surveys &
Tutorials, 2017,18(3):1617-1655.

[32] LiuJ, Mao Y, Zhang J, et al. Delay-optimal computation task scheduling for mobile-edge computing systems. In: Proc. of the
IEEE International Symposium on Information Theory (ISIT). IEEE, 2016. 1451-1455.

[33] Mao Y, Zhang J, Letaief KB. Dynamic computation offloading for mobile-edge computing with energy harvesting devices. IEEE
Journal on Selected Areas in Communications, 2016,34(12):3590-3605.

[34] Ulukus S, Yener A, Erkip E, et al. Energy harvesting wireless communications: A review of recent advances. IEEE Journal on
Selected Areas in Communications, 2015,33(3):360—-381.

[35] Kamoun M, Labidi W, Sarkiss M. Joint resource allocation and offloading strategies in cloud enabled cellular networks. In: Proc.
of the IEEE Int’l Conf. on Communications. IEEE, 2015. 5529-5534.

[36] Labidi W, Sarkiss M, Kamoun M. Energy-optimal resource scheduling and computation offloading in small cell networks. In:
Proc. of the Int’l Conf. on Telecommunications. IEEE, 2015. 313-318.

[37] Chen MH, Liang B, Dong M. A semidefinite relaxation approach to mobile cloud offloading with computing access point. In:
Proc. of the IEEE Int’| Workshop on Signal Processing Advances in Wireless Communications. IEEE, 2015. 186-190.

© TEBREEEEIEDT  htp/ www. jos. org. cn



RIFA F B ALM%E P HEEHE NREARREL 2513

[38] Cao S, Tao X, Hou Y, et al. An energy-optimal offloading algorithm of mobile computing based on HetNets. In: Proc. of the Int’l
Conf. on Connected Vehicles and Expo. IEEE, 2016. 254-258.

[39] Deng M, Tian H, Fan B. Fine-granularity based application offloading policy in small cell cloud-enhanced networks. In: Proc. of
the IEEE ICC. IEEE, 2016. 638—643.

[40] Mufioz O, Pascual-Iserte A, Vidal J. Joint allocation of radio and computational resources in wireless application offloading. In:
Proc. of the Future Network and Mobile Summit. IEEE, 2014. 1-10.

[41] Mufioz O, Pascual-Iserte A, Vidal J. Optimization of radio and computational resources for energy efficiency in
latency-constrained application offloading. IEEE Trans. on Vehicular Technology, 2015,64(10):4738-4755.

[42] Sehati A, Ghaderi M. Energy-delay tradeoff for request bundling on smartphones. In: Proc. of the IEEE Int’l Conf. on Computer
Communications. IEEE, 2017. 1-7.

[43] Labidi W, Sarkiss M, Kamoun M. Joint multi-user resource scheduling and computation offloading in small cell networks. In:
Proc. of the IEEE Int’l Conf. on Wireless and Mobile Computing, Networking and Communications. IEEE, 2015. 794-801.

[44] Barbarossa S, Sardellitti S, Lorenzo PD. Joint allocation of computation and communication resources in multiuser mobile cloud
computing. 2013,395(6):26-30.

[45] Sardellitti S, Scutari G, Barbarossa S. Joint optimization of radio and computational resources for multicell mobile cloud
computing. In: Proc. of the IEEE Int’l Workshop on Signal Processing Advances in Wireless Communications. IEEE, 2014.
89-103.

[46] Zhang K, Mao Y, Leng S, et al. Energy-efficient offloading for mobile edge computing in 5G heterogeneous networks. IEEE
Access, 2017,4(99):5896-5907.

[47] Chen X, Jiao L, Li W, et al. Efficient multi-user computation offloading for mobile-edge cloud computing. IEEE/ACM Trans. on
Networking, 2016,24(5):2795-2808.

[48] Chen MH, Liang B, Dong M. Joint offloading and resource allocation for computation and communication in mobile cloud with
computing access point. In: Proc. of the IEEE Conf. on Computer Communications (IEEE INFOCOM 2017). IEEE, 2017. 1-9.

[49] Zhao Y, Zhou S, Zhao T, et al. Energy-efficient task offloading for multiuser mobile cloud computing. In: Proc. of the IEEE/CIC
Int’l Conf. on Communications in China. IEEE, 2016. 1-5.

[50] You C, Huang K. Multiuser resource allocation for mobile-edge computation offloading. In: Proc. of the 2016 IEEE Global
Communications Conf. (GLOBECOM). IEEE, 2016. 1-6.

[51]1 You C, Huang K, Chae H, et al. Energy-efficient resource allocation for mobile-edge computation offloading. IEEE Trans. on
Wireless Communications, 2017,16(3):1397-1411.

[52] Mufioz O, Iserte AP, Vidal J, et al. Energy-latency trade-off for multiuser wireless computation offloading. In: Proc. of the
Wireless Communications and Networking Conf. Workshops. IEEE, 2014. 29-33.

[53] Mao Y, Zhang J, Song SH, et al. Power-delay tradeoff in multi-user mobile-edge computing systems. In: Proc. of the 2016 IEEE
Global Communications Conf. (GLOBECOM). IEEE, 2016. 1-6.

[54] Zhao T, Zhou S, Guo X, et al. A cooperative scheduling scheme of local cloud and internet cloud for delay-aware mobile cloud
computing. In: Proc. of the IEEE GLOBECOM Workshops. IEEE, 2015. 1-6.

[55] Tanzil SMS, Gharehshiran ON, Krishnamurthy V. Femto-cloud formation: A coalitional game-theoretic approach. In: Proc. of the
IEEE Global Communications Conf. IEEE, 2015. 1-6.

[56] Guo X, Singh R, Zhao T, et al. An index based task assignment policy for achieving optimal power-delay tradeoff in edge cloud
systems. In: Proc. of the IEEE Int’l Conf. on Communications. IEEE, 2016. 1-7.

[57] Oueis J, Calvanese-Strinati E, De Domenico A, et al. On the impact of backhaul network on distributed cloud computing. In: Proc.
of the Wireless Communications and Networking Conf. Workshops. IEEE, 2014. 12-17.

[58] Oueis J, Strinati EC, Barbarossa S. Small cell clustering for efficient distributed cloud computing. In: Proc. of the IEEE Int’l
Symp. on Personal, Indoor, and Mobile Radio Communication. IEEE, 2015. 1474-1479.

[59] Oueis J, Strinati EC, Barbarossa S. The fog balancing: load distribution for small cell cloud computing. In: Proc. of the Vehicular
Technology Conf. IEEE, 2015. 1-6.

[60] Ahlehagh H, Dey S. Video-aware scheduling and caching in the radio access network. IEEE/ACM Trans. on Networking, 2014,
22(5):1444-1462.

[61] Tandon R, Simeone O. Cloud-aided wireless networks with edge caching: Fundamental latency trade-offs in fog radio access
networks. In: Proc. of the IEEE Int’l Symp. on Information Theory. IEEE, 2016. 2029-2033.

© TEBREEEEIEDT  htp/ www. jos. org. cn



2514 Journal of Software #k4+373& Vol.30, No.8, August 2019

[62] Liu D, Yang C. Will caching at base station improve energy efficiency of downlink transmission? In: Proc. of the Signal and
Information Processing. IEEE, 2015. 173-177.

[63] Zhang J, Zhang X, Wang W. Cache-enabled software defined heterogeneous networks for green and flexible 5G networks. IEEE
Access, 2016,4(4):3591-3604.

[64] Paschos G, Bastug E, Land I, et al. Wireless caching: technical misconceptions and business barriers. IEEE Communications
Magazine, 2016,54(8):16-22.

[65] Breslau L, Cao P, Fan L, et al. Web caching and Zipf-like distributions: Evidence and implications. In: Proc. of the IEEE Conf. on
Computer Communications, VVol.1. 1999. 126-134.

[66] Traverso S, Ahmed M, Garetto M, et al. Temporal locality in today’s content caching: Why it matters and how to model it? ACM
SIGCOMM Computer Communication Review, 2013,43(5):5-12.

[67] Cha M, Kwak H, Rodriguez P, et al. Analyzing the video popularity characteristics of large-scale user generated content systems.
IEEE/ACM Trans. on Networking, 2009,17(5):1357-1370.

[68] loannou A, Weber S. A survey of caching policies and forwarding mechanisms in information-centric networking. IEEE
Communications Surveys & Tutorials, 2016,18(4):2847-2886.

[69] Ahlehagh H, Dey S. Video caching in radio access network: Impact on delay and capacity. In: Proc. of the 2012 IEEE Wireless
Communications and Networking Conf. (WCNC). IEEE, 2012. 2276-2281.

[70] Sengupta A, Amuru SD, Tandon R, et al. Learning distributed caching strategies in small cell networks. In: Proc. of the Int’l
Symp. on Wireless Communications Systems. IEEE, 2014. 917-921.

[71] GuJ, Wang W, Huang A, et al. Distributed cache replacement for caching-enable base stations in cellular networks. In: Proc. of
the IEEE Int’l Conf. on Communications. IEEE, 2014. 2648-2653.

[72] Borst S, Gupta V, Walid A. Distributed caching algorithms for content distribution networks. In: Proc. of the Conf. on
Information Communications. |IEEE Press, 2010. 1478-1486.

[73] Jiang W, Feng G, Qin S. Optimal cooperative content caching and delivery policy for heterogeneous cellular networks. IEEE
Trans. on Mobile Computing, 2017,16(5):1382-1393.

[74] YuR, QinS, Bennis M, et al. Enhancing software-defined RAN with collaborative caching and scalable video coding. In: Proc. of
the 2016 IEEE Int’l Conf. on Communications (ICC 2016). IEEE, 2016. 1-6.

[75] Wang S, Zhang X, Yang K, et al. Distributed edge caching scheme considering the tradeoff between the diversity and redundancy
of cached content. In: Proc. of the IEEE/CIC Int’l Conf. on Communications in China. IEEE, 2016. 1-5.

[76] Poularakis K, losifidis G, Tassiulas L. Approximation caching and routing algorithms for massive mobile data delivery. In: Proc.
of the Global Communications Conf. IEEE, 2014. 3534—-3539.

[771 Ren D, Gui X, Lu W, et al. GHCC: Grouping-based and hierarchical collaborative caching for mobile edge computing. In: Proc.
of the 2018 16th Int’l Symp. on Modeling and Optimization in Mobile, Ad Hoc, and Wireless Networks (WiOpt). IEEE, 2018.
1-6.

[78] Ren D, Gui X, Dai H, et al. Hierarchical resource distribution network based on mobile edge computing. In: Proc. of the 2017
IEEE 23rd Int’l Conf. on Parallel and Distributed Systems (ICPADS). IEEE, 2017. 57—64.

[79] Deployment of mobile edge computing in an NFV environment. ETSI MEC work item DGS/MEC-0017MECInNFV. Sophia
Antipolis, 2017. https://www.etsi.org/deliver/etsi_gr/MEC/001_099/017/01.01.01_60/gr_MEC017v010101p.pdf

[80] Taleb T, Bagaa M, Ksentini A. User mobility-aware virtual network function placement for virtual 5G network infrastructure. In:
Proc. of the 2015 IEEE Int’l Conf. on Communications (ICC). IEEE, 2015. 3879-3884.

[81] Liang H, Cai LX, Huang D, et al. An SMDP-based service model for interdomain resource allocation in mobile cloud networks.
IEEE Trans. on Vehicular Technology, 2012,61(5):2222—-2232.

[82] LiuY, Lee MJ, Zheng Y. Adaptive multi-resource allocation for cloudlet-based mobile cloud computing system. IEEE Trans. on
Mobile Computing, 2016,15(10):2398-2410.

[83] Jia M, Cao J, Liang W. Optimal cloudlet placement and user to cloudlet allocation in wireless metropolitan area networks. IEEE
Trans. on Cloud Computing, 2017,5(4):725-737.

[84] Bagaa M, Taleb T, Ksentini A. Service-aware network function placement for efficient traffic handling in carrier cloud. In: Proc.
of the 2014 IEEE Wireless Communications and Networking Conf. (WCNC). IEEE, 2014. 2402-2407.

[85] Agarwal S, Dunagan J, Jain N, et al. Volley: Automated data placement for geo-distributed cloud services. 2010. https://www.
usenix.org/legacy/events/nsdil0/tech/full_papers/agarwal.pdf

© TEBREEEEIEDT  htp/ www. jos. org. cn



RIFA F B ALM%E P HEEHE NREARREL 2515

[86] Ksentini A, Bagaa M, Taleb T, et al. On using bargaining game for optimal placement of SDN controllers. In: Proc. of the 2016
IEEE Int’l Conf. on Communications (ICC). IEEE, 2016. 1-6.
[87] Giust F, Cominardi L, Bernardos CJ. Distributed mobility management for future 5G networks: Overview and analysis of existing
approaches. IEEE Communications Magazine, 2015,53(1):142-149.
[88] Bittencourt LF, Lopes MM, Petri I, et al. Towards virtual machine migration in fog computing. In: Proc. of the 2015 10th Int’l
Conf. on P2P, Parallel, Grid, Cloud and Internet Computing (3PGCIC). IEEE, 2015. 1-8.
[89] Watanabe H, Ohigashi T, Kondo T, et al. A performance improvement method for the global live migration of virtual machine
with IP mobility. In: Proc. of the 5th Int’l Conf. on Mobile Computing and Ubiquitous Networking (ICMU 2010), Vol.94. 2010.
1-6.
[90] Samdanis K, Taleb T, Schmid S. Traffic offload enhancements for eUTRAN. IEEE Communications Surveys & Tutorials, 2012,
14(3):884-896.
[91] Kasentini A, Taleb T, Chen M. A Markov decision process-based service migration procedure for follow me cloud. In: Proc. of the
2014 IEEE Int’l Conf. on Communications (ICC). IEEE, 2014. 1350-1354.
[92] Nadembega A, Hafid AS, Brisebois R. Mobility prediction model-based service migration procedure for follow me cloud to
support QoS and QoE. In: Proc. of the 2016 IEEE Int’l Conf. on Communications (ICC). IEEE, 2016. 1-6.
[93] Aissioui A, Ksentini A, Gueroui AM, et al. Toward elastic distributed SDN/NFV controller for 5G mobile cloud management
systems. IEEE Access, 2015,3:2055-2064.
[94] Secci S, Raad P, Gallard P. Linking virtual machine mobility to user mobility. IEEE Trans. on Network and Service Management,
2016,13(4):927-940.
[95] Gramaglia M, Digon I, Friderikos V, et al. Flexible connectivity and QoE/QoS management for 5G networks: The 5G NORMA
view. In: Proc. of the 2016 IEEE Int’l Conf. on Communications Workshops (ICC). IEEE, 2016. 373-379.
[96] Ceselli A, Premoli M, Secci S. Cloudlet network design optimization. In: Proc. of the IFIP Networking Conf. (IFIP Networking
2015). IEEE, 2015. 1-9.
[97] Mangiante S, Klas G, Navon A, et al. VR is on the edge: How to deliver 360° videos in mobile networks. In: Proc. of the
Workshop on Virtual Reality and Augmented Reality Network. ACM Press, 2017. 30-35.
[98] Dastjerdi AV, Gupta H, Calheiros RN, et al. Fog Computing: Principles, Architectures, and Applications. Morgan Kaufmann
Publishers, 2016. 61-75.
[99] Schneider M, Rambach J, Stricker D. Augmented reality based on edge computing using the example of remote live support. In:
Proc. of the IEEE Int’l Conf. on Industrial Technology. IEEE, 2017. 1277-1282.
[100] Zhu J, Chan DS, Prabhu MS, et al. Improving web sites performance using edge servers in fog computing architecture. In: Proc.
of the 2013 IEEE 7th Int’l Symp. on Service-oriented System Engineering. IEEE, 2013. 320-323.
[101] Makinen O. Streaming at the edge: Local service concepts utilizing mobile edge computing. In: Proc. of the Int’l Conf. on Next
Generation Mobile Applications, Services and Technologies. IEEE, 2016. 1-6.
[102] Klas GI. Fog computing and mobile edge cloud gain momentum open fog consortium ETSI MEC and cloudlets. 2015.
http://yucianga.info/?p=938
[103] Sabella D, Vaillant A, Kuure P, et al. Mobile-edge computing architecture: The role of MEC in the Internet of things. IEEE
Consumer Electronics Magazine, 2016,5(4):84-91.
[104] Datta SK, Bonnet C, Haerri J. Fog computing architecture to enable consumer centric Internet of things services. In: Proc. of the
IEEE Int’l Symp. on Consumer Electronics. IEEE, 2015. 1-2.
[105] Al-Fugaha A, Guizani M, Mohammadi M, et al. Internet of things: A survey on enabling technologies, protocols, and applications.
IEEE Communications Surveys & Tutorials, 2015,17(4):2347-2376.
[106] Gazis V, Leonardi A, Mathioudakis K, et al. Components of fog computing in an industrial Internet of things context. In: Proc. of
the 2015 12th Annual IEEE Int’l Conf. on Sensing, Communication, and Networking-Workshops (SECON Workshops). IEEE,
2015. 1-6.
[107] Satyanarayanan M, Simoens P, Xiao Y, et al. Edge analytics in the Internet of things. IEEE Pervasive Computing, 2015,14(2):
24-31.
[108] Corcoran P, Datta SK. Mobile-edge computing and the Internet of things for consumers: Extending cloud computing and services
to the edge of the network. IEEE Consumer Electronics Magazine, 2016,5(4):73-74.
[109] CaoY, Chen S, Hou P, et al. FAST: A fog computing assisted distributed analytics system to monitor fall for stroke mitigation. In:
Proc. of the IEEE Int’l Conf. on Networking, Architecture and Storage. IEEE, 2015. 2-11.

© TEBREEEEIEDT  htp/ www. jos. org. cn



2516 Journal of Software #k4+373& Vol.30, No.8, August 2019

[110] Kumar N, Zeadally S, Rodrigues JJPC. Vehicular delay-tolerant networks for smart grid data management using mobile edge
computing. IEEE Communications Magazine, 2016,54(10):60-66.

[111] Bonomi F, Milito R, Zhu J, et al. Fog computing and its role in the Internet of things. In: Proc. of the Edition of the MCC
Workshop on Mobile Cloud Computing. ACM Press, 2012. 13-16.

[112] allati C, Virdis A, Mingozzi E, et al. Mobile-edge computing come home connecting things in future smart homes using LTE
device-to-device communications. IEEE Consumer Electronics Magazine, 2016,5(4):77-83.

[113] Secci S, Raad P, Gallard P. Linking virtual machine mobility to user mobility. IEEE Trans. on Network & Service Management,
2017,13(4):927-940.

[114] Plachy J, Becvar Z, Mach P. Path selection enabling user mobility and efficient distribution of data for computation at the edge of
mobile network. Computer Networks, 2016,108:357-370.

[115] Cau E, Corici M, Bellavista P, et al. Efficient exploitation of mobile edge computing for virtualized 5G in EPC architectures. In:
Proc. of the IEEE Int’l Conf. on Mobile Cloud Computing, Services, and Engineering. IEEE, 2016. 100-109.

[116] Mtibaa A, Harras K, Alnuweiri H. Friend or foe? Detecting and isolating malicious nodes in mobile edge computing platforms. In:
Proc. of the IEEE Int’l Conf. on Cloud Computing Technology and Science. IEEE, 2016. 42—49.

[117] Deng H, Li W, Agrawal DP. Routing security in wireless ad hoc networks. IEEE Communications Magazine, 2002,40(10):70-75.

[118] Law YW, Palaniswami M, Kounga G, et al. WAKE: Key management scheme for wide-area measurement systems in smart grid.
IEEE Communications Magazine, 2013,51(1):34-41.

[119] Fadlullah ZM, Fouda MM, Kato N, et al. Toward intelligent machine-to-machine communications in smart grid. IEEE
Communications Magazine, 2011,49(4):60-65.

[120] Lu R, Liang X, Li X, et al. EPPA: An efficient and privacy-preserving aggregation scheme for secure smart grid communications.
|EEE Trans. on Parallel & Distributed Systems, 2012,23(9):1621-1631.

[121] Abdo JB, Demerjian J, Chaouchi H, et al. Privacy using mobile cloud computing. In: Proc. of the Int’l Conf. on Digital
Information & Communication Technology & Its Applications. IEEE, 2015. 178-182.

[122] Zhao T, Zhou S, Guo X, et al. Pricing policy and computational resource provisioning for delay-aware mobile edge computing. In:
Proc. of the IEEE/CIC Int’l Conf. on Communications in China. IEEE, 2016. 1-6.

Mt Hp 325 2 Sk
[14] 5K3CHE, 205, v, 55 B B A8 sh & v ST B W 5. o 5L %4, 2016,38(5):1021-1038.

3k FF 7T (1992 —), 5 i M 4k v N 4 Z59(1992—), % Wi+, 3 BT ST AR I N 75
CCF oy i, EEWF IR N 8 5hid 2 RIBUE. 7 =12
v U ST R, B " 4
- g
VL .

BE/NAK (1966 —), T I B R
Jili,CCF &y 2k 2% B, £ AT LGB =75
WAL DR, I 46 2 4l {5 755

RA(1995—), 53 2%, BEWE I A P
YR, % i 2t 5.

R 1= AE (1989 —), B Al -, 3= TEAIF 5T A4k EZRAE(1994—), 53, 2 L, R EF SR

BN IL LN 45 10 % 52 A7, R 3 TR AL BB il gt 55 .
f

© PEBEERKCEIFR  htps/www. jos. org. cn



