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Abstract  Cloud computing is a form of network computing paradigm that can provide on-demand
access to shared pools of configurable computing resources, such as computation, storage, and
services. Since its introduction in 2007, it has attracted a lot of attention and has developed rapidly
over the last decade. In recent years, with the rapid development of pervasive smart devices and
ubiquitous network technologies, various kinds of new network applications and services are
continuously emerging, such as the Internet of things, smart city, smart grid, virtual/augmented
reality, unmanned vehicles, However, it is very difficult for cloud computing to meet the diverse
requirements of these new network applications and services due to the characteristic of centralized
computation and storage. The capabilities of heterogeneous devices and edge equipment are not
fully leveraged in cloud computing. Cloud computing also encounters the bottleneck of heterogeneous
and long-distance networks. Moreover, the demands of new complex network application scenarios,
such as the Internet of Things and 5G, cannot be satisfied by cloud computing. To overcome the
limitations of cloud computing, a variety of new network computing paradigms, such as fog

computing, multi-access edge computing, and edge computing are proposed by industry and
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academia. Although they employ different terms, the basic idea of them is to extend cloud
computing and move the computing infrastructure from remote data centers to edge routers, base
stations and servers that are close to end-devices, thus overcoming the technology and application
bottlenecks of cloud computing. In this paper, we collectively refer to these new network computing
paradigms as near-end cloud computing paradigm. To make it easier to understand the underlying
causes of the near-end cloud computing paradigm and to grasp the application scenarios and
challenges of it, we systematically summarize the emerged near-end cloud computing paradigms in
recent years and sum up the basic characteristics of them. First, the main technology and application
bottlenecks encountered in the development of cloud computing are summarized and analyzed in
detail. Second, the concept and architecture of the near-end cloud computing paradigm are
introduced, and several near-end cloud computing paradigms, including fog computing, multi-
access edge computing, and edge computing are summarized. This shows that these near-end
cloud computing paradigms are not completely different from cloud computing, but rather a
natural extension of cloud computing from large-scale centralization to small-scale centralization
and distribution, which can be regarded as a historical regression to the distributed computing
paradigm. Third, the development opportunities associated with near-end cloud computing are
discussed with application scenarios, including the Internet of Things, 5G, smart grid, virtual/
augmented reality, and unmanned aerial vehicle. Fourth, the technological challenges including
architecture and model, network access and management, resource management and scheduling,
pricing and incentive mechanism, security and privacy protection are discussed in details. Finally,
the future development of near-end cloud computing is prospected. It is believed that as problems
faced by cloud computing become increasingly prominent, near-end cloud computing will

undoubtedly become a hot research topic in both the industrial and academic communities in the
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near future.
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T B AT AT DAL 30T 3 2 3 A U7 T i R &
JEATLE 114 [ it oo T i 2 R B R ok A EOR T Y
BR Bk AR SCHE X 5 /i LA I i 25 7 5 A St
— A A AR X I S 2 T E SR A L I Bk R AT
A5 68 53 A » AR R 32 S5UURH S AF 5 007 FH ) 4
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MNE 3 5 4 A Rl LAE B H i 3 O e =
THABATE B bR P L B bR 5 DL RAK 3 45 i s
IREL AR S5 5 T8 I AN AR R I o B 78 3% — 19 B 2l b
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FH B 5 3 2.

4.1 Ei+E (Fog/Mist Computing)

SRR BB N T R = TR AE I
Yy scp A B2 s 3 T ik I i 4 40 A
() 3z M DL RSO A Ak B4 i 5 1 S i MR AR A
T35 A A v AL 3R A At T I B R A kK.

S5 T H R S d e 2% 1R 5 ) R Clisco 28 A
1E 2011 AE42 15, 78 2012 4 MCC (Mobile Cloud
Computing) 2 _F i OB X FE4T 7 838 40 (1) [#)
WIS SR ST AT

EX 1. ZitHEE—AEE RN 6.7
Lyt A MG 58 = 1 BB vh oo Z T 4R AR TR A
it #1025 ik 55+ 38 H{H SO 58 460 T W 4% 301 2%

EZCPH AEFEIR G I T ToT Ry H A FREA
TSR R G50 (Z)2 850 K 2 FR. i )2 02
T B R RE ) A (f% A A i A iR A R
B8 2H B BRI N )2 L 32 8 R AL R R
A6 rh A B 8O B RE 55 IR 55 i A LAY 3 BRI 55 )2
56 BUEHE ) A0 Ak 3L g b O BT IR 45 A R
A% 0 IR 55 J2 e 26 58 LSRR (R A% 0 3 A AR FH . DA
XHEAUER, . SIHE 2 EN—MY R 4K,
FitEWIFA R BRI EW Ry RMMN . T
T IV 4 K DO 0 P T B 60 R 55 BN SO A
FROE, 35 IAT — SR Rp iR B P BT AR AE o Lb 4
(1) 57 F W 245 300 2 Ao o7 B TR IR ZE SR 5 (2) P
PLE )2 00 A 5 (3) SCHF N LR 7 253 A 23550 AN

-8 B R R DR LA A S 2 ) TR R L 19 458 5 (4D 37
R S S M AR 8l 5 (5) A8 O HLAE 1) 0 2% 19 5
(6) SEIF A H. 3 (7) Tk i In &5 (8) SCHpMie o5 Fe A1t
BV ERAE A 5 (9 SCRFAEZ 0 L K )5
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O i3
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M RS Hr AT LA H L Cisco 28 Bl WG 245 H B %%
TR E SO R 1Y . & RO X = 1 5 7E P 15k K
D7 T 3 3 1 ) 8 AT T S B O 1R SRt of i B
() HE A 5 7% 3h B 9 28 30 2 B o B T R PR RY
IV .

R T HES) 25 BRI RNk A L 2015 4E 11
A ARM., Cisco. Dell, Intel, Microsoft ) } Princeton
University Edge Computing Laboratory Ht-4 & #2 %,
37 T OpenFog B ¥ (OpenFog Consortium) @, ¥
ARA 15 AEZER 53 DI, OpenFog B % X} 25
IR E SCIE -

EX2 FitHEE-TRERMNAKTIKRL
P BB T B AE A 45 TR R 5 1 B R RN e 55 R B
TE 2= B 2 (8] (AT fr] 3t 7 .

HEZR AT

(D) RFAR R G50, SCHF 2 A7 M 2 5 F N
U A Y AN E] R AR AR AR 55

(2) = 3N Wy 1 1 3% 22 e 55 4 1 55 0 g T 7 7
I8 B 5T 3 WK LA B = V)R 22 ) £ A Al b 7

) RGEH. Nk 2l M40 s, 3l = 15 %
MEPRZE AR R TL ARG WA Rz,
TR HUE v 3 i R S8R — R A MR 8 Y 3 = 2
[F] Y R ¢

@ OpenFog. http://www. openfogconsortium. org, 2017, 7,
10
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S, FUR S TR IG 4 i 2 i e S HAl SN
LU R R S AT T A C Y R
TEAHT, TR R YOG R AR TEA SO — — 3R A %
R 1Y) 132 5 ]k — 2P 2 B SCHR(14-16 .

NG5 TS B B R0 R S v R LLR Y Bl A B
o 7 ) 5 s 15 22 AR TR L i A2 A [) B K T ) ]
Sy A A AR BE S5 IR 5 A 2 OT & R IS B
DL 5T R T o 14 O X S BE IR 55 e
HoAg Z2 Ml i PR 5 R R S I RE S &
A — A BT DAk <7 Sy 356 0 g T 2 43k 37 X3 1L i
Tk M 46 45 AN IR 55 AL IR 55 H00HE 92 o R op 40k AR 55
S5 T B RE %5 IR 55 A Z 8] B DM IR TR DR 2% AP )
HEK o 3 P AR 5 R A S

B AT TSR RAE A AR 1 e L B BE %5 IR 55
an BRI RE A 5 010K 2 15 B K R (15 BB 25
JIR 55 % B BB AL AR Sz R B TP R S —
IR B RE W R ] FELL O R 4 5 B bR R 4% 5
Mk 55
4.2 %i@KIB%1HE (Multi-access Edge Computing)

£238 P& h 21 & (Multi-access Edge Computing,
MEC) &2 2016 4E 9 A i #3hih %115 (Mobile Edge
Computing, MEC) 7 75 F1 24 44 1 & C. # 3 ih % it
ST ) e A 0 RS Sl e g B JUH G 5G
FHY 5T QnAe] 5 e 2 o 53 1 i 7 P KL BE 5 % 3 ik
G A Y A U 18]G % N AUUR R T %
S 4% IR A4S Wi-Fi 2% DL S A 26 I 4. R Ik
FEGRFFIESC MEC 405 By 2L At 1, ETST A A & ik
VS ES Sk SapC

MEC {8 & e il ETSI 7 2014 4 9 #2135,
ETSI ISG MEC (Industry Specification Groups.,
Mobile Edge Computing) B 18 5 # £ 5 : Nokia,
Huawei, IBM, Intel, NTT DoCoMo, Vodafone. Bt
S CAH 53 % WIE I E AN R XA 5
EiA R B AR MEC E8 2 dE s i
Hh AN T Y 3T i s R PR ARG 2 AR 2 )
T 5 AN B SR, MEC 5900 86 2 LR

EX 3. MEC 1% 3l M 4% 1 31 % Sy i 118
TR F MM R4t = SR T sE A IT e 55 26
S X R PR A5 0 R o A R AR IR A i 9 O L

o AR AT LA S B 7 [] o4k 9 45 15 5.

HRT Y b 3 R A

(1) G0 397 R 35 b A 1L 9% BT 0 L 5 0 78 0l 1
TSRS,

(2) 188 By AT LA 26 = 07 SR AU ST RO B 46
B AW 2850 % . Fu Vi Al AT] SR T PR S 3 75 2 61 1 )
FR 55

(3) A F 3l FH P Al A0 T B4 43 i 37 4 4
1) BT I FH AR 55

BESR,ETSI ISG MEC %5 1 ) MEC & X F
TN TR AR g5 O I X T HRORNERA S Z
P K. MEC 322202 £ % 8% o)) 8 15 1 55 i SR 42 1
1 B EBR G5 A IT 4845 87k . #E T 245 A M
2% RAN(Radio Access Network) fr¥an IT fil =31
MR 55 B8 J1 S P e A B 2 A mT R e R Y 1 (B
R 55

WK 3 s, MEC 2 i i 32 22 41 %) 3G/4G/
5 5 10 24 501 55 5 L 4547 2 0 4
WiFT 55 Jo 4 00 2%, JFG o 7 W T 4, 45 T 53 30 2L DA
T Web IR 55 N 280016« N 28 22 A7 AR 15 [
AT G 2, MEC AT Lk 4 13 5L 3% 19 7% 30
2 ity 4 AT A 3R 1 U7 1) A 55 A R R 55 L St 0 Y
TR AL IR 55 . 44 i, MEC iz 55 4% 32 223
FAEM NG A b X — 5 % I 55 A T L
S EREAE N Be W Ik B I o S R i g AR b

MECBRS
SR g
WEZL WM CpN
Webli55 W ZEEAL,

AT

®

LTEMZ A%

il P 2% A% O

SGIMEE I

B 3 MEC 284 H15

7 T

N T SEE MEC, 7] LLFE LTE Macro Base Station
(eNB) .3G Radio Network Controller (RNC) ¥k s,
o % 2 Pl 5 AR (3G/LTE) #5354 3 4 (Multi-
technology [ LTE/3G] Cell Aggregation Site) # &
MEC 55 #%. H T 2 HoR 55 5 G ol s 7T L2 2

@ ETSI Drops ‘Mobile” From MEC. http://www. lightread-
ing. com/mobile/mec-(mobile-edge-computing) /etsi-drops-
mobile-from-mec/d/d-id/726273 2016, 9, 21
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TEA MR (2 N XOA] DU TR AR &
CE AN P74 E 137 5 B 585 P ] DU EE i B 7 vp
BN P SR B A M i P IR 95 . ETST ISG EMC
iy MEC IR 55 6% °F G 45 — 4> MEC 64 2k il
W its (MEC Hosting Infrastructure) f#1—-~ MEC i
HF-& (MEC Application Platform)™.

MEC 645 5 fit B it 02 45 IS )2 19 A 2 U5 D
HEAUALJZ » 2R B AL 4% 21 JC 2k M0 (eNB 5 RNC) 5
PO 28 114 3% e AL A 3R 45 48 JF A8 OG0 T A K R 55
i B TR TC L4 A I 2% oA . S B9 45 25 Al 2t 14
B4 2 A R 5 % T BB AR & B BT 5 B
ok e AL Al AL .

MEC R - & il i 2 9046 48 B 4% CAppli-
cation Virtualization Manager) il i F] ‘¥ & iR 55
(Application Platform Service) ZH 1% . 7] UL A L4 1
I I HE AL 25 i g gL g T RE 04k 7 B g R R L
jits LA TaaS(Infrastructure as a Service) J7 2 b W
PR At RE &, 2 M L Is AT I G A PR 8 IR 4
TaaS 2 i &% P2 AL 22 2 A BT I Vb A8 D RE. 1 FH LA KE 40
Hl4% 1% (Virtual Machine Images) 75 =037 62 314 1%
2| TaaS FAE N & #LW H (Virtual Appliance) iz 17.
FET MR, Rk MEC 7] f8 £ % #7 LA PaaS
(Platform as a Service) J7 22 HLAR 45 MEC L F
B IR% HILELE MEC -6 F iy & ft— &R 5]
(] 424 107 Y R 95 60 RE A 38t FIe 55 o LA B 45 = (1) Sk Al
it M 55 » G sd {5 AR 55 1 MR 555 (2) B M 48 15
B k%5 (Radio Network Information Services) P4 M
W H 2R IR %5 (Traffic Offload Function).

9K R MEC $2 45k /9 ik 55 4% 1 & 7T L)L S HE
AL 5 2R 1% 3l 38 15 48 (B 55 AW e 4
TS 0B HY R I SE A AL U BT RAN
TN A ARAL AT X 2R DNS 24755 K
ot M PR S AR SOR PR 5234 /] DL B 4T 2 1 ESTI
W 3t F) P 2 .

B 5G HAR M K AR . 5G FE 3k £ ik
NG AR S 48, 0 5G W4 41 41k 5= 5 Y 5 AR
55 W R 55 o VAR T AR A N A AR AL
. BT MEC JIr 55 #% © 28 H 25 5 3l 1) 38 {5 F Ao
e I WD REFEZS FoR A 2230 B i %ok
i 55 s 1 A] REVE I & T 5 TR Bt AT AT L E
B 5G HA MR AL W A KR R L 24 HT MEC iR 55
gk A1 TaaS 0 #0001 £ AR 8 & R ok
PaaS fll SaaS(Software as a Service) % K. 5 It [d]

IF 2l H AT IE A B AR 2 1 A% Bl 4 8 R 55 R
TFA R T S AT 3 Bt BN 2 W 28 B A 4R
1z 55 .

4.3 h#itE (Edge Computing)

55 55 1R 22 B Gt R R R
MBS &I TS B RN 4
B 2R AR AR S

LTI 32 B 36 [ R N 2 - 1% K 2% (Carnegie
Mellon University, CMU) ¥£ 2015 4 {E &, B 7
MEEARWE T JZ T E 2 — A LS T B AR g il gt
S INEA T2 B R R AR

2015 4 6 J] R B - B K22 K5 Vodafone
Fl Intel & 2% B B0 T JF O & i AR W4l A
(Open Edge Computing Initiative). H Fij iZ 20 2}
# CMU . Intel,Nokia \NTT % 7 4~ i 51. % 41 41 %¢
WIS E LR ©.

EX 4. DI — M AR B R R
AR SRR 9% ) i 3 I 4% 2 B 3K ol 1) 4% 2 g
(AR Dl ¢ Y VAW O] T

WG B T2 B AR 08 2o B AR A R 4 e
AR5 DL K 3 2ok 140 25 e 55 0 /0 B84 i

SCHRC19 42 7 — i 52 B G it 33 i AR &R 25
. ARG T B8 3 & L Cloudlet ™ Pl Je = =
2. Cloudlet fii F = M & ui i & Z 0], 5
Lwi el ok T ) T &, T2 E
LIRS ZERY T DL AL A T 2 ) 2% v 1 A R L
JIK % . i 3 52 ) 4k Cloudlet | A & X A R AL, &
Ui B A& LA P i 1 J7 2008 AT AU ) i 0 6L
A

T3 Ah N IR E SCRT LA L 0 St 3 S 2000
NGATSERAL BT E R R gl il Gt B E 1
(AN B S| P Ak i S T
Wi-Fi Jo gk 42 A SBas DL Sl i s 4 e o5 |

Br TGt R R SR T 8R T RORE B
R RRA LT,

BRI B 2E R RAE 2012 MR- IO, #E 2015 4F
DL SCHIE 3 i 1 & 11 55 0 S il 2R 4 -8R 7 AR
U AR 4 BRI p AR i H R

@ Mobile Edge Computing. https://portal. etsi. org/tbh. aspx
7tbid= 826 &.SubTB=826,835 2017, 7, 10

Edge Computing. http://openedgecomputing. org 2017, 7, 10
The Relationships among Cloud Computing, Fog Computing,
and Dew Computing. http://www. dewcomputing. org/index.
php/2015/11/12/the-relationships-among-cloud-computing-
fog-computing-and-dew-computing 2015, 11, 12
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Background

Cloud computing is a form of Internet-based computing
paradigm that provides ubiquitous, on-demand access to a
shared pool of configurable computing resources C(e.g. ,
computation, storage, application, and services). Since its
introduction in 2007, cloud computing has attracted a lot of
attention and has developed rapidly over the last decade.
However, the centralized cloud computing is difficult to meet
the requirements of some emerging applications and services,
such as the Internet of Things, smart city, and smart grid.
Therefore, in recent years, a variety of network computing
paradigms, such as fog computing, multi-access edge computing,
and edge computing are proposed by industry and academia.
Although with different terms, they have the same basic
idea: further expanding the cloud computing and moving the
computing infrastructure from remote data centers to edge
routers, based station and servers that are close to end-
devices, thus overcoming the bottleneck of cloud computing
and providing better performance and user experience. These
post-cloud computing paradigms can be collectively referred
to as near-end cloud computing. Summarizing these near-end

cloud computing paradigms makes it easier to understand the

underlying causes of these paradigms, and to understand
their application scenarios and the challenges they face in
order to study them in depth.

This paper systematically summaries the emerged
network computing paradigms in recent years, and then tries
to capture the basic features of these new paradigms. First,
the main technology and application bottlenecks encountered
in cloud computing are analyzed, which include device and
network heterogeneity, end and near-end equipment idleness,
and the complexity of application scenarios. Second, the
conception and architecture of the recently proposed near-end
cloud computing are analyzed and presented. Third, the
analysis of three typical near-end cloud computing is given.
i.e., fog computing, multi-access edge computing and edge
computing. Then, the opportunities and challenges of
near-end cloud computing are discussed. Finally, the future
development of near-end cloud computing is prospected and
the paper is concluded.

This work is supported by the Tsinghua University
Initiative Scientific Research Program (No. 20161080066).





