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Edge Computing Technology: Development and
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Abstract: Edge computing is an emerging technology that reduces transmission delays and bandwidth consumption by placing com-
puting, storage, bandwidth, applications, and other resources on the edge of the network. Moreover, application developers and content
providers can provide perceptible services based on real-time network information. Mobile terminals, Internet of things, and other
devices provide the necessary front-end support for computing sensitive applications, such as image recognition and network games, to
share the cloud work load with the processing capability of edge computing. This paper discusses the concept of edge computing, key
problems that require solutions, main advances in edge computing, influence of edge computing developments, and opportunities and
development countermeasures of edge calculation.

Keywords: cloud computing; edge computing; fog computing; mobile edge computing; internet of things; front-end intelligence

—\ BWEITERES 2% i S TTHE A R, TR I %A T s B SR AR
Bl JFIEIE ML 2, 2 i PR E B 0

“Ty WL T EATNRRIBER, £ JHERSUR BIEA RIRIE 4 K. EIXRIRE A,

Ui — AN R oL, ATTEEEALEE, W B TTR RETEEE, T T R AT B R A B

2018-04-18; 2018-04-20
Bopie, PERSAB BT, BRI ORI AT SEAME R EOR S E BRI ET 74 E-mail: hxh@ict.ac.cn
EPII%zBm%w@IﬁE “ ‘EH%H + ﬁimWJH’ﬁ;z}Eﬁicm%’a}’f”’” (2016-ZD-03); [EZ A AR AL S TIH (91646127); thE AL

www.enginsci.cn

020



PETIEMEF 2018 FF F20% H 2 Hj

PRPAT .

SRT, IXFE AR ARAE SERR AT B 2] T A
Mo B —NRAERIE T HAR LR T4 . PBR Y
PE R HRAE FH TC 2R N 45 2 v R A i, R
VR X T A AN AT ] Ak ) J5 G B 4 A% Bl
Uig, o3IO VTR RARIE, WXL HE R AL s S
W R (71 96 T oK s RS ) — 3B 4 e o A )
IHAE, W SR H A AN 0 AT AT Ak B 4 5 A% 6 2] 2= i »
TS 2 i 4 R TG 2 A% RS R0 20 S HF R T 2R
iy, IXEEME LR EIR K ThFE, S5k
W AR TR RN o 28 /N TR HMECE T IR 4% 48
IR W2 M BAT AT S X T 2R R uE, i,
TNEBE . BRI SEHA /B E AR (AR/VR)
L FH S, FEIX SN FH R El T R 2 AR s SR IR B3R (L
T2 UL E, AR LS 5 AN 2 SR R 1 4
IREE L) (T BIE 2. BE XX L ) 1,
G EHAR NS A

B2, SNTFagitEmMes, Bk’ a —
ARG o B RTINS S P i 5
wE 1 AR

FAERAN % [1] 2 LA Gt H R TRTE N 4 1118
GHATTHE R — MR B EE S, B8 TR sk
SR AT T IR 55 . B EL G S AL
(ECC) & XM Gk H 2 F5 75 52 1 W BB 08 U Sk
I ID M, A M. TH5E. fFhE. NG

HArt mammm

BEATITCT- 6, iR A 5B B R ST, 24T
WHCFAEBEERRE . Serhak %, B, MR
At LSRR ET IR F R XFia%
TR, TRk AT HEGE 2 T1T = R5s LU Rl &l
S, HALHI SR TR SR HE
P, ATLASERGIE A 7, DARCRS B e TSI AE 55
AT B 2o, AU =0 . RS RS H
Bzl MR E. FiH (2] PUREK
PRI MRS B Gt A MRS, AR R I Ee 4
TR R % A — AN TR, B S iR = SR iR 55 1
RO, KIVE, ZRREENE, JF5 it
RS E AT, ST AR, IR IR LR RE
THERTE K AR R R DI, g ER
(T ven o AN (-0 o AN A = Pl =1 G i
TR, (EF NN G R DB E oD,
CABLARE A5 W 2% D ade A, DA 2 i g SR R T S »
WA BHRCE, AT . L. B
SRS ERRE, R IAN TP E A BRI
JERES), RED WL . IR R T
LSt

— ARG EERIRA K 6]

G E N, R i A E RSN
S TR E R AT, 2 SR

PRI R IR

i T M

YNNG

MG T

L W%
o
L
(11

B gt EamEin R

021



EHMR ABEHERARRRSHRMR

I B AL R B . JXAE — R X 2% SE SR A4 B8
I AR LA R, DRUONTHSAE AR, T HLAR B
s — 5 R MR A8 Th 3T I RS R Bdls TR
P/ MR B, RAEEAEDGHZ DIHE
R T S DRI TE AL i DR ) 3T S —— 2 3
T, HRIREOR, Jo AR D e T
CARE/IN, XA R R GAFAEAR RN AR e,
H ) i A A A A A AT I AR B S, AE
SR A LU U IO S 75, B 2 e e 3
—EMIREE. B, X FAGIHHE, HEMRUT
JUA T ZE ]

(=) D& EIF R L)

HET S5 it =Joit U3
WG, AR ERRE TSGR — T,
EHRE IR B L R TR 7
2 IR 55 Ak 2 Ak, TT B8 5 st it O 18 A e
T %, WIETHE. . PZ. BAE. A
(0 A&, 2RIE ERsut. 50 BRI,
HyE o E AR . (H2 BT AGIH S BN R4
MG AR 2 1R 3 A S A, Rk, BRAT
FC I FH FR A 28 G54 R IR0 3K 8 2 2% 1 I8 Y 3 5 A
PR Z A, 3 75 A AS [ P 82 37 55 AL P A
KT R IR RS, ME R AR R, B
NG H IR RIS, I LRI A7
fili s W28 BAFETTIRIECE, (7 B AR N PERE
BIF REN 7 oe B 4/

(2 bS5 EYimR & eI IE R HE el
TEARIH R I 5T, it 54 o ) Ab 31
WIBET . IFEE R RAA . ARSI AU
S P9 H BRI RS, XHE 55 RE 71 7 SRAR R B 55 .
A7 (30 G SN Y w3 ) o Ak A, DA
Ol 28 AT PRAR DY 2% SE IR M SE 5 B AL B9 H
WIS, s PR P2 55, M 5 2t AL 2,
RN Wi v S AC PELES 38 S RE D EORAR X B . B
b, XIS R B AL BEES BE ) AT X AN R
R, He EAR R RE 7 B 2 AL AR -

(=) BWEHBENBEESAFRITER
BV R) —A FLEL Y L 39 5 R R A 2 i 1
BREALELRE A e BP0, ROTHS R RERTE. (HEL

022

T 25 L IR JEE A 22 D 245 A B R VE AR T /NI S L
FHEHEIVEIRFT, Kt umit S Rt
HESAMPNAAICE R TR B9 T A 2
AR A — RO ] B C B ) AL B S A A
IH 5 S AT SREVE AR Y 1) s 4 AR R AL B SRVA A TP
1, FFECEBYmALBREE b RIFERREdE— P &
IR EE AR EIR N, TR EH R NN
15 (in-memory computing ).

(M) 15 ES RN SR EE
mnitER PR TR, g EA R
EREFOLERTEEN. B ESG% I
AT TN LTSN . fE— N R, iB
PGt S5 0 2830 5 s R TOUAL B )5 P A% A 21
=, ARz AT IRAN KU i, A 2R
Pk VRS 2t SR AN e MU A AR A2 ) 20t
B, HAESIH LB S = AT A R I,
AREHIE KB N A 1. MG Lt
E R LR, P R e A A, AR
AP BGEAT A TSRS AR 55 W
(AT JRE 2 S AN G A i 8 4% W9 ) AR 3L 2 S
ST, HATREERA MR g B

(B) MEHENRRR L0

Tt E S B s R . HIKM
IR ORI, TR0 SRAF AR R 58 22 42 7 THI 1Y) ) A
H R FIA ZGT SER s T 55— IR BE AR LR A58
NTHE RS, EARBE AN E RS X
WZ R ZrzefEEt. Ara%itE2E
EMATRGER, HLenE@RRitLaEE,
PR, W&t 5 R ST 2 4 U 7T R — AT

R
= AGHERARMREERR

AT, A E N R EE PRI &
Mk, Fit8. Mz C(cloudlets). W% =, KR
SEMEETT T . B RS KB 2 2 E N
ANAGAT ERE R RS, NGt R, 14
G R RS 6 I N H S 2 A7 A 2t
FRMW UG T 7. SCHR [3) MG A 2%
7y IBEAEXN BN G MM T NH, STER [4]



PETIEMEF 2018 FF F20% H 2 Hj

BT N E P R N 2R,
SIHEMSMER R Z, R [5] FENIR T%
THEAEY BTy S BB A B, SR [6] /28
T WA T ROCOR PR = T R RERE,  STHR [7]
FERFRTTEHAELEGREITERBR AR, X
Wk [8] EEEANA T Z UMMM N K T I )
B, SCHR [9,10] EET R FITE N %4, BRARME
I, SCER (11 AR T S EF 6 R EERA .
SCHR [12] R T A Gt EAEY e AL 3 K 2514
GOREMMER, HIER. a0 M e ik [13] 1
T TR [14] AR TG RPN 8 XL
R LK AT HARPRERSE AT N2 . b,
ECC TR H e S R Pl S%
T HHT T ik Bl gt EEm 5G ok
FiARZ — [15], & —FpEr Xt KR B F 1
B gmFEAEAY [16], SCHR [17] XA GHE AR T8
VEANAR . BEERE, XU 7Tt B4 b R ILAE
WrE JLAN i

(=) EXEETBRRLGTERNEREH

FUHE LG E S A ME, EAR LR
A A RIS A AR AU ] A T
SR 2R G5 BT 5 A 1] A4 5 S BRI I &
B ZE. w02, MHRGZE: B
AR LR, BYEERE.

(1) Zffies)z: ERE ST
RELSIm e, EAI D AAEMI 2% (IA G0, LR
FBCRE R TR A WO S SE BRI
BT, Jyia g i BRI 55 1T G A At Bt

(2) Gi—#EN)Z: RZ IR B AR AE T I
A, AREEOM AR LS B, AT RS, S
RSB LA ROt AT B G . %
HZ ) H AR TEBRR L b, AR A e % e
MG —. PV RIARHERE D SEIL B R HE, AT AT
DAY Rt AT B ol R A

(3) MAARSS)Z: SELN ARG, ZH
R 5515 L 2 K LR N A R GERE R . HotE D9 o
A% 5 B AT I A RIS, JE . N RS
55Nk bAk. RS AL BIRR AT, PAE
AR EIVISE R K o

(4 ZhAEEREZ: YA DL =M m R,
ZJRIRI H bR R AR BRE. Bt Hses

B S AT B, e N TR BB E
A, IR B ER R R

(Z) BEhbSFtERARRES, HEETSH—

HHALGITEESEIES

BEHAT, BhAZitE (MEC) CAKEH
AR KRS B T i X 4% 1) S ZE RR o R ER A 2
X%/ M4 D)Re gL (SDN/NFV) —ii, MEC
BN T — R sl E M LR AR 2 —. B4,
A FEXE MEC $AR B s (1) 351258 : MEC S22 915
(IoT) JLAREFZE 5 n] 5 45 3 BAT (S 1) oSS
e, 2 MMTWAEERZ IS, MEC &8
W AANE LA SERE (5G) Mc il &S
HARZ —. HEt B ErrdEtr 2 (ETSD X7
MEC fitH5HHESE (WL 2), FEIELE I EHEs) MEC
P E R DR HEA T/E. MEC & & X T #3)
NG EN. BINALVEER., Bahhgm. &
UL i 150 it A B 45 ) R AR (18,19

(D Bl & ENBE, SCl TR sl s
-5 BEJIFTT R FOSE A 15 i 1 2540 TR 4% K e O
JHRORVES 81120 5 87 FH (1030

(2) EEBIULETGEEA, S T
USG5 W ITE B, #2312 8 AR 5 I B
F& 501 25 50 FH R0 AN 5 SR A 3L

(3) BB G, ST TRl
IS FHAE 4 SR 3 Bl Y (B R S AL Ak .

(4) JE R AL B BT, S T Al
W IR G — e A EE . IO R LR
PERE AR AR S Bk

(Z) LG HENFEERARRL T 2 MR

FES

B Sia it AT REBOR, PR GIEE AT
BRA RIS T HARK @I 5. LG TG 5
ERERARM = TH, a5 EML. KEE
MR54% o TR T RIS RS RSt = AR
PEAR LA R R B IR 55 4 0 2 o 1 vk SR A () g
JIEER, N PP AR 55 25 25 2R G R B A
IR P BER RS SI N Gt S g, IR R AR
H, WA — NSRS, REEEE WL g%t
SHISE K] APP A B (3 T O TObs 4 1) 48 S 80 T A2
Frémfed O CAPL ) JF K g REAS AU AR ¢ 1 T A

023



F P
i B
B i SR A R B poridks
=97 B
Bahits Bahit%
BT % T2
Bl
B | | %T-H Bahilsk
3 il FEHE
Zh %N %EE*}L
___________ Bamagmm B
Y R i
HINFVI
BN
3GPPRI% 5t [ 4 HhEB I 4 4 I

B2 ETSI ENXHIMEC i+ EIEZEE
P NFVIE: FI% DI RE R L RE RN B MR T %

BE. AT RS

R0t ih gt BT R 10T, A R
PAE AR R 35, AT AN R 1 R &
DAFEH A H A gt 5, Foun vk S s B
HRE 1RSI AR HI R I (MCUD 5 55X Wi 1 5
REJ) TR SREBCRHI—RRH, —Fpor R H1E
A BESE IR % B v B SR B 2 R AR L A
A ZH AR (SIMD) BIZEM S MCU fiag; 5=
Tl 7 e RS R S, MCU 3B 2 {3 45 faj B
M H B, TR MAZ A TR I 2% 1P ok
SR HATAIN T RE (AD O H sz R E )
AR XFE — AL AN T RESEE I 4% 1P, TR E
BFEBE T E AR T T 2E L [P NHRTE N TFAL
R, dhAh, EXT TR AR E T R
WORE A BTG S B v SR A T R
A ARFURTBEFRE 175 5 A BRI B0 7 Bl LA U 2
(DRAM), — % INFF Flash C[EI - FAEAEERIE &
G5 fENRGATERS . T A7 L ULE AL H 35005
R ESERG I HGEAFE— BN, BRI AU e AR
RUERAN, BY BRI ESE . BRANELERE TE 0 A7
PN T SRR FH 3 B A7 2% A 5 R M R RE PR B ATLAE
fiti#t (MRAMD. HiFH BN A2 (ReRAMD
LSO R B A R R R R

024

M. a5 BERARE RHREF N

(=) BGEERERTEFOEIRMNE D E] 5 EF

THRERRHE

0% 7RG AL = TR R R
XL mitFEhOARIELE L MREg . £HRE
—ANXIE, TMRRRH RN, 2, AR
LG = O HEEGRR, XA A Al X 5
A% = T LA oy 2 P AR R 55, it %
(R SETH AR 1 2 B BRI S 5
X AT DA i G 3, SR B AR I e A v
AR BT AR . RN B H AT = T 5
DHREMEAR, RIILZ Tt 55T LAAE LA i (1 Th BE #EAT
ARIN 73, A X BT DL TR RAL
SERE . B AL BARSS, PR TR, B
55 IR 5 L

(2 BEHERETERENNEDR 7E

RS SN VI A (e i SR BUIY NN il
WA FEEEA S AT ZE . i 98 SR A AL 4%
BT B JEJRA SR AL S AE Ik 0 %
& T AN AL A ) — Ry oA, BN
it EAROY P iR e K, 1 HBEE L



PETIEMEF 2018 FF F20% H 2 Hj

GULRTH A BRI E, AR LR
ORI AT S5, IUAELE 28 3 O R A7 (58 1 pgh b i
e, XPEREAORE TR R A A T AR,
JFOR I £ i AT S AR B T A B X%
e S (5 AL B 1 T AL s IR s 4% 42
PERUBERE KR B  H 98 7 SR BRI A7 IS 7

[yara
=T o

\\

(Z) BB EEE 1T ZRMRERNE

G EG, KRG, B LR
BB TR, U EBTR A AR, ARXEST
R, RAEARRRERE BIR 3% 7 EERIBEREDE, B
ARBFEAIAM, R T2 ik, 0%
THEAT BAFTREA EOABUN S S B, et —
MBI SCREW R IE, JHERTEIRINE, 15
JFUAR R 8 B BT LRSS LA R

(M) BGHEREERARGHNRENE—&d R

18R 53 pE1E

LG B SOR AT O T 4 15 B L
B, ANITIAR 22 KUK+ e 8 0RT BAay e 2 3 A 8 2
mfER %a. EEENEPAEREAT, H4E
T RERARNR, —HHW A E, BERE
Hle s B o s BAKZ B, TSR
BOARE AT AT X 28 RS 73 9, i HLAR 2 B0 B
RALBI =M, T A B COR A e, {5 Bt
TR KR P AR

R AGHERROIESIR

2017 4E 2 H, EEFEIFXEE (CCO K
i (A EE RISt ), A T %
THETEN . M. e 05 s J7 TH i 2 ZHk
XS Pk M R R RN SR & 2. =
Pl SRR, I E G B RS E (QoS)
TRBE. DS IMEER SR G B LR, =51
G A N R R AR S RE S R —
HBCFGE . NN EEERAE, VM.
sl FLE M Tl FL I I ) R e A A i it B A 2
B FT R — DL s ol (IDC) AL
ZUPEBR, JFREEREANRE: <= - MW -
v FERR T R e R A TR %

A ARESE T RE ST, IR BT N U
5 “uy” PR WUHELIR TIFEARR %
b BES, P ETHER R AR R BRI K R T
s MR AR N TRRE. MLAR S S SRR A
S [20], FHIREE N BRI K R, T7 L,
TR S N B3 R R A R I 2 o oty B R R
HRER S WGt E-FaIraetE. @k, 3%
B ZEM. AR R AR KT MR
R AR R e (217 S ek bl v i B R )
RRREEAT BITEMY, KAk “ TR +7 R JEIETHL
iy, R REEE R R LS. oL &3
A7 FE LA iGR (B 46 N Tain Gillott 7E 2017 4F
9 H 25 HZ 27 HETHERRE LGt HE RS -
Fon, WG RBE T RN, ik
5, 2017—2026 4F 3 B 7E U G507 TH 32 A
F 870 123 76, RN 1850 143 6. Kk, M
L0 E R L&, WERE R RN G EER, @
BORELA X 5

(=) MsEAGH B RARIREMATEE R

ke SARC AUV E NES RS S NI UL e
RS BRI B, B AL AT
B, MRS FAEEAAAE ST, RE TARKNA
PR AREEED . ARMEGERLSE . AFE
ffEhm . ARRKERZET 65, NS —HR
TR FIbRAE R R i il — 8o [FIREIX Se bR E R SE I
(Ve Y N T AP E- S A1 FE:87 0 NS

() FaGHERARNMAMNAS “EEM +7,
TIHE, REEMHF—RKBERARFHLIT
X% Rtk
WG FERS m i EAAEMER — MR, Jf

IERSPN €/ NI C R ik ERIIEN- A PSP IS ZE s N i) 3

WRiZ. DRIk, HREE fE A S A TR B, 2L

KL Gt HERM B M A E s Nt %, bk

FRAZ DB NI R, INPRAER T L Z it R

JRASE o

(=) meEAGHBENFRESER

LZ T HA S iR N A BRI, TARE
B e 2 ) R G — BT ERAE R GE,  DMETR ROT
PESIEL, XBEREaS) mRMESENA

025



ERAAR

NEHBEREAR LRSI RITR

Febler, FIRIIFIRA 3SR UERFIZ A0S, DL TR BR
WHAATTHIFEARIE O, KRB ThRE. KIEBRAESE.

SE

(1]

[10]

[11]

026

JEBENR, XUT7. AL 5 [J]. AL Bl iR, 2018,

Shi W S, Liu F. Edge computing [J]. Beijing: China Science Pub-
lishing & Media Ltd., 2018.

Mung C, Bharath B. 5531550 £0R . 228 J2 S HI (M. 1552, 32
AR, BE BT HUB TR AL, 2018.

Mung C, Bharath B. Fog computing: Technology, architecture and
applications [M]. Translate by Yan S, Peng M G. Beijing: China
Machine Press, 2018.

Wang S, Zhang X, Zhang Y, et al. A survey on mobile
edge networks: Convergence of computing, caching and
communications [J]. IEEE Access, 2017, 5(99): 6757-6779.
Verbelen T, Simoens P, Turck F D, et al. Cloudlets: Bringing the
cloud to the mobile user [C]. ACM: ACM Workshop on Mobile
Cloud Computing and Services, 2012: 29-36.

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

Fatemeh J, Kerry H, Robert A, et al. Tucker, “fog computing may
help to save energy in cloud computing” [J]. IEEE Journal of
Selected Areas in Communications, 2016, 34(5): 1728-1734.
Firdhous M, Ghazali O, Hassan S. Fog computing: Will it be
the future of cloud computing?[C]. The Third International
Conference on Informatics & Applications (ICIA2014), 2014.

Yi S, Li C, Li Q. A survey of fog computing: Concepts,
applications and issues [C]. ACM: The 2015 Workshop on Mobile
Big Data, 2015: 37-42.

Dsouza C, Ahn G J, Taguinod M. Policy-driven security
management for fog computing: Preliminary framework and a
case study [C]. Information Reuse and Integration (IRI), 2014
IEEE 15th International Conference on IEEE, 2014: 16-23.

Yi S, Qin Z, Li Q. Security and privacy issues of fog computing: A
survey [C]. WASA, 2015: 685-695.

Yi S, Hao Z, Qin Z, et al. Fog computing: Platform and
applications [C]. Hot Topics in Web Systems and Technologies
(HotWeb), 2015 Third IEEE Workshop on IEEE, 2015: 73-78.

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

Davis A, Parikh J, Weihl W E. Edge computing: Extending
enterprise applications to the edge of the internet [C]. ACM: The
13th International World Wide Web Conference on Alternate Track
Papers & Posters, 2004: 180-187.

Malandrino F, Kirkpatrick S, Chiasserini C F. How close to the
edge? delay/utilization trends in MEC [C]. ACM: ACM Workshop
on Cloud-Assisted Networking, 2016:37-42.

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

HuY C, Patel M, Sabella D, et al. Mobile edge computing—A key
technology towards 5G [J]. ETSI White Paper, 2015, 11(11): 1-16.
Hong K, Lillethun D, Ramachandran U, et al. Mobile fog: A
programming model for large-scale applications on the internet
of things[C]. ACM: The Second ACM SIGCOMM Workshop on
Mobile Cloud Computing, 2013: 15-20.

Patel M, Naughton B, Chan C, et al. Mobile-edge computing
introductory technical white paper [R]. Mobile-Edge Computing
(MEC) Industry Initiative, 2014.

DG SR, Tl BIPE PIE . (1 git 2 4
F92.0) FEAS [R]. ik S Ipe R, Tk FIBC) 7 L3k 2,
2017.

Edge Computing Consortium, Industrial Internet Industry Alliance.
Edge Computing Reference Architecture 2.0 white paper [R]. Edge
Computing Consortium, Industrial Internet Industry Alliance,
2017.

BRSO, 55, D2 S AR e S = T 0. 1
FHBETT S KR, 2018, 55(3): 487-511.

Lv H Z, Chen D, Fan B, et al. Standardization progress and case
analysis of edge computing [J]. Journal of Computer Research and
Development, 2018, 55(3): 487-511.

JE B, R, B, A N TR R RIS S A 4 s 1
[J]. BHIHE B AR 5B H, 2016, 7(6): 14-26.

Zhou X R, Zhao LY, Zhao D, et al. The promotion effects of
artificial intelligence on e-science [J]. E-Science Technology &
Application, 2016, 7(6): 14-26.

WZE, SR, W, S5 T AR TR R B8 5 55 R R e
LT (1], BHIME B4k AR 5 R, 2015, 6(1): 80-88.

Yang C, Yuan B, Tian Y, et al. A smart home architecture based
on Internet of things identiifer [J]. E-Science Technology &
Application, 2015, 6(1): 80-88.



