R 5%

NGB Z ARAEHEESTHRE

ok, MU WEEEZ KARS HEMEZ WL’
(1. BAFRHTBEEETRFR, 5T E3¢ 314001; 2. THE T REEFR, L HH 341100)

B E. AREEGG RS TR, R 2 AR AR RIS S E U T A B S . 1% ms S
TATRS TR, B Zi S RIS W A SO R RS R 0L, T AT TB N K FERER R,
SE DRI B S, LA D S D IS Y R, B SO AT M AT S L S TR, SR T
P IE PR N A, W BRSO, STV R RS S N R AT RS, R S S BAT ST R
MRS oo, R SRE. RS R M, ZVLRREE e TS K ST, R
G S FER, ORE R 4 IR 55 i

KA WGIHE SR Z24Eb;

PESES: TP393

XHERFRIRAD: A

doi: 10.11959/j.issn.1000—-0801.2019275

Multi-constrained trusted cooperative task migration
strategy for edge computing

YUE Guangxuel’z, DAI Yashengz, YANG Xiaohuiz, ZHU Youkangz, YOU Zhenxuz, LIUJ iansheng2

1. School of Mathematics and Information Engineering, Jiaxing University, Jiaxing 314000, China
2. School of Science, Jiangxi University of Science and Technology, Ganzhou 341100, China

Abstract: In order to guarantee the quality of service of edge computing, a trusted cooperative task distribution
strategy for edge computing under multi-dimensional constraints was proposed. The strategy was based on the task
requirements, and the edge computing collaborative service leader node organizes the coordinated service alliance
members. The priority of cooperative service alliance was determined based on the K-dimension weight index of user
task migration. Using the load balancing of the members as the adaptive function, the task allocation and dispatch of
alliance members were performed by greedy algorithm. The backup node was selected based on routing piggyback,
and the priority of migration was evaluated. The scheduling and migration of collaborative services in case of abnor-
mal collaborative services were realized, which improved the quality of service of edge computing task migration and
ensured the reliability of task migration. The simulation results show that the mechanism can effectively complete the
task distribution and migration scheduling, improve the collaborative efficiency of edge computing, and guarantee the
quality of network service.

Key words: edge computing, task scheduling, multi-constrained optimize, load balancing

ks HER: 2019-03-15: fEEIAH: 2019-06-05

EE&UH: HFRARBAIEEHYIE (No.61462036); HITTA FREIEIL &I H (No.LY16F020028)

Foundation Items: The National Natural Science Foundation of China (N0.61462036), The National Natural Science Foundation of
Zhejiang Province of China (No.LY 16F020028)

2019275-1



e 37

BERE 2019 F£% 11 #f

jilll3

1 3l

2018 4 12 J 10 H, TAE B =K
BERMK T 5G R GRS AE FHVF
M, RS 5G HARIERZK, it T 2020 4
LAY K. 5G ML IHCERNE AR, VR/AR,
WK X 5 K B s 28 87 Pl ok LA T 48 e 1) 2
BINVSS, XML R BEFE. I IE R R AESE
THEEMTER. Ll 3G, 4G M AREMEFN
PR, KA BRI A R PR G A R
(% 75 kY. BRI, e 4 2R
TERTEEL AEREAEAE TR, ML SR
Oy AR RIL ST BB A Y i ) U
GROTEL P G EEIR 5G L1
RNz —, BAT . Al SR S (R
TR,

G TRTE W 4510 34t 1T IR 55 R 5%
M 5RE S, LAY D 9 4% 5 /E R 45 22 A+ 1)
i FE P Il St S IR A R, T
SRR S A IR B, K AT 25 R AR I
JRT AR ZE, BB B O B A, — H
BEuh 1 A B I S, WIFEIR S5 4 K BE D)
IR R, BLE I N 3 BN % RS
R, Rk R, Tl T TR
FT S5 LA, 35T FE 3l AN 25 ¥ 46 TR (R B
A RGEAT S50 REIEBE, NIRRT 55 5
RN A, B 4 IR Ss i

2 tHEMHR

55T BENLH R T R G SCHEER, o,
DA AT 55 1 58 IF 1) g BA 704 2 DA Ak H i 10 55
N 58 N ] Cheterogeneous earliest finish
time, HEFT) S50 S¢H##k 4% (critical path on a
processor, CPOP) $ikP14%,  LUNE G41L H AR
[fI5032: 4 STARS 541, MOWS-DTM #i%;
SRR A /AN T R - N & S E A = R AN LK RP R

N T Cartificial fish swarm algorithm, AFSA)
SR, RN ATAT 45 P B SV . S I LA
BEFELI RN 505 SA-DVSA SykU0%5 . |-
b =R NI INA S R N 7 o = R o B e S (E N e
TGRSR, SRR N H T
G Y s PR R RS AT 55 R L

S SCRR B T —Fh s ih . b R SO AT
NGt H I RINERE, 250K TR A SR e
GIAFAE N Z TR 3 A7 A St 5k
55 4 MRS Zh v A A A BT, UEWT T BT th )
INEARAERE 5G P24 R REJT RN BRI, T4t
TG A 5G PSS T B UL 1 S EERR Bk
il AT TR AT ) o 226 SCRR[ 124t T — P
NGt SR G A RS0 53, 3k
s B R RUR S 0 S R 55 A A 1R U i)
(AP) 77 iRy oy [R) 0 15 B, 0T BR B 1
PRI IE A v S, SR T A S A
SRR U I DY B BRI 8L, D04k P R ]
RUPTHEANIEAS T 0 iE, AR5 8 T I B2 R
T, KR FEL D> TR RERE. 5 SCIR[13]3
TReE A gat SR Uik, @k AP 583)
TR 2 ) Ja v 4 ) 388 155 e i a0 A 7 D 4 LB P I B
%, ARG AR E, SEL AP IRk
SREE IR /IME . 7 SCER[ 1410190 T B G2 (518
TR B E D FATE S AT RS, S T
L A IS ) S PR P [T IR, 0 Ok e s P KA T
G- AR 25 0, e KPR RE sk D B Bk IV RE
FE, JRILTRCTECNE, $R b 22 1 N A
P AT S5 BT A 28 500, ISR TS T U A A
SEEG SRR, I INET LR E R B B w1
RERE, RERALTHIEH . S SCR[15]2E T KRR
MIMO KRR KBIREEA, ¥ 5G MG
o 2% B BTy s, JERE 5G OB R AR R 2% )
I KA 1 BEAE AR I B TRIFI . 276 3R [16]
IIMTELIR T ANFE S S5 R T 5G Jodenlfe
W28 R RE AR, F/ L T 20 A X 5G (R M 2%

2019275-2



iﬂﬁ HRE5F%

« 38«

FHECAR T U AT BRI BE AL, AR 5G [l
W 2 5 Jredie Hh Pk ik o

SR TI5e T Pl 2ot S 2R,
A g N A P R R TR i IR AN TR RS B P A B
(EMMD J5 %, it P E K RE S THAEL
N TCZ AT SN AE o BT A=A 3 AR
R Z B2 EE, EMM E8A £ R RGOREE
SRS T BT AE S TAE, A ROBAL T A 535
MRGORSE R TR A REY], IZHIRAEW AL
M BERELI AR RTSE 1, AT ASRAGREAE die DL P P
WEVERE . 275 SCHR(18TEE tH T — P RE M Bh AN N2
FBE UG L A, LA BERE R4 ] T AR P 56
BN T) o 25 VA AR AT 55 M AR SR AN 76 B IS
IR RT3 |, B 520420 EDORS 5%,
I SRR IR AR S D R o)
B 3 ASTHENE, UER] TR EDORS SE0T L
AR B REFE T B S BN . 275 SCHR[19]
e T P EEE SRR EAE S5 T M AL T ik D3S2
(data-dependency-driven scheduling scheme) , &
e GBNR v TEC PR d P L1 PR RN E /)1
A [ LA AT 5534, B TR A S AR
Bt oL, D MEEdRIE AR . &
2 SCHR[20]7E 7% FE 56 BN () F1 8 R (1 Bl L, H7t
SR R) R AR R AR G HE RUAS e /ME T) L,
RESRAFCAL IR R, S T — Tl by I PR i 5
A D 2 3 e« A5 T e 1) 2 M1 20 480 SR 1k R 4
J IR AT TS o 2SR A EIAT TR I B
LG m AT DR BAT R AU, > T
TESSENBRERE, JFEm TR

S CHR[2117%5 FE AT H TR R M EA A1, 32
T T R SR AL 55 2 AR Y,
T 2 AR A U AT 55 0 BU Tk, S
PRSI RIPAT IR, T ORFFAT & (7 280y
7o Z25 SCRR[22138 T — FloBT SR AR SR (R0 %
AR S5 A Bt IFEE XS R AR IR 55 s 1 97
WIS, B MCLBS A7 #5005 B iGNV

PEACTL SRR 5525 928, A EL CAT M S AF B Tk
GArmrh ARy wd R, FRIR T IRS HETE. 2
5 SCRR[23 14 T g /P 2 i FR) A i P 3 80 e K
W R L A UL, ISR AF SR 2 I
P> KL BE - 275 SCHR[241 810 70 A S FAT b B
2R e T B A B R A1 LS B A B
RISEI S BhaSHAN R P S B A B IS,
feth Tl Key K2 B A4 DR R 70 34T 2
BRI AR UL PR R G 8

B0 30 G v S5 W TR AT 55 280 RN T A% I B 1)
AL, CAT TSI B R REAE . IR I S5 5 1R b ik
APRAET, FER S R AR B, (T
P AT SS 5K, A2 YEA RO N IEAT
FESS TR, PRAUEIL S it 55 28 S8 S B A 1) 1)
AL, RIS .

ARSCHE P Gt 52 20 IR P R
5oy IC KNG o HoAZ O AR B TAL 55 W0 SRR,
WFERIE S ATREI S B, DU MR 0 2 g
KA H bR, AR 613 5 73 B AT AR 55 1K s
Ko T A BOAE R Y R SKBLP IR
IR 55 S i WP FE AT o R il 2t SAE 55
TR R S5 s, ORBR B[R] B 0% ) w] A5 PEAIAT 55
SRRETIETY i

3 MG EAIENERSSESIEERE

NS H M %%t (base station, BS)
D% = R58% (edge cloud server, ECS) Flili%k
1 A (edge node, EN) Z5ZH k. FEuhi 2 [a] A ik
I R 8% A A S G T, T
Z Iy e] e AR 7 S £« 2 sl
H LB 2 Bk 25 e NFkh, AL BN LT
W% 2RSS A B T2 2% SCR[3 1 ]38 0 ik
Sl I R 1 £ A (1) COMED HEZEJEAR, AL
e AR R B A5 Y N SR i vk S U
(RJI 2515 s AT RE ARG SR ST () 3 St S5 R ik 55

th (edge computing cooperation service pool) , Jf

2019275-3



«30.

BERE 2019 F£% 11 #f

PR G S R RSt b e S i T, SE e R R
GGV AT 5 0 A BLIRE, WGP
RS il 1 Jros e G mRL 2k 2 IR 5545 1
VAT 55 W3 1L A AT BT A S 5
BRI AR 5 AT o I RUAORAE S5 IERR I,
BT R B2 BRIR A AL, PR e B
TR RS, WG H DRSS, 73R
WS B B AL S5 (R R PR RISR AR H AT 55

S RO AR, Rl RIS
A B B L2 5 T 3 2 v S [ R 55 14 5
o AEPFAR S B B RME 55 5 FEAN KT
R/ N8 A PR e N P N NP
L PR Gk ST [ i 55 i o R 2 [
FESSIERIN, BT SRS REIAT IR, K
(B2 &S IR WILTEHIE PV €11R: 3T SUR: PR AR
BN AE PR AR S5RE B, — HLRER Y
RSBGR I IR A, FIR S5 A BT R R AR
B, PR VL AN B 48 R AU . N R
i J 55 R, AR P AT RS K BT 55 B K34
Gk E FIR SR rr, B RO D RE ATl R
B NG > R B RAT MRS REJT ol A L wl

W%z

—

FE AR G R, AR RO R
(super node, SN) . SN ZZA7 QR 320 LU s
o3 R Gk vt S RMAT 55 S5 BOR), [ I R 45 £
WG EW R QoS i sKMWAE . FIAEAZAS Y
X 55
31 MGUHEEFER

TEIA G O R RS N T, S I 55 P )
73 BTG R TATSS, AU R B4 o
ATHIAT . BT R R AL AT 55 6 A0 A5 15 T
AL AT e UG T AT, AT R R FRAT 55 0]
PAIAJ IS AT B 25 SR RAT S5 AT o ST 5%
TEAMPAT I, 5 I s e i,
LRHATAL ST, HIFAT TAL55 R AR A D
SLHIER VAT S 00, WAHUIT R RS
Al R g5, 1 R AL Gt H M F Y AL M
AP R RS AT

AR mr g, A A P [ R 95 PRATAE 5%
IIBCI s A X IE A T AT 5 HR T ) A I
iR Y A

(D) 8T U BT v AT 55 $ o,
AT 453 FE AL R B B3 A BEAT 25 (K SR A T I TR AN 756

1 G E I EIRS

2019275-4

GRS
Tl
N
\ AT R,
[ mgsse || g |
FARIE - S R S5
g g || E=TTY
___________ .
_______ ||| s LBAES
-~ 5l% b R 5
G A WEREE
‘ TR =
AR Pl
i 25 7




iﬂm HRE5F%

<40«

AR ZAHUERT, BlALC (D) -
Max(d, +t,.d, +t, -, d, +1,)<d, (D

Horl, e FRUAIR S LB, d, FR W B
RS HAT I, ¢, F 1 2 e AR S5AERS o7
HIAL, 705 2 AT RS TS AR 55 5 XL AF 55
LA FH I

(2) TSRS P 55 W, AAHEIL 153
RGOS LI w, o SERAE 5 3 e 7]
WS P, RS 0 A SR p,
A (2) -

B, <b,
o 2)

F <p,

T EAT S e AR S A SRR 1] 2
H 225 CHR[31], R CPAT I R AT 25 9 s R 4
1T HEATEE, XEAFTER.

(3) WO R BIE AT G, FIRGEREA
ST BCE M RERE B, wxl (3) -

E, - Er, —Ec, =e, (3

Horb, Er, RSB FERA e R, Ec,
NS FERER, E, O W R SS TR AT TR AR
) fiE o

B AW P AR Ch vk s S vk~ QU & SR AR
WA o
3.2 BGItENERREE

P IFI R4S B 32 DASE 2.1 AR R4 AF, ik
PEOMFIRSS R L, M BRI IR S5 dl W2 ik %k
TP RIIRSS (B RS2 01 5 ANRE 0={Tys Ths
Ty, T3, Ty Tsy, WK 2 Fios.

Stk FEMIE,
RS

BRI

K2 it Siu R 55 ik

(1) To RS 0L A T-Hh B Be, 1R
S G MAYIIA, AR

(2) Ty SRR AW, FENGER
RE, RS T IET AR S 5 RS, I
LEABEAS I 1) J& 391 56 B F FRPPAY o

(3) TRERRWE AT BERE, |1 158
A VPN G N T B S, AR
F S S W AT 55 BUR IR SS

(4) T3 SRR THATIRGE, IR
TS5 WERS, AT RS

(5) Ty SRR TEHRRE, %IRE
NRAPATIE S 5E R, MUEHAT AR, JFEAN T
WA, AT AEIEN

(6) Ts IRERRME L TIPS, %IRE
N TR R ET R R S5, R R R 55
I B

b1 AN [) B DT R A 1) R 45 TR S AN A
[, HZRNHRSBE. $Ha). ARk, H
PR E AR, HAR L. fEE . MRl
RSB BAG 2R s, S5 EIRS
(PR 53 A R R

(D Z=5tE

S R LN 1R o = AU N K o 7 N L 3
WG HAG 7, AR T 21l Gl S R R
5 BHIRE K

(2) iz

R GL RO AR B PR AL S R R e A
e R, N B FELa b R R 25 253
U RRGE o TR R ST AU AR, ok
TANR G0 RUAT R, XA AT e b R R 45 5
AR AN = 1) ) i

T RS W 0 R 7w Har g 3, W
T AR RO R R S5 BRI, A ST A
AIEEIR) AT R RN IR 45 e D PR B R4
R e TR e PRI R IRSS I, A e (PR SS
AEJT 77,0, A1 (4D

2019275-5



41 .

BERE 2019 F£% 11 #f

Er, +Ec,
Mo, =G, (R, WpTQSt[ ’ ’Ja (4)

E ¢ - eei

Hrr, G, ATirie \TITE(G, €{0,1}), HTixie,
RET AT R 55 PRSI, G, =1, A 0.
Rit,, KRl 5 e, INITE, W, Hiinie
W, p, NI e WHERES), T, i e A5
REPE ARV S AESE 4.1 IS, O, e
RISEIS SAVPHT, St D71 A e, ATTRUIIR S5 1 110,
a AR FE . 1, B, WA e, 775 5T e, 32

I 25 16 it
GV O, I STIR (5):

v
1-——,v, <CW,

0, = cw, ’ (5
0,v, =CW,

b, v, JMETHA, C o URHIE. O, M
Ko DUAT A A, RS RE T .
3.3 BHKITENERFZESEIHBIG
3.3.1 WRRSIESEHFR

ARG REAT ST, T8 LU
45 R4S i, WEARII G, REFE. 58K
A, AR R A — e M . AR [ ) H
MR45, RS s i KA, Hlhn, SEim
HRMNSEETIE, $lg), ELRBARRS %
FFILE, AL

ST M 2 4 EEAGE EWATX BARPY, A
SCAE AT RO IR TR W N E N 0= (a,a,,
L) WAL

K
;|a[|=1 (6)

Hrp, K=1, -l<a, <1, a MBIESACETT fxt
B bR o R s N o, BEK =2,
%%ﬁ%ﬁﬁ%ﬁﬁﬁﬁﬁﬁimimﬁﬁ

ARETT RO A A AR (R TR %%<04t
T A BN NG g, >0, AR A

E 2P S tpN i i

WRKEAL ST, W LR EIN 2
TGRS AN E LT, RERAGUHE YA
R4 WE LG E RS BA 2 AL
W R) IR 25 3, 1 M 2 B[R] i 2% S 2 B 1 I B
R 55 WORES G, W AT B B RSEAT ST 1S
SRR 250 B o kT 20 42 i ph RS0 Jit U )
BAR, BB R e, A7 AE 2 > AT 3k 1 Bl [A) ik 55 B
EWRES T ={q,.9,,.q,}» W e EHE
R R 45 W 1 50 g b A S RS IR P,
= (7 -

n, Ritt,
Py = —— D)

kZ:; 77% V Rtt"f‘h

R AT NSRS S A

(D ARSITBIRS il WIta1k, B 5 it
8o, MATEeFIRE =0, WIEARfE M. kA
W57 Al s A LIk () B[R] Ml 2% B 32715 A

Q)ﬁﬁ%ﬁTﬁ%mHW%ﬁEL@%%
BMAE p,, » HLCHERBENE SR 5 2 g
VEATRE RSS9 R, 3T IRE i+

(3) 5SS E ¢ @t es e,
1 1<t BUT R IR S5 0 I AR TGV A2 56 3.1 194 5%
W SRATRIN, WTEGFE %Y s, B P ER (20 FEr
WHe: A o0 WFORIEBIRSIE KK, BT
P IR 5511 K o

(D) W YA, IR S E
TR, W RAEERNTEIERE, ks,
332 WMRRSAEG LA R

R SR AR T N 1 R AU [ R 45 i
PR A S 5 R R IR S5 I R JREE T
JE A BE Ay B O RAT 55 o 45 22 i 03 17 R 45 8 U
AN, D) ) JFC A B [ il 45 B 6 95 5K 1 [ 3
3 1) e 55 9L 27

BB i B T R R A I RS M AR E
B R ARSI I AR K K 4ERE SRR,
SRIEEA W A IR 25 B2 03715 R e, € E AN IR 55 2

2019275-6



m HRE5F%

42 .

X, = (b ,b5 b7 ) o WEREAN MR R 55 5 1Y

R o
K —
o(X,)=a b -b,) (8)
k=1

Horpr, b, FoR IR 55 W ROT RO N R 55 2 80T
B, WEE o Rz bR RS B R AL ,
HH B EK o ARSI AR R, e
IR R 55 B 01, K gediRaE . BT R ERY

Y, A RS i By [RHIR 55 B2 1A T
¥, RSB (X, ) Wik (9):

K
(X,)=1,, Zakb:’ (9

b, n,, O ERTER R RS B R g R B
Moe, BIIRSS BT PR o

MR B A SE 2 (X)) o LA R R 55 B3
PGB TE MR, Wb R I 55 B SR B8R H
BRI, My EAT55, 4 o P30k, )
WAL HAEIHES WS, b
BTSRRI R DA T .

BiE 1 KY4Enoss

Input E =(e,e,, - ,¢,),
S=(5,8,"",5,)

Initialize ¢« (z,,¢,,---,1,) > S'<—(S'1,S'2,

S IS, S AT TS5

For cach ¢; in E do//v1 5588 51 B e 2%
t, < e xa,

w:(al’az""’aK) ’

End for
Sort E by ¢ //fR AL S HHE

Foreach s, in S do

Foreach ¢ in E do

S« S
A
End for
S' <« Average(S",) /[T HF 3418 NAE

average

For each ¢ in E do
IfS' > 8" then

average

S' <« s, /17 AT 55

End for

End for
333 WRBRFESEBFFE ARL

APMEAESS A AR T 1 R W T
S I e oI K Y RES T e e N N
RN it R i SUE T SR M S SV EPS
PRBERR Y AT IR IERS , AT R LA 4R 5 el
BAS SR A M AL fr i

DI R R TR €7 TR 3 % S R i s SR 2 A
AL A R T 5 A DX I T R TR DA
BE, JE AR mUGRITEE R, TR

RN G, ARIEAT SR IRS5hRES) . TR e
HZ RN AL T Rle MR e, HRITH

i, RIS T ijﬁﬁ'EQ&fHuY A

Y, =—u (10)

Hrr, 5 RoR MRS 1T B R 23 K I d K N SE )
8y, E FRFHTBATS A, Yo FORTI M € [ 4
CIT R AR . IR AL e IR Y R A
EHE={e.,e, e}, WEEFIBHEEN Y,
WD A% B HE S L

(1) fE5TRIRSS i ILatL, 1
iz, HurkeS =0,

(2) ¥ TR R R AT R AR S A

VAR A AT ﬁ%%%P—Y

A 3 Fe 1

I IEFEN 5 e, M 0 TR Y A1 %3/}\@
r++o

(3) S e @AM E, Hi<o H
Dy <v, WBkEE (20 ZRBEESE; 4> MR
TR IR SRR, T T IR S50 K

(4 KRS 5IMET fUInA BT AT,
WA PTG RK I, Pkt

2019275-7



e 43

BERE 2019 F£% 11 #f

4 LS EMERS RETM

41 BEHEHERSEEITFNRE

FETN G I RIIRSS T, IS e B
RAPIRGIIMSS i, WIRF g RIS
Tig, ABEHT AFREN, VRN MR SR
o WAV W R R A AR, B
B T ARSI SEE . 37 AU T A )RR
2, D RBE AR E PP I A R R, 5
(A5 25 9 IR R R A AT 552 A AT R T
B, 7 S AE A SR B R S RV SR,
AN T B ) SRAT T4 10 A8 B A Ao 15 s 5 2 kAT
PO o 1 s R b b 1 O 0 58 R B KA 55
e, R RASER T 10 4 10 MB T4 5T
RIERCT 1> 100 MB TSR EE, Ja SR,
PSR BE 56 IO 45 A A 1 sl BT S Sk HARE
(RS I SERRSS Tt RIS, SR ZfERF R4 1) P 2%
B, W R RRE, W AU E T EROR,
2 ROESE AT A RIMCEORAT S5 A A R,
RO PR, (2N 0 I, 1Y RSk
PERRIAS B, Y s i i AR BE R,
IR AR JS, 9 7 AT RRRR B o

1 SRR AT 1, Y RO A E I I RE A ARUE
AFEMSE BOAE 534, A eI THE & . R
R, S AF B PR AR A
T=T,+T,~T, (1

i

Forb, TR AL EERE, T, 21 nd i 115
EIERG Y, T, ORI | REF R AT A S A
wi gy, T, RO R RISE 55 A AT I R4 25 ek
Gre T,« T, RT, v (12):
Tvi:Smax
n S
Tgi:,uln[zs" ]+n
J=1 Mmax
(12)
SR
T. — ! ng
; (;Smax]
st. £>0,e>0

o, S, B LG WA 0 AT 5
f, S, JRA ORI j RN TS,
p R EERI T SRR 1A R 1
WET, S, FRT AR | RIS
P, & BEERAREHIE T x hiE B
FRARS (12), 72 B 3 06 MO 10 1 e PO 2
s R A 30 4 R

40

35
30

25

0 5 10 15 20
S

J

B3

30 000 |

JE——
25000 H| 93
e=4

200002522

2
&~ 15000}

10 000

5000 /
. . .- l

B4 (R

HE 30 B 4l TR AELERF E 5 KA
AT, AT A LI HE ) IR, SEBLA
DR W T RAE RN T8] A 22 BN R
AT, T R B PO B B2
11000, AESSHUMEN 0.1, WERATIELE 6 XKk
W, HAGE IR 00 ik, {52747 RO
] T HMGRAT S I T K, BRI AR5
ZARAT AT R, XFEIAT AT B T 2% h i)
PAEHAT A

2019275-8



iﬂﬁ HRE5F%

44 .

4.2 HEITEMERSHEEITNRE

— AR B ARSI R T, B Y R R R
5 W IR M 25 R 0 B A2 IR e P M 55 S o)
SE,  WOE B R S5 2R G0 B S5 e ) A
e LR AL Y A BT TR R R I A5 )
R SCHEICSE M R e 55 R 48 P S 2 PP AE 55
MR B R RS AR e A A A1 R

LG E AR S5 WA, I R 5 K
DI, BT AR S5 NI S R b 25 AT
HIAE DI R GEF hEEsRED - 24
S R A5 R TR B AR s d o v i,
TN RUREEFERR A B ANA Gt P R IR 55 A
JSE o et (0 s OB YT R, DR IR AN
BB A IR ST s, RN DAZ A A
RAENT R

BB G AT SO R S5 A7 AL m AT R, WA
S5k AN TA)JA ) 2 i, B RO R G R
KALPAKYL Sat Ay

1 S T
Sat(¢,)=— ! !
(k) m;Sz—i_E Tmax

oy, S At E B RIRSS TP R E Y A ATk
UASATIREL,  F, AR i AT 55 RIS AT A
T RN hIATS /Ui AR, T, AW S
(PRI IR 55 ZR 8 Hh W )40 A R e KA B

Y Sat ik T B o I, BB ik E S 52
TR P R R 55 2R G kAT 70 2L sl A5 il Gt B
PRI RSS, RSB ERU .

(1) B33 A R AU K R G P )15 A
T A ) B R s, IS S Sat .

(2) QRS AEM 0<s(0<5<]),
WIREAT i St S50 R IR 25 0 s

(3) WP BN 0<5(6<' <),
HIRRE Sat < o BF, WIB AR5 1 5 YRt H b
FIRSS AT 702 B ML G R RS v
ME&IEME mifE 2, W z<0, WEGTT1S,
N (4 FfFEd. W z=1, WA (5.

(13)

(4) B R —ASKAE W ¢, » a0 SRAE IR
0<0, HIHBIMET FBATE5TR, WK
F g | PR AT L Gt S R IR SS, 5 WBkE: (1D
THEW R Sat.

(5) B 719 ROR T AT A e MR RO R BT IR
prik2 S = RUING ) B i I R D= W : BU R = K57
W B RGN T R IR 55 R D B
B, BEATHRR, EREEAAT mOE X RO B il 2
TR RS W AL IFE RGN A

(6) RS A7 s v S I 3 i W 32 5ORn
B ARG R, %A SRR, RN
N IIA L5 S0 ) IR 55 B 2

5 {mEXESHh

51 AERE

(1) SEE R BN 2 AT

o {EINSKIT RN 4% 25 A I, T
26 AT g AP AEAH BLAG AT R /N RUBE P ) e 55
TWRES, SRR SRk S R P I
B 55 PRI A B2 TR (R AT BE A 1, I T i
R R AT O 230K B A 15 UL 9 245 o 1) £
W AT A A HFFESCR T BN A2

o YRGS Y A B UGS W DR i St
S FERS I, B NG gt
P IE R SS HakE,  Dhk TR, A
AT CABIAS TC L A I N FH 25 T 9 265

(2) WAl LI

o JET Router View 2 FFHHR4E, Mgt
BRSNS 1%; Router View A FFHHR AT
AR 6 ATA AN, ERGNHCK 13 895 4%, 144
042926, FEJE RECH 0.608, AL
SR 0.854, TKFRECH 0.959%.

e J\ Router View 2 JT £ 4 5 rh B M1 1% HX
1 000 /MPIZET i o ARSI IR,
WA T A i 1 AN R SRR A
5 AL (router node, RND 2k, 14

2019275-9



e 45

BERE 2019 F£% 11 #f

PSR 25 A 9 i, 1 R H B AS L.
o EAN KRl i b A S R T v AR I i 55
TR FBAE 30~120 A, F B IL SR ST
& (O AIRSS K « PG iiss 4
(A SRR A BT 55 LR (R R4 51
BEAE 20~40 Ao iU Gt S IRk 55 15
RN T BOE )T TS IR,
IR BT ST R
o LS PR R 55 FR G0 AR R L
%5 %5 (edge server, ES) « H0 Lk (router
center, RC) . H4kJEul, HLT AL
2 SIS
o i AUEAEHIST S IEEE 802.11 Hhslsbr.
(3) ARG EIIEL
JIK %5 %% : Intel Xeon ES, 4 1% 16 Zf%, 2.8 GHz,
RAM 4 GB, Windows Server 2010, Kz fUHLHF %8
1 Mbit/s.
%1 HL: Intel Corei5, 2 #% 4 £kf%, 2.7 GHz,
RAM 8 GB, Windows7 5%t
A %%¥iti : JDK1.8+ApacheTomceat 8.0, MySQL 5.7,
;. Chrome W Y% .
GifETE S Java. JavaScript.
FF R T H: Eclipse Oxygen3A.
52 BGItENEREZZFIRRER
H oy BT I S S R IS5 RGP B AL,
PR K 4770 (K-Greedy) UALH RS
BEHLGE (random walk) HAPY, DLjji . Jih.
P AFERE ATRS BRI R D555 R VP
fabr, XAZHEFEIRSS AT LU BT o
BRI GRS 4 4R (ES) A74E 100 4
FRTR I RATSS AT RAT 55 & 500 MB <
M <1024 MB, Xf HbRiHSEATS I eI A2 55+ ES
AR ORGSR IR . B P IE SRR £ < 4 s,
FEHIIER 5 NMESTHEATSS, LSRRI TR 1 h,
Vil JiERAE Y 10s, E2R. fdk. (F
SR FN R LD 23 RAE A 5 s

M Router View 2 FFEHHAEHBENZEE 1 000 4>
W25 p o ORI ECS I SRR, B T
Mg 1 AN EIEIERERT 5 AN gkBEsE ALK,
R E A, FREEE N TR 11 AN R
FAIRR 11 AN TS RSt . TR i i 2ok 5
SIS BAE 32.308~39.545, 44141 I 4 Ky
21.81 ms. RIIHISEHWIE 5 Pros.

5 RGmIbEIH

52.1 A% EWRIRSE & %n L BEFN

R R G BRI D) 3 53 B A5 VRV
ViR, g E RIS R KA. H,
G H W RIS R Gein w8 6 s,

35000

30 000

Mo By A
25000 J’]u"ﬂhj‘\w\‘}\ I\H" 'Jh\‘ I‘u’v\ "
4 g LR T
gzo 000 1 /"\./ i} \,' W A
é'@ 15000p /' W

10 000

Random Walk
----- K- Greedy

5000

1200 1600 2000 2400 2800 3200
Hikl/s

Ko agitsimRkSG REm

0 400 800

HE 6 vJ50, fERMUI RIS, K-Greedy
F1 Random Walk #4) % 130 Zk 150 [R] iR 25 R Gc 0%
IR ESY )4 30 159 MB. 17 182 MB, “FHJii i
4399124 20 891 MB. 10 491 MB., AL [#) K-Greedy
5 Random Walk AL, WM EREE T 75.52%,
PRI ER T 99.13%.

2019275-10



m HRE5F%

« 46«

D Z T R RS R GAT 55 W R AT A %
Do mtn i 7 #1E 8 Bros.

100% ==
90%
80%
70%

% 60%

3 S0%F

Q‘R 40%}
30% 3
20%r Random Walk
10%F === K-Greedy

0 400 800 1200 1600 2000 2400 2800 3200
B /s

K7 gt SRR g5 RGUT SRR

100%
90% | =
80%

70% F
’E@f 0%}
-}§ 50%
% 40%
30%
20% — Random Walk
0% |7 K-Greedy

______

800 1200 1600 2000 2400 2800 3200
B fi)/s

Bl 8 it RS RGUE S A %

0 400

FHIE 7. 1] 8 WA, 767 ) AL A, K-Greedy
A1 Random Walk 142 i1 4 o+ U R IR 5T 55 F2 1
PN 99%A 51%, A5 AT IR 53 0 0
94%- 49%. M), K-Greedy Fil Random Walk
Ryt R Gt S RN IR S5 R S5HBR h 99% A1
61%, “FEUESAATEIZI 30N 94%. 58%.
A K-Greedy 5 Random Walk AL, PHEMESS
JEDIR YRR 48%, ARG A IR IE I 36%.

gi LTk, AL K-Greedy 5 Random Walk
FHEE,  HATBEOLIAESS 70 K%
522 A% FWFIRS F % R B BEITN

FR A B [ e 45 B O L kol BB Y R AT 9
b A A A IR VT I8 N, It S R ik 55
RGBT, Hrp, gt SRR S 9 0
Byt g miE 9 pros.

459
40%f-
35%
30%f

% 25%

@ 20%f
15%
10%f

5%}

------ K-Greedy !
Random Walk J
4

200 800 1200 1600 2000 2400 2800 3200
fisf )/

SIS UL SR AV R it

P 9 wI%n, EIRMYI RIS, K-Greedy
HI Random Walk F4) &t (1) i Z vt 45 193 ) e 45 1 03 U
TE SR I 42%F1 16%, P58 5K 25%
5%, AL K-Greedy 5 Random Walk #H L,
W R R T 26%, P TEERE T 20%.

G SRR 5 B GERE s RN i
R I 104 B 11 P

100%
90% -
80%
70%
60%

n

e

w W’ﬂﬂ? Fr'*?’r ',rr"mlf

N Random Walk
L [ —— K-Greedy
0 400 800 1200 1600 2000 2400 2800 3200
A )/
10 LT R o AR
mHE 10. B 11 wE, FEIRIE VT R,

K-Greedy Al Random Walk #4) & 11130 Zx vH 5 B[R]
SR B FGE R, K-Greedy Al Random Walk FrJ i 2K
AR K SEA A 80%F 96%, AL H A%
500 57%H1 83%, VI 69%Al
94%. K-Greedy Fl Random Walk [ 5 pi f K
TR A TT%R 96%, A% 51 2855y ik
69%H1 92%, “VIYFHERI N T3%A1 94%. A
X1 K-Greedy 5 Random Walk #H b, 882815 55 1)
IR PR 25%, FEEEFI8 90 3 EAIC 21%.

2019275-11



BERE 2019 F£% 11 #f

Random Walk
0% | K-Greedy

0 400 800 1200 1600 2000 2400 2800 3200
Iif l/s

B Rk i i R

ZE LRk, A K-Greedy 5 Random Walk
FHEE, JEuh . R R U R 55 48 B A g3
GEHE DI A, ARG BT R B A, P
A e 55 WA B3 R 2 5 FE B iy o
523 AL FWHRIRSG R A PRS2 R 0

DU PR A IR 5 AR SR (A 25 i BRI 48
I3 0 T R F T AL Sk o M AR IR U 1) T
G FE I RIIRS RGE R IRSS . Hd, %
THE PRI RS5 W R AR EE 1] 12

9000

ol P -

6000}

£

3000}

Random Walk
2000~ s K-Greedy

1000

0 400 800 1200 1600 2000 2400 2800 3200
I /s

SRV UE S2C AU iS R tE R ke i s

A 12 BT 50, ZEIRIAVI A R, K-Greedy
Hkey 7 (1) 3L ek S0 P I 55 T 274 i A 2 P
%1k %] 8 000, 1M Random Walk 4 0. 3XJ& K Ay A
I K-Greedy 55 Random Walk FHLEE, BEA% B 47 b
I3 RAESs, Bk T IIX A ZE

HH & 13~8] 15 A4, 4 IEAES R, K-Greedy
B BT RV YIITAE 10 ms G042 39 ms, BE 1

B R 0 3G N2 26%, A% SITH
BT 14308 O 0.68 Mbit/s, Jf kM K&
#, 1 Random Walk 3 5377 s~ 4E 10 ms
BNz 20 ms JEAKT NS 10 ms, 74l ERE

50

Random Walk
------ K-Greedy

4071

i3
(=)
T

8]
(=}
T
/
.~
N
.~
.
N
N
\

BER I I8 /ms

10

0 640 1280 1920 2560 3200
B ikl/s

Bl 13 Bl i 55 B 5714 i B T S

30%

24%}

%
X
T

RERR Y T SR

R
X

6%}

Random Walk
----- K-Greedy

0 640 1280 1920 2560 3200
i /s

Bl 14 Bhlal s B oL aERR 1P 1 o 2 T R

0.80

Random Walk
----- K-Greedy

o
N
5

e B A B 32/ (Mbit-s™)
o
[

0.48 -

IS
—_
(o)

1 1 1
0 640 1280 1920 2560 3200
i ) /s

15 LGN TR RS-V 2 el R

2019275-12



m HRE5F%

« 48«

HT O B3I 28% 5 AN %4 24%, W4T I
BHEE- RN 0.23 Mbivs, JHETPE.
AL A, AN K-Greedy 5 Random Walk
AHLE, BEEEETIERE N 19 ms, (HAMZERF %
2%, ALK 0.45 Mbit/s.

gi FATIA, ACH K-Greedy 5 Random Walk
FHEE, EPRRIIRSS (G2 BE . PRE, F32H 5 A
TR T, K-Greedy SAL.

6 4

A Z T H U IR 55T 55 M B IL Gt B AR 4t
EELEEISTN A B0 I Gt SR T VR T
YT G R N, A fer Ay 2okt Gu vy ) 91 26 L S 3kt
(N &y &S U N T S A E 24 K
P EE S5 R ERLT o AL AR P AT 55 5 SR AR %
FEPM Y ROF S P AN PEAG K R 55 o 7 R
ﬁﬂﬁﬁﬁ%%%&%%maﬁﬁiﬁﬁﬁﬁ%,
ASSCI R T3 R AT SR R Gt S 0 R Al 55 A
By KRR, LB I BT S5
BERTH Y, em TG ISR RS B

Sk

(1] A N RSOR B T RME BAR IR, TbAE B AL ) FE Ak
fRIEE RN 5G RGEREHF A VF RI[EB]. 2018.
Ministry of Industry and Information Technology of People’s
Republic of China. Ministry of industry and information tech-
nology issues 5G system test frequency use license to basic tel-
ecom operators[EB]. 2018.

[2] MRt sk, £, & GGE: RS RE] o
MW KR, 2019, 56(1): 69-89.

SHI W S, ZHANG X Z, WANG Y F, et al. Edge computing:
state-of-the-art and future directions[J]. Journal of Computer
Research and Development, 2019, 56(1): 69-89.

[3] MEAR, PMEE, BN, S LGV JrW I AU AL A
BRI, VSIS R R, 2017, 54(5): 907-924.

SHI W S, SUN H, CAO J, et al. Edge computing-an emerging
computing model for the Internet of everything era[J]. Journal
of Computer Research and Development, 2017, 54(5): 907-924.

[4] WHOR, BRE K, SRR, 55 Bl Gl HEEER SR

TEAE AR, 2018, 39(11): 138-155.

XIE R C, LIAN X F, JIA Q M, et al. Survey on computation of-
floading in mobile edge computing[J]. Journal on Communica-
tions, 2018, 39(11): 138-155.

[5] ZHANG W, WEN Y. Energy-efficient task execution for appli-
cation as a general topology in mobile cloud computing[J].
IEEE Transaction on Cloud Computing, 2018, 6(3): 708-719.

[6] BRICRL, BULI RBEEL, 55 Zvh 5 SRS R A Lt
S BETNET]. ENTITS KR, 2017, 54(2): 446-456.
CHEN H K, ZHU J H, ZHU X M, et al. Resource-delay-aware
scheduling for real-time tasks in clouds[J]. Journal of Computer
Research and Development, 2017, 54(2): 446-456.

(71 Fky%, 8, WFEH, & BT TR T EN AL
M2 Hbs LAERMBET]. #RAF244R, 2018, 29(11): 3306-3325.
ZHOU YM, LI Z J, GE J D, et al. Multi-objective workflow
scheduling based on delay transmission in mobile cloud compu-
ting[J]. Journal of Software, 2018, 29(11): 3306-3325.

[8] ZHANG H, GUO J, YANG L, et al. Computation offloading
considering fronthaul and backhaul in small-cell networks inte-
grated with MEC[C]//2017 IEEE Conference on Computer
Communications Workshops (INFOCOM WKSHPS), May 4,
2017, Atlanta, GA, USA. Piscataway: IEEE Press, 2017.

[9] LICL, TANGJ, TANG H L, et al. Collaborative cache alloca-
tion and task scheduling for data-intensive applications in edge
computing environment[J]. Future Generation Computer Sys-
tems, 2019(95): 249-264.

[10] B, XN, W% B n IR T ESHEZRZ H
FRARAL TR VTS KR, 2017, 54(9): 1909-1919.
HUHY, LIU R H, HU H. Multi-objective optimization for task
scheduling in mobile cloud computing[J]. Journal of Computer
Research and Development, 2017, 54(9): 1909-1919.

[11] TUYEN X. TRAN, ABOLFAZL H, et al. Collaborative mobile

—

edge computing in 5G networks: new paradigms, scenarios, and
challenges[J]. IEEE Communications Magazine, 2017, 55(4):
54-61.

[12] CAO X, WANG F, XU J, et al. Joint computation and commu-
nication cooperation for energy-efficient mobile edge compu-
ting[J]. IEEE Internet of Things Journal, 2018. doi: 10.1109/
JIOT. 2018. 2875246.

[13] HU X, WONG K K, KUN Y. Wireless powered coopera-
tion-assisted mobile edge computing[J]. IEEE Transactions on
Wireless Communications, 2018, 17(4): 2375-2388.

[14] ZHANG W W, WEN Y G, WU D O. Collaborative task execu-

=

tion in mobile cloud computing under a stochastic wireless
channel[J]. IEEE Transactions on Wireless Communications,
2015, 14(1): 81-93.

[15] GE X, TU S, MAO G, et al. 5G ultra-dense cellular networks[J].

2019275-13



« 49

BERE 2019 F£% 11 #f

IEEE Wireless Communications, 2016, 23(1): 72-79.

[16] GE X, CHENG H, GUIZANI M. 5G wireless backhaul networks:
challenges and research advances[J]. IEEE Network, 2014,
28(6): 6-11.

[17] SUN Y X, ZHOU 8§, XU J. EMM: energy-aware mobility man-
agement for mobile edge computing in ultra dense net-
works[J]. IEEE Journal on Selected Areas in Communications,
2017, 35(11): 2637-2646.

[18] GUO S, LIU J, YANG Y, et al. Energy-efficient dynamic com-
putation offloading and cooperative task scheduling in mobile
cloud computing[J]. 2019. doi:10.1109/TMC.2018. 2831230.

[19] o, MG, F/NE, S5 KRB SRS R A BAE 55
WEETT [T WAE2AR, 2017, 28(12): 3385-3398.

WANG B, WU Y J, YANG X L, et al. Dependency-driven task
scheduling scheme of big data processing[J]. Journal of Soft-
ware, 2017, 28(12): 3385-3398.

[20] WANG Q Y, GUO S T, LIU J D, et al. Energy-efficient compu-
tation offloading and resource allocation for delay-sensitive
mobile edge computing[J]. Sustainable Computing: Informatics
and Systems, 2019, 21: 154-164.

[21] B, MERARC, 1%, 45 JETOUMEMA LR TAERATE S
SRR TTIET]. THEBUTS R, 2017, 54(4): 872-885.
HUHY, JIC P, HU H, et al. Method for optimizing task alloca-
tion in workflow system based on cooperative compatibility[J].
Journal of Computer Research and Development, 2017, 54(4):
872-885.

[22] S, e, ZE=or. Beahs rh i BT R ia S
IAARIRZSAR ). VHEAUCS KR, 2007, 44(12): 2136-2142.
CHAIY P, GU L, LI S L. Cluster-based edge streaming server
with adaptive load balance in mobile grid[J]. Journal of Com-
puter Research and Development, 2007, 44(12): 2136-2142.

[23] LIU T T, L1 J, FENG S, et al. Distributed resource allocation in
caching-enabled heterogeneous cellular networks based on
matching theory[J]. CCF Transactions on Networking, 2018.

[24] FHR%E, EmeM, sk, S5 oA U8 LR T RE o A
SWE[T]. REFEAR, 2017, 28(3): 563-578.

FANG J H, WANG X T, ZHANG R, et al. High-performance
data distribution algorithm on distributed stream systems[J].
Journal of Software, 2017, 28(3): 563-578.

[25] TONG L, GAO W. Application-aware traffic scheduling for
workload offloading in mobile clouds[C]//The 35th Annual
IEEE International Conference on Computer Communications,
April 16, 2016, San Francisco, CA, USA. Piscataway: IEEE
Press, 2016: 1-9.

[26] ELGAZZAR K, MARTIN P, HASSANEIN H. Cloud-assisted

computation offloading to support mobile services[J]. IEEE

Transaction on Cloud Computing, 2016, 4(3): 279-292.

[27] CHANG Z, GONG J, ZHOU Z, et al. Resource allocation and
data offloading for energy efficiency in wireless power transfor
enabled collaborative mobile clouds[C]//2015 IEEE Conference
on Computer Communications Workshops (INFOCOM
WKSHPS), April 26, 2015, Hong Kong, China. Piscataway:
IEEE Press, 2015: 336-341.

[28] CHEN X. Decentralized computation offloading game for mo-
bile cloud computing[J]. IEEE Transactions on Parallel and
Distributed Systems, 2015, 26(4): 974-983.

[29] LIN X, WANG Y Z, XIE Q, et al. Task scheduling with dynam-
ic voltage and frequency scaling for energy minimization in the
mobile cloud computing environment[J]. IEEE Transactions on
Services Computing, 2015, 8(2): 175-186.

[30] DENG S, HUANG L, TAHERI J, et al. Computation offloading
for service workflow in mobile cloud computing[J]. IEEE
Transactions on Parallel and Distributed Systems, 2015, 26(12):
3317-3329.

[31] THESC, wH, WL, 55 BahilZeil HAT S maom It
3 R TR B I e S ) A D). v SEALE TS R R, 2018,
55(3): 537-550.

YUB W, PULJ, XIE Y T, et al. Joint task offloading and base
station association in mobile edge computing[J]. Journal of
Computer Research and Development 2018, 55(3): 537-550.

[32] MSmedr, SRR, A& TEA G H Bt
W RIBEFR]. T Eﬂﬁﬂn 'ﬁkﬁ', 2018, 55(3): 449-477.
DENG X H, GUAN P Y, WAN Z W, et al. Integrated trust based
resource cooperation in edge computing[J]. Journal of Comput-
er Research and Development, 2018, 55(3): 449-477.

[33] FANG X, YANG D J, GUNDECHA P, et al. Multi-constrained

—

anypath routing in wireless mesh networks[C]//2010 7th Annual
IEEE Communications Society Conference on Sensor, Mesh
and Ad Hoc Communications and Networks (SECON), June 21,
2010, Boston, MA, USA. Piscataway: IEEE Press, 2010: 475-483.

[34] SREASC, VEFFRK, feaas, 5. BT o BE ML L STIR I i
%5 e T[], VSRR, 2018, 41(12): 2756-2768.
ZHANG Y W, WANG K B, YAN Y T, et al. Service quality
prediction based on covering random walk algorithm[J]. Journal
of Computer Science, 2018, 41(12): 2756-2768.

[35] ZHONG Y, QUEK T, GE X. Heterogeneous cellular networks

[}

with spatio-temporal traffic: delay analysis and scheduling[J].
IEEE Journal Selected Areas Communications, 2017, 35(6):
1373-1386.

[36] GE X, YANG B, YE J, MAO G, et al. Spatial spectrum and

)

energy efficiency of random cellular networks[J]. IEEE Trans-

actions on Communications, 2015, 63(3): 1019-1030.

2019275-14



lﬁ HRSHFE

«50

[37] ZHONG Y, GE X, YANG H H, et al. Traffic matching in 5G
ultra-dense networks[J]. IEEE Communications Magazine,
2018, 56(8): 100-105.

[38] FLH %, sk, T4, 5G HLLEM T R[], A5kl
2018, 34(S1): 1-8.

CHENG R T, ZHANG H T, WANG L. Deployment strategy of
5G wireless network[J]. Telecommunications Science, 2018,
34(S1): 1-8.

[39] LHIFH, #tedt, skilk, 25, 5G JoB M H AL K 2 R
RIS HHT[I]. FAFEL, 2018, 34(S1): 9-16.

WANG Z Y, YANG C X, ZHANG J, et al. Analysis on technol-
ogy characteristics and deployment strategies of 5G wireless

network[J]. Telecommunications Science, 2018, 34(S1): 9-16.

({E&E R

RAEFE (1963- ) , B, i, FEREEREK
HSE B TR bz, EEIRIIAZ
mE S FEARSS . oLk Mesh M4 550
Pan e

BT (1993— ) , 53, TLPGH TR 2%
Bt As, E WS T I A S R
M.

2019275-15

HBEE (1996— ) , 2, JLVGEIT RZHIZ
S S B o 2 T S [ o = 20 o -

KRR (1993— ) , 5, VLVGRLT K22
S R S o X T S RN LI DB S R e
iT%.

TEEM (1993— ) , 4, TLPGH T KFEH Y
57 A S o=:X ) Sl [ o L L 2
ik,

XA (1959- O , 5, VIVGHIT RKZH%
Bz, FEHTT R IEREEY .



	5-19275-PfI.pdf

