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Abstract Multimedia services,especially online video services,are explosively developing. D2D(Device-to-Device) multicast con-
tent sharing is considered as a key technology that can handle massive data delivery. However,most of the current researches on
D2D multicast content sharing focus on how to improve the energy efficiency of the system, while there are few researches on the
data rate sum of the system,which is an important index to reflect whether the system can efficiently distribute content. In order
to establish a user model which is closer to the actual scene and implement efficient content delivery to alleviate the burden of
Base Stations and improve the utilization efficiency of resources (spectrum and energy) , this paper proposes a kind of D2D multi-
cast content sharing scheme based on physical-social awareness and pay incentive. Firstly, D2D multicast communication is mode-
led according to the limitations of the actual scene,and the application scene of the model is expanded to the “hot spot” area with
content sharing at high data rate where people are concentrated and the “blind spot” area at which the data cannot be easily trans-
mitted directly by Base Stations in earthquake relief operations. Then.in order to effectively reduce the load of Base Stations and
to cope with huge amounts of data delivery, this paper puts forward the optimization problem that the system equivalent data rate
sum is regarded as an objective function under multiple constraints. In the objective function, the payment mechanism is intro-
duced to encourage users to provide shared content for other users as cluster heads,and social ties based on similarity of interest
are introduced to reduce user payment cost and improve resource utilization efficiency. Finally,a cluster head selection-cluster for-
mation algorithm is proposed to solve this problem. In the cluster head selection algorithm,social ties based on similarity of user
interest is introduced while considering the limit of user data rate threshold. In the algorithm of cluster formation,a coalition for-

mation game of centralized control is adopted.in which the gain definition is highly consistent with the connotation of “coalition”.
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The simulation results show that the performance of the proposed scheme on the equivalent data rate sum and actual data rate

sum is significantly improved compared with the relevant similar scheme,and it is also proved that the proposed scheme is suita-ble

for large-scale user networks.
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Fig.1 Initial user and network topology after clustering

B P a3 ) B — R 3 — AR R R Sk IR AR
LMK ES €A K AR BB W1 hs R B R
Sk LA o A P b B s SR 3 AR S 9, A=< U 97,
BAFEE 1A RS T AR AR5 £ AR C IR AR
A B HER R CM, 58 b AN C TR Sk chy € €, CM, €
DGR Co=CM, Uchy , H=ubfBEUHE & 3% 45 7 %, B8 i 7% 3k U
A% 7 X R BRI R A . B AR Sk 2 A e i s
3 A A A% 3 O L Sk SR R 5L 22 8] LA D2D £ 4% 38 A 45 =X
b Bl o e Sk 1) R B 5 Rk O 1 £ SR P DB e ) 45
FH B0 A 4 0 U 0 — 8 43 2 3 43 I 06 DR Ol 2R 4 A 4y
W 255458 F D2D A8 2R i P D L 5 T8 4 40 I el R0 48 E .
B84 L 45 T A5 7% Sk 0 0 b 47 4 I 1) IR K (R 3 A B0k
Ny s BT DATHE M 0015 38 W vi MR, 3595 W, # kR % 8K
T st {58 Y ) S 2R G TG 1) e 5 ) 4% DR AT 14 0 ST 1 A 1 1 T
Ui, AT R 0, B AT L3R AR %N X N BT
P {E IR & {5 B (Channel State Information,CSD ., %% & 4>
e 1A Sk ) LT L R Y B A% B AR B R S TR ps
k=1,2, K, HT# k5585 Z 8] R F 6 W 24 48 1
AT R I IR O — o AT AT L R R TR, R
GOy R HI MR LR &k M R SR py A FRAS IR
A s ANBERHE A 43 1 7 A% 4 e e = {5 1 P, H T e 4 il
2 A% G W % A 1 T R ) SE G , R FE RIS N, 5 X
BRCL2 AN [R] S LA b A5 0 98 A B2 SR A 1) 450808 3 oK 7E ) — 1o
Vi) 21 375 SR A 1] A B0, BT A KR R T s A A8 (4 5 T Y R
2.2 [IBMEK

M | R EEST TR A Z RGN
I AT A B N #1120 W01 86 P e 2 R BEST R Nyaa 4
M. AN MR 2, i D2D 45K 28 I R BB AL
T 550 13 ) S5k 25 R RE S R R L TR O 4 R A BT B
TR B Nyaw o 5B S A B € B 2

| ¢ #1 < Ny = min{ Ny » Ny } (D
Hop N B LMBOR & W LRBIE ., — Bk, %5
R R A R 1 B B AN B &2, T T R 5 I B T RE k4 0
K54 B A7 1Y AR Sk T FE Y Rt &, G T A R Sk
CPEFE T LA B AN Y B KRR AL BOA R o — A~ TR
B N o 55k SRR FE BLSA B0 CM | T

|CM, [ <N, @)
Hr k=1,2,, K, K<Ny,K J0 #1545,

BT RS BN EEEANE =R (EE
X REGRIETED WP w, Moy Z A 7] 35500 R R .

bij ‘hu ‘Zduu
R; =Blog, (1+~——"—"") (3)
BN,
Hr, B R fHE W 58, No W5 E KRB RIEHE, p; N
P w1 wy RGRBAE B 093 dy e R KRRV dy A

P BB R o Dy BRARFE D 5, D /N RUBE 1) T TE 0 V% 1) B

U by~ CACOL D) s [y |7 ~Eap (D)UY, [H (i 405 6 55
W 285 B il Sz OE 3 AR T, T Rk o, SO P R IR S T Y
SINR(Signal To Interference Plus Noise Ratio) 4 :
sNir="r " ‘gV'Od )
H A WE 5 7 258 8 — & {5 T M Lo A BE Bl 1F o 332 00
VA, BRI BE % g A A L 0 B AR B RS T M Bk N B
BRI ICIE IR, B LA 515 MR b 75 2 L .
SINR=SINR,, (5)
Hp  SINR FRME T MLy R BA . X5 Rz b, A P
[F) Fly AT 3 R T o I 0
R, =Ry =Blog, (1+SINRy) 6
BB R oy 3 S S T AL o f H L B2 v FH P iR 55 i, an SR
JH P 32 OB B4 3 SR e A6 L B BE 8 o 5k i AR L (HK RE W 2
FUXTEEAR RS B R, M B T RN R, BT LB R
F P WCBOE B9 R AN TR B IR S5 BAE Riow o 25 1
WERABIEREMP u, (£ D2D RGO 58
PE U P ow; (FE D2D 43 1% 2 85 B 45 78 1% 51) 22 18] /Y B4 1%

i AR R S w A RESEA D2D SRR G

R; =R, =max{R, ;R } @
Hor o Ro FRRFEL 5 HE A5 H5 00 FH TR 5 i 40 o SR A R
T R .

() — 434 64 FH P el 3O e A T 7 ) — B 220 05 2 ) 04
W A TRY o 5 R AN T3] i 5 B9 D 0 A T) — 0 D 2 S 800 Sk
B SR B URE D AR A ) P R AR 22 AR AR AT
fis 25 6 D2D 23 L FER IR . S TR YL A [, 5 25
AR 22 56 & L 3K Bl 28 56 2 R JH TR % R AT L R
AR T R IR R N i AR LR K L T SR A%
i [ — PA 2 ) B0 ) T RE PR A L S AR 0 Ol R
LA, PR T T RE L £ 5 IR T AR L B
HEAG R . SR AR — TP A G BRI 5 B LA S AT
AP B i 2 R BO TR BRI, R — P %=
LA D2D 7358 R G0 . 3 oF5 H G AH LB 5 55 — 25 %€ B9 “ b
T 7 A B L HE D BT L BE 5 s v T e 3 U G S i
Ao ABE BRI T P S B Sk o 3k S TR Sk A 5 3 R A B
e B 2 R K AL i R Sk B S E T 2R AL T R R R
B R A L 55 b R Sk BB AT il B0 M0 T LA B R AR
i BE— P AR T RN A B L SR T RGBT IR A AT AL R

AR SCHRL12, 141, th 24 AR RUE € LB w5
w; Z [ 32 9 R AT R AU E

_ Ji*J,
[ 115

Hoog, Mg, 20 g i, Ko 84 S0 2 i UE S R D Lo,
sl = I Fomm K. J, Mg, 2P e LA DGR 5
BRI o A M R T R R A o L M R I Ll SCRR (12,

(8

Sij



AR P R T A S B N SR 9 D2D 24 P 4 Sk S SR g 253

TATA AL A T P Z RN A28 SR R sy W LA AN 5 saR 15
TS B — A BRI S E AN R Y 6 ER OC BER] L
SR 5T SR HE AR S v D AR B AR LB AR TRAT AR A
B Ul 0 G B R R B A R B 2R R 4 S P AN P I
FNZIN KRG e B B 00 X0 B 4% ¢ SR AL i 2 A O B
HEAL DGR ] Tk, 2 P A B O AR T AL R o ik R 4 B
J5 S HEARYE R (O TH AR BUE WA P Z ] A A R

T O A S oAb R Ay S B S 51 ST AT O AL
T AR A % G 3 5% 3 5 A B I T P 3R A g L
B 5 0 ST S e T 5 TT P P 38 2o 2 Sk AR AT B i
WA I SO RN Sy TE/ LU RE . TR IR kK B I R A
SN — A % R 1 P O S T FE A Sk RS Y U
WA AT P 5 0 Sk A S8 06 R ST A sl )N L BT Al
FEBAGELA TR s 9 P IBR 4 Sk 09 ST AR AR
H(A—s)e J0/ WA, TRl “HUE” & 900 A 1 Ak 2g 56
Fo R SR A . DR SR A5 B EHR B0 1] Rl S A AR
W7 J5 s il T 18] A Sk STASE HGA% B8 9 AR H 7 AR 7 T 1
JESBR RN AT LU SN o i R LR . 53 4h
EH RS E T AP B R A c=0.

FRGEOTHEI AR Sk KR v B A Sk BE B RO il 23 0l
1 B BGE W P R IMA SRR S RBH P
NP MR 2 5 U R A Sk L AR 1 P A G R S B Ry R
) 3 2x AR g R R . HILIEAE BRI C, 5 C, s
TR EERE d,, A/NTF do s B2 .

dyw=du, 9)

RGO AE i Sk B 0 Ry gk 2 A T P R
REHE 200 I G RS B Sk T R B I 2l R A g fil
Sy R GEIE R AR RS TR A B2 A BR Y H R (E A
P s BME =R LT p il R

Pr=Po sk =1,2, K, K< Ny, 1o

Xof T KAk () B 3 SR R O BRT — Rl i) i
N o] 3 55 LA e T PR B2 b U A0 i sl 67 1, 384 0 2R 8 B3R 56 R
BEAR S AT AN 2 25 LM A SR A o o 3R e a3 A g —
B bR e b AT E S BRI TR] A B B R SERLRE

é:l ]ﬁ:lx,,‘ Lo AtR ;s ; —c(1—5; ) AtR;s;; ] (1D
Hoft oy € (001} o %y =1 BE 3 BT a1 PT 0, 368
P o, =0 BRI wo AMAS o, XKiEE Y., 4
xy =1 W, S BAT— BRI H P o, A D2D 43 % R 5015 2
B B AR e T B A 4 0 A R A B B A
JE—TUE A P HAE A sk . KADRBRETE
BALIN ] Ar A ) Y R BT A OB A T2 AR B Y A
WA 2 co=c/co BB W% TR G RRE A AR

YZV:] Ji]x,_,c'o At[Rys; —c, (1—s5; )Rys; ] (12)

Y e KA FR Gk RE T LA SR % L3k 43 % 18] AR B e At
FEAGE ] die 5 43 8 45 R L TR UG die KAk 3R 8 RCAE I B 2% 0 B
co A, AT LI B R GE 9 H br i 84T -

N N
max 2 2y [Rys; —c¢ (1—s5;)Rys; ] 13

i=1j=1
Horb 2 2y =1 W Rysy; R m 3k K3k B i #2 B5y w, 1931
B BOR B  s ¢, (1 — 5 ) Ryysy TR FRILGY w; [0] 38 3K 3 AT

B S BRAR XA ¢, (1 — s ) 37 0 K T 2R i 19 45 4 3 5 451
Ko RADFRIFREEN x5 € (0, 1} RGE AW LA 4
7 Sk B A T e R S A R 250 A B B4 S OKR 0 S R A
R B ARG RE R K - XA R GTRRE R 7 G 4 25 B A
N, AR KA AR G845 S RO B A B Rl SEBR b ok
T ARG A" AR G — A0 FE Co WEE Sk chy 1]
WP w; SREEEAERS P w78 Co WEISICRESE L

UI%.u, :RlZL.!A’ Shyu, — Gt (1*-\'/%”, >R'ZA.U’ Shy o,
_ P, N 12 d5
= Blog, (1+ =), [1=c.(
Shya, )] 14

Hor,pi, o Co WHESk chy IR DI,
FAH N — A R 2 RBEIA — 00— Sk
ARICEAE BT LA IR BR A

N
Dy <l,r; €{0,1},;=1,2,+,N (15
i=1

FEH D) A @) D @) A A0 R 5) KR
i 45 2 H AR A R an T .

max é ix,j [Ris; —c(1—s; ) Rys; ]
st | cﬁ | <Ny =min{ Ny s Ny |
|CM, | <N, k=1,2,+, K, K<Nyy,
R, =R, =max{Ry R, }
H.d,, =dyd,, WEC, 5 C, W%k HHE
m.n=1,2,,K,
Pe P k=12, , K, K< Ny,
YZV:IIU<1,1,,E{O,l},j:LZ,'",N (16)
B ARG Ak 7] 88 92 B | S8 0-1 % % #0 % ) S 3% ) S
NP-hard ., 5% F i J7 48 2 5 ik 1T DL A5 200 0 £ A . (0 33k i 2 4R
B2 i P B0 8 R B, SR T s B B L T DL B
A — BRI 1 LA T 3 42 2 s AR Gk 120 MR T8
SRR I G| T AR O AN 25 A T AR A B R T A T 2% (Coa-
lition Formation Game, CFG) & 3R i £5 B Wk A #% . il T A 3¢
8 [ 850 A B A T I it R e IR AT A A A 25, PR o
AT LA 1R FE I0¢ B T A 1 A e o )

3 MRKEETRE

T A A S A Y P 2 T PR I 9 Sk
B DR P A PR ER R EN.
1 E AR oA B OGSk R ok AR b P AR 1 AL EE
JE Y TR PR 22 A 2 R R . SCHRLI0J B 5 8 T Ho i ik
AL 2 TR EIF B A 5 IR P B SR 2 &R
SR 1 Tk SCBRL12J BAR B IR T W B AR AAE S X R LB
Y RS VA P T B e R R i T 2 IR S Y S PR K
N ST HL A 25 AT T R R AE S PR A% 18 2 V& 5 M 1 i L -
B RO AR Y B L P AR B A P RE AN B AR, A
PEPE T 1] 35 ¥ BE-4E 32 AL HE (Achievable Physical-Social
Weight, APSW) Iy % Sk #EFE 57 125, AR & SCINF

W,:u g;\uy,,-Rijs,,

1, Rij }Ro =max{Ry s Ry |
s.toy,; = a7
0, sz <R, =max{Ry sRu.



254

Computer Science THEHLEIZ  Vol. 47.No. 5. May 2020

Hep W, ME—HF w, € VIORE;R; fs; AP v, SHP
w; Z AN R IR R A WA P AR R LR IR (D 4
E 55y TE P L0k 22 BACHE )5 b SE G T EAR B, A E
SCRAN 25 18T A P B50H0R 3 % R At 22 06 2 52 bR (B9 BTk
7% T S B A AT T X AT Ik H 0 B R A SR BE AT B 2B
B NARES T REMBE. 5350, th F LR BRI 7R Sk A4
BRI S 0] B B A BT BR 41 APSW 836 75 20 2 (D A=k
(7). [FIBFZRG SCHRC10, 127 Fh A O 38 ik (9 A R 0, ] LA A 3
T L T 0]k W -4 S A R R Sk RS k. AR SUER
B 25 T ) 3R 4 B A A 9 Sk BE R R N R 1 TR
ik 1 EF Ik B A B AR Sk 1 B R (APSW)
L WGk, i CH=[ J(CH F/R#EkE S < CH i1 h % , Fm T
FERIMAD 45 1 P S b I P 90 16 D % p, L CSTAE B WA A
PRI AL SE R R s 25 3 B8 Ry s Riow s N s Ny s digy s N
2. FHHE ARG BAL B P E R 4 AR D 23 2D 451
48] N, Ry 5 Ry
3 RAR AD A P RE W, 18 SR A9 1 WL 387 HES S
ARV WL IRE W' JC R AL ) W R L BT S
o 1i) 130 De, B De (1955 — A4~ JC & A %5 0] & CH, M 5% 17 5t De
M —T R,
4. while((|CH| <IN, ;,) & (| De| >0))
if De (1955 —A>70F %R 09 P 3] CH A AT ] 78 2 % P 09 5

ot

BANT dy,
6. De fY 45— IR IMA T & CH
7. endif
8. MMFk I & De M5 —PTLHE
9. end while

A R AL P R 22 BAR RS i B R 5 =L (8) 3t
AR, R4 b CSI il 3 3743 oAb 2 850 i 2o i
BB J5 1 CH 45 00 30 L A0 4R A B 22 1 #3k

BRI T AT A S T ik R R,
PR L RS m 1 MR A THAPESE LN
A CH 535 FUB m UK, 1 3 35 28 3k 78 — N0l 2 2 1R L
TN G375 SR G n A3 R R B 2R B W O(N®)

4 FERRAILE

4.1 BRBAMBEEER

SCRR L2 1] 2 7 10 B R B T 24 19 8 982 ok o€ B A I
B AR AR TR R R A Bk SR P U
FE L AT PR 2 L A8 T X B R R AT 8 — A BRI R R fE
TR DA 5 73 80 s Tz ik b R Gt E O HEA
e S B 2% A T P 00 B0 e /M S ORI £ 0 S R O
i B AR B G R R R R BB A B RSy KA. R
IR TR T 2 SR ik R AT B A% ) S A T IR TR
JERY R TE AT 18 A EL A5 SR TT LU % 5 0k i AT 28O

— AP BRI SR D I — 43 T W R
A DA P AR GZ R A G
A SRR PO $A — AR RS 45 5 2) % P E A R
G AR AR ZHMAR T PO BIEE KT 0. HM
AAEAE R Y 2 A REHE A RO A R R . 2
ZAF A B R T P R B R R I 7 BT X
%3 R ) TR S BV TP B A 25 4 A 0 A DR 10 1 4

T 3 5 O A i) F 2 XA R P

2L A M AT T i R S B B g R K
B AR LA AR B SOk 120, AR ST T AR #3825 16 7 T8 A 2ot
2, T LA 6 S o 2 0 S A T AR R OR i o R i
T AN R R AT R A B A R T L I R A R R
ATLAA Q6 Fm, U Roan i ITA S 55 NES X1
JE B R P A UL R L R Sk BRI R E A A=
CHU DR BR GG e Ly €= {Ci . Cpoeee Cr ) A
WICE Co (k=1,2,,K) J&— AW (BRI E B ad # v iy
S Y K A C N G =0, 0 C= 1 1CCH %5 G,
BB 2 [ G | i AR A P AR R

HCH = {(v(CO [v(CH= (v, (C))ec, )
Hrw(COR—AC, [ HEm it s v, (CHJE M v(CO R —4
TR KRS HE o W Corh RN,

BIEFT IR AL IR B 254 € = (€, 1,66 R H P
F R SR IR B R B b 6 B BUIR I SR H A 99 4
WG MRS ES Cr Ek. N T B 1 IR TS
PRSI I A, T I E LA

EBX 1 —AFEH Ay u) I —DN MRS 5H o UG
REONIK C € CHEBRBEY C €Co . — AN Ay (u)
Hop e XFRmR AT

Ay (u) :C>C\u, H C,—~C, Uu, as)

EX 22— Ay Gud) RIZLREIE 35 (LU {8 BRI 25D
gDy Ca)) N EEHe Ay Cud) TEBUR - 3E BB BT AT P RO
oK FD MR R, PR Sk T RERE I S N AR S A T
SCATARA S SRR BRI L B 25 R O X A FE A SR R
FE B 1 3 506 T I R R U R OR T

TG A TR Sk 2208 B & 2 1 80 HE R 5 A Sk B AR o
FRT kR R Sk B0 HE 9 R G T kR DR RO T gk
HEOMLR, T AR A w) RN E X, T
D2D 53R 2850 A 7 Sk X 43 7 BT P 0 B0 R 3% R R
B 2 A T 1 s BRI A Sk RO e % T 3R 0 20 R IE 7% Sk T LA IR
55 43 HP (s T8 T R B 25 0 R Y DA Sk BROHE R % R BN T
SN T F P AT 3R R R 1 /M O REAE AT D2D 43R £ 1
WELEHIET. AT RSAHREEE AR LB &
G355 Y BT R Rk S SR /ML R R Sk 1R Kk B
R RS TR S A

L1 HAHP w B (B30 CiF AT R (Bl 43 7))
Co I a1 AT SR R AN T (o, R 0B JRIE B (a2 7)) 10
A F P TR R 0 B/ ME . MR R S OR T B R T R
BIFT 55 F P, 1 308 A o AT A Sk T R R 5 B2 ol 48, Ji 40
HoAbH PR RE AR AR RGP w3 AR
W (B4 O G Ja e AR =X (1O R SCRRC 120 -

g(Ay ()=, (CUu)
Py VR, 17 i,

BN,

¢ (1—=s,.,)] a

UL 2 M, NC B IFHEA Co st T ey BT 353 R
F IR (SO C BT P Rk SR A R/ME . IR,
¢ b SCIR B Sk AR 9 P de /N T 3 R R 3% 4508 L 3 A

=Blog, (1+ )$i, 0 [1—



B A — Rk Ty B S B R S AR B D2D 24k N 4 k5 g g 255

B R T o TR R TR R OLT
P, IR B A /N B TR AR S 5w, B
AR BB XA AL Rk o BISNE p, T TSR F
P AR w, T IR R KB RINA C B SRR 9 BB
{14 e /N VT I8 AR O AR Sk chy BTN pl, ). HOARYRSEER
7o D) A AT AR e B4 5 (E TP D) AR e T RE
WA R A REWE RS IR Sk che BT p, B2 5 3
2 38 5 1) B /D A P s TSR R R B RN Cy 1)
JEL AR 5 0 B /N T AR RO BT o, pl p R UE

- P;k [ hy 17y
Re, win =B log, (1+ BN, ) 20)
HA Ry win AR w8 AR A3 Co B B NP

RN Brigy

Phe e Do QI 50 P FP T 15 00 % SR e Ay (u )
M3 25 g (A (u))

124 ph = P BE S FHPY a0, TG 35 05 A2 PR 7D 2% 4 T A B A
SREN R g (A (w))=—1,

20 pl, pma B L RE S A M P w IEF B
5o BERTHEH Ay Cud) M RE R F R w, FEHEA C, SR
MIRLRE , 3 57k ch, $& B TIRE TR N AL 5L (4 25 HOC .
WX QO FSCHRL12], % F Vo, € C\{chy ) s BT w, Kk
A Cy W u; PIBLRED

s
D, ‘hhk.u7 | d/zka‘u]
BN,

c,(l*s,,k‘“, )] 2D
TR w, A C, 5w WERERN
P Vi, 12 dn,

v, (C)=Blog, (1+ )51y [1—

v, (C: Uw,) =Blog, (1+ BN, e 1T
e (I=sp,.,) ] (22)
- P;,A_ “7-/,/:@,, ‘zdr,f.’u, .
'U,(’ (Ck Uu,)fBlogz(lﬂLW)s,,M, [l
e (1=s,..)] (23)

g (A Cui)) 7E SR SEHARAR 58 WU » 30E A 53 1% B9 BT A P
9 31 25 9 AL BT LA -
gDy (u))=wv, (C,Uu,)+Sa, 24

H.S,, = z{ (v, (G Uu) —w, (C))sv, (C)so,
u, € C\ Uy )
(CUud o, (CGUupmRCQD—RNEHIE, LZZE, A
Uy, (CkUui)+SAu/ P;xk <pm:\x
gy (u)) = , (25
—1, Py = Prmax

B T Ay Cu ) BB ZE g (Au Ca DD AN BB Ay (u ) Y
SR R A W A R Ay Cu ) SETRUE A P (L u )
BN ZE g0 win (A () s

EX 3 Fei Ay Gu) SEUG A P B /N 2% g0 i
Ay Cu)) A EEIR Ay Cu) SEIE Co T P CBAE P w)
F AL BE 3G 25 1Y e /ME . T T 2 W RP G B0 45 th Bk e X,

O L X T 2 MAES 1P w ik AR CL A
JERENEA PR 0, P w 25 v, (CoUw) BT LA
Fedfe Ay Cu) 58 BUR /MBS ge i (D (wi)) A

Zemin (A (u)) =min{o, (C,Uu;).0} (26)

WL 2 R FE X 2 MAEEL 2,5 B RR 0 B I A/

/k

st

1) ph, <= P I B3R 09 RS T 3610 L DAL AS

Gemin (D (w;)) =min{M,, sv, (C;Uu,)} @27
,E\:':F‘»MA“/: mi\n {("U,Ar(CkUu,»)*vur(Cﬁ)} o
u; € C\ Uy }

Z)P;zA = P B P w, TIEFEA C s 28 U Ay (w0 ) 58
W B RN E A — 1,

Gemin (A (u;))=—1 (28)
AWM TIE. A .
min{MAul s Uy, (C}; U u; ) } . p;,( <pmﬂx
e min (A (u;)) = ,
-1 D, = Proax
(29)

4.2 HMHEMNETEREEBEENEEREZE
P Qs i R IR s S B Tl i NI
Ay Ca DF Ay Cu) IR A SO LT AT 56 R A&
EX 4 iRz R
D Cu ) > D (u)) S g Ay () =g (AN (u) (30)
IR i 2% 2R U006 T ) DA TG L A 0 S 2 1 P P b i o B AR 1Y

F PR, AR ST T — A i sl 412 vl 2 ) A e g 1 2 T

1 W BT 0 1 R TR IR T ok 5 A T o e B R A

Hbrg i, Mg AR RO . RA0 R A5, Hx

SCRC12] A DR ot a5, AR I 3ANASE TR 10 BRI 2% 478, 75 38 ok i ) ik

F B A1 2R 0 7 7 B3R (Improved Coalition Formation

Game Algorithm,ICFGA) , W& 2 iR,

ik 2 SR T I BRI 0 MY U

145 APSW SLE AR M) 16 S8,

2. B APSW 5535 45 i1 1) et CH Rl &5t DR 23 51 R #% 3k e T8
TR H DN R AEK B AR & S8, 3K Sk FgCHE I Sk 3 At
RHFR s\ JHE A MBHRE R Ry, Hrp k=1,2,- K FmiEk
P55 ,i=1,2, ,N—K RREIE T 72 0 F P GBs gk #H 19
P55 . TR R R p, " p <po .

3. W B AR & Clustersignal )y 1 X K 44 1 [ &, Y HF k ML H
Clustersignal, =0 B, /R 1% 50 7% © S8 0, A P £ 545 - o
Ao PuRAHF wIMAGME C JG# 3k chy MBENTZIER, & H
H TR ) o, oA 1XK BT ) i, B0k B 2 W pl, IR kA
JEFE B R chy MM TR, WA LB BLAE M ¢ il 2 A
PR A BB LS 6 > G =

Chowz = €3 o

4. while( (€0, 7 ®) &.(| Clustersignal | 70))

5. Vie{l,2,,N—K}, Vk& {1,2,, K} W5 gy

(u)EA 0,
6. for M FH—1 C €€y

{Crowt » Coowz 1 » Coowt = €1 »

7. if Clustersignal, 70

8. R C &g C W P BE B R BN P uy DL
HEE#=E R

9. WHE U=0

10. for X FH—1 C € €on

11. it TP u GiEA Gy I Rg<<R'y

12. st O wh Gt A C JERHER BTN E ST p,'

13. B ply=pi » Hoth T3 pl Rk chy MFENH

S kBRI R T R
14. end if



Computer Science THEHLEIZ  Vol. 47.No. 5. May 2020

256
15. A A 26) A O T g min (i Cu)) Ho U1 i,
H P/k;ﬁ/\
16. if 2o i (A (u)) =0
17. AR (19) R 25T g(Ay (u)) 2D ply H
AW
18. end if
19. if (@A (u))=>0) & (|C <N,
20. W= Uuy
21. end if
22. end for
23. if u'#0
24. SR wr Y @, €U A g(A  (ur ) =g(Ay (u)
25. AP ux G A Cy
T B ZE € = Coiown NGy
Coowz = (Coowz \CO) U Cye
Cv=C, UG-
26. Wk ch & ST TR ply»
27. FIH 200 3R S DI FRAE N ply- J5 10 BUE % Ry
28. H p' IRIE L ) pl, 955 k Mook
29. else
30. Clustersignal, =0
31. end if
32. end if
33. end for
34, end while

35. ¥ o3 R G B RN T Ry B MBS

ICFGA B3 45 o5 i e R 0 5 Sk Th R A i 45 3R
4.3 BHMETHRARREENEERE LRSS

o I N G i VR S R QB A R LU N IO 5| A A 7
2o b A BROE AR — 2R 5 e e TG B 25 4 <€, B 6 TT LA SU B
T A2 A B B 454 <€,

TE B < B i 5 106 BT I 1) R T B 9 A T AR b
AL DL Oy 20 P GRS SR E OB A A
YRR 254 ¢ NRF R P (BRI 6 )rp B — AN L AR L 35
Fe KM P BRI 3R 38 ) AR U e Jm A 3 R sk 1 45 A Bk
B 6, A B 2 A — A IR L A
B A 38 P 0 AR O 3 o A Bk S D DA e D T R A ok
FE I 5 SR A R A W A A B P I AR B B PR AR
R FE N P IR KIDHE pron BRI R . N R A
FH P R 0% 30 2o B2 5 T S5 A i B T CRRL 2 43 R 14 8 Sk T 3k
FRKREXELENAE LB Ny BHILZKEE &
B AR RE TR F e 12 306 B A AR 106 S e ) B 5 AR o K
Ry — ek G , FEE T —5 e, B TA fF ik
HAPEER OSEMAREREES R 0. B RFEHP
FIRR BRI B A B L BT DL 48 A PR e AR, O P e 1 3 T I
T B2 B TR TY SRV i 2 — R B e e R B 454 Co T LA
S AR 251 C,

X5 —ABBEEH U={C\ . Crye, CLy O R
ERAMERE SFFVYCEC.YC, € G HA gy (u,)<<0
B gemin (A (u:))<<0,

AR 2 2Pk Y I B TR 2 A R B Tk AR A
BB B S5 ¢ AR E .

IEB ER i S SRk [ 12 KB AXh sy ¢« =0 5
GFAQ PR BRIEM . 2 ¢ =0 B LA P S TR
B 2 i A G5 ¢ IR LR F Y. Y k. A TEEAT
Al BTG e Ay Ca ) I 7= A, 97 A PR 0 1) 32 T 5K B B B2 1
M B AR I IR S A5 by ¢ BN E . Y ¢ £ O AT,
TSR AEAE B0HE 3 5K 3 A RE A 2366 5 25 4 ¢, i iR I A 25 4
C AR RRE I, R AEAE — A P B E SR D w,
W C, €6 BM C €6 M B IAT, A g(Ay (w;))>0
H e min (A Cui D) Z=0, R FH P o, AT AR B3 C, A S 156 2
Co X 5O 2 WSE R CHTE, BT Y ¢ =0 B, 5k
WA RN R E R . b B T B B R 2
O FE I B AR A A BBk L 25 M ¢ AT R E Y .

BB RENN W E TR R R, mEHBL T,
BWEBEIMA — BB AAH H LB —AH BT s
RS H LT P R AR T BT R — k. Tk
BB INA T — B > — A e P, B S A
FH Y — A 0 AR R A B LA 3o 20 5 A A BT AT P A
TR BR 254 ¢, B BR 254 ¢ v ) Ik B0 B AR Rt P O
KA B ZA] N/K T WS BIEHRC[ - ] Fam LI
) AR SR 5 2845 30 I i i E6 BRJE  IHES 00 RE A
PR R Z N OCN?) . [H I 5 Sk e - 0 08 1 10
SAPE S OCN®) S SCHkC12]77 B M3 S B 4= B2 O(K(N—
KD BHEE DR HERNK, EIFEEIREHZERRN
T LR 5 SR A A2 v o g ol B30 30k T LA 389 50 28 40 19 T 45 4k L BRI 4
0 Bk W 2B R i R 25 i & B et AR ik i B T IR
TE BT 25 1) 2 T8 B0 B IR 28 356 B T2 i b 2 B0 92 7 A DR AR T
J 0] B A S A R R RE

5 MEERSSH

15 B & —A 0K R 500m M IE A B RNX I 5, T A
FH P BEAILIE 5] 43 A0 7 /N XN S 35 07 F 1E 5 B vl B ik
Sk Sk 5 R Sk AR R R A E SRR . (R
A AR [ B 2% R R B AR B AN R R B A 9 . B
FF P ] A 32 06 R P R0 45 L AR RS P 220 0 4 52 6
FH BB P M E R EREROITESR. A
4300 DA FR Gt A5 AR R LR G S PR AU R A
SR/ L o B M R e AR LA ) T 43 M7 SR W G R 45 1 B
RIS, Horp s 2R G0 A5 AR SR N E U R G TR P
AT 1 25 OB TR R A R S OB T R s Ol B & %
B A Hiz e P B4 T R BOHE R 5 R 4 S PR O R )
Sk FR G5 I A P S o e 0 AR A R, SR A P S B 1 B
WSCHCHE 8 % s SR B 2 6 P BN F P I T R R X
P A F P ) 158 96 Zr 0 e AR s P P 359 45 3/ 52 B B30 40 3 6
B w LR P BT R FA M PS80/ 590 8 S0 3
M BE SRS % H P BUR R TA 4530/ 55 bR
PR EE N 22 EH . BERGESENT 540 P
$% B=200kHz, i1 )% % N, =—174dBm/Hz, B4l
FRIRIE I po=0. 2 W (5 T W 1L F R {H SINR, =30dB
X IO 1) $5 4 3 # B (. Ry, = Blog, (1+SINR,,) , T BR IR % 5
{H Riow =2X10° b/s, %k 8 B BR BI{H Nyw = 20, 5% B 51 A



B A — Rk Ty B S B R S AR B D2D 24k N 4 k5 g g 257

B PR N, =80, 7 3L HEES T BR B {H o = 80 m, J 4%
FEHT a=3.¢,=0. 95, " N RHAM pue=2W.

BT SRR Sl A S 5 R AEIA . X 6 AR AL
PR T e B PR AR + WO LR VR I, R Sk e o AR i
FH 3T 1 35 9 30 -4k 38 A 1 7R Sk S R B kL AR OE B R 0
B 1 35 B TR 01 2 0 R TR B L PR R B 1 APSW
ICFGA J& 5 —M3RE BV SO B iy Bk, O R S ik %
B 5 A T Al 35 ) KL E (Achievable Physical Weight,
APW) R L e B 4 1 . APW S 06 2 76 1T AL T 1 1 3% i
B S R AR RN S o ) A S X AT s B R A BR A iR
EATSC MR SR B VE L BT LASE 2 A7 ik APW+ ICFGA,
55 3 Ty vk Sy o A B AL Y A Sk 1B BRI Bk + 58 A B AL Y T
¢ (Full Random + Full Random Cluster Formation Algo-
rithm, FR-+FRCFA) , It J7 2% 4% 8 i 1 77 =0k 9 % 3% L 7% 3k ik
B2 Ja s Hofh 7 o 4 i BRBA B 7 =0 A A4 5 Sk BT 2 1
H AU A — A~ BR i 4% 1 BT s o SR K 5 () A BR Al L
R B TR OR T R A R IR H AR . 4 R 2R
B B B AR Sk 2k B R+ 32 B A B AL B B0 75 ((Limited
Random + Limited Random Cluster Formation Algorithm,
LRH+LRCFA) XS 3 P s al . mA TR
(D K2 (D KD ARG AR FFATREN /5. % 5
R 1 SCHRC 1242 1 i SMW+CFG 8.3 (B8 d, =50 m,
d,=40m) , 1, SMW 3k [R] i 25 [& B 25 29 R+ 38 % R B %
KEBEREVL ,CFG o 3 T 16 B W IR 9 708 UG, R 4 3
AN E R R G AL 3G 35 i o NME . 56 R T ik O 7E SOk
[12]48 i i SMW+CFG 5832 By Sl 1, %o 556 3R R g 19 20 3 12k
CFG MY A G 5 52 X 3% ICFGA B T U0H S B B FR ol
SMW+ICFG 551 , 16 B 4 25 19 58 i 45 A F P 1 e/ B 2%
A% A PR 3 2

& 2 g5t T ARV E LT R G0 S 808 3 S A ) s 1
Byt g, A LUE A EH P 80T APSW+ ICFGA
SR 1 S RO R R RO T At 5 R 1, e TR Sk %k HURN
#E F P 1 BIY BE AL E , FR+FRCFA 4% (1 45 20 5 88 3 &
FUNT HoAty 5 Fh &5, 300 APSW+ICFGA & 48 L H At 24
SRR T R REAR B T R T, ROk E .6
ol B 1 B30 0 38 % R S B 0 R PR P 80 e TR S B
X R O B ) 6 P BB B, BE A 3R R R T P A
s B AECHE SRS K, ZEARTRIH P 8 H R, APSW - ICF-
GA BYLM APW + ICFGA 55 12 i 45 2% B9 5 I AH 25 A
KR FHoAh 4 FhET I 33 2 PR Ay a3k 19 o 00 90 7 R Sk BB 0 5 0k
bR T b A A AR (g B 2% A T SR T R T B
HERY ST B BE B I R Y U v, TEAHRI P A T,
APSW+ICFGA $32: By % U8R # = F1 K F APW +ICFGA
B, XU TE AL XRMWAE KM, LR+ LR
CFA 5835 It FR+FRCFA 53k A dR M2 K, 3 T 1k
AR R S B e . 5 Ah . SMW + ICFG 5 3 % 48
BRI SMW 4 CFG, FR+ FRCFA, LFR + LFRCFA # ¥
4 50 H0 TR 3 ) K S PR Sy S Sk 12 ] A 3 8k B
B A2 B FE Y A vk CRG A I 2 348 25 %2 Gtk AT 7 stk fifi

P03 T A 6 K B T R G 25 00 PR TR OGP B A SR KR T

20 210
’ APSW+ICFGA

3?2

=3

& 20

-

g 15

&

K 05

W&
0350 400 450 500 550 600

WA FKEN

2 Z G0 S ROEU HR R B ) ah B P B0 A8 Al th 26
Fig. 2 Curve of system equivalent data rate sum with initial number

of users

B3 M T iR G A% AR RS 5L R )
B 1Y AR G5 S R B0 SRR B 4 F P B AR fb it 2. R )
BET . RGBS EMBER P Sk ai s
B 2 ML 72 A A P 8 H T . APSW + ICFGA 3L 4% 2
ST A SR v S o 5040 3 3 A e e 9 S X BB AR ST AR
TR L H: i B3 vk A S R BOHE OR FIPERE A AR L R
FE ST R Z2 G0 v AT L R R BR R b o e 0 £ 4 [ R S A K
N o ¥ B 0 4

x10°

. APSW+HICFGA

— — — APW+ICFGA
—#— LR+LRCFA
— % — FR+FRCFA
—e— SMW+KCGF
— © ~ SMW+CFG

N
o

N
=3

—
o

5

-
L — T e
S ————*

ARG HAEREF/(b/s)

=3
o

=3

w0
3

400 450 500 550 600
WEHPHEN

K3 FR G0 52 BRSO R R0 Rl ) 4 P B Ak il £
Fig. 3 Curve of system actual data rate sum with initial number of

users

4 T R APSW+ICFGA 55 i P37 3 45 5%
B 5 G 5 P P ST R A R R G B B
B A< . wTLLE AR P ECE T PO S BR A
8 7 S N3G Bk K P ST 2 A B R S R R . PR, A
W) 808 T F P ST 35 52 R B0 R R0 R 7 2 5 OB
TR, (R IR AT DL L B DB O s, T
) S5 RO R R R K i 5 Y 349 S R B S SRR B o )
ZHEN L 24 R0 B K — A A AR T . 3 U I B R — 4
8 PN BSOS OB o 5 Sk TR LR 0 1 o R R IR e L R R
IR 26 AN W7 2 i o ) Y ST 359 S5 80 S S SR N 5 R P O 3 S PR
B R RS W . (H S P B N E] N X N {8
BAE AT Bt TG 38 FH P B0 4 K, YA T R Y RE 65 T A2 i A
Oy R GURY S A L 4 95 R G0 YR PR P BOR FEBICEE L BT DL P
49 SR A R R S 2 S R RO R AN AR R R . D LA
AR S P BH A BIE Now X Ny i S Al 2 R4
SLREARAS . DRI 24 Ny, X N 82 05 KB, AR 30T #2895 18
FFRAUAEF P i 2%



258

Computer Science THEHLEIZ  Vol. 47.No. 5. May 2020

x10°
40

| ——— APSW+ICFGA Y3 % 33 i % Al |
35 — — — APSW+ICFGA ¥4 St R i % ¥ i i
30 |
25 |
20

15 == =
10 | _=
05 |

P % R BB R Al & /(b/s)

0
1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200
WA P HEN

4 APSWHICFGA 5775 i i 7 7 18 46 R0 8 40 3 3 R & 5 1)
SF- 18 52 R 5 R R 5 BE ) 4R P B S kit £k
Fig. 4 Curve of user average equivalent data rate increment and user
average actual data rate increment with initial number of users for

APSW+ICFGA algorithm

&5 45t T AR TE T 2R G 55 28080 3 52 0 Bl A [R) e 4
TRREE R E R, AL, WTLAE 4 MR R
G B35 5 R B B 2 1 TR B R S R B R, A B T R W
Ul b, 33 U B P )RR 2 R e 0 T IR B A Ry K
REEE A 2318 2 56 (0 FH P B0 /b, 2 55 45 80 B0 S 3R 0
AN MRy AINTREAE B, 4 PR 00 R 50 55 8080E 3R AR
R 18, K F X A E AT 4 BRIk 1 R G055 S80I RO
b7 \S TR N R VN NG S E R /T S VAR e w g [ T o5
UL X B 1 i o R SR R B 37 S AN R S RS %
ORI . X A [ A R 28 TR PR A %  {
R, Fik 4 Frili 28 v APSWHICFGA 2% (0 M REH 98 2 e 1
B, AP Z AR 0 R B B AL, 2N W e A
RFBRBME R i 5 A 8 (E I /R 72 SIS B APW A+
ICFGA 85 APSWHICFGA & ¥ Pk i JL T — FE g
A HME R BRK. SHARGEERAE. RE - MAE

XAF O TAE,
x10°
25
> —— APSW+ICFGA
3 — = = APW+ICFGA
L 20 —————-—===< —#— LR+LRCFA
R — % — FR+FRCFA
@ 15
5
10
&
b4
054 -
© [ORR—— »* %**\** >
0 \k\*
10 15 20 25 30 35 40 45 50 55 60 65
T4 T RBHE B R /(b/s) x10°

5 Z2 40 A5 SRR 4 P B e 2 FREOHE R I {H Ry 19
Ak it 2%
Fig.5 Curve of system equivalent data rate sum with final lower

threshold R, of data rate

[ 6 25 T 1 APSW + ICFGA B vk I 2 58 % 3080 i
S S W R BB 1 BR B N A8t 8, T LA, 0
TR 55k b BR B N, » Ny 880, T BE 09 55 3k i &2,
e I8 B R B A A O RS AR A BRI LR R, RS
BOBUHE AR R o N B8 K 3R 50 55 RUCEHE 3 5 R g
NG E T 0, 380, Ny 8K, B8 I8 R T 2% 3 A%, BF
I F—A Noo (8 B E W RS, N B — D ERK RS
RSB /IME L R R R AR Nuo fH. xR 2 5% %
- BRBIE N » B 2250 BEFE B 5L 1 PR B (E N 19 38 0001 2
X NS B AR B PR F AR AR L BR BIE N

WAL 5t 1 BR B N B T LA 94 04 352 10 5% 8 22, 9T LA SOOI
AR A O LR Nl i A E R, e e LR
B N 25K+ 28 G0 45 S0CRCHE S0 0 RS 3 32 PR g 8
B EFRBIE N 3R B 5 A58 107 3 5 /N B Con i A
Bl U Sk B B BRI N, ) BEIE I 7 1 1 4% 11 14 JH P R
B & MA SRR RGE A P BN LB AAE T L TCIR R A5 R
BI{E N 22K H BT £ 09 7T 7 2 A0 AR 68 TR I 2 28 4
P AT 0 . 3 UL W] BT O3 R R G A R L R 5
EPRBIE N 20 B0 R T 46 19 7 35 de /D JH P 4

9

95 X10
@

N

=

X 20

"

@ 15

» —— APSW+KCFGA(AN,,,~10)
§ 10 —%— APSW+KCFGA(AN,;,=15)
E —o— APSW+KCFGA(N),;=20)
K 05

W%

%0 30 30 40 50 60 70 8 9 10 1o 120
B EEN,
6 APSW+ICFGA ik i 28 G5 45 RIUBUHE 9 25 1 % il B3 80 b IR
B N 1925 8 i 22 TR
Fig. 6 Curve of system equivalent data rate sum with upper
threshold N,y of number of cluster members for

APSW+ICFGA algorithm

F7 45T AR 50T B APSW + ICFGA Bk R 4t
SERCHUE A AN RERD 46 F P B AR il 4k . RO AN B
TER R MPUERR I 7G5 85 BAR LR RN #
E R R IE IR R A TR E RN AL S5
MR RE" R HEFEGEELR. BT R
AN BESE T A R DG R INUE I TG A 2 4% 0 5 R S8 BT AR
FIBEER R AT R L FBEL RN AR FH
RGERAEEAME &, A T ER" G RP R E
B 78 Gk AL S R 48 RSk B SR S 0, i R S
S5 RCHUE AR RE AT AL AR IR S T R B IR EAE G R
“H YR R B B AR G R AR R R G S RO R
HRME R, 7 T LUE W T R S0 SRR AR, 52
PreHE w755t AR AT 56 AR B S BRI R 4 S P RE T 4
REAS W 2 o R 22 A T P i A Y A0 R g R L X
FE 53 Ut AR LU IS A N 8 4 B9 s 3 5 AR SOOI A T
T HEB R E 575

x10°

28 APSW+ICFGA % % % Rt 3k £ fn
~ 26 RERBEXAN “HR” HR) _
o — = — APSW+HICFGA £ 4 % 3 ¥4 % £ o Pl
S 24 RERBEXRN “BE" FR) _-
> —— APSW+ICFGA % 4t % R i 3% £ fv -
w% 22 CREEXAH R 5B |-~
& 20
B
= 18
R 16
it
K 14
W

10

350 400 450 500 550 600

WP HEN

K7 AREYET APSWH ICFGA B9 £ G5 % 308 i 8 = Al
Fiti 493 42 FHT P 4 A2 A ith 2
Fig. 7 Curve of system equivalent data rate sum with initial number

of users in different scenes for APSW+ICFGA algorithm



W A R T A SR R ST AS R Y D2D £ 8

S g ms

259

GERIE A SC LA RO X R R A T U A R N
H bt o 38 38 5 1A S R 3 37 B o) 8 7 0 30 552 o 1) R P A A8 f i
A ST B AT T4 R . @l 51 A ST s ML 3% 2%
A B 1 438 56 FR A ST 2 A 1 BRI LA FR 5 S5 R0 EU 0 i
F1R B 5 R 0 O A ) B, 32 [ 2 — A 0-1 & HORL Rl )
J& NP-hard [a) 8, S 758 155 52 5% R &R GE B L AR SCR
SRR A B, LR B, SIA T X
F o TR A2 T RO T R T BR B, 5 A SRS R A L
FOEREAT B TR KR T s FEFEIE B AR b, £ R o i 2 1 I
WTE IR R A MY BB Tk B P T 25 0 B SO OR R 4R
R A5 i ¢ R G A5 OB R N A B R AR T,
FEE R R S R BRI F L fEPERE [ APSW
ICFGA 533 W Rl 2853 v T 4y, 10 L B T P 4000 38 Jn, 22 530 1
B P 1 249 45 RO R 5 S X S B B S R S W) B
it APSW + ICFGA 553538 FI F R MU P (9 1 50808 4>
K. BB 2 R G0 AR (E P 3O 858 Now X N,
B4 T) . APSWHICFGA 83 Ml T 5 F 2% 800 B 1Y
EBE 5 Z B4 T R I, R R A DG B 1 AT 0 1 B 2 R L
BIFEAE 56 2 0K e APSW + ICFGA B 3 s &k, o T 34t
AT F A BT, 5 501 25 B 5 SR 7 R AR i AR TRk
TRAUE F P BN 58 224 4 Sk g J At FH P IR 55 o 4n ] SF- 485 190 3 1) 0%
FIET —SMRTGEEMIMEIE, 55,7 D2D 245 M &3t
Lo BRI G R — A EE B R, el 7E O 2 180 5 A AT
B LA 3K B 3 G5 76 52 8 1m0 280 PN 25 S = 0 [ bof 5 B 42 4 mT 4%
2T — 2B W5 0 A5 5 T

2 % x o

[1] WU D,ZHOU L,CAI Y M. Social-aware rate based content
sharing mode selection for D2D content sharing scenarios[ ] ].
IEEE Transactions on Multimedia,2017,19(11) :2571-2582.

[2] WANGD Y.LAN Y W,ZHAO T Z,et al. On the design of
computation offloading in cache-aided D2D multicast networks
[JJ. IEEE Access.2018,6:63426-63441.

[3] CHITHRA R,BESTAK R,PATRA S K. Efficient resource al-
location for network-assisted multi-link device-to-device commu-
nication[ ] ]. International Journal of Communication Systems.,
2017,30(7) :e3169.

[4] XU Y L,LI X J.ZHANG ]J. Device-to-device content delivery in
cellular networks: multicast or unicast[ ] ]. IEEE Transactions
on Vehicular Technology,2018,67(5):4401-4414.

[5] ZHU Y Q,QIN X Q,ZHANG P. An efficient multicast cluste-
ring scheme for D2D assisted offloading in cellular networks
[C]//2018 IEEE/CIC International Conference on Communica-
tions in China (ICCC). IEEE,2018:480-484.

[6] XU Y L,JIANG S M,WU J S. Towards energy efficient device-
to-device content dissemination in cellular networks[]]. IEEE
Access,2018,6:25816-25828.

[7] LI Z,CHEN X,ZHANG Y,et al. Fuzzy mathematics and game

(8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

theory based D2D multicast network construction[ J]. Journal of
Systems Engineering and Electronics,2019,30(1) :13-21.
CHEN Y C,HE S B,HOU F,et al. An efficient incentive mecha-
nism for device-to-device multicast communication in cellular
networks[ J]. IEEE Transactions on Wireless Communications,
2018,17(12):7922-7935.

ZHANG L K. The research of secrecy-oriented adaptive cluste-
ring scheme and transmitting mechanism[ D]. Beijing: Beijing
University of Posts and Telecom,2016.

ZHANG G P,YANG K,CHEN H H. Socially aware cluster for-
mation and radio resource allocation in D2D networks[ J]. IEEE
Wireless Communications,2016,23(4) :68-73.

LI Y.ZHOU F Q.FENG L,et al. Energy efficient device-to-de-
vice clustering method in wireless communication network[ C]//
2016 16th International Symposium on Communications and In-
formation Technologies (ISCIT). Qingdao,China. IEEE, 2016
53-57.

YANG L X,WU D.XU S M,et al. Social-energy-aware user
clustering for content sharing based on D2D multicast communi-
cations[J]. IEEE Access,2018,6:36092-36104.

SINGH S.DHILLON H S,ANDREWS ] G. Offloading in hete-
rogeneous networks:modeling,analysis.and design insights[ ] ].
IEEE Transactions on Wireless Communications, 2013, 12(5) :
2484-2497.

ZHANG Y R,PAN E T,SONG L Y,et al. Social network aware
device-to-device communication in wireless networks[J]. IEEE
Transactions on Wireless Communications, 2015, 14 (1) 177-
190.

HE J Z, WANG H B,ZHANG T. Incentive and selection for
D2D content sharing:a comprehensive scoring mechanism[ CJ //
2016 TIEEE 13th International Conference on Signal Processing
(ICSP). IEEE, 2016.

WANG F. Improvement of Cluster Head Selection in Wireless
Sensor Network Clustering Protocol LEACH [DJ]. Chengdu:
University of Electronic Science and Technology of China,2008.
LI Y.JIN DP,YUAN J.et al. Coalitional games for resource al-
location in the device-to-device uplink underlaying cellular net-
works[ J]. IEEE Transactions on Wireless Communications,
2014,13(7):3965-3977.

YANG L X,CHEN H L,WU D,et al. Energy-efficient resource

sharing for device-to-device communications based on coalition

formation game[ ] ]. Journal of Signal Processing,2014,30(11):
1309-1314.

FU Qin-xue, born in 1980, Ph.D candi-
dates. His main research interests in-
clude social-aware D2D communica-
tions, D2D resource management and

game theory.





