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Abstract

Abstract: In order to solve the waste of resources caused by the static spectrum allocation policy,
cognitive radio technology can be used to dynamically and efficiently manage spectrum, and spectrum
sharing becomes the key issue. To make secondary users to share spectrum fairly, an evolutionary game-
based spectrum sharing scheme in cognitive radio network was proposed. Because cognitive radio
network was dynamic and heterogeneous, the wireless channel was unreliable and affected by
environment easily, the knowledge of fuzzy mathematics was introduced to characterize the parameters
related to the secondary user satisfaction degree, and the Gas Brownian Motion Optimization algorithm
was used to solve the problem of spectrum access of secondary users. The fairness of spectrum sharing
was considered in utility function, and the dynamic equilibrium was solved according to replicator
dynamic model. Simulation results show that secondary users can get high utilities under the proposed
scheme.
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Abstract: In order to solve the waste of resources caused by the static spectrum allocation policy, cognitive
radio technology can be used to dynamically and efficiently manage spectrum, and spectrum sharing
becomes the key issue. To make secondary users to share spectrum fairly, an evolutionary game-based
spectrum sharing scheme in cognitive radio network was proposed. Because cognitive radio network was
dynamic and heterogeneous, the wireless channel was unreliable and affected by environment easily, the
knowledge of fuzzy mathematics was introduced to characterize the parameters related to the secondary
user satisfaction degree, and the Gas Brownian Motion Optimization algorithm was used to solve the
problem of spectrum access of secondary users. The fairness of spectrum sharing was considered in utility
function, and the dynamic equilibrium was solved according to replicator dynamic model. Simulation
results show that secondary users can get high utilities under the proposed scheme.

Keywords: cognitive radio network; evolutionary game; spectrum sharing; Gas Brownian Motion

Optimization algorithm; replicator dynamic model

2= IRV 5 AN KT HE K, A0 1) FH 2655 In) @il AR 1S
= . v s N - \ N .
H 28 )™ 5, RIS RS LBtk
b E LA B AR MR R IR, oL B 0 RIS B0 T Y 44 SR AL 5 D AT
PEPRTCE AL P (R A BRI 5 A U

Wk H . 2014-09-16 BRI H I 2014-10-24; 49 3 T JE DR A 52 (4 ] A A 4 T S R
A ST 3 TR DR AN SR A ] 5 A 43 TC SR, AT
IHERIIER(61225012, 71325002): FARERENIEE  JRBR T OCEUIIE AU . EIXFI R, AT
B R G e e e AU 2 1 B8 (201200421 R} . . o . R
30003); L34 T T 5 AA TR H (2013921068): HiAR BE A ffE v IR S ) F 2% 1 S B B R

B ER R4 MCM20130391); . = N X . . .
VEH Wi 7,53;(7\;(7\(1991_), 2, T EE M, At Z;[Z]’ ﬁ***ﬁ*x%giﬁﬂ%ﬁ}fﬁ&, HE@%%U)EH’L‘

GO Wl DT 2 27 Ea sl U BNt e 2 A

http: // www.china-simulation.com

* 756 ¢

Published by Journal of System Simulation, 2016



Journal of System Simulation, Vol. 28 [2016], Iss. 3, Art. 34

528 B 3 M

2016 473 11 BUIOW, Al NG S L I 2% X — s A T 2R3 3L = L )

IR, I B P T80 TA R P R EAAE T
FH P SRR R T L2 bl
XEeHE, R SN ASIEE L, A
LR A R S — . T2 ANMASI PR
I 23RN T R DU, P LA A RN TG 45 Ha 14 2%
IS R SR 3 R N SRS, DL 5 22 A T
JIPEAE IR o3 i bk A=

AN TG 45 FRLBE AR I DA A0 TG 45 H, D 246 (1) O B 5
IMEAR, BA LML 00k 168 ). AFnRe )
R RPN f i) 2 AN EBARAER Y, A
KNG B R REIB AR 40 0% AL RIRKAEH, 51
T A MNP ST . TEEE 802 &R A& NAL T
IEEE 802.22 T AFE/NH, Z/NAEU) Tl Lk IX
S R AR UE, B A OB A g R, )
P& H AL B I AIBLAE S TG 26 v iy e N 1) L =2 4
Bto SERE NN K240 5w R A2 ) 2 NS/
— AR TCEAF S0, FE AR L M
YRR Bt 5 A R IR T
41, TEWFFONKIIC S f W 4 S 32 1) — 4
B A1 0 % [ 5 ) S T K2 (R T AN 9 /S
A1, BB REE I TN, BRI g
VR TR B ) s JC AR Dy, AR REI
AR RPR ISRV SIL it

TP, RSN KO T ZRETES)
AIREE PN . SCER[7]0HE T A 1EZE,
SVRHZE, AEZRLL KRNI/ JC L r M
ZE N o SCHR[8TH A8 I T 80 FH R e s 1R
RIRIZ N ENH IRV T ) Z B . SCHER917% &
T 2AE R AUAEN R A8 2 S ) 1) @ . STk
(1014 tH T — P 1k 22 S L 2 () SFEmes o SCiik[11]
iR RVAINSTI VRl T B YNE 2 =2 P it SR OS]
ARG AEYHIERR 2 S B H AR s Hh TP i
WA N TR, IR SE T eGSR A SR

A TSN N R A AR DA 0 P R A
TCEAT T8 T o P AT A 3 5, A Sciih 7 —
Tl A T 2T (R A L L o A LR FH S
HoA R 20 5 DA A G S 8 R

Vol. 28 No. 3
Mar., 2016

WAL TR SRR 22 ] (e A 3 A, 2] e
e oy 75 FEHE LA, AR & B SR
R shA T, fJa g TAHUE PR B R
Bt VO BT SO T ShaS Mk E BALHL, JF
BEATPEREVEAY, SRR, AL RTAT BATR

1 AR

1.1 Mg

BB A1 FH P 8 3ot 4 A1 2K b A0 AT S 20 S ol
T Y AMRGEMBEAL, N BBl v s
FUBEL. FoBRASCHR AL T S S S B
Y ANBEAL R T AT A S0 P R 2 7 b R T4

WAL, 3 RIS AT AL

12 NEIH P iR

YR i 2 S B E R 3 52 g, A x
T O ISR B A 55 BEAT I — Bl PR - A SCR A
QoS it 5 SR AT N J T 7 i R . AR ITU
E.800", QoS J& T4y hAEThfiE )@ M D ok .
AT RE RIAR Dy e A AR U F) 25 PRI TR 2
FEF]— 3 B0 S B R R A 2D

REJE M2 98 WEIB . AR RIS MIH A

1.2.1 dETIRERMER QoS WE

CEOVPAMT 3 AN IR FIWT A B K]
FHMT. Segrih 3 DMERIHE, AREKE QoS
WL .

WEIH T @ B O PE A B R AR
Ul =y u'yuls ) FOGERI RIS jr T
PWINTA) ERZ T BRI S, A
HfE2 .

WA H o xE R R A W g
Vi= Vi Vig.Vis. vy} HOTERMMFRRYGE, L
BRI AN A .

VNI EDAR PO E SV VRN RUE RPN S | T P
MRFE uly (k=1,2,3)00P40, 33K V] L
ﬁ*ﬁﬂé%(”;kla’”}kza”;kpr;m)°

http: // www.china-simulation.com

* 757 »

https://dc-china-simulation.researchcommons.org/journal/vol28/iss3/34



He et al.: Evolutionary Game-based Spectrum Sharing Scheme in Cognitive Radi

%528 %4 3 1) E R Vol. 28 No. 3
2016 43 1 Journal of System Simulation Mar., 2016
Koy R LT SEHIAE R (JE, 0,x <0
1,0 < x < B2

M-
e
=

P Tho T T
Ry =| 1o 723572 1
Fisis i T s
BELE A =(a),d’y.d55) BT KPR FR
(R AL AN—EAHAE, 5 20 %5 X R AL .
WU PPV RE R ANBCEAE 4, 73 HH A&

iXF B MEEE VAR B, @)
B} = A}OR} = (¢j1>¢j2>¢’j3o¢j4) (2)
M e RS LR, 4 max ), (1 =1,2,3,4)
KF I AT g Joe 24 (K VP Saf) -
Sa;f = max qoi[ 3)

1.2.2 ThEeBHER QoS WiRE

i PRI, 57 F AR m e s A
MRRRE 96 SEIR . JERPLSNAT TR A5, R
JERYE IR MAE G S DR ) QoS WU .

AR j NERIT ¢ e kAT ATS, KR
NI QoS <bwl ,dIf, jtt et >, W45 5 S i
Bt SR, T ER S o A SEAR 5] S e AR
A H 2 SR R B T SR T SRR i

Fe bl 53 3 A Dy e K, SR
3 MBERISE B, (x) B, (0) BB (x) - I BE R BE 2
% E b W B AR . 4 AB=BI -BL,
B, =0.1AB, B, =0.2AB, B, =03AB, B, =0.4AB,
B;=0.5AB, B =0.6AB , B,=0.7AB, B, =0.8AB,
By, =0.9AB , By, =AB . iy 5 K J& R E i L(4)~(6),

WK1 AR

A

3 k 3
b ij1(x) b ij2(x) b i3(x)

1

bi1(x)=<1-2(x—-B, / By —B))*,B, <x<B; (4)
2(x—B4y /By —By)*,B; < x< By

0,B4s >x

0,0<x<B,

x—B,
B, - B,

2( )%,B, < x < B,

B
1-2(——24)% B <x<B,

4 — Dy
be ,(x)=11,B, < x < B; (5)

B
> )% By <x< By
4

X
1-2
(Bé—
x—5B;

2
(BB

)*,B <x< B,

0,B; <x
0,x < By
x—B;
B, -

4
- B

=% e B <x<B,

B, - B

2( )*,Bs < x < B,

(6)

lj3(x)_
1-2(

0,B, <x

AR 7 5 SR JeB ek B AR, Kty a4 R 3 AN IX
s /INE S8 DX TH) bwy A [0, By],  HHAT 98 X 1] bw, h
[By,Bg], f&iits GilX 0] bwy A [Bg,Byy] -

AR 5 R SF e 58 Jir DUJ G b i 5 PP R 12 ) DX T
NS 58 17 56 DT 8 55 4% Sy = bwy o

FEIR SR 8 A, IEIRFLE) SRR ek A, AR
JE KR AR E T VESR 1521 RS P&
1 FRfvEs JTEVEST o

%1 IREIRTER QoS 4

W ER ERPE) MR 9N
x A A A 3
h h h i >
A x x X |

AR QoS HHREE Saf . WA (7).
AT PR Sa, . 113(8).

http: // www.china-simulation.com

* 758 ¢

Published by Journal of System Simulation, 2016



Journal of System Simulation, Vol. 28 [2016], Iss. 3, Art. 34

$28 B 3 W Vol. 28 No. 3
2016 4F 3 A PO, A6 NN G L L0 2% (1) — R A T 2R At S L ol Mar., 2016
4 — -
Saf =Y w8, (1)  FEDE WIS RN PR b (o) p(0)
= BRI G AMR AT 3 A KN RN b
Hb: w(=1234 ANERE, w>0H e,
Wyt w, Fws o h T SR AT A I SR A rR A RN
Say = ASajj +(1-2)Saf ® OO p ) EHP IR

stO< A<

1.3 NN P ISR\ A

AERITL 5 P A BT A2 5 e R
BRI AR 1 AT R
ST AN RS 60 . 1T AT
PSR AL AP K
R KIS, 1 1L 0 B
PO I S

B 2 5 4 BT A T
TEIIZE, 2 SR BTAT L  s D E1L A
S PR BEISEN o b, USROS p,
R BT 2 S 5R(9)

Ny (B(0). p() = DB, (1)~ by (1) +

P/ X A OG0 P00 O)
Y edj
FURECH R G5 O (8,0 ~b (1) IR (10).
£ () =7, log(nsk, (B, (1) = b, () +

Py (0 (OB (1), p(1)) (10)

XTAESEHARN S, SIS 5 & g Ik
FEANAZIN, g AT Bt ol iR B~ 2 5 38 e
S B HOR SR A, RIAE & s H A f S
B, g ECRIFH R ) e KA R R B s A
W (11).

B(b; (1), p; (1) =arg max f(x)
j([)spj([)

(1)

1 B(0) = [By (Vs by (1), by (6] 9 FH PR

BALIPTR TIR 500 S (b(0), p(o) FOBRKL:

WER IO s BEANE FF FE AR % 7 G T, AN
BEAL P BB (B0, p) « (LA
TESE BRI TCE AR R XMESRIUX 2615 5,
T AR AE SR I S AT it o 1l i A A Bz sh Ak
SRSk A

A F A AR RIS sh A SV iR = 2 22 1)
S A HA A AU (1) 1) R, T ST A P A TR PR R DG
Fo EEH AR T REFIANEH S
R BB N AR T kS p; MGk
BEV « ML vy O S, « iR
(AT b, 2B X

SARAT BIE S L VRN D R0 T ik :

AR IR N BOKIEAR IR MaxNum |
ST IR Num - I R Ay, p, o b,

AU 20 43 L (12) A (13) T ST AR A7)
FHARE /N, o 2 S s R 38 2R 4

Pt +1)= p,(0)+ 2 3kNr, (1) (12)
b(t+1)=b,(t)+ap, () (13)

A3 HEAZ R EIRNE f(x) , IR T
HRT A AR £ () » WU f () B8 88 f(p) > IFE
Fp; Alb;

AR 4 BFA RS KNGESh) . A [
SRR P a8, HARRIA I (14).

bi(t+1)=b,(t)+x~

(L )sin(2mb, (1)) mod(1) (14)
2n ’

AYR S HUFARE DI .
7 (¢) =[fit; (t) — worst(z)] / [best() - worst(t)]
..... 15)

best(?) = max, . fit, (1)
IR 6: F X (16) 58T Ia)1% 32 F P W SE Ak (1)

http: // www.china-simulation.com

* 759 -

https://dc-china-simulation.researchcommons.org/journal/vol28/iss3/34



He et al.: Evolutionary Game-based Spectrum Sharing Scheme in Cognitive Radi

%528 B 3 M
2016 4F 3 H

WA A%, Num=Num+1 .

1
N=N-—( . )
meanie{l’sz} (fit; (1))
PR 7: 4 N =08 Num = MaxNum , fiitHi p,

Ab, s AN, ERIATLE 2~6.
1.4 A ERE

TEINEN P AT S S 2 ), 2% e B A 3L
N NI P AL 2 P o S R e B A &
HIFINE 5 AR 2 B LA DG R o RO R B an
H(®, (@) -0, ®) _

@(b; (1))

kib; (@)
s ©

c; (1)
Horpre ¢ (@0 e Z0, BEALy TPOEPEERL
WHH P IRAFIR: 2 () K e %0, BEdLy b
R BPNEI S B A, (0) 9 ¢ I Z1, k%
R IR () ¢ AL AN
PN j BHEANBEAS, &, R 3
FH7 7 SR %

KT R E N A, LGB (1 8) T

k; =log2(1+K7,) (18)
Hof: K=1.5/(n 0.2/BER®) . BER™ % 5i\41
FH P H bR EERF T R

A NEN L O T At 6 B SR, IR
FUREAT T4 AR (R T SR8 A e e A B A A
JE TR, Bl A TR IR AN [ SR AR
(P AN T R AR A

15 BiEsh& TR

WNEIH] P 22 1) (A 3k i R AN sh i
Fe, AT UM AT & B A R AR I R o 758 a5
ARGRILRE A, LA BAT L SIS PRSI T P 2
FCAM NS0 0 I AN ) R A DA S
Wt I 1) A2 A (R R mT DA — 2 Bl Rk R
WA AT & BT R BiAl # Bh AT LR 4 4

(16)

¢ (t) = Sa’

i log(r Z )—c;(1)

Sa” (1 7)

ARG HAR

Journal of System Simulation

Vol. 28 No. 3
Mar., 2016

EHREZH A AR P Y D) SIS A% SR I PR 3 A 2L
Ben () ¢ WBEAL y PO L A

ST G WIREA y A s S Ecn K (19).
N = inﬁy) (1)

Jj=1
REAL y TP A S T2 P W S £ E

1] X7 (1) f138(20).
x})’) ()= nﬁ)’) 1)/ N

(19)

(20)
BEAL y BRI LR X O (0 Ik 21,
XO @) =[x (), L,x] (1), L,x}; ()]

s.tx) () [051]27:1 x,(0)=1

MR DL Bk, B s R (22).
oy (1)

" =

21

X0 -C (1) =

wiogln <20y
o 1 ZzyEAj(t)n;y)(t) J i
cj(t)
y (22)
5x' (1) PEHG
Jj=1
k.b.(t)
log( - )—c; (1)
o My log( L, ZyeA/(t)nﬁy) ) ¢
cj(t)

P 8 AR P B A R ()
SEREAL y PITHION .

S B RS S SR B I E R
S0 5.0 SRR A7 B ] LA
e, EAs AU TR . 2 A A
AT — A ST P R B e TR 1
P52 TR AL T80T 3 00 3
KR (23)A .

ox (1)

ot

2 EHE#Ei
PELL AL L LB 1 o B AR AT P ok
T ST QoS WEEERE R, KIN H Rk

0 (23)

http: // www.china-simulation.com

Published by Journal of System Simulation, 2016

* 760 ¢



Journal of System Simulation, Vol. 28 [2016], Iss. 3, Art. 34

528 B 3 M

2016 473 11 BUIOW, Al NG S L I 2% X — s A T 2R3 3L = L )

T RENE S SE B N AR A A5 B s S
FHERON T B SO s LU B B S e
HEALAP R8O, AT PR WAk P 2
AR TSRS, WA AR P AT AR
FL A B SRR A AL, ELRRRAL N I T AT
WEIH] ™ #% Bs AL B

AR AT L )R A SR~ prids -

B YA B M, BFAE0R . B
AP RENY . PN RS
DR 2 FTATINEIRL ™ 3 BER L — > T H
RAG T € 1] B A2 (A%
DR 3 FrATARIHD T R B s, 1%
B A A B0 ¢ IR TR
PIRIE S R Sk 4

DR 4 BRELLES KL ) TR AL T Y
B, ARG R T I T HRen B AR

DD IR TS0
N(y) (t)

SR S SR I P 8T S TR
SRR, BB T, B, SOTR TR
FHRRRN P o He Al A S P2 20, E eI
EHS

S 6: SR TREALT R ROR (0 S /o
B, B (S0 - @) 1 @)
LA A P (I P S LA R 4
S OETS R OVENDNE & £ 3

IR 7 B OB, 20,
g

EAL B4 55 8 0 T R TR AL P £ 4 — A P P
AL 700 =7O@) , KPR

TSR AT.
3 MiEEIE R

B R L L c/cHiE S
MATLAB & 5N 4 4% 5 S28,  7F Windows 7 T
& F Rz,

S,

08

24)

Vol. 28 No. 3
Mar., 2016

3.1 ETHEAEERIUE I ZIHS BN E

T SE S SL L R, RCE R S
BEASFH P R IS A7 % B =20 MHz , H
FriRigE BER 4107 ; WU G BLT
STEIGEREL RN o =, =7.5dB 3 B—ANAGIH
R BB 1w, =2, u, =50, BRI
BRI, =5, 7, =100 X440
PR, SRS PR R 5, =10 5 WIMREE
b (R A3 1% N FT A% 43 0 A 2 b,(0) =8 MHz A
pi(0)=3; TEESURNHSIIREL v, =10

TSN i 7= BB, DA o 3 L )
PEAIER R 2 ILE

K2 VPAENE
SR R PRl AKX Al
HE 1 0.7 0.3 0

3.2 B THEAEIERIAUE L Z LA RE VO

FEA SR H PR 38 A 18 2t 2L S LA A WL
il 1. SCHRLL719E H B — R T S2 B A TE LA
TSR AL 2. BN T 20T, L
2 ABEA A P NG = NP =9 o 3R] 1
A2 FEAT O ET L.

(1) FEEAN b AR /)N

HE b N P AN SE [T P
AEATRE (AR N AR o A9 T IR IA S0 P B 2
SRR DR P B AT AN A R D /N R 5
Mo AR HEAL 2 A S P EORAR, BE4L 1
WA N TSI E] 9. A EIH P B0 A A0 4%
fRsgman el 2, RS /N 3.

M 2 AT RUE e, BEAETEAL 1 il s P 2
I, WA RS A AT E T, i H
TR 2 0 BT R 1 IR R
KR Z A R, A TR R
KR, TER S A% s HELL 1 ot =P
PR Y- N i oY DRI W TRV 31 25 e I N | S 1
HRWIFFLERI %, R 1 R R L= 2
(RS A b v, B AR P o0 T 3R 19 58 K 1) 3%

http: // www.china-simulation.com

<761+

https://dc-china-simulation.researchcommons.org/journal/vol28/iss3/34



He et al.: Evolutionary Game-based Spectrum Sharing Scheme in Cognitive Radi

%28 B 3 M
2016 4F 3 H

M SEZ RN P B iR T 2, i

SECERT 2 WSO ETHERE LR 1R

[ ap(D)
51 =p(2)
4 L

¥

gm3r

=S
1_

1 2 4 6 8 9
INEL P
B2 AEIR P AT A A 11 5 )
20 ¢
18 |
= b(1)
16 |
,M_.um
<12t
=10
56:
4}
2t
0
1 2 4 6 8 9
NFNH P
B3 AEIH P AT /N R )

M3 R LLE H BEAE TR 1 ik P 2
TN, B S M AN T, i L
FH 2 0 BT R 1 XA PR A b
BN, P Ok 2 13, A
TAREUE R IR, ] A SE R A, 2
22 DN (R T N N (2N 1 7. = L (=B W
i, AR S A o BEAL 1 Aok 3 1
PR b= e e £ Wl W OBV 1) RE DL 175 O 1]
HNITFaE e, R 1 A& L = P 2
(R A% e BT LAOIA RN P oA T 3R A B K I 2%
M, 2R s s EHE P 2, i
SECEM P 2 WA TR R 1 PR

(2) BB

B2 5, B A P8R R
WAL . B TINEI P B 2 4, AP

RGN AR

Journal of System Simulation

Vol. 28 No. 3
Mar., 2016

AR/ NER A 15 MHz, NENF P50 5k
2, 4, 8, 12, 16, 18 [MIHHL T, XFELHLHEN 1 FIHL
2 AL W 4.

0.7 -

= L
= HLif2

2 4 8 12
UNGila

Bl 4 AU BEIA AN A BOR AR 1 O

WKL 4 B, BEE NG P Ea s, Bl
B 2 384080 AN T T B, (LD 1 R s AL 2.
KB, BEE A R, Bk
W Sa 4 A8t RIS PR 08, AR A0 ve s 2
BRI, PR A G PR S & TR,
THLH 1 A SR AE, U2 9 A H
PR A5 T BELLF S8 RO i A S8 i e,
BUH 2 38 SRAAR e KAk, BRIIEHLHD 1 PERE L
BLHI 2 4 .

4 ZEig

16 18

ARILGINEFERAR AR, Bk IR S T
— A SR S AL LA WiE B
REDEAC ST, vk T 5 L™ 22 8] AR A % 56 4 1]
o TR A ST, RIS R SRR
A TCEARTE G DURAIE AT R PR
SN TTRE, ALHEAL A KIS i 5 2 3 AN B
e, HENESREAIIM, RT3 5

ik .

SR

[1] Reed J H. Spectrum Access Technologies: The Past, the
Present, and the Future [J]. Proceedings of the IEEE
(S0018-9219), 2012, 100: 1676-1684.

[2] Beibei Wang, K J Ray Liu. Advances in Cognitive Radio

http: // www.china-simulation.com

Published by Journal of System Simulation, 2016

* 762 ¢



Journal of System Simulation, Vol. 28 [2016], Iss. 3, Art. 34

528 B 3 M

2016 473 11 BUIOW, Al NG S L I 2% X — s A T 2R3 3L = L )

Vol. 28 No. 3
Mar., 2016

Networks: A Survey [J]. IEEE Journal Of Selected Topics
In Signal Processing (S1932-4553), 2011, 5(1): 5-23.

(31 /IS, EXeH, WA E, 55—l A g k4
QoS HPMN[T]. THETHLAR, 2013, 36(9): 1807-1815.

[4] MoRMY, E2¢Ah, B B o)X &5 W 2 v 1 B A O
B AL [7]. WHEALEER, 2013, 36(7): 1456-1464.

[5] INHERZAAR PR R, JoRmi ot it B o 2 FE Al T 5T
4 [EB/OLY]. (2013-10-01) [2014-09-16]. hitp://bwrc.eecs.
berkeley. edu/.

[6] 435 ANV BE TR, Ba A L& s ML 5
£ 3@ fF P 0> [EB/OL]. (2013-11-05) [2014-09-16].
http://www. mprg.org/.

[7] Beibei Wang, Yongle Wu, K J Ray Liu. Game theory for
cognitive radio networks: An overview [J]. Computer
Networks (S1389-1286), 2010, 54(14): 2537-2561.

[8] Y Wu, B Wang, K Liu, et al. Repeated open spectrum
sharing game with cheat-proof strategies [J]. IEEE
Transactions on Wireless Communications (S1536-1276),
2009, 8(4): 1922-1933.

[91 Niyato D, Hossain E, Zhu Han. Dynamics of
Multiple-Seller and Multiple-Buyer Spectrum Trading in
Cognitive Radio Networks: A Game-Theoretic Modeling
Approach [J]. IEEE Transactions on Mobile Computing
(S1536-1233), 2009, 8(8): 1009-1022.

[10] Peha J M. Sharing Spectrum Through Spectrum Policy
Reform and Cognitive Radio [J]. IEEE Proceedings
(S0018-9219), 2009, 97(4): 708-719.

[11] Jocelyne Elias, Fabio Martignon, Antonio Capone, et al.
Non-cooperative spectrum access in cognitive radio
networks: A game theoretical model [J]. Computer
Networks (S1389-1286), 2011, 55(17): 3832-3846.

[12] ITU-T Rec. E.800. Terms and definitions related to
quality of service and network performance including
dependability [S]. 2008.

[13] yutn . #gEie M), sCG BB iR, 2011.

[14] Marjan Abdechiri, Mohammad Reza Meybodi, Helena
Bahrami. Gases Brownian Motion Optimization: an
Algorithm for Optimization [J]. Applied Soft Computing
(S1568-4946), 2013, 13(5): 2932-2946.

[15] Hh7ik. C++ Primer Plus [M]. dbxt: A RGHEHL H A,
2012.

[16] X4k, KiIBMATLAB S C/C+HRG BT [M]. b
s BT URR 7 R, 2008.

[17] Shabnam Sodagari, Alireza Attar, Sven G Bil’en. On a
Truthful Mechanism for Expiring Spectrum Sharing in
Cognitive Radio Networks [J]. IEEE Journal on Selected
Areas in Communications (S0733-8716), 2011, 29(4):
856-865.

— i — e — - — - — — - — —

(B3 755 D)

[10] Nabil Naas, Burak Kantarci, Hussein T. Mouftah.
Greening the Multi-Granular Optical Transport Network
Design under the Optical Reach Constraint [C]/ 2012
IEEE Symposium on Computers and Communications.
Cappadocia, Turkey. USA: IEEE, 2012: 177-182.

[11] Palash Dey, Arkadeep Kundu, Mrinal K Naskar, et al.
Dynamic multipath bandwidth provisioning with jitter,
throughput, SLA constraints in MPLS over WDM

Network [C]// International Conference on Distributed
Computing and Networking, Kolkata, India. Germany:
Springer, 2010: 376-391.

[12] Wang Xingwei, Hou Weigang, Guo Lei, et al. Energy
saving and cost reduction in multi-granularity green
optical networks [J]. Computer Networks (S1389-1286),
2011, 55(3): 676-688.

[13] WA=, PSS M) 5 . dbst: sy Tk R
4k, 2008.

[14] TOLKE, sKE%, XM, & — R 2R ALIE R T
AR A IG Y B T HLED (7] EREGE S (TR
B4, 2014, 9(4): 393-399.

[15] Ming Xia, Massimo Tornatore, Yi Zhang. Greening the
optical backbone network a Traffic engineering approach
[C]/ 2010 IEEE International Conference on Communications.
Cape Town, South Africa. USA: IEEE, 2010: 1-5.

http: // www.china-simulation.com

* 763 ¢

https://dc-china-simulation.researchcommons.org/journal/vol28/iss3/34



	Evolutionary Game-based Spectrum Sharing Scheme in Cognitive Radio Network
	Evolutionary Game-based Spectrum Sharing Scheme in Cognitive Radio Network
	Abstract
	Keywords
	Recommended Citation

	/var/tmp/StampPDF/LjzOWWtmp4/tmp.1688110563.pdf.1MNwN

