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IO 25 1) 1)y 2 Y FE .
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T FI R AL 2.

@ 75 S ANGE PR A& 15 A7 16 1 22 1 ik 5 e B B
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2) AR SIUBE % R T IA T AN FRtE, FEAG
HABEER KGR TR, IEARHAT T X,

3.5 HEEZFEDH

CJG, CDG J7i%5 3¢k [12] H FEE B 19T (co-
operative link game, CLG) FII#HZE (local flow
game, LFG) fHE, TFRE&EAR — 28N, CLG
FNLFG # B 4248 dijkstra 553 58 i 12 08 6 AF
%, HEEEIRE NOM?), fELRdREF, w5
ST R ) A Y T B BT AR R R N 0, TR
FIBEE R b, R B E B SN E SR S
9w IS 58 B AR 0 7 7R 2L ) v IR BN v
CJIG F1 CDG J7 % AE 18 R 4 1L BR AR I, BRIK
[F) 25 2 747 R D A i Y B BT A AR S, e B
HPR AN R JE AR AR SE LA IR R AR TR LK
BN ZZ:() 2ky = (21 — 1)o, HTFwiBH LA K
32, Frel CJG, CDG H & ik B A2 B i & /N T
CLG, LFG H A H . CDG T iEfE#& ik
PEAR B b 5O R AT IR BRI, THE RN T
PR BRHE AN BP0 B A N B S
RN v (BT YRR B Ding N I A% i R 25
2 A5, TP B 7T 2 4o) |, R —Bkik
HAMEM A E N 160, — KRB EFENTHEE
N 16v - h. CDG J7 % 58 R AR 1k B 0 v B IR BN
(2" —1)v + 16v - h, W CLG, LFG &M AT
v THEIR BRI,

X EIE S &R R 2, CLG ik
— AN BT B B AK O BB, BN AR
FNERE < h (IR BIEIRECN h, FEFEEEA B
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W, SR LFG R EE 2 154K), LFG b CLG 1
I EE WK, AHEH CDG 775 LFG —
FERVF— AN B0 BT BE R 3T 2 Ik 2 USRS
TR, M TR R R FEAR Y, 514 CDG 3N
T AR B I PR T B R A, SR R R
L LFG 1 .

CJG H AT I A2 (5 18 D) R = 2 BRI B
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7 I —ERE, HIrEEA 160, AN, BT
Femg A E K (KF CDG, LFG [3Emg 25 8) , o~
TRAEXT HE0E 25 0] AR M R, HIREREA
WHEATROE I R IREEIR /L 24X (CDG M LFG £
WA BT A = 4R 2 ). nT L CIG i E
HREWE ST CDG 7k, %Ik R 10 B,
CJG M5 &2 CDG %) 3—8 fi5.

KH CIG M CDG Hikht, B8 — 2
HME BHAEH. CIG M CDG 7 VERIAE — AN 5 B
S PR A o B 7 1 45 2R 7 V0 MR TR I R IR B AR B
VPR A T AR A R NG M. RS TE
2 FL Y 286 SR FH AT Bl ()45 A3 AR B 07 =X, &
TLR HE pR & A B B E AR 2 L,
Bl 58 R AR B, PR ER AR TSRS R R 2
LM T T, CDG J5 ik i 4% B 1% 30 AT 18 28 sh F
RS, BERE 5E R THIR L I AE IR B S, 75 2
SRR BAMERG R (BHER) ik S HAb
FIABERE, MEE N Np, WA S PR ECN
I, JAS BT 3 B0 B 1 2R R S IR O R,
I 25 14 fiE 48 B USSR L 16 7 1R 2~ 2 ik AR I B
X B UGB RIRELI N N -1 R- X IX.
CIG ik, #=HE B IR LI N Ny -1 R- X
R, Horp RN E I IR 20 e 2 8, ok
36 R FIEEH & R 3—8f%, B CIG kTR E
3G BRI E A CDG 75k 3—S8 fi.

4 FEHER

SR SCHR [10, 12] % BN RN TC LR HL M 25 17 .39
5. 2001 CR 9 s Bl L2 A7 #2184 1000 m /-1 [
IET X g, S 1040 A i 2135 i A5 75 5K,
BN AR S A E G S BE L AR, A dijk-
stra F 0 % 42 BV I AN UAE AR A K Ik S PR 1) D 6
Bk, 57 FH R FE 5 ) 48 2R 22 A 45 1 B AR I e KBk Ik

He 2110 Bk, WL RT S E S Ne = 8, B4
CR T SSANRESE A BB 8 ME 18, HE N 2% [X 45
%1173 25 100 4> 100 m x 100 m HI53 X, B4 X )
IR S E M EE L5 (251
f5i8). CR S AKIEINZFEN Phax = 100 mW
(20 dBm), Dy ATHEE Q 16 2, SINR [TFR{H
B =10, LA IE R T v = 4, Ik s (g s
R 0% = 107" mW (—70 dBm). K155 %
W 251000 Hz, SEZFrfE ik # 5 & R BRI SINR 2
o =0.5.

BE AL 7= A2 100 /> W 28 15 5040 AT 35 5%, 90 il %
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[ JR) & B 6 28 (LLG) #4705 B A0k g L 4.
L th AR 7 VEAE S TR SRR 10,/20/30/40 150
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T LLG, CLG, LFG J7i%, B 28G CIG J7iE 1t
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6%, 3 H CIG PEREML T CDG. WE 27T LLE
B R TR SR E IR N, B T A R
TR XRH T —J7 I, £ R R BELAE e,
J A R L AN T (R R AR B AR O B
B oy R AR BRI, 53— 7 T, AEASE AT
o, BRI K B AR R R 5 .
JEERA CIG J7 V5 i~ 38 71 st A s Ho At 7 7%
&, X H T CIG A 2 A28k B A2 rh % 7 B1 1 g%
MR, RIE A BRECR T 55 T dijkstra i 5 #6412
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Tt ) B AT B B 5 T T, DU T P B T 1%
Bmn. T X O T S E R e L R
BK (751040 ¥ RO H I ALt K

AL CDG, CIG J7 72 L n] ik il 28 0 2 A%
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T LLG, CLG, FLG. CJG [ 537 Al 2k 33 20 v T
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U, HIE IR TR 2 R KB AR, HiR ik R

088801-8


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

) I8 % 3R Acta Phys. Sin.

Vol. 63, No. 8 (2014) 088801

BUR, AL CIG P 3R AT ik s & 8 CDG .

35
——LLG
30 |
25 f
ES
R 20}
k=S
15}
10}
5 1 1 1 1 1 1 1
5 10 15 20 25 30 35 40 45
SR
F1 AR THERDREE
5.0
4.5}t
ES
=
x 40}
~
g
= 3571
ﬂ
B
3.0
25 . . . . . . .
5 10 15 20 25 30 35 40 45
ST
K2  AREEENEA BRI 55
140
120}
alOO-
e}
< 50
b=
HA 60t
=
x2
5 40f
20 f
0 . . . . . . .
5 10 15 20 25 30 35 40 45
PEb e
E3  AREE TSR EEE

R D2 W 28 I R B Re de bR, B 5 R tH 5
P ELVE I BE RSV 3 K ST Di#E, CLG, LFG LA
B o TR ()4 ok SR, LA ST 250 R S T RETE AN TR
SR A K, L8 74 mW, CIG, CDG 77
1% CLG, LFG H ik BT 45 R 5 ShFE AR, JR
A /& CIG AT CDG J7 1% LA REAN I R 39085 2% 1) T ik
NS SN A BE B AT PR AR Th R AR
B NI SEIL T 7EAS 50 ity 2 3 ATk R 1 oL
FERBERS T R BT ThEE. CIG, CDG KP4 K 5 2h

FERE S SO i A B, R W RS
R B A R B S AU G N, B F) BT A R
B /D> BT KBRS K, T 0BT 1 DR
K2 AR, U kg ie, HaTisindk 18
W, AHRDFER L T LLG 754 B R
I A 3 2 B B SR RT BE AR, IV 2 S i 1 S O
(IR EESR i AR B P i 21 S 7 o B 8 A — 7
PR AR RS TR, 7R T TR IR 7,
T HUA H LLG J57 A1 2 A8 # 7  RH Thae (M
25 1) BT A B B R SR TR - 38 ) 4 35 B T IAL 1 B
) W R T AR

4.5
w 4.0
o)
e}
-~
~
W 35
X
=
bS
2.5 : : : : : : :
5 10 15 20 25 30 35 40 45
PN
F4  ARSEETFHTERTIEAESE
160
140
z ——LLG
< 1201 o- - CLG
§ —%— LFG
= 100} o--CbG
BN —+— CJG
ﬂ‘
B 80t
35
#
60 |
40

5 10 15 20 25 30 35 40 45
ARSI BBE RS- 20 20N T ke

AN TG 2k LI 265 1) 28 FH P 30 5 3 R )
WAL P e FEE A0 8, P EsE .
R BRI, DA P B mT S TE D 7R
WE A A EE R BN 25, 36, 4T, 12
F CDG A CIG 777 T 1 36 B 245 P BE F b A
AR R, R 1R, NRPATLEH, &
FH P BRE B, BIA N P ) R A 3 ek B, )
SRR R R R, HLT R R T I
A

K5

088801-9


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

38 F W)

Acta Phys. Sin.

Vol. 63, No. 8 (2014) 088801

F1 AR FHEESCR ML IR P A L AL
i CDG 77 CIG J7¥
A B TE S
/A 10N 207N 30N 40NiA 10MA 20 30N 40N
/kbps /kbps /kbps /kbps /kbps /kbps /kbps /kbps
2—5 27.79 50.98 84.72 124.53 28.75 52.39 85.64 125.18
3—6 28.78 53.18 87.24 127.11 29.76 54.35 88.08 128.30
4—7 29.29 54.40 88.92 128.77 30.24 55.61 89.58 130.00
[5] ZuY X, Zhou J, Zeng C 2010 Chin. Phys. B 19 119501
5 égj: 1‘{3\ [6] ZuY X, Zhou J 2012 Chin. Phys. B 21 019501
[7] Wang B, Wu Y, Liu K J R 2011 Comput. Net. 54 2537
N NN N N 8] Zhou P, Chang Y, Copeland J A 2012 IEEE J. Sel. Ar-
ARSCAR M 4 2 7 A S A i 8 Y cop
eas Commun. 30 54
N = A==t S 2 B )
. ANIE T BSR4 B 0 U R e R 9] Suris J E, Dasilva L A, Zhu H, Mackenzie A B 2007 IEEE
ﬁﬁ%*ﬁ%ﬁ/ﬂ; YMEXRE T EXHERE S International Conference on Communications Glasgow,
IR S N N o Scotland June 24-28, 2007 p5282
S V == % 24 =) HF\[ EI | SER 15‘ N ’
Eﬁ/ﬁiéﬁjﬁ)ﬁﬁ%ﬁ:lﬁﬁ:nﬂi, {RAI s BAR [10] Canales M, Gallego J R, Ciria R 2011 IEEE Vehicular
/E‘H%Méggzk% E/‘]E%'/T:;EEE %'fﬁ 4%, l@g’%fﬁ MAC Technology Conference San Francisco, USA September
B R ERIMERRER. BRERETIENES 58,2011 pl
N . s N . . 11] Wang Q, Zheng H 2006 IEEE Consumer Communica-
= 5 = S Sa pes [
};:E 7/{5?*1:’ ﬁﬁﬁﬁ};‘ﬁﬁﬂﬁj‘jﬁﬁiﬁ%{l\{m tions and Networking Conference Las Vegas, USA Ja-
DM E. AR T PR T B TR 1 R nuary 8-10, 2006 pl
RGBSR FHERNEEERE TR [12] Canales M, Ortin J, Gallego J R 2012 IEEE Commun.
N 7 P .
Lett. 16 654
Pl e =l 3 i A TSN
SEIEAR B Boltzmann FRE S0, 2119 541 [13] Jiang H, Liu C B, Wu C 2013 Acta Phys. Sin. 62 038804
W T EESTFIE SRR IRFRERSE. [fER (in Chinese)[TLHL, X AME, % 2013 PEE244R 62 038804]
B, WME = 58 BB R LS T 1 B A5 A JEL 4 [14] Ganchev I, Zhanlin Ji, O’'Droma M 2012 2nd Baltic
’ . e 1 e e A B Congress on Future Internet Communications Vilnius,
TE, A3 9 26 P B A0 T ] 50 23R8 A B B K T 2T AN Lithuania April 2527, 2012 pl9
TR . (15] Stavroulaki V, Tsagkaris K, Demestichas P, Gebert J,
Mueck M, Schmidt A, Ferrus R, Sallent O, Filo M, Mou-
ton C, Rakotoharison L 2012 IEEE Commun. Mag. 50
N 96
S i
= %j{ﬁk (16] Gupta P, Kumar P R 2000 IEEE Trans. Inform. Theor.
[1] Mitola J, Maguire G Q 1999 IEEE Pers. Commun. 6 13 46 388
[2] Rondeau T W, Le B, Rieser C J, Bostian C W 2004 [17] Canales M, Gallego J R, Ciria R 2011 74th IEEE Vehicu-
Software Defined Radio Forum Technical Conference lar Technology Conference San Francisco, USA Septem-
Phoenix, USA, November 15-18, 2004 pC3 ber 5-8, 2011 pl
[3] Zhao Z J, Zheng S L, Shang J N, Kong X Z 2007 Acta [18] Attar A, Nakhai M R, Aghvami A H 2009 IEEE Trans.
Phys. Sin. 56 6760 (in Chinese)[BXHIZh, HALEE, MR, Wireless Commun. 8 2121
FLEEIE 2007 Y1HE2:3R 56 6760] [19] Li Z J, Cheng C T, Huang F X, Li X 2006 J. Software

[4] Zhou J, Zu Y X 2010 Acta Phys. Sin. 59 7508 (in Chi-
nese) A, M= 2010 #H 4R 59 7508)

088801-10

17 2373 (in Chinese) [F&Ei, FREFH, ¥ WH, Fk 2006
B 17 2373)


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn/CN/abstract/abstract12472.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract12472.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract16338.shtml
http://dx.doi.org/10.1088/1674-1056/19/11/119501
http://dx.doi.org/10.1088/1674-1056/21/1/019501
http://dx.doi.org/10.1109/JSAC.2012.120106
http://dx.doi.org/10.1109/JSAC.2012.120106
http://dx.doi.org/10.1109/LCOMM.2012.030512.112574
http://dx.doi.org/10.1109/LCOMM.2012.030512.112574
http://wulixb.iphy.ac.cn/CN/abstract/abstract51990.shtml
http://dx.doi.org/10.1109/18.825799
http://dx.doi.org/10.1109/18.825799
http://dx.doi.org/10.1109/TWC.2009.080884
http://dx.doi.org/10.1109/TWC.2009.080884

32 % R  Acta Phys. Sin. Vol. 63, No. 8 (2014) 088801

Cross-layer resource allocation in cognitive radio
networks based on game theory”

Wu ChunY?®  Jiang Hong?  You Xiao-Jian?

1) (State Key Laboratory of Integrated Service Networks, Xidian University, Xi’an 710071, China)
2) (School of National Defense Science and Technology, Southwest University of Science and Technology, Mianyang 621000, China)

( Received 4 November 2013; revised manuscript received 22 January 2014 )

Abstract

In this paper, we propose a cooperative decoupling method and a cross-layer joint method for multi-layer resource
allocation in multi-hop cognitive radio networks. In cooperative decoupling method, the task of path choosing is ac-
complished independently, and then the game of channel and power allocations is implemented. In cross-layer joint
method, the three-layer resource of path, channel and power is allocated simultaneously by process of game. The heuris-
tic principles of network layer, media access control layer and physical layer are employed synthetically in two methods.
The degree of receiving interference and the degree of sending interference are adopted to assist path choosing. The
Boltzmann exploration based on the width of permitting power is designed to select the channel and power. The means
of replacement and elimination of long link or bottleneck link are proposed to further enhance network performance.
The sequential game process instead of simultaneous game process is chosen because the former has better convergence
property in current scenario, and the concrete process of game is provided. Moreover, the Nash equilibrium of the games
and the complexity of the algorithms are analyzed and discussed. Simulation results show that the cooperative decou-
pling method and the cross-layer joint method have better performances in the number of success flows, the achievable
data transmission rate and power consumption than the cooperative link game and the local flow game with simple

decoupling.

Keywords: game theory, cognitive radio networks, cross-layer, resource allocation
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