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Abstract According to the dynamic heterogeneity of available channels and scarcity of global common channels in cog-
nitive radio Ad-hoc networks(CRAHNSs) ,a distributed clustering algorithm CBAP-CMI(Clustering Based on Affinity
Propagation with Controlled Message Interchanges) was proposed. Based on the interchange and update of messages a-
mong neighboring nodes, cluster structure was constructed on the channels shared by most local neighbors with the
nodes holding most available channels as cluster heads. To reduce the clustering overhead as well as adapt to the varia-
tions in CRAHNs, CBAP-CMI refines the number of messages interchange and achieves rapid distributed clustering.
The simulation results show that the proposed algorithm reduces the number of clusters and increases the average avai-

lable channels for each link and the common channels in each cluster, providing an efficient topology for distributed
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spectrum cooperation in CRAHNS,

Keywords Cognitive radio Ad-hoc networks,Clustering, Affinity propagation, Robustness

1 8|8

FEEXTLBENER, ARNAEREFHABSESL
SYTR5E e, A]BERT L 95 (5 FH A4 3T 0F R R AR R Bk, T 2 40 B
FOBHA HRPARD . INAEL H (Cognitive Radio, CR)
BOR G AERAUR P BB IR T B AR B A 24 R0 S PR AR
B ERTIRBAE R T REER R, RSG5 A
IR RS L AT MY AR . UA4
AHRNAFAD LR BRE S TARREEMRE, RA 8
BN BHSURETR&G BETE AP EGFRREN
FEARBEHITIEESRE, AN DL B FMEHTHE
BERAELT,

FEIANH Ad-hoc W 4% (Cognitive Radio Ad-hoc Networks,
CRAHNs)H#, i P & B 701 P 45 B 5t 15 1l m] DA (5 P i 1%

W E#A:2010-12-15 845 H#1.:2011-03-04
FARERRZESALREESIAH (9140C0203020905) ¥ Bl

LT B AR YMERATES, 2 A B SRR 3B H
P& \ZHE R QoS oK LA B vl FI {5 1E B At 18] L 25 I8 7 e
TASRREEAFRINEFEREEEH RS . K
T, i TR P 20 HURE G R RS R B &S
fEEMEIEX ARSI H TR Y THHOER. &
MAC B, ¥ AR EEN THREFERE S A RA RN H R
RESENAARRAERS X WA Adhoc M+,
AR M A RS ERYERUET s FEFI4E R, Bt RS
MIRENRMTE M E RIS E BIERRIES . H
W, FESHHTIAM Ad-hoc P48 45 m B 2R |, 3813 & BA R
SHEE B AENARSE BN TS , AT R B h F0 MAC B8
HITFE, SRR SUEF 2, BRI Ad-hoc ML i — 1
el .

% Ad-hoc M FRIMERRBC LR B ZX

AXZERHRMERESTE (61072077) , B R HE A E IR (20102X03006-002-01) , BEH T

KEAM(1985—), B, L4, TEHRF RPN EE AHLL B MES, E-mail . lgzj22007@gmail. com; Sk MIB(1957—), B AR R, E+E
S0, FEHR T FEFER TR OLES, B EQ62—), B, 8+ /5, R, TEWR S B IS, IA#1974—), B, BE TR
Ui, FEFRFEAFEER;E R AQ984—), 3, @4, FEBR T SRS E AN B MEE,

0590



EN FEEA W SRR ENEEEENER.
TEINAD Ad-hoc RIEEHT , 48 RTINS M A3 2195 s AT AR %
AL B MRS TR R, T B2 2T AEENS 2, R E
Akl fEE, MEERSEEROTRER. Bl £55%
AN RAYE/N DB BETSEREERESHE
B REE M A TFIAM Ad-hoc M4, A% Ad-hoc RI4HY
SEEETREA MY S r AEE A B S AL
HEHAT IR

W NER B MR R AR B R B R, X TR
RERIFF s Pnbl B A EEE L BIA A Adhoc
R DR SN ERENNCER. X108 HE T LA
MBS B A B AR B, MRS Z ERH LMDS
(Local Minimal Dominating Set) BB/ NMEK B, BN A X
SEFEFARRE ; SCRRL 1L DR 8RR ORI A LS T H A e R
BRERUAL B AR, 3R T 3@, (HREMEN A ILFESE
YEREREIE, BRI TGS AR a0 RE ; Sci12 188 4 THK
WRSEE BARGERE HEARRHE K Combo Bk, X
BRC 13K T 4R 1548 45 B ( Affinity Propagation, AP) F T\ H1
Tolk L 4R i, BEAR T BB H B RZE L AP Bk
SRR IR A S, FL T R A (R FF oK, T AN RE AR
IEENTRFEANMGE.

S0 LA )R, A< SCER HH— B BRI B A BB AP R
B E 1 CBAP-CMI(Clustering Based on Affinity Propa-
gation with Controlled Message Interchanges), CBAP-CMI
HelE AP BEMEE T AT HEEMSERBEFE, Bin g
AT EBRENEELEEUMAGEREN TS NEERN
AW, BRBHT AP HEMZEREBE T ISR HE
BB T R EERE, AT R ERE N RE
HEREZWEE EBRE, ATRIETHENEDAE A
fFiE.

2 REERIMEE

2.1 APHEZHER

AP B R Frey % AT 2007 2E7E “Science” 24 7% Hi8
W MR B RE RN BREITE RIS R
2R 2 55 (exemplar) , 38 13 B 17 S IO A I BE T B A3
EFE RN RNRRE FRAE RSP HEREREN
MMEZ MR, APEER TBETHAEEREEWHR
FAGEBH RN B, H e IR SRS S E R R
RER, -ZREEZ I ZHXERMBFRD,

AP BB n N A Z B HMBEERE S =[50, ) s
HEA s, DRRFEANREDR S o Flx; ZEFIHLLE, tuEp
BT AZHHEMERRENGERE. IEIMTRIRE—
MR 28 (preference) p(i) =s(i, 1), HAER K, W i fE R
RFEWTTREMRA. AP BB —BBIRITE B A8
EHRRARRF AN AN, BEERAE sG, ) N MR
8 p, p EER/NE W BB ZA5 B A2 0950, 7T LUE 3 028
PERIREBENEEE (—BERT, p (X, WE R
FEXRBEBE, RZIFR).

By AREBER R=[rG. 0 ] MEREEA={a
Gok) Juxn s (i ) B o BEF 2 MIHB . RAEZERTH
MBERRESNER T, o BB o EARRBHANEE

e B0 o

BEaG DM o % 2 ML FRTEEIE T HA %k
oo FRERFBAOETE T SOBR T o ER 2 R
RENEERE. r(GDTalLRDEBK N o /Y« 2L
R A, BRET MR B E E A
SHGERE B RARERS. EHARNT .

r(i,k)«su,k)—r}zr,lg{a(i,k@-fs(i,k’)} (1

a(i,k)<min{0,r(k,k)+ 2 max(0,r(i' k))} (2)
i#k N N

a<k,k>«_§kmax<o,r(i’,k>> (3

HE R ERREY S AMBET A EREE 1 WEH
BB S RME S5 EERE MR R, B .

r(2sk) i1 = (1= Xrli, k) i1 FAX (i, k), 4)

alt k)i =) Xali k) +AXali, k), (%)

K A BEE B0 B T, (H [F) i 2 PR AR B Bk A I BIE .
HHEBEERHNERE - EERRBAR L, HERBEK
AR BEE B GRS T RER AL, MBI
. WSUE A kR

¢;=arg rnfxx{r(i,k)+a(i,k)} (6)
YERBRFR. Fo=i, W EFEOERLREL.
2.2 BHEBMRsRE

A CE RN Ad-hoe MBI KRR, NMEFRE
B NDARAP . SNHEPE BTN L BB R E
Bl. B FTRSESS 0 M={1,2,--- M} MEFRHRIIEE.
BAUR P TAEAE AR ] 64 DX 38 45 AR P LLRESL ON/OFF
A FEHEENEE. AR P A DR FIREAUH P
STFHEAGE. 8MASAPBRMKE T AEESE CG=
{isizymersin ), FFRITARE R BB RS K18 — B4R SR £ N,
BHATFEE(C ke N} Fl—BEkBEE R (NN kE N}, ]
WA AL XTI , R R AR o W SR T R AR
HEARZE,

3 ETFIEBEREAIAL Ad-hoc P45 HEH L

AP B R E T AT A R R 38 1 B T ]
HIFFTH BB R ERE S . AP O AR R, &
AR AR Ad-hoe FIZE R, BA L BT AL B E T A
AEMAW. 55—, ERA SRR E G EEK AN
Ad-hoc M#gH , F— R IR BAA B AT EAENA B Al BfRE
EBkF . WERAEILLE S . B, CBAP-CMI & #i{5 B H
WEL, LAIK B2 ) R et 52 il e Al /N EE T4 i B B A
BIARZEH HR.

3.1 SHARABR

FEHETHEM Ad-hoc PG HR , B Y38 17 8942 i JF 4 I 2E
THEREE. Hi,B/MERH RS H 4. # RN
AYERE. B — Ty, AT AE B AIIA R GA B B AR A R Y
PR R 2oy BB R B SE R R T 8 s 37 LA Ad-hoc P45
REGEMS, REHEEXN TH/AMEHFHRAAEENE
K. BEk, RS B A RE R4 1 CBAP-CMI B L #I
 EAR RIS T SRS HEE L LT RFE RS RO
FRE RS IRAH
3.2 HEERRRSHEX

WA Ad-hoc % BB HISR T L, A HEEM S . 2
FEARSEHT U, WP A B R B /AN e ek



A, M, A SCR AT SR TERR .
sGa)=|CNGC | XUN:NN; | +2) (7
TEETHEHMBER S, REH AN TFREARERRESR

KBEH, —FHE, BMEATEBTEZS IO REED

BUMNBEAS: H—FE, TRBEEE T AL, WENE

{EHERERRET . 78 AP B, W LB I RRIM T HiRER

I i i 1] 2 50k X3 oA AR 2 A CRIER B9 (4 e o » BRI ot

CBAP-CMI R S¥Z B F .
p(i)=—‘a><|C,v|><£'n€ac§{|N§”|} €))

A, Nr RV EATREE. LB BEEE .« B
B
3.3 HE#R

W& F R TE T R RN TS REE . B TRALE
HRE T 57E M LR B LI HAE R I 1 FR.

[T 27 .. 1T #]

HEP L E
EE

! 1‘1\‘ I by éﬂ [ Iy ! i
I =R time

&1 CBAP-CMI &R

B AEMRL EEBABIAR 3 85, B K+14
EHAR, B MEHARE M AR, BEEARmT .

(DI

B FRE MR BN R OUTEARE — B4R
FBRHEUEMEEESER, RENSGEZALEFREH
HEEBERAR DR S —BEERE AR, BB (8)
HEACHRASE, MHRERRERMBEE: 7 Ro=s
(i,k),a(i, k) =0GEN;),

BIWRET - —BSBENERIE T HPE R
T EERNER. ERSE  MRRET ] AN
f58W%E 155,

®1 dFERELR
HE L
ai,j) RLEH N RBIGELE
a(j, i) BRAEHFE RS j WEXE
(i) BT EH NG RE G REE
r(iyj) BALEFEH RS WERE

(158

RIE I EE K MER , B MEFEE M AN, a1
HEFEMEAEEEM FBkEE, ¥E  £EMEFM
BENT.

HiRE meCL M &K i EfFHE m ¥R ELL CS-
MA/CD X FEF R EAEW Helo BB, KT EHERER
FIRFHMER 2 m& G, W i B BRI . MG
LEFRAT, A | IREWER Hello I BAKER (D —X GO EH
HEEBIIRT.

5F#h AP Bk iy & 4 R [l , CBAP-CMI 5 8 [
H BB RN K.

(3 FIAY

FERIARF R, BFE &R iGG=1,2,--, NDR#E T, &
KERHKBEC REEAERY.

=R

r(i,0)tali, ) >r(i,k)tali, k), VEEN; €))
W) gk B COAERRE N HEE PSR
m=arg mmeacx{ | N7 |} 10

VeI R . BRI A e A b AT RS % L Ay e Bt
RERBEEEO %, K P asHEEREES.
AR (DB J IEEAE D — R, ERIA ST
KBEPAWEE B, MBI BhEER e
¢; =argmax{s(i,j)}
me& C;
WA AR B S MRS, H R E A AR BIAIA K
. A RAWREET & WERAPSRNEEECHE
HEE, N ER Q0K EENEEREE.
FREWE RS, A W AR BIRE R EEET
HPEUME. B, B EdREREEREF MENRESEN.

4 {FESH

4.1 (FIRBEMSHILEE

i BRI — 4~ 100m X 100m #)FH X%, CR AP #
P EEX AL A . MEPREESEAH M=10,7EH
&) X, NS R & 100 MR P B BAUR P HEIL S
A—AEH, HFHELEHR 15m. CRTANERFERRN
10m, TLIEARATREBRAHF WBER T 5HE WEEHTE
5. DEN,ZEFESEA=0.5,a=0, 3, FNEEHITMIER
ju_F:

PRI H S BRRR G AR W48 40 & RS H ;

()P T RS EEE - Mg R RFE A REE ST
SEBEEN T ARG ELETE;

Q) PHEALKEERE - B MEATETRNTERL
FAEHEBE.
4.2 HRERERDH

¥ CBAP-CMI 5 LMDS &£ SOC & 1" & Combo
BRMIEARR CRYHAFEENEATHETHERE. HE
LR 50 FEEYLE 4 MIAA Ad-hoc MBIRINBITHER
HEHEEIE.

A 24 TMEPHFH#ERE K. dETR,
B WGP s B RN, JURR P A W R A E AR R 2
fn. RERAEAIE B SOC B Combo BHHHH
BE£,.LMDS Bk Z,CBAP-CMI £ # K & & X 6 1 10
ot PR B, B R E R/ 18%,

an

—=—LMDS
g0l —*—CBAPCMIK=6 /4;/
~-o—CBAP-CMIX=10 Y -
—e—S0C S
70 o Coxgbo =
2o T
9 50 T
x ]
40
[ i e —
30
P //
20,
=
10(080 00 120 140 160 180 200 220 240
CR¥ A
B2 FHEM

B 34H TN PYSRBTRHEEREMLE. B
AL, CBAP-CMI B35 378 B , -3 5 B (5 T Bl I 4%
PHAEEREINTRS, b LIMDSBEELE 0%, %

(THH 66 1)
. 61 o



(5] FEMR.FIOR, HEIE. % PFWRR. SEL B LB T (YRR R
WRR[J . HE#HLEH#,2008,31(5)

(6] #4868, & RM BETHANEMEQRMBERMI] &
F 515 B¥Ht,2010,32(D

[7] RenF Y, Huang XM, Lin C. Design of a Two-category Classifier
with Multi-dimension for Active Queue Management[ C]// First
ACM SIGCOMM Asia Workshop. Beijing, China, April 2005
150-157

(8] h%EHt, 3k T, % BRWRHE O [M]. JLH . BHEREH
FiAt:, 2000 87-90

[9] Fei A,Pei G,Liu R, et al. Measurements on delay and hop-count
of the internet[ C]// IEEE GLOBECOM’ 98-Internet Mini-con-
ference. Sydney. Australia, November 1998

[10] Fujii K, Goto S. Correlation between hop count and packet
transfer time[ C]// APAN/IWS2000. February 2000.15-17

[117 UCN/LBL/VINT. Network Simulator-NS2 [EB/OL.]. http;//
www. mash, cs. berkeley. edu/ns

[12] Jain R,Chiu D M, Hawe W. A Quantitative Measure of Fairness
and Discrimination for Resource Allocation in Shared Systems
[R]. DEC-TR-301. September 1984

(E#%F 61 7

B ARBIME R Combo, 24 K=10 i, S EEEH
KT K=6 WMo #EREERE X 2R NETE L NIRRT %
SME N, BERTENNEFFHEEEER 157 4,

55
5 S s ]
. s .
45 -
b =
%, 4
Y

m :f,.r/' —5—

35 -+ CBAPCMIK =6
w —o—CBAP-CMIK=10
b Y A < N —e—s0C
w3 & Combo
P 0 T TR SR MU SO BN A B

2

15t

50 80 100 120 140 160 180 200 220 240

CR¥ KM
3 PIEBEEK
B4 AT M EEBEALAMEEREMLHE. AE
A] L, CBAP-CMI B 8 M E BN A MEEBEE KT 3,
BT DMEALHE N A IE B BB v BARRY SOC B3 H1 Combo
By LMDS B ARRRIEEAA AL EE. AN EmEE
A2 B RBORT A s i N A SEEE IR

6

O e NN S

D o >
™~ r’/‘l/",,,: = =2 S
= 4 »—/"’/‘
o —&-LMDS
s —a— CBAP-CMIK=6
3 —0— CRAP-CMIK=10)
h —e—S0C
= 4+ Combo
®2 L2 Combo
b
B

‘\ik\{H)‘—QB\ai
06580 100 120 140 160 180 200 220 %0

CR¥ A MK
H4 PHREANEGEER

a8 ERIFES R AT A, CBAP-CMI B =4 R A
EHO KBS RGEERENERAASEEREE
I Combo HEAL A A HFEEMFHEE L. H# CBAP-
CMI 38 B3 F IR BT LA LABE R B B [l G RS 3 i oy 24
RFEBE MEREERE.

HWIE BHT—MET AP EEEEIAIAM Adhoc
W4 Bk B AR A P A A I B E, B ST AR AR X
BE RS, WESRER ZEERE/NT Mg
BEH EETENEFTYHEREE AIETEREAT R
EOBR—AAMEE BN T ESITTHE, RE T RSHNR
fatE , IAA Ad-hoc R4 e 43 A B IMEIR L T R W)
FIHEM

2 X XM

[1] Spectrum policy task force report [ R]. 022135. Federal Commu-

nications Commision, Nov, 2002

.« 66 o

[2] Akyildiz I F, Lee W-Y. NeXt Generation/Dynamic Spectrum
Access/Cognitive Radio Wireless Networks: A Survey[]J]. Com-
puter Networks, 2006,50.2127-2159

[3] XG Working Group. The XG Vision RFCs [ SB/OL.]. http;//
www. ir. bbn, com/projects/xmac/ rfc/ rfc-vision. pdf

[4] End-to-End Reconfigurablity. E2R_WP5_D5. 3 050727 RB/
OL]. http: //e2r. motlabs. com/Deliverable/ E2R_WP5_D5. 3_
050727. pdf

[5] Zhao Jun,Zheng Hai-tao, Yang Guang-hua. Distributed Coordi-
nation in Dynamic Spectrum Allocation Networks[ C] // IEEE
Dyspan05. 2005 259-268

[6] Akyildiz IF, Lee W-Y, Chowdhury K R. CRAHNSs: Cognitive
radio ad hoc networks[ J |. Ad-hoc Networks,2009,7(5) :810-836

[7] Komali R S, Thomas R W, Dasilva L. A, et al. The Price of Igno-
rance-distributed Topology Control in Cognitive Networks[ ] ].
IEEE Transactions on Wireless Communications,2010,9(4)

[8] Ren W, Zhao Q, Swami A. On the Connectivity and Multihop
Delay of Ad-hoc Cognitive Radio Networks[Z]. arXiv: 0912.
4087v1

[97 Yu]J Y,Chong P H J. A survey of clustering scheme for mobile
Ad-hoc networks[ C] /IEEE Communications Surveys & Tuto-
rials. First Quarter 2005

[10] Zhang C T,Maggio H, Chlamtac G M, et al. Topology Manage-
ment in CogMesh; A Cluster-based Cognitive Radio Mesh Net-
work[ C]//IEEE 1CC2007 Proceedings. June 2007;6516-652]

[11] Lazos L, Liu Si-si, Krunz M. Spectrum copportunity-based con-
trol channel assignment in cognitive radio networks[ C]// IEEE
Secon2009 Proceedings. 2009

[127] Asterjadhi A,Baldo N, Zorzi M. A cluster formation protocol for
cognitive radio ad hoc networks[ C]J /2010 European, Wireless
Conference(EW), 2010.:955-961

[137 Baddour K E,Ureten O, Willink T J. Efficient clustering of cog-
nitive radio networks using affinity propagation [ C] // IEEE
Crownecom2009 Proceedings. 2009

[14] Frey B, Dueck D. Clustering by passing messages between data
points[ J]. Science, 2007,315;972-976

(151 ¥ 3CHT, 8or v, BT 05 SHEB A 1B N S il ) . it
BEHRE,2010,37(1) :268-270

[16] Sumedha M L, Weigt M. Clustering by soft-constraint affinity
propagation: Applications to gene-expression data[ J]. Bioinfor-
matics, 2007,23(20) ;2708-2715

[17] Krishnamurthy S, Thoppian M, Kuppa S, et al. Time-elficient
distributed layer-2 auto-configuration for cognitive radio net-
works[ ] ]. Computer Networks, 2008,52(4):831-849

[18] Arachchige C L., Venkatesan S, Mittal N. Asynchronous Neigh-
bor Discovery Algorithm for Cognitive Radio Networks[ R .
UTDCS-24-08. University of Texas at Dallas, August 2008



