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Abstract Most of existing work are based on the concept of minimum connect dominating set(MCDS) , which is only
target for minimizing the number of backbone nodes, but not take the real characteristics of nodes into account when
constructing the backbone. In the way, some low performance nodes could be the bottleneck of the backbone, Selecting
more capable nodes as candidates to construct a high performance backbone,a minimum connected dominating set with
high node performance(MCDS-HNP) algorithm was proposed, and the approximation ratio of the proposed algorithm
was also presented. The simulation results demonstrate that the MCDS-HNP algorithm achieves better backbone per-
formance while maintaining approximately the same backbone size,

Keywords Ad hoc networks, Heterogeneous networks, Network backbone, Connected dominating set, Wireless net-

works

1 5|5

Fgk Ad hoc IS FT LATE IR PSR ZERE BRI H R T i
AR TR T FNEE R HERES BE— TR
BRI CLRBEEME . XMPERNTEMEEMERHN R
MBEAUENES R EN, HilE 46 KA RRBRMEyT
HETHEEMR . BRI il , $E3 % BT
FARBERIMEMIER, B i AT U P EEF R KA,
BERHERHTERTERER . BRELREAEBNEHER
B BAR T KRB M4 AR FEE AR, BICEEFH
ATy R R R B R E N EEN . HELETETR
EHE RGP E RN Ad hoc R ER BB REIE R,
B E Ad hoc B TWEAT, K EZRAEW B/ EE XA
4E (minimum connected dominating set, MCDS)™51 f{) 7 =,
B/MNEEXRERNET X RENBSHE kY. —H
WXEREELN AP E—-TEARBTZES REZLH5E
BPHE TS, MHRXESIXEE., B/NEE A
£ R XMEPEEFAHESER, HFrREAT A M
B/, B/t B H BT SRR B T & (backbone node,

IR HH.2008-12-04  iR4E HHH.2009-03-11
WL E-mail: guopanhong@126. com,

BN) , BB B 145 SUF BR ) 48 o B9 — BRI, 200 B R 4%
PEETR., BETR/NEEXACEN T BB A SR M
BRI PR LT R, AR TR KRB Ui R B g 5%
B HEERENCRT SR/, B, A SRR
BT B/ E T EERME Ad hoc MEHHMETH.

BRIZERZH Ad hoc MM AH, S EELET SHRH
., MAERGHETE/MEEXRERWETTHRI TR
rhls] B B/ MER T SN N BE v — B AR, F A%
BERTH AR, XN, MRS EERE TS
BEERTH A ZE TRETBEABEANMEMRT. 43X
W R A HRE Bk, iR ) T MCDS-HNP (minimum con-
nected dominating set with high node performance) &, &
BT AR B N E TSR, TS & T A
%%ﬁk?ﬁ%?—'ﬁ;m% BIBRA 5 8 3R B/ MU BT R &
FHEHIMH. B MCDSHNP BEREREZHNBE T
BLEBES St MCDSERER.

ES 2V A S E X MEEMERLESGE 3
FXTE LT R E 4 WG AES RN
BBRERER2X.

« 101 -



2 HERXESEEBER

2.1 BSEX

XPERNTHSEL. MEBRJLEBPE LA A .,
Lo IR EEEFRNRE, | |y | | RAFRRES.
BEVAVELFAENROES (v, yu}. BN H—
ANV B E TR C R (v s vse - ow ) FHH{B)
Byyer s B} S{1,25 00y} s KRG TR BT 25 NBN(w) 2Ry
LEEF AL v €EV—BN, BERTAREEHERREK
B OEMMAOMEEERXBEYXE AN RME,. BT AN
ARFRALHEBINERENBKERZZASGERRE. 81
TR DA~ MM AUE Q. » TR ET SRR S . &
XHB R R HAUEB R AER BT WA IR B ERATE
WA EERN . BREHINTURSR— MW E G=
V,E), bV AESHETANTRES E RETHER
NES. FEEPHEEE v,y ZERINERREL Y SBHE
PR, B FE—&IEL, B | | vy | KR, RFTE
U, €V B (v v))CE, R v Mo, ERBEN S, Nw)FE
AHR v WHBRENANRS d(ERRT A v EEG
FRE. AFRFEBNEAREKRKWE, B A=max.ev €ds(v)),
2.2 oA

A, F MDS R &/ SCEC AR (R, HNP-MDS %
TR T AUHERE B B/ S F AR [ R , MCDS-HNP KRB
SRR/ B IR .

[AlEE MDS. &8 GV,E) , K V AT S 4. E AE
EIA%EE. HEVSKHBER R,HE E={(u,v) v,
%€V, | luv; | KR}, MDS BB AN V F# &/ — 8
BEFEX,BRVuEV, Hue€XH Iy €X,uEN(y).

% MDS-HNP. 4 €l G(V,E), XHh V AT, E
HEPERBEE. BETSHHFER R, HBE E={(v,
) |v,u €V, | |uv; | |<KR}, MDS-HNP [a]fEF M V drig
BB/ —HAABRRERNTRTE X HE

Vv,-EVJE ﬂiGXﬁBUjGX;UieN(Uj)

VueV—X,3y e X, R v €EN(y),

H Q € max, enc, (Q) (BFATEE T sl M HERE o & B XA Y
REFASEN RPBEKRE .

] MCDS-HNP: 4% E G(V,E), Kt V T &A% E
HEPERAES. GEVSHFFER R HE E={(vu,
) v,y €V, | |uv; | [<<R}. MCDS-HNP [{JBH M V ik
HE/M—HRARRERNTER TR X HE.

Vo€V, FueXH Iy €X,u€N(y)

VueV—X,Ay € X, R v € N)
_B.CjemakaEN(vi)(ck); VueX, av,- EX.iﬁE Y; € N(v)
(BPER B TR PR R REERD .

3 HWEgItE R

1 FRERE .

A5 MDS-HNP [R5 % . MDS-HNP ¢ H
FRIR—AXEE, FEFEN T ANERECHRTXEN
FREFEAESEN SR AER. EEE LITe MDSHNP
f—M T =, Bp MDS [ 8, 1A, MDS [a & 4 T
MSC [a} 5 (minimum set cover, B/NESBE T,

« 102

EX 1 EEGV.EF, 8—THEARKLFTHSETR
EREEFHTEMR—ANEE BT E o MR—
%S,—,DI'J Siz{"ui}U{'Uj |Uj6N('Ui)}o

E)‘( 2 %ﬁ—/l\%% U&%E 0=5,5,",S, y?ﬁﬁ'ﬁ
XETFEHLENUB S USU--US =U).B/IEAHE
5[5 88 (MSC) R BB DM F& BN=Sk S8+ Sm »
BNgn,k<n,ﬁﬁéan€Xsﬁ =U,

&1 MDSE)E
BWA:Q=51,5,",S FTEK;

i BNCV//RENM BRSO EES T8
E—EWARL

1.1 NC=U;//NC ARBHHTRIES

1.2 BN=g¢;//BN AXWES

L3 NS={1,2,n};//XMERTHEEE
BoHET, HBA RS TN TRBE S
2 whileNC#¢ do

2.1 B CCHFESHLHISNNCINERBE//LEEEERR
ZRUBEBEOTEES.

2.2 NC=NC—S;;

2.3 BN=BNU/{u};

2.4 NS=NS—{i};
end
B=5wi

3 outputBN;

B2 MSC (M NP e R, X B AR ORERXE
ok MSC [alfE, ik 1 fim . HEEBRRESR PR
—NEAH, BEEFRESERBRSHNAREES N T ANE
A HHUFAESTHITEGERS. M TFHEPHES, X
MM EEHR - XiE. BRExEis], RMNMEX
MSC [ LB E—MBREEN HOWNERE  BRE
NFES BER LR HRAENRER. BT b=+
1,H 3 PEENEEEN HATD., B FREARSEREE,. &
BRMEEEREN O,

MDS-HNP [l a] LAE i 8 B ik 1 R vk, ik 2
FiR. THEES, BRIET SR MERER B R (L) B
PWEPEREE Y SAHEBLZNT R, HER L. S0
B EE SN A, BEAT — MR (Lo — DB
HPEEGHEISE U DAY SEES.

#3% 2 MDS-HNP RIEBE %

BWA:0=5,5:,,5 RES U NTERK;
FTEPEE (Q Q. Q)
Wi BNV
B—EHHL
1.1 NC=U;BN=¢;
1.2 Lm=irerlﬁ>fz(‘9i'3>;//ﬁﬁﬁﬁﬁﬁiﬂ
1. 3 for level=1 toLmax do
NSty =¢3/ IBIHAM Loax N KBRS EHE
end
1.4 for i=1 to n do// HEAN RNV R SERYE
NS)p =NSw) U{i};
end
B_HERARTARSTHTERES
2 while NC£¢ do
2. 1 BB TH Si i€ NStun B ISINNC|ZEFTE (S |7 € NStiewn }



PR
2.2 NC=NC—S;;
2.3 BN=BNU{wv};
2. 4 NS(iewety = NSciewery — {1}
2.5 if Vi€ NS(ery &8 1SiNNC|=0then
level=level—1;
end
end
BEHm
3 output BN;

EE 1 Ak 2 $xt MDS-HNP @B R CE B4
WXRETH N AN BEEHN HA+1D |OPT|. HH,
OPT £} MDS-HNP R RLIL IR/ T RS, & BITH
T RBANE.

UEH - ATTE A0, % F MDS [8] 8, 5 255 ok 8 iR E
H(A+1). 2 Lo =1 A, MDS-HNP [a] B % t#t F MDS [q]
A, BN TER 2 WBIEERN HA+D . X Low>
1 8t,OPT; &R MEBER AN ¢ 8975 S th Xt MDS [61 8218 5
BB, B I HERER B N W R PBAEE 2 B
BMER . BAH B |=HA+D |OPT: |, Hit, B 2
BER SR SN B A

Ligx L

,;1 |Bi|, BAREZTF H(a+D| 2 |OPT;|
Lmax

HF|OPT|=H(A+1)| ,;1 |OPT; [,

# 3 |B.|<H(A+1)|OPT].
ke,
3.2 EEYINE
R T A FEER T AXREZ S, BN X
SR S EEE , T RSB EE Y, 15
FEEFHTAEHEEBN, MHR— M EE XS, &
FEIBUHT B A B 3 g it , PR BE R P B | 1T S T BR
TR, ERMRENISETAPESXEETT ABRBHT
&, BEXEHEN NB, 5 RN NB=U— NB; Frit B i
T u R
MaxwieﬁﬂN(vi) NNBD H|N(vw)NB| =2
BN R Lo BT SR FE, BN Lox—1 &
AR AR, FE EBREES (L — 122 DR FIK
VR GEEE G A RER R R SR IR
FE, BB P ASR B8 MR A R HAR R R
BAZRES, XREFHNANELREF RS SR
HEEWIAENTRES ., U HREEHIAENRET A
MEEEN—MERED N, T 16D, E% 3 fik. BF
BHEBEPRURCER R, HafEEE N O,
Wi 3 MCDS-HNP a8k e g
WA:BGWV,E), XE%E NB={vi, v, u), TEARE{(Q. . Q.
,Q"} .
Wi KB NB' ={v,0,0,v;)
B S
1.1 N. =4 B RSN
1.2 Lonex= max(@) +
1. 3 for level=1 to Lpax do
NS(iewer» = ¢3

end
l.4fori=1tondo ~
NS =NSq, U{i}s
end
SRR, R X REEEREEN=D
2 while N.>1 do
2. 1if 3:€ NS(ievey & & | N(vi) N NB| =2
BT T 015 1€ NSqeven B Maxy, ev—ns (I N(ui) TNBI);
N.=N.—1;
NB=NBU{wu};
NSevey =NSctewad — {} 5
2,2 else
if level=Lmax then level=level—1;
f (o €V—XE& &€ NS(ieve)) ) & &
(34 € N(1;)8&&Q;>Q:&&v; €V—NB)then
N.=N,—1;
NB=NBU{v:}U{v;};
NSlevety = NStevey — {1} 5
else
level=level—1;
end
end
end
F=H /il TRE
.1 X'=X;
3. 2 OutputX’

4 FESHESIH

HBF ST RE sk i, A X 7E MATLAB T A ST
MCDS, MDS-HNP #1 MCDS-HNP &g:, 7EE 1, 88T
—BITERAFITF. EPH 250 M S LI RSAERBENL 4
AAFE 4000mX 4000m WM. B 1(a) H MR FE BT
A, K35 g% 5 MR, LY SN X /NRER
ARTTENERESER., BREBEYAOHRER, FEANHEE
BEI7E 400m E 600m Z ], ZEW TR v 5 v, ZEWEH
Hvw; | | FBANF o #lo; WHEIETERBEA v Mo B H4EB
BY R PEA-HKLES5ZHE, B 1A MCDSBikiE
THER. BPaa S BEERENETH A XEET
PRARKEOH L, BIXEETHAERT ST
— BRI, BE A& E TR, MCDS BRAURDIIEE
BETWE Ny BiR. BRI BEHE L BE T A HERE.
FATBR], B 1) P BT — 8 &t/ (BIHERE SR 59
FRENBTHA, XY SBATBRAIBTRES. B
1(c)y MDS-HNP BLiZHT 45 . RBEAHBEE TS
—#, HWRRAE P —NB/NZREE I BT S
AR TENTESBET SR E. BIER ]
(O MIEE R, R HE i B A AR B B ROR B B P I
TR MR- T EEXEE. B I(DNRBERFEENE
BITHENE TR, PO aW OnEna T V& 868
HEEWRTEIMNEHETTHN, TER, 58— M%ET A
LW MR BT W A5 2%, 8 Sk iy =i
BETM. B5bBrEfE T S Pkt MCDS B8 fF

(F4#% 126 )
+ 103 -



[5] Niyato D, Hossain E. Radio resource management games in
wireless networks: an approach to bandwidth allocation and ad-
mission control for polling service in IEEE 802, 16[]]. IEEE
Wireless Communication, 2007,14(1) :27-35

(6] Lee ] W,Mazumdar R R, Shroff N B. Joint resource allocation
and base-station assignment for the downlink in CDMA net-
works[J]. IEEE/ACM Transactions on Networking, 2006, 14
(1):1-14

[7] Bacci G, et al. Energy efficient power control in impulse radio
UWB wireless networks[ ] ], IEEE Journal of Selected Topics in
Signal Processing,2007,1(3) :508-520

[8] Low S H,Lapsley D E. Optimization flow control- I ;basic algo-
rithm and convergence[ ]J]. IEEE/ACM Transactions on Net-
working,1999,7(6) .861-874

[9] MEREZ 28 ETESEENEENMERESRE R
BB ABFFET]). B F44R, 2006, 34(2) : 241-246

[10] 3R, KHXE 8N, % UVBELERREEARRNRERR
). PR R . B ABI2AR, 2008,36(9) :55-58

{11] Liu K-H,Cai L, Shen X. Multiclass utility-based scheduling for
UWB networks[ ] . IEEE Transactions on Vehicular Technolo-
gy»2008,57(2).1176-1187

(E8% 103 )
WHT SRR,

. * . -

.
N M0 M= NEE Nis

(c) MDS-HNP #8
Bl ARAEHNENITLETR%

ATHARRAF T REZFHE TSR, K 2
R T —HEXBRER. FUELETHRFHEBRER N

k

S, b e HRTHROAE,Q HET WA« Mt

Z5l. BTN R FERRSIRETF R FTmENE T
REHERE. 72 2()F, RERATWRHRRIIN 5, AT
BAE 200 = 700 Z A&, EE 2D F, HEFATMEN
350, R AW R HERBR A 2 E 8 2 Mk, (HHEAREKHN,
FAR Bk MCDS-HNP HJRA 8 MCDS BE 3B TE
R RER 5, 3F ERE R SRR B H38K, W

HymE X,
5 7
W 7 & ///]7
P
# ‘(;/"e\e/a\“—__‘ i) g j
i 3 . - g ° / 1
% #® . o !
-] %, e :
¥ £ P i
% ; 3 il
; 1 —&—MCDS | z e [~e—MCDS ;
: Eﬁesj’fﬂ Lk o |—o—cosme) *
%0 300 a0 500 700 2 i 5 8
BaAIN Bk A ERERR

(@) FREH A (&) FRHMAY R LI
B2 BTWRTHtEnRs

E3HETHTEITENGESESR. TLUEN BR
MCDS-HNP # ¥: 76 338 T4 s 5f tt MCDS B3 7 —
BRI AL, BRENET YA MOFRAEMBEL., &
AEANW TR T BUEARFRNBERT SERBEINELT,
MCDS-HNP B 3B #0717 M AR Eid MCDS B3
#10%.

o 126

:oo DENIPNINREESSSE A e T T ﬂ,,/;ﬁ:ij;%
e wf e
w> //// i 0| PR o
T ¥::r
E R I
- S| I -
10 207 MDSHNP 10 L9 MOS P
IR 806 B% w0 506 e oo
BAH ARG BAMK
(a) Tyl AW A e LR (b) REHF KK
B3 BTYAITE
&FiE AUTHHNEFETEFUTILA DT TE

5 Ad hoc MIEFFEE T @SR B T PORSFT B KBt
BOSRE 5 2) X ik B TR P BB 47 A5 B9 /) 2 3 4% ) BB (MCDS-
HNPY# TR 53 T 5% 7 Ad hoc M HHy
BETMEZ I B A TR 4) 0 B8k 18 I B Frf
BEZRBEHTT T IHE: B HEX TR ENBRSAAH
HBHATT L. ZREY, MCDS-HNP Bkt T5B T MR
W EA B HHERE, Btk MCDS Bk b KB E RS TR
PR, BB W AHIE IR T M R

Hl. RIJEHNEERETREPANEHAL. £
PRB LN T 2010 AR PR R AT LA P28 36 bk
TRRMAL: X AR B B th P SRR E BT O
W/ BTMERNERERRS. (BREFERERE M
FGEMENWAGFAAE 8 & YR BERMER T, REEE
RAnmRAEERARE. ESFENIES, RITERR MCDS
HNP B oA B E LR

8 % X W

[1] Saha A K, Johnson D B, Self-organizing hierarchical routing for
scalable ad hoc networking [R]. TR04-433. Department of Com-
puter Science, Rice University, 2004

[2] HOE, &1, EHF,%. Ad hoc MEPETET NN E
PSR T BHR 5 KRR, 2008,45(5)

(3] Khuller S G. Approximation algorithms for connected domina-
ting sets [J7. Algorithmic,1998,20(4):374-387

[4] 46,588 — M F AR B/ EE X RERAEE]].
BHLAR 2004, 24(3)

[5] Daiand F, Wu J. An extended localized algorithm for connected
dominating set formation in Ad hoc wireless networks[]]. IEEE
Transactions on Parallel and Distributed System, 2004,15;908-920

[6] Cheng X,Ding M,Duand H, et al. Virtual backbone construction
in multihop ad hoc wireless networks [J]. Wireless Communica-
tions and Mobile Computing, 2006,6:183-190

[7] West D B. Introduction to Graph Theory[ M. Prentice Hall,
1996

[8] Chvatal V. A Greedy Heuristic for the Set Covering problem
[J]. Mathematics of Operations Research,1979,4:233-235



