FHAET 2009 4E 55 19 % 45 9 3§:907 ~ 912

doi: 10.3772/j.1issn. 1002-0470.2009.09. 006

mAHREBRANNEENEE T RESEIINHC

FRMBO XBF

wno o=

TRBE

(bt AZFFEHEERNEIRE K 100876)

i B ARTEZEFHMPR)E S ZIAHE #5844 P % (MANET) 4% 8 89 % o,
RET —FAET TR RRNELCBE LT, HBEARTEEMPREATTEIRY H
ERHARRG LT TATERAN P AT R BRYTAAELEE MEZNERES
BHEXMERENR, FELRERV, ERMPREATFHATERER) BRELKE
WA R A (B R E A XPREWBERT AEGRLY &, N4 oA 83 R M FOsE 3y
HRMHERETARGE, WA RN L EERE NS LTRSS L, EmERA

B A7 W P 48 4 0

Rulin] 3 AdHoc W%, % Ew4(MPR), AWK, £4 &

0 3 &

% B H 2 M 4 (mobile Ad Hoc network,
MANET) F) % B A 8] /] 25 550 1k LA R H B A G
BAETR A2 PG B N AT 9, TR SRR B
S E] MANET f1PERE. MANET Hhfx BHER)) #8607
N Rz L, XA OT s AR e BRI BT
I ik e Y e m e T B N SRR AR,
RN EZFE ST ) B adH. XMTESIAT
READENIFHBERER R, AMUSTI R HENZ
PG BRI R4 B %R

R BRI EOR IR TR DM E R T ok
BHEME TR W R, 1 2 ST R A BE 45
T —FRIVE D, SCHRT2 JH HAGAG S 5L TR S 700 fr)
TZ UL T X IR I AT B SR DA S R T4
5 B BIRAZ B R 55 . Hoh L T4R B (S BRI
T2t g A Y R R 2 B ME R S R R AR
HZEG T SEE, B & # % FL4E (connected dominat-
ing set,CDS) . LAZEERHMITEERN) o a5
BN RBEASR D ET HBIRE B2 MR HIME
B ) 3 e /) i 18 LA 2 NP-C R, H
BERRAT IR

W SR T4R s (5 B e i B s —
H R4 B S FSE B R IR B R R, TE
SR BRI 1 SRR 1 R 4 b, T SR AR JE T R

D
)

I E

K B RBP4 (60772109) R HH T H
,1979 4FAE :
5 H 1 :2008-05-22)

=

13 BERBL LSRR YL E AT BAE R KT R B
FRFE R TR AR EIR IR BRI B M 28 b, 55
FRIF R RS B HAR S R BEHE E . FiRPIFP IR
W S e LA R R A BURHIE A CDS. Dai % A1
HIBHFE I, T8 R A B R0 1% SR BEE A Buei b
CDS LB FY [F] iy P UE B8 1% 5 B AT S, (H el T B
AR MBS AR, TSN S SRR E
Xt R L KRB R IR & o SRFE T RIRIRIR
e RES ) #E 1 RE BN L CDS, STER[ 8 J4R Hh T3
TFREBIRKE B 22 5 7 4% (multipoint relay, MPR) 58 &
BN, THRR T AR AR AR S T R i R
B, B R TR TS 5 R I Bk B BT A T
Fo SEENAELME AR, MANET 1A F7 56 %
V2 BN 247 B R BRI, H 32 A4 (5 1
FR B i [E] i DA R 35 BRI R, e oh, 39 A
PARTE 2 J5# % F e R ALy 3 R R il , B2 0
LA 2 R AER AR AT A PR ok
PRIR, 9 R A SE RPN 7R B B) P9
FERRETT, HEM 25 IR Sh AT, R B AR T R
FERAE Nk $ebnE , HETI LB/ MPR 26 7 =
A BB 38 I 3h A P48 30352

AR T —FhF 8 MPR 15 R GBI,
BITELREH IR T T R BEER A B AT R S TR
A, SEm) BE R H THREIR T AR R BE B
SRINT RS MPR &6, FMEZ N A Z AR

%i‘ﬁi ViEivanl %S’aéﬂklﬁl% , IR 45 B2 B R N, E-mail : wudapengphd @ gmail . com

— 907 —



FHAREIR 200049 H $£19% F9

HuBT A M 2R B AL IR B B BT R EE
o BAR, R T Z0K &3 i MPR 525 BT
RAE AR & BB P AT i, o BT RAM
S5 9 2 i S AR AR AR B A AR AR

1SR

QR AR, FT A T R G E A R O e
Rl DR R A AR =R R W, X E 5
3590 R 55 T8 M D ML ot AR 30 0 2 i B
FATE B A S B HE it 12 A 3 , 456 i sk i (1R i
TR SR , 3 SR R R AT AT AR 58
1.1 fFEEMHEH

HLHE R AR I T AL, W R e R S EE M L
TR ol HR 2 G R AR M B (R A R AT
%, W EIZ R B R SR IR i e ) B
B M 4& AL 7] 7 (network allocation vector, NAV) A
TRER (518 ; F3 b, 5 SR A i ] 1] g P9 A BE R R 4
3, B 0L s Wi B9 5K R 2K (RTS) B9 A8 T NAV {5
B BBIE AR5 TE A ] R[]y

Ty = Trrs + NAVgrs + Tors + Tasg (1)
HH DIFS 38 DCF interframe space, Bl DCF i [&] /8] f&
M DCF #8 43 #ii =X 15 8 Ty §E (distributed coordination
function) o

A UL, SR Y R 400 288 33t M O AL 41 ke M AT {5 3 )79
KI8T NAV R BB HRTG Tue DISMIE2TER,
WHRUL, L Bt NAV ReEea (], 45 4 8] LAgR A
2 I E] BE (S TE A IR O

ToL A B B JE X FRAR I, A8 (R 6 % B A4~
W AIHMEE R M Z5 R IR, PR A2
BRI AR 77 SR FRARTC AR BE IR XS BRI XS Al 1
FEIRIE . T AR NAV REE2AT[E] (NAV dura-
tion) H) BN AZ] Hello 14 8. FP #E4T ) 4% , 3 SE il 11
TR BRBARYE TR BB S E R BN . HeFh
TEFFEATEME T T AFT RS, 2% Hello
AR AN 32 i,

1.2 B hoimlt4E 7

oA F B DI BE (DCF) A3 A I I 3R 22 16
TS o 3 A i 5% A B U £ B 7 5] ( carrier
sense multiple access with collision avoidance, CSMA/
CARB SR 5 BOE WUR AR R, 019 5
K724+ % O (contention window, CW) filf%, B £ 3i&
BRFEHEL CW,,,, BARTESE L BRI HER
BT AL RORERE S O . 7 UK IR B i P v $R

— 908 —

=
pe(l1-p), k<R
P(X = k) =4 pk, E=R +1 (2)
0 E> Ry +1

FOR, HH p, EEWUE A R RS, X Rl
WL, R, AP T 56 1 8 BB R AR IR B, 7 2
ZMF CW o = 28 x CW oo
WAEESE N SRR ] o R ] DR R
K
W= (1= p.) x CWoy + po(1 = po) x 2CW 5, + +
+ (1 = p) X 25CW i + pRe*! x 2KCW

a- pc)(2pC)RL+2 + 2RL+1(1 _ ZPC)PIELH
- 1 - 2pc

X CWoin

— P .
*12p, CW i (3)

Fn, B oW MESE O B/ME, RGP (1 -
p.) x (2p )Rt 2R+ & (1 - 2p,) x p&t! WiIRER
N EEEITE SRR E 2, WA UEER
FEIAAS #0058 5 B K/ W, AR CW s, R
MR p,, AXIF
W, = CWy,
Pe= o xwW, - cw,,
BRI 2 A R BT Hie

n=>kxP(X=k)

(4)

RL

= D kxP(X = k)
k=1
R

L
= D0k x ph(1 - p) + (R + 1) x pit!

(5)
HHE,

TR AR R WL E R B i TS
MNMEIE, B, £ Sefh i B th 5 % B E AR
HIREN 54 N, S W B [ B2 R ol 55 7 A 1 450
WiECE , W (51E LR A R s E R

Ny=N,+p,xN,xn (6)

T B RR, WA AR E RS E O R
/R ik AR i B R AR R TR O, T T
W75 S E A2 ) BR g =
1.3 FTAWEMGITIE

TRBAGELRS & LTSRS EN,
0 AR U BEATLIR et ] AR &K o A1 B[R]
PHBENLE A, I B AE LR R, W S AR TR E



RRMESE A SR BG4 AR S L]

R B M T L AR A RE £ RS A (R A b T AT
ARZS, W (el B A, W7 DY A IRl 25 A i
BRI , XMELLER A5 1T A SOk 0t P sb Hcdie B
FE BT AT BB I R B4

P 268 o A1 R BT SR AR T A A M BT PAY )
[ T 52 S ) [ B UK B, 77 B A 330 R SR 4T
JET )T B Hello &2, 7F B ANZ AL H 3145 NAV {5
BB I 18] B fEE AL T AR B BN A
M R R SR S, Al AR B0 F R A 58 1 Rk
-

N,

S
Ty = 23 (NAV; + Tows + Trrs) - T
B= i=1 XC

Ty
(7)
Hr ¢ W B BRI, Tmg o I DU I 8] B P 9]
IR [E]

2 BETRESLEENH

MANET H )R 3K 3l B& P 807 22 38 8 JA A 1
AR B R A4 T A A b ) X & Fh M E B, LB
F LI AR AT DA Y s AR R A A e 1 B R EL
SERL, TR, I, TR VR TR T A SO
TEHRES 1 U B SRR AR AR I 4 % M 4% R BT AR
BEIRRE M, BAIA M Z T4k (MPR)EEE
RIS A M T ] Y IR BIABXT BN T R E R
B2 B T H AN 25 18 2 B R 4% P 5 5 B S RS AT
F TEAE M5, BT LA 25 2% Hh (1) 6 A KB, R
MPR 46 H A7 ASFT BB B B 2 , SR T S Ay 9
AR R FE BEBOE B MPR 60K, A RE H & i
YRR TSR A% K BB U7 BT s AT B R, AT
SR 2% v X P TR I, KB BE R
WEF

R, 2 SCHR H — P BEAE AR 41 AT R 08 H 38 DL
P MPR GBI, MG &7 RS
SE—R 4 B4R L 4 BT R SR AR THILI A T4 b m]
W, I HIR & AT & BB (Willingness) iy
NEVER )5 &

BRBEBRINT

()W MPR G MARE =T AEE M2, H)
MPR = O, M2 = N2, HA N1 F1 N2 535 —Bk4&R
JE RS IRk E T R ER

QHEREHHT ARG —BEMHEENW
BRI T R vy (y € N2), xR i 5 HARE i —Bk

BT R x(x € N1) AR MPR &, IFER
Xt R AT B4R R AN M2 R LA FTZAE A .

(3)FR BT 4R A AT R SEASTHILE], T 1 U
T RO S AT RS TP R LR TR U
2 P(s,y), HH s R RN R, y € N2,
B T RSB AR , I E S/ MR AL P ino

(4) Sy fse/ MRS 72 00 IO (1 T B 4B 1 17 AR, y 2
BB ORTT I SE A F HL Bt A Y —BR4RJE » i
AE| MPR S8, B8 M2,

(5) %5/ M2 EEFRBFET R » <6
J T R AR W E R N M2 S5 I BR

(6)FIWT Sl M2 S5 R =, 24 e, W5E
B MPR &R LR, BMERLEG)-(5).

W AR IE 1R (RIEMETE m
A—BkT 2, 0 AP D o

for i =1 to n, then
M2{i] = N2[i]
IS N2 PILERE M2 (n D
end for
fori=1tom, then / (m %)
forj=1 to NI{IFI4RIE S, then
R CHBEY R NI~ NIARED AR
¥
(R N2 W ST R ALE, WA

"

W —— 3 i =2 (X2 B0 *
n+1e3

2
vt N2 P SEIARE Cl1] ~ Clnl
i X n/2 %)
end for
end for
fori=1ton then / (nil)
fCli}=1,then / (nii)
AR B ORI MW A MPR 7/ (O(m))
TR M2 PO N2 /1 {Om)
end if
end for
while A2 # ., then

for i= 1 to n, then

HE Pis, v) 17O’y
end for
WE B ANHEBE TS Poy / Ofn)

WA BT E x B MPR, EH M2 //O()
R M2 x BIPTH SRR

1 EEHhasH

BIZETREEN = n+ m+ 1 EER—BEBE
Bom B, FEI 18] 2 A BEH P S 1R W U B,
WS B e TR S A g -

— 909 —



FHAREIR 200049 H $£19% F9

m*n m-*n

m:*n . 2 n
ntmt TS, +4 0(n)+0(n)+2

= 0(n?) = O((N - m -1)*) = O(N?) (8)

X T 2 B hENEE A SC AR T R IR MPR
AL 7 VA TN T SE R MPR B SL 1%
(Bandwidth MPR, BMPR), &l (8 R R4 Al 11
T TR B S B AT AR RS B o

@ s
O iz

2 M4 LETE

B, IR MPR &SI, %
TR S —BARE W s B Bk 48 B 1 RS 4
#HN N1 = {A,B,C,D,E,F},N2 = {H,],K,L,
M,N,0,P,Q},

KRR TREEN MPR 5B EN S
BB MPR = {C,D,E, A},

F B SCH TR ) MPR S8 2B TR AN
S B S H S S AT R BR A N R R R, AT
MPR = {C,D,E}, i&&A® MPR P IuRxBE W
B EES N M2 = {L,K,J}.

TR AMET A S5 M ESFTHRZ
[ ) B AR TR L«

S—A—>L:4

P(S’L){s—»F—»L:u ©)

S—>A—>K:3

P(S,K)[S—»B—»K:6 (10)

S— F—>K.7
S—>A—>J:5

P(S’J){s—»B—»J:S (1

Poin = P(S,K) = 3, R _LIRHR, 5 S
EFERAT A K MR IR, B S— F— Kk
HRERIEE, B, KBk B A F RpET
RS BB MPR 6 4% [Fe F 35805 M2 5
A L AT, B, YRR M2 5 REDT
£ Jo

HARFE B L3RR, e 5% 25 EH MPR =
{C,D,E,F,B},

SRR AR T TS 2 MPR A3 A A

— 910 —

[, 24 2% & ] A JE BT, MPR SR A LR R
A AT RESE N, SR AR R T B, (R AR~
KRR IR, ZE T SER A MPR SE-5 154507
HEEE MG B TR R BERUR I R
ST B, BE T AE A7 A 18] 32 R 4 AR TH
Blo P T FREG T A 18] 7l B 2L AP 2E LA K
ARG R RKESIROEST . T E 2 Fraf M4
TROLRUL, B T ARBRERIER, TA A MR K
18] A B B R FA 7 9E T E R B, o BB 3% R R R
MPR EHE 795, BT EAT R A ) BRI R
TR, T I, 558 A A7 23 [ADK B S , B
FX BRI EF . RIS F AT 5B
M R BET B B3R T R A, L, R AL T
FEHY MPR 1407 SOF & BRI RO P SRR TR,
REAS G Bt 1 FE 19 4 I AT R 5 BT TR o

MPR PE4% J7 1 75 2 HL B B I AR [R5 i AN Al
HARE AT AT 58 , P R (3) s . BAH SR
FURE S AT 1B AR B R TR T8 1 R B R
LR R 22 Xt F Ad Hoe W45 K3, 45 8 5 s 3K
AR, [ — Bk 40 15 s A AR 4B T R
AERE, EMEIRTMREILAE G, R, X LK
HERA M TR B 1) S 2R BE S AN O

3 FEHER

ASCRF OPNET - 6 X% FT 32 H 9 2 F 7 55 Jak
FBER G FEL 7 YR X T 4E R BE A =2 M LA S AH N B Y
KRBT BN E , BMES AR EINE 1 iR,

*1 HESHR
HESH Bl HESH  BE
EERE  1000mx 1000m FEBEE 20-~80
B 0~ 10m/s B} ] 100s
PR KE 1024bit BiRmER  0.01s
&0 250m 5 ERE  400s

’l 3 AR 4 Bl s T M4 MPR 5 S 50E
ARE B EE , NG SR AT A, R A2 T4 0k
I MPR R B T EH B ATTIEE N
MERBEB R S ER I, [T %
TH S B o b 2 3, {ELR AN 45 S i, Hob
TNAREE AR R, S /NF 10% , B i, 77 LATA k3
TH M MPR 526 &L F IR B M 5]
BRI



RRMESE A SR BG4 AR S L]

80 —a— MPR
-0~ BMPR| e
70 T om
_~ 4 /Q’ //,/
< 604 o
W{ ) ,,—Q///‘/
ﬁ 504 ,‘
_ql; ] _,,O'/ o
i 40 o =
o Wl
18 30 /
20+ A /
//
w04 ¥

20 30 40 50 60 70 80
WREEE

B3 B #TRNE

MPR M T T T T T M T M T
50004 --o-- BMPR o0
40001 Ve
3000+
&
& ]
& 2000+
1000
0-
¥

20 30 40 5 60 70 80
TREE)
B4 BEBRE

RFAE T FERHIM MPR £ 5B LR,
T ARG ARAB K AT R R R e B BB Kk
JIEHY KON FE M SRS T B, B Ot R T i
T RLAL PR FE T 0 2% A 1 BT A BT A R
Wi, [ 5 FHE 6 23 R T W48 HY 2  Bd R
BYERE. X T AR T R 8 R, WNETETIE , 2R A
HFEIRAE) MPR 566 1AL J7 R g I 2% FR T
W RBCR LRI (B2 BMPR J5 5 BE
RRIETT R BRAR TS L R 5% e BB 0 B Y Y U SL
MPR 4, B0 T B T RIR A B R A S BN E
& K BB RIS 10% £h, £ —EBRE LA
2 1T BT 5 | R F IO 4% 67 R, AR T i 4
B Em B e R o HRREE T S EZH BT
B 0 75 58 2 i HE B 8] LB AL B i 8] LA AMS
8, FETER I UERE DT 10%. HERERE
], SRR A /MEEE BT FER A SRS
T, EFHEEL 3% .

T - T T T T T * T

T MPR | :
-0 BMPR| :
%04
ey
/; //-
< 50- -—
%ﬂ‘ . e
bis) =
% 70 - ey
& yd
60+ “,.O';/’
o g 4
-
50
20 30 40 S0 60 70 80
R EE (A
E5 SHEREE
J—=—mpr
045 BMPR
0.40+
= P
= 0354 ™ I
ey o \\./ O B
E' '~~o\\\ e
% R
5 030 ° o © -
0.254
0.20 T T T T T T T
20 30 40 50 60 70 80
TREEE)
6 BUEEmEIREIR
4 % i

Ad Hoc M %% 5] FIH 524 BR , 2270 B HH 7 227
B L5 R AL S A S DR T A 2 R
FT 265 A R S8 BE TR, B S 4 A S B AT S R Y
] RERE N SR Ad Hoe FIZETFFT IR o B BR
T SR, £ R AL RESTE (RIE R 1
f1 [ S A 1 2% P 32 HE B B O B HR OB, 1 T
BAH B AkT mUIF A RETT, LA £ P 4% 0 2k
B BRI, TOHE B B R B B 3 AR DA B
P FEBEIR

SCH R T — R T SR A LT
L ITEERE) T R TR R BB BRARE T R A AR
WL (R BRI L PR SHHILR . (THESR
KW, BAR MPR 6 P IILRER MR RS
BORWEA LIt BRG] B A RO s B
2% 1143 2 5328 2% LA B o ) o SEE AR P RE o

SEXHR
[1] Tseng Y, Ni S, Chen Y, et al. The broadcast storm problem

— 911 —



FHAREIR 200049 H $£19% F9

in a mobile ad hoc network. Wireless Network, 2002, 8(2/ works using directional antennas. IEEE Transactions on Paral-
3): 153-167 lel and Distributed Systems , 2006, 17(4): 335-347

[2] OuL, Ahmet SY, Nallasamy M. A survey of multipoint relay [6] WuJ, Lou W, Dai F. Extended multipoint relays to determine
based broadcast schemes in wireless ad hoc networks. IEEE connected dominating sets in MANETs. [EEE Transactions on
Communications Surveys & Tutorials , 2006, 8(4): 30-46 Computers , 2006, 55(3): 334-347

[3] LimH, Kim C. Flooding in wireless ad hoc networks. Journal [7] Sheng M, Li J D, Shi Y. Relative degree adaptive flooding
of Computer Communications , 2001, 24(3-4) : 353-363 broadcast algorithm for ad hoc networks. IEEE Transactions on

[4] Dai F, Wu J. Performance analysis of broadcast protocols in ad Broadcasting , 2005, 51(2): 216-222

hoc networks based on self-pruning. IEEE Transactions on [8] Clausen T, Jacquet P. Optimized link state routing protocol
Parallel and Distributed Systems , 2004, 15(11) : 1027-1040 (OISR). California: Internet Engineering Task Foce, 2003
[5] Dai F, Wu J. Efficient broadcasting in ad hoc wireless net-

An adaptive relay node set selecting mechanism based on
available bandwidth estimating

Wu Dapeng, Wu Muqing, Zhen Yan, Zhang Xiaojing
(Broadband Communication Network Laboratory, Beijing University of Posts and Telecommunications, Beijing 100876)
Abstract
The influence of the multipoint relay (MPR) set constructing mechanism on the performance of mobile Ad Hoc net-
works (MANET) is well studied in this paper. An adaptive relay node set selection mechanism is proposed based on the
available bandwidth estimation. In the process of MPR selecting, each node adaptively selects the relay node with the
largest bandwidth for its two-hop neighbors to reduce the network congestion. The complexity of the MPR selecting algo-
rithm using the bandwidth information is the same with the original one. The simulations show that, although the average
number of the relay set elements and the broadcast packets are increased slightly, the performance on packets delivery ra-
tio and end-to-end delay are well improved by means of the adaptive relay node selection mechanism proposed in this pa-
per. In addition, the mechanism has the adaptivity feature on the basis of the time-varying network state.
Key words: mobile Ad Hoc network , multipoint relay (MPR) , available bandwidth, contention window
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