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An Algorithm and Model to Improve Reliability

of Multicast in Ad hoc Networks
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Abstract In Ad hoc networks, low reliability of wireless link makes the scalability of multicast group degrade drastically,
and FEC(Forward Error Correction) technique and NACK(Negative ACKnowledgement)-based mechanism, which
guarantees reliable transport of multicast in wired networks, is not adapt to be deployed in Ad hoc networks. In this paper,
focusing on improving the scalability of multicast in Ad hoc networks, a Reliable Multicast Transport Scheme (RMTS)
consist of PDA(Packet Dispersal Algorithm) and ARM(Active Retransmission Model) is proposed to guarantee reliable

transports of multicast. Both theory analyses and simulation result show the merits of validity, simpleness, low
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resources-occupied and moderate overhead.
Key words Ad hoc, Multicast, Reliability, NACK, RMTS

1 38§

AR Ad hoc MR T(T ] BERE M 45 % i, BEIR LA
Zof AT AESNREERS, HESBNBNALERH
REIERE . 7 Ad hoc M, LAFRE A MRS RE
EB IR A MY B E. BBMNE, A ZHBEN
WL F Ad hoc %%, w1 MAODV!, AMRISFE, ODMRPE!,
MCEDARM™ A1 AMRoute®), {HENIHRER TR 1N (Best
effort) ) BHEYIL, BRZ TR RENF, £LED, 1448
MATTERS SRR AMEATFHNEZBERNELRE, ™
ERESBNANMEYT B, THELSBANBREA
B, HEETREICAEIZL. BRANAE. TCP Z/M MAC B4
Aot it — R QBT S (R P&, (R #AE T Ad hoc M1 &
HBNA. NHEM TCP BXFimEnm Il RMELHE
NS, EAEBBERTAERNEEERBNTE, K
HREERESHSPL AEENERNAEATHANR
MFEMVIFE. Ad hoc M4 % X A [EEE 802.111°MF 5 MAC 2
i, Eid ACK MEMGHUEIREAERN SN, RELH
NAG, BEOL) BB RE, MAC EAH ACK

2004-08-16 # ¥, 2005-03-15 o[l
EXR BRI $(60372101) X BHEE

HE, BRESBNAD, MAC EARMEIRMEMAT R
R, LML T, £ FF FEC(Forward Error Correction)”
HoR bR LR, JF Ll NACK(Negative
ACKnowledgement) VB AL BB, SLRIRS L BEMN0T
etk AR FECHMUEEZRES, FETEHTUHREENE
PREI Ad hoc M%7, H LM NACK LB AER T
BH KRR B LS. AR FEC A NACK
A AR, $EH —Fhd PDA B R ARM BRI L&
T SELBERTR, AEIR L ESSBmT T, 308
AT ERAEE B .
2 PDA Hiii#id

Bestavros #f H *J & % /) IDA(Information Dispersal
Algorithm)!'", 4 GEHAB BN m 43, HEWFR n 0 5HE
HBATERnzm), #0005 REBEREIETREE m 4180
AR R BARGL P T A& AR FEC 286480, X4, n 1
IR A TU A 1E B R P R4 EASEHR . 1IDA BUERA)
R, ERTEEE MAC T, BEE XKW EY
FERREHBELHTTREN, SRBNLBEHERE. —
ok, BHANSENTRENTREEFIRMNEX, &
BREMFETESRNTREHEEZRINE. AXRY



ESH

LEE%E: — RS Ad hoc M2t L 3 7] SEE RS AEERY 781

PDA(Packet Dispersal Algorithm)& %, #KFREHA4RE, AT
MG EREARMAT RN, ARNATRET R e £
EEPRZHEHDE, TRORENTRNELABE.
fEPDA 1, REHIBETTRTA
F =0xbb,--byb bm+2“.b2m'..b(k-l)m+lb(k—l)m+2'“bbl M

m “m+l

R L3} Fe
Heb b, h—A abit FABHIE, REEEEI A LA,
BIMRE m NMERTT, B F =0xb,_)mBi-iyme2 " Bim »
I<i<k. FASEREAIH F RRA

R b, b, ..b,
I @
F, b(k—l)mﬂ b(k-l)m+2 by,
WP nem B 4, T
f G Qy G
4 = Y _| 9 G2 G 3)
VJ anl an2 amn

A BNERFRBEROER, BER n MTRETHE
B m MTREFABKERN S ZEN.

FREEERTE N BIRR B AR m AR AT L
EILFEFE A, FIFRH 2 AN RIFEAR R THRNES 0
FEWMT:

a, a, - a, b(r—l)m+| c,
0= =|% 2 7 G| Bma ) (Gl
G, Gy v Gy b(i—n)m,,. c,,
A4k ABEE A BT R ERLL T4 R
G, Ca...Ciy
C,=0.0,.0.]= CZZ.IC?,ZZ:-C?,I‘ ©)
CoiCo2 ..:c”,k

HRIFER Ch AT n 1, HER n M WFHIEL
RiE, BAMRPYEAN P =0C,\C;,C;yr 1SjSn B
HBEETEKE A PR, BAUARERMNK Y, . B
BT R BN R m N AR AR, XK e fD 4, BIET IR
B ATRRFME, HAOCARATE m MiFEEE N6, IR
B G H A, TRZTF -

})l CI,I CI.2 Cl,k
B Gy Coz. Gy

Coe =| . (6)
Pm Cm.l Cm,Z . -Cm,k
4 a, a; Am

4 = Vv, _|@ 9 . Gy )

B ORI k1, Mk A MREFRERE, B MR
BRIEREN X, =0xC,,Cy,;C,,;» 1< i <ke IARIREIR

m.i

BRRE I DRBF LS T kR

a, a4, .. G, B G, Bty
.. C i bi— m+

F =y =| T G T | At | g
a, a,, - 4., | |Cui b(i—])m+m

FENPEER B FEWRER, RAEEITTHRE.

AT GREESE R R G SE T LU o R A B B
TERR, BEHEINE 16 HiE2H, TARFFMRFFL
B E g,

117 11
8 (28 ©)
did

IS
L L

3 ARM E{EER

EJR PDA Hikfeh M—EEMHAFHR, (BT Rt
MR ET SR, BTLALAE R LA MM E LS. RIEE
REERE R AR B, BAVRIE T Ad hoc MBHI X ZHE
FEHER ARM. 7E ARM 1, A 849 3 A B X(E 1),
1 MERGEFL 1 ANRIDEE; BEREMX A TEFBRRE N5
BRE, BERERIEIEEEFRARAZNR B, B
FHXE— AN ENRX, B2 WX AR
FEE; BEEEIEEEARMR B RIDRHFIHEE, T
BEREHEBERANAEEPXRE; MHBhRE—ANF
e IHEEMR P, DRSEER AR R IA AR

To local

DECODER

IN_BUFFER
ENCODER

OUT_BUFFER

Forwarding

RCV BUFFER

B 1 WTARERRRE
Fig. 1 Buffers in a node

# ARM H, ZERAFF SAUAFHOFRARELES
PACKET(data_sn), ' data_sn ARG EIRHFFES. #Eid
ENCODER, PACKET(data_sn)¥#i%FK n NMadEHEL
PACKET(data_sn, compile_sn), compile_sn N%&RFEBAF
S nRBWN S BWB n N REFERIE AT m A, B data_sn
). compile_sn REH m 44 iFHIE M, DECODER #F]
IR R R EIE G IF 8 IN_ BUFFER h. FE, $al
W IN_BUFFER HFMEIEAFS ETGEL, WA data_sn ik
8, HHEHEBRaER, TAKREIREEAERLE, &
iFRENACK WHEFERE BT S EAFRRNEEEE, ZHA
PEANATEAHAESLRES, TARRE LY SARERL.
BT AHERE A NACK 1§ BFiR, BIEEE— B[R #



782 BHTERFR%ER

LR

WM NACK B, RATERN NACK A JWaE
B —4 NACK ¥ B8, WRAN S IN_BUFFER &
OUT_BUFFER £47H NACK i RI$IER, WRKRESAT
2, BN LY SR K NACK.

EEHIAT, —4 LN S EERET AT A,
BAREE AW AR RMEERR— R a, mRel]
# &K% NACK 28— NACK #HTHNMEML, LRSS
SBOEKRRBRNEEKR, IRMIERNEHRTIRIEM
T, BT RDEAFHFRIIRE, WAIFIH TR
RAK B, Bl e B 0RMEIER B EE K,
.

£ ARM T, H—ATERNBEQN, EREIZER
ENACK, MRBEs—En3E, VIHEREMILEE, 35
TR HE B A RiE NACK, W7 EN[ERZ T, B
BT SR NACK &R B 58 A E A, )k e r
2%, UK NACK IRi%E. X, BRATREEIMNATER
EHENEEAHRN B ENE BENBLSERE
i, FrEARERIE—D NACK, FRARELIME. R,
BB NACK 7 S th R R EAEMFERMOBIEG, MEAR
H—AEAEH S, R EPERE T S ESX
ANEAEA, SIHEUEER R, BN, HENBER, BEH
ERMEIRA. 5iFRkEr 8RN, B4 ENREERES
R RE. HRkErBNEGEHEREEEXRNE
2 FiR. ERBNVISEERQODEE, KT o AHUSH,
SRR RN SR UCETREE, RTT AW SETENE,
Wil AR R R .

Receive packet successfully/

Time value is 0/
Time value is not 0/

Multicast packet/

Receive NACK/set time value ulticast request packet/

Recgive packevkill timer

Time value is 0/
Time value is not 0/

B 2 iERESMRMEENBREETHE

Fig.2 State transition diagram of a timer

Times = RAND(0,@RTT) an

AT RS RTT WEENXIEEESD, RITBUT LR
¥4 RTT #HATER. RIBEZ KM, BESHF-02 (R
MR

RTT =(1- B)RTT(¢t—1)+ SRTT(¢) (12)

4 MRS

WiE PDA ftk, MWE, — M KEN L MIRHBEES
WHRIFD n MREHD Lim RFHEA. SRS REE
BRI APERE m SR EE QR Ik S R R, Fril
WRBEZER C) x(n—m)/m, 7] W, PDA ReThHI— & M tbAs
HiRE, ATHRFHEARE -ENTLERS » MRIFH
BAMNLSKEN n(Lim), WEEHIER K, AR KM
LB A (n/im —1) 100%. FEEFFA5E PDA B, E4%E »
BERT m, FrUAF4e thfl b

PDA MW T H BRI R T RET KRBT RN 4, FH P
EE m MTREMBRNEGE ATSERE. THLL m=4 A5,
WAE Ay TFEENE. B A,=[1 5.7,V ] o RIEERE R A0IR
AT B A1 A BDRTFE RV, =aV, +aV, +aV, +a}V,,
Y Ay THMERE 3 NEE Vi HARERE 4x4 5565 By R
IAREN Vi Vo B Vs, W B[R] B4
r([V,’,Vz',V;,VS’])=r([V,',V2',V3’,a4V;]'), RE 20, By HE
. ARBEETTA, 4 a),00,a5,020 B, Bs FIE. FHE
LB A L TTAE Bey tBAFTE « AR, A, UAREETE. (13)
R Ay HISEB.

(13)

N — = O = =

1 0]
01
11
11
11
3 4

M
1
1
0
1

..l J

PDA HiEMIVHEE 28 FER R T HRBgEEE e

MEH. 3T mom EEKENR bon REEQ, HTEER

EX O(nmk) , FTCL PDA I Z24E N O(nmik +mmk) . —#

Rk, n Fom MEEAE KK, ALl PDA MERESH,

MASHEBAKNEEMBEXR, FLFBEREFTE

%.

ARM R4 FIFLL AR KRNI B, BdiEke
B B AT 88, BRI — AT B R i NACK MIEA
FA—K, ARERTHEXABNECXNRNAE, MHEE
RN —B. EfRTFREHE-BEEZA, BRRET
#1 OUT_BUFFER HIK/. @R OUT_BUFFER £%#X, Bl
—BtBEY S EREBFERNEE, BWAELEREXME
4. EE EVERETFRIEZHREN, ILFERAREK
FIEERRARIRTR. BRENEFENPRESEHEN
EREEMR, MEENRFVHEERD, WRERT K



FEsH

REMER: MEKRK, MEREXNRFGEN A RKEE
PREIEAN. EATET, ERFNVHERNLETE, &
RAEA 3RTT, AR HE KA (B FELRS R 6RTT, WARK
ERLMEEEE. BEAEKNTARE, Boer ke
HHHERY 0.5RTT. E—KKIWELLREY, B 12
MFRBALE, FUBRKTARE 211 MUEEANES
£, BAMIBEAMEERARET K, AN TRA
A

5 RS

KT #E— 38 RMTS B9 ¥k, 3411/ MatLab 6.5
B ERRHTRIES . RN | AET AR 6 4
LIRBRCH SERXEE, MENTANER—FRTEEZA,
HEHERBENN 2Mbps, BAVEMETR A
20x512Byte. X8 @ BIARARMAMFA A, BEIEAKDK
M58 A, BARKER S12Byte. PDA T1H 4,,, 13R(13)
i, m=4, n=6. ARM P84 o=3, RIT ETHER
B, BESHL0.2.

AR T A R B 05088 2 76 A R iR B # (Bit Error
Ratio, BER)Y F I IHEMIRER . BIKIEHE N 64 - 512bit,
BER % 4% 0.0001 #10.0002, LT 16 Ak, HARK
A& BER ##%F EHIAT 20 %, BRMREEC K
23 10000, A 3 HUEAKIMERBENIRG R, AWE LT
UEH, SKBX, mIhE8E, mH BER 8K, -HIhE
WK RIIEEH LB EFE—ENE, ERMRERAR
SBFANK. 7 PDA BT, wmFHTWAKEN Lim, LR

WHEIRAKE L Z—msfEREEREaARNEIE.
1

<
oo
-

Success ratio (100%)
o
o
-
-

<
~

50 150 250 350 450
Packet length (Byte)

— BER =0.0001
=* BER =0.0002

B3 BUE AR R IR
Fig.3 The successful receiving probability of packet

Bl 4 4 PDA X EFHERMERNEWRARLER. XA
PDA T REEMERF IR, WA K, EHNREE
MK, X PDA HRMEKT HIE S MmEROER,
BT RIS R R BIE K, FTLMERE R B EIR
F. HMK PDA FH n SHN, REREE—DRE,
EREEN n K, TKERBE, BIZEET RS,
ME EERTUE S, BECEEARABIRGER, RARE
PDA BEiR F BRI R, BRRERIEAR AT Stk B
WK nRERAIIE, AHSBEBESNEEITHE, FILE
SRR P A — 2 AL

B3R — IR Ad hoc Mg 4 FE T St 1Y LB RN RY 783

Es
£
x4
&3
&

2
& . .

0 20 40 60
Simulation time (s)
— Original traffic

B Recaved Lraffic with no PDA
and no ARM(BER=0.0002)

€ Reccived traffic with PDA and
no ARM(BER=0 0002 =4 1=5)

-*- Received tralfic with PDA and
no ARM(BER=0.0002.n=4 n=6)

B4 PDA XEEIR 5 R MR
Fig.4 The end-to-end transport rate with PDA

B 5 BREIR ARM 3R Bmf i R a0, LR
BREHKECH 1. F¥EH, % PDA EiiE, ARM B
RS — SRS, MHLTREFFEGREZNEE, §|
8] ARM REIRMEE N —B R R . RE R AR
ezt T SEYE, ERTRRE 2 BEHE 100%, T EER LAIE
AW RBRKBEARYCKIERTRERE, Fik ARM fEF J1it
R AT SE T

RMTS B3R B RS RIE KIFHMNaTIR TREAH 1
WY, RmTEt - EENRESE. ik, B
MR T RMTS 757 % _LR#4E, AE 6 LT LIE 3, PDA
IR SR IEFELL B KEUh 1.3, PDA #1 ARM EEIEFEL
BilZ14 1.44, B]J RMTS ALt w RS E S A,

Traffic rate (x10°bps)
(] w -3 (v ]
Traffic rate (XIOprs)
- W (=)} ~3 oo

20 40 60
Simulation time (s)

~— Original traffic

€ Received traflic with no PDA
and no ARM(BER=0.0002)

¢ Received traffic with PDA and
no ARM(BER=0 0002 sn=4.1=5)

“@- Received traffic with PDA and
ARM(BER=0.0002,m=4,1=5)

(=1
o

20 40 60
Simulation time (s)

— Original imlfic

¥ Received Lraffic with PDA and
00 ARM(BER=0 0002,71=4,1=5)

-@- Reccived (raffic with PDA and
ARM(BER=0.0002 y7=4 n=5)

B 5 ARM X EImAmarn B 6 PDA Fl ARM 3 5 i #E
Fig.5 The end-to-end transport rate  Fig.6 The bandwidth consumption
with PDA and ARM by PDA and ARM

6 LHKRIE

ARSCE X} Ad hoc 48 2 15 5 F i R £ 5 e] S 4 1) JL, 42
HEFEREAHTENES RMTS FR, B PDA HiEM
ARM #R, fUREEREAHTERS. 2Ry,
PDA HERSUAER ZEHT, 1B DURIE LR FE R
BiENSEORKE S R A RBE NI, BN
B, STFRM4EM. ARM EHEERFFH L ER KR
B ERMAIRBNELE, NREFRFETRNE, €
MEBARLZGTYEIT. HELEFRY, RMTS 7RG
BB R BEIE R E R, W E R



784 B 51 8 %R %28 %
HEET, [7]1 Lin S, Costello D J. Error Control Coding: Fundamentals and
é} % SC ik Applications [M?. New Jcrse)t, Premice-P-lall,1983,chapter 2-4.
[8] Paul S, Sabnani K K. Reliable Multicast Transport Protocol
(11 Royer E M, Perkins C E. Multicast operation of the Ad hoc (RMTP) [C]. INFOCOMY6, San Francisco, 1996: 414-424,
on-demand distance vector routing protocol {C]. MOBICOM99, [9] Sobeih A, Baraka H. ReMHoc: A reliable multicast protocol for
Seattle, Washington, Aug. 1999: 207-218. wireless mobile multihop Ad hoc networks [C]. IEEE CCNC04,
[2] WuC W, Tay Y C. AMRIS: A multicast protocol for Ad hoc 2004: 146-151.
wireless networks [C]. Proceeding of MILCOMMS9, Atlantic [10] Bestavros A. SETH: A VLSI chip for real-time information
City, New Jersey, 1999: 25-29. dispersal and retrieval for security and fault-tolerance {C].
[3] Gerla M, Pei G, Lee S J. On-Demand Multicast Routing Protocol Proceeding of international Conference on Parallel Processing,
(ODMRP) for Ad-hoc networks [S]. IETF, Internet-Dratt, 1990: 457-464.
drafi-ietf-manet-odmrp-04.txt, Nov. 2002. {11] htp://www.mathworks.com/ {EB/OL], 2004.
[4] Sinha P, Sivakumar R, Bhargavan V. MCEDAR: Multicast
core-extraction distributed Ad hoc routing [C]. Proceeding of WMETL. W, 1974 464, LA, BISIITIN Ad hoc M. B
IEEE Wireless Communication and Networking Conference, WA A BENM TR MR A,
Orfando, Flarida, Sept. {999: 172-181. OBt B3, 1976 AR, RAD, (4 BRRDTRBKATMR. Ad hoc
[5] Bommaiah E, Liu M, Talpade R. AMRoute: Ad hoc multicast W4, WiMax 5815,
routing protocol [S]. Internet drafi, drafi-talpade-manet-amroute s B &, 19734EA, PR, L, BFYTA A Ad hoe &L,
-00.txt, Aug. 1998. Ba) 1P RE AU
[6] Wireless LAN medium access control (MAC) and physical layer T 4 HO1935 4EAE, BER, LR SUE, BT A g

(PHY) specifications [S], [EEE standard 802.11,1997.

fii MR ed. BRI NGN K,



