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Abstract This paper describes algorithm that minimizes recovery time of packet loss resulting
from handoff in multicast environments and guarantees reliability through interaction of FN(Foreign
Network) with PMTP(Predictable Multicast Tree Protocol). To solve the problems that inefficient
routing and handoff delay taking place when using bi-directional tunneling and remote-subscription
independently in multicast environments, proposed algorithm uses tunneling and rejoining multicast
group according to the status of an arriving FA in a foreign network. Furthermore, proposed algorithm
sends packet loss information and register message to previous FA or current FA at the same time.
s0, MH is able to recovery packet loss in handoff delay as soon as possible. As a result of performance
analysis, proposed algorithm is more efficient than previous researches and is applicable to existing
handoff method without requiring additional procedures.
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Algorithm for MH:

while(1)
{

receiving FA advertisement message

if( current FA address != FA address in FA advertisement message)
{ /* arriving new foreign network #/
current FA address = FA address in FA advertisement message;

hand_off(last_sequence_num);
}

communicate with current FA;

receiving confirm from current FA
while( multicast rejoin off)

communicate with previous FA by tunneling;

communicate with current FA;

}

hand_off(long int last_sequence_num)

{
register with new_FA;
send to previous FA last_sequence_num,
wait confirm message from new_FA;

}

/* not moving */

/* until rejoin */

/* to recovery from packet loss */
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Algorithm for FA:

while(1)
{
receiving MH; register message;
MA = multicast address in register message;
NACK = last_sequence_num;

if( {(MA in it’s multicast address list & join)) /* rejoin multicast group */

{
add MA to it's multicast address list;
if(tunnel_flag off) {

/% make tunneling */

request tunneling to previous FA with NACK;

set on tunnel_flag for MH;
}
request join its GR with NACK;
}
else
send confirm message to MH; ;

reliability func(NACK);

reliability func(long int NACK)
{

Request its GR for NACK,
}

/#prevent from tunnel converge */

/*already has join MA */

AA T 7Aglel e Ade] WAz A HIZE ¢
HietA ok

webrd, MHle] 9% JEYIE o|FF 7ZALde
FAE Fzd H=QEES A= MHIY o8] 3.2
Al AEg e n Azt wel Hdade a3sy, o
Fol =&dl= MH27F $YU3 HEFIZE aged 7Y
Aeele onl HEHL HAT FAS 59 o3
< 3=E @uh MHIY MH29 EEYa: ¥
H Al gloIA 2ol A& £ AT Al vE
9327 °)Fd MHIZ MH29] o] FAE FYstAY,
A FA9 3 FAd sigdch wabAd, 93] Az
Hdzdg 433 FAS o)&3ty dzyBe shs AL
B?eEE HHE fAEH FEE HENAE 2E
g dlojetel 23 VEH= o] T WA &
Utk olE &M, FAT A MHS 25 HEAN2E
aF F4, HE¥P old FAY F4& AFRE §A3lzn
A2e MH7} =33 A9 BE2d F7stn, 598 2
EA2E 2EQ A$de MHS 8 F7/M9E 72

7} Basith
4. 84587}

41 HZE Y £
B AdMEs AU duaEe ig

dn ook

ok
tlo
bin2
ofM
o
N

A=em A, dHHE A, By JFE 7)
2wy maEAe St B4E 99 B4 Yol
YEYZ N2 FVENA AF FNa={FN;, FNy -,
FNnHm=1000)0.2 745w, MHe H§S MHe =
{MH,;, MHz,MH,}(n=100)2}3 eojsict wakd, FN
d MH7} =338 o FAYF 71gso] 1S gEe

Piol)ms} 2oy

m
AA $=Q= A MH7} FAS wslsn AeHe
AZFE ©, HEy 4A IS Ty MHZ 0158 HE
A=A FAE B3 BEIN2E 25 7Idsted &
SHE AZFE G2 Ao3lgen oHrt gAsA &
=0z 7HA3ad. 53 248 248 A8 T
G e NE g Akl dmelEd 9% g
& HEsqc) B AgHE W oule ¥ 1
2}
el whala A7) el dl
HA & FA77AA 2aHE HE AR

s o
& 43 o}

Hy=% +[T,+ “PT’+F,] (0
Ho=t +[ PS4 F) + (1- PY=((Go+2S2) + F)] ()

PS PS
4 12 P W BF AANTE oA FA



350 BRI =FX: ARFA A 30 d A 3 5(0036)

¥ 1 A¥gus
ki\is 9 v
P | FA7} HEsi2Ed 71995 e &E
P, |l & o] Qlo] tlolekE A% e
F, | MH® FASE Ad ARHI=Z )
Ta | ©13 FASH MHZEe] Bdy 44 A3
Ga | 84 FAZL GRE 538l HeI2E Egd 7gsls AR
G. | GR®% MHZt¢} RTT
T, | °o1d FAst 24€ BH93ye RTT
F, | 833 A 71 20/ F Hag

o Bdy AA(Ty), $FALAF)FH == &
& HAE FAlstrI7AA e BEAD AZFeg FHdct
74 25 477 YoM B AJANTE e
o olF% WEYAY FAZE ZEPIAE aFe o
719E Aeele T5A49% Added be Ado]

A8k, vl 7lE Bdle FAZF GRell 7Hsishe A
(Gool F7HH oz gt oe Adste FueE
NEes A W, Y=ox Ao 97 e e 3
%37) fig 4uA AAE35E vepdoh

Aok dmelFel FAAA ADAEL $4 Q)
(Do 2ot

Hi=6 +[Pa(-5 + F)+ (1= P)x(F+F)l @)
F,=min[(T,+ g’), (Gy+ g’)] )

MH7} A2& HESAAR olFsta oW FAS Bd
d 237 @A FAE B3 LEPISE a5 A 719
& FA sty b 2HE FAE ol oy
BEg A=dnh web, Fs& 4 49 938 533
433 QEASE A A 288E AR F e

& gt MH7E FAS @ishked 285e ARt
g2 28 AN PR AEHT] WE 4
T aEsty] @gch 39, BHdY 433 dElaE
aF JKle 2adE Azke HIENAT 879 gt A
FaiM WskskA "ok WA, To>Gel 292 Ta<Ga
 ASE FES 47 ol5d vlEHIS] FAYL
THAZE IF 7H9=0] Ye A9 obd B ol
s 71 @ st

411 MH7} o538 WEHZS] FA7L ZEH2E)

7Hi=e] e B¢

A" 8& MHZE HEAZE aFel 7H4Ee] e
YEHIZE olgWE BF P=oxof 28FHE ANE
Hlag glolth. At duFe) I=LIT A NACK

A% A e euI=g xelsl FAY ez
AR Az FPAA Fro] & 12 2HE 1 ms,
Agdats HHE 15 ms2 AAEPY #4448, gn
2% A4 wE HF=E =T AAATe] A
A7k W R 2R PR AR e e 3
e 2 5 3

At 19 8-(b)sh Zo] Y=ok 7XHEet &4
HRAE FA3E AE u=EE Adshs Wale] 7
& WHED 9S4 F
NACKE ol&sto A9
YA o FAY A2gr] wgol.

e

T¢=30ms, G=20ms, T,=20ms, Ps=1

90

—o— X oF
80 —a— Qutgt
—— 92

2T XA (ms)

e

N
[=}

—e— X oF
120 - YUY
— —— 21
)
£ 100
r
o
T 80
5
+
8l
= 60
=1}
o
ul 40

.
N
>

o

a¥ 8 7Hd ¢ d=ex A4

412 MH7} ©)5% JEY = FAYl QEH2E
a5 7HEol oA ke A
a¥ 9= MHZ 053 UEN=S FA7L dEsis
E OF9 7idEe] A @ 9ol ozt 24 )



Eel i o) AHALES AT AREANY Fa2F 31

Ty=30ms, G=20ms, T,=20ms, Pg=1

1000

-6~ X ot
b gFEbEE
—o— Y

]

£

7]

-3

Al

o

i

&

[ S - AT : -
0 4 8 12 16 20 24 28 32 36 4
ol &3S

(a) B=LE AA (Ty < Ga)

Ts=30ms, G;=20ms, T,=20ms, Ps=1

—a— et
—o— oYY
—— a2

e Lot (ms)

E=2
(c) =2 Ad (Ty > Ga)

T4=30ms, G,=20ms, T,=20ms, P;=1

—e— H| o
A AU
—o— ¥

HMERD X+MB= (ms)

4 8 12 16 20 24 28 3 % 40
olgss
() A= X A + e]FE (Tq < Go)

T4=30ms, G,=20ms, T,=20ms, Py=1

1000

~o— Mot
- VYUY

g

£

o

o

i)

=2

*

)

=4

g

of

ul

k)

0 4 8 12 16 20 24 28 2 3 40

ol &AL

(d) == Ad + AHE (T > Ga)

29 9 PizigE gEe = x|

ot}

28 9-(a), 9-(c)ANAt 2ol Ty > Ga, B Go
> Ta Q1 A%, Aeksle dxnadEe 71& 9y vl
3t F3F Aol fzes Qo] waysin AN
o WAL A BHE BAY. WY PEOT S F
A2EEA o2 ARG e Pohd W AN
£ BRIt

¥ 9-(b), 9-(d)e A== FIPAFA J=ox
ojell A% iBE AR FASIIAX LeH A
g Hug Aer Y=o = ojFd) HHY 3L 5
Aated Age AIE digeld dA7YEY we
Hoe S g8 £ o

29 102 A8 glol HRAS FAE BEd g2 o
HEE AdS Blag Aoltt. Hdy xdAx e~
E OF A 7 AD zell #AGlel, AlgtslE 2mE)

F°] 30%AE SBAA Azgto] I AL ¢ F ok
werA, WEYZ st dyste A Hede
Af dEe= AL gL F Yok

ag 112 MH7F $Al4 RdEIY =Zse
¥ AAEE B4y AL B4 Aotk ARRMME
gna]Ee g F&4E Fol7] YA, o)A
AEIER)9 A FAY YA (HEll2EaE 719)e
238 B AAANNL Ze MRS o83y mE
o, FAlel Z& HEFIAE gl 7Y€ MHF 2E
AZE 2§ 790 A=) e 3 YEYIY =
s 2S¢ 2488 = U

HEdg A5 E4E 24317 98 999 v=ga
oA, MH9 =3g0) 10 msol MH7} 593 WE
Az BAY =223 FEL 0.1, FAY == F8
AlZke] 50 ms$l AL RS AY £3, 4471949

&5}



352 AR =FA

a=1.5, T,=20ms, G =T,=20ms

100

il

80 " —a~ H| O}

» ——- e
——

® \

o 2% (ms)
»

[ — .
0 01 02 03 04 05 06 07 08 09
o2i20] & S8 88 (Ps)

AR5 A 30 E A 3 5036

a=1.5, T;=20ms, G=T,=20ms

of 2 2] =2(ms)

0 01 02 03 04 05 06 07 08 09
Mei2lol Mg S48 &8 (Ps)

(b) (Tq > Ga)

29 10 VIES A o#d] W& Adnn

(a) (Tq < Gq)
% "HEPI2E 2EYL VIFo2 39 YEYa A
o) F8AL © ms}%ln} Atste dnelEe By
AZ9 By YJ=exg Fi F2Hyt F2H7

WAAE Bdl [Tl 1‘1217}?:]«»} AT, SEAA}
#8d olFde Hdgol o ol BAEA g 97

) FEoE Baske e ¢ 4 Uk

n
pié
i
N oZ 2

o

5

|||||

100 120 140 160 180 200
AZHms}

238 11 8949 24 v

4.2 g4 24
$94%E 71E BAY PEEL e Ao §
29} 2},
Adste YAZES YTOT Add) BE HA &

Ao iz 7 Zg&Fo By YFEAL HE3)
Aok Eda® AFS FAS A== Hel Al 5o
Ao =&she MH Aot SASAIg FAS d=
X AIZFe BHEy AT dEA2E 259 A 7Y
AZteot A7) g o FAFEEL wWi$ ol £
A== A F<k HAE &M dE AAS
NACK #A82 g7 w&d) 712 d7Eo YES=
AY £g Aol 71 52 & B MHY 9%
HEIR o]F3te AN A== 487tx) 27}
A AolgjAlol WG AL uHsE AN&How
ol5 s MHR 79 Agtste SndFZol o 283
o]t}

5. €8 A &% oy

2 =2dXEe ZEMN2E E#]7)4he] Mobile PN
W= d XAe Hasslr] A3 HdE™ 447 2E

E 2 71& Ui §EY vin

A B4 T U AF74
e EAA o FE (Ga>Ta) (Ga<Ta) & (Ga>Ta) 2L (Ge<Ta)

P = Ao AF H A AF N AE A
0ay A% Hx B9y AAAAD 2 A DA GBS

298 H33) BEEH H A8 B8y

HEHNZ A9 B8 =& e kg i




Eg7it ojF HEAN2EES

AEE A Qe FAl FR32E st ik J=
2= Adel ofsfl HAsle WAELL aLHoz 3
g 4 e gnEEe Atsdch A dzos
Hash e Bdy ML AMSske Aol dAag
5 e HYd IF FAE AZH =¥, MHS
FAZISl $Eox Hxtg B3 FAZQA 52 dnas
& AEgen 71E0yR v, $48 3.
AL duaz S5 ABHoOE HuIY 4
IEE PPFH 94719 2F CNF FAZARE A¢t
T CaAFAA ARRS AZAE ATl HEfzE
EE AMgske BRM WELET xdd B A
49 EANLE BHegth £4920 £548 dse
Z A2 Al GoTa U A% €4719ene ax
FLFRThE L AL AL BYRAY dgE A
e I Asole MY FL 9L 2Yoh o9,
Ta<Ga 9 AFele 59 2AE BYoan 2% &
EHUE FUsTh ol MH #HME Ry ES
a2 °)F F old YEHINAM miAge s 28 7
Ao)FE FU3E AHE Y=ox2 QNPT 29
AN =L o] 714 At & £ ok

FE, Bdy 5L TUT WEPIAE a%4 719
& MH7E FAlel 98 MEYIY 2dsts Hdw
B Az Y=t gEEW 24sH Qe
MH7t FAl9 =38le &80l &2 ZA$lxE 3 wA
Hdy dAo) AuHW o ol PAFA ¥y e
FAsYr}. kA, A=o= o)FoE WEYA A4
& BE&HOE A8Y = Utk EF, CNF} FADY 3
EALE Ef72Q PMTPE &&st A48 &3
44 BRI

ALY EneFe MHA NI BAsAg A
AIZF HlolElY] QoSE RAFER] FFT) o)y HA7 o)
ofete] AlztAIRe] B4 wfjFoln, Az sjofete] AfH]
25 Agar) dMe Zende] HoejEls Fasks
MHS®] QoSE Bgsl7] 13 A771 Fgs]ojo} i},

ZI1Es

[1] C. Perkins, "IP Mobility Support. RFC2002," October
1996.

[2] D. Waitzman, C. Partrigde, and S. Deering(editors),
"Distance Vector Multicast Routing Protocol,”
RFC 107, BBN STC and Stanford University. Nov.
1988.

[3] JMoy, "Multicast Routing Extensions for OSE,”
Communications of the ACM, Vol37, Nos8, pp.

A AZEL A g g

(41

[5]

[6]

[7]

(81

(101

(11

(121

13}

[14]

[15]

353

aly

61-66, August 1994.

Ballardie, T., Francis, P., and Crowcroft, J., "Core
Based Trees(CBT),” SIGCOMM ‘93, pp. 85-95,
September 1993,

S. Deering, D. Estrin, et al., "Protocol Independent
Multicast-Spare Mode(PIM-~SM):Motivation and
Architecture,” draft-ietf-idmr-pim-~arch-04.ps, October
19%.

V. Chikarmane, R. Bunt, and C. Williamson,
"Mobile IP-based Multicast as a Service for
Mobile Hosts,” the
International Workshop on Services in Distributed
Whistler, BC,

Proceedings of Second
and Networked Environments,
Canada, pp. 11-18, June 1995.

T. G. Harrison, C. L. Williamson, W. L. Mackrell
and R. B. Bunt, "Mobile Multicast (MoM)
Protocol: Multicast Support for Mobile Hosts,”
of the ACM/IEEE
International Conference on Mobile Computing
Mobicom'97, pp. 151-160,

Proceedings third annual
and Networking,
September 1997,
Yu Wang, Weidong Chen, “Supporting IP
Multicast for Mobile Hosts,” ACM/Kluwer Mobile
Networks and Applications, Special
Wireless Internet and Intranet Access, vol. 6, no.
1, pp. 57-66, January 2001,

Wanjiun Liao, Jen-An Ke, and Juinn Ru Lai,
"Reliable Multicast with Host Mobility,” IEEE
GLOBECOM 00 Vol.3, pp. 1692-1696, 2000.
Chunhung Richard Lin, Chang-Jai Chung, "A
Mobile Multicast Protocol with Error Control for
IP Networks,” IEEE GLOBECOM, Vol. 3, pp. 1687-1691,
2000.

B. Rajagoalan, "Reliability and Scaling Issues in
Multicast Communication,” Proceedings of ACM
SIGCOMM’92, pp. 188-198, September 1992,
H7lg, 294, AL, “PMTP:QoSE BAsH= 7t
H BEAY Wel2E FALZEF" H¥i)ely
A& 3], Vol.25 pp. 464-466, April 1998,
Chunhung Richard Lin, Chang-Jai Chung, "Mobile
reliable multicast support in IP networks,” IEEE
ICC, Vol. 3, pp. pp. 1421-1425, 2000.

C. R. Lin, k.-M. Wang, "Mobile Multicast Support
in IP Networks,” Proceedings of IEEE INFOCOM,
pp. 1664-1672, May 2000.

C. Perkins, Mobile IP Design Principles and
Practices, Addison Wesley, 1997.

Issue on



354 ARAGI=EA: ARFA A 0 A A 3 Q006

3714

19961 AgAligtm AApA e FA
19953 ~19978 HEHAHFAH 7]&dT
& 19999 SAUsn FFESY T
AL 19999~ A s FFHG
& AR, BRore HEALE, A
ARt ZREE, Mobie-IP, JHHZ

Az

19874 oA En AT §
AL 19929 o)stdxdistE wS et
AAANREAF AL 1987 ~1989
& AARE(F) HA4Hd. 1990 ~1993
Y OETAMPEE QARG 1999
d~8A sANgw AFestas Ak
A, 1998e~8A BYAAgEn FRER Feldgus
FABok= Internet Protocol, Mobile IP, CDN, TAg #
dx B35

A& H

1985 StoFidta AbgEata g4k 1990
W Univ. of Towa 24V M) 19949
Univ, of lowa A4tezt kil 19944~
19959 Michigan State Univ. HaFgs}
AAWS 1995W~EA sAdgta FF
BaY 2ns BURoRs ReA, A

AZEEA, ol FUEM B4l AN T




