DEri=

B3 97-22-11-6

o]F ZX2EZE 93 A3 Flooding 718l
ZA% ey LE =2 e

EfR B ok B

Selective Flooding-Based Multicast Protocol for Mobile Hosts

Yeong Hwan Tscha* Regular Member

XO|E=Re 1995 SHR SRR SR Tel TR UMM (AX TA) 2TH|of olsto] HITE S,

2 %

B 2 =7} ~€(broadcasting)-& ©]-§38 ©]F T 2E(MH :mobile hos)E2 9] HE|F2HANE £ th)e =
o vlE A H o2 AL 5o 412 MHEY t3] Ed 8§ WARNES FF3HA Futeith & =M e
T2 MH7E 74+ #0 o8 54 (B4) 4258 94 Ao A58 A¥3Q floodingg A 8tS, 4
HEE B dAAEE £Y & A MAE HEANLE ZREZS At T2 EF 44 FAE A

NS, 4% FHES TR

ABSTRACT

Multicasting to mobile hosts(MHs) based on broadcasting results in overloaded unnecessary messages in case of the

number of recipient MHs is relatively small compared with that of nodes in a network. In this paper we propose an

improved multicast protocol in which messages are selectively flooded only to the (radio) cells within some distance

from the cells where destination MHs reside most recently, so that the number of unnecessary messages carried in

broadcasting is reduced. Detailed procedures for the protocol are provided and protocol properties are proven.
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Fig. 1 Schematic representation of a computer network supporting mobile hosts
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Table 1. Typical symbols
7l & ¢ |
h o] % ¥ 2E(MH)

Celloa MH h7} 913 o]E Ao W EW 4
Cellnow MH A7t M 2o] ZQig 4

MSS,u CellweE #E3& MSS
MSSpew Cellpe® 38} MSS

HLR& MH k9] HLR

32 Z2EE HXP?

A X £85 229 54L& MH w7t o
£ A2 9 o]FL & "t ¥rEA] HLRAZ °F
At e gdduieE Aot WY MH A7} Cellyg®l A
Celluew® ©)|E3QTHA HLRU S £9 91X AHE
Mg zo] o]Fg A CellyalEE MSSuw)2 74415 A,
HLRu= 9 W EW A CellwwE 283 MSSouw®
hel o]F AlRS ERAT NeHE 43 Fa R
Hole U3 E sy, 5 9 ¥ 25 A8

o] g%}

e WAL fla, ANE ¢ 58 Z2EZ L AAYUE 81 A Z2EF S ol &t /HE Bt
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E2 94 5% D2 EZNA AL 5 & WA A
Table 2. Messages used in the location registration protocol

WAL | 422} | A2 AR g & %
A)-J\ 7\}91
Cellld  |MSSwew| K - A id %
LocRegReq! h  |[MSSuew - A3 §F R’é

LocReg |IMSSyew| HLR4 h hel $1x) ﬁﬁaﬂél 8%

MovedOut | HLR, |MSSu h A7t TR s 01%
5}31“*;

Registered | HLRs [MSSpew h

Granted |MSSuwi h - QA Jrerw o],q

%E}}, 7§)\]k1

hB? A @17} 73*’%

Inhibited |MSSuew| k - 913 5 A3

MH A MSS HLR, MSS

new

Cellld

9k R

LocRegReq

Inhibited

‘ Registered | MovedOut

Granted

a8 2. 9 % Aap
Fig. 2 Location registration procedure

3.21MH: &

DY

- CurrentCell : 27} @A HE = Ao} id
- RevdMsg: A1 L o A] A

04 A

hi MSSO] 98] Fr1doz el ~EEe A
9] idg A8t 2palo] 71 ko Sl e idet ¢l
QA Qe A AH FBE A a

case of RevdMsg
| :Cellld { if (CurrentCell #MSSuew) /* $12] 55 A2 ¥/

then {send LocRegReq 10 MSSpew: 1

2 nhibited {;} [* O 713)00] A ¥/
3 :Granted { CurrentCell &« MSS,005 ) /* M2E A& o] */
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3.2.2 MSS : MSS,z, MSS,00

N

- VisitorList: 9] &} 52 & E3] 21419 Ao v &
39 MHE 9 A%

- RevdMsg: =215 o)) A] %]

24 =k
FrHog A idg BrREN2ES I, 93] 528
2435 MH 2%} HLR, Aol 9] WlA|A] 3 Alrelay) &
e o) walk 23Ale] A8 My MHE Visitor-
Listol 4] AtAat, 2pale] M2 94 58 3§
MH+ VisitorListol] 3=7}31c}.
FINAOR Celllds Bédte @Y, 58 53 ¥/
case of RevdMsg
/* MSSwz28] AE ¥/
4 MovedOut [* T}E A o] 23 MHE A4 ¥/
{ VisitorList « VisitorList — &;}
[* MSSunite] o8/
:LocRegReq {
if (resources are available and % is authorized one)
5 then { /* 912 Ax 7AM 2% ¥/
send LocReq to HLS; !
6 else { send Inhibited to h; 1} [* 912 53 8714/
7 Registered \ [* 913 52 A3/
8 VisitorList «- VisitorList U & :send Granted to k;}

3.2.3 HLR - HLR4,

1

- ResidentList: x}41-2- HLRZ 553 MH k9] ¥
Cellldy: 2€ ResidentList?)] A7} A HED e
dolid F, 914 B8

-RevdMsg: =21 % 1 A] 4]

2 2
& A& o[F% MH Aol X FEE A3,
UM e e MSSuyE o] AP & B
case of RevdMsg
:LocReq { if(h€ ResidentList) then {

AR LR B

send MovedOut to Celllds; Celllds < MSS e

send Registered to Cellldy;}}
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CellSeti(X) = U CellSet;i(Xx) &, CellSeto(X)={X}.
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2! 3. ¢-distance Al
Fig. 3 z-distance cell

S el g o] s7)e] o] 7 W 9l Bt

oA, [CellSet(X) =3 7-6 +1=

J=t

%UUHM+D

2 Fo]A K 71 A, |CellSetX)| &= %] §F CellSet{X)
o] 9] Age}). 19 394 § =605, |Cell-
Seto(X) =1, |CellSet, (X){ =7, |CellSet2(X)| = 19°] t}.

w54 el 2. MH k2] HLR,W 2 k9] 91X AR & o}

el Cellld,= Xo)4,

+ CellSet,

(X)W1 9] ofx= & ulol] Ea)aheh,

e o

¥ MH bz A28 Aol 194 329 94 55
REFo] o] WHEA] HLRyoA olg At & ¢

E3WEALE 22 FAM ARS = v AR 2 g
Table 3. Messages and their contents used in the multicast protocol

A @rk3.2¢] W E 1,58, 79 32 £HUE
glate]), melM, k7 4 XE wu e 29 94
ol Eatd bl Celild, # Xolt}l., 2814, Cellld,=Xo)
TR he Xl dAY EE XEHRE 1-distance 4
w9 ol atutell QY YA FF Fo Aol
i ateh ksl MHe| E4l7bs 2700 o8 X
o] I-distance A F ofi= 3 Aol AT 9
wEglo]l XE ¥ 2-distance AU X9 9z 52

& R 4 7] Wl

4.2 HE|FHAE E2 £ 8

421 M 8

At Z2EF| 7R idear WE I 2B A A ]
9] 412 MH A7} A XU ZAslz Qupu(,
HLR, W 9] 9] 13| 41t Xo|#) 2412 MHe| tj
FOHEARE WA A E 54 o 7 CellSet: X)W
o] MSSEdl 38ty floodingdl 7otk Aoty
HEANEE 2R EZM ALLdte mlAlA EF59
ARkAel Fat Aate ¥ 3 € 19 49 P}

7|E4 o2 MHEZS HE|7) 48 e 3d HLRE
o o8 Fro¥ i, MSSE-S Al WA Aol o) & FA
Ags F33ic) o)y MHE] 97| o] Fol uja} A
MSS7F bt etie, zZk4le] HLRS 23 o] 917

- A - Wl AL 4] )& .
) A1 =] g 3l a4l (a1 21 9]) & A
M(';l.\'tR;;q s MSS, o ’lr;f. g, Vsnd;crqlw ;’IL] 7“ ;":715:;1'}(}
DoMcast MSS; l-ILR; slnf g "sndscqu W E| 7ﬂ AE _‘EL?;‘J
MeasiStrid | HLR, | CelSetV)el | s revd_sndseql | HEIA~E7k A99e %0
H& MSSH vt HLR,¢] Cellld;=Y
MecastAcptd | MSS; s rcb\;d:sndseql 7 7‘3311];)173:£f;‘{7§ 7°7]' Vf-%}éioi PP E 5H
 Meastnit | HLR, HLR, | Inf.s. g sendseq? | AEIA|2E 8%
Mcast s HLRys | CellSet{X)u 2] ml;lf. g: sndseq? CellSet;:X)W ¢] . & MSé:g‘i HE N AE
2 E MSSy ©}, HLR49] Celllds = X
M(';I:Y[y MSS: MH d Inf, g. sndseq3 E ’;Qh‘]@] BE 9] -'5—7;6_3;53;1 HFMNE e HE e AE
Ackl] d MSS. o g, Vrcvdvsnrdscrqf‘” de g MH d& VB &) Mcast, A1) i & 7
o Ack2 MSS« HLR,/ - g rcvd,snd;ch Measty 5319l ol gk 35
“““A"ij HLRy - ;ILR;h £, rcvd_sndseq; InitA/;ca:\'t ?’.‘101] o} gk %}F}
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WAx "H= 9 B
s FEINAEE ¥ YA (source) MH
d HEF2E vA] A2} 2R (destination) MH
Inf HEFIAEA] A4 dE AEA AR
g E37 MHE® AAste HENSE TF id
sndseql, sndsca?, sndseq3 | A% vlAAY] EH(R7IgE 00]8], G222 714D
rcvd_sndseql, revd_sndseq2,| 441 FlAl A9 £H(R 713 0018, ©2E7HE 7H4)
rcvd_sndsea3
MH s MSSs HLRs goll &8i= CellSet( MSS ) MH d
28 d8| HLR, W9 2E MSS
McastReq DoMcast %o‘llligi m C?all;'s'st,(X)LﬁQI

LE MssER UM

|

| tini T
castSt |
MeastAcptd |- |- ) . \-\@@\ Meast "
e [
s& VisitorList ol / ool %BtE 2B MH d 2 -
UDUE MssY / |rrE=z us
vw v Ac%/
IR A g
s7t &MahE W vel Ack2
CellSet{V)-12| =& Ack3 ol &5}
. g =
MssEz ¥a ’.MH a9 Bt

EHPIERE TR E
Fig. 4 Muticasting Procedure

) #oll HLRE ZAF3e vAlx dd 34L& 53
MHe #jol 9% 2 g wA A ¢4 §4 BEE
ZE8 AR AA T EAE Lol A
ol7] W &olth $5A4 MHe S8 9 HLRE 9 9 &
o] YL Fo] 2Y 48 B2 2 ok Aol A=
£ A& HLRE©°] MH7} EAll 5t MSSE vl A]=]
A4 i e, g MH7E MES e 2
Xe} & CellSet(X) o] MSSEE M H flood-
ingg F g Holt} ol HLROA H$3 o
AR 7F Xl 9] MSS2 £ 3te of 83 MHYE o8 A
2 o} g3l gl E, MH7} 0133 CellSet(X)W &) th&
A o] MSSofl ofs AYsEE &7 HFolri4.34 9]
el 1 F2).

MH s2] W A|Z] Mcast Regv= MSSE 74734 HLR,
off ola] ) vl A2l o] 412} L id g9l 438k MH
de} HLREE Mecastlnit?y A4 9t o714, HLR,
% HLRyx= #3 MH 59} 4ol thét Ad% o] HEj7f 2
E A2 F3sic}. McastReq7t HLR,E HAEH &

to my W

7b4 F+9 olfr= MH d¢] )X A K7t HLRgO 9
B 24§ FEEHY] dq i, @A 2eHe d9 A
Z A3} o] 2 R E) e i-distance 4 9) mhoyo] HLRyo|
E4A ol Fojd F gl7] f&olth HLRs= sollAl &
3@ McastReq7} T2 5 U8 FH37] Y30, HLR;
= McastSintds A48 o), MH s7} @A} o] B2 Q)
= A Yo 3§ CellSet (Y)W 2] & ¥ MSSE & Mcast-
Strtd% flooding®ht}. Sh k8l H, McastReq& A% ¥
MH s& 9% o] % & &, McastAcptdE FA &=
Al A o Aol A & A7 wfor} ol
8 FE7hA #A &, HLR.ERE S McastStrids:
Mcastinit?] 94 floodinge A3 o2 F3 43
Flug AA A WAz Ad Al7ke] ©dEE& g
Aok W, Mcastinit & 5213 Zbzbe] HLRye=
MH7F HE7 e 4 X& 71522 CellSet:(X)H ]
HE MSS,E& WA A Mcast ;& flooding 8}, o]0
A, 2Fzre] MSS.%= A}419) VisitorList] o] 319 MH
d7} ZAQ8ke= 7ol el Mcast, S A4 3Hc} o),
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g9 &3l MH d¥to] JEJFR2E W A] 7] =210 of
3 Sgoa AcklE Fu, ol HH MSSo 28
Ack22 A= o] HLRyol T34}, 2}z o] HLRg
ZFAl 9] ResidentListol] £3tm sl AE|AAEL] 2
& id gl #l@sle RE MH d2RE Ack2E N
g Foof Ack3S HLRZ Agsta] @3 MHESo

S SAA S EASAE el 2 o9 2 dcks
o] BE HLR/ZHE HLRO) 94 delA~ge
FHEREY

Ao LT EZAE A 2| o] £xE Age 98
MH¢} &8 HLR Afojoll v A=) <
ence number)-& o] &3t 44 3} & z A0, MH
s9} HLR oA = 25 gholvi(timen)ot M H & vH &
ALg-8te mAA S mE Bpg Fagich Hy
A2 ggo] wFHHoR WA doletry
(datagram) Hefo] &AL ARE th42 o|&a}oA
Adste AU S Telstd, AG TrEe $4 9
= 9(send window)7} 121 GBN(Go Back-N) w21l
o] & A oj(flow control) & )&l $tu}.

<=t (message sequ-

422225 T AXx

B HoMe A R EFo 4M HAE red
v LREFO] AMR e Wre e A 55 2
2EFAAM Aog A o)9fe] 7t WS v
o, 2R EZo i} wajAe F4 B8 A B
ol M (timer) 2] £ A2l & 3 e &2 7]

422.1 MH, s, d
)37t A
MH sZ A,
-UstMsg: HEIN2ES AFSAF K
-G_Id: UstMsg®] 412 MHE 9] 75
-SndSeql : HLR & 2] WA 2] 441 W3
-T:McastReq W AR HFA] & 25 & grolw, 2
(T, +Ty) +3e, Kt E 3
-ReTxBuf: T2} 2z} shr] 4 WA= o] HAHE
S Agse AdE v
MH d= A,
-Revd_SndSeq,: F+F id7} g9) WEINZE A A
9 A WS

id

2416

2) 4 =}

McastReq A4 Al o] E ReTxBufol] ¥-A}3}a7, E}o)
W TE F&3e golujrt FREA Aol o F
AAEE Fit o 7] *1 SndSeql & A& Hl A A ek
FA3A Hod=e Aygoln, McastAcptdE 4
5t7] dell = A 23 ?&25’_ F7HE A g

/* MH s&9] 9§ ¥/
9 if (UstMsg, G _Id) exists then |
[* AHEAZRE ] HENAE 97 Y
Inf+-UsrMsg. g +G _id ;sndseq! «SndSeq! ;
send Mcast Reg 1o CurrentCell and copy into ReTxBuf;
start timer T; 1} /* vl A]2] &40 chu) &t S &0 ¥/
10 if T is expired then { /* A% */
send Mcast Req in ReTxBuf to CurrentCell; }
case of RevdMsg
11 :McastAcptd:{ clear timer T and ReTxBuf;
clear (UsrMsg, G _Id):
SndSeql «SndSeql +1:§/* oh& 4 Zu) */
/* MH d&¢] °J8 */
12 :Mcast, { if (d€ g) and (Revd_SndSeq, = sndseq3))
then { /* &AM #3} 541 */
get Inf, revd _sndseq3 +—sndseq3, send Ack/ to CurrentCell;
Revd _SndSeqg —Revd _SndSeq, +1;}
13 elsed /* 9MS] Ackle] #4E ZRo|BE A% ¥/
rcvd _sndseq3 «—sndseq3, send Ack! to CurrentCell; }}

4.2.2.2 MSS: MSS;, CeliSet;(MSS4) U] 2] MSS
1) F7F AL W

Sl o.
1 i=]

24 &

MH¢} HLR Alole] @ WA S 24 98-S
S MSSE Aol 2413 MHZ} G m e 72
. Meast, & NGA| BMS Ed HR o rES
Akt

case of RevdMsg
/* MSSs2 <8 */
14 :McastReq { if (s€ VisitorList) then
{ send DoMcast to HLR: }}
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[* CeliSetAMSS4) o] MSSZ */
15 < Mcasts { if (there exists any MH d such that
d€ VisitorList and d€g) then {
[* MH d7} EA4A HEIAAE WA A% Y/
broadcast Mcast, to all MH’s; }}
16 :Ackl { send Ack2 to HLRy;}

4223 HLR:HLR,, HLR;
1)F7} A& Hp

HLR ZA],

- Revd_SndSeqls:s€ ResidentList?] MH s2ZFE
219 McastReq) sndseql

- Ack3Listg:d€ g2l =& MH d9] HLR,S9 3§

- SndSeq2,: Ack3Listele] HLR/S A5E1E Mcast-
Initdl] F-o == &9

- T(SndSeq2,) : McastInit A% A A" == Elold,
AT, +2Tf +2e)H0h & #

- ReTxBuf(SndSeq2,): Mcastlnit& A 43171 9
& waste W

HLR/EA,

- Revd_SndSeq2;:7=HLRSQI j2FE] $2418 Mcast-
Initv} ¢} sndseq2

- Ack2List,:d€ go]™ d € ResidentListd! MHE €]
A&

- DestMSS,: Ack2List, 1 9] zHzhel MH deof o &
_00 CeliSet(Cellld)) & &3 MSSE9 HE,
i
| DestMSS, | < | Ack2List, |

- SndSeq3,: DestMSS 2] MSSEE A% Mcasts
o] AR &

2" &

HLR,& MH s& ¥ E 9 a3 e} dE|AH P&
AZA o2 Fsle A2 F&3Hc. MH s9F HLR;
Abel ol &= McastReql| 2] SndSeqls$t McastAcptd i €
Revd_SndSeqlsZ Al&-3le) 435 &4 B 581
o] WiMA 7} eMA R B EAE AR of
&2, dElAXEAY 42 MHES] 7§ idF, g)
Wa Yyl AE Aol whE Hre] wAX ¢l
SndSqug% Al R3], s€ ResidentList?] & MH s

BE] $AE McastReqg 2 gol dald e £4138

(serialization) § 3t &A1 H Q) vl AlA] Ao 7Hs3}
EE Fo AG Mcastinit-d 3 Fdlv Ack3List,
o sl9E e HLR,EZRE Ack3® 2% S48}
Hej2dgo] FEH 29 A FdH, T(SndSeq2,)
7} expire® mwlth ReTxBufiSndSeq2,)E ©} &% A

AEg Fysin.

HLR 29 982 HLR&AE Mcastinit T4,
Ack2List, 8 A A3, degoln de ResidentListg]
Ztzke] MH d9 CeliSet;Ovle] MSSE¢ H§ez
Mcast; & &3, oo thgt FFL2AM Ack2E F
A1EHH Ack2List, 2% H &3 MH d& AHA %) o
24, = E MH dol| thall Ack27} 415 A Ack2List
= ¢7F H3L, M2 A Ack3E HLRZ Agdc}

case of RevdMsg
/* HLR29] 4% */
:DoMcast { if (s€ ResidentList) then {
[* A2 HLRZ 523 MHIA] 2AHY/
17 if (Revd_SndSeqls=sndseql) then { /* #]A) 2] £H 2 ¥/
rcvd _sndseql «Revd _SndSeqls;
multicast McastStrtd to CeliSet(Cellld); /* 78 T8 */
Revd_SndSeqls «—Rcvd _SndSseqs +;/* the AL &4 ¥/
/* &A1 MHY HLREZ A4 2 444 24 Y/
make Ack3Listy;sndseq2 < SndSeq2,;
copy McastInit into ReTxBuf(Sndseq,) and
multicast Mcast/nit to all member in Ack3Listg;
start T(SndSeq2,);}
18 dse{/*s2 MeastAcprart THA] SAUE A2, AH$ Y/
revd _sndseql «—sndseql ;
multicast McastStrid to CellSet{Celllds); }}
tAck3{ [* BEALR B8 A 2 Y/
19 Ack3Listg < Ack3List_-HLRg;
20 if (Ack3List;=4) then { /* 8 ¥/
clear T(SndSeq2,) and ReTxBuf(SndSeq2,);
SndSeq2, < SndSeq2, +1:}}
/* HLRdZ.9] |g*/
20 :Mcastinit {for = HLR;, if (Revd _SndSeq2; = sndseq?2) then {
{* CellSeti)il 8] ®& MSSER flooding */
make Ack2Lists, DestMSS, and multicast Mcastf to
all MSS in DestMSS; with sndseq3 «-SndSeq3,;}}
22 :Ack2{if (SndSeq3; =rcvd _sndseq3) then {
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Ack2List, —Ack2Liste-d3 } /* 4 MHE 2 2EA 2b4) ¥/
2 if (Ack2Listy =) then { /* BF FAF A 9-*/
send Ack3 to HLR,;SndSeq3; «—SndSeq3, +1;1
/* HLRsZA4 9] #7139 A& ¥/
24 if T(SndSeq2,) is expired then {
[* 4 B A 3] WA A RS Y
multicast Mcastinit in ReTxBuf(SndSeq2,) to
all member in Ack3List,;start T(SndSeq2);}

13 Z2ET SN
429 ‘%1517}]&22 E23} 320 9 S8 xz
EZL & AR e E FHEY g5 19
7Y FL3 *l 741 2T, +3(T, +£,) 53 Aj o)
A8, A& ¢ i] TETHE YRS
Madol 4FHoE Ed 7 . Anvkstd, ¢
58] AT, +T.) +3gp AHE M8, ‘d°
o T, #o|7] af &l o]A7tell mAlA], o,
Mcast, & FAH T F4 821 9 A]Z Al/\/o B
o93lx] B3l £ o YA 58 By o] AlztE 4
A7) A Fojct. e, o2 g FAo] thEk A YL
2%t = Agd HEMNAE TZELL A=}
MH d7} W 5= A X9 CellSet{X) 32 Mcast, % flood-
ingdt2 2, MH d7F 9 %] ol & st 4 Xl A 3}
3 o AR E 48R Zatul gt CellSet (X)W o] ».
E MSSEE FA1E Mceast, & A 4052 ¥
ot o) F MH7E H1&] 55 HAAE B3l o] T o
5E9 £85 Qs AAA Grantedl o 3 v A
Xl—g encapsulationdte] A4 3t¥ sl MHE 934
3 87 HEPNAE dAAE $AE 5 v
u}a}/\i, $A FF F F& Ui AT, FStol
Ackl1€ A% 4= At} ol 9} B 7 93] T
HA I BPE HEolug 3280 71&E YA 5
T2 e g g3t o] Frhgirh.

g

>,

7

IDMH: A

(F7F b )

~Revd_SndSeqg: & id7F g9 4419 HEFHAE
oAl A ] WE(@4.2.1.1 FF)

AR AAE 320 YA 8 LFEH A FrElo =

Bt goltrhy dde ok

2418

(A1) B2
- Granted W XA o Mcast, 3 McastAcptd 5°] en-
capsulates] =& &4}

(F7F "ab)
S32.09 E9lE 3 g HAE F7HET ole
A FE2 FRHE }v]“ WA A GrantedE A1

Mcast, ¥ McastAcptd7} encapsulate 0] Q&4 S
ZAREEAL, olof &g WAl A 7} &Ap4le] Alste]of g
[ B P = - R B
{* 522 MH h2e] o8 */
for any encapsulated message in Granted
3.0 Mcast, { [* Mcastrd] 3% *
if (k€ g) then { if (Revd_SndSeq, = sndseq3) then {
[* e 2R WA )
get Inf, revd _sndseq3+—sndseq3, send Ack! to CurrentCell;
Revd _SndSeq, +Revd _SndSeq, +1;}
32 else ! /¥ Ackiol £AF A 42 AAL ¥/
revd _sndseq3 «—sndseq3, send Ack! to CurrentCell; |}
J* $412F MH haid el 98t/
33 MeastAcptd { [* 9P QA3 McastReq?} 535 5 ¥/
if (h=5) then { /* Ao Xl McastRego)) ThEH -S¢F oA A) ¥/
clear T and ReTxBuf; /* A A4 #9lQ ]S A4 =0 ¥/
clear (UsrMsg, G_Id); SndSeq! «+SndSeq! +1:}}

Z)MSSZMSSnew
(F7F W
-MBufy: ¥ ]5\‘1 M(axt/J g9l 43l MH7} Visi-
torListe] gl A% 33, 9% SEA] encapsulation
& 918l Meast 5 #7838k vl 9
SBufy,: "F’.‘] # M(‘as‘lSlrtdE’—] MH s7} VisitorListol]
Sl A % A 554
M('av!Acpldf”i 2} A s y= v ¥
,sMBuf Ul o) sl Al 4] B A1 7hE Vel & e
0]"1, 2(T,’ +e) ot 2 AY
- T2,:SBufp o] Wl AlA] B Al 78 vellle B
oM, AT, +e )it & 743

] encapsulation® $13)

TG M Ak "l A YU e Fbshe
2ol A3 5% TZEIH BEALE Terde) AN WES ol dgela welH

2, =09 AN R et
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(7} Az

- VisitorListol] 428t MHE 9] Al R & =414 )
& WX E A8t AEsa, 232 ¢S MH
o thgt HAZE FAA dEHE WAAE EES
o Al W) AAec) 3329 HA & EFUE 8
Hell F=rFetct

it

[* CellSet AMSSpUI] MSSZ 9] A8 */
8.1 :Mecasty{
if (there exists any MH £ such that € VisitorList and € g)
then { broadcast Mcast, to all MH's;} /* A} ¢) MHEE */

82 elsef/* 93 20| djAtsle MHE 98 A% */
convert it into Mcastr and save in MBuf,;/* W]A)R] &7 */
start timer Tlz;}

83 McastSirid { [* 5-50] o445 MHE 98] 4% ¥/
convert it into McastAcptd and save in SBufy;/* WAz A%/
start timer T2}

8.4 if timer T1,{or T24) expires then { clear MBuf (or SBufy);}

[* AR A 2

-9x &9 AHEH F£EE JENE Registered
7} HLR,EY-H 4157, U §-H = Grantedd F¥)
&az, 1gte] i MHS] 913 §5 F FAE HAA
A& encapsulationdl ZHXE 3229 W35 73 8
Abolel F71ghc).

7.1 if any MBuf, or SBufh exists for /4 then encapsulate it within
Granted,;

e, 9} 2ol 9A FE 28
F7vE Aelol A el MHZS] HEJA X
Y 58} 7o) HEIAMNAE v A Rj Y 441z} 8] FB
= MH d7} MSSus7F #&3he A Cellwa®l A MSS e
7t #atete A Celly® A 0] F & 3t A 5-o)th
Nzt o9 Mcastinite] HLRgOl Z2b8kar, A2t ol
d7} Cellpewoll 1Y3te 93] 5&& A 2t 714
8hxt B &, Azt ol A7A = MSSue7t d9F BA17E
%3 MSSolt}. Cellus$d Cellyews A & 1-distance 4
o1 @Al Ao, Azt £,(4,>4)0l Cellpwo 2 ©) 58
dol Wigk A Husl BAHRAS S dElE Regis-
tered7} HLR ;9 4] MSS,.,,.2 M4 %A "}

gl s 94X 55 34 Fo HEFIAE o A17] £
Fig. 5 Reception of a multicast message in location registr-

ation

Al 1:MH d¥& W=A] Mcast, & F4185, Ackl
& AFgt
Fr gAY 19 98l MHe EE ddA Had
2T, +3(T, +3gp) B MFEZ, X 5 €Q
B AT, +T,) +3e AZF 0l Meast, & WHEA] &
Aghe Kol ymza| T, AIZF &<t 439 F7pE A
EWE 318 FYstA Ackl g B 5 Ao & A
7Y Asich AR, £L>10U WE, oo <Y o
E A AEEE Bk DE>6d W Mcastinit
o] HLRyoll =238 Al2z} 0] MH 42l 94 AR E
UeRl & 84 Cellldg = Cellog©| T} whelAd, 4.22.39
W% 209 28 CellwE FAHoZ3HE CellSet;
(Celly)H @] 58 MSSEE Mcasts7} flooding ¥l th.
o]o] A, MSSws2F MSS,ewts A2} to +&p +Tsoll Mcasty
2 alala, 4.2.1.28) EWFE 159 28 Mcast, 2 A
atA floh weEbA, Cellys 2 Cellpert] &) 8 MH
& Az} to+e, +Tr +ep +T,9 Mcast, & 528
ok 29, =4 +T, +e, +Ts +ep=1 +Ts +
T, +26,01 22 W ¢, >4, +T; +T, +26,°1'd MH
die MSSuu2HE Mcast,y& FAE & Aok ti<bo
+Ts +T, +2&,0188 MH dv Mcast, 2 MSSxeE
RE g ¢ ek gEA, L <t +T, +T, +2€p%)
792 nejstd ") 284 540122, MSSwew
ol Mcast;7t =38l A1zt to +&p + T8} Registered
7} mabsle Azt £+ T, Alelole £, + T2t ey
+T,90 #AI7Y AYshek &, Al7H ¢ +T,9 LocReg-
Req& 52130 MSSputs 32281 2935 58 593}

youn ofr wu
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z, Am to+e, +Tsol 4380 F71 "o W&
828 33t Mcast,S Mbuf,ol A 23tct kst
3, 0}7—‘4 MH dE Celluw2 9 93 T3o] E1}4A] &
o} MSS.ue@l VisitorListell E38tsjo} QA 947] of -
o|t}. o] F A}z} ¢, +Troll HLR R N-El Registered 7t
Tagte] wel F7p Arel FWlE 7.01-& FHsH
5]0], MHE MSS,.0 238 Mcast, & 5219k} GL&,
8>t +Ty +T, +285018 MH dy: MSSU‘ME{J}H
Mecast, & 52850, t<to +&p + T, +T,90 72 S0l
MSS e BB Mcast, S 2l ge] il sitt. 2)1, </,
Q) of:o|u) & Mcasilnito] HLRgON = 23F3E Al 2} foell
MH 49 91 438 vehd &= W4 Cellldgvz Cellay
ol A Cellpw 7] 73415 0] 2 A§-olrh. whakr],
Mecast ;7 MSS 0 23 A 2} o +Ep + T/ 9k Regis-
tered7t MSSue® S 38 Al 2} £, +T, Abojolli= £, +
Tr<to+ep +T,00 BANY AY AT &, A2 Lo tep
+Ts 4y +To =20 +Ts +T, +2€p00 &= Cellent 2]
TE MH d& Mcast, & 4 5 Aok 1, Cellpw
o] MH7F A 2F £eell Cellp S WLE T2 Al Cell o]
APzl Pz FE2& Alzgobd, ol w2
o ol CellpewM 2] 17 50| Fxy Folok 7t
SEER L,> T, +T, Heolth o 714, Cellyul
o] ¥ & MH7F Mcast, S FA8= Az £ +T, +T,
+2€,9} taAo]ol ta>to +Tr +T, +7e,,0]Ul MSS, e
ZHE MH d¥= Mcast, 5 53218 5 3tk A5 L=
bo+T7 4T, +2€p21 AE wdsiil. Lot +T,
+e, +T, 02, £, +T, te, +Tr<t <ty +T7+7T,
+2g,91 A7 ARy whebA, Cell olg et
MH da ol Azt +T, +T, +2gp00 A o5
S A ZE F dom MSS.E MH d& e} 520l e A
7}t +Ty +2T, +2€p9 LocRegReqs ZAeiu) o1
g, Cell-i= CeliSetdCellp) ol %81+ *J)olu
MSS,0 & UFEZFA] 2 MSS. N HLR/EFE A2}
+ep + Ty Mcasty& FAIGEE, o]y MH d&4
Bl LocRegReqd A& AlZh to +T,; +27T, +2¢,
wu} ol Alztelth wakAM, 43¢ F7b Ak 820l
o8l Mcastr= AAE AL, o] F- MSS.7F HLRy3 41
Registered® FA Al F7v A2} 7. 1ol 2)s} MSS ol A
MH d 2 Granteds 2 4 A encapsulate 5] o SRR
2, MH di= Mcast, & FAIEC} mhepA, 9] o 3i 7))
RE Ao el M Mcast,H FAS W AR

2420

Rl Ack1g s Aeo] MSSE Had & vt
aE Egdele dHdg

242 3:MH s7} McastReq & A4 ¥ ot &
o] %3} v] 2} & MeastAcptd E 34F
gl

9 A ] 1ol4 MH dtfalell MH s&, Mcast,
Meast Acptd?] 2 &, 22| 7 4.32] F712 9]
& 82 ul2l 3289 73 438 9] FIbAEA T.1L G
sh B A e A sk
Ay 13 B4 38 3389 AU s 248
A Alor R EFo] AF AR WAIA AdS WA
& vEbdTh vhgo] gl A9 4 floodingg 43
A o] &8k CellSet:()2] H A o] ¢ & AAAFr}

e

4

IR
E o

Rt
W

wEge] 421k LR EFANA de gl MH doll e
HLR,M 9 9% ARrE el WS
Cellld 7} X&F 7FA b=t 2839, HLRy
ol 4} A& 4 flooding?] W= =19
CellSet,(X) ol E3 s},
1 CHLRyU 9] Xolu & mEAge 201] )5 MH d
= A Xell 3o A B XENE I-distance 4
ol Ao xlstad 94 FHE WY Foluh 2y,
Al 19] £ X =CellygZ £, 4 Cellwd
o] MSSua Wiz Cellgg 2k MEEL 215181 1-distance AW
] MSS, 0 312 ]’ Bl Mcast, & 422188 olu] welch vt
A T X = Cellpen?! 29015 MSSpen® 18 &
C“nvw-‘?} npE 914 3l 1-distance 412) Cell. i &) MSS.
FOE] Meast 13RS BT wheEbd, 1 A
e 2]»0][,'_

e HeHe Ao ZRESAY] AR b

ARl ek, FXow EAQE Ad A oegla X F
Eatol Al gl ¥ Holg

Al 2075 id goll St 99l ¥+ MH 4, e MH
s7F MElFHAE ofR] X Mcast 3 Mcast, &
Mcast,, Mcast,’®| &A= AFstgirta 7t
Astzab, rejw, d9t e ¥ FHglol Mcast,
# 4% Mcast, % 41 ¢t

S Agh EREF A WAIR] WA A ALGE Tl

M)A o Beot ol A e WS vebd 19 6
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®x/olE

AEE A% M4 A Flooding 7199 2A%H EALE T2 ES

L. A A

o = T

o ol g3l 27ty & T2 ol A, MSS
A dAR 8] ol A3 gfoeng vEhA &
gtoh). 2o B7) @ 4229 7le® WS H 3
o os) #H WEe} WA HEUe FAE A
o} 4 ek oigh, & Ao FHE A ok
728 Aol §o%tt HLR = sok2] F41A o 7 A
o} & sulc} M thE Revd_SndSeq, & M5 A
ol WA A MG Aojdtm, Mcastinit HFA o

T8 id g 2 W59 W SndSeq2,E ol &3] o
Fo] MH s2%E $9% gol tis] & a3 5= o
ANA S g4 globally 43 TR Fosts ¢4
3H(serialization)7} o1 Hrh4.2.29] FHF 17 F=).

n 274K 2, HLR: S 22 Mecastinit & 2448 HLR;
th 3 SndSeq3, @ W& ©] &8t HLRERE 54

8 Meastinitgo) 5% T& id goll &3 Zlojgtd o]
3 MAANES #4318 FAFHE229] FHE
21 Fx). =8, B A2 ¢ dx F7Hmo-
notonic increasing)dt= A FE PO T F R E(K 3
#A2), HLRO| 93} £ & SndSeq2, #kol Mcast, 3
Meast,’ ol @34 = jlch &, WA A e §85E
At A TEEZM MH s= 4 A5 $E 19
o}, £8 HLR, % HLRs JA] 7§ id goll &g $4)
PEL % 1088, Mceast, 2] Mgo] AIEHA Bile

3
Y

=]

o &Mz ddsacy

o] Mcasty& T2 % Mcast, &

Mcast,” A, dol e B 5

G4l g

39

A 3: A1 =2 EFL EAglel WA E s

2 MH s A4 A4 McastRegol| D3k Mcast-
Strtd& TG A ¢ilye oW N EE McastReg: 4
s§3tx grecl npAsMA R, HLRE Mcastlnit g 7
& F, ol e BE AckIE TR F ojn
g & Mcastlnit’s A8t Feth 2 s}
HLR = a) A Ao} o3t A efolw B A
+ Wy E 23 2 (422,19 W 2 42239
5 abx), 7] MceastSirtd 2 RE Ack3E ¢ 8
| ANAe A A F AR Sde) wasit e}

st elo] v 7} expired wjuhch 2 M FE& HASHA
HrH4.2.2.19 A F 107 4.2.2.39] 935 24 5‘“‘).
makA, FAl g Welxe] JFHQl mMAR Ad ¢
Fo] 0o obd o] WAl A &o] wAlstret e
o] B ols A g A E Sdlel

g

¥
A
A&

O I

S

I

7

0

Hel 417 LEESS Ao FRY
F79 42 19) 25k 913 o1 Fol] BrAglel XE MH
= HH MSSo Ackl-E At} o]o] A, MSSES

Mcast, & 4812 Feth4.2.29 U5 20 35, o] & HLRyE Ack28 Wgato]l A4sich waly, x
webd, 5 id goll &8 499 F MHJ, & MH F HLRgW 2] Ack2Listys Wk a] go] sl 4.2.29)
s7t BEIANAE WA 2] Mcast,? Mcast,"% Mcast,, =935 232 FaHELE. ololA Ack37t HLRyolA
MH s HLR, HLR, MH o
YN RN
;j’ﬁ SndSeqt Rcvd_SndSeq, SndSeq2, R°‘F’f,’—li’:3_s":q21 Sr\?Squ Rovd_ Sn?Seq3
hd ' ]
/S AN /
\. / // \\\‘ //// \ \ / /
ol A X| McastReqi 2| / \ Maastinit 2| / \ Mcastri <l
Py sndseq? / \ sndseq2 / \ sndseq3
6= McastStrtd-i | Ack3 o Ackai el
rovd_sndseqt rcvd_sndseq2 revd_sndseq3
<® 7> ;
A A B B T ‘
a / i v
I3 \ ©E A B
\3 g’/ A :A/ A% BES
At (mapping)oll 2 8
AUE BE ®A ALY BUE 2 2 M B (serialization)
SR PR AR E I PR

Fig. 6 Message sequence variables and their associated message fields
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HLR,Z "G EA 57, 4.2.29] ¥ 3E 200] 3 -
t}. whebA], Ack3List=¢¢l &2 o] A= 7} uf
E4e 30] Yoz YA 28 e FH )

V. ZR2EES| 4 H|E

A TR Fo Bl v && st s A
Fiatee fop e wa vAYE FAsks
rEE & MSSE7H] WE A 2y Ad) Rt o
A A54E HEFHLRE N F5H 22 MSS 482
Fagiatn 7). abEA 2 He dAF = e
rEgEe ity X](sour(,e) W= X &2 (destination) s}
= A% kg W&o, olg Ateld FAH=
]A]x]l;—v_‘}:;]x] %otk dE Hof, 1
1 A FEol 2o "“‘*‘45: Wl ALA] 425 60] o}

ob-g e, MH| 9] §5& 914 448
o] f-5-ol A Glo] A o] MSSefo] Aol
2 e Ay v ge]

A

2 O k} ;il

s

2l MssEel &, kS WE At 7
—/“‘1—6}‘— A)‘] Z}' MH"‘/] -y no(n()gk)’é‘ goﬂ

& gl 2
AFaE A MHE Hojx 3L} VisitorListif ol
2887 Q= MSSE9) 4, 21283 58 slube) Mo
A Mg put ahzt W, &g RR AL
Hg ol&3 Y M‘V‘”“"‘] o] Bl &(Cost g} D'H?H
~E uﬂ/\]X] Aol (N—D77b, ool that 441 <
o®7 neil, ] HENLE FHE U7 ‘?]EH
N—D7N7t 2850, Costge=2N—1) +no0|t}.
At e EFe] SA 1 E(Costsp) T HEFNEE

WA X7 AR R Agd o 42 MHE] &
A = A E2] ool ] MSSE 4 ol 3F CseliSet, ()5 7
9] flooding*] #0(8 +1)7l 2] Wl A1 2} 7} A ¥}, 28]
S, SR MHEE k) Ack27} sha el 3,
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