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Abstract In order to optimize the cost of multicast tree, minimize the joined latency, and reduce the
transmission delay in mobile and wireless environment, bone node set is introduced to group
communication for mobile IP. Based on the idea of bone node set, a multicast routing algorithm called
BNSBMR (bone node set-based multicast routing algorithm) is designed in this paper. Bone node set
is a dynamic set of mobile IP AR (access router) which satisfies some special conditions. BNSBMR
can efficiently construct a series of multicast trees for mobile IP and characters itself in three aspects.
Firstly, it optimizes the cost of multicast tree and reduces the bandwidth consumption by using bone
node set. Secondly, it reduces the joined latency for mobile node to join multicast session, which is
helpful to achieve a fast handover. Thirdly, the transmission delay for multicast packet is lessened by
sharing those bone nodes. Correctness of BNSBMR is proved and the time complexity is analyzed in
theories. Simulation experiments are designed based on a 5 X5 mesh topology. Those results show
that BNSBMR has optimized cost of multicast tree, reduced the joined latency and minimized the
transmission delay. QoS (quality of service) of multicast routing for mobile IP is improved by using

bone node set in some degree.

Key words multicast routing; mobile IP; bone node set; cost optimization; fast handover
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AR F 45 s AR AT KRR N
N, = {Router (i) | i B HBLES) U
{Router (1) | i W EHHML A H T, > A} .
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FERS B IPv6 BRI i, S A T WA
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Subnet3
Fig. 1

Subnet2

Multicast model for mobile IP.
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2.2 BTFEREMARNOTITETRE
AFE AR IT AR L U s 3190 H A 45 B 12 1

AR RHA R N, A1 T. AR F .
Input: G. D, s; [ = BRGS0 E AR 25N
D=+ |/
Output: T, N,.
Pre_Cal_Tree(G, D, s)
D Ny< s, T< s;
@ Q< D; [ *QANI I TI-FF D |
@ While (Q is not Null) do
@  Select the Router(i) and a node j € N, so
that P, (Router (i), j) is minimum among P,
(Router(i), Y€ Ny) [ * i}y HBIZ & Router (i)
FnH AR,Router(i)ED |
If 7 is a static node then
Marked Router(i) as a bone node;
N,<N, URouter(i);
T<TU P, (Router(i), j);
Q <~ Q—{ Router(i)};
End if
If i is a mobile node then
T<TUP,(Router(i), j);
Q < Q—{ Router(i)};
End if
@® End while
Return T, N,.
2.3 BTER&EHPER
A8 R TEREAS A5 B A I R) R TS I [
TERARYEE X4, 1] DO H AR /E 8 Ny, #—4>
JCE. BB G SR — 1 AR U S S 3 AR
TFERIEIE Y T > A fil % T ) Add O 53 78 8 %
45 MUTTE AR ARic R E T 45 A

®e 066 o®oe e



J R ETE TS AR 3 IP Ak % th Bk T

1129

Add ()

D If T.>A then

@  marked Router(i) as a bone node;

® N,<N,URouter(i);

@ End if

S 1 RAUIIS G T AR K A% T B 4H #R
H 25 80 A B W45 50 WS AT Al 4524 5 o
JCH WSS R W BN B A O A R B 1 T4
FAEN B O T U4 R i B 45 1, IR R 3h T
Delete O i Bbric A C R AEH T 45 50 B AFTE IR
ERZIR RIS UN N

Delete()

@D If there does not exist multicast node

connecting to Router(i) then

@  Select a parent node for its son nodes;

®  Marked Router(i) as a non-bone node;

@  N,<N,—Router(i);

® End if

©® If there exists a loop then

@ Removing the loop by changing the

node’s parent;

® End if
2.4 BHESBEBEIRE

g5 05 1 VI 208 0 F W, 560 )% 7 R S
AARE AW E N AR b2 A% 1E B A
AT I Hh BE 8 A T WA 3 T i 9 Cal _Tree O i
T HEAT I Pl e . PRI R AN R

Input: T, N,, Router(i);

Output: T.

Cal_Tree(T, Ny, Router(i))

(D For each node in N, do

@ Find node j € N, which has a shortest

path to Router(i) ;

® T<T UP.(Router(i), j);

@  If there exists a loop then

® Removing the loop by changing the

parent node;
®  Endif
@ Return T.
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WAL (ER 2 L S0 B B R R i AR 9T
g A DR BRI R IZ AR S AEE T4 KL

s s
Ry Ry Ry s Ry R;
R, R, Ry Ry
MN1 & Handover & &

R,

Fig. 2 Multicast tree for handover. (a) Bone node
being a leaf; (b) Multicast tree after handover; (¢) Bone
node not being a leaf; (d) A loop in the multicast tree;
(e) Multicast tree with removing the loop; and ({) A
loop in the joining road.

2 NI A RE R, (o) BT g AU
HIL A s (b PIRJE A AR (o B T4 S 8RR
MR (D W B RER B (o) P A0 &5 RN
BR3R s (D hnASE# B R,

JEUEMT 2 MNT & Az D) i HCRT 78 AR 2 21 ff

B 725 R O, AN R — P L (R MNT & AR

I i 2H R A an 181 2 () Tz, 5 18 MINT M R, Y] 46

B R, WTEOL & Ry B AE 1 W ATS A7 4 78 i 51 AN

HEATAT A B4 s 25 TE HAB AR5 20 W R, bR A 2

NAEE T4 A EL 2(b) it ATy Ry i TSR Y 4

R

FRUENT 2 MNT %A= D) i FCRT 78 AR A2 41

FEAR 25 I A AL R MINT & A D0 466 i 20

FERANE 2C) FR .24 MN1 A R, V143 R, B, %5

Ry e WIS AT 446 0 51 WA SE AT AR AT 48 4.

THABHREL 20 R brid HE MAEE T4 508

tha o e IR W T R4 Bl an Ry 8 — 1



1130

RN S &R 2008, 45(7)

BT BT 5 5 Ry LA 2 L 3B AL A AT T R
0T RE BB L5 1 G 2 T TS A A A
TER G5 S R ER 6 . 0 W R, it R, B4 F) R, .
K 2(d) Fr R IE R G5y Ry s Ry ). 46 2 Rhis B S 78
WEAME BRI a0 R, EH28] Rs B an &l 2CD frs
RIS (R, » as by s as R KT 1 FpiEH AR
Yol T 45 S AP B 1 Delete O 3 #2558 M it
Pl A Ry (A2 45 R Rs R I BR B L 0 ]
2(e) ron. XS 2 Fis O . 0 nT DR SR 3 UE B 4
MR B AR R S AR IXFE I BRI . 2 0 SCik [ 14 ].

R, &5 05 A DT et , 25 H AR GB B T 45 5
££, BNSBMR 5 ik B8 A il — B E i . JC 30 19 41 4%
. T EE.

SIER 2. 45 mi R AER B U 7B 1 X P ik £
BEES B O A B E T 45 U A 1% 2335 . BNSBMR
YL RE A B —BRICPE 3% 38 B B

IE. S0 CiHk(14].
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BN ERE RN T N OGnn). JEEE,

EIB 3. YKk .Cal_TreeO WiHEE 4R
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Table 1 Simulation Parameters

x1 FESHFR
Parameter Description Value
N Number of LANs 5X5
n Number of group members 5~30
s Sources per multicast group 1
A The direction to move Random
B/min  The mean sojourn time 10
Al/min  The time boundary to becoming a bone node 20

T ORUIE 26 Bk E AT L 4R, ¥ £ RS, BT,
RBMoM 1E A5 BT FL 335 . RS 5 BT & M4~
SEA WAL 2 TP 40 3% 557 . RBMoM J& [ 28 g ik 53 12
HAE I 75 10— A5 k. 05 B AL % A B B eh 5 8 m
) 30, BRI N 5 A BB ITA B 45 35 MN.
FEAS B R S IB 4T 1000 YA L, HCH 447 4 g 52
(. 00 3 B AL 5 A A% AR A D)4 b S 25 A
FEFNSF- Y 05 B AL R Bt 4E 3 A48 4 40 Bl SCAnF .

AR RN

Cost = > Cost(e) 4

eeT
T S
Join_delay average =

(> > Delay(e))X%, (5

€D € py G
- X 42 g 1] 4iE
Trans_delay average =

(2 Z Delay(e) )X %, (6)

i€D e€ P(i,s)

Hoom MAFHWGE SB.PG. ) B T M
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120 ——BT
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—a—RS

60
30 -
0 f ) 2 . .

5 10 15 20 25 30

Number of Group Members

Cost

Fig. 3 Relation of cost versus member number,
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IS S BE AT I K. 5256 A5 R AT 4 o, 0 M 7R
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2 6t ——RS
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<
— 0/6\&’_’_9\0/0
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S

ol & 2 2 = A

0

5 10 15 20 25 30
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Fig. 4 Relation of join latency versus member number.
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Fig. 5 Relation of transmission delay versus member number.
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Research Background

Group communication over mobile IP is becoming a challenging task in the next generation networks. More and more
people begin to focus on multicast routing algorithms for mobile IP. Some open problems could include handover, lost packet,
cost optimization, QoS constraint. etc. Different algorithms have been proposed to address them. Some optimize the handover
by introducing new entities to extend the architecture of mobile IP, such as RBMoM, MSA, and MMA. Some use a
“hierarchical area” idea to reduce the rebuilding numbers of multicast tree so that the communication can keep steady relatively,
such as Mobicast, FMSR, and FHMM. So far few people study how to optimize the tree cost and how to reduce the joined
latency. In this paper, we concentrate on how to optimize the tree cost. “Bone node set” is presented and multicast routing
algorithm BNSBMR (bone node set-based multicast routing algorithm) is designed. Our work is supported by the National

Research Foundation for the Doctoral Program of Higher Education of China under grant No. 20050288015.



