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Efficient Multicast Tree Algorithm for Acceptable Delay
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Moon-seong Kim' - Hyun-seung Choo'" - Young-Ro Lee™

ABSTRACT

With the proliferation of multimedia group applications, the construction of multicast trees satisfying QoS requirements is becoming a problem
of prime tmportance. In this paper, we study the delay- and delay variation-bounded multicast tree (DVBMT) problem which is NP-complete.
The problem is to construct a spanning tree for destination node, which has the minimized multicast delay variation, and the delay on the path
from the source to each destination is bounded. A solution to this problem is required to provide decent real-time communication services such
as on-line games, shopping, and teleconferencing. Performance comparison shows that the proposed scheme outperforms DDVCA which is
known to be effective so far in any network topology. The enhancement is up to about 3.6%~11.1% in terms of normalized surcharge for

DDVCA. The time complexity of our algorithm is O(m#n?).

7|19= : DVBMT 2H|(delay- and delay variation-bounded multicast tree Problem), X|¢iti0[(delay variation), DDVCA(Delay
and Delay Variation Constraint Algorithm)
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(E 1) Hotste &uE
Proposed Algorithm ( G(V,E), M,s, 4)
Input ad® G(V,E), Mo HEN2E 15084
| M| =m, A2 s TS ADADL AE 4
Ho HEAN2E Nddoli ZonA
$p(P(s,m))) < 48 WF3H
Output VP(s,m) S T, Ym;e M3
SEMAE EF T(s, M)
01  Begin
02 pass= Null diff ,,;,,= ®; candidate= D ;
c= Null, compare= Nulli T= @
/% candidate: 20 =T29) FHE &/
/¢ compare Fo\erig} WEF HHwH 719 HY Aof #/
03 For Ymue MU{s} Do
04 Dif(m,, v;) =Calculate the minimum delay between
myand v, Y0, €V
05 For v, Vo
06 max ;= max{ Dif(m,, v) | “m,e M}
07 min;= min{ Dij(m,, v) | Ym,= M}
08 diff;= max;— min;
09 For Y/ in the minimum delay path from
s to v; Do
/+ 1 the node */
10 It I=m,, "meM
11 then pass(s,v;, m,) = Dij(s, m,)
12 else pass(s, v, my) =0
13 If diff  diff i and Dif(s, v) + max, <4
14 then diff ;= diff; | ¢c=
15 For Yv,e V Do
16 I diff;= diff . and Dij(s, v)) + max ;<4
17 then candidate= candidateJv;
18 If candidate= @ then print “Tree construct fail!”
19 For Yc¢,e candidate Do
20 If pass(s,c;,, mp)=0 , “m=EM
21 then compare,=0
22 else compare;= Dij(s,c) — min{
pass(s, c;,m) | positive and Ym; =M}
23 c=min{ i | compare;}
24 For Ymys M Do
% T=TU{!| ! = the minimum delay path from #z,
tov, }
26 T= TU{!| ! = the minimum delay path from m,
tov, }
21 Return 7(s, M)
28 End Algorithm.
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Graph Generation Algorithm

A is an incident matrix, # is a simple variable,
random() is a function producing uniformly
distributed random values between 0 and 1

01 Begin

02 A=A, ,=A,,=A;,=1

03 For i=4 to n Do

04 r=(i— Dxrandom() +1

05 A, =A,;,=1

06 For i=1 to n—1 Do

07 For j=(i+1) to n Do

08 If P,> random() then A , ;= A ; ;)= 1
09 End Algorithm.

D= SEX AL NEW0| HEPHAE Eg| My ¥u2lE 109

42 N5 "It &4

ojA] ST Aotd d1F & v REe= AL
3 #x Az Ayt A duEEFL C+E2 T
@k MEYA A4 == 5 50, 100, 20001 o= Z=
1074e] A2 o2 HEYIE A A== s dY
o2 AAsPen EHrcEL YEYI EZ2A A
A x5 FoAN FYEEIE AYIPTY EF, HEHA2E
359 BArsELe AR ws9 10, 20, 30, 40, 50, 2]
I 60%E AABEE 4T 4= dHoE MAsA
Ztzte] | v| ¢ p,=039 disiA 10008(10x100=1000)9]
Al E#o| 4o o|FojHTh

A5 HIg 93, 9= Y Aol A FNA
DDVCAE 7d38i%lt). 282 vh&3t 2] normelized surcharge
£ AHgargh

.
Ase

r1~ o,
e,

3t
r

5= Oppvca = 0 Aae gzaz
O qae guaz

Jefzz YeEA o] gE HAEAE XIS,
100 %). (¥ 3)9 (@) (b) 2 (OE AEHA
AARE deid HEAZE AdWelE BAFET (18 3)
9 (dE Atg dueFel DDVCARL 34 £& 2y
& 2y 44 & F 9ok A% 32 DDVCAS} normalized
sucharge® °F 36%91A 11.1%°f ©] &t}

3

c
S
k]
XY
B

@D
©

8
2

3
=

. . .

5(10%8) 10(20%) 153 (a0 = (% e
Number of Destinations
(a) 1VI=5

7
c
S
3
5.
8
-
-
=1
b

1001028 (2 (X079 Dl 20 (0% L ofGes]

Number of Destinations

(b) | VI =100



110 FEX2=s=2X C M12-CH X12(2006.2)

[
)
|
5 e a - —
i g | a7 *_ .
5 } ( —
z : P |
3, ’
b
F=2
3 4
|
20 (10%) 40 (20%) 60 (30%}) 80 (40%) 100 (5098) 120 (60%)
1 Nurmber of Destinations
l :
(¢) VI =200
B - .
10076
n v + ¥

[

deimd%xda?(%)

1% I I D% 0% &%
Nurrber of Destinations

(d) &x100 %

(38 3) &=zt #8(p,=0.3)0M 22| | viaict
2z

™
=

N

B =R HEe 2u7t A7 ASHE UEs) (]

2E o] E3 FHAsglstd fAAE HEe)
alA Azslgot. NP-complete® ¥¢#H 3 DVBMT
o] HEJN2E Ef 4L OFE 78T F A A
Uew, $4 e DVMAoth DVMAE HEANXE
Ert Ze Ad "ol WA ZEF AL 23
% O(kimn)e) =& /\lﬁ%ﬁié et g8 AN
B ARERALE & FR9 2% YEYINME I8
A g g dus DDVCAO]‘I] DDVCA7ZI 443 E
g ENAE Adwole] HolA DVMART 2§ $T
AT A FEAEE O(mn?) o2 E&e FHae das
Folth

g, A dnEFe AEREE 0(mah) 22 DDVCA
o AERTS FdH, o YolrbM HAFEH AEHR
A= AR3 &duFo] DDVCARY o #2 HE A~
E AdHo)g 2 EFE YATS HAY

Z i =

ol
AU A u
2

X

o]

m

o

rgk

L

[1] Ballardie, T., Francis, P., and Crowcroft, J., “Core based
tree(CBT) : An architecture for scalable inter-domain
multicast routing,” Computer Commun. Rev., Vol.23, No.4,
pp.85-95, 1993.

[2] Hakimi, S. L. “Steiner’s problem in graphs and its
implication,” Networks, Vol.1, pp.113-133, 1971.

[3] Rodionov, A. S., and Choo, H., “On generating random
network structures: Connected Graphs,” Springer-Verlag
Lecture Notes in Computer Science, Vol.3090, pp.433-491,
August, 2004.

[4] Rouskas, G. N., and Baldine, L, “Multicast routing with
end-to-end delay and delay variation constraints,” IEEE
JSAC, Vol.l5, No.3, pp.346-356, April, 1997.

{51 Sheu, P-R., and S.-T. Chen, "A fast and efficient
heuristic algorithm for the delay- and delay variation
bound multicast tree problem,” Computer Comm.,
Vol.25, pp.825-833, 2002.

[6] Q. Zho, M. Parsa, and J. ]J. Garcia-Luna-Aceves, “A
source-based algorithm for near-optimum delay-
constrained multicasting,” IEEE INFOCOM'9 Proc.,
pp.377-385, March, 1995.

a4 =4
e-mail : moonseong @ece.skku.ac kr
20009 AFtheh Feak(stAl
20024 A7 AWGT F3k3H(o] 344D
20043 AFBHLI HRENFHY
AFE T F(IALSR)
BARR: H9Y ZEES, | FHFT,
devg 2, NEMO, 4RHES

x A
= 8 £

e-mail : choo@ece.skku.ackr

1988 A7 BUSEL 59F3H(EAD

1990\ University of Texas at Dallas,
FEF D

19963 University of Texas at Arlington,

A AFEFRA
1997¢ E83 YARAITH)
1908~ @A YZBRGT YRFNTHY Ra5
FYL}: FUE T, | FARY, B9Y T2EEF, a9c
AFY

o o &2
e-mail : lyr@nca.or.kr
19864 AE TR WA
2002 st 4R HEH(AHAh
2003 ~@ A F=H2ke BN71 8-
B FARY vESA



