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A Dynamic QoS Multicast Routing Protocol

LI La2yuan, LI Chun2lin
(Department  Computer Science, Wuhan University o Tedinology , Wuhan, Hubei 430063, China )

Abstract: It discusses the multicag routing problem with QoS canstraints and describes a netwark model that is suitable to 2
search such routing problem. The paper mainly presents a dynamic QoS multicast routing pratocol( DQMRP) . The DQMRP can gperate
on top of the unicast routing protocol. It only requires the local state information of the link( ar the node) ,but does nat require any
global network state to be mairtained. The DQMRP can significantly reduce the overhead for constructing a multicast tree with QdS
constraints. In DQMRP, a multicast group member can join or leave the multicast session dynamically. The protocol can search multiple
feasible tree branches, and select the optimal or nea2 optimal branch for connecting the new receiver to the multicast tree if t exigs.
The proof of correctness and camplexity analysis of the DQMRP are given, and the performance measures of the protocd are evaluated
using simulation. The study shows that DQMRP provides an available approach to multicast routing with QoS constraints.
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1 G= (V,E),
A% ,E 0Vl |E|
2 p(s, t) s t ,T
(s, M) sl V , MA {V-
{s}}
3 R , R’ :
el E, QS ( metrics) : delay
(e):Ey R, cog(e): Ey R, bandwidth( e) :
Ey R, delayjitta(¢): Ey R .
4 nl V, QS
( metrics): delay(n): Vy R, cost(n): Vy
R, delay2jitter(n): Ey R", packet
loss(n): Vy R".
5 T(s, M) s :
delay(p(s,t))= E delay(e)+ E dday(n (1)
el P(s,t) nl P(s,t)
cost(T(s,M))= [ cot(e)+ | oost( n) (2)
el T(s, M) nl T(s, M)
bandwidth(p (s, t) )= min{ bandwidth(e), el P(s,t)} (3)

dealyZjitter (p(s, t))= E delayjitter(e)+ | delayZjitter(n) (4)

el P(s,t) nlP(s,t)

packeRloss(p (s, t))= 1- [ (1- packetloss( n)) (5)
nlP(s,t)

6 QoS : G=

(V.E), sL V, MA{V- {s}},d&

lay(#) I R, delayjitter (#) I R", oost (#) I R, bandwidth(#) I R
packetlos (#) 1 R .

,QoS T(s, M),
QoS , cost (T( s, M))
() :delay(p(s,t))[ D;
(2 : bandwidth(p('s, t)) \ B;
(3) : delay2jitter (p( s, t)) [ J;
(4 :packet2loss(p(s, t)) [ L.
D ,B ,J , L
QoS
QoS
QoS )
QS
QoS
3 DQMRP
7 o s

QS

(d(p(s, g))=d(s, * )+ d(k,g) [ D)C d(p(s, )
=dj(s, * )+ di(k,g)[ J)C(bw(i,j)\ B);

k,g,i,jI p(s, g),

p(s, g) g T(s, M) ) d
(s,*) di(s, ™) $
DQMRP
g > rqs
, (UR)
( u) rqs ,
QS ( )
QoS
k g ,d(g, k) d(g. k)
g k ,d(ku) di(k
u) k u bw(g, k) g
k ,w(k,u) k u
D,J,B ,
5 u

(d(g,k)+ d(k,w) [ D)C(di(g,k)+ di(k,u)[ J)C
(bw(g,k)\ B)YC(bw(k, u)\ B)
rqd
, S rqs s >

(d(p(s, g)=d(s,* )+ d(k.g)[ D) C(d(p(s,2)
=d(s.* )+ di(k, g) [ J) C(bw(i,j)\ B)
s rply

(d(g,uw)+ d(k,u)>D)D(d(g k)+ d(k,u)>J)D
(bw(g, k)< B= D(bw(k,u)< B=
u ) rjct k,
, k (FR) . FR , DQMRP
, k
(d(s, * )+ d(k,g)[ D) C(d(s,* )+ dji(k, g)
[ 1) C(bw(i,j)\ B)

(d(s,* )+ d(k,g)[ D)C(dj(s,* )+ di(k,g) [ J)C
(bw(i,j)\ B)C(cost(p(s,g))= min[costi,, , costr]

( ) . FR
k.
g > G.g
rept . ) g, u g
s k
rqst 5 vV u
[3]

Pmcess( process -name)
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Var(Var declaration) plys are sent back to g y

Parameter( Parameter declaration) rov 1ply from the cther neighbor nodes

begin( operationti , , U operation) if(d(g,k)+d(* ,s)[ D)C(dj(g,k+

end dg(*,s)[ IC(bw(i,j)\ B)C

) (oost(p(s, g))= min[ cogt, , , costr]

( operation) : U grevrply fram a path;

(guard) y (sequence of local statement) {wich satisfies the QoS constraints and

u operation has minimum cost }

, DQMRP ( skip
) : fi

if (anew member g wants to join the multicast group) fi

g send rq¢ upstream towards s
revrgs fram k
if (d(g,k)+ d(k,u) [ D)C(dj(g,k)+ di(k,u)[ J)
C(bw(g,k)\ B) C(bw(k, u)\ B);
{u may satsfy the QoS constraints}
for( RE (in, out, m)),do

RE. in:= k
RE. aut:= {V}
RE.m:= UR

U farward rgst to Vy
skip

fi
if (d(g,k)+ d(k,u)> D)D(dj(g, k) + dj(k, u)
> 1) D(bw(g, k)< B)D(bw(k,u)< B)
transfer gjct to k
fi
ifl RE. m)= UR and ply is received)
fa( FR(G, s, in, aut, q)) do

FR.in: =k
FR. aut:= {RE. in}
FR. q: = 1ply. q

farward rply to RE. in
far each RE(in" , aut”, m" )on the unicast routing
path, m" = R do
U FR. Qut: = FR. Out+ (R .in" )y
skip
iftd(g, k)+ d(* ,8) [ D) C(dj(g,k)+ d(* ,9)[ J)
C(bw(i,j)\ B);
{all nodes on the unicast routing path satisfy the
QoS constraints}
iply is sent back to gy
skip
fi
iftd(g, k)+ d(k,* )> D) D(dj(g, k)+
di(k, * )>J)D(bw(i,j)<B), ,
far( same possible and feasible paths from u to s)do
if(d(g, k)+ d(* ,9) [ D) C(d(g k)+
g(r L I)C(bw(i )\ B);

if(d(g, k) + d(k,* )> D)D(di(g,k+ dj(k *)>J)

D(bw(i,j)< B)
get is received

fi
d(* ,8)  d(*,s)
R k u
Ak * ) di(k, * )
( )
DQMRP
1
19,24,27,26 23
(D,J, B, ©C)
, D= 10,
= 50. 19 ,
(
gt

(3.3.50.15), (23,45,15)

(2,2,45,15)

(2,2.45,15)
(1,2,60,15)

7 (12,55,13‘

1,2,55,15)
(2,345.20) |

(2.2,55,15)=

12

v

(2,345,15)
(2,245,10)

(1,2,55,15)

(22,55,15) (2.3.60.15)

»
w

27
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(d(19, 14)+ d(14,15)+ d(15,10)+ d(10,5)[ 10) C ( ) . tply
(dj(19,14)+ (dj( 14,15)+ dj(15,10)+ G(10,5) [ 15)C rjct ) ,
(bw( 19, 14)\ 50) C (bw(14, 15)\ 50)C , , DOMRP .
(bw( 15,10)\ 50) C (bw(10, 5)\ 50) O]
5 rqst 0 2 FR , ( ) ,
qd , (19y 14y 15 DQMRP )
y1l0y5Syly 0) s FR , DQMRP ,
19 G 2(a) rqst S, ,
19 . DQMRP , rply
24 27 26 23 , )
( ) (d(s,* )+ d(k,g) [ D)C(di(s,* )+ di(k,g) [ J)C
23 , rqs (bw(i,j)\ B)C (cost(p(s,g))= min[costy,, , costr])
, 3 rgst 8 ( ) ,
d(23,18)+ d (18, 13)+ d(13,8)+ d(8,3)[ D . h]
s 3 get 8, 8 3  DQMRP ( loop)
FR , ( ) , (23 DQVRP
y18y 13y 8y 7y 3y 2y 0).  2(b) s
DQVIRP ,
) u
4 ,  DQMRP
DQMRP UR
(d(s,* )+ d(k,g) [ D)C(di(s,* )+ di(k,g) [ J)C
(bw(i,j)\ B)
1 .UR FR
, fjct
rqs . ,
, QoS ) , UR FR
2 , , DQMRP ,
DQMRP / , u
, QoS 412
, QS ,
, , O(l M @ E), | V] ,
. DOMRP | E| . .| E[= 0| VI,
o(| vI?). | M|
4 , o(| VI 3AM]). CSPT BR
41 MA! O(| E|log| VI)  O(] V|°log| ).
DQV2  DQVRP o(| VI M]).
RP , DQMRP , rqet
1 UR , mply gt | M| 2| M|
( ) ) rqst y ) /
, DQVIRP , | M|
y@2| M|. MST ,

UR , O(5| V]logy| VI+ 2| E|) MST.
(d(s,* )+ d(k,g)[ D C(d(s,* )+ di(kg)[J)C o(L) , L
(bw(i,j)\ B) , MST

7 , ® , 0(5| V|
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lom| VI +2|E|+ L) X D
DQMRP, X Jia Qosmid ! 3 , CSPT ,
K.2|M|,K.2| M|, | M| (w# (w- D D+ @k)#x( D
QABMIC) | M| (wi#(w- 1) D+ | T|#x( Q&SMIC) , D. 4 , DQMRP
w .y (TTL), | T 3 DQMRP QoSMIC BSMIA
, ¢ BIIRORDER X X Jia D
x K 4 ,
+K.X Jia , 500, D= dut 3/8dumx. 4
, , , DQMRP BSMA QoSMIC X
DQMRP Jia CSPT . DQMRP
5 QSMIC X Jia .QoMIC BSMA X Jia
DQMRP
, DQMRP, QaSMIC, BSMA, X Jia
CSPT 500 |- SESP T
DOMRP,—oT—
Waxman 450 |- iSKL‘\:—A— I S SR S
s 400 .Ilﬂ b Tyryue R R U YRR T S
d(u, v 350
P(u,v)= Bexp{- Ll] .
¢ al § 300 -
d(u,v) u v ,L § 250 | -
, a 200
, B 150
100
, 50 (- :
1;) 15 2’0 é5 50 35 4:0 45 50
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, 100
4
G ,
D ) 6
, 20%,
QS
’ , Qa8
3 D
oS
, 500 ) Q ’
40. D dma— max( {dy| ’ QoS
ul G;dy s u 1), D ( DQMRP) . R
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