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ABSTRACT

Reserving the resources for the requested applications is one of the most effective
schemes that were proposed to offer the time-critical multimedia applications recently. Because
the resource is limited, an ability to provide resource reservations in advance, is essential in multi-
party applications with dynamic accessing and leaving of user such as modern integrated (voice,
video, and data) collaboration system. Modified Greedy algorithm was proposed for multicast
routing in advance reservations environment. However, the performance of this algorithm was
quite sensitive to the precision of the information given by user. In this work, we improved this
algorithm in order to obtain a good performance, even when the inaccuracy of information given
by user occurred. We also show the efficiency of network resources reduction by combining

reservation concepts with dynamic multicast routing as shown in simulation results.
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1WYN: Aasaiveudumaiauami luuAag 1931910 0 8 T (TreeCost(t))

NEW_MODIFIED_GREEDY(G, T,C, s, )

1>
2>
3>
4>
5>
6>
7>
8>
o>
10>
11>
12>
13>
14>
15>
16>
17>
18>
19>
20>

21>

D < {s}
N €—V— {s}, XcastRouteTbl <— &J
Jfor every edgee € E

LinkTagTbhl(e) <—0

fort €<=0tT
Jori €—0t00.3T
if p.(m) > RAND |(0 - 1)

{1, A,

ep

(z)} €—RAND | (z €EN) and (z Zs)

t,, €—FND_RFERENCE_TIME(G, LinkTagTbl, t,, (z))

H €—FND_HOOK_NODE(G, C, D, XcastRouteTbl, LinkTagTbl, t, )
P._,, € DIJKSTRA(G, C, z, H)

P, _, €—XcastRouteTbl(P,_,)

P ytR ,@r, 5

D <D U{)

N €—N-{z}

XcastRouteThl <— XcastRouteTbl (/P._,

UPDATE_TAG(LinkTagTbl, P._,, t, (2). At (2))

TIME_TRIGGER(G, LinkTagTbl)
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22>
23>

TreeCost(t) €— COST CALCULATION(G, C, LinkTagThl )

24>FND_RFERENCE_TIME(G, LinkTagTbl, t,,(2))

25>
26>
27>
28>
29>
30>
31>
32>
33>
34>

TempLinkTagTbl(e) €—0
Jor every edgee EF
if LinkTagTbl(e) <1, (z)

LinkTagThl(e) €<—0

TempLinkTagTbl €— LinkTagTbl(1)
FreqLinkTag €— HISTOGRAM(TempLinkTagThl)

t. .~ WEIGHTED_AVG(FreqLinkTag)

return trcy‘

35>FND_HOOK_NODE(G, C, D, XcastRouteTbl, LinkTagThl, 1l

36>  foreveryvertexd, €D

37> VCost(d) €—0

38> P._,, €—DIJKSTRA(G, C, z, d)

39> P, s, € XcastRouteTbl(P,_,)

40> P._, Pz, @Ppr, _,

41> VCost(d) €—VCOST_CALCULATION(G, C, LinkTagThl, P._;,
42>

43> H =d|min(VCost(d))

44> return H

45>

46>VCOST CALCULATION(G, C, LinkTagTbl, P._, d, t,.)

47> VCost(d) =0

48>  foreveryedgel € P._;

49> If LinkTagTbl(l) # 0 and LinkTagTbl(l) <t

50> VCost(d) €—VCost(d) + {[t,,— LinkTagTbl(1)] x C(1)}
51> elseif LinkTagTbl(l) = 0

52> VCost(d) €— VCost(d)+ {[t, - t] x C(1)}

d t

Lo

)



53> return VCost(d)
54>

55>UPDATE_TAG(LinkTagTbl, Py, t,,(z), At,,(2)

56>  foreveryedgel €P_,

$7= if LinkTagTbl(l) < 1, (z) + At, (2)
58> ' LinkTagThl(1) <—1, (2) + i, (2)
59>

60>TIME_TRIGGER(G, LinkTagTbl)

61>  foreveryedgee €EE

62> if LinkTagThl(e) 70
63> LinkTagTbl(e) €— LinkTagThl(e) - 1
04>

65>COST_CALCULATION(G, C, LinkTagThl, t )

66>  TreeCost(t) €<—0

67> foreveryedgee € E

68> if LinkTagThl(e) #0

69> TreeCost(t) <— TreeCost(t) + Cfe)

70> return TreeCost(t)
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ABSTRACT

Reserving the resources for the requested
applications is one of the most effective schemes
that were proposed to offer the time-critical
multimedia applications recently. Because the
resource is limited, an ability to provide resource
reservations in advance, is essential in multi-party
applications with dynamic accessing and leaving of
user such as modem integrated (voice, video and
data) collaboration system. Modified Greedy (MG)
algorithm [4] was proposed for multicast routing in

advance reservations environment. However, the’

performance of MG algorithm was quite sensitive
with precision of the information given by user. In
this work, we improve MG algorithm in order to
give a good performance, even the inaccuracy of
information given by user was happened, as shown
in our simulation results.

Key words: multicast, routing, dynamic, algorithm
advance reservations

1. INTRODUCTION

As communication networks capabilities
increase, their usage is also expanding. Therefore,
the wide range of requirements of the many
applications using them calls for mechanisms to
offer the quality of service guarantee. For example,
STII and RSVP provided the resource reservations.
However, since the resource is limited, it is not
possible to admit arbitrary number of connections,
and at the same time, to ensure that the
performance of the applications that already
reserved the resources will not be degraded. Then,
resource may be requested in advance whenever

they are needed. This can be a useful service. There .

are so many works that related to providing support
for advance reservations in communication
networks.

Advance reservations are also required for
multicast communications. In  multicast
communications, messages are concurrently sent to
multiple destinations of all members of the same
multicast group. Mechanisms to support such a
form of communication are becoming an
increasingly important component of the design

)
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and implementations of future communication
networks. Depending on the application, the
multicast group can be either static or dynamic. For
static group, the members of the multicast group
remain unchanged during the lifetime of the
multicast session. For dynamic group, members
can join or leave the group during the lifetime of
the multicast session. Dynamic multicast routing is
important for actual multicast applications. In terms
related to the efficient use of network resources
involved in a multicast session, typical approaches
to multicast routing require the transmission of
packets along the branches of a tree spanning
between sources and destinations nodes. For
ensuring network efficiency, the smallest possibie
amount of network resources should be used to set
up the multicast connection. The smallest tree is
known as the steiner tree and finding such a tree is
a well known NP-hard problem. In this work, we
focus on dynamic routing with advance
reservations problems.

- As we know, there are few works that
having done on routing with advance reservations
[4], [6). Modified Greedy (MG) algorithm is
dynamic multicast routing algorithm that works
well in advance reservations environment. In the
advance reservations environment, the requests
made by the application specify, not only the
parameters- that define the traffic flow
specifications and its quality of service
requirements, but also the following two quantities:
the starting time, and the duration time. But we
found that MG algorithm has less flexibility when
it facing with inaccuracy of information of joining
and duration time. Here, we proposed the new
version of MG algorithm that can coping with
inaccuracy of information of joining and duration
time (such as real situation).

In section 2, we define the dynamic
multicast routing problem, then describing it with
examples. In section 3, we present our algorithm,
as a new version of MG algorithm. And we
evaluate simulation environment and show results,
when new version of MG algorithm is facing with
inaccuracy of joining and leaving time in section 4.
Finally, in section 5, we present conclusion from
the results of simulation.
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2. DYNAMIC MULTICAST ROUTING
PROBLEM SPECIFICATION

Our problem specification are same as [4].
By given graph G = (V,E), where V is the set of
vertices and £ is the set of edges. Each edge/ € E
has a cost finction: Cost(l) — R* (where R stands
for set of positive real numbers). And Z (ZcV,s e
Z) is a set of destination nodes that can join in the
multicast session. R, = {r,(1), r(2), r(3),...r(m)} is
the set of requests asked by participants at time 7.
r(i) is the request number i at time ¢, and each
request is composed of z; and taep(z;) (advance
reservations concept [6]), where z; € Z is the
destination node that want to join at time t, and
Laep(z) is the departure time of node z;. T is the total
session duration. But for this work, actual leaving
time can either accuracy or inaccuracy with some
of sooner or later by randomization.

Given a source node s € Vand a sequence
of request R, starting from the beginning of the
session. At each time instant ¢, a multicast tree as
defined as a subtree of the graph G(V,E), rooted
from s, that contains the destination nodes which
Join before (or at) time ¢, and have not departed
from the session yet. We aim to minimize tree cost
over the session time T (without re-routing [4]), as
shown in equation (1). Because total tree cost are
used to measure bandwidth utilizing efficiency .

min{ [ Cost, o, (6)dt /T (1)

3. ALGORITHM DESCRIPTION

In this work, we have considered only one
type of arriving patterns, where every individual
node coming separately. The session will begin
only with the source node 5. The connection
requested from destination node z comes to source
node in the form R,. With every link /, we associate
a pair [Cost(l), tap(1)]. This lap(1) Tepresents time
that link | will have to be connected to the multicast
tree. To add new node z to an existing connection,
we choose a node x, in the connection, which
minimizes the function

W(z,s)= W(z,x)+W(x,s)

W(z,x)=(1-n)x (2)
{ Z[(" ref ~Leurrem )x COS(Ir' )] }
l,eP(z,x)

For every link / in path P(x,s), if departure time of
new node z is more than Laep(l;) then
W(x,s)=(1-n)x
{ 2l ~tagUxCostityy  (3)

1. eP(x,s)
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And if departure time of new node z is less than
taep(1) then

W(x,s) = (1) x
{ 2l ~tay U DxCost(1)y (4
l,eP(x,s)

Where

ler is maximum value between Luep(z)and
maximum value of taep(l) of link 1 that stil] have
connected to the multicast tree,

Leurrens 1S CUTTENE time

W(z,s) defines virtual cost from new node
z to source node s

P(z,s) means path from new node z to
source node s ;

W(z,x) defines virtual cost from new node
z to leaf node x

P(z,x) means path from new node z to leaf

node x

W(x.s) defines virtual cost from leaf node
X to source node s ,

P(x,s) means path from leaf node x to
source node s

M means weight of virtual cost of each
path [3]. In this work, we set it to be 0.4

The equation (2), (3) and (4) are adapted
from original version of MG algorithm. The
equation (4) is not presented in original version
because the information that given by users is
assumed to be 100 percents accurate, We use all
information in the existing tree by weighted
technique [3] that has ever used for dynamic
multicast routing, By this technique, the original
version is added flexibility to perform good
performance even it is in the situation of inaccurate
information.

100/100

Fig. 1 New node requests to join with multicast tree




From the equation (2), it shows that new
version of MG algorithm will choose the shortest
path from the new node to an existing tree. And
further more, it also prefer a path that have the
longest live in the connection, by referring to
maximum value of #4,(/). Example of choosing a
path from the new node z to the source node s is
shown in figure 1.

In figure 1, bolded link and node mean
link and node that have already been existed in
multicast tree. New node z requests for joining with
multicast tree. Source nodé is s and leaf node is g,
b, ¢ and d. The x and y in the notation x/y on each
link means leaving time and link cost respectively.
For example of selecting path in according to our
algorithm, we assign cost of link z-b and z-d to be
70 and 80 respectively. And the current time is 10
and leaving time of new node z is 60.

From the figure 1, ¢, is equal to 100 and
leurrens 18 €qual to 10. We substitute all parameters
into the equation set (2), (3) and (4) to calculate
virtual cost from new node z to existing multicast
tree. For path s-c-a-b-z, the virtual cost path is 8100
and path s-c-e-d-z, the virtual cost is 7320. So we
choose path s-c-e-d-z for establish connection from
new node z to multicast tree.

4. SIMULATION ENVIRONMENT AND
RESULTS

At first, we use the network model that
used in several works about multicast routing
algorithm (3], [4], [7] and [8]. The networks are
constructed by distributing n nodes across a
Cartesian coordinate grid. Edges were added to the
graph by considering all possible pairs (u,v) of
nodes and using the equation (5) to create an edge.

P.(u)=f exp[#:g"’l) )

Here, d(u,v) is the Euclidean distance between
node's location, L is the maximum possible
distance between two nodes, a and S are
parameters in therange 0 sa</and 0 <8 <1. A
large value of « increases the number of
connections to nodes further away from it, while a
value of fincreases the number of edges from each
node. Each graph was tested to ensure that every
node is connected.

We used a probability model to generate
the sequence of requests. The probability for
adding a node to multicast tree, was determined by
equation (6)

Y(N-q)

P.(q)=
=t -9

(6)

g means the current number of the nodes in the
multicast tree. And y (0 <y < 1) is parameter that
determines the size of multicast group in
equilibrium. )

Each node had the different rate to join the
multicast tree. We defined A4 as a set of non-joining
nodes and the joining rate of the its node was given
by equation (7) and (8);

Pjain(i)=(1_ﬂ)/lj_1 [Fy foried (7)

and

Fo=Y (1-mu" (8)

ieA

A parameter u (0 < u < 1) determined the bias of
joining rate. In simulations, if a joining event is
generated by (6), a node that will join is determined
with (7) and (8). And removal of node is randomly
determined within session duration T,

In our simulations, we creaied one
hundred nodes network by using equation (5) and
seta=0.4 and B = 0.4. We defined weight (cost)
of each link by randomization. We used equation
(6), (7) and (8) for setting request from any node in
the network (y = 0.2). The requests of node for
joining to multicast tree must be inform their
leaving time. We set the limit of inaccuracy
between actual leaving time and leaving time that
is informed, not over 30% of its duration time. The
result of simulation is shown in figure 2 and 3.
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Fig.2 Tree cost versus session duration

Figure 2 shows the plot of tree cost versus
time during multicast session. New version of MG
algorithm spends more cost for constructing tree at
first. But our algorithm gives a lower cost when
the member nodes start to leave the session until

w0 200




the end of session. Figure 3 shows the plot of
cumulative tree cost versus time during multicast
session. Cumulative tree cost of our algorithm is
lower than original version of MG algorithm, when
member nodes start to leave multicast session. And
our algorithm gives lower overall tree cost at the
end of the session.

From the simulation results in figure 2 and
3, new version of MG algorithm has more
flexibility. It gives a lower overall multicast tree
cost, when nodes in tree are not leaving the tree as
time to be informed.
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Fig.3 Cumulative tree cost versus session duration
5. CONCLUSION

In this work, we improve performance of
MG multicast routing algorithm by proposing the
mechanism to solve multicast routing problem with
advance reservations environment, Since, MG
algorithm is sensitive with precision of leaving
time of nodes in multicast tree. Therefore, we
proposed new version of MG algorithm that givesa
better performance, when inaccuracies of leaving
time of nodes in multicast tree are happened. Our
algorithm try to find a shortest path from new node
to source node and select a path that composed of
longer live link for support changing of leaving
time of both new node and leaf node.

However, our algorithm is centralized
algorithm. It requires many query/reply messages
between nodes when implemented in a distributed
environment. The performance will be degraded
when network grows up to be large-scale and it
makes central server overloaded easily. In the
future, we try to develop dynamic multicast routing
with advance reservations that can give an optimal
performance in distributed environment,
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