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Abstract- In this paper, we study three multicast schemes,
namely Separate Multicasting (S-MCAST), Multiple Uni-
casting (M-UCAST), and Tree-Shared Multicasting (TS-
MCAST), in optical burst-switched WDM networks tak-
ing into consideration the overheads due to control pack-
ets and guard bands (GBs) of bursts on separate channels
(wavelengths). In TS-MCAST, we describe four tree sharing
strategies based on Equal Coverage (EC), Super Coverage
(SC), Overlapping Coverage (OC) and Overlapping Cover-
age by Maximization (OC-MAX) for deciding which mul-
ticast sessions should mix their multicast traffic, and also
consider an algorithm to construct shared trees (STs). In
[1], the tree sharing strategies are proposed and the perfor-
mance of three multicast schemes for static multicast sessions
and membership is reported. In this paper, we propose ef-
ficient heuristic algorithms for managing dynamic sessions
and memberships under the TS-MCAST scheme, and eval-
uate the efficiency of the proposed heuristic algorithms and
compare the TS-MCAST scheme with the other two schemes
in terms of bandwidth consumed and processing load assum-
ing the unlimited bandwidth.

1 Introduction

As traffic demand increases exponentially in the Internet, Wave-
length Division Multiplexing (WDM) networks [3, 4, 5] become
a natural choice for the backbone. Recently, IP over WDM net-
works (or so-called Optical Internet) have received a consider-
able amount of attention (e.g. [6, 7]).

Multicasting (i.e. one-to-many or many-to-many communica-
tions) is becoming more and more popular and important in the
Internet. Multicasting in I[P over WDM networks can be done
via IP multicast, multiple WDM unicast, or WDM multicast [8].
In this paper, we will concentrate mainly on WDM multicast.

There are two WDM multicasting approaches, one based on
wavelength-routing as in [9, 10, 11], and the other based on op-
tical burst switching (OBS) [7, 12] as in [8, 13]. In the former, a
multicast tree is built for each multicast session by reserving one
wavelength on each of its branches for the duration of the ses-
sion. In the latter, no wavelengths need to be dedicated to a mul-
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ticast tree and the multicast data is- transported via OBS which
is more bandwidth efficient than wavelength routing for bursty
traffic. However, there are two major overheads in using OBS,
namely, control packets and guard bands. More specifically, to
send each burst (for unicast or multicast), a control packet needs
to be sent to set up switches and guard bands are used in the
burst to accommodate possible timing jitters at each intermediate
node. Issues related to these overheads have not been considered
in [8, 13].

In this paper, we study several multicast schemes in opti-
cal burst-switched WDM networks taking into consideration the
overheads due to control packets and guard bands (GBs) of
bursts on separate channels (wavelengths). These will result in
different bandwidth consumption (which is proportional to dif-
ferent amount of GBs) , different channel utilization (inversely
proportional to different burst lengths) and different processing
loads (proportional to the number of control packets generated)
under the same traffic condition. Specifically, we consider three
multicast schemes. A straightforward scheme is called Sep-
arate Multicasting (S-MCAST) where each source node con-
structs separate bursts for its multicast and unicast traffic. In
other words, a burst will contain either multicast traffic only or
unicast traffic only. To reduce the overhead due to GBs (and con-
trol packets), one may piggyback the multicast traffic in bursts
containing unicast traffic using a scheme called Multiple Uni-
casting (M-UCAST). In other words, multicast is accomplished
with multiple unicast and hence multicast traffic essentially gets
a “free” ride. However, the overall bandwidth utilization may be
low due to multiple unicast transmissions of the same multicast
data. The third scheme is called Tree-Shared Multicasting (TS-
MCAST) whereby multicast traffic belonging to multiple multi-
cast sessions can be mixed together in a burst, which is delivered
via a shared multicast tree. In TS-MCAST, we describe four tree

" sharing strategies based on Equal Coverage (EC), Super Cover-

age (SC), Overlapping Coverage (OC) and Overlapping Cover-
age by Maximization (OC-MAX) for deciding which multicast
sessions should mix their multicast traffic, and also describe an
algorithm to construct shared trees (STs).

In [1], the tree sharing strategies are proposed and the perfor-
mance of three multicast schemes for static multicast sessions
and membership is reported. In this paper, we focus on the
cases with dynamic birth and death of a session, and dynamic
join/leave of a member in existing multicast sessions. We pro-



pose efficient heuristic algorithms for managing dynamic ses-
sions and memberships under the TS-MCAST scheme. The per-
formance of three multicast schemes with limited bandwidth and
dynamic sessions using heuristic algorithms proposed here is re-
ported in [2] focusing on the burst blocking probability. In this
paper, we evaluate the efficiency of the proposed heuristic algo-
rithms and compare the TS-MCAST scheme with the other two
schemes in terms of bandwidth consumed and processing load
assuming the unlimited bandwidth.

The rest of.this paper is organized as follows. In Section
2, we describe tree sharing strategies and an algorithm to con-
struct shared trees. In Section 3, we propose several heuris-
tic algorithms to support dynamic sessions and membership for
the TS-MCAST scheme. In Section 4, we describe the simula-
tion model used and present performance of multicast schemes
using the proposed heuristic algorithms under dynamic ses-
sions/membership. In Section 5, we conclude the paper.

2 Tree-Shared Multicasting in OBS Net-
works

In this Section, we describe tree sharing strategies whereby a set
of multicast sessions (H;) at edge router i is decomposed into a
number of Multicast Sharing Classes (MSCs)' where each MSC
uses a ST, and a shared tree construction algorithm in the TS-
MCAST scheme.

Let N, be the set of all core routers, N, be the set of all edge
routers and V; be the set of all links in the network. In the fol-
lowing discussion, we model a multicast session (or tree) in the
network using a triple T = (C,E,L) where C C N, is the set of
core routers, E C N, is the set of edge routers, and L C N, is the
set of links on the multicast tree, respectively.

2.1 Tree Sharing Strategies

We consider four strategies, namely Equal Coverage, Super
Coverage, Overlapping Coverage and Overlapping Coverage by
Maximization for deciding which subset of | H; | (> 2) multicast
sessions rooted at edge router ¢ should become a MSC. For sim-
plicity, we use MSC; rather than MSC;; to denote the jth MSC
at edge router / hereafter.
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Figure 1: Tree Sharing Strategies: (a) Equal Coverage, (b) Super
Coverage, and (c) Overlapping Coverage.

!subset and MSC will be used interchangeably and as a special case, a MSC
may contain only one multicast session.
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In EC, multicast sessions with the same membership are
grouped into one MSC. In other words, the s > 2 multicast ses-
sions (T through T,) in MSC; have the same set of member
edge routers, i.e., E1, = Ey, = - - - = Ef, although each multi-
cast session in MSC; may have a different multicast tree (or path
to each member). Fig. 1 (2) shows an example of EC (where s =
2) in which muiticast trees T (solid line) and T; (dashed line)
have the same set of edge routers (i.e., E4, E6 and ES8) as their
members. In such a case, one of the existing multicast trees, T
or T, is selected to be the new ST.

A less restricted tree sharing strategy is SC where the multi-
cast sessions in MSC; do not necessarily have the same set of
edge routers. Specifically, if two multicast sessions, T1 and T,
are such that Et, C Et, (or Et, € E7,), then T and T, are
grouped into one MSC (see Fig. 1 (b)). Note that in Fig. 1 (b),
IP packets belonging to T2 will also be delivered to E3 and E5
via Ty since T, C Ty, but subsequently discarded by E3 and ES.

The third scheme OC is a more general tree sharing strategy
in which it allows a number of multicast sessions having a suffi-
cient degree of overlap in the set of edge routers E, core routers
Cr, or links Lt or a subset of multicast sessions resulting in a
sufficient tree sharing gain o (from (2)) to be grouped into one
MSC. More specifically, we define the degree of overlap as fol-
lows. Consider s multicast trees (sessions), Ty = (C1,, ET1,, LT,)
fork =1, 2,---,s. Then, the degree of overlap among these s mul-
ticast sessions can be defined in terms of edge routers as follows:

_ Y=t Er | = | UEry |
Y= [UcEr [ (s=1)

Note that according to such a definition, Y¥ = 1 in EC and Y¥ <
1 in SC and OC. Similarly, the degree of overlap is defined in
terms of core routers and links and they are given in [1].

One may apply the OC strategy as follows. Let R C H; be a set
of remaining multicast sessions to be evaluated and initially R =
H;. First, select one of the above three criteria, namely, the edge
router overlap degree (Y£), core router overlap degree (y©) or link
overlap degree (yL). Then from the set R, a pair of sessions with
the highest value, say yi, of ¥, ¥, or ¥* (depending on the cri-
terion selected) is chosen to form a temporary MSC (say M SC1),
which also becomes a candidate MSC,,4. Afterwards, a third
session that results in the largest value, say vz, in the degree
of overlap when combined with the pair (forming a temporary
MSGC,) is selected. If v, > v, the candidate MSC is replaced
with MSC; (i.e., now it contains three multicast sessions). Oth-
erwise, the candidate MSC is still MSC;. The same process is
repeated for the fourth session in the set (if any, which does not
belong to MSC,) with MSC,, and so on. Finally, the formed can-
didate MSC (i.e., MSC,4q, its size > 2) becomes a new MSC
only if the tree sharing gain o for MSC,,4 is above the thresh-
old 1. Note that when o for MSC,,4 is below the threshold n,
MSC,anq is put into a set U which contains unshared multicast
sessions. The same procedure above is repeated for remaining
multicast sessions R (= R - MSC44) to form another M SC until
| R| = 1. Finally, each unshared multicast session in U and R
becomes a MSC with size 1. An example where the OC strategy

1)



can be used is shown in Fig. 1 (c) as T} and Ty have member
edge routers that do not belong to the other sessions. The OC
strategy requires O(M?) criterion checks where M(=| H; |) is the
number of multicast sessions at edge router i.

Note that in both SC and OC, some data (IP packets within a
burst) may be delivered to unintended destination (egress) edge
routers where these IP packets will simply be discarded.

The OC sharing strategy described above does not guarantee
the optimal selection of subsets (MSCs) so that the sharing gain
at the edge router is maximized. Instead, it tries to select the best
MSC that has maximum value of a criterion applied. Here we
consider a new OC sharing strategy, called OC-MAX, to maxi-
mize the sharing gain at the edge router. In OC-MAX, it searches
for a combination of disjoint subsets (MSCs) from all possible
subsets so that the combination can provide the maximum shar-
ing gain achievable at the edge router based on an exhaustive
search.

For a MSC j at an edge router i, denoted by MSC;;, we define
the bandwidth gain due to tree sharing as the ratio between the
average amount of multicast traffic carried per link with/without
tree sharing. Let r;; be the data rate of a session j at an edge
router i and s;; be the number of links on the multicast tree for
the session j. In addition, let r;; be the sum of the data rate of
all the sessions in MSC;; and sf be the number of links on the
shared multicast tree used for MSC;;. Assuming that G is the
guard band size, then the bandwidth gain o ; for MSC;; due to
tree sharing is equal to

o, = 2kemscy (i + G/ T7")sik
v (V;j"' G/Tbm)s:-j

2

2.2 Construction of Shared Trees

After one has decomposed a set of multicast sessions (H;) at edge
router / into a number of MSCs according to one of the tree shar-
ing strategies, each MSC has to construct a ST by treating all the
members in the subset of the multicast sessions as a new multi-
cast group for the purpose of burstification (forming bursts) and
burst delivery. Note that the cases for EC or SC are trivial be-
cause one can use any existing tree in EC, and a super tree in
SC, respectively. For OC (and OC-MAX), we proposed ST con-
struction algorithms [1] to construct a ST TS = (VS, L) where
VS is the set of all nodes (edge and core routers), and L5 is the
set of all links on the ST, respectively. Among them, the ST-
MEMBER applies to OC and OC-MAX strategies to construct
the shared tree of a MSC in this paper.

3 Dynamic Sessions and Membership

3.1 Dynamic Sessions

To support the dynamic birth/death of a session with fixed mem-
bership in tree-shared multicasting, we propose the following
heuristic algorithms for the OC sharing strategy where a session
is added (or deleted) dynamically to (or from) existing multicast
sessions at the edge router. A similar heuristic algorithm can be
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applied for the EC/SC sharing strategy except that gain check is
not performed, instead, the criterion for EC/SC is examined. It
is assumed that a set of multicast sessions, H; at the edge router
i 1s decomposed into a set of subsets (size of each > 2), S and a
set of subsets (size of each = 1), U.

A. Birth Operation

If a new session n is created with pre-determined member-
ship, the new session # is evaluated with existing MSCs (size of
each > 2). If the new session can fit in one of them, then add
n to the selected session. A detailed description of the heuristic
algorithm is as follows.

SESSION-ADD Algorithm
S = set of MSCs (size of each > 2); U = set of MSCs (size of each = 1);
Hi=SUU:
a new session 1 is created;
for each MSC; € S,
add the new session nto MSC; € S, i.e., MSC; = MSC; U n;
Compute_Gain(MSCj); /1 gain a’j
if(e; > m)
add n to MSC;, i.e., MSC; = MSC; U n;
for each session u € U
evaluate u with MSCJ-, ie., MSC}’ = qu U
ComputeGain(MSC});// gain o

if(a’j’ >n)
add u to MSCI'-;
U U-A{u}:
end if
end for
end if
end for

if no MSC; € S to add the new session n,

putninto U, ie., U + U U {n}:

apply tree sharing strategy to U’ by choosing one of criteria;
end if

B. Death Operation

If a session in U expires, just delete it and its related state
information. However, if a session m € MSCy (> 2) ends, first
MSC, is checked to see if it can still provide a sharing gain (> n).
If so, keep it as a new MSC. Otherwise, MSC,’( is evaluated with
existing MSCs. A detailed pseudo code describing a heuristic
algorithm called SESSION-DELETE algorithm is given in Ap-
pendix A.

As described above, note that if a newly created multicast ses-
sion is added to one of existing MSCs (say MSC}), it is needed
to evaluate each session in U to see if it can fit in MSC;. In
addition, if a session expires in a MSC (say MSC;) and some
of the remaining multicast sessions in MSC after forming new
MSCs join existing MSCs (making newly formed MSCs), it is
also needed to evaluate each session in U with newly formed
MSCs. To illustrate these points, suppose that there is a set H;
={G1,G2,G3,G4,G5,G6,G7.Gs, Go,Gyo } at an edge router i. As-
sume that by applying the OC sharing strategy the set H; is split
as follows: MSC1= {G3,G4}, MSCo= {Gs5,G,G1,G1o}, MSC3=
{G7,Gs}, MSCs4= {G1} and MSCs= {Go} (U = MSCs U MSCs).
First, if a session Gy, is newly created and it fits in MSCy, MSC|
(= MSCy U Gq1) needs to be evaluated with each session in U



because Gj; is not evaluated with a session in U before. On
the other hand, if a session G in MSC, expires, the remaining
sessions in MSC), are Gs,G¢ and Gio. Suppose that (G1, G1o)
was the best pair of H; - MSC), and then Gs/Gg were added to
the best pair (G, Gio) as the third and fourth session. If G5
and G¢ form a new MSC and the session G is added to MSC3,
MSC4 contains G7,Gs and Go. MSC; is a new subset which is
not evaluated previously according to the OC sharing strategy.
In fact, (G7,Gg) is compared with the best pair (G, Gio) and
(G7,Gs,G10) 1s not evaluated since the value of applied criterion
for the degree of overlap is smaller than that of the pair (G,
G1o), thus (G7,Gg) is not selected. Therefore, each session in U
needs to be evaluated with MSC3. In addition, the pair (G5,Gs) is
not evaluated with each session in U previously, hence it needs
to be evaluated.

3.2 Dynamic Membership

In IP multicasting, a member (edge router) in a session may leave
the session, or a new member may join the session at any time.
To support dynamic join/leave in tree-shared multicasting, we
propose two approaches: time-based approach and need-based
approach. In the former, all MSCs are evaluated at regular inter-
vals to see if they can still provide any sharing gain. In the latter,
All MSCs are evaluated only after there is a significant change
in membership. First, we differentiate the dynamic behavior into
two cases.

A. Incremental Change

If a new edge router, E ;, joins one of sessions (say g) in MSC;,
which already has joined another session(s) (other than the ses-
sion g) of MSC;, the degree of overlap for MSC; will increase
(sharing gain accordingly). In addition, if an edge router E ;
leaves one of sessions (say g), in the MSC; and g is the only
session in the M SC; that has the edge router E; as one of its mem-
bers, then the degree of overlap for the MSC; also increases. We
call this type of join/leave incremental change in membership.
As an example, suppose that MSC; has three multicast sessions
(see Figure 2). If an edge router, E4(or E1), in Figure 2 joins
(or leaves) the multicast group G3, the degree of overlap will in-
crease. If the incremental change happens in a MSC, the MSC
does not change.

E1 E7

a1
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Figure 2: A membership example of a Multicast Sharing Class.

B. Decremental Change

If dynamic join/leave decreases the degree of overlap for a
MSC (say MSC;), we call this type of join/leave decremental
change in membership. As an example, if an edge router E7
(or E3) joins (or leaves) a multicast group G3 in Figure 2, the
degree of overlap for the MSC will decrease. A MSC that has
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the decremental change needs to be evaluated based on certain
criteria so that it may be groomed differently (to still provide the
sharing gain larger than n).

Note that the same argument for incremental/decremental
change can apply to the degree of overlap using link/core. As an
example, let us consider a simple network in Figure 3. Suppose
MSC; has two multicast sessions, 71 and 72. If a new member
(edge router E7) joins the multicast tree 7’1, the link L1 (core C2)
will be included to T'1. This is the case for incremental change
where the degree of overlap using link (or core) increases, thus
increasing the sharing gain a. In addition, if a member (E7)
leaves the multicast tree 72, this is also the case for incremental
change in link (core). On the other hand, if a new member, edge
router E8, joins the multicast tree 72, a new branch (shown in
dotted line) will be added to T2. This is the case for decremental
change which results in adding a new link L2 (a new core router
C3) to T2, thus decreasing the degree of overlap using link/core.
Note that if there is an increase (decrease) in the degree of over-
lap (using member, link or core) in MSC; with fixed multicast
sessions, the sharing gain o for MSC; increases (decreases). If
the sharing gain o is used as a criterion, it is called incremental
change when the sharing gain of a changed MSC is greater than
1. Otherwise, it is called decremental change.

The dynamic behavior described above is for the OC sharing
strategy. In the EC sharing strategy, any membership change of
a multicast session in MSC; is called decremental change since
EC requires all multicast sessions in MSC; must have the same
membership. On the other hand, in the SC sharing strategy, if
any membership change in MSC; makes MSC; unable to meet
the SC criterion, it is called decremental change. Finally, if there
is a membership change of a session in MSC; with size 1, then it
is always called decremental change.

Figure 3: An example of link/core overlap in a Multicast Sharing
Class.

3.2.1 Re-grooming Approaches with Dynamic Join/Leave

To re-groom existing MSCs differently or to groom unshared
multicast sessions into MSCs with dynamic join/leave, we pro-
pose two approaches: time-based approach and need-based ap-
proach.

A. Time-based Approach

In the time-based approach, existing MSCs and unshared mul-
ticast sessions are evaluated at regular intervals. If there is a
join/leave in the middle of interval, just update the membership
information of the affected session(s) and the forwarding table of
the affected MSC. If incremental change occurs in a MSC (say



MSC)), the affected MSC; is just updated for its membership and
forwarding table. If decremental change occurs in the MSC;, the
MSC; is marked as changed (MSC}) and its membership and for-
warding table are updated. Then first calculate the sharing gain
of the changed MSC!. If the sharing gain o is larger than 1, just
keep it as a new MSC. Otherwise, MSC] is evaluated with ex-
isting MSCs to see if it can fit in or added to one of them. A
detailed description of a heuristic algorithm, called MEMBER-
JOIN-LEAVE, is given in Appendix B. The heuristic algorithm
is executed at the end of every interval. Note that the algorithm
given in the Appendix B is for OC strategy. When the EC/SC
strategy apply, it needs to check the EC/SC criterion in a similar
heuristic to MEMBER-JOIN-LEAVE instead of calculating the
sharing gain.

B. Need-based Approach

In the need-based approach, each MSC is evaluated only after
there is a change in membership (link/core can be used.). If in-
cremental change occurs in a MSC, just update its membership
information and forwarding table. If decremental change occurs
in a MSC (say MSC/), the MEMBER-JOIN-LEAVE is executed.
Note that in the need-based approach there is only one changed
MSC to check at a time because the MEMBER-JOIN-LEAVE is
executed whenever a decremental change occurs. However, it is
also possible to execute the MEMBER-JOIN-LEAVE algorithm
after there are a certain number of membership changes above a
threshold as a trade-off for computational and/or signaling over-
head.

In the two approaches above, namely time-based approach
and need-based approach, a MSC is not evaluated for re-
grooming if incremental change occurs. This is because if in-
cremental change occurs in a MSC, the MSC will provide better
sharing gain than before. In addition, it aims to reduce the com-
putational overhead from frequent re-grooming. As a matter of
fact, one may try to evaluate sessions in U with the incrementally
changed MSC, or to merge the changed MSC with other MSCs.
However, this process will cause too much computational over-
head per every interval or every change. Therefore a trade-off
is needed. Instead, re-grooming is performed only when decre-
mental change occurs.

Note that similarly as mentioned in birth/death operation, sub-
sets of a changed MSC need to be evaluated with sessions in U
because the subsets may not have been evaluated with each ses-
sion in U previously according to the OC sharing strategy. In
addition, newly formed MSCs by adding a session of a changed
MSC need to be evaluated with sessions in U due to the same
reason.

4 Simulation Results

4.1 Network Model and Assumptions

The network model used consists of edge routers and core
routers. Each edge router is an access point to a backbone net-
work consisting of core routers. For simulation, a random back-
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bone network is generated. A more detailed description as to
how the multicast and unicast traffic is generated, and how the
multicast tree for each session is constructed is referred to [1].

To simulate dynamic sessions, initially there are a fixed num-
ber of multicast sessions, M, originating at the edge router and all
edge routers have the same number of multicast sessions. Then
events (creation or deletion of a session) occur according to a
Poisson process with arrival rate y at each edge router. Once a
session is created, first its membership is determined and will
remain the same until it expires.

In dynamic membership, all edge routers have the same num-
ber of multicast sessions, M, as in dynamic sessions and the
number of multicast sessions will remain unchanged during sim-
ulation. To simulate dynamic membership, events (join or leave
of a member in a session) occur according to a Poisson process
with arrival rate u at each edge router. Each event corresponds
to a join or leave of a member. Then, first select one of multicast
sessions at the edge router and decide one of members to leave
(from existing ones) or a new member to join (that did not join a
session yet.).

In addition to some of the parameters mentioned so far, there
are a number of other parameters that affect the performance of
various multicast schemes. The following are parameters ex-
amined and their default values. First the GB size is perhaps
the important parameter affecting the performance of the vari-
ous multicast schemes and its default size in the simulation is
4.5 percent of the average payload of unicast traffic. The burst
assembly time for unicast/muiticast traffic is 500 us and 1000 ws,
respectively. The number of core routers is 15 in the network. In
addition, the amount of multicast traffic as a percentage of that
of unicast traffic is 5 percent by default in the simulation and the
initial number of multicast sessions M is 14. Finally the average
number of members per multicast session is 70 percent of the to-
tal number of edge routers and the event arrival rate i is 500, i.e.,
one event every 2000 us. Note that in the need-based approach,
re-grooming is performed at every event.

4.2 Numerical Results

In this subsection, we present the simulation results. Whenever
appropriate, we use the performance of S-MCAST as the base,
that is, we determine the ratio of the average amount of multicast
traffic per link using two multicast schemes (M-UCAST and TS-
MCAST) over that using S-MCAST.

A. Effect of the number of core routers

Fig. 4 shows the effect of the network size (number of core
routers) on the ratio of the average amount of multicast traffic per
link obtained by M-UCAST and TS-MCAST to that obtained
by the S-MCAST scheme. Note that in Fig. 4, M-UCAST is
always worse than S-MCAST in the given network conditions
(hence hereafter M-UCAST is not shown for comparison.). In
addition, all TS-MCAST schemes (with EC, SC, OC, and OC-
MAX) show a gradual decrease in the performance as the aver-
age path length (or number of hops) increases. Fig. 4 also shows



that the performance of TS-MCAST using OC strategy is very
close each other. This is because when event occurs (dynamic
sessions or dynamic membership), evaluation for re-grooming is
based on the sharing gain o. Therefore the performance using
other criteria than gain approaches that of gain criterion.

Ratiorof muliicast il per ik over S-MCAST

Ratio of muticast waftic per ink over S-MCAST

MCAST

TSMCASTIOC
TS-MCASTYOC
TSMCASTIOCMAX) =~

14 19 u e » 2
) Number of core routers () Number of core routers

Figure 4: Effect of the number of core routers: (a) dynamic ses-
sions and (b) dynamic membership - need-based approach.

B. Effect of the GB size

Note that the GB size is perhaps the most important parameter
affecting the performance of various multicast schemes. Fig. 5
shows the effect of the GB size under dynamic sessions (a) and
dynamic membership (b). Note that in the SC strategy gain
check is not performed after forming MSCs, so the performance
becomes worse than S-MCAST when the GB size is small while
the number of control packets per link is reduced (to be shown
in Fig. 7 (b)).

All OC criteria show similar performance each other due to
the same reason described earlier. The OC-MAX strategy always
outperforms OC strategy by paying the price for the computation
time.

- [
uf . .
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vio of mulicast 1raffic per link over SMOAST

Ratin of salsicast tealt: e sk avres SMCAST

Ra
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@) Size o guard band (%

(b Size of percentag

Figure 5: Effect of the GB size: (a) dynamic sessions and (b)
dynamic membership - need-based approach,

C. Effect of the event arrival rate

Fig. 6 shows the relative performance when the event arrival
rate increases from 100 to 500 per second (accordingly one event
from every 10 burst assembly times to every 2 burst assembly
times for multicast traffic on average). Note that there is no
big performance degradation as the event arrival rate increases.
This is because in the simulations the rate of birth/death (or
join/leave) is the same on average. If the rate of birth/death (or
join/leave) is not the same, the relative performance will increase
or decrease considerably as the arrival rate changes. Note, how-
ever, that the performance under dynamic membership is more
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affected positively than that under dynamic sessions in the given
event arrival.
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Figure 6: Effect of the event arrival rate: (a) dynamic sessions
and (b) dynamic membership - need-based approach.

D. Effect of the re-grooming interval and on the number of con-
trol packets

Fig. 7 (a) shows the effect of the re-grooming interval on
the relative performance under dynamic membership as the re-
grooming interval increases from every 2 burst assembly times
to every 100 burst assembly times. If the re-grooming interval
is smaller than 20 burst assembly times (20000 us = 20 ms) for
multicast traffic, the performance difference is very small be-
tween two approaches. However, if the re-grooming interval ex-
ceeds 20 burst assembly times of multicast traffic, the perfor-
mance of time-based approach degrades linearly. Therefore, we
observe from Fig. 7 (a) that a trade-off between the frequent re-
grooming (thus computation and/or signaling overhead) and the
performance of tree sharing is needed.
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Figure 7: (a) Comparison of two approaches (time-based/need-
based approach) and (b) the number of control packets per link
with a different GB size (need-based approach).

Another benefit of tree sharing besides bandwidth saving is
that it can reduce the number of control packets per link in the
network, thus less processing load and smaller blocking proba-
bility. Fig. 7 (b) shows the number of control packets per link
as the GB size increases. As the GB size increases, the more
multicast sessions will share the GB, thus smaller number of
control packets generated. The OC-gain and OC-MAX gener-
ate a smaller number of control packets than other criteria as the
GB size increases. Note that the gain check is not performed in
the EC/SC sharing strategies, thus the number of control packets
per link from the SC (also EC with GB size 0) is smaller than



the OC/OC-MAX sharing strategies while SC consumes more
bandwidth (see Fig. 5).

5 Conclusions

In this paper, we have studied three multicast schemes in opti-
cal burst-switched WDM networks under dynamic sessions and
membership, namely S-MCAST, M-UCAST and TS-MCAST.
The first one is natural and the other two are considered to re-
duce the amount of GBs (and the number of control packets) per
unit of multicast data. We showed that the tree sharing under dy-
namic sessions and membership shows better performance than
S-MCAST/M-UCAST as in static sessions and fixed member-
ship [1].

To support tree sharing, we described several sharing strate-
gies which can mix multiple multicast sessions to share the
GB when assembling bursts. In addition, we proposed several
heuristic algorithms which allow frequent re-grooming for sup-
porting dynamic sessions and membership. Those heuristic al-
gorithms perform well with less computational overhead when
compared to OC-MAX strategy that is based on an exhaustive
search so that the sharing gain at the edge router is maximized.

Appendix A

SESSION-DELETE Algorithm
S = set of MSCs (size of each > 2); U = set of MSCs (size of each = 1);
Hi=SUU;
R = set of MSCs with size 1 after applying tree sharing strategy to a new MSC;
P = set of MSCs (> 2) after applying tree sharing strategy to a new MSC;
if a session m € MSC;. expires, MSC, = MSC; - m;
ifMSC. ==1)
for each MSC; G#k) € S,
Compute_Gain(MSCj =MSC; U MSC}); 1/ gain of;
if o} > 1, keep it as a new MSC and
evaluate each session u € U with the new MSC (MSC));
add u to the new MSC only if u can fit in MSC;;
end for
if there is no MSC; € S to add MSC,,put MSC} into U (becoming U') and
apply tree sharing strategy using one of criteria to U;
else
Compute_Gain(MSC,);
if(oy, > n) keep MSC; as a new MSC;
otherwise, apply tree sharing strategy using one of criteria to MSG;
MSC, =R P, MSCY, € Pand h <|MSC} | /2;
if (R # ¢)
for each r € R evaluate it with MSCj € (S-MSC);
if  can fit in MSC; (i.e., a} > 1), add r to MSC;;
otherwise (no MSC;), put r into U (becoming Uy,
if any, make all MSC};, € P as new MSCs and
evaluate u € U’ with the new MSCs;
apply tree sharing strategy to the remaining sessions
in U’ using one of criteria;
else
make MSC}), € P as new MSCs and evaluate « € U with the new MSCs;
end if
end if

Appendix B

MEMBER-JOIN-LEAVE Algorithm
S = set of MSCs (size of each > 2); U = set of MSCs (size of each = 1);
H,' =S U U N
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R = set of MSCs with size 1 after applying tree sharing strategy to a changed MSC;
P = set of MSCs (> 2) after applying tree sharing strategy to a changed MSC;
for each changed MSC;- €S,
if | MSC; | > 1)
Compute_Gain(MSCj);// gain ot’j
if o} >, just keep MSC; as a new MSC;
then evaluate each session u € U with MSC;' ( qu U u) and
add u to MSC; only if MSC] can provide gain > n;
otherwise, apply tree sharing strategy using one of criteria and
decompose qu as MSC; =R ) P, MSC;-’,, € Pand i <| MSC; |12;
if (R # ¢)
for each r € R, evaluate it with MSG € (S - MSCQ and add it to MSG
if the sharing gain o} of MSC; (MSC; U r) is greater than 1:
otherwise, put it into U (becoming U’) and evaluate each session u € U'
with all newly formed/changed MSCs (e.g., MSCj, or MSC));
if u can fit in one of the newly formed/changed MSCs, add it to that and
apply tree sharing strategy to the remaining sessions in U/
using one of criteria selected:
else
evaluate each session u € U with all newly formed/changed MSCs
(e.g., MSC}’,, or MSCy);
if u can fit in one of the newly formed/changed MSCs, add it to that and
apply tree sharing strategy to the remaining sessions in U
using one of criteria selected;
end if
else // | MSC; | =1
evaluate qu € U with MSC, € §;
Compute_Gain(qu U MSCy)li gain oy,
if o, > m, add qu to MSCy;
otherwise, apply tree sharing strategy to U using one of criteria;
end if
end for
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