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Traffic Tree Based Burst Scheduling in Optical Burst Switching Network
Wei Dai, Guiling Wu, Jianping Chen, Xinwan Li, and Yahong Yang

Abstract—Serializing bursts at the ingress node is an effective
method to reduce burst loss in OBS networks. One of the key
issues in the scheduling scheme is home channel assignment.
In this letter, serialized burst traffic load (SBTL) is defined
to evaluate the burst serializing degree according to the traffic
tree model. A home channel assignment algorithm based on the
optimization of total SBTL is proposed. Simulation is performed
to verify the efficiency of the burst scheduling scheme for the
proposed algorithm. The results show that the performance of
the proposed algorithm is better than that obtained by greedy
algorithm.

Index Terms—Optical burst switching, home channel, burst
scheduling, traffic tree.

I. INTRODUCTION

RCENTLY, optical burst switching (OBS) has been pro-
posed as a promising solution for IP over WDM [1],

[2]. Despite its merits like smaller granularity and higher
flexibility, the bursts are relatively easy to be lost in the OBS
network for the random contention caused by the absence
of optical buffer. Much work has been done to reduce the
burst loss ratio in the OBS network by improving the burst
scheduling strategy [3]. One of them is burst serialization. The
basic idea is to serialize bursts on the corresponding home
channel at the OBS ingress nodes so that the possible burst
collision in the OBS core network can accordingly be reduced.
J. Li and C. Qiao in [4] proposed BORA-FS-VF and BORA-
DS-VF to serialize the bursts at the OBS ingress edge node.
F. Farahmand et al. in [5] proposed a scheme where several
sub-bursts of different destinations are groomed together at the
OBS ingress nodes and split on the relevant OBS core node.
Home channel assignment, however, for the serialization based
scheduling scheme is still an open problem.

In this paper, a metric, named serialized burst traffic load
(SBTL), is defined to evaluate the burst serializing degree
based on the traffic tree model. Then we use two home
channel assignment algorithms to seek the maximum total
SBTL, one is proposed by us and the other is the modified
greedy algorithm. The performance of the corresponding OBS
burst scheduling scheme is evaluated and compared in terms
of burst loss ratio.

Manuscript received April 28, 2008. The associate editor coordinating the
review of this letter and approving it for publication was N. Ghani. This work
was supported in part by the National Science Foundation of China (NSFC)
(ID90704002), the 863 Project (ID2006AA01Z242 and 2007AA01Z275), the
Dawn Program for Excellent Scholars by the Shanghai Municipal Education
Commission, and the Key Disciplinary Development Program of Shanghai
(T0102).

The authors are with the State Key Laboratory on Advanced Optical
Communication Systems and Networks, Shanghai Jiao Tong University,
Shanghai, China (e-mail: wuguiling@sjtu.edu.cn).

Digital Object Identifier 10.1109/LCOMM.2008.080665.

II. BURST SCHEDULING SCHEME BASED ON TRAFFIC

TREE

Assume that the burst traffic from an OBS ingress node
is sent to a set of egress nodes K = {nodei|1 ≤ i ≤ N},
and SPF (shortest path first) routing protocol is adopted.
The distribution of the traffic from the ingress node can be
described by a traffic tree from the ingress node to N egress
nodes through the shortest paths as shown in Fig. 1(a). The
sub-tree from the ingress node to a subset k, k ⊆ K , named
traffic sub-tree, is used to describe the distribution of traffic
from the ingress node to the corresponding egress nodes as
shown in Fig. 1(b). The traffic load on each link in a traffic
sub-tree is the by-pass traffic load from the ingress node to
the egress nodes in the corresponding traffic sub-tree.

Based on the above traffic tree concept, the home channel
selection problem can be modeled as the selection of traffic
sub-trees from the entire traffic tree and the assignment of
different home channels to them. The bursts on each link in a
selected traffic sub-tree can be classified into serialized bursts
and non-serialized bursts. The serialized bursts on a link are
defined as bursts which are scheduled to the corresponding
home channel at the ingress node after some delay for the
presence of other bursts that will bypass the same link.

Let n be the allowed maximum number of bursts waiting
in the queue at the ingress node; λi be the traffic load on link
i in the traffic sub-tree; λin be the total traffic load sent from
the ingress node in the traffic sub-tree; B is the bandwidth of
the data channel. The possibility that a burst is serialized on
link i can be expressed as:

Pi =
n−1∑
j=1

(
P (Lλi = j) ×

n−1∑
k=j

P (Lλin = k|Lλi = j)

)

=
n−1∑
j=1

(
P (Lλi = j)×

n−1∑
k=j

P (Lλi + Lλin−λi(tλi) = k|Lλi = j)

)

=
n−1∑
j=1

(
P (Lλi = j)× (1)

n−1∑
k=j

P (Lλin−λi(tλi) = k − j|Lλi = j = tλi · λi · B)

)

=
n−1∑
j=1

(
P (Lλi = j)×

n−1∑
k=j

P
(
Lλin−λi

(
tλi = j

λi·B
)

= k − j
))

where, P (Lλi = j) is the possibility that there are j serial-
ized bursts on the corresponding home channel at the ingress
node when the ingress node only sends bursts bypassing link
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Fig. 1. Traffic tree structure.

i. P (Lλin = k|Lλi = j) is the possibility that there are k
serialized bursts on corresponding home channel at the ingress
node under the condition of Lλi = j . Lλ−λi(tλi) is the
number of the arrived bursts that would not bypass link i at
the ingress edge node during the time to serialize j bursts
bypassing link i (namely tλi = j/(λi · B) ).

Assuming the burst traffic at ingress nodes is Poisson traffic,
and the length of the bursts follows exponential distribution,
burst scheduling process on a home channel can be analyzed
using M/M/1/n queuing model, we have:

P (Lλi = j) =
1 − λi

1 − λn+1
i

λj
i (2)

P
(
Lλin−λi

(
j

λi·B
)

= k − j
)

=⎧⎪⎨
⎪⎩

((λin−λi)j/λi)
k−j

(k−j)! e−(λin−λi)j/λi , λin �= λi (3)
1, λin = λi and k = j
0, λin = λi and k �= j

So the burst serializing degree of a traffic sub-tree can be
evaluated by a metric, named Serialized Burst Traffic Load
(SBTL):

λserialized,k =
M∑
i=1

λiPi (4)

where, M is the total number of links in the sub-tree. The
total SBTL of a traffic tree is as follows:

λserialized,total =
L∑

l=1

λserialized,l (5)

where, L is the total number of the traffic sub-trees selected
from the traffic tree.

Based on the defined SBTL, a corresponding burst schedul-
ing scheme is presented. It includes two steps:

1). Assigning home channels so as to seek the maximum
total SBTL of OBS network;

2). Scheduling bursts to the corresponding home channel at
the ingress node as soon as the maximum allowed delay is
not exceeded. Otherwise, the burst will simply be scheduled
based on LAUC-VF algorithm [6].
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Fig. 2. Graphic illustration for split algorithm.

A conventional greedy algorithm for the tree structure can
be used to find home channel assignment with the maximum
total SBTL. It works as follow:

1). Compute the SBTL of each traffic sub-tree in the current
traffic tree.

2). Assign an empty home channel to the traffic sub-tree
with the maximum SBTL. If no home channel can be assigned.
The process is ended.

3). Remove the selected traffic sub-tree from the current
traffic tree. If the current traffic tree becomes null, the process
is ended. Other wise, return to step (1).

The greedy algorithm is simple and easy to apply. However,
it cannot always get the global optimal results since it is a lo-
cally optimal algorithm [7]. In order to overcome the shortage,
we propose a split algorithm, which gradually optimizes the
home channel assignment by splitting traffic tree from up to
down and considers the result of the former home channel
assignment. It works as follow:

1). Initialize the ingress node as the current node c, and
assign a common home channel to all the egress nodes in set
S(c), which contains nodes that share the common ancestor
node c.

2). If node c is the leaf node, or the number of empty home
channels is smaller than that of the children of node c, goes to
step (4); else calculate both F(c) and G(c). F(c) is the SBTL of
the traffic sub-tree corresponding to S(c). G(c) is where node
j is the children of node c.

3). If the G(c) is larger than the F(c), cancel the home
channel assignment for S(c) and assign a different home
channel to each S(j), respectively. And mark each child of
node c.

4). If all marked sibling and cousin nodes of node c have
been processed, take one marked child or nephew node of
node c as the current node c; else take an un-processed marked
sibling or cousin node of node c as the current node c. Return
to step (2).

5). If no marked sibling, cousin, child or nephew of node
c can be taken as the current node, the process is ended.

For example in Fig. 2, Node c is current node. Correspond-
ing S(c) is the set of nodes inside the circle of Fig. 2(a); the
traffic sub-tree used to calculate F(c) is shown in Fig. 2(c); Fig.
2(b) shows the traffic sub-trees corresponding to two children
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Fig. 3. OBS network for simulation.
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Fig. 4. Performance comparison under different algorithms and allowed
maximum delay.

of node c, which are used to calculate F(j)s for G(c). If the
G(c) is lager than the F(c), the traffic sub-tree in Fig. 2(c)
will be split. In this case, the total SBTL will be enlarged
after splitting traffic sub-tree in Fig. 2(c) into two traffic sub-
trees in Fig. 2(b) and assigning one home channel for each of
them, respectively.

III. SIMULATION RESULTS

The topology of the simulated OBS network is shown in
Fig. 3, where each link is duplex WDM link with 2 control
channels and 8 data channels, each OBS core node uses
wavelength converters. The allowed maximum delay for each
burst at the OBS edge node is 0.1ms. Each OBS edge node
sends Poisson traffic to every other edge node respectively.

The dependence of burst loss ratio (BLR) on the input traffic
load under different algorithms is shown in Fig. 4(a). The
results about BORA-FS-VF [4] and fixed algorithm are also
given for the purpose of comparison, where fixed algorithm
is to assign a fixed home channel to all egress nodes in the
network. We can find that any algorithm that seeks to serialize
bursts at the ingress node performs better than LAUC-VF
algorithm. Besides, split algorithm performs best among these
algorithms, while the result of greedy algorithm is similar to
that of BORA-FS-VF.

Fig. 4(b) shows the relationship between the percentage of
the total SBTL and the input traffic load. We can see that
split algorithm has the largest percentage of the total SBTL,
which consists with Fig. 4(a). We can also see that BORA-FS-
VF and fixed algorithm have the same percentage of the total
SBTL since they have the same home channel assignment.
However, BORA-FS-VF has lower BLR than fixed algorithm
in Fig. 4(a) since it can serialize more bursts on data channels
besides the home channel by ”fixed order search”.

Fig. 4(c) shows the dependence of BLR on allowed max-
imum delay when the input traffic load is 0.28. The results
shows that as the allowed maximum delay increases, the BLR
will decrease sharply at first, and then gradually become
stable. It can be explained as follows. At first, collision
caused by non-serialized bursts is a main reason of burst
loss, and serializing bursts can obviously reduce BLR. As the
allowed max delay increases, the total SBTL and the effect
of serialization access an upper limit gradually. BLR reaches
stabilization since burst loss caused by other factors such as
bandwidth shortage can not be avoided by serialization.

Fig. 4(d) shows the relationship between BLR and the
traffic load under different allowed maximum delay for the
split algorithm. We can see that as allowed maximum delay
increases from 0.05ms to 0.1ms, BLR under all simulated
traffic loads are accordingly reduced. However, BLR under
0.15ms is lower than the BLR under 0.1ms only when the
input traffic load is light. This is because bandwidth shortage
become a main factor of burst loss when the input traffic load
is high, which can not be solved by serializing bursts.

IV. CONCLUSION

In this letter, a home channel assignment algorithm that
seeks to maximize the total SBTL according to the concept of
traffic tree is proposed. The performances of burst scheduling
schemes based on different home channel assignment algo-
rithms are compared by simulation. The results show that the
scheduling scheme based on the proposed split algorithm has
the largest SBTL and lowest burst loss ratio. The effect of
allowed maximum delay is also analyzed. The results show
that the burst serializing degree increases fast at first with the
allowed maximum delay, and then reaches an upper limit after
the allowed maximum delay exceeds a certain value.

REFERENCES

[1] C. Qiao and M. Yoo, “Optical burst switching(OBS)–a new paradigm for
an optical Internet,” J. High Speed Networks, vol. 8, pp. 69–84, Mar.
1999.

[2] L. XW, J. P. Chen, G. L. Wu, H. Wang, and A. Ye, “An experimental
study of an optical burst switching network based on wavelength-selective
optical switches,” IEEE Commun. Mag., vol. 43, no. 5, pp. S3–10, May
2005.

[3] J. Li and C. Qiao, “Recent progress in the scheduling algorithms in
optical-burst-switched networks,” OSA J. Optical Networking, vol. 3 no.
4, pp. 229–241, Apr. 2004.

[4] J. Li and C. Qiao, “Schedule burst proactively for optical burst switched
networks,” Comput. Netw., vol. 44, no. 5, pp. 617–629, Apr. 2004.

[5] Y. Xiong, M. Vandenhoute, and H. C. Cankaya, “Control architecture in
optical burst-switched WDM networks,” IEEE J. Select. Areas Commun.,
vol. 18, no. 10, pp. 1838–1851, Oct. 2000.

[6] T. H. Coreman, C. E. Leiserson, R. L. Rivest, and C. Stein, Introduction
to Algorithms, second ed., chapter 16. MIT Press, 2001.


