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Abstract— In this paper, we consider the problem of fast and
efficient dynamic scheduling of bursts that belong to different
classes of priority in wavelength-division multiplexing (WDM)-
based optical burst switching (OBS) networks with limited optical
buffers. In OBS networks, control and data components of
a burst are sent separately with a time gap to ensure that
resources such as wavelengths and fiber delay lines (FDLs) are
reserved at various nodes before the data burst arrives. A
scheduling algorithm with attractive features such as computa-
tional simplicity and efficient resource utilization is mandatory to
quickly handle dynamic burst traffic and reduce burst dropping
probability. While void filling algorithms achieve good burst
dropping performance they are computationally complex. We
propose burst rescheduling as an alternative to void filling which
can do fast scheduling without requiring to examine and fill
voids and at the same time can achieve good performance.
Burst rescheduling uses two mechanisms known as wavelength
reassignment and last-hop FDL reassignment. We develop a
scheduling algorithm using the above rescheduling mechanisms
called Burst Rescheduling with Wavelength and Last-hop FDL
Reassignment (BR-WFR) which is computationally simpler than
a void filling algorithm. We then discuss the signaling overhead
and feasibility of implementing burst rescheduling. Through
simulation experiments we demonstrate the effectiveness of the
proposed burst rescheduling algorithm.

I. INTRODUCTION

Wavelength division multiplexed (WDM) optical networks
are a promising candidate for the next generation backbone
transport networks. Optical burst switching (OBS), as de-
scribed in [1], [2], [3], [4] is able to strike a balance between
optical circuit and packet switching [2], [5], [6], [7].

A burst is formed at the ingress node by assembling a
number of IP packets that are destined to the same egress node.
A burst consists of a burst header (control packet) and a burst
payload (data burst). The control packet and the data burst are
initially separated by an offset time depending on the number
of hops the burst has to traverse. The base offset time required
is given by δH , where δ is the control packet processing time
and H is the number of hops to be traversed. By extending
multi-protocol label switching (MPLS) capabilities to OBS
networks, explicit routing can be used at the ingress nodes [8].
The control packet traverses ahead of the data burst and reserve
resources such as wavelengths and FDLs for the data burst
before it actually arrives at a node. By using extra offset time,

services belonging to different classes can be differentiated
[2], [4]. A large number of long voids are likely to be created
on wavelength channels due to the dynamic random arrival of
bursts with different offset time and hop count, and the use of
FDL buffers with varying length.

In the event that no wavelength or FDL is available for
the entire duration of a burst at a node, the burst is dropped.
In order to minimize this dropping, an efficient scheduling
algorithm is required to choose the best wavelength on the
outgoing link and an FDL (if needed) at the node. In the liter-
ature, a few burst scheduling algorithms have been proposed.
They include latest available unscheduled channel (LAUC)
and latest available unused channel with void filling (LAUC-
VF) [1], [3].

LAUC [3] which is also known as scheduling horizon
[1] uses only the last burst information on each wavelength.
By doing so, it becomes computationally simple. The worst
case time complexity is O(W ) where W is the number of
wavelengths per link. Among all the eligible wavelengths it
chooses the one whose latest available time is closest to the
arrival time of a new burst. This will possibly improve the
chances of scheduling the bursts that arrive later. In spite of
this, it does not achieve good performance because it does not
fill the voids between bursts. Also, FDLs may not be very
useful because they may create longer voids. On the other
hand, LAUC-VF performs significantly better than LAUC by
allowing a new data burst to fill the voids between existing
bursts. However, it is computationally complex. Its worst
case time complexity is O(NW ) where N is the number of
voids or bursts currently scheduled and W is the number of
wavelengths per link. This complexity could be reduced to
O(NlogW ), but it requires complex data structure such as
binary tree which would result in increased processing time.

Our work is motivated by the above observation that existing
scheduling algorithms are either computationally simple or
achieve good burst dropping performance, but not both si-
multaneously. We propose burst rescheduling as an alternative
to void filling to effectively utilize the resources by packing
the bursts tightly without needing a computationally expensive
operation to examine the voids created on wavelength chan-
nels. Whenever a new burst is successfully scheduled, burst
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Fig. 1. Illustration of the benefit of wavelength reassignment. (a) LAUC
fails to schedule burst 7. (b) Burst 7 can be scheduled by using wavelength
reassignment.

rescheduling uses one or both of the mechanisms – wavelength
reassignment and last-hop FDL reassignment – on a possible
existing burst to help increase the chances of accepting bursts
that arrive later. We develop a scheduling algorithm using the
above rescheduling mechanisms, namely, Burst Rescheduling
with Wavelength and Last-hop FDL Reassignment (BR-WFR)
which is computationally simpler than a void filling algorithm.
We explain the proposed algorithm, signaling issue and the
feasibility of implementing burst rescheduling in Section II.
The performance of the proposed rescheduling algorithm is
studied through simulations in Section III. Finally, concluding
remarks are made in section IV.

II. PROPOSED BR-WFR RESCHEDULING ALGORITHM

We consider a network where every node is equipped with
a limited FDL buffer of size F with FDLi (i = 1, 2, . . . , F )
capable of optically delaying data by i time units. Each link
is assumed to carry W wavelengths.

A. Wavelength Reassignment

Wavelength reassignment considers reassigning the last
burst from a wavelength to the wavelength assigned to the
newly scheduled burst. Figure 1 illustrates the benefit of
wavelength reassignment. Figure 1(a) shows that without
wavelength reassignment, burst 7 cannot be scheduled. As
burst 1 through burst 6 have been scheduled one by one
to wavelength channels C1, C2 or C3 based on the latest
available wavelength similar to LAUC, burst 7 arriving at time
ta cannot be scheduled to any wavelength. Figure 1(b) shows
that with wavelength reassignment, burst 7 can be scheduled
successfully. Here, upon successful scheduling of burst 6, burst
5 at t2 is reassigned from C2 to C3 as a shorter void (t2 − t1)
is formed by burst 5 with burst 6 at C3 than with burst 2 at
C2. When burst 7 arrives, it can be scheduled to C2.

B. Last-hop FDL Reassignment

If wavelength reassignment is not possible last-hop FDL
reassignment can be used. The idea is to reassign an FDL to a
burst which traverses its last hop. We do not consider the FDL

C 1

2C

C 3t
1 2

tt a

���
���
���

���
���
���

1

2

4

5

6

7

3

(a)

C 1

2C

C 3t
3

���
���
���
���

���
���
���
���

7

3

at
2

tt
1

1

2

4

6 5

void after

void before 

(b)

Fig. 2. Illustration of the benefit of burst rescheduling with FDL reassign-
ment. (a) LAUC fails to schedule the new burst, wavelength reassignment
does not help. (b) The new burst is scheduled by allowing FDL reassignment.

reassignment at hops other than the last-hop because (i) FDL
reassignment changes the burst arrival time at the downstream
nodes and there is no guarantee that the required resources
will be available, (ii) processing and signaling overhead could
become high as every downstream node need to be notified.
However, last-hop reassignment does not pose these problems.
The benefit of FDL reassignment is illustrated in Figure 2. In
Figure 2(a) burst 1 through burst 6 are scheduled to the latest
available wavelength in the given order. With this, burst 7
arriving at time ta cannot be scheduled. Figure 2(b) shows
that burst 7 can be scheduled if FDL reassignment is used.
When burst 6 is successfully scheduled neither burst 4 nor
burst 5 can be rescheduled to the current wavelength C3, i.e.,
no wavelength reassignment can take place. However, if burst
5 can be delayed by using a free FDL, it can be rescheduled
to wavelength C3 (the void formed at C3 is smaller than void
at C2) and burst 7 can be scheduled to wavelength C2.

C. Algorithm Description

The BR-WFR algorithm has two phases called scheduling
and rescheduling phases. Phase 1 examines only the last burst
on every wavelength to find the best wavelength Cp (latest
available) and an FDL (if needed). Phase 2 takes place if phase
1 is successful and an existing last burst from Cj(�= Cp) is
considered to be rescheduled to Cp to make a shorter void
in order to pack the bursts tightly to prevent future burst
dropping. Phase 2 may also reassign an FDL used by a
burst only if the outgoing link is the last hop for the burst.
Burst rescheduling with wavelength reassignment (BR-WR) in
which only wavelength reassignment is carried out, is a special
case of BR-WFR. The pseudo-code of the algorithm is given
below. Here, the new burst is assumed to arrive at time t. The
latest available time of wavelength channel Ci is given by ti.

• Phase 1 [Burst Scheduling]
• 1. [Wavelength search] For every wavelength Ci compute

the gap, mi as |t− ti|. If ti ≤ t, set the FDL flag to false
otherwise set the flag to true to indicate that an FDL is
needed.
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• 2. [Wavelength assignment] Choose wavelength Cp with
false FDL flag (i.e., no FDL needed) such that mp is
minimum among all mi. Assign wavelength Cp to the
new burst and call phase 2; if no such Cp exists, go to
step 3.

• 3. [FDL assignment] Choose Cp which has minimum mp.
Search for shortest FDL which is at least mp long. Assign
this FDL and wavelength Cp to the new burst and call
phase 2. If no such Cp exists, drop the burst and exit.

• Phase 2 [Burst Rescheduling]
• 1. [Wavelength search] For every wavelength Ci other

than Cp determine if the last burst can be rescheduled
to Cp; compute the void Vi that would be created at Cp

after rescheduling; set the FDL flag to true if the burst
needs to be delayed.

• 2. [Wavelength reassignment] Choose wavelength Cj

with false FDL flag such that Vj is the minimum among
all the wavelengths. If no such Cj exists, go to Step 4.

• 3. [Notification] Reschedule the last burst from Cj to
Cp. Send a special control packet “NOTIFY” to notify
the next node about the change of wavelength of the
rescheduled burst. Exit.

• 4. [FDL reassignment] Choose Ck whose last burst is
at the last hop and Vk is the minimum among all the
wavelengths. Search for the shortest FDL which is at least
Vk in length. If no such Ck exists, rescheduling fails; exit.

• 5. [Notification] Reschedule the last burst from Ck to
Cp. Send a special control packet “NOTIFY” to notify
the next node about the change of wavelength and the
change of arrival time.

D. Computational Complexity

• Phase 1 - Scheduling : BR-WFR examines the informa-
tion of one burst on each wavelength. Also, it searches
through the FDLs once. Therefore, the worst case com-
plexity is O(W + F ).

• Phase 2 - Rescheduling : This involves searching through
all the wavelengths once for the best last burst to be
rescheduled and also the FDLs once, if delay is needed.
Therefore it requires O(W +F ) time. BR-WFR therefore
has the same computational complexity as LAUC which
also runs in O(W + F ) time.

Thus, the overall computational complexity of burst reschedul-
ing at a node is given by O(W + F ).

E. Signaling Overhead

Additional signaling is needed whenever rescheduling is
successful. This is to notify the next node about the change
of wavelength by sending a “NOTIFY” packet. However, we
have verified through simulation experiments that rescheduling
does not incur significant signaling overhead for BR-WFR.
This is because rescheduling is not feasible all the time. Out
of all the bursts that invoke the rescheduling process, only
a fraction of these are successful in rescheduling. Further,
the “NOTIFY” message is sent on only one link. It is
worth noting that no complex algorithm is executed upon

receiving the “NOTIFY” packet. Also, the “NOTIFY” packet
is short as it carries only two fields with wavelengths Cj

and Cp. Alternatively, without sending extra signaling packet,
these information can be piggybacked to the control packet.
It therefore does not incur significant processing time and
does not consume significant control channel bandwidth when
compared to the computational complexity gain achieved over
existing algorithms such as LAUC-VF.

F. Feasibility of Implementation

The implementation of rescheduling is feasible as explained
below.

• Rescheduling of a burst is done before the burst actually
arrives at a node. It does not affect any ongoing traffic.

• Wavelength reassignment does not change the time sched-
ule of a burst on the outgoing link and on other links
along the path. Only the next node needs to be notified
about the change in the wavelength.

• FDL reassignment changes the time schedule. However,
we restrict such a reassignment to a burst for which the
outgoing link is the last hop. This means that only the
next node (which is also the destination node for that
burst) needs to be informed.

III. PERFORMANCE STUDY

In this section, the performance of the proposed BR-WFR
algorithm is studied through simulation. Its performance is
compared with that of LAUC and LAUC-VF. We also study
the performance of the rescheduling algorithm BR-WR which
differs from BR-WFR in that it carries out only wavelength
reassignment but not FDL reassignment. For a 95% confidence
level, the confidence interval is below 5% of the reported
values. Two metrics, burst dropping probability and perfor-
mance improvement are used to evaluate the performance. We
analyze the dropping probability for two classes of requests,
i.e., class-1 and class-2 where class-2 has a higher priority
over class-1. In order to differentiate class-2 from class-1
requests, class-2 requests are given extra offset time (three
times the average burst length used by class-1 requests plus the
maximum FDL length) so that they can reserve resources in
advance than class-1 requests [4]. Let the dropping probability
of LAUC, BR-WFR (or BR-WR), and LAUC-VF be Dl, Db,
and Dv , respectively. The performance improvements of BR-
WFR over LAUC and LAUC-VF over LAUC are calculated
as (Dl − Db)/(Dl) and (Dl − Dv)/(Dl), respectively.

To calculate the signaling overhead incurred by BR-WFR,
consider a network node where x bursts of the total bursts
arrived have been successful in scheduling. Out of x bursts
that have invoked rescheduling, only a fraction, say, k′ has
been successful in rescheduling. The signaling overhead is
then calculated as k′x

x = k′.
We use a randomly generated network with 32 nodes and

82 bidirectional links. Every node can be an ingress or egress
node and each link has 8 wavelengths. A burst is routed from
an ingress node to an egress node along the shortest path.
Burst arrival pattern is based on a Poisson process. A burst
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is equally likely to be a class-1 or class-2 burst. The burst
durations are exponentially distributed with a mean (L) of 10
µs. The control packet processing time (∆) is assumed to be 1
µs. The FDL length is measured in units of µs. These values
are chosen so that the ratio L

∆ is greater than the ratio of the
number of wavelengths used for data and control traffic. This
will ensure that the control packet is processed before its data
burst is transmitted on a link even at full link utilization [3].
All the nodes are equally probable to be a destination node
for a burst.

A. Effect of Traffic Loading

The dropping probabilities for the overall, class-1, and class-
2 requests are shown in Figures 3, 4, and 5, respectively for
different arrival rates (per node per µs) and an FDL buffer size
of 10. As the arrival rate increases, the dropping probability
for all the algorithms increases. LAUC experiences the highest
dropping probability. BR-WFR and BR-WR perform better
than LAUC and close to LAUC-VF at low traffic load. The
performance of all the algorithms are similar for the class-2
high-priority requests as shown in Figure 5. This is due to
the fact that a class-2 high-priority request has a higher offset
time, which makes it more likely to be assigned a wavelength
channel. Moreover, it is not affected by any void because of the
long offset time used. Therefore, not much improvement can
be obtained by using LAUC-VF or our proposed algorithms.
Also, we observe that as expected class-2 requests perform far
better than class-1 requests.

The performance of BR-WFR and BR-WR are better than
that of LAUC for traffic loads ranging from low to high and
are closer to that of LAUC-VF at low traffic load. Since
in practice, networks usually operate at low traffic loads
(smaller than 5% dropping probability), our algorithms are
useful . This is shown in Figure 6, 7, and 8 where the
performance improvements for the overall, class-1, and class-
2 requests for BR-WFR, BR-WR and LAUC-VF over LAUC
are presented. Figure 8 shows that the dropping probability for
all the algorithms over LAUC have similar performance for
the class-2 high-priority traffic. This is due to the large initial
offset time used for these high-priority traffic, as explained in
the previous paragraph.

BR-WFR performs better than BR-WR at low traffic load
as shown in Figures 6, 7, and 8. With both wavelength
reassignment and last-hop FDL reassignment, the chances of
rescheduling bursts are higher and bursts are packed tighter.
However, as the burst arrival rate increases, difference in the
performance between the two algorithms diminishes. This is
because, the possibility of finding eligible bursts for reschedul-
ing decreases with increasing traffic load. Through simulation,
we observed that the signaling overhead incurred by BR-WFR
and BR-WR to be about 27% and 23%, respectively. The
signaling packet is small in size as it needs to carry only the
wavelength-change information to the next node. Therefore,
the extra signaling packets would not take up much bandwidth
on the signaling channel.
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B. Effect of FDL Buffer size

We study the performance of BR-WFR and BR-WR for
varying lengths (or size) of FDL buffer. The dropping prob-
abilities of the algorithms with increasing FDL size for the
class-1, and class-2 requests are shown in Figures 9, and 10,
respectively, for an arrival rate of 0.4. In general, the dropping
probability decreases with the increasing FDL size because
with a long delay the possibility of finding a free wavelength
increases. For the range of FDL size from 2 to 12, the signaling
overhead incurred by BR-WFR and BR-WR algorithms fall in
the range of 23% to 28% and 20% to 23% respectively.

IV. CONCLUSIONS

We have proposed burst rescheduling for fast and improved
scheduling in WDM optical burst switching networks. Burst
rescheduling uses two mechanisms known as wavelength reas-
signment and last-hop FDL reassignment. We have addressed
the implementation feasibility of burst rescheduling. Based
on the above rescheduling mechanisms we have developed
a computationally simple algorithm called BR-WFR. Through
simulation experiments, we have demonstrated that the per-
formance of the proposed algorithm is good for a range of
traffic loads and is close to that of the complex LAUC-
VF void-filling algorithm under light loads. Also, we note
that the additional signals are very short and the bandwidth
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Fig. 10. Performance of class-2 bursts for varying FDL size.

consumed and processing time due to them are small. The
signaling overhead incurred by the proposed algorithm has
been observed to be less significant when compared to the
computational complexity gain achieved over LAUC-VF.
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