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Abstract— In this paper, we propose to use multiple allowable
numbers of partial data burst discards (Dmax) for different
classes of traffic in optical burst switched-networks. Different
levels of protection are therefore given to different traffic classes
when the system is heavily loaded. From the simulations, we
observe that effective service differentiation can be provided.

I. INTRODUCTION

Recently, optical burst switching (OBS) is considered as an
important step to all-optical packet switching. OBS gains pop-
ularity because it can be implemented with current technology.
OBS networks use one-way reservation to reserve the required
resources for data transmission [1]–[4]. When a packet arrives
at a node, it is stored in an electronic buffer until the number of
packets with the same destination reaches a threshold value or
the first packet in the batch exceeds the storage time limit. The
node then sends out a control packet to the destination. After
an offset time, a data burst containing the new packets are
sent out following the path of the control packet. The control
packet reserves the resources at the nodes on the path for
the data burst. No acknowledgment is sent back to minimize
electronic buffering and the delay time of the data burst. If
the reservation by the control packet is successful, the data
burst will pass through all nodes on the path from source
to destination without any processing and optical-to-electrical
(O/E) conversion. No optical buffer is therefore required with
OBS. Compared to other optical packet switching methods,
OBS is more feasible and requires no sophisticated optical
signal processing. Unlike the connection-oriented wavelength-
routed optical networks, the large propagation delay between
nodes is no longer a major system performance concern in
OBS. Testbeds of OBS using technology similar to wavelength
division multiplexing have been demonstrated recently [3],
[4]. To support the important applications such as multimedia
transmissions, however, the effective service differentiation on
OBS networks is indispensable [5]–[9].

Owing to the simplicity in both node architecture and
communication protocol, the original OBS provides only
primitive service differentiation if compared to the traditional
electrical packet-switched networks [1], [2]. Consequently,
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methods have been proposed to strengthen the capability
of service differentiation in OBS networks. The proposed
approaches include the offset time extension [2], [5], data burst
priority segmentation (partial discard) [6], existing data burst
preemption either in part [6] or the whole [7], intentional burst
discard/early drop [7], [8], and dynamic resource partitioning
[9]. All the described approaches have their own merits and
limitations. For example, the offset time extension approach
needs only a small modification to the original OBS scheme
but increases the waiting time of the high priority data bursts
at the source nodes [2], [5]. Priority segmentation approach
requires that the packets with different priorities can be packed
into the same data burst [6]. It is not easy for the data burst
preemption approach to reclaim the pre-allocated bandwidth
of the preempted data bursts [6], [7]. The intentional burst
discard/early drop approach increases the retransmission traffic
intensity and congestion is easily resulted [7], [8]. It is also
difficult for the dynamic resource partitioning to keep high
resource utilization if the traffic changes drastically [9]. It
seems that a mix of multiple approaches is in general required
to provide service differentiation in OBS networks. New
service differentiation methods are required to handle more
situations.

Partial discard of data bursts has been proposed as the
data burst contention resolution in the OBS segmentation
approach [6]. So far, the partial discard methods, assuming
no data burst preemption, are used to maximize the system
throughput. The number of partial discards per data burst is
not limited. The allowable number of partial discards can have
large impact on the successful transmission of a data burst. If
more sophisticated partial discard methods are used, the large
number of partial discards will significantly increase the node
processing and may overload the system. Consequently, only
high priority data bursts should have large allowable number
of partial discards. Hence, we can use different allowable
numbers of partial discards for different classes of traffic. Thus
service differentiation can be achieved and the node processing
requirement is reduced.

In this paper, we review the partial discard of data bursts
in Section II. We introduce a novel partial discard method
and discuss the impact of the allowable number of partial
discards per data burst. Then, we describe the proposed service
differentiation scheme. In Section III, we use simulations to
verify the performance of the proposed scheme. From the sim-
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Fig. 1. The partial discard of a data burst when it contends with scheduled
data bursts. The time flow is assumed from left to right. The discarded
segments of the data burst are in black. The discarded segments in (a) are
those in the burst head while they are in the tail in (b). Using the multiple
discard method, only the back segments of the data burst are discarded in (c).
Otherwise, the whole data burst has to be discarded.

ulation results, we observe that effective service differentiation
is obtained. A conclusion is given in Section IV.

II. PARTIAL DATA BURST DISCARD AND SERVICE

DIFFERENTIATION

Partial discard is useful for data burst contention resolution
if the data bursts can be segmented and only the discarded
segments are required to be resent to the destinations [6].
Figure 1 shows different data burst contention situations and
the discarded segments in the data burst. In Fig. 1(a), the
head of the data burst has output port conflict with the
scheduled data burst, and therefore only the segments in the
conflicting portion are discarded. Similarly, we can discard
only the segments in the tail if it is the conflicting portion as
shown in Fig. 1(b). Owing to the node processing capability
consideration, in general, only a portion of the data burst is
preserved for the transmission. An OBS node may therefore
discard the segments in the head only, the tail only, or
adaptively selected from either ones. In spite of this, we can
discard only the segments in the conflicting areas as shown in
Fig. 1(c) if the OBS node can generate multiple new control
packets for the non-conflicting segments. Otherwise, we have
to discard the whole data burst.

The multiple discard method is superior to others from
channel utilization consideration. The assumptions behind
multiple discard, as well as other partial discard methods, is
that the OBS nodes have sufficient processing power. In case
of the OBS nodes having only limited processing power, we
can either use a simpler partial discard method, or reduce the
allowable number of partial discards per data burst (Dmax)
in order not to overload the OBS nodes. Reducing Dmax is
a statistical approach, and therefore the OBS nodes may still
have a small probability of overloading but applications can
utilize the node processing power more flexibly.

0 0.2 0.4 0.6 0.8 1
0

0.05

0.1

0.15

0.2

0.25

loading

th
ro

ug
hp

ut

not limited
 D

max
 = 4

 D
max

 = 2

 D
max

 = 1

normal OBS

Fig. 2. The throughput performance of the multiple discard method in an
8×8 MSN with different allowable numbers of partial discards (Dmax) when
the control packet processing time Tcp is 0.1 time units.
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Fig. 3. The throughput performance of the multiple discard method in an
8×8 MSN with different allowable numbers of partial discards (Dmax) when
the control packet processing time Tcp is 1.0 time units.

Figures 2 and 3 show the throughput performance of the
multiple discard method in an 8×8 Manhattan Street Network
(MSN) [10] with different Dmax when the control packet
processing time Tcp are 0.1 and 1 time units, respectively.
The detail setting and assumptions of the simulations are
listed in Section III. In Figs. 2 and 3, the curves with pluses,
triangles, and diamonds are the throughput of the multiple
discard method with Dmax = 1, 2, and 4, respectively. For
reference, the throughput of normal OBS (Dmax = 0) and
that of the not limited partial discards are plotted as the
curves with the crosses and stars. From the figures, it shows
that the multiple discard method can significantly improve
the throughput performance over the normal OBS, especially,
when the control packet processing time Tcp is small. We also
observe that there are large throughput differences between
the curves with Dmax = 1, 2, and 4. The difference between
the curve of Dmax = 4 and that of the unlimited, however, is
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Fig. 4. The throughput of the high and low priority traffic using the proposed
service differentiation scheme under Tcp = 0.1. The Dmax settings of the
two traffic are 2 and 1, respectively. The curves with squares and circles
represent the throughput of high and low priority traffic, respectively. The
curves with stars and crosses are the total throughput of the two traffic and
the throughput of normal OBS for reference, respectively.

negligible because the average path length of an 8 × 8 MSN
is 5.016 hops [10]. In general, we observe that the difference
in Dmax will have large impact to throughput performance
if the Dmax values are smaller than the average number of
intermediate nodes.

For the best use of the OBS nodes processing power, we
can use more sophisticated partial discard method such as
the proposed multiple discard method and assign multiple
Dmax to the data bursts of different priorities. The assigned
Dmax values can be proportional to the data burst traffic class
priority, and the subsequent total number of data burst partial
discards on each OBS node must not exceed the processing
limitation. However, the service differentiation in this way may
not be so effective because the Dmax will depend on the traffic
distribution. There is a tradeoff and the further optimization
study is required. In this paper, we demonstrate only the
effectiveness of the service differentiation and assume the OBS
nodes always have the required processing power. Although
we use the multiple discard method for the demonstration, the
idea is applicable to other partial discard methods such as the
head-discard and adaptive selection.

III. PERFORMANCE EVALUATION

We use simulations to investigate the performance of the
proposed service differentiation scheme. In the simulations,
an 8 × 8 MSN is used for the network topology [10]. The
arrival of data bursts is Poisson distributed. When a new data
burst arrives at a node, it randomly chooses a destination
from the rest of the nodes in the network and uses random
minimum hop routing to determine the paths. The length of
each data burst is an exponentially distributed random variable
with the mean of a unit transmission time. The propagation
delay of a link is assumed to be 62.5 time units [2]. The
normalized load offered to a node is the ratio of the average
data burst length to the inter-arrival time normalized by the
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Fig. 5. The throughput of the high and low priority traffic using the proposed
service differentiation scheme under Tcp = 0.1. The Dmax settings of the
two traffic are 4 and 2, respectively. The notations are the same as that of
Fig. 4.

number of channels per link. In the simulations, we assume
eight wavelength channels per link and all nodes receive the
same offered load. All simulations are run sufficiently long
such that the 95% confidence intervals are less than 1% of the
results.

In the simulations, there are high and low priority traffic.
The ratio of the two traffic is 1 : 1. After a new data burst
is generated at a node, a control packet is initialized with
its counter d to the corresponding Dmax. The control packet
is sent out immediately to reserve the required wavelength
channels on the path. The data burst is then transmitted after
an offset time Toff = H × Tcp, where H is the number of
intermediate nodes, and Tcp is the control packet processing
time. We assume that the required switching time in the OBS
nodes is negligible. If two or more wavelength channels are
available in a reservation, the one with the latest idle time
interval is chosen. If all channels have data bursts scheduled
and the control packet’s counter d > 0, the multiple discards
method as shown in Fig. 1(c) in Section II is used to choose
the channel with the largest available bandwidth. The control
packet’s counter d is decreased one.

Figures 4 to 7 are the throughput of the two traffic using
the proposed service differentiation scheme under different
settings of Dmax and Tcp. The curves with squares and circles
represent the throughput of high and low priority traffic,
respectively. The curves with stars and crosses are the total
throughput of the two traffic and the throughput of normal
OBS, respectively. In Figs. 4 and 5, the Tcp is set to 0.1. The
Dmax of the high and low priority traffic in the two figures
are set to (2,1) and (4,2), respectively. In general, the increase
of the Dmax in either traffic classes can improve the total
throughput, i.e., the total throughput of Fig. 5 is larger than that
of Fig. 4. The difference between the throughput of two traffic
is negligible when the system loading is below 0.3. The larger
setting of the Dmax, however, protects the high priority traffic
from throughput decrease when the system loading increases.
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Fig. 6. The throughput of the high and low priority traffic using the proposed
service differentiation scheme under Tcp = 1.0. The Dmax settings of the
two traffic are 2 and 1, respectively. The notations are the same as that of
Fig. 4.

Although the throughput decrease of the low priority traffic
is faster than that of the high priority traffic, it is still slower
than that of the normal OBS. We have the similar observation
in Figs. 6 and 7 that are the same two traffic classes with
Tcp = 1.0.

When the system is lightly loaded, the probability of a data
burst encounter output contention is low and the setting of
different Dmax has little effect to the data bursts. To improve
the service differentiation under light loading traffic range,
we may dynamically adjust the Dmax setting of each data
burst according to the system loading. However, the traffic
information at the OBS nodes may not be up to date if the
network is large.

IV. CONCLUSION

Partial data burst discard has been proposed to improve
the system performance in optical burst-switched networks.
So far, the partial discard methods, assuming no data burst
preemption, are used to maximize the system throughput and
the number of partial discards per data burst (Dmax) is not
limited. In this paper, we propose to use different allowable
number of discard, Dmax, for different classes of traffic to
provide service differentiation. From the simulation results,
we can have effective service differentiation when the system
loading is high.
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