
A central control optical burst switching scheme 
C.Y. Li and P. K. A. Wai 

Photonics Research Centre and Department of Electronic and Information Engineering,  

The Hong Kong Polytechnic University, Hung Hom, Hong Kong 

Phone: +852 2766-6231, fax: +852 2362-8439, email: {enli,enwai}@polyu.edu.hk 

 

Abstract - We propose a central control optical burst 

switching scheme that can provide higher system 

throughput even when the data burst transmission time is 

much smaller than the propagation time between nodes.  

 

Introduction 

Recently, optical burst switching (OBS) is gaining 

popularity because it does not require complex optical 

hardware such as optical buffers [1-3]. The traffic 

between OBS nodes are data bursts consisting of 

multiple packets. In OBS, one-way reservation is used 

for data transmission. When a data burst is generated at a 

node, a control packet is sent immediately to the 

destination of the data burst. The control packet reserves 

resources at the nodes on the path of the data burst but 

no acknowledgment is sent back to the source. The use 

of one-way reservation is mainly for two reasons. The 

first is to minimize the delay time of sending out the data 

burst at the source. The second is to guarantee system 

throughput when the data burst transmission time is only 

a small fraction of the node-to-node propagation time. 

Owing to the use of node-by-node resource reservation, 

the two-way reservation/acknowledgement approach is 

ineffective in reclaiming the reserved resource in 

upstream nodes if an unsuccessful reservation occurs in a 

far away downstream node. Using one-way reservation, 

OBS becomes insensitive to the node-to-node distance 

regardless of the channel reservation schemes used, e.g., 

Just-in-time (JIT) [1], Horizon [2], or just-enough-time 

(JET) [3]. The tradeoff is the low achievable system 

throughput. Without optical buffers, few approaches are 

practical to resolve output port contentions in OBS 

except discarding and retransmission of the data bursts.  

Discard-and-retransmit may be an effective approach 

when the data burst loss rate is small but the subsequent 

growth in traffic will easily lead to congestion. In 

contrast, acknowledgement approach reschedules the 

unsuccessful reservations of new data bursts at the 

sources. No retransmission traffic is generated and the 

system is more stable. If node-by-node reservation is not 

used, higher throughput can be achieved with the 

acknowledgement approach provided that proper 

signaling and channel reservation schemes are used. 

To reduce the impact of the delay due to the distance 

between nodes, we investigate a central control resource 

reservation scheme for OBS-like networks. Unlike the 

two-way reservation wavelength-routed OBS (WR-OBS) 

[4] that assumes very long data bursts, the throughput of 

the proposed system is insensitive to the burst length and 

the distance between nodes. We do not assume that the 

central controller will reserve the resources when it 

receives the control packet as in the case of WR-OBS. 

Instead, the resource is reserved only for the time 

interval that the data burst will pass through, i.e., similar 

to OBS JET. Since the central controller has global 

system information of the network, higher system 

throughput is obtained. We also observe that further 

improvement of the system throughput is possible if 

more sophisticated scheduling is used at the central 

controller. 

 

The central scheduled optical burst switched 

networks 

Figure 1 shows a schematic illustrating the proposed 

central control resource reservation network. When node 

S has a data burst to send, it first sends out a control 

packet to the central controller C to reserve the required 

resources. An acknowledgement message is then sent the 

reservation result back to node S. If the reservation fails, 

node S resends the control packet at a random time 

interval Trand later. If the reservation is successful, node S 

will send out the data burst if TCS-OBS time units have 

passed since the last sending out of the control packet, 

where TCS-OBS = P(S, C) + Tcs + P(C, S) + Tex, and Tex = 

maxi = 1, …, k [0, P(C, ni) – P(C, S) – P(S, ni)]. P(x, y) is the 

propagation time from nodes x to y. Tcs is the processing 

time of the control packet at controller C. After sending 

out a positive acknowledgement, controller C 

immediately sends control messages to configure the 

nodes on the path. In TCS-OBS, the component (P(S, C) + 

Tcs + P(C, S)) is the round trip time of the control packet 

to and from the controller C. Tex is the offset time 

required to ensure that the data burst will not arrive at a 

node earlier than the control message. In Fig. 1, the 

output channel of a node is reserved only for the time 

interval that the data burst will pass through. The 

complexity of the channel reservation algorithm will be 

similar to that of OBS JET [3]. 
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Fig. 1  The proposed central control resource reservation 

network architecture. 



Figure 2 shows the throughput-delay performance of the 

proposed central control OBS (CS-OBS) in an 8 × 8 

Manchester Network (MSN) [5] where both the data 

burst length and the node-to-node distance are one time 

unit. The central controller is assumed to be at the center 

of the network. The average random control packet 

resending time Trand is one time unit. Data bursts 

randomly arrive at the network in Poisson distribution 

and are uniformly assigned to all node pairs. In the 

simulations, a shortest path routing algorithm is used. 

The CS-OBS control packet processing time Tcs is set to 

one time unit but its value does not seem to affect the 

results. We further assume that the central controller can 

search future Trs time units if the required resource is not 

available at the moment.  The transmission of the data 

burst will be delayed accordingly. In Fig. 2, the curves 

with circles and squares are that of CS-OBS with Trs = 

0.0 and 1.0 time units, respectively. For comparison, the 

OBS JET with control packet processing time Tcp = 0.1 

and 1.0 time units are also plotted as the curves with 

crosses and pluses. From Fig. 2, both curves of OBS JET 

have smaller delay when the throughput is low. Their 

delays, however, increase significantly when their 

throughputs reach 0.147 and 0.165 respectively. In 

contrast,  CS-OBS with Trs = 0.0 and 1.0 have larger 

delays, around 12 to 13 time units, at low throughput 

range but their delays only rapidly increase when the 

their throughputs reach 0.228 and 0.25. It shows that the 

proposed CS-OBS can be used to significantly improve 

the system throughput if delay is not a major concern. 

Also, further improvement of the system throughput is 

possible if sophisticated scheduling is used at the central 

controller, e.g., a simple extended search can improve 

the throughput from 0.228 to 0.25. Figure 3 shows the 

achievable throughput of the proposed CS-OBS in an 

8 × 8 MSN with different values for the node-to-node 

distance. Apart from the small distance, the proposed 

CS-OBS is insensitive to the change in the node-to-node 

distance which is an important feature of OBS. 

Conclusions 

We propose a central control resource reservation 

scheme for optical burst switching like networks. Using 

simulations, we demonstrate that the proposed scheme 

has higher achievable throughput than OBS and the 

throughput is also insensitive to the distance between 

network nodes. 
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Fig. 3:  The achievable throughput of the proposed CS-

OBS in an 8 × 8 MSN with different node-to-node 

distance. 
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Fig. 2:  The throughput-delay performance of the proposed 

central  control scheduling OBS (CS-OBS) in an 8 × 8 

Manchester Street Network  (MSN) [5] with one time unit 

of node-to-node distance. 




