
Abstract—Improving the performance of deflection-

routed networks with low implementation complexity is 

important. We show that a token bucket method is the 

handy and practical approach to improve both throughput 

and delay performances of deflection-routed networks. 

I.  INTRODUCTION

Owing to the lack of practical optical buffers [1], 

deflection routing is recognized as a feasible approach for 

packet contention resolution in optical packet-switched 

networks [2]. In a deflection-routed network node, 

packets losing the contention of their desired outputs are 

deflected through available outputs to neighboring nodes, 

and are further routed to their destinations. As buffers are 

no longer needed, it largely simplifies the implementation 

of optical packet-switched networks. In spite of such 

advantage, deflection-routed networks in general have 

drawbacks of comparatively lower throughput and longer 

source-to-destination packet delay. It is because packets 

can be deflected to nodes that are not on the shortest 

paths to the destinations. Consequently, a deflected 

packet will pass more nodes before arriving at 

destination, and wastes some transmission bandwidth.  

To improve the deflection-routed network 

performance, we may either lower the cost (hops/delay) 

per packet deflection or reduce the packet deflection rate. 

Approaches of lowering deflection cost in general require 

nodes to have sufficient computational power to deflect 

packets to the proper outputs. In contrast, packet 

deflection rate reduction commonly uses approaches that 

require less computational resources but more network 

status information. Among the different approaches, 

packet injection control reduces the packet deflections by 

controlling when and how to send new packets into 

network. Owing to its low requirement of network status 

information, packet injection control can be a handy and 

practical approach for improving deflection-routed 

network. In this paper, we propose a token bucket based 

packet injection control method that can improve the end-

to-end throughput-delay performance and reduce the 

packet retransmissions at the sources. 

II.  PACKET INJECTION CONTROL

In a deflection-routed network, packets coming from 

the node’s inputs (transit packets) always have priority in 

output contention. In general, a new packet generated at 

the source will not be blocked but will be deflected to an 

available output if its desired output has been required by 

any transit packet. This packet injection arrangement will 

best utilize the network bandwidth and will shorten the 

packet delay at the sources if the system is not heavily 

loaded. When the system loading increases, however, 

such packet injection arrangement will easily cause the 

congestion and degrades the system performance rapidly.  

We can improve the deflection-routed network 

performance without extra hardware by forcing the 

sources to send new packets only to the desired outputs, 

i.e., no packet deflection will be generated at the sources. 

The curves with pluses and crosses of Fig. 2 are the end-

to-end throughput-delay curves of the NSFNet topology 

(shown in Fig. 1) network with the normal deflection 

routing and that with strict packet injection control, 

respectively. Strict packet injection control will block a 

new packet if the desired output is not available. Then, 

the blocked new packet will be retransmitted at a random 

time later. In Fig. 2, the network with strict packet 

injection control has much better end-to-end throughput-

delay performance than that of the normal deflection 

routing because of smaller number of deflected packets 

on the network. However, the performance comparison 

will not be completed if we have not considered the 

retransmissions encountered by the new packets at the 
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Fig. 2.  The end-to-end throughput-delay curves of the NSFNet 

topology (Fig. 1) network with different packet injection control 

methods.
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Fig. 1.  The NSFNet (1991) network topology. The original network 

map is available from the Internet (ftp://ftp.uu.net/inet/maps/nsfnet). 
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sources. Fig. 3 shows the retransmissions at the sources 

required by the new packets under different throughputs. 

The normal deflection routing requires nearly no packet 

retransmissions at the sources when the throughput is 

blow 0.4. It also has smaller retransmission rate than that 

of strict packet injection control if the throughput is 

below 0.69. Hence, the strict packet injection control in 

the low throughput range will be justified only if the link 

propagation delay is much larger than the packet inter 

retransmission times at the sources. Otherwise, the strict 

packet injection control may be appropriated if higher 

throughput range is desired (0.71 to 0.81 in Fig. 2). 

Certainly, we would like a packet injection control 

mechanism that can improve the system performance in 

all situations. 

III.  TOKEN BUCKET PACKET INJECTION CONTROL

From Figs. 2 and 3, we observe that the strict packet 

injection control will have smaller retransmission rate 

and better end-to-end throughput-delay performance if 

the system is in higher throughput range. This suggests 

that the sources should have little control of the packet 

injection in a lightly loaded system and automatically 

tightens the control when the system loading increases. 

Such requirement can be simply achieved by the token 

bucket mechanism [3] that has been widely used in 

asynchronous transfer mode (ATM) networks to regulate 

the traffic flows [4]. At each source, there is a counter 

TOKEN_POOL that increases with time until the tokens 

in the counter is equal to a predefined value POOL_SIZE. 

A new generated packet will need P tokens from the 

TOKEN_POOL for being sent (deflected) into the 

network if its desired output is not available. Unlike 

traditional token bucket approaches, however, P tokens 

will be subtracted from TOKEN_POOL even if the 

packet deflection fails, i.e., there is no available output. 

Hence, the increase of packet blocking rate will 

automatically reduce the packet deflections at the 

sources. With proper settings of POOL_SIZE and P, the 

proposed method should have performance similar to that 

of normal deflection routing in low throughput range and 

have similar performance as that of strict packet injection 

control in the high throughput range.  

IV.  PERFORMANCE EVALUATION

In Fig. 2, the curves with circles and squares are end-

to-end throughput-delay curves of deflection routing with 

token bucket packet injection control of POOL_SIZE = 6, 

P = 2 and 3, respectively. The curves with diamonds and 

triangles are those of POOL_SIZE = 24, P = 2 and 3, 

respectively. We assume that the counter TOKEN_POOL 

increases one token per slot time until it reaches the value 

of POOL_SIZE. From Fig. 2, all token bucket injection 

control systems have lower delay and higher throughput 

than that of normal deflection routing. Using a larger P 

can have lower delay and higher throughput but also 

more blockings at the sources (see Fig. 3). Large 

POOL_SIZE can reduce required packet retransmissions 

at sources but at the expense of more deflected packets in 

the network, i.e., larger end-to-end delay. The curves with 

different P values will have marked delay difference even 

if the throughput is 0.79. On the other hand, the 

difference between curves of different POOL_SIZE 

values becomes negligible when throughput increases, 

e.g., the curves in Fig. 2 with POOL_SIZE = 6 and 24 

will have similar values at throughput = 0.79.  

From Fig. 3, the token bucket injection control 

systems have similar retransmission rates as that of the 

normal deflection routing if throughput is below 0.69. 

The retransmission rates then become similar to that of 

strict packet injection control when the throughput 

increases. Moreover, the differences between the curves 

of different token bucket injection control systems are 

negligible if compared to that between normal deflection 

routing and strict injection control. Under such situation, 

we may use small POOL_SIZE and large P to maximize 

the end-to-end throughput-delay performance, e.g., the 

token bucket injection control with POOL_SIZE = 6 and 

P = 3 in Figs. 2 and 3. 

V.  CONCLUSIONS

Packet injection control is a handy and practical 

approach to improve the performance of deflection-

routed networks. However, we have to consider both the 

end-to-end throughput-delay performance improvement 

and the increased packet retransmissions at the sources. 

In this paper, we propose a token bucket based packet 

injection control method that can be easily tailored for 

different network situations.  
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Fig. 3.  The average packet retransmissions at sources with 

different packet injection control methods. 
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