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Fig. 1: The proposed design of a 4 × 4 optical 

crosspoint buffered packet switch. 
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Abstract 

We propose an optical implementation of the crosspoint buffered packet switches in order to reduce the buffer 

control complexity by decoupling the scheduling of packet delay from the switch status. 

 

Introduction 

Current optical buffers are mainly based on fiber 

delay lines (FDLs) which delay the packets rather 

than store them. The operation control of optical 

buffers is therefore very difficult. Several optical 

switches with optical buffers for output contention 

resolution have been proposed [1-3].  These 

switches focus on using optical buffers to reduce the 

packet loss rate. Very little attention has been paid 

to the complexity of buffer control. In fact, these 

switches all assume a central scheduler with 

complex scheduling algorithms to arrange the 

required packet delays for output port contention 

resolution [4].  The use of central scheduler will 

significantly limit the switch size and the applications 

if the optical fiber transmission rate is high.  

Crosspoint buffered switching (CBS) architecture 

has been proposed to reduce the buffer control 

complexity of packet switches [5]. Recently high 

performance 4 Tbps electronic CBS switches have 

been demonstrated [6]. A CBS switch composes of 

a crosspoint buffered switching fabric and buffers at 

the switch input/output ports. The buffers in a CBS 

switch are designed to operate independently of 

each other, i.e., there is no central scheduler. In this 

paper, we propose an optical implementation of the 

CBS packet switches in order to simplify the optical 

switch architecture and to reduce the buffer control 

complexity. To implement the CBS features in 

optical packet switches, however, we have to first 

decouple the scheduling of packet delay from the 

switch status.  This problem does not occur in 

electronic CBS switches because they can have 

unlimited packet storage time. 

The proposed optical CBS packet switch 

Figure 1 shows the proposed design of a 4 × 4 

optical CBS packet switch for time-slotted networks. 

The CBS switch composes of the input buffer stage 

and crosspoint buffered switching fabric stage. The 

two stages are designed to operate without knowing 

the detail status of each other. The buffer module 

consists of one 1 × S switch, where S is the number 

of parallel integrated fiber loop optical buffers 

(FLOBs) [7-8], and an S × 1 switch.  In Fig. 1, S = 3. 

At the beginning of each time slot, a new packet will 

enter the switching fabric directly if the switching 

fabric is ready and no FLOBs contain packets that 

are ready for sending. Otherwise, the new packet 

will stay in one of the empty FLOBs. A FLOB has a 

fiber loop of one packet length and can re-circulate 

a packet R times. If two or more FLOBs having 

packets that can be accepted by the switching fabric, 

the oldest one is chosen. A packet will be discarded 

if it cannot be sent out within the R circulations. 

Hence, there is no need to have S > R. Using 

FLOBs instead of FDLs in the buffer modules 

greatly reduces the buffer scheduling complexity. 

Otherwise, complicated algorithms and detail status 

of the switching fabric are required. 

 

Fig. 2: An example of the switching cell schedul-

ing. The ‘||’ and ‘X’ represent the ‘bar’ and ‘cross’ 

state, respectively. 
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The switching fabric in Fig. 1 has 16 buffered 

switching cells. A switching cell is composed of a 

2 × 2 optical switch with an output connected to a 

FDL of one packet transmission time delay. The 

FDL’s output is combined to the other output of the 

2 × 2 switch with an optical coupler and is further 

connected to the downstream switching cell as 

shown in Fig. 1.  A new packet from the output of a 

buffer module first passes the 1 × 4 switch to the 

corresponding column of switching cells of its 

desired output port. A switching cell has two states; 

‘bar’ and ‘cross’. If a switching cell is in ‘bar’ state, it 

will send its new packet to the downstream cell and 

the packet from the upstream cell will enter its FDL. 

The switching cell will interchange the two packets if 

it is in ‘cross’ state. A switching cell normally is in 

‘bar’ state unless its FDL is empty and there is no 

new packet from the 1 × 4 switch. The packet 

scheduling in the switching fabric is therefore simple 

and requires minimum information from the input 

buffer stage. Figure 2(a) shows the case of three 

packets arriving at a column of switching cells, 

where the switching cells A, B, C, D are in states of 

‘bar’, ‘cross’, ‘bar’ and ‘bar’, respectively. Packet 2 is 

blocked because the FDL of C is occupied. Figure 

2(b) shows the status of the packets at the end of 

the time slot. Packet 3 will be sent to the output. 

Packets 1 and 4 will be in the FDLs of C and D, 

respectively. Packet 2 will be in the buffer module 

up to R time slots to wait for an empty FDL of C.  

Discussion 

While keeping the buffer control simple, we can 

improve the performance of the CBS switch by 

adding hardware such as the FLOBs in the buffer 

modules at the input buffer stage (i.e. increasing the 

parameter S) or the switching cells in the switching 

fabric stage. The maximum number of packet 

circulations in a FLOB (R) is important because S 

should be larger than R. Simulations show that the 

performance can be significantly improved by 

increasing R. However, the parameter R is often not 

tuneable because R is mainly determined by the 

signal-to-noise characteristic of the optical devices. 

When R is large, says R = 16, the performance 

improves when S increases but it is not as effective 

as that of adding switching cells in the switching 

fabric stage.  Hence, optical CBS switches with 

small value of S and large switching fabric is in 

general recommended.  

Figures 3 and 4 show the packet loss probability of 

a proposed 8 × 8 optical CBS switch with different 

number of FLOBs per input buffer module (S) and 

different maximum packet circulation time (R). In 

Fig. 3, the packet loss probability reduces when R 

increases. In Fig. 4, we note that there is nearly no 

performance improvement when S > 4.  In such 

cases, the packet loss is primarily due to the size of 

the switch fabric.   We have to add more switching 

cells to the switching fabric to improve the perform-

ance. The dashed-dotted lines in Fig. 4 represent 

packet loss probability for an 8 × 9 switching fabric.   

Significant improvement in performance is observed. 
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Fig. 3: The packet loss probability of a proposed 

8 × 8 optical CBS switch with 4 FLOBs per input 

buffer module (S = 4). 
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Fig. 4: The packet loss probability a proposed 

8 × 8 optical CBS switch with R = 16 and 

different values of S. 
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