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Abstract
This paper presents the various crosstalk avoidance algorithms 
in optical multistage interconnection network. This network 
faces mainly two problems. One is path dependent loss and the 
second one is crosstalk. The major problem introduced by optical 
multistage interconnection networks is crosstalk which is caused 
by the coupling of two signals within same switching element.   
This crosstalk decreases the performance of the network. So 
to avoid crosstalk, many approaches have been proposed such 
as time domain and space domain approaches. To find out the 
conflictions easily or in less time, messages should be partitioned 
into several groups to send to the network. In this paper, various 
algorithms such as Window method, Improved Window method 
and Bitwise window method are implemented to avoid crosstalk. 
Omega networks have unique path from each input to each output 
which causes crosstalk. So we apply these methods on Omega 
network.  
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I. Introduction
Interconnection Networks play a major role in the performance 
of the network. A Multistage Interconnection Network (MIN) 
is composed of several stages of switch elements by which any 
network input port can be connected to any output port. The OMIN 
is frequently proposed as Connections in multiprocessor systems 
or in high bandwidth network switches [1]. MINs have assumed 
importance in recent times, because of their cost-effectiveness. 
They allow a rich subset of one to one and simultaneous mappings 
of processors to memory modules, while reducing the hardware 
cost to O (N logN) in contrast to O (N2) for crossbar networks 
[2]. An N × N MIN consists of a mapping from N processors to 
N memories. For N a power of two, it employs log 2N stages of 
2 × 2 switches with N/2 switches per stage. Many significant 
MINs, such as Banyan, generalized cube, baseline etc., have been 
proposed [3].
A MIN can be blocking such as a banyan network [4], rearrangeably 
nonblocking such as a Benes network, nonblocking such as crossbar 
[5], or with variable connecting capabilities, from rearrangeable 
for permutation to nonblocking for multicast, such as a Clos 
network [6], depending on the number of stages, the number of 
switches, the switch capability, and the interconnection patterns 
used between stages.

II. Optical Multistage Interconnection Network
OMIN consists of N inputs, N outputs, which are interconnected 
by n (n=log2N) stages of switching elements [1]. There are two 
inputs and two outputs for each switching element (SE). Each 
stage consists of N/2 switching elements [7]. In this paper, the 
interest is on a network named Omega network, which has a 
shuffle exchange connection pattern [8]. To connect the source 

address to the destination address, the address is shifted one bit 
to the left circularly in each connection such as source to the first 
stage, one stage to the next stage, etc. For example, in an 8×8 
network, the inputs and outputs are 000, 001, 010, 011, 100, 101, 
110, and 111, which forms a permutation [8]. Each connection 
between the stages is shuffle-exchanged as in fig. 1.

Fig. 1: Shuffle-Exchange

Fig. 2: Omega Network

III. Window Method and Conflict Matrix
The goal of this paper is to minimize the number of passes to 
route all the inputs to the outputs with minimal optical crosstalk. 
Since the messages to be sent to the network are to be distributed 
into several groups, a method is used to find out which messages 
should not be in the same group [7].

A. Window Method
Window Method is a method used to find out which messages 
should not be in the same group because they will cause crosstalk. 
It is able to determine whether we have electrical crosstalk (link 
conflicts) or optical crosstalk (switch conflicts) between the 
messages [7-8]. For the example, to connect the source address 
to the destination address, the address is shifted one bit to the left 
circularly in each connection.
Combining each source address and its corresponding destination 
address produces a matrix. To determine the optical conflicts we 
use a window size of m - 1, where, m = log2N and N is the size 
of the network, on the produced matrix from left to right except 
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on the first and the last columns. If two messages have the same 
bit pattern in any of the optical window, they will cause conflict 
in the network. To determine the electrical conflicts we use a 
window size of m, where m = log2N and N is the size of the 
network, on the produced matrix from left to right except on the 
first column. After using the window method, the graph in fig. 3, is 
produced [6]. The number of the nodes is the size of the network. 
Each node represents a source address. If two nodes have conflict 
during routing, they are connected using an edge. An example of 
a conflict graph is shown in fig. 3.

Fig. 3: Conflict Graph

B. Conflict Matrix
A conflict matrix is proposed to use a square matrix with NxN 
entry, where N is the size of the network, it consists of the output of 
the window method, the propose definition of the Conflict Matrix 
is the matrix Mij with size NxN where N is the size of network,

Conflict matrix can be formed by assigning the value 1 when 
have a conflict between the source and destination, else the value 
0 is assigned. 

Table 1: Conflict Matrix

1. Algorithm for Window Method
Initialize the conflict matrix with value 0.If there is conflict • 
between data sent then corresponding value is changed to 1 
in conflict matrix.
Input or initialize the number of source-destination pairs from • 
the user.
Calculate the no of windows and window size.• 
Make the window to see where the conflict in the data is.• 
Access the window to see where the conflict in the sent data • 
is.
If any conflict occurs change that particular value in conflict • 
matrix to 1.
Go to step 4 if any more window is there else go to step no • 
8.
Converts integer number into binary number to show the • 
conflict.
Finally, display the source-destination and conflict matrix • 
as output.

IV. Improved Window Method
In Improved WM (IWM) to find the conflicts among the messages 
the comparison of the first window is eliminated. The number 
of windows are M-1(M is number of stages) after eliminating 
first window i.e. the number of windows is only two because of 
eliminating the first window (w0). As a result the number of steps 
is reduced approximately by 1/M compared to WM. It takes less 
time to find the conflicts than the windows method, so complexity 
is reduced further.

Fig. 4: Conversion of Window Method to Improved Window 
Method

A. Algorithm for Improved Window Method
Initialize the conflict matrix with value 0. If there is conflict • 
between data sent then corresponding value is changed to 1 
in conflict matrix.
Input or initialize the number of source-destination pairs from • 
the user.
Calculate the no of windows and window size. Decrement • 
window size 1 as there is one window less as was in window 
method.
Make the window to see where the conflict is there in data.• 
Access the window to see where the conflict is in sent data.• 
If any conflict occurs change that particular value in conflict • 
matrix to 1.
Go to step 4 if any more window is there else go to step no • 
8.
Converts integer number into binary number to show the • 
Conflict.
Finally, display the source-destination and conflict matrix • 
as output.

V. Bitwise Window Method
In WM with N*N size of the network, there are 2*n (n= log2 N) 
columns to produce a combination matrix but in bitwise WM, 
there are only n columns. To produce this matrix, all binary bits 
of single rows in each window are converted to decimal. When 
all of these are converted to decimal, the number of columns is 
reduced to n. i.e. the number of columns in WM is 6 (Ci, i= 2*n) 
and for bitwise WM is 3 (Ci, i=n). In this, the number of window 
is Log2N.

Fig. 5: Bitwise Combination Matrix
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Fig. 6: Window Method based on Bitwise Operations

A. Algorithm for Bitwise Window Method
Initialize the conflict matrix with value 0. If there is conflict • 
between data sent then corresponding value is changed to 1 
in conflict matrix.
Input or initialize the number of source-destination pairs from • 
the user.
Calculate the no of windows and window size. Decrement • 
window size 1 as there is one window less as was in window 
method.
Here the window size will be smallest i.e. window size is of • 
one column size.
Access the window to see where the conflict in the sent data • 
is.
If any conflict occurs change that particular value in conflict • 
matrix to 1.
Go to step 4 if any more window is there else go to step no • 
8.
Finally, display the source-destination and conflict matrix • 
as output.

VI. Comparative Analysis
As comparing above three algorithms, number of windows in 
IWM is decrease by one than that of WM. So, it takes less time 
to calculate the conflicts among messages. As compare WM and 
BWM, the comparison is done for n columns and in decimal format 
for BWM instead of 2*n columns in WM, which means that the 
columns is reduced to half. For comparison the messages, there is 
only one bit instead of n-1 bits in the window. Thus comparison 
time of other bits is eliminated. Hence, totally the execution time 
is decreased. The comparison can be calculated using different 
network sizes as shown below in Table 2.

Table 2: No. of Columns used for Different Network Sizes

Fig. 7: No. of Stages Versus Execution Time

Fig. 8:

VII. Conclusion
From above discussed points, we can conclude that Bitwise 
window method is the best among WM, IWM because the number 
of windows and the execution time taken by bitwise method for 
finding the conflicts is exactly half than that of others as shown in 
fig. in this paper. Along with it, Bitwise method also reduces the 
complexity. It is much more efficient and faster method.
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