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ABSTRACT

Multistage interconnection networks (MINs) are used to
connect N inputs to N outputs. They are mainly used to
connect processor to processor and for processor to memory
in distributed and shared memory environment. The MINs
are broadly divided into three categories Blocking Non
Blocking and Rearrangeable networks. A new improved
Arbitrary size Benes network has been proposed in this to
improve the permutation capabilities and to reduce the cost of
existing Arbitrary Size Benes Network.
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1. INTRODUCTION

A network is said to be Rearrangeable Non Blocking if it can
realize all possible permutation between all possible input and
output pairs.[3,1,10,12] Benes networks are the example of
such kind of networks. A Benes network is a special instance
of CLOS network. In Benes network a set of paths exist
between inputs and outputs. So there are no of ways and no of
possibilities exists in Benes network to fulfill a output request.
If a Benes network consists of 2" inputs and 2" outputs then
It contains 2r-1 level of switches and each level contain

271 no of switches.
For example A Benes network with r=3 is shown in figure 1.

The Benes network shown in figure 1 having r=3 so 23 =3
inputs are connected to 23 =g outputs. The no of stages in the

network are 2*3-1 =5 and there are 2371 = 4 switches in
each stage. The first stage of switches is connected to second
stage of switches similar to the fourth and fifth switching
stage connections and the middle two stages are similar in
connections. The inputs and outputs are connected
sequentially to the first and last stage of switches for example
the 0 and 1 inputs are directly connected to A switch and 0’
and 1 output is directly connected to Q switch. [5,1,8,9]
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Fig 1: 8*8 Benes network

1.1 Arbitrary size Benes network

According to Benes topology the size of the Benes network is
always the power of 2. This is a kind of restriction which led’s
to the wastage of resources. For example in some cases the
requirement of the network is not in even number but due to
size restriction the designed network is in power of 2 so the
remaining nodes always remain idle. The Arbitrary size Benes
network provide us the facility to design any size of network
it can be of even size or odd size.[1,6,11,13]

1.1.1 Construction strategy
To construct a Arbitrary size Benes network of size N a
recursive technique is used. The N size Arbitrary size Benes

network is constructed from ag size of Arbitrary size Benes
network. If N is even the construction is similar to Benes
network the N no of input are connected to % no of switches
and each switch is connected to the two Arbitrary size of
Benes network of size % as shown in figure 1 a 8*8 even size

Benes network . If N is of odd size the first N-1 input and
outputs are connected similarly to even size network as shown
in figure 1the last input and output are connected directly to

N
lower 5 Arbitrary size Benes network. A Arbitrary size Benes
network of size 9 is shown in figure 2 below.[1,4,6]
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Fig 2: Odd size Arbitrary size Benes network

1.2 Improved Arbitrary size Benes network
For even size network the procedure remain the same as
shown above the standard Benes network procedure. For a
odd size Arbitrary size Benes network the procedure is
different from standard procedure. Divide the network in to

N-1
two half’s such that the upper network contains - inputs
N-1
and outputs and similarly the lower network contains >
N-1
inputs and outputs and connect these inputs to e switches

N-1 . . N-1
such that - inputs of upper network is connected to o

of switches similarly lower inputs. The next connections are
according to Benes networks the middle input which makes
network a odd network is connected to both upper and lower
networks. For example consider a 9*9 Arbitrary size Benes
network the connection according to our strategy is shown in
figure 3.
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Fig 3: Improved Arbitrary size Benes network

In above figure the upper network contain 0 to 3 inputs and
lower network contain 5 to 8 inputs the upper networks inputs
are connected to A and B switches while lower network input
are connected to C and D switches while the 4 input is
connected to both networks by U switch similarly outputs are
connected to Q and R switches in upper network and to S,T in
lower network.
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2. PERMUTATION CAPABILITY OF
IMPROVED ARBITRARY SIZE BENES
NETWORK

2.1 Permutation capability permutation capability
means how many input requests occurring simultaneously at
the input are able to pass through a given network and how
many of them will successfully mature i.e. will reach their
destination. [2]

2.2 Path The way used by the signal to reach from source
to destination.

2.3 Path length Length of the path followed by the
signal.

2.4 Assumptions

2.4.1 Path

In path if straight state of switch X is used by the signal then
X is used in path if exchange state is used by signal then X’ is
used in path for example consider switch A as shown in figure

D e

A

Fig 4: Switch A

In first that is in case of exchange we will use A’ in path. In
second means in case of straight we will use A’ in path.[7]

2.4.2 Path length
e The path length is considered to be half if signal
enters as a input and comes out as a output from the
switch.
e  One when signal goes from switch to switch.
o Negligible inside the switch

Table 1. Results of 0 to 0° permutations.

Sno | Input Output Path Length
1 0 0 0AEIMQO’ 5
2 1 r 1AG’LO’QI’ 5
3 2 2 2BEUKO’R’2’ 6
4 3 3 3BG’JMR’3’ 5
5 4 /R 4ua’ 1
6 5 5’ 5CFINSS’ 5
7 6 6’ 6CH’LPS6’ 5
8 7 7 TDFKP’T’7’ 5
9 8 & 8DH’JNT’8’ 5
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Table 2. Results of 0 to 8’ permutations
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Sno | Input Output Path Length
1 0 8’ 0A’G’L’PT®’ 5
2 1 7 IA’E’TN’TT 5
3 2 6’ 2B’G’J’N’S’6’ 5
4 3 5 3B’EUK’PS’S’ 6
5 4 4 4U4 1
6 5 3 5CFI’'MR’3’ 5
7 6 2’ 6CH’L’OR’2’ 5
8 7 I TD’H'IM’Q’1’ 5
9 8 0’ 8D’FK’0Q’ (0’ 5
Table 3. results of 8 to 0’ permutations
Sno | Input Output Path Length
1 8 0 S§DHL’O’Q’0’ 5
2 7 I 7DF’I'MQ’ I’ 5
3 6 2’ 6CHJ’MR2’ 5
4 5 3 5CF’K’O’R3’ 5
5 4 4 4U4 1
6 3 5 3BG’P’S’S’ 5
7 2 6’ 2BE’I’'NS’6’ 5
8 1 7 IAGPNT7 5
9 0 8 0AE’UK’P’ T8’ 6

3. COMPARISON OF ARBITRARY AND
IMPROVED ARBITRARY SIZE BENES

9 8/ 8 |8L¥ 8DH’JNT’8’ 1 5
Total 44 | 42
Table 5. Comparison of results of 0 to 8’ permutations
Sno | I | O | APath | Path AL | IL
1 0|8 | 0A’G’U'L’8’ 0A’G’L’PT®’ 4 5
2 1|7 | IANEPNTT IA’E’’N’T7’ 5 5
3 2|6 | 2B GKRT¢’ 2B’G’J’N’S’6’ 5 5
4 3|5 | 3B’E'I’'NS’S’ 3B’EUK’PS’S’ 5 6
5 4| 4 | 4CH'U'V’'R’S’4* | 4U4 6 1
6 513 | 5SCFP'MR’3’ 5CFI'MR’3’ 5 5
7 6|2 | 6D’H'’K’O’R’2’ 6CH’L’OR’2’ 5 5
8 711 | ID’FIMQ’1’ 7D’H’I’M’Q’1’ 5 5
9 810 | 8L'V’OQO’ 8D’FK’0Q’ 0 4 5
Total 44 | 42
Table 6. Comparison of results of 8 to 0’ permutations
Sno | 1| O | APath | Path AL | IL
1 8/ 0 | 8L’'V’O’Q’0’ 8DHL’0O’Q’0” | 4 5
2 71U [ 7DFrMQ JDFTMQ’1” |5 |5
3 6| 2 | 6D’H’K’O’R’2’ 6CHJ’MR2’ 5 5
4 5/ 3 | 5CFPMR’3’ 5CF’K’0O’R3” | 5 5
5 4| 4 | 4ACH'U’V’P’S’4’ | 4U4 6 1
6 3| 5 | 3B’EI’'N’S’5’ 3BGL’P’S’5” | 5 5
7 2| 6 | 2B’G’K’P’T’6’ 2BE’I’NS’6’ 5 5
8 1| 7 | INEPN'T7 IAGI’NT7 5 5
9 0| 8 | 0A’G’U'L’8’ OAEUK’P’T8’ | 4 6
Total 44 | 42

NETWORK.

Table 4. Comparison of results of 0 to 0’ permutations
Sno [ 1| O | APath | Path AL | IL
1 0| 0° | OAEIMQO’ 0AEIMQO’ 5 5
2 1| 1’ | TAGKOQI’ 1AG’LO’QT’ 5 5
3 2| 2> | 2BEIMR2’ 2BEUKO’R’2’ 5 6
4 3] 3> | 3BGUVOR3’ | 3BG’JMR’3’ 6 5
5 4| 4° | 4CFINS4’ 4U4° 5 1
6 5/ 5 | SCHKPSS’ 5CFINSS’ 5 5
7 6| 6° | 6DFINT6’ 6CH’LP’S6’ 5 5
8 7| 77 | 7DHULVPT’ T7DFKP’T’7’ 7 5

*A PATH= Arbitrary size Benes network path.

*| PATH =Improved Arbitrary size Benes network path.

*AL =Arbitrary size Benes network path length.

*I L =Improved Arbitrary size Benes network path length.
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4. COST COMPARISON

To compare the cost we have taken three different size
Avrbitrary size and Improved Arbitrary size Benes network and
calculate their path lengths, average path lengths and no of
switches used. The results are shown in the form of a tables
and graphs below.

Table 7. Arbitrary size Benes Network

Sno | Size Path Average Path | Switches
Length | Length Used

1 3 6 2 3

2 5 16 3.2 8

3 9 44 48 22

Table 8. Improved Arbitrary size Benes network

Sno | Size | Path Average Path | Switches
Length Length Used
1 3 6 2 3
2 5 14 2.8 7
3 9 42 4.6 21
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Fig 5: Comparison of path length of Arbitrary and
Improved Arbitrary size Benes networks.
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Fig 6: Comparison of average path length of Arbitrary
and Improved Arbitrary size Benes networks.

So it clear from above graphs that the Improved Arbitrary size
Benes network uses less switches to achieve the target and
also provide better path length compared to the Arbitrary size
Benes network. so Improved Arbitrary size Benes network is
efficient and cost effective compared to the Arbitrary size
Benes network.

5. CONCLUSION

With the help of Arbitrary size Benes we are able to design a
Benes network of any size. A New Improved Arbitrary size
Benes network has been proposed and analyzed. Three sizes
(3, 5, 9) of both networks has been compared and analyzed.
From calculations of number of switches and path length of
both networks it has been concluded that Improved Arbitrary
size Benes network uses less switches and having shorter path
length compared to the Arbitrary size Benes network. So
Improved Arbitrary size Benes network is more efficient and
cost effective as compared to Arbitrary size Benes network.
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