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ABSTRACT
The future of digital technology will be based on power efficient communication. Bandwidth improvement is based
on latency and more power consumption by electronic circuitry. so there is dramatic growth in alternate
technology like optics and optoelectronics in the digital world. The photonic switching is the first step towards low
latency and low power consumption in the digital world. Here our approach is to optimize the number of switches
in the optical interconnection network by using the wavelength division multiplexing (WDM).In this paper we have
proposed an optical interconnection network where the numbers of switches are significantly reduced as
compared to the existing interconnection networks. This reduction in switches in turn helps in reducing the
hardware complexity, power consumption and latency in the transmission system. particularly in case where input
communication lines are significantly large. This is verified analytically. Further, we have discussed the control

mechanism of the purposed network in details.
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1. Introduction:

Optical interconnection networks provides basic

solutions to many of the problems associated with scaling
the performance of the microprocessor from single-chip
multiprocessors, and multiprocessor to board-scale
processor—-memory systems, to large -scale high-
performance computing systems and data centers. Optical
transmission systems offer bandwidth transparency that does
not depend on signal frequencies. Optical components do not
consume much power, in contrast with traditional electrical
systems. Optical interconnection networks enable immense
bandwidth scalability offered by wavelength-division
multiplexing, where the multiple wavelength-parallel
optical data streams may be transmitted in a single optical
fiber. Also the networks simultaneously leverage time-
division multiplexing, where optical data streams are
combined serially on the same wavelength channel to form
higher aggregate bandwidths.

These techniques increase the bandwidth densities far
beyond what is possible with conventional electrical
transmission systems.

Large scale high-performance computing systems, which
have processor - processor and processor-memory
communication, require high bandwidth and low latency.
Optical interconnections are capable of transmitting
Terabits of data per second and have recently been
considered as possible solution to the electronic
communication bottleneck in interconnection network [1-
3]

In this paper we have proposed an optical interconnection
network in order to reduce the number of switches as used
in the traditional non-blocking interconnection networks
such as Clos [4], Benes [5] and Cross Bar [6].

The proposed network consists of two stages and four
blocks. The First stage is meant for input and the second
stage is for output. The Input and output stages are further
divided into two blocks. These blocks have equal number
of lines that is if total number of input lines in the network
are N then total number of lines in a block will be n=N/2.
The header information H1 controls the switches of stage 1
whereas the header information H2 controls the switches of
stage 2. The control information in both the headers must
be different for all the input which is explained in the
Reservation Table 1&2. The input line consists of an
optical demultiplexer to separate the header and data from
incoming packets. After getting separated, headers from all
input lines reaches at optical multiplexer. And output of it
reaches at optical demultiplexer to divide the header into
H1 and H2. Now HI1 reaches at splitter 1 and splitter 1
sends these signals to all the switches of stage 1. Similarly
H2 reaches at splitter 2 and splitter 2 sends these signals to
all the switches of stage 2. Headers activate the
corresponding switches therefore input data reaches at their
desired output line. Input data remains in the loop until the
switches are not getting connected.

Figure 1 : Packet format
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As shown in figure 2. There are six (N=6) input line. And
all the working of this network is as described in the above
paragraph.
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Figure 2 : Optical Interconnection Network
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Figure 3 : Optical Interconnection Network
Components

2. Wavelength assignment to different switches:

Since each switch will be controlled by a particular
wavelength so we have assigned different wavelength to
each switch as shown in reservation tables.

Control data
Stream

n

Figure 4 : Optical Switch

Switches at stage one will be controlled by the wavelengths
assigned in reservation table 1. All of these wavelengths
will be a part of first header (H1).
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Table 1 : Reservation table for Stage 1
Switches at stage two will be controlled by the wavelengths
assigned in reservation table 2. All of these wavelengths
will be a part of first header (H2).
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Table 2 : Reservation table for Stage 2

3. Technical

network:
In ideal case, this optical interconnection network has two
stages and each stage consists of two blocks for N input
/output lines. And each block will have N switches. It
implies that total numbers of switches in the network are
4N.

Analysis of optical Interconnection

If each stage consists of three blocks (m=3) then total
number of switches in entire network will be 6N. Similarly
if a network consists of four blocks (m=4) at each stage
then total number of switches in the entire network will be
8 N.

If we have m blocks at each stage and n input lines in a
block then number of input lines for particular block is
given by

n=N/m )

Each block has N switches. And each stage consists of m
blocks so total number of blocks in entire network is 2m.

Total number of switches = 2mN 2)
From (1) and (2) we get the
Total number of switches =2N */n 3)

From (3) we concluded that if the number of lines n in a
block increases, then total number of switches in the
network will decrease.

So in ideal case we take m=2 blocks and n=N/2 number of
lines respectively.

From above we get the total number of switches
S=2N%(N2)=4N @)

If m=1 it means there is one block in input stage and one
block in output stage. Input stage is now irrelevant. We
only need switching at output stage and output stage is like
a cross bar were we have the N” switches.

For best performance m should be equal to 2.
If m greater than two performances will decrease.
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4. Comparison with other Non-blocking
interconnection Networks:

From Table. 3 and graph given below it is clear that in the

proposed optical interconnection networks by increasing

the number of input lines the requirements for the numbers

of switches will be minimum as compared to other

interconnection networks.

No. of imput | Cross Clos Network | Benes Network | Optical

lines (N) Network=N? =3.NLs =NLog:N-N/2 | Network
=4N

2 4 38 2 38

4 16 24 14 16

8 64 68 50 32

16 256 192 145 64

32 1024 543 380 128

64 4096 1536 937 256

128 16384 4345 2229 512

256 65536 12288 5167 1024

Table 3 : No. of Switches requirements for different
interconnection networks
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Figure 5 : Comparison of different interconnection
networks

4.1. The variation of number of switches (S) with input
lines (N) for constant m, where m is the number of
blocks:

Here the switch complexity is given by

S= 2N m for m2>2 5)
S= N (N+1) for m=1 ©6)
For m=1 the switch complexity is different because output

stage is just like a cross bar, whose switching complexity is
N°.
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Figure 6 : Graph for the number of switches (S) vs
input lines (N) for constant m.

4.2. The variation of number of switches (S) with no. of
blocks (m) for constant N.

As the switch complexity is given by

S= 2Nm for m>2

S=N (N+1) for m=1
m N=2 N=4 N=8 N=16 N=32
1 6 20 72 272 1056
2 8 16 32 64 128
4 16 32 64 128 256
8 32 64 128 256 512

N m=1 m=2 m= m=

2 6 8 16 32
4 20 16 32 64
8 72 32 64 128
16 272 64 128 256
32 1056 128 256 512
64 4160 256 512 1024

Table 4: No. Of switches for given m, N.

Table 5: The variation of number of switches (S) with
no. of blocks (m) at constant N
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Figure 7 : Graph for the number of switches (S) vs no.
of blocks (m) for constant N

It is clear from the above graphs that if we take two blocks
in a stage then the numbers of switches required are
minimum. So in the final structure we will be take m=2 in
our optical interconnection network. As shown in figure 2.

5. Conclusions and Future Work:

In this paper we have presented that by using optical
communication and switching technologies sufficient
number of switches could be reduced in the interconnection
networks.it is extremely beneficial when the number of
input line increases. Although we have reduced the number
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of switches up to 4N but we hope in the future it could be
reduced further .one of the limitation in our network is that
the structure of the network could not be implemented in

the electrical

environment. But few other network

structures can be used in both the environments. This will
not affect much as the world is moving toward the optical
technology..

References:

1.

11.

13.

W.J. Dally and B.Towles, Principles and Practices of
Interconnection Networks (Morgan Kaufmann San
Francisco, calif, 2004).

G.P. Agarwal, Fiber-optic Communication system, 3rd
ed. (Wiley, New York, 2002).

R.Rama Swami and K.N. Sivarajan, optical networks:
A practical perspective 2™ ed. (Morgan Kaufmann, an
Francisco, Calif, 2002).

C.Clos,” a study of non blocking switching network”,
The Bell System Technical Journal, Vol.32, pp.406-
424, 1953.

C.Qiao,”a Two —level process for diagnosing cross talk
in photonic dilated Benes network”Journel of Parallel
and Distributed computing .Vol 41, no.l, pp.53-66,
1997.

A.A. Sawchuck, B.K, Jenkins, C.S. Raghavendra and
A. Verma,”Optical Cross Bar networks”, Computer,
Vo0l.20, no. 6,pp.50-60, June 1987.

Optical Internet the Next Generation Profs. Leonid. G.
Kazovsky, W. Dally, J. Harris, L. G. Kazovsky, N.
McKeown, D. Miller and O. Solgaard, Stanford
Networking Research Center (SNRC) Workshop, June
7th, 2001.

T. S. Jones and A. Louri, "Analysis of Collision-Free,
Single Hop Media Access Protocols For A Scalable
Optical Interconnection Network," Submitted to IEEE
Journal of Lightwave Technology, 1998.

A. Louri and R. Gupta, "Hierarchical optical
interconnection network (HORN): Scalable
interconnection network for multiprocessors and
multicomputers," Applied Optics, vol. 36, pp. 430 --
442, January 1997.

. A. Louri and S. Furlonge, "Feasibility Study of a

Scalable Optical Interconnection Network for
Massively Parallel Processing Systems," To appear in
Applied Optics Special Issue on Optical Computing,
1996.

R. Melhem, "Time--Multiplexing Optical
Interconnection Network; Why Does it Pay Off?" In
Proceedings of the 1995 ICPP workshop on
Challenges for Parallel Processing, pages 30--35,
August 1995.

. A. Louri and H. Sung, "An Optical Multi-Mesh

Hypercube: A Scalable Optical Interconnection
Network for Massively Parallel Computing," 1EEE
Journal of Lightwave Technology, vol. 12, pp. 704 --
716, April 1994.

A. Louri and H. Sung, "A Hypercube-based Optical
Interconnection Network: A Solution to the Scalability
Requirements for Massively Parallel Computing," in

14.

15.

16.

17.

18.

19.

20.

21.

22.

128

IEEE Proceedings of the First International Workshop
on Massively Parallel Processing Using Optical
Interconnections, pp. 81--93, Cancun, Mexico, April
26-27 1994,

I. Redmond and E. Schenfeld. A distributed,
reconfigurable free-space optical interconnection
network  for  massively  parallel  processing
architectures. In Proc. Optical Computing 1994
0C'94, page 373, Edinburgh, Scotland, 1994.

W. Stephen Lacy, Jose Cruz-Rivera, and D. Scott
Wills. A Scalable Optical Interconnection Network
for Fine-Grain Parallel Architectures. to be submitted
to IEEE Transactions on Computers, October 1994.
D.S. Wills and M. Grossglauser. "A Scalable Optical
Interconnection Network for FineGrain Parallel
Architectures." In 1993 International Conference on
Parallel Processing, pages I-154 - I-157, St. Charles,
IL, August 1993.

D. Scott Wills and Matthias Grossglauser. A Three-
Dimensional Optical Interconnection Network for
Fine-Grain Parallel Architectures. In Proceeding of
the IEEE Lasers and Electro-Optics Summer Topical
Meeting on Hybrid Optoelectric Integration and
Packaging, pages 21--22, 26-28 July 1993.

K. A. Aly and P. W. Dowd, "Reconfigurable parallel
computer architecture based on wavelength-division
multiplexed optical interconnection network," Parallel
Processing Letters, (To Appear), 1992.

L. Rudolph, D.G. Feitelson, and E. Schenfeld. An
Optical Interconnection Network with 3-D Layout and
Distributed Control. In Optical Interconnections and
Networks, Proc. SPIE, volume 1281, March 1990.

X. Thibault, D. Comte and P. Siron, A Reconfigurable
Optical Interconnection Network for Highly Parallel
Architecture, Proc. 2nd Symp. On the Frontiers of
Massively Parallel Computation, 1989.

K. M. Johnson, M. R. Surette, and J. Shamir, "Opftical
interconnection network using polarization-based
ferroelectric liquid crystal gates," Appl. Opt. 27, 1727-
-1733 #1988#.

H. Hinton, "A non-blocking Optical Interconnection
Network Using Directional Couplers," Proc. IEEE
Global Telecom. Conf., pp. 885-889, Nov. 1984.



