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Abstract

Coping with the predominated data traffic of Intemet, optical packet
switching (OPS) networks make a perfect combination of the flexibility
and the statistical multiplexing of the packet switching with the huge, fast
and transparent optical switching of WDM technology. Optical packet
switching has been considered the most premising networking technology
for the next generation information infrastructure.

Considering the high cost and the developing state of the relative
photonic devices, it is difficult to set up OPS network experiments or test-
beds for most laboratories. Therefore, the Simulation of OPS networks
features its potential in the general, statistic, and dynamic study of new
ideas, methods, technologies of the key devices, network architectures,
network protocols and the network management of OPS networks.

The main works of this paper include:

(1) A visual and graphical simulation system for the study of physical
property of B&S OPS nodes is achieved. On the simulation platform,
the effects of various node parameters on BER performance of OPS
nodes are simulated respectively, such as, the effects of the crosstalk of
node devices, the length of optical output buffers, the numbers of
cascaded OPS nodes, the traffic load, the fluctuation of data amplitude
and the fluctuation of data delay.

In addition, the analytical results of above effects are obtained as
well. The agreement between the analytical results and the simulation
results sufficiently proves the reliability of the OPS simulation system

v
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built in the paper.

(2) For the first time, the effect of optical output buffers on the
coherent property of crosstalk contributions of OPS nodes is
investigated analytically. By the derivation of the propagation function
of B&S OPS nodes, the coherent properties of crosstalk contributions
are discussed. And the statistics of crosstalk interferential noise, due to
the randomness of queuing delay and routing path delay, is analyzed
and figured out by simulation.

It is concluded that the presence of optical output buffers leads to
a dramatic increase of power penalty of the crosstalk interferential
noise, but the relative randomness of the power penalty decreases.
Therefore, when the buffer length is long enough, all the crosstalk
contributions can be simply considered as incoherent with one another,
and with the desired signal as well.

(3) An approach called wavelength channel separating algorithm,
which is based on wavelength routing concept, to improve the packet
loss rate (PLR) for the higher priority traffic in OPS networks is
proposed and analyzed. By the calculation and optimization, the
comparison of the new approach with the partial buffer sharing
algorithm proposed previously is presented. Both two algorithms can
promise the improvemsnt of PLR for the higher priority traffic, but they
suit to different cases. The partial buffer sharing algorithm performs
better in OPS nodes with longer buffers, while the wavelength channel
separating algorithm requires full-wavelength conversion, consequently
leading to a short-buffer requirement in OPS nodes. Considering the
performance deterioration caused by long optical buffers, the
wavelength channel separating algorithm will feature more feasibility.

v
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(4) A visual graphical simulation system for HORNET IP/WDM
networks is accomplished. By simulation, an intrinsic weakness of
Round-Robin wavelength assignment—the unfaimess of traffic delivery
to different nodes is found, and it can not be solved by improving traffic
accessing algorithms,

To solve the problem, a two-wavelength Round-Robin assignment is
proposed. By simulation, it is shown that the two-wavelength Round-Robin
assignment works very well in solving the unfaimess of traffic delivery.

By simulation, the optimized performance of HORNET under
the two-wavelength Round-Robin assignment is explored for three
scenarios-without extra adding path, with one and two-extra adding path
respectively, under the two-wavelength Round-Robin assignment along
with the adoption of the algorithm of longest-queue first, the algorithm
of least-traffic dropping and the algorithm of full-use of the extra
adding path,

(5) ‘A prototype of 1 550 nm optical fiber CATV external-
modulation transmitter is developed. In the system, two cascaded
external modulators are used to eliminate the third order nonlinear
term, so as to compensate the non-linearity of the modulation. A high
frequency dithering techiique of optical light is used and performs well
in the suppression of the nonlinear SBS effect. The stability of the
working point of modulator is realized by the feedback controlling of
the second order harmonic of a guide signal. Moreover, the realization
of both the perfect out-phase and the proper amplitude proportion of
two RF signals promises the best linear modulation degree.

Key words optical packet switching network, bit error rate, crosstalk, packet
loss rate, queuing delay, traffic delivery rate.
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