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Abstract

In this paper, we present a multi-hop scheduling algorithm for the All-to-All Broadcast (AAB) problem in Wavelength Division Mul-
tiplexed (WDM) optical star networks with N nodes. To decrease the packet delay in packet transmissions, our scheduling algorithm will
limit the hop distance to a constant q. We transfer the q-hop AAB problem to the Hamiltonian cycles problem and then generate the
logical rings for physical packet transmissions. In order to minimize the scheduling length, the problem of selection of logical rings is
to minimize the number of tuning operations to reduce the influence of tuning latency d for the AAB problem. We propose a 2-approx-

imation algorithm that needs only 2d(N � 1)/ qe tuning operations in an AAB scheduling. When q < dþ
ffiffiffiffiffiffiffiffiffi
d2�8d
p

2
, the schedule length of our

algorithm will be shorter than that of the optimal single-hop scheduling algorithm.
� 2008 Elsevier B.V. All rights reserved.
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1. Introduction

In Wavelength Division Multiplexed (WDM) optical net-
works, the broadcast-star [1,2] as Fig. 1, in which each node
is connected to a passive star via bidirectional fibers, is a pop-
ular architecture. The passive star coordinates all packet
communications. Firstly, it merges optically all packet trans-
missions on distinct wavelength channels and forwards syn-
chronously to their destination nodes. In a WDM optical
broadcast star network with N nodes and w wavelengths,
the scheduling problem is to find an efficient scheduling algo-
rithm to minimize the schedule length for given traffic
demands. The All-to-All Broadcast (AAB) is a special case
of the transmission scheduling in which each node sends

exactly a packet to all other nodes. It is one of the most com-
mon communication patterns in high performance comput-
ing. There are many high-performance applications,
including matrix transpose, multidimensional convolution,
and data redistribution [3].

There are two methods to solve the AAB problem. The
first method is the single-hop scheduling algorithm [4,5] in
which each packet transmission is sent through only one
hop distance. In [4,5], authors gave some single-hop
scheduling algorithms to obtain optimal schedules. They
also show that the schedule length of optimal schedules is
maxfdNweðN � 1Þ;wdþ N � 1g, where d is the tuning latency
for tuning from one wavelength to another. In the practical
condition, the tuning latency d is much longer than packet
transmission time [1,6], and the optimal scheduling length
is seriously affected by the long tuning latency. In this case,
we need the second method which is called the multi-hop
scheduling algorithm [7,8,10,9]. In the multi-hop scheduling,
packet transmissions can be sent indirectly to destination
nodes. In [8], Marsan et al. gave a multi-hop scheduling algo-
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rithm to obtain a shorter scheduling length than the results
by single-hop scheduling algorithms, especially with long
tuning latency.

In this paper, we consider the optical and electronic
transformation (O/E/O) bottleneck. Since the O/E/O oper-
ations lead to many buffer overflows in the multi-hop trans-
mission and decreasing the system performance
substantially. Therefore, we will restrict the hop distance
of packet transmissions to a constant q. Our problem is
to design a multi-hop scheduling algorithm for the AAB

problem with maximum q hop distance (the q-AAB prob-
lem) in WDM optical broadcast-star networks with N

nodes and w wavelengths. Let each node be equipped with
a Tunable Transmitter and a Fixed Receiver (TT–
FR)[11,12]. Since the number of wavelengths is often less
than the number of nodes, we assume that each wavelength
is at most shared by dN/we receivers for an uniform loading
of wavelengths. For simplifying the q-AAB problem, we
will firstly consider the transmission scheduling on the case
of N = w, and then process the general case of N P w by a
similar scheduling method with partitioning N nodes into w

groups. Assume each transmitter in the same transmission
group tunes its wavelength synchronously. In order to min-
imize the scheduling length, we design logical rings for a
transmission group of w nodes to achieve q-hop transmis-
sion and minimize the number of tuning operations in
scheduling to decrease the influence of tuning latency.

For example, we consider the q-hop AAB problem in a
WDM broadcast-star network with five nodes and the

received wavelength of node i is fixed as wi, 1 6 i 6 5.
Firstly, if we solve the 1-AAB problem by using the optimal
single-hop scheduling algorithm in [4,5], the optimal sche-
dule length is 4 + 5d. Secondly, if we solve the 4-AAB prob-
lem on a logical ring as Fig. 2a, we need only one tuning
operation of each transmitter, and then the schedule length
is 10 + d. Clearly, when d P 2, the schedule length of 4-
AAB problem is better than that of 1-AAB problem.
Finally, if we solve the 2-AAB problem on two logical rings
as Figs. 2a and b in two steps, the schedule length will be
improved to 6 + 2d. In the first step, each node i tune
simultaneously its transmitted wavelength to w(i + 1mod5),
1 6 i 6 5 to construct a logical ring as Fig. 2a. Now we
can schedule 10 packet transmissions with one hop and
two hop separately on Fig. 2a. In the second step, all nodes
again tune their transmitted wavelengths to construct
another logical ring as Fig. 2b. We also schedule the other
10 packet transmissions on Fig. 2b. Thus we need only two
tuning operations in scheduling for the 2-AAB problem,
and the schedule length is 6 + 2d. In the 2-AAB problem,
we reduce not only the tuning times for the 1-AAB problem
but also the O/E/O transformations for the 4-AAB
problem.

We design two logical rings as Figs. 2a and b for sched-
uling all packet transmissions of the 2-AAB problem.
When a logical ring is transferred to another logical ring,
we need a tuning operation in scheduling. If we minimize
the number of logical rings designed for the q-AAB prob-
lem, we also minimize the number of tuning operations
during the scheduling. Now, a subproblem of the q-AAB
problem is to minimize the number of logical topologies.
This subproblem is called the Logical Rings Chosen(LRC)
problem with maximum q hop distance (the q-LRC

problem).
The q-LRC problem is described as follows. In WDM

optical broadcast star networks with N nodes and N wave-
lengths, construct a set of logical rings R = {r1,r2, . . ., rm}
for each pair of nodes (i,j) such that Dist(i,j) 6 q. Note that
Dist(i,j) is the minimal number of hop distance from node i

to node j in logical rings R. Our objective is to minimize the
number m of logical rings. We mention two conditions with
the solution of q-LRC problem in Section 4 and propose a
lower bound 2ðdN�1

q e � 1Þ by these two conditions for our
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(a) Logical topology
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Fig. 2. Logical rings for the AAB problem.
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Fig. 1. WDM optical broadcast-star network with 5 nodes.
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