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Abstract

DWDM (Dense Wavelength Division Multiplexing) is a highly promising
solution to provide high bandwidth networks. In order to make more efficient use
of large bandwidth, two types of DWDM transmission protocols have been
designed: reservation-based protocols and pre-allocation protocols. A
reservation-based protocol uses at least one control channel to reserve access to the
remaining data channels. A pre-allocation protocol uses all channels for data
transmission. The reservation-based protocol is considered in this paper due to its
more dynamic features, although the switching tuning latency is an inevitable
physical limitation factor during data transmission between the different

wavelengths (channels). Currently, switching schemes in the range of microseconds
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or even hundreds of nanoseconds seem to be well within reach. Reducing the
tuning time down to a reasonable range is unlikely to be possible in the near future.
Unfortunately, the impacts of switching tuning latency on QoS during data
transmission have not been studied. Thus, in this paper, we explore the impact of
arbitrary tuning latency on transmitting data of variable lengths. Two on-line
scheduling algorithms are proposed: The first is multiple messages scheduling
algorithm that performs best in mean packet delay and channel utilization. The
multiple messages per node schedules with an EAT channel assignment algorithm
under arbitrary tuning latency. The second is a receiver-grouping algorithm that
divides the receivers into several smaller groups to reduce the tuning time on the
receiver end. We evaluate these two methods by comparing their channel utilization
and average packet delay. From the simulation results, the tuning latency indeed
affects the system performance. The receiver grouping algorithm proposed in this
paper has the shorter average delay when the tuning latency is greater than or equal

t0 0.3 is.

Key words:DWDM, switching tuning latency, QoS, multiple messages scheduling

algorithm, receiver-grouping algorithm.
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l. Introduction

Dense Wavelength-Division Multiplexing(DWDM) [1], developed in Photonic
networks, is an effective way for utilizing the high bandwidth of an optical fiber to
provide low-loss and high-speed properties. Therefore a truly multi-channel
network—with each channel capable of transmitting several Gigabits per second [2]
—has become technically feasible for multimedia applications such as medical
images and video conferencing. However, these applications need efficient access
protocols and scheduling algorithms to provide higher data transmission rate, lower
bit error, and minimal propagation delay to a large number of users. Most previous
work has divided these access protocols and scheduling algorithms into two main
classes [3]: reservation-based and pre-allocation-based techniques. The
reservation-based technique uses a fixed channel, that is a fixed wavelength for
control policy, with the other wavelengths used for data transmission [4]-[8]. In
contrast, pre-allocation-based protocols use all channels for data transmission
[9]-[12]. Many scheduling algorithms have been proposed for reservation-based
techniques for fixed-length packet transmission and variable-length scheduling
algorithms for different traffic characteristics (e.g., bursty) because the
reservation-based techniques have more dynamic features than the
Pre-allocation-based protocols. However, almost all of the previous works [4,6,7,18]
that proposed scheduling algorithms for QoS issues ignored the impacts of
switching tuning latency during data transmission among the different wavelengths
(channels) through the tunable transmitters and receivers of the star-coupled

configuration based photonic networks [8]. Due to the tuning range limitation [14],
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each channel requires 1-2 nm for wide bandwidth, although current technology can
only support 3-7 nm for large bandwidth devices. This means that the reasonable
tunable range can only be 3 to 7 wavelengths with current technology. The channel
number is still assumed to be from 4 to 10. The switching tuning latency is an
inevitable physical limitation factor during data transmission between the different
wavelengths (channels). Currently, switching schemes in the range of microseconds
or even hundreds of nanoseconds seem to be well within reach [16], but lowering
the tuning time down to a reasonable range is unlikely to be realized in the near
future [1,15,16].

For these reasons, we intend to resolve this problem based on reservation
protocols. In this paper we focus our attention on the impact of arbitrary tuning
latency. We propose a new method named receiver grouping to reduce the tuning
latency of the receiver ends [20]. The advantage of receiver grouping is that by
reducing the tuning latency in the receiver ends, all the receivers have to do is to
park its receiving channel to the dedicated channel. This method divides all the
destination nodes into numbers of small clusters that are equal to the number of
data channels. The amount of destination nodes is evenly distributed in each cluster.
Each cluster can only receive data using only one channel assigned to the system,
and other clusters cannot occupy the dedicated channel. Each node in its cluster
parks its own receiver on the dedicated channel, which means that a fixed receiver
is adopted for data reception instead of a tunable receiver. Thus, the switching
latency in the receiver ends is eliminated.

The rest of this paper is organized as follows. Section 2 describes the system

architecture and medium access protocol. Section 3 illustrates the receiver grouping
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algorithm. In Section 4, the mean packet delay and channel utilization are
compared for the receiver grouping algorithm and multiple messages per node

algorithm [6]. Conclusion and future work is given in Section 5.

Il ~ System Architecture and Protocol Assumptions

1 ~ System Architecture

The proposed WDM network architecture is based on a star-coupled
configuration with tunable transmitters and receivers, as shown in Fig. 1. The
virtual WDM passive star network is shown in Fig. 2. Figure 2 depicts a single
hop, passive star WDM network. Each node is connected to the star coupler
via a two-way fiber. The network interface unit is CC-FTFR-TTTR [17] and
the number of wavelengths and network stations is W+1 and M.

In a single-hop, passive star-coupled WDM network, two access
protocols and scheduling algorithms can be classified into two main classes:
the first is reservation-based and the second is pre-allocation-based techniques.
Preallocation-based protocols pre-assign the channels to the nodes, where
each node has a home channel it uses either for all data packet transmissions
or all data packet receptions. The reservation-based technique uses a fixed
channel, i.e. a fixed wavelength for control policy, with the other wavelengths
(data channels) used for data transmission. Every time there is a request for
data transmission, the source node issues its traffic demand on the control

channel. The control channel then adopts control policies, such as a TDMA
-95-



scheme [5,6,8] or a slotted ALOHA [4] or other random access protocols [7]
as its media access protocol. The TDMA protocol is considered in this paper
since it has higher throughput [5] when the load is heavy.

Fig. 1 Star-coupled configuration based WDM network with tunable transmitters and receivers

Star-
Node 1 Node 2 Vs Node n Coupled

o

Fig. 2 Virtual WDM passive star network

Node 1
Node 2
Passive Star Optical fiber
Coupler J{i with multiple
/ X WDM channels
Node 3 "7 Node M

2 ~ Protocol Assumptions
The medium access protocol we propose here is similar to [5,6].
Before we describe the access protocol, we introduce the system assumptions

and terminology used throughout the paper.
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(1) Wavelength channels: We denote that we have W+1 wavelengths
(channels) in each fiber, which are numbered Ao A1 ,A2 A3, ...,Aw.
Wavelength Ao is reserved for the control channel, while the remaining
W wavelengths are data channels.

(2) Network stations: There are a total of M stations in our network.
Basically, M may be much larger than W, based on the current status of
WDM technology.

(3) Transmitter and receivers per station: In the multiple messages per
node algorithm, a pair of fixed transmitters and receivers is used for
the control channel, and a pair of tunable transmitters and receivers is
used for data channels. This is denoted as the CC-FTFR-TTTR
network interface. In the receiver grouping algorithm, a fixed receiver
is adopted for data channels.

(4)Tuning times:Tuning latency is assumed to be a constant of T time units.

(5) Propagation delay:In our single hop, passive star topology, we assume a
round-trip propagation delay between a node and PSC is R time units,
which is the same for all nodes.

(6) Synchronization:All stations in the network are synchronized using a
common clock, and synchronization on the data channels and control
channel can be independent. Timing jitters can be reduced using a

common clock.

Figure 3 depicts the control channel structure and data channel structure. Each

node has the privilege to transmit its control packet on the corresponding control
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slots. This is a time division multiplexed access (TDMA) method, and a control
frame consists of M control packets. In each control slot, the corresponding node
broadcasts its control packet to any other stations in the network. The control
packet contains the destination address and how many messages it intends to
transmit.

Fig. 3 Timing sequence of control channel and data channel
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After receiving the last control slot M of this control frame, an identical
scheduling algorithm is invoked by each node to determine in which wavelength
and when to transmit messages. For example, station 1 (node 1) can only access the
control channel on time slot 1 and send its own control packet, then after a
round-trip propagation delay time R, it (and all other nodes) receives the control
packet. Station 1 does not invoke the scheduling algorithm until the entire control
frame has been received. Under our assumption, the time duration for the control
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frame is F. Once the message is scheduled, after T time units, the sending node’s
transmitter will tune to the selected data channel before the scheduled transmission
time, and then at the scheduled transmission time it will transmit the message. After
another round-trip propagation delay, when the message arrives at its destination
the receiver at the destination node should be tuned to the same data channel to
receive the message. All of the algorithms are executed independently at each node
so that each node will reach the same unique schedule. In addition, this protocol
allows us to transmit variable-length messages and the duration of data slot is equal

to the transmission time of a fixed-length data packet.

11 ~ Receiver Grouping Algorithm

The method we used to reduce the tuning latency of the receiving ends is a
method referred to as receiving grouping. We divided the receivers into a number
of clusters and each node in its own cluster parks its receiver on the dedicated
channel. Suppose that there are 12 stations and 4 wavelengths numbered A o, A 1, A 2,
A 3 in our passive star network as shown in Fig. 4. As we described above, A ¢ is
used as a control channel, and the remaining wavelengths are used as data channels.
The difference between this and the common reservation scheme is that we
dedicate A ; as the receiving channel for stationsl to 4, and A, as the receiving
channel for stations 5 to 8, and so on. The advantage of receiver grouping is to
reduce of the tuning latency in the receiver ends because all the receivers need to

do is park their own receiving channel to the pre-assigned dedicated channel.

-99-



OEEEH $I1Y@

However, the disadvantage is channel utilization sacrifice. For example, if station 1
and station 4 have a large traffic demand such as isochronous data [13], while the
traffic demand in stations 5 to 8 is much less, such as data transfer, then the
utilization of A 1 is greater than that in A , and most of time A , remains idle. The
number of stations that can receive data on a dedicated channel must be taken into
account. If too many stations receive data using a common data channel, that will
lead to a large packet transmission delay. The number of stations that can be used
to receive data by applying a common data channel is the main issue investigated
in this paper.

Fig. 4 Receiver-grouping
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In the following, we illustrate the general transmission and reception
procedure for the receiving grouping algorithm. When an entire control frame is
received, the scheduling algorithms determine the data channel and time duration
over which the message is transmitted/received. First we determine which group
the messages belong to by inspecting the destination nodes of each message.
Second, we schedule those messages by invoking the Shortest Job First algorithm,

which was previously shown to have the shortest average delay per packet [5].
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Finally, all of these messages are delivered to their destinations using the dedicated
data channel. These steps are summarized in terms of the receiver grouping

algorithm as follow:

receiver grouping algorithm
begin
if we receive an entire control frame then
repeat put all of these message in the proper group
based on their destination
until there are no messages left
goto shortest job first scheduling
else keep on receiving

end

1111 ~ Simulations

We compared our receiver grouping method with the multiple messages per
nodes (on-line scheduling), shown by Hamidzaedh [5] to have better performance,
and we measured the network performance using a simulation program. This is in
contrast to most of the previous studies, in which a delay-throughput graph was
adopted as the network performance evaluation [5,6,19]. Generally speaking, the
definition of delay is that the time from the packets generated by the source nodes

to the packets received by its destination nodes. The definition of throughput is the
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average number of packets successfully received by each station in network system
per unit time. However, the throughput could represent the load in a network
system only when the length of packets is fixed. Under our assumption, we focus
our discussion on variable length messages, and an average-throughput graph is not
suitable for our evaluation. We adopted channel utilization as a system parameter to
evaluate network performance. Here, the definition of channel utilization is the
ratio of the number of transmission packets per unit time to the network

transmission rate.

1 ~ System Parameters Assumption

Our system parameters include the number of nodes (M), number of channels
(W), packet length, arrival rate ( A ), channel capacity (C) and tuning latency (T).
The number of nodes are 50, 100, 200 and 400 of which, 50 and 100 nodes were
adopted from [5] and [6]. In order to determine what situations our receiver
grouping is the most appropriate, 200 and 400 nodes were chosen in this simulation.
The numbers of data channels were also adopted from [5] and [6]. Due to the
tuning range limit [14], each channel requires 1-2 nm for wide bandwidth and
current technology can only support 3-7 nm for large bandwidth devices. This
means the reasonable tunable range can only be 3 to 7 wavelengths with current
technology, so the channel number is assumed to be from 4 to 10.

The packet lengths we discuss here are multiples of that in Gigabit Ethernet.
We used 1518 bytes as our packet length because 1518 bytes is the maximum
transfer unit in Gigabit Ethernet. There is no need for fragmentation or reassemble

when a packet is conveyed between the data link layer and transport layer. In our
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system, each stations each time generated L packets. L is a system design parameter,
if L is small, the number of times we evoke the scheduling scheme increases, and
system performance becomes lower. However, if L is large, for example, when it is
larger than 10, it indicates we need to transfer a frame whose entire length is at
least 15180 bytes. Because of the feature of timing jitter, the frame length must be
confined to a reasonable range. In this paper, the range of L is distributed uniformly
from 0 to 10, where 0 means that there is no traffic demand generated at this time.

Based on those four types of station numbers, the arrival rate in 50 nodes,100
nodes,200 nodes and 400 nodes are 6.006 pkt/ 1z s, 6.6635pkt/ 1S, 6.2506 pkt/ s,
and 6.741 pkt/ 1z s, respectively. The definition of arrival rate in this paper is the
arrival number of packets starting between the packets have been scheduled and
their arrival to the data channels.

In previous studies [5,6,19], the channel bandwidth was not discussed. Since
the WDM network can achieve multi-gigabit/second even terabit/second, we
assumed that the bandwidth of each channel is 9620.928 Mbps, which equal to
optical carrier level 192 (OC-192). Using our assumption, the duration for
transmitting a packet whose length is 1518 bytes at OC-192 is approximate to 1.22
microseconds, and the control slot is assumed approximate to 50 nanoseconds.

Finally, we introduce the tuning time of transmitters and receivers. Currently,
switching schemes in the range of microseconds or even hundreds of nanoseconds
seem to be already achievable [16,21]. In this study, the optical switching speed
that used to evaluate the network performance is ranged from 10 nanoseconds to
1000 nanoseconds. The tuning latency which is smaller than 100 nanoseconds can

be negligible. For convenience, we adopted three tuning time 0.1 microseconds, 0.5
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microseconds and 1 microseconds to evaluate our system performance.

In the next section, the simulation results are measured and analyzed [20]. The
simulation is divided into three categories, tuning latency = 0.1 ¢'s, tuning
latency = 0.5 s, and tuning latency = 1 ¢s. In each sub-category, we evaluate
“average delay-number of frames” graph by employing four channels, seven
channels, and ten channels, respectively. Additionally, in each sub-category, the

utilization and average delay of variable channel number will be examined.

2 ~ Simulation I

For simulation I , Fig. 5(a) depicts the effect of varying channel numbers on
the frame delay under the receiver-grouping and multiple messages per node
algorithms. With M= 50,W=1, 4, 7 and T=0.1 £ s. This graph describes how many
numbers of frames have been received successfully and the delay time for each
frame.

The graphs show that if the channel numbers increase, the frame delay time
would drop gradually. This feature can also be observed in Fig. 5(b) with M=100,
Fig. 5(c) with M=200, and Fig. 5(d) with M=400, respectively. The difference
among them is that as the number of node increases, the delay time also increases,
besides, the average delay distance between two the methods becomes closer in Fig.
5(c), Fig. 5(d). This indicates that if the user population increases, the increase in
average delay in multiple messages per node method is faster than in receiver
grouping method. From Figs. 6(a), we can see that multiple messages per node has

a longer delay time of each frame for M=400 nodes, W=4,7 and T=0.1 ¢ s.
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Fig. 5 Effect of delay time versus number of frames of varying channels with T=0.1

(a)

(b)
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The channel utilization was adopted as our system parameter because it could
reflect the efficiency of scheduling algorithm, and the network throughput.
However, owning to the nature of receiver-grouping algorithm, each time in each
node there is a random generation for the probability of the decision at which
destination node to transmit. This leads an unfair load at each channel and poor
channel utilization. Fig. 6(b) illustrates the effect of utilization whit varying
channel under M=50, 100, 200, 400 nodes and T = 0.1 iz s.

Fig. 6(b) shows that the receiver grouping algorithm indeed suffered from the
destination node random distribution, especially in M=50 nodes. However, as the
user population grows, the channel utilization in both algorithms also increases.
The channel utilization of the receiver grouping with varying channel number all
exceeded 90 % for M =200 and 400 nodes. That indicates that the probability of
choosing which destination node to transmit has a uniform distribution with a

heavy offered load.

3~ Simulation I

Since the simulation phenomena in each sub-category is quiet similar to each
other, i.e. the curves representing M=100, 200, 400 nodes are similar, so we will
show the simulation result by observing M=100, 200, and 400 nodes in simulation

I and simulation III, respectively.
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Fig. 7 Effect of delay time versus number of frames of varying channels with T=0.5
s for the different nodes (a) M=100, (b) M=200, and (c) M=400, respectively.
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Fig. 7 shows that the receiver grouping algorithm provides a shorter delay
time than that of multiple messages per node algorithm for M=100,200, 400 nodes.
Fig. 7 also shows that when the tuning latency equals to 0.5 iz s, multiple messages
per node algorithm suffered from transceiver’s arbitrary tuning time. Comparing
our simulation results in simulation T with simulation 1II, the difference between
Fig. 6(a) and Fig. 8(a) is that Fig. 8(a) has longer average delay in both methods,
and the curves turn down in an identical trend in both Figures.

With channel utilization, receiver grouping method still perform worse under
tuning latency=0.5 1z s. However, we determined that the two methods perform a

similar channel utilization with M=200 and 400.

4 ~ Simulation II

Fig. 9(a) and (b) depict that the receiver grouping performs a shorter delay
time than multiple messages per node algorithm for M=100, 200, 400 nodes and
T=1us. We can conclude that receiver grouping method is suitable for large user
population with fewer data channels. The multiple messages per node method is
suitable under any circumstance, however, when the tuning latency grows, receiver
grouping have a better system performance. Fig. 9(a) and Fig. 9(b) depict the
features that we mentioned above. Fig.10 depicts the smallest tuning latency that
receiver grouping has shorter average delay than multiple messages per node

algorithm under varying network stations is T = 0.3 i s.
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Fig. 9 (a) Effect of delay time versus varying channels (b) effect of utilization with
varying channel for the different nodes M=100, 200, 400 nodes and T =

1.0us.
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5 ~ Conclusion and Future Work

We have showed tuning latency does impact in passive star coupler WDM
network regardless whether they are scheduled with receiver grouping algorithm or
multiple messages per node algorithm. Consequently, when the tuning latency
equal or less than 0.1 microsecond (100 nanoseconds) and the number of stations is
reduced to 50 or even lower, receiver grouping perform longer packet delay time
and worse system performance. However, as the tuning latency grows above 0.3 iz s
and the number of stations becomes higher than 100, receiver grouping method
performs better average packet delay time, and the receiver grouping still behave
worse than multiple message per node most of the time. As we mentioned before,
both receiver grouping method and multiple messages per node method have their
own drawbacks. The ones for multiple messages per node method are the arbitrary
tuning latency at its transceiver end and its higher cost. The drawback for the
receiver grouping method is the random destination nature. However, we have
showed receiver grouping achieve better channel utilization in the circumstance of
M=100,200, T=0.5¢s,1 s, and 4 data channels. Accordingly, we conclude that
receiver grouping is suitable especially for the large user population and few data
channels. This feature coincides with our network environment today. This study
indicated that receiver grouping algorithm has better mean packet delay when the

tuning latency is larger than 0.3 1 s. The future works can be focused on:
(1) herandom destination feature causes transceiver conflict, which is a nature
drawback to all the scheduling algorithm [22]. Since the media access
protocol for the receiver grouping algorithm is a pre-transmission scheme,

we can predict which channel is heavily loading and which is lightly
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loading or staying idle after a small period of time. Thus, we define a
threshold value, when the workload difference between adjacent channels
exceed the threshold, the adaptive algorithm would be evoked and dispatch
the workload in each channel fairly. The adaptive receiver grouping
algorithm can possibly to achieve a better channel utilization and system
throughput.

(2) Quality of service (QoS) is also an important issue in WDM networks. We
plan to classify our traffic demand into two types: isochronous data and
asynchronous data. Isochronous data has the following characteristics 1.
Uniform in time, 2. Recurring at regular equal interval, and 3. Delay
sensitive. Due to these features, we assume the isochronous data has higher
priority. We will investigate the performance based on priority scheduling
and satisfy these three factors: 1. Guaranteed bandwidth, 2. Bounded

packet delay, and 3. Recurrence in time in our system.

References

Charles A. Brackett. (1990) Dense Wavelength Division Multiplexing Networks:

Principles and Applications. 1EEE Journal on Selected Areas in

Communications, Vol. 8, No. 6, pp. 948-964.

Haas, Z. Cohen, D. and Tantawy, A. N.(eds) (1993) Special issue on Protocols for

Gigabit Networks. 1IEEE J. Selected Areas in Communications. Vol. 11, No. 4,

pp. 26-31.

-111-



OEEEH $I1Y@

B. Mukherjee. (1992) Architectures and Protocols for WDM-based Local

Lightwave Networks-Part | Single-hop Systems._IEEE network magazines,

\ol. 6, No. 4, pp.12-27.
G. B. M. Sudhakar, N. Georganas, and M. Kavehrad (1991) Slotted Aloha and
Reservation Aloha Protocols for Very High-speed Optical Fiber Local Area

Networks Using Passive Star Topology. J. Lightwave Technology, Vol. 9,

pp.1411-1422.

F. Jia, B. Mukherjee, J. Iness, and S. Ojha. (1995) Variable-length Message
Scheduling Algorithms for A WDM-based Local Lightwave Network.
IEEE/ACM transactions on networking, Vol. 3, No. 4, pp. 477-488.

B. Hamidzaedh, M. Maode, and M. Hamdi. (1999) Efficient Sequencing
Techniques for Variable-length Messages in WDM networks. Journal of

Lightwave Technology, Vol. 17, No. 8, pp. 1309-1319.

I. Chlamtac and A. Ganz. (1989) Design Alternatives of Asynchronous WDM Star
Network. Proc. IEEE ICC'89, Vol. 2, pp. 739-744.

Patrick W. Dowd, and I-Shyan Hwang. (1995) Memory and Network Architecture
Interaction in An Optically Interconnected Distributed Shared Memory

System. Journal of Parallel and Distributed Computing, Vol. 25, No. 2, pp.

144-161.
George N. Rouskas and V. Sivaraman. (1997) Packet Scheduling in Broadcast
WDM Networks with Arbitrary Transceiver Tuning Latencies. IEEE/ACM

transactions on networking, Vol. 5, No. 3, pp. 359-370.

K. Bogineni, K. M. Sivalingham, and P. W. Dowd. (1993) Low-complexity

Multiple Access Protocols for Wavelength-division Multiplexed Photonic
-112-



Performance Evaluations with Arbitrary Transceiver Tuning Latencies
in Passive Star-coupled DWDM Networks

Networks. IEEE Journal on Selected Areas in Communications, Vol.11, pp.

590-604.
A. Ganz and Y. Gao. (1994) A Time-wavelength Assignment Algorithm for A
WDM Star Network. IEEE Transactions on Communications, Vol. 42, No. 2,

pp.1827-1836.
T. Weller and B. Majek. (1997) Scheduling Non-uniform Traffic in Packet

Switching System with Small Propagation Delay. IEEE/ACM Transactions on

Networking, Vol. 56, pp. 813-823.

Nen-Fu Huang and Huey-Ing Liu. (1996) On the Isochronous and Asychronous
Traffic Scheduling Problem for Single-star WDM Networks. IEEE network
magazines, Vol. 12, No. 3, pp. 1770-1776.

Feng Cao, David H.C. Du, and A. Pavan. (1998) Topological Embedding into
WDM Optical Passive Star Networks with Tunable Transmitters of Limited

Tuning Range. IEEE transactions on computers, Vol. 47, No. 12, pp.

1404-1413.
Peter. F. Moulton. (1992) Tunable Solid-state Lasers. Proceedings of the IEEE, Vol.

80, No. 3, pp.348-364.
D. Sadot, and I. Elhanany. (2000) Optical Switching Speed Requirements for
Terabit/Second Packet over WDM Network. IEEE Photonics Technology

Letters, Vol. 12, No. 4, pp. 440-442.
F. Jia and B. Mukherjee. (1993) The Receiver Collision Avoidance (RCA) Protocol

for A Single-hop WDM Lightwave Network. Journal of Lightwave

Technology, Vol. 11, No. 5-6, pp. 1053-1065.

J. H. Lee and C. K. Un. (1996) Dynamic Scheduling Protocol for Variable Sized
-113-



OEEEH $I1Y@

Messages in A WDM-based Local Network. Journal of Lightwave Technology,

Vol. 14, No. 7, pp.1595-1600, July 1996.
Patrick W. Dowd, and Kalyani K. Bogineni. (1993) Switching Latency Overlap
Techniques for WDM Star-coupled Media Access Protocol. IEEE INFOCOM,

Vol.1, pp. 65-74.
Ling-Feng Ku. (2000) Performance Impacts of Switching Tuning Latency in
Passive Star-coupled DWDM Networks. MS. Thesis, Department of

Computer Engineering and Science, Yuan-Ze university.
L. G. Kazovsky, C. Barry, M. Hickey, C.A. Noronha Jr., and P. Poggiolini. (1992)

WDM Local Area Networks. Journal of Lightwave Technology, Vol. 10, No. 5,

pp.8-15.
S.-C. Chen. (2001) Collisionless Scheduling Algorithms in DWDM Networks. MS.

Thesis, Department of Computer Engineering and Science, Yuan-Ze

university.

-114-



	Abstract 
	2、Protocol Assumptions 
	begin  
	References 


