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ABSTRACT

A new WDM-based protocol for scheduling a variable-length message is proposed in this paper. Two
control channels, reservation slot and control slot, are used to coordinate transmission and diminish the
collisions of packet to minimize the access delay. When an idle control slot is available, control packet is
transmitted on that slot and message is transferred. And the node continues to transmit its control packet
through the corresponding slot every cycle, until the message is completely transmitted. If any control slot is
not available, the node schedules the transmission time of message in earliest available time using

reservation slots. The proposed scheduling algorithm shows better performance and lower access delay.
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| . Introduction

Wavelength-division multiplexing(WDM) is

an approach that can exploit the huge
opto-electronic  bandwidth  mismatch by
requiring that each end-users equipment

operate only at electronic rate, but multiple
WDM channels from different end-users may
be multiplexed on the same fiber[1]. Under
WDM,
carved up into a number of non-overlapping
with
supporting a single communication channel

the optical transmission spectrum is

wavelength  bands, each wavelength
operating at Gbps[1].

WDM can be
classified into two broad categories: broadcast

network  architectures
and select architecture and wavelength routing

architecture[2]. In a broadcast and select
WDM network, a passive device in the middle
of the network broadcasts messages to all the
nodes. In this case, the device is a passive
optical star coupler. The coupler combines the
signals from all the nodes and delivers a
fraction of the power from each signal on to
each output port. Each node employs a tunable
filter to select the desired wavelength for
reception. And the nodes in the wavelength
capable of routing

routing network are

different wavelengths at an input port to
different output ports. This enables us to set
lightpaths using the

same wavelength in the network; that is, the

up many simultaneous

capacity can be reused spatially{3].

The nodes in such a network can transmit
and receive messages on any of the available
more  tunable

channels using on or

transmitter(s) and/or tunable receiver(s).

Several topologies have proposed for WDM
networks, a popular one being the single-hop,
passive star—coupled topology.
WDM more

To use the channels
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sophisticated in single-hop WDM passive star

networks, efficient access protocols and

scheduling algorithms are needed to allocate

and coordinate system resources optimally,
while satisfying message and system
constraints. Most of these protocols and
algorithms can be divided into two main
classes, namely  preallocation-hased and
reservation-based techniques.

Preallocation-based  techniques use  all

channels of fiber to transmit messages. These

techniques assign transmission rights to
different nodes in a static and predetermined
manner. Reservation-based techniques allocate
a channel as the control channel, to transmit
global information about messages to all nodes
in the

received, all nodes invoke the same scheduling

system. Once such information is

algorithm to determine when to
transmit/receive a message and on which data
channel. Reservation-based techniques have a
more dynamic nature and assign transmission
rights based on the run-time requirements of
the nodes in the network[1].

In this

scheduling algorithms in broadcast and select

paper, the reservation-based
WDM network are mainly concerned. Most of
such protocols are based on the transmission
of fixed-sized data packets. when
to accommodate

However,
there is a need circuit
switched traffic or traffic with long holding
times(e.g. file transfer service), it is necessary
for a protocol to efficiently support such
variable-sized messages.

For supporting variable-length messages, [4]
proposed various reservation aloha protocol.
Even though these protocols are simple, their
throughputs are near the conventional aloha
protocol due to the contention in the control
and data channels, And sinse large population

systems were assumed, the destination conflict
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effect [5 6]
distributed scheduling algorithms to determine
data
protocols, each node transmits the reservation

was ignored. And proposed

channels and time slots. In these
packet before transmitting data packet. Only
when the reservation has been successfully
done, the data packet can be transmitted.
However, in these protocols, each node has to
maintain reservation histories from the time of
called the global

such

initialization
The
information has a

network

information. need of global
serious burden in the
network scalability for adding or deleting
nodes.

In this paper, a new scheduling algorithm is
proposed. The new algorithm can support
without

variable-sized messages requiring

global information and network re-initialization.

Moreover, the access delay is reduced
comparing to existing method.

This paper is organized as follows. In
section 2, the details of new scheduling

algorithm is described and the performance
results are shown in section 3. Finally, the
conclusions are shown in section 4.

Il. Proposed Algorithm

1. Channel Structure

As shown in figure 1, both control and data
channels are slotted using the same time
reference. This we call as one cycle. The
duration of a cycle equals the fixed-length
data packet. The control channel is further
divided where N is the

number of channels(wavelength). Due to the

into 2N minislots,

fixed assignment of a control slot for each
data channel, if a control packet is successful
in a control channel then the corresponding
data message will be successfully transmitted.

The first N minislots is control slots and
the second

slots are used for reservation when all the

is reservation slots. Reservation

control slots are busy. And control slots
transmits control packet to reserve the data

channel.

CH-N
Control

,m-xis:=f|-.=

EConbat S Reservazion S

O 1 xdexE
Figure 1. Channel Structure

2. Scheduling Algorithm

The existing protocoll4, 5, 6] retransmits the
control packet continuously in each cycle until
the reservation of data channel is successful.
Therefore the access delay of data channel is
heavy offered load
environments. In order to reduce the access

incremented in the

delay of data channel, the proposed algorithm
uses the reservation mechanism shown in
figure 2.

Using the reservation siot and
control slot. the idie channel is
identified

dle reservation
,
o Yes
L Yes L 4
transmit contro! packet ! transmit raservation packet ’

waiting for
No random
backoft time

No

I walting for transmiasion ime I
’s———{ transmit contro! packet ’
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Figure 2. Proposed Algorithm

tranamit message
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When a data message arrives at a network
node, the node selects a control minislot using
the information collected on the previous cycle.
If there is an available control minislot, the
node transmit a control packet consisted of
length. And
next cycle, the node observes the collision of

destination node and message

control packet or destination conflict. If any

collisions are not occurred, message
until the

completion of message the control packet is

transmission is proceeded and
transmitted on the reserved minislots.
However when there is no available control
minislots or some collisions are occurred in
transmitted, the

If there exists an

control packet reservation

processing is operated.
available reservation minislot, the reservation
is transmitted. The control

control packet

packet of reservation is composed of
destination address and busy time that is
calculated using the information collected in
previous cycle. The busy time is selected the
soonest value among the message length of
control and reservation

control packet in

minislot. When no collision is occurred in
control packet of reservation on next cycle, the
control packet is transmitted continuously until
the busy time become zero. After completion
of busy time, the message and control packet

are transmitted.

lll. Performance Analysis

In order to analyze the performance of
proposed algorithm, we follow the following

notations:
N number of data channels
M number of nodes
\% average length of a message
G average number of control packets

transmitted per slot on a control
channel
R average number of retransmission
Tr average length of a retransmission
period
average time a packet has to wait
from the time it is generated till the
beginning of the next cycle
Dr  average total retransmission delay
Dt average time to transmit a message

Dw

We assume G packets/slot is offered for
Usually, the
with
parameter G. If any particular data channel is
idle periods are

each minislot in every cycle.

traffic is assumed to be Poisson
observed in the
embedded between the busy periods on this
channel.

The busy period is equal to the message

system,

length, then

EI tbusy] =V

Successful message transmission is the one
which message either transmits on the control
slot or transmits on the reservation slot. To
simplify analysis of proposed algorithm, we
that
transmission on the both minislots
Therefore, the probability that data slot is idle
= 1-S where S is the successful transmission
on the control slot(S = 2G(N/M)e ©).

Idle period distribution is given by;

assume probability  of  successful

1s equal.

Pl tue=F cycles] = (1 — S)*S (where k=0,1,2 ...)

El i zls -1
Therefore, the throughput U is given by;

E[t@_gy] v SV

U= =
E[ti ]+E[tusy] _1._
de b (5-D+V

TI+S(V-D
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Following figure shows the throughput of
proposed algorithm compared with reservation
aloha protocol. Figure 3 is depicted with
parameter M(=30) and N(=20). As shown in
figure 3, the throughput of proposed method is
better than reservation aloha protocol.
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Figure 3. Throughput versus offered load

Let Ps be the probability of success of
acquiring a channel for each packet offered on
a control slot. Since V is the average load
each packet brings in to the channel and G is
the traffic offered to the channel per slot, we
have GXV XPs=U. From this we get Ps as;

-G

___e -
Ps=T17s(v—0D

And R is 1/Ps. Therefore the access delay
is calculated Dw+Dr+Dt; where Dt = T/2, Dt
= VT and Dr is

D,=(R-1(E+T)

Access Delay =

ohs

+ VT+(R—1)(7T+ T,

Figure 4 describes the access delay of
with
proposed

compared
The
method shows lower access delay time than

proposed algorithm

reservation-aloha  protocol.

reservation aloha protocol.
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Figure 4. Access Delay versus offered load

V1. Conclusions

The
supporting variable-length messages

algorithms for
in the

WDM network have several serious problems;

existing scheduling

network re-initialization, global information
kept in each node, occurrence of destination
conflict and long access delay. Therefore, in
this paper, we propose a new scheduling
algorithm supporting variable-length messages.
The algorithm especially uses the reservation
minislots as well as control minislot like other
protocols. Using the reservation minislot, the
collided control packets can be recovered and
when no idle control minislots are existed, the
reservation of data channel can be processed
early. The performance of proposed method is
analyzed, and shows reasonal performance and

smaller access delay.
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