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Abstract

This paper proposes a novel real-time packet rescheduling
algorithm using a token-passing protocol to achieve QoS
on a WDM Ring Access Network. The proposed
rescheduling algorithm is called PEM (PDS-EAC-MTD)
algorithm. The PDS (Priority-Differentiated Scheduling)
algorithm deals with real-time packets, and allows them to
be transmitted first, such that the front line of the
prescheduled nonreal-time packets can be inserted into the
queue. The EAC (Earliest Available Channel) algorithm
selects the earliest available data channel, independently of
the availability of the destination. The MTD (Minimum
Time Difference) algorithm selects the
minimum-time-to-wait ~ channel to  transmit the
nonreal-time packet and is quick to establish the path of
the real-time packets. The updated information including
the Scheduled Data Table and the Channel Available Time
Table, is then broadcasting to other access nodes using
token-passing protocol to maintain the status of packet
scheduling/rescheduling consistency. Overall, the PEM
algorithm has the best performance over the other three
algorithms, NPEM, PEE, and EATS in terms of average
delay time for different traffic loads and number of
channels.
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1. Introduction

The growth of next-generation multimedia and real-time
applications is demanding more and more from the access
networks, such as that they support broadband Internet
access and offer good Quality-of-Service (QoS) [1,2].
Recently, many MAC protocols have been proposed in the
literature [3,4,5,6]. Jia [4] proposed a scheduling
variable-length message in a single-hop multichannel local
lightwave network. Two MAC protocols for WDM
metropolitan access ring networks are proposed in [5,6]. In
[7], a scheduled approach to optical flow switching is
proposed. This method divides time into fixed-length
timeslots and schedule transmissions to reach viability and
scalability of a scheduled connection setup approach.
Mondiano [8] proposes a centralized scheduler that uses
first-come-first-serve input queues for unicast traffic and a
window selection policy to eliminate head-of-line blocking,
while multicast traffic is scheduled using a random
algorithm.

Chu [3] proposed a PDS algorithm to reschedule
real-time packets to preempt nonreal-time packets in the
single-hop WDM star network. He showed that the PDS
algorithm can dramatically reduce the delay of real-time
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packets, without sacrificing the performance of
nonreal-time packets. However, long-haul access networks
using WDM [9,10,11] become commercially available as
backbone. The WDM ring access network actually consists
of two independent networks - a feeder network and
distribution networks, which are connected by access
nodes. The access node is composed of reconfigurable
Optical Add/Drop Multiplexer (OADM) [4]. The
characteristics of OADM are as follows; (1) the
transmission of packets among nodes is fully optical, (2)
packets in different channels can be transmitted or
received simultaneously, and (3) each distribution network
aggregates data from local end-users.

This paper proposes a PEM (PDS-EAC-MTD)
algorithm that wuses a token-ring protocol to
schedule/reschedule real-time packets and schedule
nonreal-time packets on the WDM ring access network,
which includes one control channel and other data
channels. The access node has the token can reschedule
real-time packets based on the PEM algorithm, and the
control packet, which includes Scheduled Data Tables and
Channel Available Time Tables, is updated and are
broadcasted to the other access nodes through the control
channel, to keep the information of the packets
transmission consistent. The token is released when the
access node has finished the scheduling/rescheduling
packets. If the access node has no token, then it only
transmits or receives prescheduled packets to/from data
channels. The proposed PEM algorithm incorporates three
algorithms, PDS, EAC, and MTD algorithms, to handle
the different types of packets (real-time packets and
nonreal-time packets). The PDS and EAC algorithms
together deal with the real-time packets: the PDS
algorithm allows real-time packets to preempt the
prescheduled nonreal-time packets and the EAC algorithm
selects the ecarliest available data channel to transmit
real-time packets. The priority of the nonreal-time packet
in the queue is upgraded after some time, to avoid the
infinite waiting. The MTD algorithm is used to select the
minimum-time-to-wait channel to transmit nonreal-time
packets. Hence, the purpose of the MTD algorithm is to
improve the channel utilization to help allow real-time
packets to be transmitted through more available channels
and to accelerate the establishment of lightpath efficiently.

The rest of this paper is organized as follows. Section
IT describes the design and operation of the system, and
the proposed PEM algorithm. Section III presents the
simulation results and compares the system performance
with the performance of three other algorithms - NPEM,
PEE and EATS algorithms - in terms of average delay time
and average channel utilization. Section IV draws the
conclusions.



2. Design and operation of system

The WDM Ring Access Network has n access nodes and

w channels (a control channel and the rest are data

channels). Each access node stores information about the

transmission of all packets from access nodes i, i=1,2,...,n,
in two tables — the Scheduling Data Table (SDT) and the

Channel Available Time Table (CATT), i.e. SDTi and

CATTi, i=1,2,...,n. The format of SDT for each packet is

that each packet has a packet id (PI) with a packet length

(PL) and a packet priority (PP). The transmission from the

source node (SN) to the destination node (DN) is through

the selected channel (SC) and the delay time is from the

starting time (ST) to ending time (ET). The CATT is a

table to record the available time (AT) when the channel is

free.

These two tables, restored in each access node, must
be kept consistent at all times. Figure 1 details the
operation of the system as follows.

Step 1) When an access node holds the token and a new
packets is generated, it determines the priorities
of packets is high or low. If the packet is high, go
to step 2(a), else go to step 2(b).

Step 2(a) The real-time packet preempts the prescheduled
nonreal-time packet and the lightpath is selected
by EAC algorithm.

Step 2(b) The MTD algorithm allocates the channel to

transmit this nonreal-time packet.

Step 3) The latest information is transmitted to all access
nodes and the token is released to the next access
node.

Each access node with a token-ring can update its
SDT and CATT, based on the proposed PEM
(PDS-EAC-MTD) algorithm. After the rescheduling
algorithm is executed, the updated tables will be
broadcasting to all other access nodes and the token is
released to the next access node through the control
channel. Thereafter, the scheduled/rescheduled packets can
transmit according to the updated SDT tables.

If an access node
holds the token

Determine the priority o
packets by PDS agorith

Lightpath is selected
by EAC agorithm

The latest information is
transmitted to all access node

and the token is transmitted to
the next access node

Fig. 1 Flowchart of system operation
Five access nodes are assumed in the WDM Ring
Access Network to be connected by unidirectional fiber
with three channels; one is the control channel (channel 0)
and the others (channel 1, 2) are data channels. Nine

Use MTD dgorithm
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packets in all access nodes are presumed to be
scheduled/rescheduled by the PEM algorithm, as shown in
Table 1(a). In this example, the overall real-time packet
delay with PEM is 9+6+4=19, whereas with EATS, it is
9+8+4=21. Clearly, PEM has a lower overall real-time
packet delay than EATS.

3. Simulation results and discussion

We simulate a dynamic network environment to evaluate
the performance of OADM and its corresponding
scheduling algorithms, using the proposed algorithms
PEM and the other three different algorithms. The
simulation environment is setup as follows:

1. Numbers of access nodes (N) are 32 and 64.

2. Numbers of channels (C) are 4,8,16,32 and 64.

3. The bandwidth of each channel is 2.5 Gbits.

4. The packets are randomly generated.

5. The average size of a real-time packet is smaller than
that of a nonreal-time packet.

6. Packet size is variable and the maximum packet size

is smaller than SMbits.

7. The ratio of the number real-time packets of to
number of nonreal-time packets (denoted as R_NR)
generated by random is 3 to 7 and 5 to 5 [1].

8. The delay time of the token is ignored.

The traffic load is defined as total throughput to total

bandwidth. The delay time of the packet transmission is
defined as the duration from the time at which a packet is
scheduled to be transmitted to the time at which the
transmission of the packet is finished. The simulation
compares the proposed PEM algorithm with three
algorithms - NPEM (with no PDS algorithm), PEE
(PDS-EAC-EAC) and EATS (Earliest Available Time
Scheduling algorithm) [4] in terms of average delay time
for different traffic loads and the different number of
channels. The major objectives of the simulations are: we
demonstrate the superior performance of the PDS
algorithms by showing that the average delay of the
real-time traffic can be reduced significantly and
demonstrate that the proposed MTD works much better
than EATS in terms of average delay.
o Average delay time vs. arrival rate
Fig. 2 depicts the average delay time in steady state for
different ratios (C_N) from numbers of channels to
numbers of nodes = {1:1, 1:2, 1:4, 1:8}. The access
network with PEM algorithm shows the best network
performance. In Fig. 2(a), we set N = 32 and make the
following observations.

(1) It is interesting to notice that average delay time for
different four algorithms is PEM<PEE<NPEM<EATS.
The reason is that the PEM and PEE algorithms can
arrange the high-priority packets to be served faster
than the other packets, therefore, resulting in delay
reduction.

(2)The PEM algorithm can reduce the average delay time
significantly. For example, when arrival rate is 0.9 and
C N ratio is 1:4, the average delay time with PEM is
less 90% than that with EATS.

(3)Even without PDS, our proposed algorithm NPEM
leads to a smaller average delay time than EATS. It is
because that the MTD algorithm changes the priority



of packets from low to high when the delay time of
low-priority packet is too long.
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Fig. 2 Average delay time with four channels vs. arrival
rates for different C_ Ns={1:1, 1:2, 1:4, 1:8} and number
of nodes, when (a) N=32 and (b) 64.

Fig. 2(b) depicts the average delay time vs. traffic
loads for different C_Ns={1:1, 1:2, 1:4, 1:8} when N=64.
We make the following observations.

(1) The simulation results reveal that the average delay
time associated with the PEM algorithm is less than
those associated with other three algorithms, which
are independent of the arrival rate because the PDS
algorithms can arrange for real-time packets to be
transmitted faster than the nonreal-time packets. PEM
and PEE algorithms significantly outperform the other
two algorithms when the traffic load is heavy. For
example, the average delay time obtained using PEM
is 26.5% lower than that obtained using NPEM, and is
50% lower than that obtained using EATS when the
arrival rate is 0.9

(2) For arrival rate = 0.2, as we have already seen, the
PEM algorithm (C_N ratio is 1:8) outperforms the
EATS algorithm (C_N ratio is 1:4) by an average
delay time of less than 35% for EATS algorithm.

(3) The MTD algorithm achieves the best performance
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than the other three algorithms, NPEM, PEE, and

EATS for nonreal-time packets. The average delay

time obtained with PEM is 12% lower than that

obtained with PEE when the traffic load is 72%.

We can see that the average delay time is similar to
EATS, in that the NPEM algorithm does not handle
real-time packets. However, it achieves a better
performance than EATS. Hence, the NPEM algorithm can
be used for a system without the need to handle real-time
traffic. The simulation results show that the PEM
algorithm for real-time packets and nonreal-time packets
outperforms the other three algorithms.

o Average channel utilization vs. number of channels
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Fig. 3 Average channel utilization for different R_NRs (a)
for 3:7 and (b) for 5:5, when N=64.

Fig. 3 compares the network performance (the average
channel utilization versus number of channels) by using
different numbers of nodes under different ratios R_NR.
Shown in Fig. 3(a) is the average channel utilization
versus different numbers of channels for N = 64 and
R _NR = 3:7. The PEM algorithm has the best average
channel utilization than the other three algorithms due to
rescheduling the real-time packet preempted to non-real
time packets. Another important simulation result is that
when C is 64, the average channel utilization with EATS is
at least less 30% than the other three algorithms. It is
because that more non-real packets lead to the call
blocking of real-time packet and the average channel
utilization is decreased. In Fig. 3(b), we set N =64 and
R_NR = 5:5. The average channel utilizations are
decreased for all algorithms, but the PEM algorithm still
performs the best. That is because PEM algorithm not only
deals with real-time packet to preempt prescheduled
nonreal-time packets, but also upgrades the priority of
nonreal-time packet from low to high when the waiting
time is too long.



4. Conclusion
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Table 1 (a) Initial information on different access nodes before scheduling/rescheduling; (b) processes from access node 1
to access node 3, and (c) the final status after access node 4 has scheduled/rescheduled packets.
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