4™ IEEE MALAYSIA INTERNATIONAL
CONFERENCE ON COMMUNICATIONS

and

4" JEEE ASIA PACIFIC INTERNATIONAL
SYMPOSIUM ON CONSUMER ELECTRONICS

“Towards Convergence”

PROCEEDINGS
VOLUME 1
i
c°m;u,ic.non Editors
o Ahmad Faizal Mohd. Zain
Electronic Mardina Abdullah

Society

Nicholas C. H. VYVun

UnivErsit
Kebangsaan
Malaysia

, 17 - 19 November 1999
CENTURY MAHKOTA HOTEL MELAKA
MALAYSIA

Universiti
Putra
Malaysia



MICC and ISCE '99 Proc., Nov. 1999, Melaka, Malaysia

Lightwave Networks and Optical Systems

23

24

2§

26

27

28

29.

30

31

Er3+/Yb3+ Co-doped Fiber Amplifier Pumped at 800nm Band
W.Y. Chan, M.A Mahdi, P.Poopalan, H.Ahmad
Universiti Of Malaya, Malaysia

Gain Enhancement of Long-Wavelength EDFA by Injecting Signal From 1.55
pm Band

M.A. Mahdi, F.R. Mahamd Adikan, P.Poopalan, S. Selvakennedy, W.Y.Chan and
H. Ahmad

University Of Malaya, Malaysia

Integrated Resonant Cavity Light Emitting Diode and Separate Confinement
Heterostructure Amplifier Transmitter

Mohd Ridzuan Mokhtar, Ryoichi Komiya and H. Ghafouri Shiraz

Multimedia University, Malaysia

Optical Code Division Multiple Access System using Interference Canceller
with Optical Clipper

Hideki Shingu, Katsuhiro Kamakura, Tomoaki Ohtsuki and Iwao Sasase

Keio University, Japan

Performance Of Brillouin/Erbium Fiber Lasers in an Attenuated Cavity
M. K. Abd. Rahman, M. K . Abdullah and H. Ahmad
Institut Teknologi MARA, Malaysia

Performance Studies Of Erbium Doped Fibre Ring Laser through Numericai

- Simulations

S. Selvakennedy, M.A. Mahdi, M.K. Abdullah, P. Poopalan and H. Ahmad
Universiti Malaya, Malaysia

RESMRing : A Reservation-Based MultiChannel Optical Slotted Ring
Network

Jun-Yao Wang, Wen-Shyang Hwang, Wen-Fong Wang and Ce-Kuen Shieh
National Cheng-Kung University, Taiwan R.O.C.

Splicing Parameter Optimisation between Dispersion Shifted Fiber and
Standard Single Mode Fiber Using the Sumitomo Electric Industries Fusion
Splicer Model T-35SE (Version 5.00)

F.R. Mahamd Adikan, M.A Mahdi, P.Poopalan, K.Dimyati, H. Ahmad
Universiti Malaya, Malaysia

The Performance of Multicasting in WDM Single-Hop Local Lightwave
Networks Based on Broadcast-and-Select System

Rabi W. Yousif, Borhanuddin Mohd. Ali and S.Selvakennedy

University Putra Malaysia, Malaysia :

Multicast Networks

32

33

34

Broadcast and Multicast Traffic Behavior in Ethernet LAN
Chan Wai Kok, Salim Beg and Narayan Gehlot
Multimedia University, Malaysia

Group Key Management for Secure and Scalable Multicasting
Jong-Hyuk Roh, Kyo-Cheul Hwang, Woo-Jun Ye and Kyoon-Ha Lee
Inha University, Korea

Measurement Of Cell-Loss In ATM Multicasting Environment
Abuy Bakar Hasan, Masuri Othman, Jamaluddin Omar and Mahamod Ismail
Universiti Kebangsaan Malaysia, Malaysia

- 103

106

110

115

125

129

135

140

146

152

wn
o

xi



MICC and ISCE '99 Proc., Nov. 1999, Melaka, Malaysia

*

RESMRing: A Reservation-Based MultiChannel Optical Slotted Ring Network

Jun-Yao Wang* Wen-Shyang Hwang** Wen-Fong Wang* Ce-Kuen Shieh*

* Department of Electrical Engineering, National Cheng-Kung University
**Department of Electrical Engineering, National Kaohsiung Institute of Technology

ABSTRACT
In this paper, a REServation-based Multichannel optical RING network (RESMRing) is proposed. In the network, all
nodes are equipped with one TT-FR transceiver (one tunable-wavelength transmitter and one fixed receivers) or one
FT-TR transceiver (one fixed transmitter and one tunable receiver) for all “normal” channels. There is a control channel
used in the network to coordinate all nodes. Moreover, a fair transmission protocol is also proposed to provide
transmission faimess between nodes. By the protocol, the network can support multiple type traffics that can have
different transmission priorities. In the paper, there are simulation results to evaluate the performance of the network.

Keywords:
WDM, Slotted Ring, Multiple Priority, RESMRing

1. Introduction

Recently, the development of network
communication is so rapidly and the bandwidth provided
by ISP (Internet Service Providers) also grows quickly.
However, the bandwidth requirement is already more
than the growth. Recent years, the Wavelength Division
Multiplexing (WDM) [1] technology is explored and
makes the huge bandwidth of fiber being exploited.
WDM is normally used to divide the huge bandwidth of
fiber into a number of channels whose rates match the
speeds of electronic interface. The technology provides a
solution to achieve the bandwidth requirement.

The WDM network with slotted ring topology,
called WDM slotted ring networks, has the simpler
architecture and transmission device, and the slot-reused
property among these protocols exploited WDM
technology. These advantages make it being nice method
utilizing bandwidth. But the slot-reused property makes
the unfaimess between nodes, there are many fairness
mechanism are proposed for single and multiple channel
rings, ex. MetaRing, ATMR, Orwell and Multi-
MetaRing [2-3][7-8]. In this paper, we also propose a
quota-based fairness mechanism originating from ATMR
protocol for the reservation- based transmission protocol.
1t will be described in section 3 of this paper.

Because of the huge-bandwidth and real-time
requirement of multimedia application, the research in
the multiple priority transmission and huge-bandwidth is
the hot topic in the research of high-speed network. In
this paper, we proposed a multiple priority transmission
protocol based reservation mechanism on the WDM
slotted ring network, called RESMRing. In the network,
every node has a tunable transmitter and a fixed receiver
(TT-FR), or one fixed transmitter and one tunable
receiver (FT-TR), for the data cells. In the network, a
specified channel is used as the controi channel to
transmit control cells that coordinate the transmission of
every node. By means of these control cells, the network
provides the capability to transmit these cells with

This work was supported by the National Science Council, Taiwan,
ROC. The project number is NSC89-2213-E-151-001.

different priorities. In section 3, we will describe it in
detail.

This paper consists of five sections. The second
section will describe the network architecture. The basic
transmission protocol with TT-FR and FT-TR will be
described in detail. The third section will describe the
control mechanism to explain how to provide multiple
priority service in the RESMRing network. In the fourth
section, the simulation results will be obtained to
evaluate the performance of the network.

2. Network Architecture

The proposed network architecture is a WDM
slotted ring network consisted of M nodes and W+l
channels. Figure 1 is an example as M=W=4. In the
network, every ring is divided into a constant number of
fixed length slots that synchronously and circularly flow
in one direction in the ring. We assume every ring has &
slots, Sy, ..., S;. Every cell is exactly to fit into the

payload of a slot. In the network, one channel is used to
coordinate all nodes in the network, called the control
channel and other W channels are used to transmit data
and priority cells, called normal channels. These cells
transmitted on the control channel are called control
cells. They broadcast the node reservation information to
other nodes in the network. The control channel can be
implemented by a normal channel or the MSS (Muttiple
Subcarrier Signaling) [5] technology.

In the network, every node has one TT-FR
transceiver or one FT-TR transceiver for transmitting and
receiving data cells. In TT-FR case, every node is
assigned a particular channel, called the receiving
channel by which cells are received. Every transmitting
node transmits a cell by tuning its transmitter to the
channe! of the destination receiver. The transmitted cell
will propagate along the ring until the destination node
extracts it. In FT-TR case, every node 'is assigned a
particular channel, called the transmission channel on
which cells are transmitted. Every transmitting node
transmits a cell by its transmission channel. When the

983-99335-2-3/99/US$10.00 ©l999 IEEE Malaysia Section 129
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destination detects that the cell is on the transmission
channel, it tunes its receiver to the channel. Then, the
receiver extracts the cell from the transmission channel.
When a node attempts to transmit a cell, it will defer the
transmission when it finds another cells with same
destination on the slot time. The inspection capability
can be achieved by the MSS technology. The add/drop
multiplexer [S][6] can be used to remove cells on
channels. :

CC  CC: control channel

Figure 1. The architecture of Multi-Channel Ring
Network with W=M=4.

For simplicity in network transmission, we adapt
the RND (Random) protocol in [4] as the basic
transmission protocol for this paper. In TT-FR case,
every node selects randomly a nonempty queue and
attempts to transmit the head cell of the selected queue in
every slot time. If the destination channel is empty, the
transmission of the attempted cell will be successful and
the source node will removes the cell from the selected
queue. Otherwise, the source node remains the cell on
the queue. In every slot time, each node simultaneously
executes this selection procedure. In FT-TR case, every
node also selects randomly a nonempty queue and
attempts to transmit the head cell of the selected queue in
every slot time. If the source node does not inspect any
another cell on other channels to the same destination,
the transmission of the attempted cell is successful and
the source node removes the cell from the selected
queue. Otherwise, the source node remains the cell on
the queue. In every slot time, the selection procedure is
also executed by every node.

In the network, each node is not only equipped
with one tunable transceiver, TT-FR or FT-TR, but also
one fixed transmitter and receiver. The later is used to
transmit and receive control cells. Besides, every node
maintains separate transmitting queues for different
priority cells of each transmission channels. The format
of control cells and the mechanism of the control channel
will be described in detail in next section.

In addition to these queues, every node has a
reserved-counter (RC) for each normal channel to record
the number of reserved slots. The channel controllers
(CCTRs) in the figure 2 are used to select cells from
different priority queues to transmit on normal channels.
130

Figure 2 shows the TT-FR node architecture for one
traffic type. Furthermore, every node has a reservation
table (RT) and a reservation register (RR). RT is used to
record the information that is which slot is reserved and
which node reserves slots in each transmission cycle. RR
is used to record which slot time is reserved by the node
and which queue will utilize the slot in each transmission
cycle. A transmission cycle is the time that a slot flows
through the whole ring once. In section three, the
functions of these components will be described in detail.

1
Reservanon ¢

e
Tabk(RT) | Register(RR) tﬁ]:j
; = by T

W Co\mlﬂlRCsm

Q, Queue aclawa) o channel ¢ 17X Tunsble Tranamutc
FRX: Foved Reverver
FTX: Fixed Trammitier

o Node From Node To Node

From Recewing Chunmel To Control Channc!  From Conwwl Channct

10 Do Chanats

Figure 2. The TT-FR Node Structure for Single Traffic
Type.

3. Transmission Protocol
3.1 Reservation Protocol

The transmission protocol that we propose is to
provide the multiple priority cell transmission. In this
protocol, all nodes are coordinated by control cells. The
size of control cell is fixed to one slot, and its format is
described as shown in figure 3. Every control cell is
consisted of a preamble field, a parity field and many
Slot-Reservation Frames (SRFs). The preamble field is
used to represent the beginning of a control cell, and the
parity field is used to verify the accuracy of a cell. The
SRF is consisted of one Channel Number field (CN), one
Busy Address field (BA), one Reset Bit field (RS) and
many Slot-Reservation Elements (SREs). The CN is used
to identify the SRF related to which channel. The BA
and RS are used to coordinate all nodes to maintain the
fairess between nodes in the controlied channel. In
latter section, their roles will be described in detail. The
SRE is the basic reservation unit and is consisted of a
Reservation Bit (RB), and 'a Reservation Priority (RP)
and a Source Address (SA). RB is used to identify
whether the slot is reserved or not. RP records the
priority of the queue which cells will be transmitted on
the slot. SA records the address of the node that reserves
the slot.

Every SRE represents the state of one slot on
normal channels. The sequence of SREs is the slot
sequence of normal channels. For example, the states of
slots of channel 0 are represented firstly, and then the
states of slots of channel | are represented secondly, and

_so on. Because there are k slots circulated through the

ring, k SREs are needed to represent the states of all slots
of one channel. So the number of total SREs used to
represent the states of all slots of the network should be

k x M where M is the number of normal channels. The
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number of control cells is the total number of SREs
divides the number of SREs of each control cell.

[pramsifcnes]er] sn |-~ [rofee] s Jonlns fon] ---Jsa] o |

SRE

< -

SRF
SRE : Slot-Reservation Element

CN : Channel Number
SA : Source Address

SRF : Slot-Reservation Frame
RB : Reservation Bit
BA : Busy Address

Figure 3. The Format of Control Cells.

RP : Reservation Prionty

Because the SREs used to represent the states of the
slots of different channels are at different position of
control cells, a node always regards the first slot after the
slot transmitting the first control cell that represents a

channel as S of the channel. This is for specifying the

beginning of the transmission cycle in each channel. So,
the first slot is the start of a transmission cycle. And the
start slot of transmission cycle of every channel is
different.

For simplicity, in the following, we only use one
traffic type and the TT-FR node architecture to explain
the transmission protocol in the network. In the network,
when a node detects a control cell, it will check its queue
related to the controlled channel. If the queue is not
empty, the node will try to reserve slots for transmitting
the cells in the queue. Then, it checks serially whether

the RBs of SREs representing S, ....S; of the channel

are false or not. If a RB is false, the node sets the RB of
the selected SRE at true, RP at the priority of the queue
and SA at itself address. If the RB is true, the node
checks next SRE till all SREs representing the channel
have been checked. If a node has many cells needed to
transmit on a channel, it can reserve many slots on the
channel in a reservation cycle. When a node has reserved
a slot for a queue, it increases the RC related to the
channel by one. When the node received the same
contro! cell again, it checks the SRE to ensure that its
reservation is successful. If its reservation is successful,
it will set the RB at faise and then transmit a cell on a
reserved slot from the queue related to the channel.
Figure 4 shows the timing diagram that a control cell
arrives at a node, then the node reserves S, of channel /
and transmits a cell on the S, of channel .

Because every node only has one tunable
transmitter, it must avoid reserving two slots which
arriving itself at the same slot time. The requirement can
be achieved by a RR. The register has & fields. Every
field represents a slot time on a transmission cycle and
which queue will employ the slot. Because every control
cell is transmitted in fixed slots on the control channel,
the positions of slots of every channel are also fixed for
other channels. By it, a node can calculate easily the
positions of slots of all channels. If one field of RR
shows that a slot time is reserved, it means that the slot
time that the field corresponds to is reserved and the
node can ot reserve the same siot-time slot on other
channels. - .

T

G ---- CACIGA === ([T === ConmiCiumd

5] ~- Chenncis

Y oy BT POT o

T, : The time that a node reserves 3, & control packet «

T, : The ame that the node scrds a ocll on S, of channel +.

Figure 4. The timing diagram that a node reserves a
slot.

Because the control cells are broadcast to all nodes
in the network, every node can know in which duration
reserved slots of all channels are not used. By this
capability, every node still can attempt to transmit its
cells on these reserved slots when they arrive. The
method is that when the destination of a cell wanting to
transmit on a slot is arrived more quickly than the source
node reserving the slot, the node can attempt to transmit
the cell on the slot.

Of course, for a node, it can also transmit its cells
on unreserved slots. Every node can know the
reservation status of each slot on a channel from its RT
that records the reservation status of slots of all channels
when control cells pass through itself. So, when a slot
arrives at a node, the node will decide whether it can
transmit its cell on the slot or not. In this paper, when a
node attempts to transmit its cells on unreserved slots, we
consider the RND protocol described in the above as the
transmission protocol. In the network, on every slot, the
selectable channels in RND protocol are these channels
that slots can be used and the cell number of the queues
corresponding to them are larger than the RC related to
them.

In the above, we describe the transmission protocol
in one traffic type case. In multiple priority traffic type
case, we just modify the protocol slightly to suit the case.
When a node has multiple priority traffic loads, it has
different queues for each priority traffic load of every
channel. It also needs different RCs for different priority
traffic types. When a node receives a control cell, it will
reserve slots for cells in high priority queues, then
reserve slots for cells in low priority queues when all
cells in high priority queues are reserved slots. When a
node attempts to transmit cells on useable slots, it also
transmits the low priority cells only after serving the high
priority cells.

3.2 Fairness Mechanism

Because the fairness problem arises in slotted ring
networks with spatial reuse, in this paper, we propose a
fairmess mechanism originating from ATMR protocol [2]
to guarantee the bandwidth sharing fairly between nodes.
Every node is allocated a quota for each queue, equal to
g. When a node attempts to reserve a slot or transmit a
cell by RND protocol on a channel, it needs to check the
number of transmitted cells of the queue related to the
channel. If the number is smaller than g, the attempt is
allowed, otherwise, it is prohibited. When the reservation

T 131
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is completed or the transmission is successful, the
number of transmitted cells increases by one.

In the mechanism, an active node that has cells to
transmit on a channel and whose transmitted cells is
smaller than quota on the channel always overwrites its
node address into the BA field of the control cell that
represents the channel. Inactive nodes that have nothing
to transmit or whose transmitted cells are equal to the
quota on a channel do not overwrite the BA field. By the
rule, a node that finds its node address on an incoming
control cell automatically detects that the other nodes in
the network are all inactive on the corresponding
channel. As soon as the last active node that detected the
inactive state of the other nodes on the corresponding
channel, it sets the RS field of the control cell at true.
Inactive nodes detect that the RB field of a control cell is
true, they will reset their quota on the corresponding
channel. When the node that set the RB field of the
control cell receives the control cell, it sets the RB of the
incoming control cell at false.

4. Simulation Results

In this paper, we use the simulation results to
evaluate the performance of the network. The simulation
program is programmed in SIMSCRIPT language. Table
1 shows the simulation assumptions in the simulation
program. In these simulation results, the throughput of
the network in balanced traffic is obtained. The average
- cell delay of the network on the balanced and unbalanced
traffic is also obtained. The cell delay of every queue in
the network on the heavy load is presented. Here, the cell
delay is defined as the interval between the moment that
the last bit of a cell is received and the event that the cell
is generated. The throughput of every queue in the
network on the overloaded load is shown finally.
Because of the limitation of this paper size, we do not
present the simulation results of muitiple priority.

Table 1. The simulation model.

Number of Nodes 10
Number of Channels 10
Propagation Delay Between Neighboring 1 slot-time
Nodes

Number of Traffic Type 1
Traffic Distribution Poisson
Node Architecture TT-FR
Quota Per Queue 1000 cells
Buffer Size Per Queue 2000 celis

Simulation Time 200000 siot-time

In the network, the balanced traffic means that the
traffic load of every node is equal and is distributed
evenly to other nodes. The unmbalanced traffic is a client-
server traffic type. This means that there are one node as
the server and other nodes as clients in the network. We
assume that the generated traffic of the server is one-
three of total traffic load and distributed evenly among
all clients. The half of traffic load generated by each
client is directed to the server, and the other half of the
traffic is uniformly distributed among other clients. Here,

" we assume that node 0 is the server node.

132

In figure 5, the throughput versus the traffic load
per channel under balanced traffic is shown. In the
figure, the throughputs of three different transmission
protocols, pure RND, RESMRing without fairness
mechanism and RESMRing with fairmess mechanism are
compared. The throughput per channel of pure RND
approaches 0.63, and the throughputs of RESMRing
without fairness mechanism approach 1. The throughput
of RESMRing with fairness mechanism approach 0.9.
The throughput decrease due to the fact that all nodes in
inactive state must wait for the reset signal. Obviously,
from this figure, RESMRing achieves the improvement
in network utilization.

In figure 6, the average cell delay of the network
under balanced traffic load is shown. Under light load,
the cell delay in RESMRing approaches the cell delay in
RND protocol. This is because the most of cells are
transmitted on unreserved slots. Under the same heavy
load, the cell delay in RESMRing is smaller than that of
RND protocol. This is because the most of cells in heavy
load are transmitted on reserved slots. So, by means of
the transmission flexibility, we can defer the network
saturation.

3 o; y —®—RND
12' o8
§ 07 ~4—RESMRing
5 06 without famess
g 05 . ‘
5 04 =¥ RESMRing
g 03 with{amess
3 02
£ 01
o . .

2 3 4 5 6 7 8 9 10 1

Tedfic Loed par Chanel (callsat)

Figure S. Throughput vs. traffic load per channel.
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2 3 4 5 6 7 8 9
Tratfic Load per Chamdl (odissat)

Figure 6. Average cell delay vs. traffic load per channel.

-

In figure 7-8, the throughputs of different queues
of the network with unfairness mechanism under
balanced and unbalanced traffic load are shown. The
total generated traffic load in balanced traffic load is i1.
The total generated traffic load in unbalanced load is 3.5.
This load also is an overload for the server node and the
server channel. In figure 9-10, the throughputs of
different queues of the network with fairness mechanism
under balanced and unbalanced traffic load are shown.
We can find that every node shares fairly the network
bandwidth in the network with fairmess mechanism.-We

e
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also can find that the network bandwidth is shared fair by
every queue in the overload channel. So, the faimess
property of the network with fairess mechanism in
network throughput can be proven from these figures.

In figure 11-12, the average cell delay of different
queues of the network without fairness mechanism under
balanced and unbalanced traffic load is shown. In these
figures, the cell delay does not include the transmission
latency. The total generated traffic load in balanced
traffic case is 9.0. The load is high load for every queue.
The total generated traffic load in unbalanced load is
2.97. The load also is high load for these queues that the
server owes and these queues related to the server in
client nodes.
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Figure 7. Throughput of the network without fairness
mechanism under balanced traffic, total load = 1]
cells/slot.
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Figure 8. Throughput of the network without fairness
mechanism under unbalanced traffic, total load = 3.5
cells/slot.
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Figure 9. Throughput of the network with fairness
mechanism under balanced traffic, total load = 11
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Figure 10. Throughput of the network with fairnes.i'
mechanism under unbalanced traffic, total load = 3.5
cells/slot.
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Figure 11. Cell delay for balanced traffic, total load = 9
cells/slot.
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Cell Delay (slot:

Figure 12. Cell delay for unbalanced traffic, total load
= 2.97 cells/slot.

5. Conclusion

In the paper, we propose a fair and efficient
protocol that provides the capability to transmit priority
cells. The protocol is based on the WDM slotted ring
network and utilizes a control channel to coordinate all
nodes for reserving slots. In the network, every cell can
transmit on reserved slots or unreserved slots. In order to
avoid the unfaimess between nodes under overload
traffic, we adopt a faimess mechanism originating from
ATMR protocol to guarantee the faimess between nodes.
Because of the flexibility of the transmission protocol,
the network has jow cell delay in light load and high
throughput in heavy load. The simulation results show
the property and prove the faimess property.
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