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ABSTRACT 
Various network topologies, such as bus, ring and star, as 
well as WDM (Wavelength division multiplexing) and 
TDMA(Time Division Multiplexing Access) are popular 
in MANLAN. However, TDMA is suitable only for a 
heavily loaded traffic. On the other hand, the network 
traffic in these applications such as multimedia, 
videoconferencing, etc., usually exhibits traffic locality. 
This type of traffic uses relatively high bandwidth on a 
continuous basis for a long period of time. As a result, 
traditional TDMA is no longer appropriate for such 
traffic because of inefficiency. Consequently, based on 
the traffic parameters such as locality and loading, an 
architecture named as rGDBLN (r Group Dual Bus 
Lightwave Network), which partitiondreconfigures the 
network into several control groups, is proposed. 
Furthermore, the interleaved control slot (ICs) equipped 
with cross-group section (CGS) and non-cross-group 
section (NCGS) for reducing collisions is also presented. 
The slot reuse can he easily achieved by using the ICs 
scheme and the slot utilization of the network is superior 
to the original network under the specific traffic. 

1. INTRODUCTION 
Many new applications such as high resolution image, 

distributed database, real-time videdaudio service with 
high performance needs require more bandwidthlquality 
than ever before. These applications generally ask the 
data to be transmitted very fast under heavy traffic in a 
metropolitan area network (MAN) or local area 
network(LAN). Optical fiber has been widely adopted for 
satisfying these requirements. The wavelength division 
multiplexing (WDM) technique [l]  is widely employed 
to fully utilize the huge bandwidth available on optical 
fihers and has contributed significantly to high speed 
communications. The WDM technique divides the 
optical bandwidth of a fiher into a number of smaller- 
capacity channels operating at full electronic speed, say a 
few Gb/s. A very high throughput can be achieved by 
concurrently transmitting data belonging to different 
users on channels at different wavelengths. 

There are three basic physical network topologies for 
multiaccess WDM network the bus, the star, and the ring. 
Other types of topologies can be easily extended with 
these basic topologies. A significant development in the 
data communication field has been the standardization of 
distributed queue dual-bus (DQDB) protocol as the IEEE 
802.6 metropolitan area network (MAN)[Z]. Several 
multichannel budring lightwave networks [3-81 bad been 
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reported. In the past, many researchers [7,8] have taken 
advantage of TDMA (Time Division Multiplexing 
Access) technique in the WDM environment . TDMA is 
a direct solution to achieve fair transmission. TDMA 
corresponds to a fixed partitioning of the channel 
bandwidth among all the possible transmitters. It does not 
allow a node to grab more than the portion of the channel 
bandwidth assigned to it even if no other nodes are 
transmitting on the same channels. Hence, TDMA is 
suitable only under a heavily loaded traffic. For a lightly 
loaded traffic, the delay performance of the TDMA is 
very poor because a node must wait for the assigned slot 
before transmitting a newly generated packet. 

Many network applications such as multimedia, 
videoconferencing, etc., usually exhibit traffic locality 
(which means the traffic between the transminer node 
and the receiver node is located at the same area)[7,8]. 
This type of traffic uses relatively high bandwidth on a 
continuous basis for a long period of time, while the data 
traffic is burst, but the average bandwidth used is low. 
Besides, for traffic with higher priority, the network can 
also route the traffic as soon as possible by sacrificing the 
lower priority traffic. Although the network with WDM 
and TDMA is popular, however, traditional TDMA is no 
longer suitable for such traffic because of inefficiency 
and non multi-level priority. For the sake of simplicity, 
we restrict our discussion in the following on the bus 
topology. Of course, our proposed methodology can not 
only be implemented in bus architecture, hut also be 
applied to other topologies such as ring or star. Hence, 
based upon traffic locality and loading (light or heavy) 
characteristics, an architecture named as rGDBLN (r 
Group Dual Bus Lightwave Network) is proposed to 
partitiadreconfigure the network into several control 
groups. The rGDBLN consists of I different groups of 
stations. All stations in each group have the traffic 
locality and the same control channel. The control 
channel named as the interleaved control slot (ICs) is 
arranged by overlapping half cycle. Each control slot is 
equipped with two sections: cross-group section (CGS) 
and non-cross-group section (NCGS). By adequate 
partitioning/recodguring network and using ICs as 
control protocol, the slot reuse can he easily achieved and 
the slot utilization of the network is superior to the 
original network under the specific traffic. 
This paper is organized as follows. In section 2 we 

provide the network topology, introduce the interleaved 
control slot concept and present the awignment of 
wavelength. Section 3 discusses the traffic types and 
presents two algorithms to reconfigure the network for 
dynamic loading balance. Section 4 depicts a simulation 
model and the simulation results. In section 5 we 
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conclude the paper. 
2. NETWORK TOPOLOGY 

In Figure 1, the dual bus lightwave network (DBLN) is 
considered and each node is equipped with some tunable 
transmitters (TTs) and a fixed receiver (FR). The DBLN 
consists of two optical buses, Bus A and Bus B, 
respectively. Each bus has k+l  wavelengths /channels 
(A0,A,,A2;..,Ak) by employing the WDM 
technology. The DBLN consists of N stations which are 
labeled from left (upstream) to right (downstream) as 1 to 
N with respect to Bus A. The stations near the bead of 
Bus A are referred to as the upstream stations and those 
near the head of Bus B downstream stations. 

BUS B Hudrnd T d  

Figure 1. The architecture of a dual bus lightwave 
network. 
The traditional approach uses a wavelength to he the 

control channel to decide which station could transmit 
data[4,5,7-8]. Hence, Each station has one fixed 
transmitter for receiving control channel which is TDM- 
based. The pseudo cycle with a length of N control slots 
is generated on the control channel, and only one control 
slot is allocated for each station in a cycle. On the other 
hand, a tunable transmitter is used for transmitting data to 
destination and a fixdtunahle receiver is used for 
receiving data form source. For the sake of simplicity, we 
assume that the number of wavelengths is enough for 
distributing the stations, that is k >=N. This implies that 
conflict case can he avoided and is temporarily not taken 
into consideration now. The other cases such as k d N are 
discussed later. Figure 2 shows the channel assigmnent of 
network with N=8, k=8. The station is equipped with a 
fixed receiver tuned to 1, for access control channel, a 

tunable transmitter tuning wavelengths form 2, to 2, 
and a fixed receiver. When a station i want to transmit 
data to station j ,  there are several steps to setup before 
transmitting. First, the tunable Tx need to tune its 
wavelength to Ajand then wait for transmitting data 
until the iTh conuol slot is accessed by the conuol 
channel. Station i can only transmit in the interval lime at 
the ith control slot. If station i needs to transmit data 
again, it must wait until the ith control slot of next control 
cycle. It is clear that each station must wait for n control 
slots to transmit data again. If station i has a great deal of 
data to transmit to station j ,  the TDM-based control 
channel is very inefficient. As a result, a new architecture 
called IGDBLN ( r  Group DBLN) is proposed to resolve 

a 
network. 
The rGDBLN is a network which consists of r groups of 

stations. All stations in a group are equipped with the 
same wavelength for control channel. Each station has 
one tunable transmitter tuned to a proper wavelength for 
transmitting data, one fixed receiver for receiving data, 
one tunable receiver for receiving proper control signals, 
and one tunable receiver for detecting the collision. The 
difference between the DBLN and the rGDBLN is that 
the DBLN is equipped with a fixed receiver for accessing 
the control slot, while the rGDBLN has a tunable 
receiver for accessing the control slot in each group. 
Figure 3 shows the channel assignment of stations in a 
rGDBLN, r=2, in which stations 1,3,4,7 and stations 
2,5,6,8 are grouped together using different control 
wavelength 1, and Ah , respectively. Obviously, 
Figure 2 is a special case of rGDBLN with r=I.  Of 
course, the control channels of different groups can adopt 
the subcanier technique [9,10] if the same control 
wavelength A. is used. For instance, the wavelengthAo 
with subcarrierf, andfi is used for stations 1,3,4,7 and 
2,5,6,8, respectively. Since there are only N f 2 d  stations 
in a group, the average waiting time of a station for 
transmitting data in the IGDBLN is less than that in the 
DBLN as shown in Figure 2. If we assume that the traffic 
in the same group exhibits locality, the slot utilization is 
almost twice than that of the original DBLN. However, 

Figure 3. 
rGDBLN, ~ 2 .  
2. I Interleaved Control Slot Mechanism 

In this section, the control slot arrangement is proposed 
in order to get good slot utilization in networks. There 
are many solutions to resolve collision. For example, the 
subcarrier technique can he used to avoid the collision. 
That is, the receivers of all stations are equipped with 
channel inspection [91. Apart from channel inspection, 
we propose a slot-interleaved mechanism as shown in 

The channel' assignment of node in a 
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Figure 4 to prevent the collision. Figure 4 shows the slot- 
interleaved control slot for r=2, where station 1,3,4,7 are 
named as group I and stations 2,5,6,8 are named as 
group 2. In Figure 4 each control slot consists of 2 parts: 
cross-group section (CGS) and non-cross-group section 
(NCGS), where the CGS allows a station to transmit data 
to destination in different gronps and the NCGS can not 
transmit data across different gronps. For example, for 
stations in group 1 ,  if station 3 wants to transmit data to 
stations in group 1 such as station 1,4,or 7 ,  it can transmit 
data during full control slot containing the CGS and the 
NCGS. However, if station 3 wants to transmit data to 
stations in group 2 such as station 2,5,6 or 8, it can only 
transmit data in the CGS, that is a half of control slot. 
Owing to the traffic locality of the stations in the same 
group, the cross-group traffic is less than the traffic 
within the same group. As a result, the probability of 
collision will he very small and collision should he at 
most one half of each control slot. In order to detect the 
collision, a special unit named as the collision manager 
will he described here. The collision manager which is a 
tunable receiver in each station monitors the transmitter 
wavelength to decide whether to transmit data or not. If 
the collision manager detects the wavelength that has 
been used by other stations, then wait and try again in the 
next control cycle. 

2 5 6  

nodes in each channel is equal, i.e. N/k = r, the r 
destinations sharing the ith channel, 0 I i S k . The 
receiving wavelength of node i is aEl, (The notation 1 . 1 ~  

indicates the modulo operator). when a packet is ready 
for transmission from node i to node j ,  the tunable 
transmitter of node i is tuned to AIj,, for transmitting 

data until its next slot. Figure 5 shows the channel 
assignment with k=4, N=8 and r=2. Due to wavelength 
sharing, the collision will occur. Some mechanisms such 
as subcarrier [9,101, TDMA technique [5,6,7-81 and 
interleaved control slot descrihed here could be adopted 
to solve the collision problem. 
3. More channels per destination (node N < channel k): 
As already mentioned, a node is equipped with one 

fixed wavelength receiver for receiving data. Hence, this 
case in which the number of node is less than number of 

Figure 5 .  
with N=X, k=4. 

The channel assignment of node in network 

3. TRAFFIC AND LOAD BALANCE 

In this section the traffic representation, the network 
manager, and the network loading balance are discussed. 
Some rypes of traffic may be justified by traffic matrix. 
Based on these information, the network manager issues 
the reconfiguration command to stations to change the 
network configuration based on a dynamic loading 
balance. 

3.1 Trufic Representation and Network Manager 

We represent the bandwidth requirements of source- 
destination pairs by a traffic demand matrix T=[tJ [IO]. 
The values of fg is a measure of the traffic originating at 
node i and terminating at node j .  However, the traffic 
originating and terminating at the same node is illegal in 
this paper and therefore, the diagonal element of Tis zero, 
i.e. tg =Ofor i=j. For example, a traffic demand matrix T 
is shown in Figure 6, in which the values of fZ3 means 4 
demands of the traffic originating at node 2 and 
terminating at node 3. 

The upper hiangular matrix of T denoted as U is the 
traffic demand matrix of Bus A and the lower triangular 
matrix of T denoted as L is that of Bus B .  Hence, the total 
bandwidth req-m-nt B, or receiver j in Bus A is the 

sum of the elements of the j th column of U and total 
transmission requirement Ti of node i in Bus A is the sum 
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of the elements of the ith row of U. By the same way, the 
total bandwidth requirement B,. of receiver j in Bus B is 
the sum of the elements of the jth column of L and the 
total transmission requirement T, of node i in Bus B is 
the sum of the elements of the ith row of L. As a results, 
the following equations are derived : 

j - l  

, i l  " 
ikji, 

B j = z . f b  j = k . N  for B U S A  

B j =  Zt, j = l ; , - , N  jor  B u s B  

4=ztu i = l , r , N  jor B u s A  

I ; = Z t ,  i = l , . . . , N  for  B u s B  

j - 1  

j = l  
N 

)=,*I 

Figure 6. A traffic demand matrix T. 
In general, the traffic matrix represents the bandwidth 
requirements of source-destination pairs, The traffic 
status in lightly loaded condition or heavily loaded 
condition can be obtained by Bj and Ti from the traffic 
matrix.' Moreover, the t r f i c  parameters such as locality 
or loading could be justified by the traffic matrix. In the 
following, two types of traftic are considered. 
1.  general traffic (random): 
If the type of traffic is random, the values of tv should be 
randomly distributed. 
2. special traffic: 
The information of special traffic such as multicasting 
traffk, video conferencing or voice traffic can be 
observed from the traffic matrix. Because these types of 
traffic use relatively high bandwidth on a continuous 
basis far a long period of time and usually exhibits traffic 
locality, the values of these types in traffic matrix are 
symmetrical or their value are larger than peripheral 
elements. For example, in figure 6 the values o f t ,  and td2 
may be video conferencing or voice traffic. On the other 
hand, the stations 1,2,4 and 5 in bus B may exhihit 
multicasting traffic because of equal values ( f51 =tSZ=tSdJ. 

There are many questions to be accounted in the 
networks. For example, bow to get the traffic load of 
network, when to switch (that is the nodes change to 
different control channels) and how to change it. It can be 
used by a network manager [4] to evaluate the load 
conditions of the network in order to decide when to 
activate of reconfiguration network. In this way, we can 
know the load distribution along the buses and decide to 
switching reconfiguration the network. The network 

manager will issue the switching command including 
switching and grouping information after a fixed period 
of time. When the network manager issues the switching 
command to all nodes via control channel. Then all 
stations stop transmitting data, tune control channel 
according to grouping information on control channel, 
and then re-transmit data. This switching command 
information can be placed in the reserved bit of control 
field. On the other band, the network manager can also be 
equipped with programmable group capability. For the 
stations with special traffics such as multicasting traffic, 
video conferencing or voice traffic, the network manager 
can be able to assign some dedicated group for special 
application to derive better performance. 

Reconfigures the network topology based on dynamic 
loading balance is very important issue. It includes how 
to assign the nodes to different control channels in order 
to achieve the highest throughout and the bandwidth 
balance, i.e. traffic is spread across the various channel as 
evenly as possible. In the following, the dynamic loading 
balance is discussed. 

3.2 Dynamic Loading Balance 

In this section, a network reconfiguration mechanism 
based on a dynamic loadmg balance is taken into 
consideration. An algorithm named as CGA (Control 
Group Algorithm) for implementing dynamic loading 
balance are proposed. The CGA cares about the loading 
balance in each control slot for single bus A or bus B and 
the algorithm is listed as follows. 

CGA algorithm : loadmg balance in control slot 
input : the traffic matrix T 
output : r group control sets, r=2 
begin 
I 
1. search for  all remaining Zi in U L  
2. Select the bi gest value of T -  in U L  and remove ith 
row and jth cokmn in U L ,  the; insert station i and j to 
group I 
3. Select the bi gest value o T cn U L  and remove ith 
row and jth cokmn in U L ,  h e 2  insea station i and j to 
group 2 
4. search or all remaining Te in U& repeat step 2 to 3 
untcl all s&ons are selected. 
I 
end 

4. PERFORMANCE ANALYSIS 
In the following, we analyze the network performance 

by comparing the relationship between the slot utilization 
and the number of groups. Each bus has k wavelengths 
/channels ( a , ,  a ,. . ., 1 I ) by employing the WDM 
technology, where cbannels a ,  , a ,  ,. , . , A =  are 

dedicated for control and others a r+ l ,  a ril ,. . ., 1 are 
for data. 
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4.1 An Upper Bound on Slot Utilization 

The slot utilization in each group is dominated by the 
collision probability. If the source and the destination 
stations of the traffic are located in the same group, i.e. 
the traffic is fully local, the collision will not occur and 
the slot utilization is improved. As a result, the slot 
utilization is proportional to the traffic locality and the 
number of groups. In order to derive the upper hound of 
slot utilization, the collision is assumed to he non- 
existent. In addition, we assume that the slot rate is k 
slotslsec on each control channel and the total number of 
stations is N. Hence, the N stations need Nk slotskc for 
servicing. On the other hand, if the network consists of r 
groups (control channels) where the traffic of stations in 
the same group is fully locally distributed, the slot rate is 
still k slotslsec. Obviously, the N stations need only NWr 
seconds for servicing. Figure 7 shows the upper hound of 
slot utilization in different groups, in which the number 
of stations in each group is assumed equal. 

Group # ~1 
Upper bound of slot utilization 

Figure 7. The upper bound of slot utilization vs. the 
number of nodes in different groups. 

Figure 7 shows the ideal case in which there is no 
collision. However, this is not a real case in practical 
situation. Hence, the results in Figure 7 are the upper 
hound of slot utilization. For example, when the number 
of groups is 2, the number of nodes in each~ group 
becomes a, the average waiting time of a node for 
transmitting data needs only n/2 time slot. As a result, we 
can find that the upper bound of slot utilization, 
compared with one control channel, is r times if the 
network is partitioned into r groups. 

4.2 Simulation Models and Results 

In this section, we assume the message arrival rate of 
each station i follows the Poisson distribution with a 
mean A , and the message length follows the exponential 
distrihution with a mean of L. The station load (SL) for 
station i can be defined as 

SL, = A x L  

The network load (denoted as NL) can he defined as 
N 

N L = ~ S L ! .  
1 

Since the phenomena of traffic localities usually happen 
in real networks, the traffic source-destination 
distribution is derived form the following equality 131: 

r o  jSi 

This equation represents a normalized geometric 
distribution where p(0  5 p 5 1) determines the level 
of Eaffic locality. Besides, we assume that the 
reconfiguration time of network is regarded as a uniform 
distribution (i.e., reconfiguring topology is completed 
within specified time period). The measures of interest 
are the relationship among the slot utilization, the traffic 
locality and the network loading. The other assumptions 
are listed as follows: 

1) N= 20 stations in the network 
2) r={ 1,2,3] 
3) NL45 (light loading), 30 (heavy loading)] 
4) p={O.O (uniform distributed), 0.1, 0.2, 0.3, 0.4, 

0.5, 0.6, 0.7, 0.8, 0.9, 1.0 (full locality)) 
( l o ,  UllllzatlOn I . &  lrrfflc I o C a ' l l Y  

E U ~ P I ~  bod 
t the  CGA 

Figure 8. The slot utilization in rGDBLN with r=2. 

Figure 8 shows the slot utilization in the rGDBLN 
network with r=2 and the traffic locality obtained by the 
CGA algorithm. The increased traffic locality could 
increase the slot utilization. Figure 8 illustrates that the 
slot utilization is large than 1 under the traffic locality > 
0.5. If the traffic locality is equal to 1,i.e. full locality, the 
slot utilization almost reaches its upper hound. However, 
if the traffic locality is less than 0.5, the slot utilization is 
below 1 due to the increasing collision probability. 

In order to observe the relationship between the slut 
utilization and the number of groups under different 
traflic locality, we compare the cases of r=I,  r=2, r=3 of 
rGDBLN under different network loadings in Figure 9. 
Figure 9a shows the slot utilization as a function of 
different groups under light network loading (NL=5J. 
Obviously, the traditional TDMA is a special case of 
rGDBLN with r = I ,  the simulation results show the slot 
utilization is very poor compared with r=2,3 for a lightly 
loaded traffic. We can conclude that the increased traffic 
locality could increase the slot utilization under light 
network loading shown in Figure 9a. Figure Yh shows the 
slot utilization as a function of different groups under 
heavy network loading (-30). The simulation results 
show that the traditional TDMA case of rGDBLN with 
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r=I has the hest utilization. The increased number of 
groups has no benefit in slot utilization. On the contrary, 
due to the high increasing collision probability, the slot 
utilization is below 1. Hence, the simulation results as 
shown in Figure 9 could be easily explained by the fact 
that the traditional TDMA technique does not allow a 
node to grab more than the portion of the channel 
bandwidth assigned to it even if no other nodes are 
transmitting on the same channels. However, for a lightly 
loaded traffic, the slot utilization of the TDMA is very 
poor. A group control slot can he adopted to improve the 
slot utilization. Therefore, we can make the suggestion 
that choose the TDMA if the network is heavily loaded 
without traffic locality, otherwise choose ffiDBLN with 
high traffic locality. 

e r . *  
. r = 3  

X I L A  I ?  

0~ 0 ;  I ?  * $  e $  0 -  0 s  a *  . ~ ~ * ,  i 8 h O L  i ,  

(b) 

Figure 9. 
different traffic locality. 

Slot utilization vs. number of groups with 

5. CONCLUSIONS 

In this paper we have proposed an architecture named as 
rGDBLN. The control group has the same wavelength for 
control channel constructed by slot-interleaved structure. 
Each control slot consists of 2 parts: cross-group section 
(CGS) and non-cross-group section (NCGS), where the 
CGS allows a station to transmit data to destinations in 
different groups and the NCGS can not transmit data 
across different groups. The virtual topology of the 
networks, i.e. control groups, is reconfigured by the 
traffic locality in the networks. Owing to the traffic 
locality of the stations in the same group, the cross-group 
traffic is less than the traffic within the same group. As a 
result, the probability of collision will be very small and 

collision should be at most one half of each control slot. 
Besides, in order to detect the collision, a special unit 
named as the collision manager was proposed. If the 
collision manager detects the wavelength that has been 
used by other stations, then wait and try again in the next 
control cycle. We also proposed a CGA algorithm to 
support loading balance in dual bus for improving the 
network performance. 

The simulation results show that the increased traffic 
locality could increase the slot utilization in light traffic. 
Because the slot utilization of the traditional TDMA is 
very poor in light traffic, the results suggest an alternative 
to choose. On the other hand, the simulation results also 
indicate that the traditional TDMA has the hest slot 
utilization than rGDBLN under the heavy load. Therefore, 
the TDMA is a better option in heavily loaded networks 
under random traffic. Otherwise the rGDBLN is a good 
option in networks with high traffic locality. 
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