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In this paper, we propose and analyze a new multiple ac-
cess protocol for a local area optical Internet based on a 
wavelength division multiplexing technique which uses a 
passive star coupler. The proposed contention-based reser-
vation protocol can support variable-length as well as fixed-
length messages for transporting Internet packets with one 
reservation of a minislot at the beginning of a packet trans-
mission. The minislot is used to reserve the data channel on 
the basis of the slotted ALOHA protocol and the control 
node ensures subsequent message transmission on the same 
wavelength. Thus, all messages need not be broken down to 
many fixed-length packets, and consecutive messages are 
transmitted through the same wavelength. Moreover, the 
proposed protocol reduces the collision probability of minis-
lots and improves wavelength utilization. We determine the 
maximum throughput and verify the results with simula-
tion. 
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I. INTRODUCTION 

The advancement of semiconductors and optical technolo-
gies in the past decade has led to the evolution of communica-
tion networks. Particularly, optical fiber is replacing metallic 
cable in telecommunication networks because of its well 
known superior characteristics, such as large bandwidth, very 
low error rates, and low-cost [1]-[3]. The large bandwidth of 
optical fiber can be used by a set of parallel channels, each op-
erating at different wavelengths. This is called wavelength divi-
sion multiplexing (WDM) technology. 

IP routers have the ability to directly access optical networks 
by eliminating the protocol overhead between the IP and the op-
tical networks, thus forming an optical Internet. An optical 
Internet handles a super frame as an aggregate of several short 
IP packets at the network edges, to be transmitted as a whole [5]. 
An optical Internet can transmit a fully optical data path without 
electric conversion and throughputs in the hundreds of tera-
bits/second range. The optical Internet can support almost all 
services which have different transfer capabilities [4] (Fig. 1). 

For implementing an optical Internet, there are two major 
approaches: broadcast-and-select and wavelength routing net-
works [2]. Wavelength routing networks generally prevail 
among wide area networks because of their good scalability 
and wavelength re-usability [6], [7]. However, current optical 
switching technologies are still expensive for this type of net-
work [1], [3]. On the other hand, a broadcast-and-select net-
work is advantageous in a local or limited area due to the ad-
vantages of its simplicity and multicasting capability [8], [9]. 
The broadcast-and-select network is especially attractive in a 
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 Fig. 1. WDM overlay data protocol models. 
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local area environment where all nodes are connected to a sin-
gle broadcast facility (e.g., a passive star coupler). 

A multiple access control (MAC) protocol is important in 
developing a local area optical Internet because it can transmit 
packets over broadcast-and-select WDM networks [2]. Until 
now, many MAC protocols have been proposed [10]-[15]. De-
pending on the usage of the tunable transmitter and the tunable 
receiver, most MAC protocols must deal with a large number 
of stations on ultra high speed channels; this makes reservation-
based MAC protocols especially attractive. A separate channel 
(called a control channel) is also used in a number of protocols 
for transmitting control packets because a node has to wait for 
its control packet to return before sending a data packet; this is 
called pre-transmission coordination. It uses a set of distributed 
channel controllers. While most protocols can support only 
fixed-length data packet transmission, Internet packets tend to 
be widely variable in length. Few protocols have been pro-
posed for variable-length packets, and protocols for fixed-
length packets lead to a large transmission overhead for trans-
mitting variable-length packets, such as warm-up time, tuning 
time, and wavelength conversion time [16]-[23]. 

Jia and Mukherjee proposed a scheduling algorithm based on 
a time-division multiple access reservation protocol [14]. It can 
reduce the impact of tuning overhead by tuning the transmitter 
immediately following the transmission of a control packet. 
However, the scheduling protocol has to maintain global infor-
mation. Maintaining such global information has the serious 
drawback of a large warm-up time in the network operation for 
adding or deleting nodes. Lee and Un proposed a synchronous 
reservation protocol which can overcome the need for global 
information [15]. In this scheme, however, the limited use of 
minislots can increase control channel conflict, lead to a large 
overhead for control channel use, and make the system unstable 
when the input traffic is bursty (e.g., mixed with fixed- and vari-
able-length messages). Moreover, every message has to be 

broken down to many fixed-length packets and each packet 
can be transmitted through different wavelengths. In addition, 
this protocol did not consider tuning overhead for consecutive 
message transmission over the different wavelengths [15]. Al-
though Lee and Choi also proposed dynamic reservation pro-
tocols which slightly improve channel utilization by eliminat-
ing data channel conflict, they still have the same problems 
[18], [19]. 

In this paper, we propose a new MAC protocol for a broad-
cast-and-select network based on star topology. The design ob-
jective is to transmit variable length packets over the same data 
channel without packet fragmentation. The proposed protocol 
can use the same wavelength continuously while transmitting a 
long message. The protocol reduces the probability of control 
channel conflict and improves channel utilization. Furthermore, 
the protocol does not need global information. 

The remainder of this paper is organized as follows. In sec-
tion II, we describe a single-hop WDM local area network ar-
chitecture and propose a new MAC protocol. In section III, we 
analyze the maximum throughput. In section IV, we verify the 
analytical results with simulation. 

II. THE PROPOSED PROTOCOL 

1. Network Architecture 

The network architecture considered in this paper is a single-
hop broadcast-and-select WDM Local Area Network (LAN) 
(Fig. 2). There are M+1 nodes with M access nodes and one 
control node. Every node connects with a passive star coupler of 
a star topology. The usable bandwidth is divided into N+1 
wavelengths, .,...,,, N210 λλλλ The wavelength 0λ is dedicated to  
the transmission of the control information. The other N wave-
lengths are dedicated to the transmission of actual data traffic. 
In the design, we assume that the number of nodes would typi-
cally be larger than the number of available channels but we do 
not limit the number. In what follows, a wavelength defines a 
channel. 

Each node has a transceiver with a fixed-transmitter, a fixed-
receiver, a tunable-transmitter, and a tunable-receiver structure 
which is called an FT-FR-TT-TR transceiver. Fixed transceiv-
ers (transmitters and receivers) are locked onto the control 
channel 0λ , but tunable transceivers can tune to any wave-
length iλ within i∈N data channels. Both transmitters and re-
ceivers can simultaneously send and receive information. 
Each node also has one register, R_RI (Register for Reserva-
tion Information). The register consists of N entries. Each en-
try includes the information of the source address, the destina-
tion address, and the message length for currently transmitting 
nodes. The entry is indexed by the wavelength i. At every slot, 
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Fig. 2. A single-hop WDM local area network architecture with 
        a passive star coupler. 
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 Fig. 3. The data structure of the register for reservation information 
(R_RI). 
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the values of each entry are updated on the basis of the reser-
vation information. Figure 3 shows the data structure of the 
register. 

Figure 4 shows a typical control and data channel structure 
over time. The first horizontal line represents the control chan-
nel .λ0 The other N lines represent the data channels. All optical 
links are synchronized at the beginning of each slot. Figure 5 
shows a typical slot structure of the data channel. A data packet, 
called a message, may be composed of a sequence of data 
slots, Td=n×TX, where n is an arbitrary integer. On the other 
hand, the control channel is time slotted with a fixed slot 
length TX. Each slot contains a control frame which consists of 
X minislots with a length of Tm each and a reservation infor-
mation region of length Tr. The number of minislots, X, is de-
fined by 
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where  z  means the largest integer not greater than z. Each 
minislot contains a request packet which informs all nodes that 
the source node has a message to be sent to a destination node. 
The reservation information consists of N bits. Each bit indi-
cates the reservation status of the corresponding data channel. 
Each bit is dedicated to a data channel. We assume that the size 
of the reservation information can be very small compared 
with the slot length. This is because the number of data chan-
nels is usually smaller than that of nodes. Figure 6 shows the 
detail of the slot structure of a control channel. 
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Fig. 6. Slot structure of a control channel.  

2. Access Protocol Based on Reservation Information 

The access protocol exploits a distributed assignment scheme 
for the access of data channels. Each node is assumed to be in 
one of two states: idle or backlogged. We define an idle node as 
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a node having an empty buffer. A backlogged node is one with a 
message for transmission. The backlogged state is further di-
vided into two sub-states: transmitting and contending. A trans-
mitting node is a node that has a message and is currently 
transmitting its message through the data channel. A contending 
node has a message and is trying to reserve a data channel but is 
not currently transmitting its message. Figure 7 shows the state 
transition diagram. 
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Fig. 7. State transition diagram of a node.  
 

Figure 8 shows the block diagram of the access protocol, 
which consists of three parts: contention, transmission, and res-
ervation procedures. Every node acts according to its state. At 
the end of a slot, an idle node receives a new message and 
changes its state to contending. At the beginning of a slot, all 
contending nodes, including those that received a message in 
the previous slot, start the contention procedure as follows. 
First, the node randomly selects a data channel, checks whether 
it is in use, and checks the destination address in the register 
R_RI. Here, the destination address is included in an incoming 
message. The R_RI includes the source and destination ad-
dresses as well as the data channel numbers for currently 
transmitting nodes. Once the data channel or the destination 
address is registered in the R_RI, the node aborts the contention 
procedure since it may conflict with the continuously transmit-
ting nodes. Only when the data channel and the destination ad-
dress are not registered in the R_RI, does the node continue the 
contention procedure. Thus, the node preferentially excludes 
the conflicts of the data channels and the destinations that are 
already reserved by the transmitting nodes. 

Next, the node randomly selects a minislot and sends a re-
quest packet to the selected minislot on the basis of the slotted 
ALOHA protocol. After a delay for the round-trip, the node re-
ceives the returned minislots and checks for collision of the re-
quest packets. If the request packet collides with other packets, 
then the node aborts the transmission and reschedules the 
transmission of the request packet at a later time chosen at ran-
dom [26]. If the request packet does not collide with others, 
then the node selects one packet for each data channel and each 
destination among the request packets that are successfully re- 
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turned without collision. In this case, the request packet is not 
blocked if it does not have the same data channel and destina-
tion address as those of earlier successful request packets and if 
the number of successful request packets within a slot does not 
exceed that of the data channels, N. Then, the node saves the 
results in the R_RI and changes its state to transmitting. Since 
every node receives all request packets, it is possible for every 
node to get and store the same result locally. They keep the re-
sult in the R_RI. 

In the transmitting state, source/destination nodes start the 
transmission procedure as follows. They tune their tunable 
transmitters/receivers to the reserved data channel. All 
source/ destination pairs send/receive a message on the se-
lected data channel at the beginning of the next slot. If the 
node has a remaining message, it continuously sends the 
message on the same data channel. Otherwise, the transmit-
ting node quits the transmission and changes its state to idle 
at the next slot. 

Since the control node receives all request packets, it is pos-
sible to get the same results at every slot. The control node also 
keeps track of the time at which each transmitter and receiver is 
tuned in. The control node broadcasts the results as reservation 
information to every slot (we call this the reservation proce-
dure). Meanwhile, access nodes receive the reservation infor- 
mation as well as the request packets and keep track of the time 
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at which transmitters, receivers, and channels will be free. Thus, 
access nodes infer the same results from the reservation infor-
mation within a few slot times, even if they are newly added to 
the network. 

Figure 9 shows an example of the protocol operation. This 
figure shows the time line that marks a message flow from left 
to right. The above two lines refer to the time lines on the 
transmitter side. The bottom two lines refer to the time lines on 
the receiver side. The boxes on the top of the figure show the 
contents of the R_RI register. In this example, we assume that 
M=20, N=5, X=5, and TX=1. We also assume that wavelength 
5 and destination node 2 are initially unused (i.e., wavelength 5 
and destination node 2 are not marked in R_RI). 

At the end of slot k-2, node 3 receives a message of length 4 
which is destined to node 2. At the beginning of slot k-1, node 3 
starts the contention procedure as follows. Node 3 checks des-
tination address 2 and data channel number 5 in the R_RI. 
Since the data channel and the destination address are not regis-
tered in the R_RI, node 3 randomly selects the minislot of 2 
and transmits a request packet to the minislot (#1 in Fig.9). The 
request packet indicates that node 3 has a message of length 4 
destined to node 2 to be sent through data channel 5. In this 
contention, the node selects minislot 2. After a round-trip delay, 
node 3, node 2, and the control node successfully receive the 
returned request packets without collision, and they know that 
there is no earlier request packet with the same destination and 
that the same data channel and the number of successfully re-
turned request packets does not exceed that of the data chan-
nels, N (#2). Each node saves the result in the R_RI (#3). At the 
beginning of slot k, node 3 starts the transmission procedure 
and continuously sends a message destined to node 2 through 

data channel 5 during the four consecutive slots (#4). At the 
beginning of slot k, the control node starts the reservation pro-
cedure as follows. The control node generates the control frame 
that consists of a set of blank minislots followed by reservation 
information. The control node broadcasts the reservation in-
formation marked at the corresponding 5th bit (#5). This indi-
cates that node 3 has a remaining message greater than one slot. 
After a round-trip delay, each node receives the reservation in-
formation and updates the message length, subtracting one at 
the fifth row in R_RI (#6). The above reservation procedure is 
repeated at k+1 (#7 and #8). At k+2, the control node broad-
casts the reservation information without marking the corre-
sponding 5th bit (#9). After a round-trip delay, each node rec-
ognizes that node 3 has no more messages to be sent at the next 
slot k+3 and saves the result in the R_RI (#10). At k+3, node 3 
sends the final portion of the remaining message on data chan-
nel 5 and then releases data channel 5 (#11). At the end of the 
slot k+3, node 3 changes its state into idle. Consequently, node 
3 sends a message on data channel 5 during the consecutive 
four slots and the message can be sent on the same data chan-
nel 5 without packet fragmentation. This is accomplished with 
one reservation of minislot 2 at k-1. At the end of slot k+3, 
each node resets the source address, the destination address, 
and the message length in the fifth row in the R_RI. 

The access protocol is independent of the tuning time. The 
only difference is the time shift of the data transmission as 
much as the tuning time. Figure 10 shows an example of the 
same access operation mentioned above when the tuning time 
is one slot time. Since the tuning time may be from a few nano-
seconds to a few milliseconds depending on the device tech-
nology, the assumption could be reasonable. 
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Fig. 9. An example of the protocol operation for a message transmission. 
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Fig. 10. An example of the protocol operation for a message transmission when the tuning time is one slot time. 

3. Node Initialization Protocol Based on Minislots 

When a new node is added to the network, it begins a node 
initialization procedure until it gets the synchronization from 
the R_RI. The synchronization state is accomplished by inter- 
preting the minislots on the control channel as follows. At first, 
the node checks the minislots and updates the R_RI. The R_RI 
is repeatedly updated by the minislots that include which nodes 
start to send a packet through specified data channels. When 
the reservation information corresponds to the R_RI, the node 
knows the source and the destination address pairs of all the 
data channels and sets its state as the synchronized state. Then, 
the node performs the initialization protocol and sends mes-
sages through the proposed access protocol. Thus, a node eas-
ily joins or leaves the network at anytime without maintaining 
global information on connection histories. Moreover, the ini-
tialization procedure will be accomplished within a finite time 
since there is no node sending infinite-length messages. 

When the control node fails or the control node is disconnected 
from the network, the proposed protocol can be run as the con-
ventional multi-channel slotted ALOHA protocol mentioned in 
[10]. In this case, the protocol cannot handle variable-length mes-
sages since the control node cannot broadcast the reservation in-
formation and the access nodes cannot use it. Moreover, the pro-
tocol can be run regardless of the propagation delay since the pro-
posed protocol is a reservation-based protocol. 

III. PERFORMANCE ANALYSIS 
We analyze the system as follows. There are M nodes, N data 

channels, and X minislots in the system. The number of nodes 
is independent of the number of data channels or the number of 

minislots. We assume that M ≥ X≥ N [13], [15], [23]. In addi-
tion, message length is assumed to have a geometric distribu-
tion with an average of 1/L. The basis of the message length is 
the length of a slot time, TX. Each node is in one of three states: 
a transmitting state in which the node is transmitting a data 
packet, an idle state in which the node does not have a data 
packet to transmit, and a contending state in which the node is 
trying to reserve a data channel but is not transmitting at this 
slot. When a node is in either contending or transmitting, we 
call the state a backlogged state. Only the idle node can gener-
ate a message, and the destination of the message is assumed to 
be uniformly distributed among M nodes. According to the 
network diameter and data rate, the round-trip delay, τ, may 
have various values. In our analysis, the round-trip delay is as-
sumed to be negligible compared to the slot length (τ << TX) 
[15]. Although tuning time depends on the device technology, 
we assume that it is included in the message format and is neg-
ligible compared with the slot length (TX >> Tt). In our analysis, 
we follow the assumption of (τ << TX). 

With the above assumptions, we analyze the proposed proto-
col using a discrete time Markov chain. First of all, let state 
variable (k1,k2) describe the state in which the number of nodes 
in the transmitting state is k1 and the number of nodes in the 
backlogged state is k2. To obtain the balanced equation of the 
state variable, we define some probabilities. 

Let PC(c|t,b) be the probability that c nodes among t nodes 
continue to transmit their messages in the next slot, given that 
the number of nodes in the transmitting state is t and the number 
of nodes in the backlogged state is b. Here, c is the number of 
continuously transmitting nodes and t-c is the number of nodes 
finishing the transmission at the end of the slot. t-c nodes 
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change the state into idle. Since the length of a packet is geomet-
rically distributed with parameter L, PC(a|b,c) is given by [25] 

.for)1(),( btcLLCbtcPC ctc
ct ≤≤−= −       (2) 

Let PA(a|c,t,b) be the probability that a nodes among (M-
b+t-c) idle nodes generate a message to be sent. Here, c is the 
number of continuously transmitting nodes, t is the number of 
nodes in the transmitting state, and b is the number of nodes in 
the backlogged state. In the idle state, each node is assumed to 
generate a message according to the Bernoulli process with pa-
rameter λ . So, PA(a|c,t,b) is given by [25] 

.)1(),,( actbMa
actbM CbtcaPA −−+−

−+− −= λλ      (3) 

Also, let PS(s|a,c,t,b) be the probability that s nodes among 
a+b-t contending nodes successfully reserve data channels, 
given that there are a nodes with new arriving and b-t failing 
contending nodes in the previous slot. To get PS(s|a,c,t,b), we 
define the following two probabilities: PX(g|a,c,t,b) and 
PT(s|g,a,c,t,b). PX(g|a,c,t,b) is the probability that g nodes 
among a+b-t nodes have no conflict on the data channel and 
the destination address with those of the continuously trans-
mitting nodes, given that c is the number of continuously 
transmitting nodes. Here, g is the number of nodes which can 
transmit a request packet in the minislot, and a+b-t is the 
number of contending nodes. PT(s|g,a,c,t,b) denotes the 
probability that s nodes among g nodes reserve the data chan-
nel successfully, given that there are c continuously transmit-
ting nodes and there are a+b-t contending nodes. This prob-
ability includes three blocking probabilities: the blocking 
probability caused by a collision of minislots, the blocking 
probability caused by the other request packets using the 
same data channel, and the blocking probability caused by the 
same destination. 

To get PX(g|a,c,t,b), we define the following two probabili-
ties: PD(r|a,c,t,b) and PW(g|r,a,c,t,b). PD(r|a,c,t,b) defines the 
probability that r nodes among a+b-t nodes choose destina-
tions which are not in conflict with that of the continuously 
transmitting nodes. Here, a+b-t-r nodes are blocked because 
of a data channel conflict with the continuously transmitting 
nodes. PW(g|r,a,c,t,b) is the probability that g nodes among r 
nodes have no data channel conflict with the continuously 
transmitting nodes, that is, PW() means that g contending 
nodes choose unused data channels as well as unused destina-
tion addresses. They are given by 
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respectively. Using PD(r|a,c,t,b) and PW(g|r,a,c,t,b), we cal-
culate the probability, PX(g|a,c,t,b), that g nodes among 
a+b-t contending nodes can transmit their reservation pack-
ets, given that c nodes are in a continuously transmitting state. 
It is given by 

),,,(),,,,(),,,( btcarPDbtcargPWbtcagPX
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To get PT(s|g,a,c,t,b), we define the following three probabili-
ties: Q(x,i,g), Prd(m,j,i), and Prw(n,l,i). Q(x,i,g) denotes the prob-
ability that each of i minislots among x minislots is chosen by only 
one request packet, when g nodes are trying to choose a minislot to 
transmit a request packet (i.e., the probability that i nodes among g 
nodes can transmit their request packets successfully). Then, 
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Prd(m,j,i) denotes the probability that j nodes among i nodes 
can successfully reserve their destination nodes given that there 
are m available destinations. Then, we get 
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Also, Prw(n,l,j) denotes the probability that l nodes among j 
nodes can successfully reserve their data channels, given that 
there are n available data channels. Then, we get 
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From Q(,,), Prd(,,) and Prw(,,),we can get PT(s|g,a,c,t,b) as 
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where M is the number of destination nodes, X is the number 
of minislots and N is the number of data channels. Compared 
to the analysis in [18] in which the number of available slots is 
M-c, in our analysis, the number of available minislots is al-
ways M. From (6) and (10), we can obtain PS(s|a,c,t,b) as fol-
lows: 

).,,,(),,,,(),,,( btcagPXbtcagsPTbtcasPS
tba

sg
×= ∑

−+

=

 (11) 

Let us define 2,1π kk as the Markov state that the system is in, 
where k1 is the number of successfully transmitting nodes and k2 
is the number of backlogged nodes in the system. And let 

)2,1(),2,1( uukkP  denote the state transition probability that the 
system in state )2,1( kk goes to state )2,1( uu . Then, 2,1π kk is obtained 
from the two following balanced equations [27] 

PΠ←Π                  (12) 
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,1π 2,1
01

1

02

=∑ ∑
=

−

=

kk

N

k

kM

k

             (13) 

where Π is the state matrix of { 2,1π kk } and Ρ is the transi-
tion matrix of { )2,1(),2,1( uukkP }. For 0 ≤ k1 ≤min(N, k2),   
0≤ k2≤M, 0 ≤ u1 ≤min(N, u2), 0≤ u2≤M , the transition matrix 
becomes 
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Therefore, the throughput of the network system, ST, is ob-
tained by 
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IV. PERFORMANCE RESULTS AND 
DISCUSSION 

In this section, we show the analytical results for the maxi-
mum throughput and verify them with simulation. For simplic-
ity, we assume the simulation model as follows. Several short 
packets will be gathered into a single data unit. The super 

frame should reduce the traffic self-similarity. This allows us to 
consider that the empty nodes can generate a new message 
with probability ρ using a simple random traffic model [5]. The 
message length is geometrically distributed with a mean value 
of 1/L. The destination address is uniformly distributed among 
M destination nodes. The system is assumed to be operating at 
an equilibrium point. Each node contains a single buffer and 
belongs to one of two states [24]: the idle state in which the 
node does not have a data message to be sent, and the back-
logged state in which the node has a message to be sent. Only 
when a node is in the idle state, can it generate a new message. 
When a reservation packet collides with other reservation 
packets in a time slot, it is retransmitted at the next time slot 
with probability 1. At that time, the addresses about destination, 
wavelength, and control minislots are newly assigned. The 
simulation is running for 106 slot times. The model does not 
count for back-off delay due to collisions. In the simulation, we 
assume that M=20, N=5, and X=5, 7 and 10. In the result, the 
offered load is defined as ρ/L. Throughput is defined as the av-
erage number of occupied data channels per time slot. In the 
figures that follow, the analysis results are represented by a 
solid line and the simulation results by a plus. 

Figure 11 shows the throughput versus the offered load for 
various message lengths, L=0.1 - 1.0 with X=7. We see that 
the close match between the analytical and simulation results 
indicates that the analysis is adequate for obtaining the per-
formance of the proposed protocol, in which there is significant 
relation between the message length and the maximum 
throughput. We observe that the maximum throughput propor-
tionally increases as the average message length increases. This 
is because messages can be transmitted with one reservation of 
a minislot at the beginning of a message transmission. This re-
duces the probability of a minislot conflict, and channel utiliza-
tion is significantly improved. Thus, the proposed protocol is 
more useful when the message length is longer. 

We also observe that the throughput is stable under heavy 
loads, unlike that of L=1 when L<1. In case of L=1, the pro-
posed protocol is the same as the contention-based reservation 
protocol using the slotted ALOHA protocol [17]. The through-
put of a minislot becomes that of the slotted ALOHA protocol, 
Ge-G, where G is the total number of retransmissions and new 
transmissions in a given slot and e is the base of the natural 
logarithm. Under heavy loads, ST may be considerably reduced 
if the number of minislots is insufficient. That leads to a signifi-
cant throughput degradation when X<N⋅e (the solid line in Fig. 
11). On the other hand, in the case of L<1, the throughput can 
be maintained at a high level under heavy loads because the 
proposed protocol can reduce the probability of minislot con-
flict proportional to the message length. From the results, we 
observe that the proposed protocol is more useful when the 
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Fig. 11. Throughput for various message lengths.  
 
message length is long and the number of minislots is large. 
For example, the number of minislots, X=7, is enough to 
maintain the maximum throughput under a heavy load when 
L=0.2. 

Figure 12 shows the throughput against the offered load for 
various numbers of minislots, X=5, 7, and 10 at M=20, N=5 
and L=0.2. The maximum throughput for X minislots is 

  ./, eXNinmST =              (16) 

As the offered load increases, the throughput will rapidly in-
crease as more messages become available for transmission. 
The through put will eventually decrease when the number of 
nodes in the contending state begins to run over that of the 
nodes to be transmitted. When the value of X is controlled 
such that N⋅e ≥ X, the throughput can be increased up to N and 
cannot be decreased when the number of contending nodes 
runs over that of the nodes to be transmitted. The main cause 
of this improvement is that the probability of the minislot con-
flict is considerably reduced when the number of minislots be-
comes large. 

Figure 13 plots the analytical results of the throughput for the 
proposed protocol and compares them to the result of Lee and 
Un's scheme when X =7 and 10 [15]. The result shows that our 
scheme outperforms Lee and Un's scheme in throughput, be-
cause the proposed protocol significantly reduces the probabil-
ity of minislot conflicts by using one minislot to transmit a 
whole message. Even if we consider the overhead of the reser-
vation information, the performance gain is still considerable. 
Moreover, the proposed protocol improves wavelength use by 
allowing consecutive message transmission from different 
sources. 
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Fig. 12. Throughput for various numbers of minislots for M=20, 
N=5, and L=0.2.  
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V. CONCLUSION 

In this paper, we proposed a new contention-based reserva-
tion protocol to support variable-length messages. The pro-
posed protocol uses reservation information as well as minis-
lots. The minislot is used to reserve the data channel on the ba-
sis of the slotted ALOHA protocol. The reservation information 
generated by the control node ensures subsequent message 
transmission on the data channel without using the minislots.  
A whole message can be scheduled by reserving one minislot. 
Thus, the protocol significantly reduces the probability of 
minislot conflict and improves data channel utilization. More-
over, the protocol can use the same data channel while trans-
mitting a long packet, so a packet need not be broken down to 
many fixed-length packets. The proposed protocol has little 
overhead since the reservation information has a form of bit-
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map address which is considerably shorter than the slot length. 
It is not necessary to maintain global information, so any node 
can join or leave the network at anytime without network re-
initialization. Therefore, we conclude that the proposed proto-
col is suitable for a local area optical Internet which accommo-
dates multimedia Internet traffic over a WDM network. 
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