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Abstract 

Several MAC protocols have been proposed to prevent collisions on passive 
optical star networks. Time Division Multiple Access (TDMA) is a simple way 
to guarantee conflict-free concurrent transmissions on such networks. Because 
it does not require any signaling, TDM efficiency is not distance dependant. 
However, TDM suffers from non negligible access delays under low load. To 
reduce this drawback, dynamic allocation schemes (DAS) such as the Random 
Sheduling Algorithm (RSA) or the Group Time Division Multiplexing (GTDM) 
have been proposed. Both of these mechanisms reserves slots on a packet-by
packet basis by means of a signaling channel. The capacity in bit/s of this 
signaling channel is directly related to the number of buffers used in each node. 
The parallel queueing strategy allows to reduce the signaling cost by using a 
small number of buffers in each node. In that case, coupling algorithms such 
as the Minimum-degree Vertex First Scheduling (MVFS) have been proposed to 
manage the packets enqueueing/dequeueing process. In this paper, we propose a 
new MAC protocol for passive optical star networks which cumulates the benefits 
of GTDM in terms of lightweight signaling with those of the MVFS algorithm in 
tl\rms of coupling efficiency. The performance of this new protocol is compared to 
other existing solutions by means of computer simulations. We also underline the 
disruptive influence of propagation delays on the DAS-type protocols efficiency. 

Keywords: Single-hop networks, passive optical star, MAC protocols, performance 
evaluation. 
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1 Introduction 

Broadband interactive applications require new network generations for both local 
area lH~tworks (L\\T) and long distance networks (vV.-\Ns). The challenge to satisfy is 
double: how to offer to each session between such applications a very large bandwidth 
while maintaining simultaneously a very short network response time. New LANs 
lik(~ Fast Ethernet, 100-VG Any-LAN or FDOl are a first but a limit.ed step in that 
(lin~ction. Three new approaches partially answer this challenge in the field of local 
area networks. ·In the the short term, Gigabit-LANs and ATM-LANs look like possible 
soilltions. Like classical LANs, Gigabit-LANs are based on a broadcasting mediulll. 
;\Iet.aring [1], ATiVI-Ring [.'3] or CRMA-2 [2] are some examples of Gigabit-LANs. Thes(' 
networks allow a significant increase in the medium capacity up to the Gigabit range 
by means of slot reuse, concurrent transmisions and multiple path routing. Unlike 
Gigabit-LANs of which capacity is given by the medium bandwidth, ATM-LANs offer 
11 better scalability. Indeed, a load increase on an ATM-LAN may be satisfied by adding 
new switches and new links. Nevertheless, Gigabit-LANs and ATM-LANs are limited 
in terms of bandwidth and of response time because of the electro-optic bottleneck. 
For both of them, the speed of electronics must be of the same order of magnitude as 
the aggregate throughput on each link. Wavelength Division Multiplexing (WDM) is 
a very promising alternative to overtake this limitation in bandwidth. Instead of using 
a single channel per link with a high bit rate, WDM allows to create several optical 
channels of a few Gigabit/s on a same fiber. A specific wavelength is associated to each 
of these channels between a sender and a receiver. The speed of electronics in an end
station is then given by the speed of a single optical channel. In high speed networks, 
propagation delay is predominant over transmission delayl. For a given optical link 
between two nodes, network reponse time is given by the summation of the cumulated 
propagation delay Tp and of the cumulated nodes latency 'It. If it is not possible 
to improve Tp, a reduction in 'It may be obtained by replacing active connections by 
passive ones. Passive optical connections guarantee a null station latency. On the other 
hand, fast tunable transmitters/receivers facilitate a dynamic allocation of wavelengths 
among the various couples sender/receiver. Single-hop all-optical LANs turn to good 
account of all these improvements. 

Several topologies have been investigated for single-hop all-optical LANs. In this 
paper, one considers the case of passive optical star coupler networks. One assumes 
that stations use fixed transmitters and tunable receivers. Contentions may occur if 
two users want to communicate simultaneously with a same destination. Different 
medium access protocols (MAC) have been proposed for conflict-free access to passive 
optical star networks. Most of them use a synchronization between nodes allowing a 
slotted access. Preassigned wavelentgth allocation based on a Time Division Multiple 
Access scheme is the simplest way to prevent any contention on passive optical star 
networks. Such a MAC protocol does not optimize access delays in case of low loads. To 
reduce this drawback, Dymamic Allocation Schemes (DAS) have been proposed in the 
litterature. In each station i, generated packets are stored in distinct buffers according 

lThis duality is called delayxballdwidth product. 



Optical star networks for MAC protocols 109 

t.o t.heir destination address. The state of the network at each inst.ant is givcn by the 
amount. of packets in these buffers. Dynamic allocation schemes assume that at. the 
bcginning of each slot, each station has a part.ial knowledge of the state of these queues. 
A signaling channel must be used for that purpose. In section 2, we recall the main 
charact.eristics of passive optical star networks. vVe describe thc principle and undcrline 
t.lw limits of t.he TOM access. In section 3, two dynamic allocation schemes (DAS) 
an~ prescnt.(~d : t.lw Random Sheduling Algorithm (R.SA) and t.he Group Time Division 
:Vlult.iplexing (GTDM). Both of these schemes reserve slots on a packet.-by-packet hasis. 
TIl(' cost. in hit.s of t.he signaling channel for such dynamic schemes strongly limits t.lH! 
alllount of nodcs that may be connected to the network. New buffering strategies have 
been inv(~st.igat.ed t.o solve t.his problcm. The Paralld Queueing technique which is 
one of them is presentcd in section 4. Some algorithms such as the Minimum-degree 
Vert.ex First. Scheduling (MVFS) must be associated to parallel queueing for managing 
t.he enqueueing and t.he dequeu'eing of the various buffei's in each node. In section 5, we 
show that. the MVFS allows a much better coupling efficiency between nodes than t.he 
R.SA. We then propose a new MAC protocol for passive optical star networks which 
cumulates the advantages of GTDM in terms of signaling cost and of the MVFS in 
terms of coupling efficiency. Several simulation results are presented and commented to 
compare the performance of the GTDM+MVFS scheme with other existing protocols. 
Finally, we conclude this paper in section 6 by underlining the disruptive influence of 
propagation delays on the performance of DAS-type protocols. 

2 Passive optical star networks with TDM access 

2.1 Configuration 

In single-hop all-optical networks, a source node is connected with a destination node 
by means of an end-to-end optical channel. Passive folded bus and passive optical star 
are two possible topologies for single-hop all-optical networks. Both of these topologies 
uses 2 x 1 and 1 x 2 passive optical couplers. Figure 1 illustrates a passive optical star 
configuration with N = 4 stations. 

Unlike folded bus topology, optical-star topology allows a fixed and low attenuation 
between any couple source/destination. Each wavelength Ai associated to a transmitter 
i is broadcast toward all the stations of the network. Let P be the optical power 
of a transmit.ter. Let a and (3 be respectively the attenuation of 2 x 1 and 1 x 2 
couplers. Any receiver detects optical signals with a power a 2 .P.(32. Let j be the 
index of the destination node of a packet sent by node i. By means of a tunable 
receiver, node j is able to select the wavelength Ai among the composite spectrum it 
receives. One assumes here that the receiver is informed by the transmitter of the 
tuning wavelength. Either this information is given before each packet transmission 
(optical packet switching), or before the opening of a communication (optical circuit. 
switching). Because receivers can only tune to a single wavelength at a given instant, 
cont.ention Illay occur if several stations try to transmit simultaneously to the same 
receiver. 



110 Part Three Network modelling 

A.i Fi •• ~ Ir.n,",'U" 

¢ A Tunilblc n .. -ccivcr 

Figure 1: Principle of the passive optical star coupler network. 

2.2 The Preassigned Time Division Multiplexing (TDM) 

Time division multiplexing is the simplest way to prevent any collision on a passive 
optical star. The N stations of the network are synchronized. Time is slotted in 
fixed intervals which impose a common packet size. For sake of simplicity, we assume 
that a station may send packets to itself. The packets generated by each node i are 
stored in N separated queues according to their destination address. Let Ll be the slot 
duration. A frame structure composed of N slots is simultaneously broadcasted to the 
each station. Figure 2 illustrates the principle of preassigned TDM access. At instant 
t" which is the beginning of the first slot of a frame, stations 1, 2, ... N are respectively 
allowed to transmit a packet to stations 1, N, N - 1, ... 2. Using a cicular permutation 
in the sucessive slots assignment, one may notice that each station is allowed to send 
at most one packet per frame to any receiver. TDM access is well suited for optical 
circuit switching. Because it does not require any signaling, TDM access is insensitive 
to distance. The price of this simplicity is paid by non negligible access delays under 
low loads. 

Transmitter AI 
Transmitter A,2 

Transmitter A3 

Transmitter AN 

Frame I Frame 2 
-~.------------------------.-~ ~ 

~~~--------~R=l 
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I I t I 
I I I I 
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Figure 2: Principle of the TDM access on a passive optical star network. 
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3 Dynamic Allocation Schemes (DAS) 

L{~t Il~ a~Sllllle that time i~ slotted and that stat.ions are synchronized. Optical packPot. 
swit.ching requires t.hat wavelength allocation is made on a packet.-by-packet. basis. In 
t.hat case. it signaling channel is mandatory t.o inform during each slot A: on which 
wavelength each receiver will have to tune a few slots later. To prevent any collision, 
each node of t.he n{~t,work must have, slot by slot .. a partial knowledge of the state of the 
bllffer~ of the N - 1 other nodes. On t.he basis of this knowledge, all t.he stations run 
a COllllllon algorithm to decide on which received w;welength they have to tune. Two 
main problems appear in that case. First, the amount of necessary bits to broadcast 
slot by slot the information relative to the state of the buffers is limited because of t.he 
finite capacity of t.he signaling channel. Secondly, t.he shorter t.he slot. duration, t.he 
more influent. the propagation delays of signaling informat.ion on data packet. access 
delays. Let us consider for instance a packet. size equivalent. to the payload of an ATM 
cell (48 bytes). If each transmitter allows a throughput of 1 Gbit/s, a slot duration 
is then 384 ns. Assuming a signal velocity V on the optical fibre of 180.000 Km/s, 
distance between a sender and' a receiver must be less than 70 meters. Thus, knowing 
the state of the buffers at the beginning of slot k, stations are authorized to transmit at 
the beginning of slot k + 1 only in the case of very short range networks. One assumes in 
the following the use of an out-of-band signaling. In addition to its fixed transmitter on 
wavelength Ai, each station i owns another fixed transmitter on a common wavelength 
As. Likewise, in addition to its tunable receiver, each node i owns a fixed receiver on 
the wavelength As. Concurrent transmissions on this common signaling channel are 
made on the basis of a TDM access. 

3.1 The Random Scheduling Algorithm (RSA) 

The Random Scheduling Algorithm (RSA) has been proposed in [4] for wavelength 
allocation in dynamic allocation schemes. The RSA is based on a same random number 
generator seed implemented in each station of the network. As soon as they have 
received the information about the state of the buffers, all the stations run the RSA 
and mutually arrive to the same conclusion. Effective transmissions may occur at 
the best when the most distant sender and receiver have in their turn arrived to this 
same conclusion. The RSA is run at the beginning of every slot" Figure 3 gives an 
example of the buffers state between two successive slots in the case of a network with 
N = 3 stations. Let i be the index of the transmitters and j be the index of the queue 
containing packets for node j. We assume that the slot duration on the signaling 
channel is identical and synchronized with the slot duration t:,. on the data channels. 

Figure 4 describes the principle of the out-of-band signaling channel associated to 
the RSA. We see on this figure the information sent on the signaling wavelength As 
by t,he N stations while they are in the state given by Figure 3. A slot duration on 
t.he signaling channel is devicled in N minislots. Each minislot is itself devicled in N 
bits. By convent,ion, the i-th minislot of each frame is dedicated to station i. The j-th 
hit ill the i-th minislot is set to "I" if station i has at least Olle packet waiting for 
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Figure 3: A possible state for the different queues of a network wit.h 3 nodes. 

transmission in its queue}. If it is not the case, this bit remains to "0" . 
We see from Figure 4 the influence of signaling propagation delays on data packet 

access delays. Let D be the set {I, 2, ... , N} . The Random Scheduling Algorithm is 
then : 

1. A transmitter i l is randomly selected in D: 

2. A queue }I is randomly selected among the nonempty queues of station i l (jl E 
D). At the end of the RSA execution, station i l will be allowed to send a data 
packet towards station Ji. 

3. A second transmitter i2 with i2 :/= i l is randomly selected among D. 

4. A queue 12 with }2 :/= }I is randomly selected among the nonempty queues of 
station i2 (j2 E D). At the end of the RSA execution, station i2 will be allowed 
to send a data packet towards station 12. 

5. Steps 3 and 4 are repeated, each time by removing from D x D a new couple 
(ix , }",) , until all the N stations have been considered. 

Figure 5 illustrates by means of a bipartite graph the state of the queues correspond
ing to Figure 3. The left part and the right part of the graph respectively corresponds 
to the transmitting side and to the receiving side. For each node i, vertex Ei cor
responds to the fixed transmitter and vertex ~ corresponds to the tunable receiver. 
An edge exists from vertex Ei to vertex Rj if there is at least one packet in station i 
waiting to be transmitted towards station}. 

Let us consider for instance a possible sequence Q given by the RSA. This sequence 
Q is illustrated by the bipartite graph given in Figure 6 : 

Q = {til = 1,}1 = 2), (i2 = 3,}2 = 1), (i3 = 2,13 = 3)} 

The RSA presents two major drawbacks. The cost in bit of the signaling information 
increases in N2. These N 2 bits must be sent during a slot duration ~. If the signaling 
channel and the data channels have the same capacity in bitls and if L stands for the 
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Figure 4: Time structure of the signaling channel and of the data channels of the RSA. 

packet size in bits, the maximum number Nmax of nodes that may be connected to the 
network is : 

(1) 

If L = 48 bytes, then only up to 19 stations may be connected to the network. 
The non-optimal coupling between transmitters and receivers is the second drawback 
of the RSA; Figure 7 gives the bipartite graph associated to another possible random 
sequence Q : 

Q' == {(il = 1,jl == 2), (i2 == 3,j2 == 3), (i3 == 2,h ==?)} 

The sequence Q' induces a waste in bandwitdth utilization because station 2 is not 
allowed to transmit. 

3.2 The Group Time Division Multiplexing (GTDM) 

Several algorithms have been proposed in the litterature so as to offer a better coupling 
efficiency than the RSA. The Hybrid Time Division Multiplexing (HTDM) is a combi
natio~ of TDM and RSA [4] . The HTDM uses a frame divided in N + M slots, where 
N still stands for the number of nodes on the network. Globally, stations access the 
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Figure 5: Bipart.ite graph associated to state of the different queues. 

Emetteurs Recepteurs 

Figure 6: Bipartite graph associated to the random sequence Q. 

networks by means of preassigned slots (N preassigned slots per frame). After every 
N/M slots (with N ;::: M and M is an integer), an "open" slot authorizes a station to 
transmit a packet to any receiver. To prevent contentions, open slots are allocated by 
means of the RSA. The HTDM reduces the cost of the signaling channel in comparison 
to the pure RSA. Indeed, the N 2 bits necessary to describe the state of the N 2 queues 
are transmitted during N 1M slots instead of one slot for the pure RSA. For a packet 
size L, the signaling cost limits the number Nmax of stations that may be connected to 
the network such as : 

(2) 

If L = 48 bytes, several values of the couple (Nmax , M) are possible: (192, 2), (96, 
4), (48, 8), (32, 12). 

The Group Time Division Multiplexing (GTDM) is also based on a combination 
of TDM and RSA [6]. The set of N nodes is divided in several groups gm with m E 
{I, 2, ... , K} and K :s; N. Stations of group 9m may communicate with stations of group 
gn during preassigned periods of time. Figure 8 illustrates the principle of GTDM. 
Again, stations are synchronized and time is slotted. A frame is devided into K slots. 
At instant t l , transmitters of group gl can send packets only to receivers of the same 
group, transmitters of group g2 can send packets only to receivers of group gI( and so 
on. A circular permutation in the successive slots assignment allows to prevent from 
any optical contention between the different groups. During each preassigned slot, the 
RSA is applied inside each group to determine the transmitter/receiver pairs for the 
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Transmitters Receivers 

Figure 7: Bipartite graph associated to the random sequence 0.'. 

next, slot. The signaling cost of GTDM is sensibly reduced compared to RSA. Instead 
of sending N bits per slot as with RSA, a station only sends N / J( bits per slot with 
GTDrvr. If L is the data packet size, the signaling cost limits the number of stations 
that may be connected to the network to Nmax such as : 

Group I 

Group 2 

Group 3 

Group K 

Nmax = lv'KLJ 

Frame I 

'" 
Frame 2 --

:~ RRRR-------- g(g:l) :~ 
g(K-I) ~tjtj g(K-2) g(K-I) 

ctJctJ~--------~m I 5101 I [SIOI 2 I 51013 5101 K I 5101 I 

II 12 13 

Figure 8: Principle of the Group TDM access on a passive optical star network 

(3) 

If L = 48 bytes and J( = 4, Nmax = 38 which is twice the capacity given by pure 
RSA. In the case of symmetrical traffic, the groups are of the same size N / K (if N is 
even). In the case of asymmetrical traffic, the choice of the groups aims to minimize 
the contention probability. Thus, two stations generating many packets for a same 
destination should be placed in distinct groups. 

4 The Parallel Queue Scheduling 
The access protocols decribed above assume that in each node, generated packets are 
stored in different queues according to their destination address. The Parallel Queue 
scheduling proposed in [5J allows to use a reduced number of queues in each node 
by means of a two stage buffering. Like GTDM and RSA, parallel queue scheduling 
assumes a synchronization of the stations and a slotted access. An out-of-band signaling 
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channel is abo shared by the N stations by means of a TDM access . This signaling 
channel llses a specific wavelength " •. Figure 9 describes the configuration of a station 
with Parallel Queue scheduling. 

P':u:l:ct .&cm."falion 

o • () 
0,,0;0,1 fibre 

W\liting butTcn 

Figure 9: Principle of the Parallel Queue Scheduling. 

The first stage is made of a large size FIFO buffer. The second stage is divided in 
K parallel buffers (waiting buffers) with a same capacity S. The value of K is fixed 
and low (5 or 6) for any network configuration. In each station i, generated packets 
are first of all stored in a the common FIFO buffer. At the beginning of each slot, 
the packet located at the head of the common buffer is enqueued in one of the waiting 
buffers. Two policies are proposed for the choice of the parallel buffer : 

• Policy 1: The set of the N receivers is divided into K groups. A parallel queue 
is thus associated to a given set of destination adresses . 

• Policy 2: The least loaded parallel queue is systematically chosen. 

For both policies, a station broadcasts on the signaling channel the destination 
address of a packet as soon as this one has been transfered from · the common buffer to 
one of the parallel queues. If policy 2 is adopted, a station also broadcasts the index 
of the chosen parallel queue. Thus, any station of the network knows slot by slot the 
state of the K parallel queues of the N - 1 other stations. This knowledge is then used 
to determine the transmitter/receiver pairs. Let t::. be the slot duration and T be the 
propagation delay. A station is not allowed to send a packet before the corresponding 
signaling message has arrived to all the receivers. In other terms, this packet have to 
be buffered in a parallel queue at least during a delay T . . The minimum size S of the 
parallel queues is then given by : 

s=r2:.1 
t::. 

The cost of the signaling channel is given by the number of bits to be sent during 
each slot duration . In the case of policy 1, one assumes that an address "0" corresponds 
t.o an empty common buffer. The signaling cost is then N.log2(N + 1) . In the case of 
policy 2, log2l\- bits are necessary to identify in a given node the used parallel queue. 
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The signaling cost is then N.log2(N + 1) + N.log2 l\. If L is the data packet size, 
the signaling cost limits the number Nrnax of stations that may be connected to the 
network. In the case of policy 1, one has : 

(4) 

If L = 48 bytes, then NUlUX = 63. In the case of policy 2, the value of Nm (1x is given 
by: 

(5) 

After all the stations have been informed of the presence or of the absence of a 
packet in the paralld qlleues, a simple heuristic algorithm given in [5] determines the 
transmitter/receivers pairs. This heuristic called the Minimum-degree Vertex First 
Scheduling (MVFS) is described below. Let us consider the bipartite graph including 
the set T of the transmitters (left part of the graph with vertices E i ) and of the set 
R of the receivers (right part of the graph with vertices Rj ). At most J( edges link a 
vertex Ei to J( vertices Rj . The different steps of the MVFS are the following ones : 

5 

1. Sort the vertices of R according to the increasing order of the number of edges 
arriving on each of them. 

2. Select randomly one vertex Rjl among those with the lowest order. 

3. Select randomly one vertex Eil among those linked to Rjl with an edge. 

4. Remove Eib Rjl and all the edges originated from Eil and all the edges arriving 
at Rjl . 

5. Repeat steps 1 to 4 until all the stations have been consulted. 

The GTDM+MVFS scheme 
tocol 

a new access pro-

5.1 The MVFS coupling efficiency 

We propose to associate the MVFS heuristic with the GTDM so as to cumulate the ben
efits of each of these mechanisms. Compared to pure RSA, GTDl'vI allows a lightweight 
signaling. The higher the number of groups, the lighter the signaling cost and the larger 
the number of nodes that may be connected to the network. MVFS is much more effi
cient in terms of coupling efficiency than RSA. Let us consider the very simple case of 
a 2 nodes network. Figure 10 illustrates network state at the beginning of a given slot. 
With RSA, the probability to choose El at the first step of the algorithm is 0.5. The 
probability to choose R2 at the second step is 0.5. In that case, one may notice that 
vertex E2 cannot be selected for the next transmission. In other words, the average 
coupling given by RSA is 1.75. With l'vIVFS, the first vertex to be selected is RI . Then 
EI is selected. After having removed E l , Rl and the associated edge, R2 and E2 are 
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always selected for the next transmission. As a conclusion, the MVFS allows for this 
simple example an average coupling of 2 instead of 1.75 with the RSA. We shall see in 
the following section, that this improvement is not negligible in terms of access delay 
for mederate to high loads. 

Transmitters Receivers 

Figure 10: A comparison between the MVFS scheduling and the RSA scheduling. 

5.2 Performance analysis 

In all our simulations, stations are assumed equidistant. Propagation delay on the 
signaling channel is neglected. Each station i generates packets during a slot according 
to a Bernoulli process. Let P be the probability that station i generates a packet during 
a slot. Let Pi'; be the probability that station i generates a packet for station j during 
a slot: 

N 

P=L>i,;~1 (6) 
;=1 

One assumes in all our simulations that the N stations of the net:work generate a 
same traffic load p. This offered load is thus given by probability p. In the following, 
G stands for the number of groups. For each simulation result, the vertical axis cor
responds to the mean packet access delay expressed in slot durations. The horizontal 
axis corresponds to the offered load p. Several access protocols are compared: TOM, 
pure RSA (G = 1), pure MVFS (G = 1), GTOM+RSA and GTOM+MVFS. 

5.2.1 Behaviour under symmetrical traffic 

Let us consider a passive optical star network with N = 8 nodes. A packet generated 
by station i has the same probability to be enqueued in any queue j, that is Pi,; = 
IJ/ N, Vj E {I, 2, ... , N}. The groups are chosen of the same size. Mean packet access 
delay E[di,;J for the TOM scheme has been derived in [7J: 

(N -1) 
E[di,;J = 1 + 2(1 _ N.Pi,;) 

In the case of symmetrical traffic, one has: 

(7) 
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E[d] = 1 + (N - 1) 
2(1 - p) 

119 

(8) 

Figure 11 describes by means of a semi-logarithmic scale the evolution of mean 
packet. access delay versus offered load. Under low load, the TD1vl scheme prl'sents t.he 
highest. access delays, around 4.5 slot. durations, in coherence with the above analytical 
(~xpn~ssi()n. !vlean access delay £[rl] for pure RSA (G = 1) has been derived in [4] in 
t.ll<' cas( ~ of symmetrical traffic: 

E[rl] = (1- pllv') 
(1 - 11) 

(9) 

As mentionncd in [4], we confirm that this analytical result is very accurate for 
any load. For instance, under low load , E[d] = 1, for a load of 0.8, E[d] = 4.5 . The 
gap between the curve of TDM with the curves relative to dynamic allocation schemes 
increases with the offered load . Pure RSA and pure MVFS offers respectively better 
access delays than hybrid schemes like GTDM+RSA and GTDM+MVFS in the case 
of 2 groups (G = 2). One notices that over a 50% load , GTDM+MVFS offers lower 
access delays than GTDM+RSA . This improvement of about 50 % under high loads. 
Larger number of groups are considered in Figure 12. For both GTDM+RSA and 
GTDM+MVFS, the larger G, the longer access delays . This result is quite intuitive. 
If the number of groups G tends towards N, both GTDM+RSA and GTDM+MVFS 
behave like the TDM scheme. On the other hand, the larger G, the greater the gain 
in the signaling cost . The choice of G is then the result of a compromise. 

100 

~ 
c 
.2 
~ 
" " 
~ 
§. 
".. 10 
'" Q; 

" ., 
§ .. 
c .. 
~ 

1 
0.0 

Symmetrical traffic, N = 8 

,- TOM 
0 ·-0 RSA,G=i 
a a MVFS. G_I 
()--I) RSA . G-2 
".. .; MVFS. C=2 

0.2 0.4 0.6 0.8 
Ollered load 

1.0 

Figure 11: Mean access delay versus offered load , G = 1 or 2, N = 8. 
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An analytical expression of mean access delay has been derived in [6] for GTDlvl +RSA 
in the case of symmetrical traffic: 

E[d] = (1 - pIN) + (G - l)q{(2 - q)pIN - (pIN)2} 
(q - pIN) 2plN(q - plN)(q - GpIN) 

(10) 

If k stands for the number of stations in a group (G = N I k), the parameter q is 
approximatively given by: 
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Figure 12: Mean access delay versus offered load, G = 2 or 4, N = 8. 

(11) 

One notices that if k = N, the first term in the expression of E[d] corresponds to 
the average access delay of pure RSA. Under low load, Figure 12 confirms the above 
analytical expression of E[d]. Indeed, one has: 

limE[d] = 1 + (G - 1) 
p~O 2 (12) 

Thus, in the case of G = 2, E[d] tends towards 1.5, and in the case of G = 4, E[d] 
tends towards 2.4. Figures 13 and 14 considers the case of a network with N = 20 
stations and respectively a number of groups G = 1 or 2 (Figure 13), and G = 4 or 10 
(Figure 14). 

Under low load, one notices that, as expected, the larger N, the longer access delays 
for TDM. Equation (8) shows that E[d] tends to NI2 when N is getting very large. We 
underline here the main drawback ofTDM. Pure RSA, pure lvlVFS, GTDlvl+RSA and 
GTDM+lvlVFS keep roughly the same access delays under low loads when N increases. 
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Figure 13: Mean access delay versus offered load, G = 1 or 2, N = 20. 
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The GTDM+MVFS offers in any configuration the lowest access delays , The number 
of groups G may be chosen according to the number of nodes connected to the network. 

5.2.2 Behaviour under asymmetrical traffic 

We consider now the case of an asymmetrical traffic on a passive optical star with 
N = 8 nodes. Propagation delay is still neglected. The traffic matrix P is such as : 

0.01 0.01 om 0.01 p P P P 
0.01 om 0.01 om P P P P 
0,01 0.01 0.01 om P P P P 

P= 
0.01 0.01 0.01 0.01 P P P P (13) 0.1 0.1 0,1 0.1 0.01 0.01 0.01 0.01 
0.1 0.1 0.1 0.1 0.01 0.01 om 0,01 
0.1 0,1 0.1 0.1 0.01 0.01 om 0.01 
0.1 0.1 0 .1 0 .1 0 .01 0.01 om om 

Each component Pi,j of the matrix is such that i stands for the transmitter address 
and j stands dor the receiver address. The set of nodes {5, 6, 7, 8} generate a fixed 
traffic which is in big part intended for nodes 1, 2, 3 and 4. The set of nodes {I, 2, 3, 4} 
generate a fixed and low traffic intended for nodes belonging to the same set. This 
same set of nodes globally generate a variable traffic with intensity 4p equally intended 
for nodes 5, 6, 7 and 8. In our simulations, 4p fluctuates from 0 to 0.96. In the case 
G = 2, we have determined randomly which nodes belong to each group. In Figure 15, 
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Figure 14: Mean access delay versus offered load, G = 4 or 10, N = 20. 

one has plotted mean access delays versus P for the queue j = 5 of node i = 1. Using 
equation (7) , we check the validity of TDM access delays under asymmetrical traffic. 
If PI,S = P = 0.05, E[dl,sl = 6.8. When PI,S tends to 0.125 (that is 1/8), E[dl ,sl tends to 
infinity. Again, pure MVFS gives the lowest access delays and GTDM+MVFS offers 
lower access delays than pure RSA for loads over 0.2. 

The best choice for the groups consists in separating the nodes generating a high 
load for the same destinations. One reduces like this the conflict probability. In the 
case of G = 4 (which has not been simulated), the following groups should allow the 
best performance: 91 = {l , 5}, 92 = {2,6}, 93 = {3, 7} , 94 = {4,8}. 

6 Influence of propagation delays 

We underline in this section the disruptive effect that may result from propagation 
delay r on the DAS-type protocols performance. Several papers assume that access 
delays with non-zero propagation time may be simply deducted from access delays with 
zero propagation time by adding the constant factor r . Let us consider the example 
described in Figure 16. This figure represents the evolution of the state of a buffer in 
a given node connected on a passive optical star network. One assumes a propagation 
delay r of 4 slot durations. The observed station generates a packet every 2r. For 
the sake of simplicity, one assumes that the RSA always authorizes this station to 
dequeue a packet from the considered buffer. A first packet is generated at instant t l . 

Simultaneously, the station sends an information in a minislot on the signaling channel 
to inform other stations. The RSA algorithm is activated only at instant ts, just after 
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Figure 15: Mean access delay versus offered load, G = 1 or 2, N = 8. 

the minislot has been received by the other nodes of the network. 'vVe assume in our 
example that the RSA processing time is negligible. The observed station is allowed 
to transmit its packet at instant ts. Several remarks may then be done: 

• The packet generated at tJ is transmitted 4 slots later at ts. 

• Because it cannot anticipate on the result of the RSA, the station continues to 
send a bit "1" on the same minislot of the signaling channel until instant ts . 

• Slots beginning at t6, t7 and ts are reserved by mistake. 

• At instant t9, a second packet is generated. This packet cannot benefit of the 3 
"useless" previous signaling bits. 

• If a packet had been generated at instant t6 or t7 or ts, it should have benefit of a 
"useless" reserved slot . Its access delay should have been null , whereas the first 
packet access delay is 4. 

Thus, in the case of a periodic traffic where a p acket is sent every 2 T, the RSA 
reverves 50% of the bandwidth instead of one slot every 2T. The larger T, the least 
efficient the RSA. The parallel queueing does not suffer from the same inefficiency. 

7 Conclusion 

Passive optical star coupler networks are a very promising al ternative in the field of 
Gigabit/s Local Area Networks. Optical packet switching requires dynamic wavelength 



124 Part Three Network modelling 

21 

II 12 I) 14 I~ 16 17 18 I'J 110 II I 112 113 114 II~ 116 

III . 1 
I I ;-;r 

Figure 16: Behaviour anomaly of RSA scheduling due to propagation delay. 

allocation schemes. Such schemes are sensitive to contentions. Conflict-free access is 
obtained by means of a signaling channel allowing each station to have a partial knowl
edge of the network load. In this paper, we have proposed a new MAC protocol which 
cumulates the benefits of the Group Time Division Multiplexing (GTDM) with those 
of the Minimum-degree Vertex First Scheduling (MVFS). GTDM allows a lightweight 
signaling. By this fact, a larger number of nodes may be connected to the network. 
We have underlined the fact that the MVFS offers a better coupling efficiency than the 
Random Scheduling Algorithm (RSA) . The new proposed protocol (GTDM+MVFS) 
has been compared by computer simulations with other existing protocols such as 
TDM, pure RSA and GTDM+RSA . Pure MVFS allows the lowest access delays for 
moderate to high loads. In the case of symmetrical traffic, for loads greater than 
50% and for a given number of groups, GTDM+MVFS offers better performance than 
GTDM+RSA. We have underlined the disruptive influence that propagation delays 
may have on DAS-type protocols. Under high loads, GTDM+MVFS offers better ac
cess delays and a lighter signaling cost than GTDM+RSA. The same conclusion has 
been obtainded in the case of asymmetrical traffic conditions. In a coming paper, we 
shall propose a new slot reservation mechanism for the GTDM+rvIVFS able to reduce 
this drawback. 
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