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Channel Sharing in Multi-Hop WDM Lightwave
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Abstract—A local lightwave network can be constructed by em-
ploying two-way fibers to connect nodes in a passive-star physical .
topology, and the available optical bandwidth may be accessed
by the nodal transmitters and receivers at electronic rates using
wavelength-division multiplexing (WDM). The number of WDM
channels,w, in such a network is technology-limited and is less
than the number of network nodes, N, especially if the network
should support a scalable number of nodes. We describe a general .l 3
and practical channel sharing method, which requires each node
to be equipped with only one transmitter—receiver pair, and in

which each WDM channel is shared in a time-division multiplexed _ﬁ
fashion. —» N

We also develop a general model for analyzing such a shared- : Broadcast Star
channel, multi-hop, WDM network. Our analysis yields a coun- Transmitters Tunable receivers

terintuitive result: it is sometimes better to employ fewer channel
than a larger number of channelsWe explore bounds on the
ranges ofw which admit queueing stability—using too few or too
many channels can lead to instability. We also obtain an estimate

for the_optimal number of channels that minimizes network-wide Alternatively, if all nodes are equipped with relatively inexpen-
queueing delay. sive, fixed-wavelength transmitters and receivers,/Xheodes
Index Terms—Channel optimization, channel sharing, local may communicate with one another, including nodes that are
lightwave network, multi-hop network, passive star, performance not directly connected, through tmeulti-hop approach [8].
analysis, stability, wavelength-division multiplexing. In a multi-hop system, the operating wavelengths of each
transmitter and receiver determine the logical topology. The
|. INTRODUCTION degree of each node in such a logical topology depends on

AVELENGTH-DIVISION multiplexing (WDM) par- the number of channels in the system and 'Fhe number of
I . . ; transceivers at each node. The degree specifies how many
titions the huge optical bandwidth into smaller man- =~ =" . o

. receiving nodes are directly connected to each transmitting
ageable channels that can be accessed at electronic ra

es A .
Fig. 1 shows an optical WDM local area network (LAN) innoae. For example, in Fig. 2(a), we show an 8-node multi-

. . hop network with a nodal degree of 2. Should Node 2 desire
which N nodes are connected to a passive-star coupler yia

' . : 0 communicate with Node 0, to which it is not directly
two-way fibers. TheN nodes in the system communicate . o .
with one another using tunable (wavelength-agile) or ﬁxe(ﬁ_onnected, 't.WOUId have to do so by sending information
0 Node 5, using\». Node 5 then forward this information on

tuned transmitters (lasers) and tunable or fixed-tuned receiV{s‘orﬁ\lode 0 ong. Thus, the information encounters two hops
. . 12- ’

(filters), which may operate on one of the wavelengths_, in traveling from Node 2 to Node 0. Similarly, Node 1 is at

wherew < N. (Fig. 1 assumesy = N and each node is hop-distance of three from Node 2

eqmpped with a tunable' receiver and a f|xed-tuned_ transm|tfaler.|_he above multi-hop technique assumes thais some
operating on the node’s unique wavelength.) Using tunabl

. . : w?teger multiple of N. However, this is not practical for
transmitter and/or receivers, thgé nodes may communicate . ) . .
: . . ; ystems with largeV due to various device constraints such
with one another directly using the single-hop approach [

s fiber nonlinearities and power budget [2]. Furthermore, as
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Fig. 2. (a) Logical assignment of wavelengths in an 8-node network arranged as a shufflenet with number of éolems degreep = 2, and

w = 2N = 16. (Note that this is also an 8-node GEMNET.) (b) Shared-channel shufflenetiwith 2, p = 2, andw = 8 < 2N. Each node

has two transmitter—receiver pairs. (c) 8-node SC-GEMNET with 4 channels (each node has a single transmitter—receiver pair). (d) TDM assignment of
transmitters and receivers for the SC-GEMNET shown in part (c).

sive review). Acampora [1] considered a logical topologyGEMNET (SC-GEMNET), while employing a number of
called shufflenet, where each node in the network as common features in [4], [5], [7], differs in the following ways.
transmitter—receiver pairs. With such an arrangement, each \We assume that each node is equipped vaitly one

node has a degre®, and networks of sizeV = K PX can fixed transmitter and one fixed receiveFhis is cost-
be constructed with the number of channels= KP*+! effective and provides a basis for comparison with single-
(without any channel sharing), whet& is the number of hop systems, many of which are based on a single

columns in the shufflenet. In Fig. 2(a), we show an 8-node transmitter—receiver pair per node.
network arranged as a logical shufflenet with = 2 and ¢ The SC-GEMNET permits the construction of networks
w = 16, i.e., each communicating transmitter—receiver pair has with a wider range of sizes. That iy need not be
a unique wavelength. Channel sharing may be achieved here equal toKPX, as required in the pure shufflenet-based
via TDM; all receivers in a common row of the shufflenet are  approach [1], o2%, as required in the binary-hypercube-
assigned the same wavelength. In Fig. 2(b), we consider the based approach [4].
case wherev = 8 < 2N; here, receivers in the same row are * The number of wavelengths is less thanV. The only
assigned the same wavelength. For example, both Nodes 2 and requirement is thatV should be an integer multiple of
3 have receivers tuned to wavelength Since transmitters at w. Shouldw > N channels be available, as assumed in
both Nodes 0 and 1 are also tuned to the same wavelength, previous studies, our analysis in this paper will still hold.
A1, these transmitters must take turns to use this channel. AnyOur analysis has the following features.
information that Nodes 0 or 1 transmit on this channel will be « Sjnce we assume that channel sharing is achieved through
heard by both Nodes 2 and 3, effectively increasing the nodal TDM, we consider fixed length packets and, therefore, use
out-degree of Nodes 0 and 1. The limitation of this model is  the M/D/1 queueing model in our evaluation.
that each node requires two transmitter—receiver pairs even in Nonzero propagation delays are considered.
the shared case. The approach that we shall present requiressaThe effect of channel sharing on the mean packet delay
single transmitter—receiver pair per node. can be quantified.

In [9] and [10], we proposed a method of channel shar-+ The delay expressions we derive are general and are not
ing for the Generalized Multistage Interconnection Network specific to any network architecture, such as shufflenet or
(GEMNET) [6]. Our approach, called the Shared-Channel GEMNET.
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Stable region shows the TDM frames for the network in Fig. 2(c). From
part (c) of the figure we observe that, since Node O has
only 1 transmitter, it can only send information dg. This
information can be “heard” by both Nodes 1 and 3, since
they share a channel at the receiving end. Since these two
nodes have a single receiver each, the other node whose
transmission they also need to hear (Node 4) must have its

Unstable transmitter tuned to\g. Therefore, Nodes 0 and 4 share the

regton transmission end of the channel. Increasing the number of

nodes which share a channel at the transmission end via TDM
increases queueing and frame synchronization latencies at
each transmitting node. Conceptually, the capacity of a single
channel is divided between two nodes, giving each node half
the original capacity. However, the out-degree of these logical
information streams has also been increased. This reduces the
hop-distance.

We now derive an expression for the average delay encoun-
tered by a packet before it is delivered to its destination. We
assume that communication is time-slotted with a slot being
Fig. 3. Delay behavior of a shared-channel, WDM, multi-hop network Witﬁqual to the transmission time of a packet. All other delays in
changes in loach and number of available wavelengths the system are normalized to this slot duration. We also note

that a packet that is forwarded on a single channel may be
ceived by multiple nodes; one of these may either “consume”
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We shall demonstrate in this paper that a multi-hop netwofﬁ
exhibits an interesting and anomalous délaghavior when e packet or forward the packet on its outgoing channel.

the number of wavelengths is varied (see Fig. 3). Within the The following notations are .used n the derivation. The
. ) number of nodes in the system is specified¥yThe number
practical region ¢ < N), for small values ofw, the average

packet delay initially decreases with increasimg however, of channels in the system, is chosen such thaV/w is an

. S integer. This is to ensure fairness, and all nodes are given
for larger values ofw, an increase inv increases the delay . . . . . -
X . : equal bandwidth. If¥/w is not an integer, fair sharing will
as well. For any given load), there is an optimal value af

N : e require that some channels be wasted if each node has a
(denoted byw*) for which the delay is minimized, and there : . : . )

. : single transmitter—receiver pair. Also,f > N channels are
are minimum and maximum values on the number of wave- = . ; . L

: . dvailable, we assume that/N is an integer. Again, this is

lengths (v, andwy, respectively) that can be effectively used; . S . .

. : fo guarantee fairness by distributing the available bandwidth
We will show that employing fewer thaw; or more than

wy channels leads to an unstable system. Fig. 3 also Sho%vqsually among all nodes. If fixed-tuned transmitter—receiver

that, with increasing loadw; increases andvy decreases pairs are being employed, this also implie§ that. ea}ch node
i.e., they are collapsing toward each other, until, for a certarirr]1USt havew /N such pairs. For the rest of this derivation, we

. assume thatv < N; results forw > N can be obtained by
load (\,.x) there exists only one stable value of(denoted e . .
. minor modifications to the expressions we derivedoK .
by wmax)- For the Ioad)\maxa wr = WH = Wmax = W .

Characterization of this interesting behavior of shared—c:hannel-rh.e round-trip pro_pagatlon delay between a node and the
multi-hop networks is the subject of this paper. passive-star coupler is denoted ByWe assume that all nodes

re equidistant from the passive-star couplérspecifies the

Section Il outlines our approach to constructing shareapM frame length and is equal t/w. A frame is comprised

channel multi-hop networks and develops an analytical mode% F slots in which F' different nodes get to transmit. The

to study delay performance in a generic, shared-channgl : .
. . . - . Ut-degree of a node i®. The out-degree is equal t& for
multi-hop system. Section Il provides some insights into the < N, andP = w/N for w > N.

stability and optimality of shared-channel systems, which eH{The average rate of arrival of fresh packets per node per

able us to prove that channel sharing is beneficial. Section 1V .. . _ .
concludes the paper. slot is A. We assume that the arrival process is Poisson, and

is independently and identically distributed for all network
nodes. Furthermore, we assume that all packets are equally
IIl. SC-GEMNET QONSTRUCTION likely to be destined to any one of the network nodes except
AND PERFORMANCE EVALUATION the source. Both fresh and forwarded packets arriving at a node
In Fig. 2(a), we depict an 8-node 16-channel GEMNETgre maintained in an infinite buffer before being processed. In
and in Fig. 2(c) we show the corresponding SC-GEMNE®rder to estimate the total amount of traffic (both fresh and
with w = 4. The logical topology of the SC-GEMNET isforwarded) presented to the network, we define the average
equivalent to the GEMNET without channel sharing. Fig. 2(d)op-distance separating a source and destinatidn &iven
h, the average rate of packet arrivals per node per frame,

2The total delay experienced by a packet is the duration between the time

of its arrival at a source node and the time it is delivered to the destinatidﬁ',CIUdmg both fresh packets and forwarded packets IS SpeCIerd

after possibly being forwarded through other intermediate nodes. by N as )N = ANA(1/w), for w < N.
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The maximum load that a network of si2é can supportis  That is, an increase in the value of increasesh but has
Amax. The maximum number of channels that can effectivelittle effect on queueing and frame synchronization latencies.
SUPPOrtAax IS wmax. The minimum and maximum number ofTherefore, under this condition, we can exp&dio monoton-
channels that can effectively support a giveffor A < A\,..) ically increase withw. In (2), we also note that the queueing
are wy, and wy, respectively, and the optimal number otomponent issxo whenw = AN, i.e., the system becomes
channels that minimizes the average delay (defined below)jstable for
experienced by a packet is*. w

Each packet encounters the following delay components A> NR (4)
before it is delivered to its destination: 1) queueing delay at the - . .
source node and possibly at one or more intermediate nodedOte thath itself is a fun_ctlon Of_N and w. For small ,
This queueing delay is composed of two subcomponeniéélugs ofw, the numerator in the r_|ght-hand side of (4) is
frame-synchronization delay, given by — 1)/2; and the ominant, and foww less than a certain value, denotedby,

. : _ the inequality in (4) is satisfied leading to an unstable system.
M/D/1 queueing delay,given by@ = (FX)/[2(1-X)]. 2 g .
/D/1 queueing y.giv yQ = (FX)/1X )1 2) ngmse, for larger values ofv, the denominator becomes

The one-unit transmission delay along each hop. 3) Propar% . qf h . | q db
tion delay,R, on each link that the packet traverses. Therefo 9m|nant, and for greater than a certain value, denoted by

the total packet delay is wy, the ingquality is agqin satisfied Iea}dir)g to an .un.stable
T(F-1) FV system. This lends (_:re(_jlblll_ty to our qualitative desc_rlptlon of
T= h{ + +1+ R} (1) the system’s behavior in Fig. 3; further demonstration of the
2 2(1-X) correctness of Fig. 3 will be provided in Section IlI.
_ For general networks, we may use the Moore bound [3] for e rejterate that the expressions derived above are general
h, which is given by in that they are not restricted to any specific topology, and,

_ 1 = PK _1 therefore, provide lower bounds on the delays for any network
h= N —1 Z P+ E(N - P_1 topology® These definitions and expressions are used next to
=1

S obtain insights into the behavior of shared-channel networks.
for P > 1, and h = N/2, for P = 1, where Kk =

[logp [N(P—1)+1]—1] and P is the out-degree of a node. i

Equation (1) may be rewritten, in terms af w, R, and N ) ) o ) )
as follows: We will present this section in two parts. First, via a 12-

node example, we study the behavior of the various delay

. INSIGHTS

TN, A, w, B) components with changes . Then, we investigate larger
<E> -1 2 \F) networks to predict the behavior of channel sharing in more
| \W N realistic scenarios.
=h —+1+R|. (2
2 2w(w — AN) @

A. Twelve-Node Example
Equation (2) indicates that, for- r(_aasonable yalges]\bf . In Fig. 4, we show the various delay componentsuas
the total average packet delay will increase with increasing

. . - ried in a network withV = 12, R = 2, and A = 0.05
R and increasing\. However, it is not very apparent what J

h . db ; froct b i ckets/slot/node. For these parameters, if ATM cells (53
appens aw IS Increased because two ENiects may be no 'Cezgtes) are used with each channel operating at 100 Mb/s,

First, h goes up because the degree of each node is invers V_ 548 us, which corresponds to a node-to-star distance

proportional tow. Second, the frame synchronization delaxf a little less than 1 km, and the load offered by a node is 5

decreases because the capacity available to each nod "IN leading to a network-wide loading of 60 Mb/s

its outgoing link increases as a result of reduced sharing.Note that, although continuous curves are shown in the
The queueing delay is more difficult to characterize; we wi%

: X R Tlgure, only the points wheréV/w = |[N/w] (or w/N =
_show in Section 1l tha'_[ the queueing initially decreases wit ls/N|) are meaningful, because of our desire to employ a
increasingw and then increases.

. .. fair scheme where bandwidth is equally divided among all

AISO’ for rea;ongble values df in (2), we observe that, if nodes. These valid points are highlighted on the curves. At
A is made arbitrarily small, other points, that is, wheV/w # | N/w]|, we have assumed

lim T(N, A\ w, R) that the bandwidth is equally shared by the nodes only for the

A—0,R— .
= N sake of analysié.
<E> -1 NQ()\E) SExact values of delay for any given network may be obtained by replacing
— lim h — +1+R the Moore bound in (2) with the appropriate value of the average hop-distance
A—0,R—oco 2 2w(w — )\Nh) for the network.

6These points raise some difficulty because we originally assumed that
_ each node has a single transmitter—receiver pair. To illustrate this difficulty
~ f(hR)- (3) consider the case whefs = 12 andw = 9. If the available bandwidth is

N . ) ) ) ) to be equally distributed among the 12 nodes, each node will be allocated an

This queueing delay assumes thatis Poisson. Simulation results, shownequivalent of 0.75 channels. Under such a condition, some of the nodes will

later, indicate that this is a good approximation. be allocated bandwidth spread across more than one channel, implying that

4The variable, KX, represents the diameter of a Moore graph (or treghiese nodes will need to be equipped with more than one transmitter—receiver

constructed fromV nodes, each node having a degreefbfConsequently, pair. Another consequence of trying to obtain fair sharing in such a system is
K — 1 represents the last complete level in the Moore graph (tree). that the SC-GEMNET structure is no longer valid.
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Fig. 4. Various delay components versus number of wavelengths in a 12-node network with.05 and R = 2. The connected points are obtained
from analysis. The unconnected poirkg are obtained from simulations. Note that simulation points diverge from the analytical values because the analysis
uses the Moore bound (lower bound on hop-distance) whereas the simulations are from SC-GEMNETS.

We first consider the case < N and make the following Also, for the value of\ we are considering, we notice that
observations. We notice that, when is very small (1 or the delay for the 24-channel case & 2N > N) is higher
2), the queueing delays are very large because all 12 nodlesn that for the 4-channels(< N) case. The reason is that
have to share they channels. For smally, the TDM frame the 4-channel case has a degree of 3, while the 24-channel case
synchronization delay is also significant, and we can expdws a degree of 2 albeit with a higher capacity. Increasing
this to become very large for larger values/éf For instance, further to 36 gives us the case where the degree is 3, with
when w = 1, all 12 nodes are sharing a single channel larger capacity on each link of the virtual topology than in
(the TDM case), and the frame synchronization delay is, dhe 4-channel case. At this point, however, the delay is only
average, 5.5 slots; the corresponding propagation delay is oglightly less than the 4-channel case. This decrease is due to
2 since all packets only travel across one hop. Wiwer N, the smaller queueing and synchronization delays, which result
each node has only one outgoing link leading to a logicklbm having dedicated channels.
ring network, and the full capacity of a link is available to Thus, under certain load conditions, employing < N
each node. However, at this point, = 6, leading to an channels with a single transmitter—receiver pair per node
average propagation delay of 12 slots. This tends to increasepreferable to employings > N channels with more
the average delay. Somewhere between these two extrentragismitter—receiver pairs per node. We must caution the
the total average delay has a minimum value. Specificaligader, though, that under heavier load, the 36-channel system
for the example network in Fig. 4, the total average delay is likely to perform better. For the rest of this section, we will

minimized forw = 4. only study systems with a single transmitter—receiver pair per
Results from simulation of an SC-GEMNET are also plottedode.
in Fig. 4. (The simulation points are shown with the”*“  An even more interesting result, as was promised in Fig. 3,

symbol.) Remarkable agreement is seen wher- 1, since can be observed in Fig. 5, wherein we depict the total delay
this is the simple TDM case. Fow = N, the queueing for various loads in the same 12-node network. Here again,
delay obtained from simulation is slightly smaller becausenly those points whereV/w = |N/w| are meaningful,
of the smoothing effects of buffering at intermediate nodeand these points are highlighted. For instance, at a load of
In between these two cases, the delay is larger because Xhe- 0.229, the system is unstable for all where equal
analysis uses the Moore bound (lower bound). sharing is possible (i.ew = 1, 2, 3, 4, 6, 12) if each node

In Fig. 4, we have also plotted the delay for the caséms only one transmitter—receiver. Far= 0.229, stability
N < w £ 3N. In the figure, there are only two such pointss achieved forw = 9 (and 10). In this case, six of the
which are realizable in a fair mannetr = 24 andw = 36. channels may be shared equally by the 12 nodes such that they
These two cases are more expensive and require that each rezid have access to a capacity equivalent to half a channel.
have two and three transmitter-receiver pairs, respectiveljhe other channels may also be distributed equally to the
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Fig. 5. Average delay versus number of wavelengths in a 12-node networkivith 1 and various load values. Highlighted points indicate values of
admitting equal sharing of the available bandwidth among the 12 nodes when each node has a single transmitter—receiver pair. The connected points wer
obtained from the analytical expressions. The unconnected peihtwedre obtained from simulations.

various nodes; however, each node would then require an TABLE |

additional transmitter—receiver pair to utilize the additional OpPTIMAL NUMBER OF WAVELENGTHS, w™, FOR
. . VARIOUS VALUES OF A AND R; N = 120
available capacity.

When w is very small, the system becomes unstable. We A =0001 | A =0005| A=00l| =005
note that, as the load is increased, the shape of the curve R=0 40 40 40 60
becomes a more pronounced trough. For example; i 1 R=1 40 40 40 40
is to be used, we have the trivial TDM case where all 12 R =10 12 12 12 40
nodes have to share the wavelength. In this case, the capacity ZZ 100 1 10 10 2

available to each node is limited to 1/22 0.0833: that is,
A > 0.0833 leads to queueing instability. On the other hand,
whenw = 12, h is 6, and)X’ = 6, implying that the system particularly for the case. = 0.01 and R = 100, there is a
becomes unstable for a load> % ~ 0.1667. The total delay range of values ofv for which the delayZ’, does not change
is also affected by? at this value ofw. appreciably. We would obviously choose from the lower
Again, simulation results for the 12-node SC-GEMNET argnd of this range.
provided in Fig. 5. Except for the case when= N, the  Fig. 7 also shows the optimal number of wavelengths,
delay values obtained through simulation are higher than thaagt minimizes the total delay for various values Jofand
predicted by analysis. As noted earlier, the delay is lower fgfree values ofi? (1, 10, 100). We note that increasirfg
thew = IV case because of the smoothing effects of the buffefgjicates a smallerw*. For any given load, there are lower
at intermediate nodes. However, the shape of the curvesyjgy upper boundsy;, and wy, respectively, on the range
retained and the conclusions we reach are justified. of w that admits stability. From the figure, it is observed
that as A\ increases;w; needs to be larger to counter the
o instability resulting from increased queueing delays at each
B. Delay Behavior in Larger Networks node. At the same timeypy needs to decrease in order to
In this subsection, we first discuss the resultsfbe= 120. counter the queueing instability resulting from a larger number
Then we look at even larger networks. Results for= 120 of forwarded packets. The maximum load that such a network
are shown in Figs. 6 and 7, and in Table I. In Fig. 6, we shoean support,,.x, corresponds to the point where the two
the average packet delay as a functionwoffor various A bounds meet, that is, at,,.x. For this example},,.x = 0.095
and R. Clearly, increasing\ or R increases the delay. Whenand wy,,x = N/2 = 60.
A = 0.05, employingw < 10 leads to instability, confirming We would be more interested, in generaluf since this
our prediction in Fig. 3. Note that, for large values@®fand would allow us to compare our minimum requirements with
small A, the curves provide a range of possible valuesufor technological limits. Forv = 120, A = 0.08 can be supported
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Fig. 6. Average delay]’, versus number of wavelengtha, for various values of load in a 120-node network: &)= 0; (b) R = 1; (c) R = 10;
and (d) R = 100.

using 30 channels. Using more than 60 channels leadsittavas shown that usingy = N/2 maximizes the throughput.
gueueing instability due to forwarded traffic. We also note th&pecifically, forN = 1200, andA = 0.01, we see that a stable
w* is more sensitive td? when X is small. At higher values system is obtained fors as low as 24. For more realistic
of A, all of the curves in the figure convergedo= N/2, and LAN’s, increasing/N from 60 to 120 does not increasey,
R does not significantly impaci*. for A £ 0.03. These results indicate that WDM networks are
In Table I, we provide values of* for various values of gracefully scalablelarge networks do not always require an
load. The table shows that the delay can be reduced i equally large number of wavelengths
reduced with increasing. For largeR (R = 100), every hop
implies a delay of 100 slots, so minimizirigthrough sharing
becomes critical. Finally, in Table Il, we provide values of
w*, wr, wy, andwy,, for various values ofV and A. The
trends seem to indicate that, for small the increase inv*
is an order of magnitude smaller than the increasévinfor

IV. CONCLUDING REMARKS

We have developed a general analytical method for model-
ing shared-channel, multi-hop WDM LAN’# such networks,
having a small number of channels is not only a technological

larger A, we see thatr* — wa. — N/2 provides the best limitation, but, based on our results, employing a small number

choice! The latter is consistent with the results in [7], wher(?f channels may act_ually be des_|rable from the systemg ber-
ormance point of viewWhen w is small, channel sharing

7Some caution should be exercised in interpreting these results. We arefi@gluces hop-distance; however, makingvery small also
aware of any optical, passive-star couplers tha; can easily support hundgg?ds to queueing instability since the capacity available to
of nodes. However, these extended, “asymptotic” results are being provide . . . L.
rgach transmitter is reduced. However, our intuition that a large

to show how channel sharing will effectively allow load management in t fta A ’
future, given that other technological constraints are overcome. w may lead to reduced queueing is also incorrect: the increased
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Fig. 7. Upper {vy) and lower {vr) bounds on the number of channels admitting stability and optimal number of chansi€lsvérsus load in a
120-node network.

TABLE I
w*, wy,, Wy, AND Wmax FOR VARIOUS N AND A; R = 10

A N=12 N =24 N = 60 N =120 N = 600 N = 1200 N = 2400

* * * * * * *

w; | w WaiWwp | W WglWe | W Wgliw, | W Wgiwp | W Wl Wp | w Wh wy w Wy

0.001 1 1 12 1 1 24 1 6 60 1 12 120 1 75 | 600 2 120 | 1200 5 200 | 1200

0.010 1 1 12 1 4 24 2 6 60 2 12 120 12 75 | 300 | 24 120 | 600 48 300 | 1200

0.030 1 1 12 1 6 24 3 6 60 8 24 60 50 | 120 | 300 | 120 | 300 | 600 300 600 | 1200

0.053 1 4 12 2 6 24 6 15 30 i5 40 60 | 120 | 200 | 300 | 300 | 400 | 600 | 1200 | 1200 | 1200
0.055 1 4 12 2 6 24 10 5 30 20 40 60 | 150 | 200 | 300 | 400 | 400 | 600
0.060 1 4 12 3 6 24 10 15 30 20 40 60 | 200 | 300 | 300 | 600 | 600 [ 600
0.068 1 4 12 3 6 24 10 15 30 24 40 60 | 300 | 300 | 300

0.070 1 4 12 3 6 24 10 20 30 24 40 60

0.080 1 4 12 4 6 24 12 20 30 30 40 60

0.090 2 4 12 4 6 12 15 30 30 40 60 60

0.095 2 4 12 4 8 12 15 30 30 60 60 60

0.100 2 4 12 6 8 12 20 30 30

0.110 2 4 12 6 8 12 30 30 30

0.120 2 4 12 6 12 12 30 30 30

0.140 3 4 12 8 12 12

0.150 3 4 12 12 12 12

0.190 4 6 6

0.220 6 6 6

hop-distance arising from using many dedicated channdls used for systems with a single transmitter—receiver pair per
increases queueing delays, due to an increase in forwardede. The results indicate that* is far less than linear in
traffic, even to the point of instability. It appears, therefore, thés relationship with/V for low load conditions; for saturating
there is an optimal numbew,* < N, of channels that should loadsw* = N/2 minimizes delay. This indicates that channel
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sharing allows WDM LAN'’s to gracefully scale-up with future
advances in both technology (increment in availab)eand
demand (increment itV). Additionally, we have shown in [9]
and [10] that sharing can provide considerable benefits in t
case of multicast traffic, by reducing the number of forwarde
packets.
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