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Abstract

We study routing methods in all-optical switching net-
works. In all-optical switching networks, the connection
with more hops encounters more call blocking, and it is
especially true in optical networks with no wavelength
conversions. W therefore consider an alternate routing
method with limited trunk reservation in which connec-
tions with more hops are prepared more alternate routes.
Through devel oping an approximate anal ytic approach, we
show that our method keeps good performance when com-
pared with the existing alternate routing methods, and also
that the fairness among connections can be improved. Fur-
ther performance improvement isinvestigated by introduc-
ing a wavelength assignment policy and a dynamic routing
method. An effectiveness of the proposed method is inves-
tigated through simulation.

1 Introduction

An amount of traffic that a network should handle is
rapidly growing dueto the recent advancement of multime-
diacomputing and communication technologies. However,
switching systems based on the current el ectronic technol-
ogy cannot provide enough capacity to meet those require-
ments. An all-optical switching technology thus becomes
important for future very high speed networks. In the opti-
cal switching network, switching nodes can be expected to
have throughput of an order of gigabit per second. More-
over, no optical from/to electronic conversion is required.
Recently, a lightpath architecture is proposed for optical
switching based on a circuit—switching method in [1-4]. In
the lightpath architecture, network nodes perform demul-
tiplexing and linear operation such as power dividing and
amplification on optical signals, which makesit possible to
perform all operationsin the optical domain and to simplify
the network management (Fig. 1).

A main problem in optical networks is that the wave-
length conversion at the optical node is difficult. Then, the
same wavelength should be assigned to the connection on
all the links along the route if a capability of wavelength
conversion is not provided at the switching node. In [1,

21,21421411

12412411
NENZNY NEHZLNZNL

21,21421,22
)\117\2)\3)\4

Demultiplex

12412422
A1A2A4

Divide/Amplify

Multiplex

Figure 1: A switching process at a node

2], the performances of a fixed routing method with and
without wavelength conversions are compared, and it is
shown that the fixed routing method without wavelength
conversions remarkably degrades performance in terms of
call blocking probability through approximate analysis and
simulation techniques. The aternate routing method and
the dynamic routing method including LLR (least loaded
routing) are then introduced in [2, 3, 5] to improve perfor-
mance by providing more routes for each connection. In
the aternate routing, if thereis no available wavelength on
the primary route, the secondary route is examined to seek
the available wavelength. If it isfound, the connection is
established along the secondary route.

In this paper, we consider a new class of alternate rout-
ing to achieve high network performance aswell asto im-
prove afairness among connectionswith different numbers
of hop counts. In general, the connection with shorter hop
countsislikely to be accepted whilethe onewith more hops
encounters more call blocking. It is because the latter re-
quires to reserve more links at the connection setup time.
Itisespecialy truein optical networkswith no wavelength
conversions since the same wavelength must be available
along the route. In fact, the authorsin [1, 2] show that in
optical networks without wavelength conversions, the per-
formance is considerably degraded as the number of hop
counts is increased. In order to sustain the performance
degradation of connectionswith more hops, an Rsv (Wave-
length Reservation) and aThr (Protecting Threshold) meth-
ods are proposed in [2]. In the former method, a given
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number of wavelengths on each link is dedicated to con-
nectionswith more hopswhilein thelatter, the connections
with shorter hops are assigned an idle wavelength only if
the number of idle wavelengths on the link is at or above a
given threshold. However, both methods degrade the over-
all network performance (i.e., call blocking probabilities
averaged over al connections) due to the use of dedicated
wavelengths for specific connections, which resultsin de-
crease of wavelength utilization. In this paper, we consider
an alternate routing method with limited trunk reservation
(alimited alternate routing method for short) in which con-
nectionswith more hopsare provided more alternate routes
in proportion to the number of hop counts. By this method,
we can expect the performance improvement of connec-
tionswith more hopsat the expense of larger blocking prob-
abilities of ones with shorter hops, leading to improve a
fairness among connections. Another notable feature ob-
tained in our method is that overall network performance
can also be improved as will be shown later.

A key issue in our method is how to determine the num-
ber of aternative routes dependent on the number of hop
counts. In Section 2, we develop an approximate analytic
approach for alternate routing methods including our pro-
posed one. It is performed by extending an existing ap-
proach developed for the fixed routing [1, 2]. We then ex-
hibit the effectiveness of our method by comparing with the
conventional fixed routing and alternate routing, in which
afixed number of aternative routesis provided with every
connection.

A wavelength assignment is a unique problem of optical
networks. When the several wavelengths are available on
the route, which oneis better to be chosen for good perfor-
mance? In our approximate analysis, we make an assump-
tion that the wavelength is chosen randomly. However, in
such a case, more call blocking tends to occur for later ar-
riving connections with more hops. We can expect to de-
creaseacall blocking probability by introducing thefirst—fit
policy in which the available wavelength is always sought
from the same wavelength on every route. By this policy,
the connection with more hops can have more occasionsto
find the available wavelength on the route. In Section 3,
through simulation experiments, we show that the routing
method with first—fit wavelength assignment can dlightly
improve performance when compared to the one with ran-
dom wavelength assignment.

Last, we investigate further performance improvement
by introducing a dynamic routing. In this study, we focus
on the combination of routing selection and wavelength as-
signment, which has not been paid much attention in the
past literature. In the alternate routing, its route is deter-
mined by the predefined order. In the dynamic routing, on
the other hand, its route and wavelength are determined by

monitoring the global state of the network resources, more
specifically the number of freewavelengthson all links. We
will show the grade of performance improvement by our
dynamic method in Section 4.

Finally, Section 5 presents our conclusions and future
works.

2 Approximate Analysisand Perfor manceof
Alternate Routing M ethods
2.1 Analytic Mode
We introduce the following notations to describe our al-
ternate routing method and its analysis.

(1) A network consists of J links, each of which has W
wavelengths.

(2) By introducing rn; for the number of idlewavelengths
on link j, the network state can be represented as
m = (my,msg,---,my). The state spaceis M =
{0,7W} X o X {0,,W}

(3) Any route R is a subset of the link set {1,2,---,J}.
The number of hop counts for route R is denoted as
h(R).

(4) Denote Rff) for i th route between source/destination
pair a. In our model, it isassumed that every routefor
each source/destination pair does not share the same
link in order to simplify description. The number
r(R") of wavelengths is reserved for the route R .
(See the next subsection for our routing method.)

Let R(Y) denote a set of primary routes. In alternate
routing, let us denote R(9) for the set of 4 th routes.
Further, we introduce Rg.’) denoting the set of i th

routes that employ link j . Moreover, P isintro-
duced for representing the i th route of route £ that
employslink j .

(5) Inthe analysis, we will assume that connection setup
requests arrive at route Rél) following a Poisson dis-
tribution with rate € - The holding times of all con-
nections are assumed to be exponentially distributed
with unit mean.

2.2 Alternate Routing Method with Limited
Reservation
An outline of our alternate routing method is performed
when the connection setup request of the source/destination
pair a arrives.

(I) The following connection setup procedure is per-
formed for routes Rg"),i =1,...,n,, wheren, rep-
resents the number of routes provided for source/des-
tination pair a.

(I-i) Determinetheavailable number of wavelengths,
m, for links on route R&i). If wavelength con-
version is alowed, m is the minimum number
of idle wavelengths on the link on route Rfj) f
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wavelength conversion is not permitted, on the
other hand, m isthe number of idle wavelengths
through all links on the route.

(I-ii) If the number of idle wavelengthsis larger than
the number of reserved wavelengths on i th
route, i.e., if m > r(R\) for m determined in
Step (I-i), the connection is established using a
wavelength selected randomly from idle wave-
lengths (m) on that route. If m < r(Rg’)), the
connectionisnot accepted onroute Pé‘) and next
(i + 1) throute is examined.

(11) If the connection cannot be established on any route of
fz’),i =1,...,n,,theconnection requestishlocked.
2.3 Numerical Algorithm
Let X; be the random variable for the number of idle
wavelengths on link j in steady state. The corresponding
density is denoted as

gj(m;) =P(X; =my), m;=0,--- W

To make an analysistractable, we assume that random vari-
ables X, X5, -+, X; areindependent;

J
m) = H qj(m;),

Furthermore, we assume that the interarrival time for the
next connection setup request is exponentially distributed
with parameter a;(m;) if thereare m; idlewavelengthson
link 5 [5]. It follows that

m e M.

qj(mj)zW(Z(I)(ly)j'(;)(_?;gj; 1)%’(0), @
my=1,--, W
where
(W —=mj;+1)
1+m21 o ] )

We then determine the steady state probabilities {¢(m) :

m € M} using the algorithm below.

(i) Choosea;(:),j =1,---,J arbitrarily for all links.
(ii) Determine {g(m) : m € M} using Egs.(1) and (2).
(iif) Calculatea;(-),j =1,---,J whichwill be described

in the following subsection.

(iv) Caculate the blocking probability L, for all source—
destination pair a (see Eq. (3)). If new values of L,
are converged to the older ones, the iteration istermi-
nated. Otherwise go to Step (ii) for next iteration.

24 Determination of «;(m;) without Wave-

length Conversions
We extend the analysis for fixed routing based on are-
duced load approximation method in [1, 3, 5] to the alter-
nate routing in all—optical switching networks. In this sub-

section, we show the case where wavelength conversions
are not provided.

When the wavelength conversion is not allowed on
the node, the same wavelength must be idle throughout
the route for connection establishment. We introduce
u;(m;; P;) which represents the probability that when the
number m; of wavelengthsisidleonlink j, ¢ wavelengths
areavailable on theroute P; that includeslink j. By letting
thelink set of P; be {j, ji,j2," "+, jn(p;)—1}, the probabil-
ity u;(mj; P;) isgiven by the following equation [3].

w

i(my; P, Z Z Z

mj; =0m;,=0 mjh(Pj)71

ajr (mj, )gj, (my,) + -

=0

qjh(P]-)—l(mjh(Pj)—l)
h(P;)

xPp; (mj’mjlvmjzv'"7mjh(Pj)_1)

where p?*(-) is determined by the following recursive rela-
tion [3].

p?(mjl ) mj27mj37 T mjn)
_sz k m]n (m]nm]zv : 7mjn71)
B(z,y,i), fz>i, y>i,
2 _ T+ y—- Z S W7
0, otherwise

The conditiona probability 5(z,y,n) is the probability
that there exist n available wavelengths under the condi-
tion that « and y wavelengths are available on successive
two links. From [1], 5(z,y,n) isgiven by

o (yry—itl) [y r-i+l
ﬂ(x’y’”)_<, n—i+1> (HW—Z’+1>
=1 =1
HW-—y—i+1
X<H m—n—i—f—l)'

i=1
Now, we focus on some link j. By considering al pri-
mary routestraversing link j, the corresponding arrival rate

of connection requestsat link j is given as
> en (1—uo(mj; Fy)).
P; ER;I)

If link j isincluded in some secondary routes, overflow-
ing connection requestsfrom the primary routesshould also
taken into account. Such a case takes place when m; >
r(P;) and contribution of such arate becomes

Z €pa-o (Pj(l—)){ i uk(mj;Pj)}

P,eR® k=r(P;)+1
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where
w

vi (Py) = Y aj(mj)ui(my; Py).
mj:0
If link j isincluded in some tertiary routes, overflow rate
from secondary routes becomes

Z €pii-vo (Pj(l_))

3
PerY

x|l Y w (Pj(“)
k=r(P*7))+1
w
x|
k=r(P;)+1

uk(m]—;Pj)] .

Inasimilar way, overflow rate can be also determined in
the casewheretheroute P; traversing link j is¢ throute. By

introducing r(Pj(l_)) = 0, we havethefollowing equation
by collecting all the ratesin the above.

max ng,

aj(mi)= >

x - Y we)

n=1 k=r(P" 7)) +1

w

x| > w(my; Py)
k=r(P;)+1

where maxn, is a maximum number of alternate routes

provided for route P; traversing link j.

Finally, we derive the blocking probability. The prob-
ability that a connection cannot be established on the pri-
mary route Rél) isgiven by

w
> a;(my)ue(my; RY).

mj;=0

By letting the above probability be u (R."), the probabil-
ity that the connection cannot be established on the sec-
ondary route isthen determined as

w
vo(RV) x {1 - Z vk(Rff))} .

k=r(R®)+1
If n, routes are provided for some source/destination pair
a, the blocking probability L, then becomes

Ng w
Lo = vo(RM) x [[ {1 - > vk(REZ))}
=2

k=r(R")+1

Figure 2: The network model (1)

Na w
=11 {1 - ¥ vk(REj))}. ©)
=1 k=r(RY)+1
25 Numerical Examplesand Discussions
In this subsection, wefirst assessthe accuracy of our ap-

proximation approach. Then, numerical examples are pro-
vided to discuss the effect of the alternate routing method.

25.1 Assessment of Approximation

To assess the accuracy of the approximate analysis, we
compare with simulation results by using the following
model. The network model is depicted in Fig. 2 in which
the bidirectional link connects two adjacent nodes. To
clearly demonstrate the dependence of blocking probabil-
ities on hop counts of routes, we limit generation of con-
nection setup requests only at the source/destination pairs
satisfying the following conditions.

(1) If there exists a 1-hop route between source/destina-
tion pair, it isused asthe primary route. One of 3-hop
routes is used as the secondary one (since we do not
have 2-hop routes in this case). The tertiary route is
not provided.

(2) If asmallest hopistwo, itisused asthe primary route.
Another 2-hop route is used as the secondary route.
Thetertiary routeis not provided.

(3) If the route with more than three hops is the shortest
one, it is used asthe primary route and the second and
third shortest routes are used as the alternate routes.
The forth routeis not provided.

We note here that for brevity, the source/destination pair
satisfying conditions (1) through (3) in the above are also
referred to as 1-hop, 2-hop and 3-hop connections, respec-
tively.

Alternative routes for each source/destination pair are
set to have no common links. Insimulation, thearrival rate,
er, Of connections setup request at all source/destination
pairs are identical. Table 1 shows parameter sets we have
used for comparison. In the table, the parameter, r(R(),
means that on i th route of h-hop route, the connection is
allowed to be established only if the number of idle wave-
lengths on the route is larger than ~( R()). The symbol “—"
for r(R()) showsthat i th routeis not provided in the cases
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Table 1. Parameter sets for comparison (1)

r(BD),r(R?), r(BO)
type W | for 1-hop | for 2-hop | for 3-hop
typel | 4 | 0,4,— | 0,0,— 0,0,0
type2 || 8 0,2, — 0,0, — 0,0,1
T T
T er=05 analysis —— ]
,/ isimulation -+
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Figure 3: Comparison between analysis and simulation re-
sults (type 1)

of fixed and alternate routing methods.

Figures 3 and 4 present the results for different numbers
of wavelengths, W = 4 and 8. The horizontal axisin the
figures shows the index of the source/destination pair; in-
dices from 1 to 24, from 25 to 48, and from 49 to 56, cor-
respond to the source/destination pair satisfying the above
conditions (1), (2), and (3), respectively. The vertical axis
shows the blocking probability at each source/destination
pair. In the approximate analysis, iteration is required and
the convergence criteria was set to be 10~° for the block-
ing probabilities. Simulation results are given with 95%
confidence intervals. From two figures, we can observe
that blocking probabilities of 3-hop connections obtained
through the analysis are dightly overestimated than those
by simulation. However, analytic results in other condi-
tions are in good agreement with simulation results.

2.5.2 Numerical Results and Discussions

In what follows, we compare three routing methods
based on our analytic approach. Connection setup requests
only arrive at the source/destination pairs which satisfies
one of conditions described in Subsection 2.5.1. Figure 5
depictsour network model, consisting of 16 nodes. Overall
blocking probabilities (averaged over all source/destination
pairs) and the blocking probabilities dependent on the hop
count of the primary route are used as performance mea-
sures.

We employ the following routing methods for compar-
ison purposes. Parameter sets for each routing method are
shown in Table 2.

T T
] ‘ “analysis
- SimUlation
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o
o
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Blocking Probability
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Figure 4: Comparison between analysis and simulation re-

sults (type 2)

o
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Figure 5: The network model (2)

(a) Fixed routing: no aternate routeis provided.

(b) Alternate routing: two routes (one for the primary
route and another for the secondary route) are always
provided regardless of the number of hopsof theroute.
When the primary (or secondary) route hasat |east one
idle wavelength, the connection is established.

(c) Limited aternate routing: the number of aternate
routes is controlled by parameter r(R(¥). Its differ-
ence from ordinary alternate routing in the above is
that 1-hop connectionsarelesslikely to be established
on the secondary routes. Further, 3-hop connections
are provided with the tertiary route while not in the
alternate routing. We will use two sets of parameters
(see(c-1) and (c-2) inthe table).

Figures 6 through 9 correspond to the above four cases.

Table 2: parameter setsfor comparison (2)

r(®M),r(RP), r(BY)
Method for 1-hop | for 2-hop | for 3-hop
(a)flxed 07_7_ 07_7_ 07_7_
(b)alternate 0,0, — 0,0, — 0,0, —
(c-1)limited 0,1,— 0,0, — 0,0,1
(c-2)limited 0,2, — 0,1,— 0,0,1
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Figure 6: (@) fixed routing method

Inthefigures, we plot overall blocking probabilitiesaswell
as average blocking probabilities dependent on the num-
ber of hop counts to observe the fairness among connec-
tions. The arrival rates are identical among all source/des-
tination pairs. In al figures, two cases for the number of
wavelengths on each link are shown, i.e.,, W = 4 and 8.

Figures 6 and 7 show the analytic results of (a) fixed
routing method and (b) alternate routing method, respec-
tively. By comparing two figures, we can observe that
blocking probability is improved by introducing aternate
routes. However, in both routing methods, the differences
in blocking probabilities between 1-hop and 3-hop connec-
tions are beyond an order of magnitude.

We next compare (b) alternate routing method (Fig. 7)
and (c-1) limited aternate routing method (Fig. 8). As
can be seen from the figures, our limited alternate routing
method decreases an average blocking probability of 3-hop
connections (labeled by “3-hop” in the figure) as expected.
More notably, an overall blocking probability (“all”) isaso
improved by limiting the call acceptance of 1-hop connec-
tions, which leadsto morecall establishments of 3-hop con-
nections. As a consequence, our limited alternate routing
method can improve the fairness among connections with
different numbers of hop counts. Thistendency isremark-
able when the traffic load is low. The last figure (Fig. 9)
shows that fairness can be further improved by adjusting
parameters as shown in therow (c-2) in Table 2. Thisfair-
ness property isestablished by less acceptance of 1-hop and
2-hop connections (i.e., r(R(?)) = 2 for al 1-hop connec-
tionsand r(R(®) = 1 for al 2-hop connections).

3 Effectsof Wavelength Assignment Policies

In the previous section, we have assumed that the wave-
length is randomly chosen if the multiple wavelengths are
available on the route. However, awavelength assignment
isoneof important issuesin all-optical switching networks.
In thissection, we investigate the effect of following wave-
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Figure 7: (b) aternate routing method
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o
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Figure 8: (c-1) limited alternate routing method

length assignment policies by simulation.
(i) Random Assignment:

If amultiple number of wavelengthsisavailableonthe
examined route between source/destination pair, the
assigned wavelength is chosen randomly.

(if) First—Fit Assignment:
The wavelength is assigned according to a predefined
order [1]. In simulation, we assume that the wave-
lengths are indexed and the free wavelength with the
smallest index is selected.

(iii) MaxWave Assignment [4]:
In the above two policies, the wavelength to be as-
signed is sought from the available wavelengths only
on the predetermined (fixed or alternate) route. On
the contrary, in the MaxWave policy, the wavelength
is determined according to the usage status of wave-
lengths in the whole network. Namely, when a con-
nection setup request arrives, the most used wave-
length in the whole network is first selected. Then it
is examined whether the selected wavelength is free
on the route or not. If not, the secondly used wave-
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Figure 9: (c-2) limited alternate routing method

length is sought for a possible use to establish the con-
nection, and so on. In this policy, the usage status of
thewavelengthsin the whole network should be main-
tained, which is different from the above two policies
wheretheavailability of thewavelength on therouteis
only examined. By the MaxWave policy, itisexpected
that some wavelengths with large indices are left un-
used in the network, which islikely to be used for the
more hop connections.

In the current section, we treat this policy only for
comparison purposes. A dynamic routing method
which maintains the network global state will be fur-
ther investigated in the next section.

Since the authorsin [1] has compared random and first—
fit assignment policies for fixed routing, our investigation
in this section is devoted to the aternate routing method.
We use the (c-1) limited aternate routing in Table 2 asthe
routing method, and it is applied to the network model de-
pictedin Fig. 5.

Figures 10 and 11 show the simulation results for the
random and the first—fit wavelength assignment policies.
The result of the MaxWave policy is omitted due to space
limitation. The number of connection setup requests at
each source/destination pair during each simulation run is
100,000. By comparing the random and first—fit wave-
length assignment poalicies, it is observed that the first—fit
policy can improve the blocking probability of the connec-
tionswith more hops (labeled by “ 3-hop” in Fig. 11) asone
expects. However, it isvery limited.

We also observe that performance of the MaxWave pol-
icy isvery close to that of the first—fit policy. In the first—
fit policy, the wavelength with the smaller index is likely
to be used for the connection setup, and such awavelength
assignment policy isonly applied to the selected route, not
considering the usage of wavelengthsinthewhole network.
However, we can observe from the figures that the wave-
length assignment policy used in the first—fit policy is suffi-
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Figure 10: Blocking probability of (i) random policy
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Figure 11: Blocking probability of (ii) first—fit policy

cient for the network model which wehavetried. One point
we should note here isthat in the MaxWave policy, the or-
der of routes examined for the wavelength assignment is
preordered. In the next section, we will investigate the dy-
namic routing method in which the wavel ength assignment
and the routing determination are considered at the same
time.

4 An Effect of Dynamic Routing

In the previous section, we have investigated the effects
of wavelength assignmentsin the alternate routing method.
In this section, weintroduce the dynamic routing method in
which the wavelength assignment as well as the route se-
lection are determined according to the current global net-
work status, i.e., the usage status of the wavelengthsin the
whole network. Since the dynamic routing requires the
control overhead including the introduction of the center
node which maintains the network global state, the main
objective of the current section is limited to confirm how
the performance can beimproved by introducing such ady-
namic routing method.

Basically, our dynamic routing method is an exten-
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sion of the MaxWave policy mentioned in the previ-
ous section. The multiple routes are provided for each
source/destination pair. Then, for each route, the number
of free wavelengthsis checked and selected in conjunction
with the usage status of the wavelengths in the whole net-
work. Weintroduce following notationsto describe our dy-
namic routing method more specifically.

(i) For each wavelength \;(1 < ¢ < W), the number
of links on which the wavelength is idle is counted,
and it is denoted by ;. A set of the wavelengths is
represented by A = {\;, Ao,..., Aw} and a set of
the corresponding number of linksis denoted by B =
{ﬂl,ﬁ% v ,ﬁW}

(if) Let a set of routes provided for a source/destination
pairabeS, = {S1,S52,..., Sy, } wheren, isanum-
ber of routes on which aconnection can be established
for the pair a. A set of the corresponding number of
hop counts is denoted by H = {hy, ha,..., Ay, }.
When the connection setup request arrives at the
source/destination pair a, the number of free wave-
lengths on route S; is denoted as ;. Then, we have
asetof I' = {y1,7, .-, Yn, }-

(iii) To determine the route and the wavelength, we have
the number of idle links for each wavelength in the
whole network (B) and the information on each route.
For the latter, we consider the available humber of
wavelengths (I') and the number of hop counts (7).
We then introduce a constant a; (0 < a3 < 1) anda
function §; to represent the weighted sum of the above
three variables;

0ij = cnfBi + (1 — a1)B;(v;, hy),

where the function 6; is related to the local in-
formation regarding the possible routes for the
source/destination pair a, i.e., §; is afunction of the
hop counts h; and the available number of wave-
length ;. We then choose ¢;; with a smallest value
to establish a connection using the wavelength \; on
the route S;.

Note that when the hop count of each routeisnot taken
into account, 6;(v;,h;) may be given as W — ;.
Then, thesmaller value of a; givesapreferenceonthe
available number of the wavelength on the route. Or,
wemay set §;; asax(0 < ap < 1),

(Sij = Oélﬁi + (]. — al){az(W — ’)/j) + (]. — Oég)hj}.

by introducing another constant a» to incorporate the
hop counts of the route. On the other hand, a larger
valueof oy selectsthe wavelength which ismore used
in the network. As an example, we illustrate Fig. 12
where cases of a; = 0.25 and 0.5 are shown. We fur-
ther notice that «; = 0 corresponds to the case where
the usage status of wavelength in the whole network
isnot considered. In this case, the wavelength may be

0,=0.25

)

Bi
Figure 12: Selected order of wavelength and route in dy-
namic routing

examined in the order of )\, ..., Ay which leads to
thefirst-fit wavelength assignment policy presentedin
the previous section.
The network performsthe following steps at the connec-
tion setup request time for the source/destination pair a.
(I) Update the usage status of the wavelengths in the
whole network B = {41, 5, ..., Bw }. However, if
constant «;; = 0, this step is not performed.

(1) Evauate the number of idle wavelengths
r = {7,72,---,7,} On the route set
So = {51,52,...,5n, }. If every route has no avail-

ablewavelength, i.e,if 4 = = ... = v, =0,
the request is blocked.

(1) Calculate 6;; to order the set of routes and wave-
lengths. A smallest value of J;; is chosen to estab-
lish aconnection using the wavelength A; on theroute
S;. 1f two or more sets of §;; are identical, then first
choose the wavelength with the smallest ;. If the or-
der is not still determined, choose the route with the
largest a (W — ;) + (1 — az)h; secondly. If itis
impossible to establish the connection on the selected
combination of the route and the wavelength, the next
d;; isexamined.

Now, we compare the dynamic and aternate rout-
ing methods. In simulation, the network model de-
picted in Fig. 5 is used to compare the alternate rout-
ing method using first-fit wavelength assignment and the
above dynamic routing method. Simulation was run until
100,000 connection setup requests are generated for every
source/destination pair. For the weighted function ¢;;, we
have used

dij = a1 i + (1 — a1)8; (75, hy),
where

0;(vishj) =W =5,
since the effect of consideration on hop counts waslittlein
our model setting.

Figure 13 shows results dependent on the number of
wavelengths on each link. In this case, oy is set to be
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Figure 13: Comparison between aternate and dynamic
routing

1. Thatis, B is considered to determine the wavelength,
and the route is chosen according to the predetermined or-
der. From the figure, we can observe that the dynamic
routing outperforms the alternate routing as traffic load be-
comes low. The dynamic routing method also becomes ef-
ficient with the larger number of wavelengths. It is due
to the fact that some specific wavelengths are likely to be
idle by increasing wavelengths. It may conclude that if we
have enough wavelengths on each link, the dynamic rout-
ing method can be useful. However, the effect becomes
limited as the number of wavelengths is small, and in that
case the aternate routing with the first-fit wavelength as-
signment is sufficient.

We next show results for three different values of con-
stant «; = 0, W/(J + W), and 1 in Fig. 14. Recall-
ing that J represents the number of links in the whole net-
work, thevaluea; = W/(J + W) corresponds to the case
where both the number of idle links for each wavelength
(B) and the available number of wavelengths on each route
(") are equally weighted. Figure 14 showsthat the equally
weighted case (ay = W/(J + W)) outperforms the other
two cases, but the degree of performance improvement is
very limited. That is, the dynamic routing isefficient, but a
selection method of wavel engths and routes does not affect
the performance with significant differences. Of course,
such aconclusion cannot be drawn unlessextensive evalua-
tioniscarried out using various network topologies, which
should be a future research topic.

5 Concluding Remarks

In this paper, we have proposed a new class of alternate
routing method in all-optical switching networks. We have
developed a new approximate analytic approach for the
alternate routing method including our proposed method.
Numerical results have shown that our routing method can
improve overall blocking probability as well as a fairness
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Figure 14: Performance of the dynamic routing dependent
on o

among connections with different numbers of hop counts.
We have aso investigated the effect of the wavelength as-
signment method. Performance improvement can be ob-
served by introducing the first-fit method even for the al-
ternate routing, but the network global information (i.e.,
the available number of wavelengths in the whole net-
work required in the MaxWave method) is not necessary.
The effect of introducing the dynamic routing method has
also been investigated, showing that the dynamic routing
method is efficient when traffic load islow or many wave-
lengths are prepared on the link.

In this paper, we have only shown results for one exam-
ple network. More discussions are required for the various
network configurations.
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