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1. INTRODUCTION

Wavelength Division Multiplexing (WDM) is a promising technology for high speed communication. It uses
wavelength routing scheme to achieve throughputs of the order of Gb/s to Tb/s. This is because wavelength
routed all-optical networks offer wavelength reuse and hence overcome the electronic bottleneck. Lightpaths
(LP’s) are basic communication channels for communication in wavelength routed optical network. These are
analogous to circuits in the traditional circuit switched networks. The requests for the lightpaths arrive at random
and are assigned a free wavelength (if available) on each link of the path. A common metric of performance in
circuit-switched networks is the call blocking probability, which is defined as the probability that the call cannot
be accepted. In telephony networks these call set up and tear down very dynamically. Unlike in all-optical
networks these LPs remain for a longer duration. However, blocking probability is still a reasonable metric for
optical networks. This is because with the increasing traffic these lightpaths are being leased for varying time
durations. Hence a wavelength is increasingly viewed as the circuit [1]. We define this blocking probability as
the resource blocking or network layer blocking probability [2]. If the nodes are equipped with wavelength
conversion then the lightpaths can be assigned on different wavelengths on the links of the route. This reduces
the blocking probability and the optical network behaves as the conventional circuit switched network [3].
However these converters are still at the research state, and increase the cost of the network if implemented. On
the other hand, if nodes cannot have wavelength conversion, then the network is called all-optical network, and
the network suffers from the wavelength continuity constraint [1]. In the high speed networks where the data
rates are of the order of Gb/s, there can be many impairments (including the non-linearity) in the physical fibre
link which effect the quality of the signal. Hence as the signal goes from the source to the destination signal will
degrade drastically and might become unacceptable at the destination end. In this case bit-error rate (BER) is the
chosen metric. This results in another type of blocking called physical layer blocking. There are increasingly
many algorithms which have been implemented for taking physical layer issues into the routing algorithms [4]
[5] [6]. These algorithms are called QoS aware routing algorithms. However these algorithms are not
analytically tractable, and hence there is a need to obtain an analytical expressions for estimate blocking
probabilities.

With this goal in mind we present an analytical model to estimate the blocking probability based on the
network layer and physical layer constraints by modifying the algorithm presented in [4] [6]. This paper is
organized in the following way. In Section-2 we outline the assumptions used the assumptions used in the paper.
We present the modified algorithm in section-3. With the help of the theorem, we arrive at analytical expressions
for the blocking probabilities in section-4 and finally conclude in section 5.

2. ASSUMPTIONS USED IN THE MODEL

In this section we state few assumptions about the network, traffic and physical fiber media for estimating the
blocking probability of the optical network without wavelength changers (this makes the network under
consideration to be an all-optical network)

1. Calls for a node pair arrive according to the Poisson process with rate A, and the duration of the call is
exponentially distributed with unit mean.

2. A call can be accommodated on the route only if the same wavelength is available on all the links of the
route. That is there is no wavelength conversion.

3. The wavelength is chosen randomly from the set of free wavelengths. This assumption makes the all the
wavelengths identical.
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4. BER is independent of the wavelength. This assumption can be justified only when the set of
wavelengths are close to each other and hence there will not be any notable difference in the BER.
5. Each link has the same set of wavelengths.

3. SYSTEM MODEL

Fig.1 shows the algorithm used. Here the call arrivals are Poisson with exponential call holding time. Each call is
assigned an auxiliary wavelength and routed along the shortest path. Now along the shortest route BER is
calculated. If this BER exceeds the threshold BER (BER;) then route is marked as bad quality and is lost. On
the other hand if BER < BER,,,, then the route is marked as good quality. The estimation of the BER is based on
the impairment constraints imposed by the physical fiber media as shown in the Fig.1. We consider the
constraints on linear impairments like Chromatic Dispersion (CD), polarization mode dispersion (PMD),
amplified spontaneous emission (ASE), and crosstalk (XCS). These constraints ensure that the signal quality is
below certain threshold and thus marking the LP as the good quality. Now the auxiliary wavelength is released
and new free wavelength available is assigned. Blocking probability (R, ) in the BER module is defined as the

ratio number of blocked calls to the total number of calls arrived [4]. In this paper we focus on the arrival
process to the network layer module and prove that the arrival rate is dependent on B, . Fig.2 shows the graph for
power versus node. This graph is similar to the one obtained in [4]. As we see from the graph that the BER

degrades at each node and if the BER is greater than the threshold BER the call is rejected. Note that we have
only considered the XCS an ASE in the graph.
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Figure-1: QoS Aware Routing Algorithm used in the proposed model.

3.1 Analytical Model for the Network Layer Module

Let N(t) be the Poisson arrival process with rate A and denote its jump instants by {T1,T2,T3,T4,..00ee... }. These

arrival points are indicated with the dark circles as shown in the Fig.3. Consider independent Bernoulli process
[7] Z,.,k =1; such that Z, are independent and identically distributed random variables with
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Figure-2: Degradation of the signal from source to the destination
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Z, can be viewed as the process in which the calls are tagged with probability (w.p) B, that they do not meet the
BER constraint. Now we define new point process N®(t) and N(t) as follows: each pointT,,1 <k < N(t), is a
point of NP(t)if z, =1, else T, is a point of N (t). N (t) represents the process for the lost calls due to the
BER constraint with probability B,and N®™(t) represents the process for accepted calls which guarantee BER
with probability (1- R, ). Thus each point of the Poisson process N(t) is assigned to N®(t) or N¥(t) as shown
in the Fig.3, with probability B, or (1-R,) respectively and assignment is independent of across the points
of N(t). Z, is used to split the arrival process N(t) into two arrival process. This kind of splitting is called
Bernoulli splitting.

Theorem: N®™(t)and N (t)are independent Poisson process with rates AR, and A(1—PR,) , respectively.

Remark: The hypothesis of Bernoulli sampling is crucial. That means there is no dependence between the
selection points of N(t) . This independent selection is valid in our case since B, is independent of arrival
process N(t) .
Proof: Consider the following probability P(N(t,) - N®(t,) = k,,N®(t,) - N (t,) =k,) wheret, >t,, we can
write,
W W (A) (A) _ (ky +k)! 5k ks
PN () = N () =k, NTV () = NV (t) = ky) = P(N(t) - N(t) =k, +k2)XW(Pb) "(1-R)”
102
_ (Al =) e (k4 ko)
(K, +k,)! K, 1k, !
(AP, (t, ~1,)" e (AI=P)(E, —t, )" e
k,! k,!

= P(N(L)(tz)— N(L)(t1) = kl)P(N(A)(tz)— N(A)(tl) =k,)

(R (1-R)*

Thus N®(t)and N™(t) are said to Poisson arrival process with rates AP, and A(l- PR,)respectively and also
Nty = NP+ N
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4. DISCUSSION

Thus from the theorem, we see that the arrival process to the network-layer module follows the Poisson process
with new arrival rate (1-R,). Let P is the network layer blocking probability. Let X be the random
variable representing the number of idle wavelengths on the route R. If the route consists of only single link then
we have X;. Let R={1,2,34......... J} denote the route for end-to-end traffic. Then Pb‘N) = P[X, =0], thus from the

[8] we get

P =5 p,(MIIPIX, =m,] @
where m= (m;,m,,m;.......... m, ). This relation is obtained by assuming that { X, } are independent. In the Eqn.(2)
we have used the notation,

P,(X)=P[X,=n]| X, =X rereeee. Xy =X,] 3)
where R ={l,........ N} is any route consisting of N links, N =22, and X = (X, X,,.cccceu.n. X, ) . The other term in the
Eqn. (2) is obtained from the solution of the Erlang-B [9] formula as

A1-P)) ™ (¢ 2)
pix, —m, - GURI (e 4 4)
(C-m))! \x=ok!

5. CONCLUSION

We have presented a model for estimating the blocking probabilities in the QoS aware routing algorithms for
estimating blocking probabilities based on the network and physical layer constraints. In addition, we have

shown that the network layer blocking probability (P,") is dependent on the physical layer blocking (R,) as

given by equation Eq. (2). Evaluating BER for every arrival helps in marking the routes as good or bad quality.
Hence if network relaxes the BER threshold (BER.,) later, this marking helps to reject the calls without
evaluating BER all over again. If B, approaches to zero, then arrival rate to the network layer equals the actual

arrival rate. This happens only when we place no restriction on the QoS.
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