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ABSTRACT 

With the increasing demand for high data transfer rate, the communication is getting new developments. For 

progressive data transfer at high data rate services, the means of communication has now taken high offering 

bandwidth architecture such as optical networks. In optical networks the mode of communication is completely 

an optical medium and data are transferred from various nodes to reach to the destination via optical routers. 

Though these networks have high bandwidth compatibility they offer heavy traffic congestion due to non-linear 

traffics resulting in degraded quality services. In this paper we present an adaptive methodology towards 

developing routing scheme in optical network based on queue based mechanism at wavelength router for 

comparatively higher offering quality of services.  

KEYWORD: All-optical network, resource adaptive routing, dynamic routing scheme, throughput, overhead  

I. INTRODUCTION 

From the past ten to twenty years the usage of internet services are drastically increasing year by year. 

So we have to develop our communication systems to meet the demand for the data transfer. So to 

incorporate the quality of service for high data rate services, optical networks are the upcoming 

solution. Optical wavelength-division-multiplexing networks provide large bandwidth and are 

promising networks for the future Internet. Wavelength routed WDM systems that utilize optical cross 

connect are capable of switching data in the optical domain. In such systems, end-to-end all-optical 

light paths can be established and no optical-to electronic and electronic-to-optical conversions are 

necessary at intermediate nodes. Such networks are referred to as all-optical networks. Wavelength 

routed networks without wavelength conversion are also known as wavelength-selective (WS) 

networks [11]. In such a network, a connection can only be established if the same wavelength is 

available on all links between the source and the destination. This is the wavelength-continuity 

constraint. Wavelength routed networks with wavelength conversion are also known as wavelength-

interchangeable (WI) networks [11]. In such a system, each router is equipped with wavelength 

converters so that a light path can be setup with different wavelengths on different links along the 

path. To establish a light path in a WDM network, it is necessary to determine the route over which 

the light path should be established and the wavelength to be used on all the links along the route. 

This problem is called the routing and wavelength assignment (RWA) problem. Routing and 

wavelength assignment requires that no two light paths on a given link may share the same 

wavelength. In addition, in WS networks, light paths must satisfy the wavelength continuity 

constraint, that is, the same wavelength must be used on all the links along the path. The RWA 

problem can be classified into two types: the static RWA problem and the dynamic RWA Problem.  

In the static RWA problem, the set of connections is known in advance, the problem is to set up light 

paths for the connections while minimizing network resources such as the number of wavelengths and 
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the number of fibers. Alternatively, one may attempt to set up as many light paths as possible for a 

given number of wavelengths.  

Dynamic RWA tries to perform routing and wavelength assignment for connections that arrive 

dynamically. The objective of dynamic RWA is to minimize the blocking probability. The routing and 

wavelength assignment problem has been studied extensively.  

A summary of the research in this area can be found in [16]. This problem is typically partitioned into 

two sub-problems: the routing sub-problem and the wavelength selection sub-problem [2, 3, 5, 6, 7, 

10, 14]. For the routing sub-problem, there are basically three approaches, fixed routing [6], alternate 

routing [6, 7, 14], and dynamic adaptive routing [9, 10]. Among the routing schemes, dynamic 

adaptive routing, which is studied in this paper, offers the best performance. A large number of 

wavelength selection schemes have been proposed: random-fit [5], first-fit [5], least-used[15], most-

used[15], min-product[8], least-loaded [11], max-sum[2, 15], and relative capacity loss[17].  

The schemes can roughly be classified to three types. The first type, including random-fit and least-

used, tries to balance the load among different wavelengths. The schemes in this category usually 

perform poorly in comparison to other types of RWA schemes. The second type, including first-fit, 

most-used, min-product, and least-loaded, tries to pack the wavelength usage. These schemes are 

simple and effective when the network state information is precise. The third type, including max-sum 

and relative capacity loss, considers the RWA problem from a global point of view. These schemes 

deliver better performance and are more computational intensive than the other types of schemes. In 

this study, we investigate the impact of route overhead information on the performance of the routing 

wavelength algorithms. 

II. DYNAMIC ROUTING SCHEME 

In this paper we outline the approach of providing quality of service based on route queue mechanism 

for higher quality of service. It is observed that the congestion probabilities at the link points are very 

heavy and a large computation is carried out at each router to provide an optimal routing. As the 

overhead in the route is basically due to packet blockage and queuing it is prime requirement to 

reduce this overhead to achieve high quality services. To achieve this objective in this paper we 

propose a markovian approach for a distributed optical network.   

A queuing system consists of one or more routers that provide service of some sort to arriving node. 

Node who arrives to find all routers busy generally join one or more queues (lines) in front of the 

routers, hence the name queuing systems. There are several everyday examples that can be described 

as queuing systems [7], such as bank-teller service, computer systems, manufacturing systems, 

maintenance systems, communications systems and so on. Components of a Queuing System: A 

queuing system is characterized by three components: Arrival process - Service mechanism - Queue 

discipline.  

2.1. Arrival Process  
Arrivals may originate from one or several sources referred to as the calling population. The calling 

population can be limited or 'unlimited'. An example of a limited calling population may be that of a 

fixed number of machines that fail randomly. The arrival process consists of describing how node 

arrives to the system. If A
i 
is the inter-arrival time between the arrivals of the (i-1)

th
 and i

th
 node, we 

shall denote the mean (or expected) inter-arrival time by E(A) and call it  

(λ ) = 1/(E(A) the arrival frequency. 

2.2. Service Mechanism  
The service mechanism of a queuing system is specified by the number of routers (denoted by s), each 

server having its own queue or a common queue and the probability distribution of customer's service 

time. Let S
i 

be the service time of the ith customer, we shall denote the mean service time of a 

customer by E(S) and µ = 1/(E(S) the service rate of a server.  

2.3. Queue Discipline  
Discipline of a queuing system means the rule that a server uses to choose the next customer from the 

queue (if any) when the server completes the service of the current customer. Commonly used queue 

disciplines are:  
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FIFO - Node are served on a first-in first-out basis. LIFO - Node are served in a last-in first-out 

manner. Priority - Node are served in order of their importance on the basis of their service 

requirements.  

2.4. Measures of Performance for Queuing Systems:  
There are many possible measures of performance for queuing systems. Only some of these will be 

discussed here.  

Let, D
i 
be the delay in queue of the ith customer W

i 
be the waiting time in the system of the ith 

customer = D
i 
+ S

i 
Q(t) be the number of node in queue at time t L(t) be the number of node in the 

system at time t = Q(t) + No. of node being served at t  

Then the measures, 
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(if they exist) are called the steady state average delay and the steady state average waiting time in the 

system. Similarly, the measures, 
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(if they exist) are called the steady state time average number in queue and the steady state time 

average number in the system. Among the most general and useful results of a queuing system are the 

conservation equations: 

       -------- (3) 

These equations hold for every queuing system for which d and w exist. Another equation of 

considerable practical value is given by, 

               --------- (4) 

Other performance measures are:  

the probability that any delay will occur. - the probability that the total delay will be greater than some 

pre-determined value - that probability that all service facilities will be idle. - the expected idle time of 

the total facility. - the probability of turn-always, due to insufficient waiting accommodation. 

2.5. Notation for Queues.  
Since all queues are characterized by arrival, service and queue and its discipline, the queue system is 

usually described in shorten form by using these characteristics. The general notation is: 

[A/B/s]:{d/e/f} 

Where,  

A = Probability distribution of the arrivals  

B = Probability distribution of the departures 

 s = Number of routers (channels) 

 d = The capacity of the queue(s) 

 e = The size of the calling population 

 f = Queue ranking rule (Ordering of the queue)  

There are some special notation that has been developed for various probability distributions 

describing the arrivals and departures. Some examples are,  

M = Arrival or departure distribution that is a Poisson process  

E = Erlang distribution  

G = General distribution 

GI = General independent distribution 
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Thus for example, the [M/M/1]:{infinity/infinity/FCFS} system is one where the arrivals and 

departures are a Poisson distribution with a single server, infinite queue length, calling population 

infinite and the queue discipline is FCFS. This is the simplest queue system that can be studied 

mathematically. This queue system is also simply referred to as the M/M/1 queue. 

III. SYSTEM DESIGN 

The common characteristic of all markovian systems is that all interesting distributions, namely the 

distribution of the interarrival times and the distribution of the service times are exponential 

distributions and thus exhibit the markov (memoryless) property. From this property we have 

two important conclusions: 

1. State of the system can be summarized in a single variable, namely the number of node in the 

system. (If the service time distribution is not memoryless, this is not longer true, since not only the 

number of node in the system is needed, but also the remaining service time of the customer in 

service.) 

2. Markovian systems can be directly mapped to a continuous time markov chain (CTMC) which can 

then be solved. 

3.1. The M/M/1-Queue 
The M/M/1 Queue has iid interarrival times, which are exponentially distributed with specified 

parameters  and also iid service times with exponential distribution. The system has only a single 

server and uses the FIFO service discipline. The waiting line is of infinite size.  It is easy to find the 

underlying markov chain. As the system state we use the number of node in the system. The M/M/1 

system is a pure birth-/death system, where at any point in time at most one event occurs, with an 

event either being the arrival of a new customer or the completion of a customer’s service. What 

makes the M/M/1 system really simple is that the arrival rate and the service rate are not state-

dependent.  

Steady-State Probabilities: 
We denote the steady state probability that the system is in state k(k€N) by pk, which is defined by 

                                  ----------- (5) 

Pk(t) Where pk(t)) denotes the (time-dependent) probability that there are ‘k’ node in the system at 

time t.  The steady state probability pk does not dependent on t. We focus on a fixed state k and look at 

the flows into the state and out of the state. The state k can be reached from state k-1 and from state 

k+1with the respective rates   (the system is with probability  (t) in the state k-1  at 

time t and goes with the rate from the predecessor state k-1 to state k) and  (the same from 

state k+1). The total flow into the state k is then simply   . The State k is left with the rate 

) to the state k+1 and with the rate   to the state k-1 (for k=0 there is only a flow coming from 

or going to state 1). The total flow out of that state is then given by . The total rate of 

change of the flow into state k is then given by the difference of the flow into that state and the flow 

out of that state: 

                    -------- (6) 

Furthermore, since the pk are probabilities, the normalization condition 

               ----------- (7) 

3.2. M/M/m-Queue 
The M/M/m-Queue (m > 1) has the same interarrival time and service time distributions as the M/M/1 

queue, however, there are m routers in the system and the waiting line is infinitely long. As in the 

M/M/1 case a complete description of the system state is given by the number of node in the system 

(due to the memoryless property). The M/M/m system is also a pure birth-death system.  

3.3. M/M/1/K-Queue 
The M/M/1/K-Queue has exponential inter arrival time and service time distributions, each with the 

respective parameters λ and µ. The nodes are served in FIFO-Order; there is a single server but the 

system can only hold up to K node. If a new customer arrives and there are already K nodes in the 
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system the new customer is considered lost, i.e. it drops from the system and never comes back. This 

is often referred to as blocking. This behavior is necessary, since otherwise (e.g. when the customer is 

waiting outside until there is a free place) the arrival process will be no longer markovian. As in the 

M/M/1 case a complete description of the system state is given by the number of node in the system 

(due to the memoryless property). The M/M/1/K system is also a pure birth-death system. This system 

is better suited to approximate “real systems” (like e.g. routers) since buffer space is always finite.  

IV. RESULT OBSERVATION 

For the evaluation of the suggested approach a distributed optical network environment is been 

developed.  
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Fig 1: optical network architecture considered 

The above figure illustrates about how the assigned nodes are established as a network. By applying 

the routing method we have got all the possible links in between the nodes. Whenever a node has to 

deliver packets to the destination from the source it has to follow the shortest path and reliable path to 

travel. This is done by the routing methodology. It is observed from the above figure that the reliable 

path is chosen and the data is passed through that path. It is represented by red dotted lines. After 

calculation of reliable path the data packets has to travel to destination in communication phase. The 

setup phase finds out which are all the possible paths shown in above figure. 

The figure 2 plot is between number of data packets and data queue. It’s been observed that delay 

performance is better in proposed system when compared to conventional systems. In proposed model 

we are using queuing methods to overcome the delay. It’s clearly observed that as the number of data 

packets is increasing the queue management is good in the proposed work. 
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Fig 2: Delay Performance 
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Fig 3: Route Delay Plot 

Usually when the offered load is more the route delay will be there. The load is more means obviously 

the traffic and due to traffic congestion also will be more. In order to overcome the congestion in the 

network due to heavy traffic queuing models are used. The above plot mentions how the route delay 

varies when the offered load is increased. For the proposed method route delay is less when compared 

to the convention method. 
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Fig 4: Route Overhead 

Due to route delay the route overhead will increase. It leads to failure in data packets arrival. Chance 

of data packet loss will be there. Hence by applying queing model the problem is clearly solved. It’s 

observed that even increase in communication time the route overhead is less in proposed 

methodology when compared to conventional method. 
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Fig 5: Throughput Plot 
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For any system throughput is the main parameter to be concentrated on. The above plot gives idea that 

the routing system which is used without any queing model has got less throughput when compared to 

the reliable model which we have proposed. The throughput is comparatively high when compared to 

the conventional method. Under a similar observation for different topology of network is simulated 

and observed as, 
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Fig 6: Link Probability 
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Fig 7: Route Delay Plot 
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Fig 8: Route overhead 
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Fig 9: Throughput Plot 

V. CONCLUSION 

In this paper authors give importance of communication system and based on its increasing usages, 

need for developments in communication area. In this paper authors identified some problems in 

optical networks and proposed a new methodology towards developing routing scheme in optical 

network. So this paper gives a clear idea about a different approach to improve the quality parameters 

based on adaptive routing mechanism. The concept of route overhead due to queue at the link points 

is considered. They developed a new model called markoivan model, to obtain an optimal routing in 

optical network so as to achieve the quality service in distributed optical network. The quality metrics 

developed for the proposed approach is observed to be higher in quality as compared to the 

conventional approach of routing scheme and finally they explained all these improvements with the 

simulation results 
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