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Abstract- The technology employed in fiber optic 

communication which multiplexes a number of optical carrier 

signals onto a single optical fiber by using different 

wavelengths of laser light is known as the wavelength-division 

multiplexing (WDM). In optical WDM networks, when 

maximum flow algorithms are used for the Routing and 

wavelength assignment (RWA) problem, it optimizes the 

network resource usage. The existing routing methods rarely 

consider the current network load when making the routing 

decision. In order to overcome the drawbacks of the existing 

RWA methods, an adaptive routing and wavelength 

assignment protocol is proposed which is based on maximum 

flow and load balancing.  

         In this work, Routing and Wavelength assignment is 

proposed adaptively based on the type of reservation request. 

When a network handles an advance reservation request, the 

routing is done using our Max-flow algorithm and wavelength 

assignment is done using an advance reservation algorithm. 

When the network handles an immediate reservation request, 

routing is done using the traffic load on each link on the paths 

and wavelength assignment is done using an immediate 

reservation algorithm.  

 

Keywords—WDM-wavelength-divisionmultiplexing, LAN- 

local area network, RWA -Routing and Wavelength 

assignment,NSF-National Science Foundation,Max Flow-

Maximum Flow,NS- Network Simulator. 

1.1   Introduction to WDM Routing: 

 

In fiber optic communications, the  WDM is a technology 

which multiplexes a number of optical carrier signals onto a 

single optical fiber by using different wavelengths 

of laser light[1]. A WDM local area network (LAN) or 

metropolitan area network (MAN) is usually constructed 

based on a shared transmission media and operate in a 

broadcast- and-select manner, without switching (routing 

According to the switching technique used, a WDM WAN 

could be further classified as circuit-switched (wavelength 

routed), packet-switched, or burst-switched [15]. WDM 

system uses a multiplexer at the transmitter to join the signals 

together and a de-multiplexer at the receiver to split them 

apart. With the right type of fiber it is possible to have a 

device that does both simultaneously, and can function as 

an optical add-drop multiplexer. [1] 

WDM technology has enabled wavelength routing, which 

provides the benefits of reduced switching costs as compared 

to high-speed electronic switches and more transparency than 

electronics could provide. Also WDM needs only one optical 

amplifier whereas Spatial Division Multiplexing (SDM) 

requires one amplifier per fiber. Thus, WDM technology is 

paving a way for the development of new services and is 

playing a major role in the expansion of optical networks. [3] 

     In WDM routing networks, the number of wavelengths 

available on fiber links limits the number of end-to- end 

connections. Moreover, a WDM network imposes additional 

constraints on the wavelength assignment. If switching/routing 

nodes are not equipped with a wavelength converter facility, 

then a light path must operate on the same wavelength across 

all fiber links that it traverses, the Routing and Wavelength 

Assignment (RWA) is said to satisfy the wavelength 

continuity constraint[13]. However, if each node is equipped 

with a wavelength converter, the wavelength continuity 

constraint disappears and the routing problem is the same as in 

normal circuit-switched networks where the only limiting 

factor is the number of available channels on each link. This 

continuity constraint leads to inefficient utilization of 

wavelength channels and results in higher blocking probability 

[4]. 

 

1.2 Challenges in the WDM routing: 

 

The following are Challenges in the WDM routing 

a) As the optical packet-switched network still faces technical 

difficulties as the lack of optical random access memories and 

stringent synchronization requirements, it is not believed to be 

practical in the near future and little work has been devoted to 

multicasting in such networks [3]. 

b) Since a large amount of traffic can be carried via a single 

fiber, a single fiber failure in the system may result in 

disconnection of a large number of user’s end-to-end  

connections  [4]. 

c) Algorithms for multi-domain network where optimization is 

required at the border nodes are not developed   [5] 

d) The problem to find a path, i.e. a route, from a source to a 

destination node in a WDM network with a continuous and 

free wavelength along each link is non-trivial. Indeed, the 

above problem is known as the Routing and Wavelength 

Assignment (RWA) problem and was found to be NP-Complete 

[6]. 

 e) When rerouting light paths, the number of light paths 

rerouted should be kept to a minimum. This leads us to 

consider the minimum-disruption link-disjoint paths 

(MDLDP) problem. The MDLDP problem is NP-complete 

when the primary and backup light paths use different 

wavelengths. However, it is polynomially solvable for the 

same wavelength. [7] 

http://en.wikipedia.org/wiki/Wavelength-division_multiplexing
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h) When minimization of the capacity utilization is the only 

objective, the congestion level index or the total number of 

capacity used in some links may reach to their upper limits, 

although the total number of wavelength channels used in the 

network is minimized [8]. 

i) Assigning a longer path when a shorter path is available 

increases the opportunity cost for the network to accept future 

arrivals. However, even in a network routed only by ASPF, 

the shortest available paths discovered for an end-to-end node 

pair at run time become longer when the network is congested. 

They show that limiting the number of hops for accepted 

connections effectively reduces overall blocking probability 

when the network load is high. However, it has a negative 

effect when the load is low [9].  

 

2.  Traffic grooming in Optical Networks: 

 

The problem of traffic grooming, routing and wavelength 

assignment (GRWA) is considered with the objective of 

minimizing the number of transponders in the network. We 

first formulate the GRWA problem as an integer linear 

programming (ILP) problem. Unfortunately, the resulting ILP 

problem is usually is very hard to solve computationally, for 

large networks. To overcome this difficulty a decomposition 

method is proposed that divides the GRWA problem into two 

smaller problems: the traffic grooming and routing (GR) 

problem and the wavelength assignment (WA) problem. In the 

GR problem, we only consider how to groom and route traffic 

demands onto light paths and ignore the issue of how to assign 

specific wavelength to light paths. Similar to the GRWA 

problem, we can formulate the GR problem as an ILP 

problem. The size of the GR ILP problem is smaller than its 

corresponding GRWA ILP problem. Furthermore, we can 

significantly improve computational efficiency for the GR ILP 

problem by relaxing some of its integer constraints, which 

usually leads to quite good approximate solutions for the GR 

problem. Once we solve then consider the WA problem, in 

which our goal is to derive a feasible wavelength assignment 

solution. 

 

2.1 The GRWA Problem:  

An optical mesh network architecturally has two layers: a 

physical layer and an optical layer. The physical layer consists 

of fiber spans and nodes and the optical layer consists of light 

paths (optical links) and a subset of nodes contained in the 

physical layer. A light path in the optical layer is a path 

connecting a pair of nodes via a set of fiber spans in the 

physical layer. We assume that light paths and their routes in 

the physical layer are given [13]. We use graph     

to represent the physical layer, where E is the set of edges 

representing fiber spans and Vf  is the set of nodes representing 

locations which are connected via fiber spans. We use graph 

to represent the optical layer, where L is the set 

of edges representing lightpaths and    is a subset of 

locations that are connected via light paths. Each edge in L 

corresponds to a path in  . Here we treat each lightpath as a 

logical connection between a pair of nodes. Therefore, one 

light path can contain multiple wavelengths. For ease of 

exposition, we first assume that  is a directed graph.[14]  

The GRWA problem can be formulated as an integer linear 

programming (ILP) problem. First, we need to introduce some 

necessary notation:  

W: the set of wavelengths available on each fiber;  

D: the set of traffic demands;  

g: the capacity of a single wavelength; 

 

 : the size of demand ; 

 

 :the node-edge incidence matrix of graph ; 

 

: the fiber light path incidence matrix; 

:source destination.column vector for ;   

:column vector containing lightpath routing 

variables for ; 

w   if demand d traverses lightpath l, and 0  otherwise;  

 :the column vector containing wavelength 

assignment variables for ,  

 :the unit column vector of appropriate 

size.  

Then the GRWA problem can be formulated as the 

following ILP problem (min )  

 

                   
 

                   
 

                   
 

 

                    
  

where the objective function  is the total number 

of wavelength assigned to all light paths.  

The three constraints are: Equation (1) is the flow balance 

equation, which guarantees that the light paths selected based 

on  constitute a path from the starting node of d to the end 

node of d. Equation (2) implies a single wavelength along 

each fiber span can be assigned to no more than one light path.  

Equation (3) is the capacity constraint for light path l, since   

is the total amount of demands carried by light 

path  l and   is the total capacity of lightpath  l.  
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2.2 The GR problem: 

 

Let a column vector containing light path capacity 

decision variable where  is the number of 

wavelengths needed for light path . Then, the GR 

problem can be formulated as  

 

                      

            
 

             
 

            
 

2.3 The WA Problem : 

The WA problem of our interest is to find a binary solution y 

such that  

 

 

 where  t is a feasible (or optimal) solution of the GR problem.  

 

3. Proposed Solution Wavelength Assignment in WDM 

Networks: 

 

The route, on which data transmission takes place, is assigned 

a wavelength using wavelength assignment. Cost gets reduced 

on proper assignment of wavelengths which leads to reduced 

or no use of wavelength converters. A request is sent to the 

controller, when a source node generates a call. The controller 

contains the information about the free and busy wavelengths 

at that instant of time since it has knowledge about the 

network. From the set of free wavelengths, a wavelength is 

selected by the controller and assigns it to the call. The 

performance of the network is affected while selecting the 

wavelength. First-fit wavelength assignment strategy is mostly 

used in the wavelength assignment strategy. The orders of 

wavelengths are predefined in order to implement the 

wavelength assignment and it maintains a list of used and free 

wavelengths. The connection is established using the first 

wavelength in the assignment scheme and only when the 

wavelength is free on all the links of the selected route the 

connection gets established.  

If not, the next indexed wavelength is used for establishing 

connection. This process is continued up to last wavelength. 

The wavelength gets added to the free wavelength set when 

the call is completed[7].The available wavelength with the 

smallest index is chosen for the first fit wavelength assignment 

algorithm and almost the same performance as that of the 

other complex algorithms is achieved and the implementation 

is also simple.  

          The First-Fit wavelength assignment algorithm is 

applied directly to the selected route if there is no availability 

of wavelength converters. The route is divided into t+1 

segments when wavelength converters t≥1, which is shows 

First-fit algorithm is applied on each segment during full-

range wavelength conversion. All the free wavelengths on 

each segment is checked for the limited-range wavelength 

conversion and a light-path satisfying the constraint of limited-

range wavelength conversion and also having the smallest 

index is found. [7] 

A considerable communication overhead which requires a 

centralized network structure to be implemented becomes to 

be a major disadvantage in these algorithms.  

The basic limitations to be followed for the purpose of the 

wavelength assignment are: 

1.  Wavelength continuity constraint: A light path having 

same wavelength should be used from the source to the 

destination edge.  

2.  Distinct wavelength constraint: All the light paths within a 

link must be assigned different wavelengths [9]. 

           In this paper, we propose to develop an efficient 

wavelength assignment algorithm in addition to the maximum 

flow based routing algorithm developed earlier [12]. In order 

to support advance reservation services, we need to 

concentrate both on the advance and immediate reservations. 

In addition to advance reservation requests, the network must 

also handle regular immediate reservation requests, which are 

typically characterized by a pair of source and destination 

nodes without a specified duration. Here when a network 

handles an advance reservation request, the routing is done 

using MAXFLOW algorithm[12]. When the network handles 

an immediate reservation request, we first calculate the traffic 

load on each link on the paths. Then, we assign reservation 

protocols for the wavelength assignment. Two reservation 

protocols are discussed here namely: WAAR (Wavelength 

Assignment for Advance Reservation) and WAIR 

(Wavelength Assignment for Immediate Reservation).  

 

3.1 Routing in WDM networks: 

 

   3.1.1 Max Flow Algorithm 

The routing in WDM network is carried out using Max flow 

algorithm described in our paper [12].  

   3.1.2 Load Balancing 

The load balancing of the nodes can be performed using the 

method described   in our paper [12].  

 

3.2 Wavelength Assignment or Reservation Models: 

 

 3.2.1.WAAR (Wavelength Assignment for Advance 

Reservation) 

A WAAR request consists of a source node, a destination 

node, a bandwidth demand, a specified starting time St, and a 

specified duration D. Hence, the ending time Tend is (St + D).  

Since a reservation can only start at the beginning of a timeslot 

and the duration is an integer number of timeslots, we assume 

that St = a τ and D = b τ, where both a and b are a positive 
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integer. Accordingly, the goal is to find a feasible route that 

can meet the specified requirements. A solution is as per 

Algorithm 1.  

 

3.2.2. WAIR (Wavelength Assignment for Immediate 

Reservation) 

A WAIR request consists of a source node, a destination node, 

a bandwidth demand, and a specified starting time St, while the 

duration D is not specified. However, the users generally have 

a minimum duration requirement, D min = b min τ  

and expect to get as long network services as possible.  

We impose an upper bound Max Tend on the maximum ending 

time. Accordingly, the goal is to find a feasible route that can 

maximize the duration within the range of 

                          [D min  ,  Max Tend − St].  

Let D max (α) denote the longest duration available for route Rα 

and set D max (α ) = 0 . A solution can be described as in 

Algorithm 2. 

Algorithm 1 (WAAR) 

 
1. For each alternate route  

RA l   (N , D ), (α = 1,2,…..,Nr), 

check the wavelength availability on 

each link along the route. 

2. For each link l(m, n) D ,check the     

wavelength availability in each timeslot,  

        TS(l)  [Tend, T end +D] 

   3. If Wl(m, n) (l) = 0 for any timeslot  

         TS(l)  [St ,St + D ] , 

     3.1 Go to step 1 

          Else  

     3.2 If An identical wavelength is present 

on link l(m, n) for all timeslot TS(l) 

 [St ,St +D ],then 

      

      3.2.1 If an identical wavelength is 

present on all links along the route 

during [Tend, Tend + D]. 

 

             3.2.1.1Any one identical wavelength is 

available, then One of the available 

wavelengths is selected and is 

reserved on each link along the route 

during 

                    [Tend ,Tend + D]              

                     Else 

         3.2.2 Go to step 1  

 

                  End if 

             Else  

         3.3 Go to step 1  

                 

           End if 

         End if 

 

    4. If a feasible route is found, then 

         4.1 Stop 

         Else 

          4.2 Request gets blocked.  

 
 

 

Algorithm 2  (WAIR) 

 
1. For each route Rα R = (Nα,Dα ),  

(α = 1,2,….., Nr) ,check the longest 

duration available.  

 

2. For each possible duration D = b τ, (b = 
bmin ,…(Dmax −α)) , check the wavelength 

availability on each link along the 

route. 

 

3. For each link l(m,n) D(α) ,examine the 

wavelength availability in each timeslot 

TS(l)  [St ,St + D ] 

 

4. If Wl(m, n) (l) = 0 for any timeslot 

TS(l)  [St ,St + D ] 

 

4.1 Go to step 1 
     Else   

       4.2 If An identical wavelength is 

present on link l(m,n)for all 

timeslots, TS(l)  [St ,St + D] ,then 

4.2.1 Check if an identical 

wavelength is present on all links 

along the route during [Tend, Tend + 

D]. 

4.2.1.1 Anyone identical wavelength 

is available, let Dmax (α) = D and 

go to step 2. 

Else 

4.2.2 Go to step 1. 

          End if 

                 Else     

       4.3 Go to step 1. 

    End if 

     End if 

5. After all alternate routes have been 
examined, determine the available 

longest duration, 

i.e. Dmax = Max[Dmax(α);α = 1,2,…, Nr]. 

6. If Dmax ≠ 0, then  
6.1 The route that provides the longest 

duration is the desired route. 

Else 

6.2 The request gets blocked. 

    

    3.3   Overall Algorithm 

 
1. Initially, we check the type of RWA 

reservation type whether it is Advance 

or Immediate reservation.  

2. If reservation type is advance, then 
    2.1 Routing is processed according to  the 

Max flow algorithm described in [12]. 

     2.2 Wavelength assignment is performed as 

per WAAR algorithm. 

    3. Else if reservation type is immediate, 

then 

3.1 Load balanced routing is performed 

according to [12]  

3.2 Wavelength assignment is performed 
as per WAIR algorithm 

End if 
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4. Simulation Results 

 
4.1 Simulation Settings 

In this section, we examine the performance of our New 

Adaptive Routing and Wavelength Assignment (ARWA) 

Protocol with an extensive simulation study based upon the 

NS-2 network simulator [2]. We use the Optical WDM 

network simulator (OWNs) patch in NS-2, to simulate a NSF 

network (Figure.1) of 14 nodes.  

       In this simulation, a dynamic traffic model is used, in 

which connection requests arrive at the network according to 

an exponential process with an arrival rate r (call/seconds). 

The session holding time is exponentially distributed with 

mean holding time s (seconds). The connection requests are 

distributed randomly on all the network nodes. In all the 

experiments, the results of our proposed .New Adaptive 

Routing and Wavelength Assignment (ARWA) Protocol is 

compared with the TLSDRAW Based Routing and 

wavelength assignment (Tradeoff-LSDRAW) protocol [11]. 

  

                  
 

                           Figur 1: NSF network with 14 nodes. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1: Simulation Parameters 
 

4.2. Performance Metrics: 

In this simulation, the bandwidth utilization, end-to-end delay 

and throughput are measured. Bandwidth Utilization is the 

ratio of bandwidth received into total available bandwidth for 

a traffic flow. The end-to-end-delay is averaged over all 

surviving data packets from the sources to the destinations. 

Throughput is the number of packets received successfully. 

 

4.3 Results 

A. Effects of Varying Flow: 

In the initial simulation, the traffic flow is varied as 1,2,3,4 

and 5 and measure the throughput, end-to-end delay and 

channel utilization. 
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Fig 2: Flow Vs Delay 

     (The end-to-end delay occurred when the rate is increased.)  
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Fig 3: Flow Vs Packets Received 

          (The throughput occurred when the rate is increased.) 

Flow Vs Utilization

0

0.001

0.002

0.003

0.004

0.005

0.006

1 2 3 4 5

Flow

U
ti

li
z
a
ti

o
n

TLSDRAW

ARWA

 
Fig 4: Flow Vs Utilization 

 (The channel utilization improved when the rate is increased) 

 

B. Effect of Varying Wavelength: 

In this experiment, the link wavelength is varied as 10, 15, 20 

and 25 and measure the throughput, end-to-end delay and 

channel utilization. 
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Fig 5: Wavelength Vs Delay 

           (The end-to-end delay occurred when the no. of flows 

is increased.). 
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Fig 6: Wavelength Vs Packets Received 

                (The throughput occurred when the no. of flow is 

increased.) 

Topology Mesh 
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Fig 7: Wavelength Vs Utilization 

(The channel utilization obtained when the no. of flows is 

increased. ) 

5. Conclusion 

 

In this paper, we have developed a new adaptive routing and 

wavelength assignment protocol which is based on maximum 

flow and load balancing. In order to support advance 

reservation services, we need to concentrate both on the 

advance and immediate reservations. In addition to advance 

reservation requests, the network must also handle regular 

immediate reservation requests, which are typically 

characterized by a pair of source and destination nodes 

without a specified duration. Here when a network handles an 

advance reservation request, the routing is done using 

Maxflow algorithm.  

            When the network handles an immediate reservation 

request, we first calculate the traffic load on each link on the 

paths. Then, we assign reservation protocols for the 

wavelength assignment. Two reservation protocols are 

discussed here namely: WAAR (Wavelength Assignment for 

Advance Reservation) and WAIR (Wavelength Assignment 

for Immediate Reservation). The goal of WAAR is to find a 

feasible route that can meet the specified requirements and the 

goal of WAIR is to find a feasible route that can maximize the 

duration within the range. From the simulation results we have 

shown that our adaptive RWA protocol attains improved 

throughput and bandwidth utilization. 
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