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                                                               INTRODUCTION 

 Survivability of a network refers to a network's capability to provide continuous service in the 

presence of failures. In a WDM network, as a single channel may be carrying tens of gigabits 

of data per second, a single failure would cause a huge amount of service disruption to a large 

number of users. Design of survivable optical networks has therefore attracted the attention of 

the research community. This paper deals development of an efficient technique for designing 

survivable routing schemes for optical networks and comparison of the proposed work with the 

conventional algorithms. In this thesis, we have presented a quick and efficient heuristic for 

survivable routing. In current WDM networks, it is possible to support hundreds of WDM 

channels on a single fiber. Therefore, the cost of the transmitters and the receivers, and hence 

the number of light paths, is becoming the main factor in determining the cost of a WDM 

network. We have tried to keep the number of light paths required to implement a topology as 

low as possible. The results shown in thesis prove that the blocking probability of the proposed 

algorithm increased with the increase in the offered load per unit link. We have also compared 

the two conventional algorithm first fit routing algorithm and best-fit routing algorithm. The 

comparison clears proposed algorithm is effective routing algorithm and it can be used for the 

networks with larger load. As we have mentioned before, a single optical fiber has, at least 

theoretically, a potential bandwidth of nearly 50 terabits per second (Tbps), which is about four 

orders of magnitude higher than the currently achievable electronic processing speed of a few 

gigabits per second (Gbps). However, because of the limits of the electronic processing speed, 

it is unlikely that all the bandwidth of an optical fiber can be exploited by using a single high 

capacity optical channel. For this reason, it is desirable to find an effective technology that can 

efficiently exploit the huge potential bandwidth capacity of optical fibers. The emergence of 

wavelength division multiplexing (WDM) technology has provided a practical solution to 

meeting this challenge. With WDM technology, multiple optical signals can be transmitted 

simultaneously and independently in different optical channels over a single fiber, each at a 

rate of a few gigabits per second, which significantly increases the usable bandwidth of an 

optical fiber. Besides the increased usable bandwidth of an optical fiber, WDM also has other 

advantages, such as, efficient failure handling, which means we can overcome more efficiently 

the data communication interruption due to any failure of communication media or the related 
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software, data transparency, means data are more reliable and fault free, and also reduced 

electronic processing cost. As a result, WDM has become the technology of choice to meet 

the tremendous bandwidth demand in current and future networks. Optical networks using 

WDM technology are being considered as the potential main network infrastructure for the 

next-generation of telecommunications networks and the Internet. 

                   Survivability of a network refers to a network's capability to provide continuous 

service in the presence of failures. In a WDM network, as a single channel may be carrying 

tens of gigabits of data per second, a single failure would cause a huge amount of service 

disruption to a large number of users. Design of survivable optical networks has therefore 

attracted the attention of the research community. The basic types of failures in the network can 

be categorized as either link or node failures. Link failure usually occurs because of cable cuts, 

while a nodes failure occurs because of equipment failure at network nodes. Besides, channel 

failures are also possible in WDM networks. A channel failure is usually caused by the failure 

of transmitting and/or receiving equipment operating on that channel (wavelength). The 

restoration schemes differs in there assumption about the functionality of cross-connects, traffic 

demand, performance metric, and network control. There are two commonly used protection 

schemes: shared path protection and dedicated path protection. In case of shared path 

protection, spare capacity is shared among different protection paths, while in dedicated path 

protection, the spare capacity is dedicated to individual protection paths. Shared path 

protection, although more difficult to implement, have been proven to be more capacity 

efficient than dedicated path protection.          

We call a routing survivable if the connectivity of the logical network is guaranteed in case of a 

failure in the physical network. In this paper we describe FastSurv, a local search algorithm 

which can provide survivable routing in the presence of phys- ical link failures. The algorithm 

can easily be extended for the case of node failures and multiple simultaneous 

link failures. In a large series of test runs, we show that Fast Survey is much more scalable with 

respect to the number of nodes in the network than current state-of- the-art algorithms, both in 

terms of solution quality and run time. Before we discussing Algorithm for Survivable Routing 

Optical Networks you must have understand the basic concepts of routing algorithm which 

have discussed below.  
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 Routing 

Routing is the process of selecting a path for traffic in a network, or between or across multiple 

networks. Routing is performed for many types of networks, including circuit-switched 

networks, such as the public switched telephone network (PSTN), computer networks, such as 

the Internet, as well as in networks used in public and private transportation, such as the system 

of streets, roads, and highways in national infrastructure. In packet switching networks, routing 

is the higher-level decision making that directs network packets from their source toward their 

destination through intermediate network nodes by specific packet forwarding mechanisms. 

Packet forwarding is the transit of logically addressed network packets from one network 

interface to another. Intermediate nodes are typically network hardware devices such as routers, 

bridges, gateways, firewalls, or switches. General-purpose computers also forward packets and 

perform routing, although they have no specially optimized hardware for the task. The routing 

process usually directs forwarding on the basis of routing tables, which maintain a record of the 

routes to various network destinations. Thus, constructing routing tables, which are held in the 

router's memory, is very important for efficient routing. Most routing algorithms use only one 

network path at a time. Multipath routing techniques enable the use of multiple alternative 

paths. 

Routing, in a narrower sense of the term, is often contrasted with bridging in its assumption 

that network addresses are structured and that similar addresses imply proximity within the 

network. Structured addresses allow a single routing table entry to represent the route to a 

group of devices. In large networks, structured addressing (routing, in the narrow sense) 

outperforms unstructured addressing (bridging). Routing has become the dominant form of 

addressing on the Internet. Bridging is still widely used within localized environments. 

Routing schemes differ in how they deliver messages: 

� unicast delivers a message to a single specific node 

� anycast delivers a message to anyone out of a group of nodes, typically the one nearest 

to the source 

� multicast delivers a message to a group of nodes that have expressed interest in 

receiving the message 

� geocast delivers a message to a geographic area 

� broadcast delivers a message to all nodes in the network 
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� Unicast is the dominant form of message delivery on the Internet. This article focuses 

on unicast routing algorithms. 

Topology distribution 

In static routing (or non-dynamic routing), small networks may use manually configured 

routing tables. Larger networks have complex topologies that can change rapidly, making the 

manual construction of routing tables unfeasible. Nevertheless, most of the public switched 

telephone network (PSTN) uses pre-computed routing tables, with fallback routes if the most 

direct route becomes blocked (see routing in the PSTN). 

Dynamic routing attempts to solve this problem by constructing routing tables automatically, 

based on information carried by routing protocols, allowing the network to act nearly 

autonomously in avoiding network failures and blockages. Dynamic routing dominates the 

Internet. Examples of dynamic-routing protocols and algorithms include Routing Information 

Protocol (RIP), Open Shortest Path First (OSPF) and Enhanced Interior Gateway Routing 

Protocol (EIGRP). 

Distance vector algorithms  

Distance vector algorithms use the Bellman–Ford algorithm. This approach assigns a cost 

number to each of the links between each node in the network. Nodes send information from 

point A to point B via the path that results in the lowest total cost (i.e. the sum of the costs of 

the links between the nodes used). The algorithm operates in a very simple manner. When a 

node first starts, it only knows of its immediate neighbours, and the direct cost involved in 

reaching them. (This information the list of destinations, the total cost to each, and the next hop 

to send data to get there makes up the routing table, or distance table.) Each node, on a regular 

basis, sends to each neighbour node its own current assessment of the total cost to get to all the 

destinations it knows of. The neighbouring nodes examine this information and compare it to 

what they already 'know'; anything that represents an improvement on what they already have, 

they insert in their own routing table(s). Over time, all the nodes in the network discover the 

best next hop for all destinations, and the best total cost. When one network node goes down, 

any nodes that used it as their next hop discard the entry, and create new routing-table 

information. These nodes convey the updated routing information to all adjacent nodes, which 

in turn repeat the process. Eventually all the nodes in the network receive the updates, and 

discover new paths to all the destinations they can still "reach". 

Link-state algorithms  
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When applying link-state algorithms, a graphical map of the network is the fundamental data 

used for each node. To produce its map, each node floods the entire network with information 

about the other nodes it can connect to. Each node then independently assembles this 

information into a map. Using this map, each router independently determines the least-cost 

path from itself to every other node using a standard shortest paths algorithm such as Dijkstra's 

algorithm. The result is a tree graph rooted at the current node, such that the path through the 

tree from the root to any other node is the least-cost path to that node. This tree then serves to 

construct the routing table, which specifies the best next hop to get from the current node to 

any other node. 

Optimised Link State Routing Algorithm   

A link-state routing algorithm optimised for mobile ad hoc networks is the Optimised Link 

State Routing Protocol (OLSR). OLSR is proactive; it uses Hello and Topology Control (TC) 

messages to discover and disseminate link state information through the mobile ad hoc 

network. Using Hello messages, each node discovers 2-hop neighbor information and elects a 

set of multipoint relays (MPRs). MPRs distinguish OLSR from other link state routing 

protocols. 

Path vector protocol  

Distance vector and link state routing are both intra-domain routing protocols. They are used 

inside an autonomous system, but not between autonomous systems. Both of these routing 

protocols become intractable in large networks and cannot be used in Inter-domain routing. 

Distance vector routing is subject to instability if there are more than a few hops in the domain. 

Link state routing needs huge amount of resources to calculate routing tables. It also creates 

heavy traffic due to flooding. 

Path vector routing is used for inter-domain routing. It is similar to distance vector routing. 

Path vector routing assumes that one node (there can be many) in each autonomous system acts 

on behalf of the entire autonomous system. This node is called the speaker node. The speaker 

node creates a routing table and advertises it to neighboring speaker nodes in neighboring 

autonomous systems. The idea is the same as distance vector routing except that only speaker 

nodes in each autonomous system can communicate with each other. The speaker node 

advertises the path, not the metric, of the nodes in its autonomous system or other autonomous 

systems. Path vector routing is discussed in RFC 1322; the path vector routing algorithm is 

somewhat similar to the distance vector algorithm in the sense that each border router 
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advertises the destinations it can reach to its neighboring router. However, instead of 

advertising networks in terms of a destination and the distance to that destination, networks are 

advertised as destination addresses and path descriptions to reach those destinations. A route is 

defined as a pairing between a destination and the attributes of the path to that destination, thus 

the name, path vector routing, where the routers receive a vector that contains paths to a set of 

destinations. The path, expressed in terms of the domains (or confederations) traversed so far, 

is carried in a special path attribute that records the sequence of routing domains through which 

the reachability information has passed. 

Path selection 

Path selection involves applying a routing metric to multiple routes to select (or predict) the 

best route. In computer networking, the metric is computed by a routing algorithm, and can 

cover information such as bandwidth, network delay, hop count, path cost, load, MTU 

(maximum transmission unit), reliability, and communication cost (see e.g. this survey for a list 

of proposed routing metrics). The routing table stores only the best possible routes, while link-

state or topological databases may store all other information as well. In case of overlapping or 

equal routes, algorithms consider the following elements to decide which routes to install into 

the routing table (sorted by priority): 

1. Prefix-Length: where longer subnet masks are preferred (independent of whether it is 

within a routing protocol or over different routing protocol) 

2. Metric: where a lower metric/cost is preferred (only valid within one and the same 

routing protocol) 

3. Administrative distance: where a route learned from a more reliable routing protocol is 

preferred (only valid between different routing protocols) 

Because a routing metric is specific to a given routing protocol, multi-protocol routers must use 

some external heuristic to select between routes learned from different routing protocols. Cisco 

routers, for example, attribute a value known as the administrative distance to each route, 

where smaller administrative distances indicate routes learned from a supposedly more reliable 

protocol. 

A local network administrator, in special cases, can set up host-specific routes to a particular 

device that provides more control over network usage, permits testing, and better overall 

security. This is useful for debugging network connections or routing tables. 
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In some small systems, a single central device decides ahead of time the complete path of every 

packet. In some other small systems, whichever edge device injects a packet into the network 

decides ahead of time the complete path of that particular packet. In both of these systems, that 

route-planning device needs to know a lot of information about what devices are connected to 

the network and how they are connected to each other. Once it has this information, it can use 

an algorithm such as A* search algorithm to find the best path. In high-speed systems, there are 

so many packets transmitted every second that it is infeasible for a single device to calculate 

the complete path for each and every packet. Early high-speed systems dealt with this by 

setting up a circuit switching relay channel once for the first packet between some source and 

some destination; later packets between that same source and that same destination continue to 

follow the same path without recalculating until the channel teardown. Later high-speed 

systems inject packets into the network without any one device ever calculating a complete 

path for that packet—multiple agents. In large systems, there are so many connections between 

devices, and those connections change so frequently, that it is infeasible for any one device to 

even know how all the devices are connected to each other, much less calculate a complete 

path through them. Such systems generally use next-hop routing. Most systems use a 

deterministic dynamic routing algorithm: When a device chooses a path to a particular final 

destination, that device always chooses the same path to that destination until it receives 

information that makes it think some other path is better. A few routing algorithms do not use a 

deterministic algorithm to find the "best" link for a packet to get from its original source to its 

final destination. Instead, to avoid congestion in switched systems or network hot spots in 

packet systems, a few algorithms use a randomized algorithm—Valiant's paradigm—that 

routes a path to a randomly picked intermediate destination, and from there to its true final 

destination. In many early telephone switches, a randomizer was often used to select the start of 

a path through a multistage switching fabric. 

Multiple agents 

In some networks, routing is complicated by the fact that no single entity is responsible for 

selecting paths; instead, multiple entities are involved in selecting paths or even parts of a 

single path. Complications or inefficiency can result if these entities choose paths to optimize 

their own objectives, which may conflict with the objectives of other participants. A classic 

example involves traffic in a road system, in which each driver picks a path that minimizes 

their travel time. With such routing, the equilibrium routes can be longer than optimal for all 
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drivers. In particular, Braess' paradox shows that adding a new road can lengthen travel times 

for all drivers. In another model, for example, used for routing automated guided vehicles 

(AGVs) on a terminal, reservations are made for each vehicle to prevent simultaneous use of 

the same part of an infrastructure. This approach is also referred to as context-aware routing.  

The Internet is partitioned into autonomous systems (ASs) such as internet service providers 

(ISPs), each of which controls routes involving its network, at multiple levels. First, AS-level 

paths are selected via the BGP protocol, which produces a sequence of ASs through which 

packets flow. Each AS may have multiple paths, offered by neighboring ASs, from which to 

choose. Its decision often involves business relationships with these neighboring ASs, which 

may be unrelated to path quality or latency. Second, once an AS-level path has been selected, 

there are often multiple corresponding router-level paths, in part because two ISPs may be 

connected in multiple locations. In choosing the single router-level path, it is common practice 

for each ISP to employ hot-potato routing: sending traffic along the path that minimizes the 

distance through the ISP's own network—even if that path lengthens the total distance to the 

destination. 

Consider two ISPs, A and B. Each has a presence in New York, connected by a fast link with 

latency 5 ms—and each has a presence in London connected by a 5 ms link. Suppose both ISPs 

have trans-Atlantic links that connect their two networks, but A's link has latency 100 ms and 

B's has latency 120 ms. When routing a message from a source in A 's London network to a 

destination in B 's New York network, A may choose to immediately send the message to B in 

London. This saves A the work of sending it along an expensive trans-Atlantic link, but causes 

the message to experience latency 125 ms when the other route would have been 20 ms faster. 

A 2003 measurement study of Internet routes found that, between pairs of neighboring ISPs, 

more than 30% of paths have inflated latency due to hot-potato routing, with 5% of paths being 

delayed by at least 12 ms. Inflation due to AS-level path selection, while substantial, was 

attributed primarily to BGP's lack of a mechanism to directly optimize for latency, rather than 

to selfish routing policies. It was also suggested that, were an appropriate mechanism in place, 

ISPs would be willing to cooperate to reduce latency rather than use hot-potato routing.  

Such a mechanism was later published by the same authors, first for the case of two ISPs and 

then for the global case.  
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Route analytics 

As the Internet and IP networks become mission critical business tools, there has been 

increased interest in techniques and methods to monitor the routing posture of networks. 

Incorrect routing or routing issues cause undesirable performance degradation, flapping and/or 

downtime. Monitoring routing in a network is achieved using route analytics tools and 

techniques. 

Optical Technology 

In this section we discuss some of the hardware devices used in optical networks, including 

Optical Fibers, Optical Signal Amplifiers, Optical Add-Drop Multiplexers, Wavelength 

Routers, Optical Transceivers. 

Optical Fibers  

Optical fibers are long, thin strands of very pure glass about the diameter of a human hair. They 

are arranged in bundles called optical cables and are used to transmit optical signals over long 

distances. An optical fiber consists of a cylindrical core of silica, with a higher refractive index, 

surrounded by cylindrical cladding, also of silica, with a lower refractive index. The idea of 

optical communication using a fiber is that, if an optical signal passing through an optical 

medium with a higher refractive index, say µ1, meets another optical medium with a lower 

refractive index, say µ2, at an angle greater than the critical angle     sin-1µ2/µ1, total internal 

reflection takes place where the signal is entirely reflected back into the denser medium. 

Optical signal propagates through the core of the fiber using a series of such total internal 

reflections. 

                                                Coating 

                                             Cladding 

 

                                                   Core 

                                               Cross-section of an optical fiber 
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                           Optical signal propagation using total internal reflection 

The potential transmission capacity of optical fiber is enormous. Especially, within the last 30 

years, the transmission capacity has been increased dramatically. Theoretically, using advanced 

techniques such as DWDM (Dense WDM), the modest number of fibres could have sufficient 

bandwidth to easily carry the sum of all types of current data transmission needs for the entire 

planet. (~100 terabits per second per fibre). However, the transmission capacity of a fiber is 

strongly dependent on the length of the fiber. The longer a fiber, the lower is its achievable 

transmission rate. Currently two types of optical fiber are in use – multimode fibers and single-

mode fibers. Multimode fibers are often more convenient to utilize for short distances of a few 

hundred meters or less, as they are cheaper to install and the necessary equipment are less 

expensive. Multimode fibers can achieve data rates between a few hundred Mbps to around 10 

Gbps, depending on the transmitter technology. 

 

                                              A bundle of optical fibres 

                           (Taken from http://en.wikipedia.org/wiki/Optical_fiber) 

Single-mode fibers are typically used for longer distances of a few kilometers or more. 

Currently a single encoded optical signal can be used to transmit at the rate of 2.5 Gbps, 10 
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Gbps or even 40 Gbps, over a distance of ten kilometers or more. Future systems may use 

higher data rates of 160 Gbps.   

Optical Signal Amplifiers 

While traveling through the optical fiber, a part of any optical signal is always lost due to a 

variety of factors, including scattering, absorption, and bending, even though the modern day 

optical fibers are made from extremely pure silica. Signal amplifiers are therefore required, 

especially for long-haul transmission cables, to boost up the weak signals. There are several 

different types of optical amplifiers that are being used in today's optical communication 

systems. Among them three most widely used are Semiconductor optical Amplifiers (SOA), 

Erbium-Doped Fiber Amplifiers (EDFA), and Raman Amplifiers. A typical semiconductor 

optical amplifier (SOA) is a waveguide structure with a semiconductor gain medium, similar to 

a semiconductor laser. Due to their compact size, reduced power consumption and reduced cost 

of fabrication, semiconductor optical amplifiers are popular for short to intermediate reach, 

narrow band gain applications. The disadvantages of SOAs include much narrower wavelength 

bands, reduced amplification, and higher noise figure than erbium-doped fiber amplifiers 

(EDFA). EDFAs are widely used in line amplifiers for long distance links and other 

applications requiring high output power, high data rates, and low noise. An EDFA can 

simultaneously amplify signal light of multi wavelengths within an amplification spectrum 

band.  Therefore,  it  is  widely  used  as  an  optical  amplifier  applied  to  a wavelength 

division multiplexing (WDM) transmission system. A recent technology uses a circuit of 

EDFA to fully exploit the spectrum of all-wave fiber and it is called ultra wide-band EDFA. 

Raman amplification is also becoming increasingly important in optical communication 

systems, in particular in high-bit rate WDM and DWDM systems. An important advantage of 

Raman amplification is that the effective optical signal-to- noise ratio is significantly lower 

than that of an erbium-doped fiber amplifier for the same gain. However, the Raman amplifier 

not only has very low optical amplification efficiency, but also needs a high-priced pumping 

light source, thereby increasing the size and the price of the optical amplifier module. 
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Optical Add-Drop Multiplexers (OADM) 

An optical add-drop multiplexer (OADM) is a device used for multiplexing and routing 

different channels of optical signals into or out of an optical fiber in a WDM network system. 

"Add" and "drop" here refer to the capability of the device to add one or more new optical 

signals using  an unused channel to an existing set of WDM signals, each using a different 

channel, and/or to drop (i.e., remove) one or more optical signals received as the input the 

device. 

 

 

 

                                                                     

 

                                                                      Schematic diagram of an OADM 

 

                c1, c2, c3, c4  

               c1, c2, c5, c6 

Demultiplexer c4 c3 c5 c6 Multiple
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  A traditional OADM consists of three stages: an optical demultiplexer, an optical multiplexer, 

a method of reconfiguring the paths between the optical demultiplexer, the optical multiplexer 

and a set of ports for adding and dropping signals. The optical demultiplexer separates the 

signals on the input fiber, using different wavelengths and directs them to the optical 

multiplexer or to the drop ports as it has been configured. The optical multiplexer combines the 

incoming optical signals, which are not routed to the drop ports, with the signals received at the 

add ports, onto a single output fiber. 

Wavelength (Lambda) Routers 

Wavelength routers which are also called Lambda Routers, or Optical Cross-Connects (OXC) - 

are normally positioned at network junction points or router nodes. The lambda router takes in 

a single wavelength of light from a specific optical fiber and recombines it into another fiber 

that is set on a different path, without going through any opto-electronic conversion. 

 
                                                Wavelength Router 
Optical Transceivers 

An optical transmitter is a device that accepts an electronic signal as its input, processes this 

signal, and uses it to modulate an optoelectronic device, such as an LED or an injection laser 

diode, to produce an optical signal capable of being transmitted via an optical transmission 

medium [8]. An optical receiver is a device that accepts an optical signal as its input, processes 

this signal through an electro-optical device to convert it into an electronic signal to be further 

processed by electronic devices. Fiber optic transceivers include both a transmitter and a 

receiver in the same component. These are arranged in parallel so that they can operate 

independently of each other. Both the receiver and the transmitter have their own circuitry so 

that they can handle transmissions in both directions. 
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Wavelength Converters 

Wavelength  converters  are  devices  used  at  the  router  nodes  of  WDM  or  DWDM 

networks such that a lightpath traveling through multiple fiber links can be assigned different  

wavelength  channels  in  different  links.  Using  wavelength  converters  in  a network is 

expensive, but it can eliminate the wavelength continuity constraint of a lightpath so that, in a 

network with wavelength converters at each node, a lightpath may be assigned different 

channels on  successive fibers used  in its route, which greatly reduces number of required 

channel in a fiber. 

WDM Optical Network 

As we have mentioned before, a single optical fiber has, at least theoretically, a potential 

bandwidth of nearly 50 terabits per second (Tbps), which is about four orders of magnitude 

higher than the currently achievable electronic processing speed of a few gigabits  per  second  

(Gbps).  However, because of the limits of the electronic processing speed, it is unlikely that all 

the bandwidth of an optical fiber can be exploited by using a single high capacity optical 

channel. For this reason, it is desirable to find an effective technology that can efficiently 

exploit the huge potential bandwidth capacity of optical fibers. The emergence of wavelength 

division multiplexing (WDM) technology has provided a practical solution to meeting this 

challenge. With WDM technology, multiple optical signals can be transmitted simultaneously 

and independently in different optical channels over a single fiber, each at a rate of a few 

gigabits per second, which significantly increases the usable bandwidth of an optical fiber [9]. 

Besides the increased usable bandwidth of an optical fiber, WDM also has other advantages, 

such as, efficient failure handling, which means we can overcome more efficiently the data 

communication interruption due to any failure of communication media or the related software, 

data transparency, means data are more reliable and fault- free, and also reduced electronic 

processing cost. As a result, WDM has become the technology of choice to meet the 

tremendous bandwidth demand in current and future networks. Optical networks using WDM 

technology are being considered as the potential main network infrastructure for the next-

generation of telecommunications networks and the Internet. In the following sections we have 

discussed some of the important aspects of WDM technology. 

WDM Optical Technology 

A Wavelength Division Multiplexing (WDM) network consists of optical wavelength 
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routing nodes interconnected by point-to-point fiber links in an arbitrarytopology. On each 

fiber link, the fiber bandwidth is divided into multiple frequency bands (wavelengths) so that 

several connection requests can be realized over it at the same time, as long as each uses a 

different wavelength. There are two types of WDM networks, one allows wavelength 

conversion at its nodes and the other does not. In a network without wavelength conversion, the 

realization of a connection request is subject to the wavelength continuity constraint that 

the same wavelength is used on all the links in the route for the request. This constraint often 

reduces the wavelength utilization because a non-wave length continuous route cannot be used 

even if it is available. This is especially severe in a network with random arrivals and 

departures of requests. Although wavelength conversion can potentially allow the network to 

accommodate more requests, it is expected that the wavelength converters at nodes are 

expensive in the near future. Hence, most existing work assumes that no wavelength 

conversion in the network is allowed. This assumption will be adopted by this paper as well. 

           Wavelength division multiplexing (WDM) is an optical multiplexing technology to use 

the huge bandwidth capacity of the optical fibers. It is conceptually similar to frequency 

modulation (FM) that is being used in radio communication systems for over a century. The 

basic principle is to divide the huge bandwidth of an optical fiber into a number of non-

overlapping sub-bands or optical channels and transmit multiple optical signals simultaneously 

and independently in different optical channels over a single fibe.
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The attenuation of an optical signal propagating through a fiber is acceptably low (around 0.2 

dB/km) in the wavelength band of 1450 to 1650 nanometers (nm). One is centered at 1300 

nanometers (nm) and the other at 1500 nm. Within this interval, the band from wavelengths 

1530 to 1565 nm is called the C-band (conventional band) and is widely being used for 

optical communication in WDM networks. Most of the optical devices for this band are 

currently available in the market. Other bands such as the L-band (long band) from 1565 to 

1625 nm are expected be available in the near future. 

 

                                     Transmission spectrums of optical fibers. 

 

                                        Signal bandwidth and channel spacing. 

Generally, an optical fiber carries a number of optical signals in the band being used. These 

optical signals must obviously be at different carrier wavelengths. It is convenient to visualize 

the available bandwidth (which is currently the C-band) as a set of ranges of wavelengths, or 

channels, as they are usually called. Each signal is allotted a distinct channel such that each 

channel has a bandwidth to accommodate the modulated signal. In order to avoid any 

interference between different signals, each channel is separated from every other channel by 

a certain minimum bandwidth called channel spacing. Typically, a channel bandwidth of 10 
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GHz and a channel spacing of 100 GHz are currently being used. This means that the C-band 

can accommodate up to 80 channels, each having a bandwidth of 10 GHz. Shorter channel 

spacing (25 GHz) will lead to as many as 200 channels in the C-band alone. The potential 

data carrying capacity of a single modern day optical fiber is around 50 Tbps (Tera bits per 

second) or beyond. Recently, Nippon Telegraph and Telephone Corporation of Japan have 

announced that they have successfully demonstrated the ultra- large capacity optical 

transmission of 14 Tbps (using 140 channels, each at a speed of 111 Gbps).  

Faults in WDM Optical Networks 

As WDM optical networks are becoming more and more popular for today’s fast 

telecommunication networks and the Internet, the demand for a fault free or fully fault 

tolerant network system is also increasing. Since a huge amount of data can travel at a 

tremendous speed through the fibers of the optical networks, even a momentary interruption 

of any component of the network system can cause the loss of a large amount of data. As 

optical networks are being rapidly deployed on a global scale, which involves millions of 

kilometers of optical fibers and thousands of other network components, protecting a network 

from different types of faults and failures have become particularly important. 

One of the major challenges in design and maintenance of the today’s large-scale optical 

networks is the survivability of the network. In a WDM network, failure may occur in any 

component of the network. This includes link failures, node failures, channel failures and/or 

software failures. Link failure is the most common type of fault where the fiber constituting a 

link between two nodes in the network does not permit data transmission. Since a single fiber 

can carry 100 or more lightpaths, and each lightpath can carry data at the rate of 2.5 Gbps to 

10 Gbps, even a brief disruption of this traffic is a serious matter. To alleviate the inefficiency 

brought by the wavelength continuity constraint, a viable and cost-effective method called 

rerouting has been proposed, which is described as follows. Whenever a new request arrives, 

if there is no wave length continuous route for it, rearrange a certain number of existing 

routes to free a wavelength for the request. There are two ways to rearrange an existing route. 

One is “fully rearranging”, which is to find a new route with another wavelength to replace 

the old route. This is also referred to as nonblocking rearrangement. 

Another is “partially rearranging”, which keeps the original route but reassigns a different 

wavelength to the links in the route. This latter one is referred to as wavelength rerouting. 

Examples of nonblocking rearrangement and wavelength rerouting can be found in 

respectively. While rerouting can be used to improve the bandwidth utilization, transmission 

on each rerouted route must be temporarily shut down to prevent data from being lost during 
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the rerouting processing. This causes a low or even zero throughput on those being rerouted 

traffic. The throughput loss is particularly prominent in 

all-optical networks wherein each routing path is expected to carry gigabits of data flow per 

second, and hence even a tiny period of outage on a single route will cause significant data 

loss. Thus, to minimize this disruptions (i.e., the number of rerouted routes) is of paramount 

importance for rerouting in all-optical WDM networks. It is a general belief that nonblocking 

rearrangement is much harder than wavelength rerouting because in the former not only a 

new route for a connection request needs to be built but also another available wavelength 

needs to be assigned to each of the links in the new route. Despite the fact that nonblocking 

rearrangement may improve the blocking probability significantly, it leads to a much longer 

disruption than expected. In particular in an arbitrary topology network, it is very difficult to 

make a nonblocking rearrangement for a new request with the minimum disruption. In 

reality, most known works on nonblocking rearrangement are carried out on special topology 

networks like rings and tori. On the other hand, the survivability of routing is a critical design 

problem for high-speed WDM networks. To protect a mission-critical connection from a 

single link failure, a common solution is to find a pair of link-disjoint paths from a source 

node to a destination node. One of the paths serves as the active path (or AP) which will be 

used for the data transfer actually. The other serves as the backup path (or BP) once the 

active path is disconnected due to a link failure on it. When a mission-critical request arrives, 

if there are not enough wavelengths in the network to find the AP and BP pair for the request, 

it is possible (sometimes necessary) to reroute a certain number of existing traffic to free a 

wavelength for the request. Lee and Li  first introduced the wavelength rerouting concept by 

studying the unicast routing problem with the objective to minimize the disruption 

incurred due to wavelength rearranging. For an undirected WDM network of n nodes, m 

physical links and w wavelengths on each link, they proposed a wavelength rerouting scheme 

called Parallel Move-To-Vacant Wavelength-Retuning (MTV-WR), which has the following 

advantages. First, it facilitates control because the old and new routes of rerouted traffic share 

the same switching nodes. Second, it reduces the calculation because only the wavelengths on 

the links of existing routes need to be changed. Third, it significantly reduces the disruption 

period. An algorithm for implementing the MTV-WR scheme has also been proposed, which 

takes O(n3w + n2w2) time per unicast request. Mohan and Murthy later provided an O(n2w) 

time improved algorithm for the problem. Caprara et al studied the unicast routing problem in 

a directed WDM network by showing that the problem is not only NP-hard but also hard to 

approximate. Instead, they proposed an approximation algorithm. Wan and Liang recently [8] 
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studied the wavelength rerouting for multicast requests in both undirected and directed 

networks. The two link-disjoint paths problem in a weighted graph with the objective to 

minimize the sum of the lengths (costs) of the two paths was well studied and can be solved 

in polynomial time. If the objective is to minimize the length of either the longer one or the 

shorter one of the two paths, the problem was shown to be NP-hard. 

Survivability of WDM Optical Networks 

There are two basic ways of fault recovery to ensure optical network survivability. One is 

known as the protection scheme based on dedicated resources and the other is known as the 

dynamic restoration scheme. In the dedicated resource-based protection scheme, the network 

resources may be either dedicated for each failure scenario, or may be shared among different 

failure scenarios. In the dynamic restoration scheme, the spare capacity available within the 

network is utilized for restoring services affected by a failure.  Generally, dynamic restoration 

schemes are more efficient in utilizing the capacity of the network due to the multiplexing of 

the spare-capacity requirements and provide resilience against different kinds of failures, 

while dedicated-resource protection schemes have a faster restoration time and provide 

guarantees on the restoration ability. A categorization of fault management scheme for WDM 

optical network is depicted in the figure 1.8 below. 

 

                        A categorization of fault management schemes 

There are two major techniques that are in use to handle link failures in optical networks:  

� protection based techniques and 

� restoration based techniques  

Protection-based techniques are based on the provisioning of backup paths to recover from a 

failure. During the period of establishing lightpaths, network resources are kept reserved, 

such that, when a failure occurs, data can be rerouted around the affected links/lightpaths. In 
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a traditional path protection scheme, if a logical edge is established from node i to node j, 

then two lightpaths are actually set up. The first one, called the primary lightpath, carries the 

data under normal fault-free conditions and the second one, called the backup lightpath, 

which is link-disjoint with respect to the primary lightpath, carries data only when the 

primary lightpath fails. In case of a network failure, such as a broken link on the primary path 

from node i to node j, the primary lightpath from node i to node j is disrupted.  In this 

situation the data from node i to node j are sent through the corresponding backup lightpath. 

Since a primary lightpath and the corresponding backup lightpath are link-disjoint, there will 

always be a valid lightpath from node i to node j, for any single link failure scenario. This 

approach is more efficient in respect of response time, but the drawback of this approach is 

that the resources allocated to the backup paths remain idle, and are wasted under normal 

conditions. 

Restoration-based  techniques,  on  the  other  hand,  dynamically  search  for  the  spare 

capacity in  the  network to  establish new  lightpaths in  order to  restore the affected services 

after a network failure is detected. There is no allocation of resources for backup paths at 

design time. Such techniques are more efficient in terms of resource utilization. However, 

restoration takes longer time than protection to restore services (since backup paths are not 

known in advance) and there is no guarantee that all the affected lightpaths can be restored.  

In summary, both protection and restoration schemes require the setting up or the creation of 

new lightpaths, when a fault is detected. 

Routing and Wavelength Assignment (RWA) 

The logical topology in a WDM optical network is defined using a set of logical edges or 

lightpaths.  To establish a lightpath, it is important to find a suitable route for it in the 

physical topology and assign a channel to it for every fiber in its route. Given a physical 

topology and a set of connection requests, the problem of setting up of lightpaths and 

assigning channels to each of these lightpaths is known as Routing and Wavelength 

Assignment (RWA) problem. In a network where no wavelength converter is available, a 

lightpath must be assigned the same channel on all the fiber links it traverses, satisfying the 

wavelength continuity constraint. In networks with full wavelength converters at each node, 

the channel used by a lightpath may vary from one fiber to another. 

In the past decade we have observed a phenomenal growth of telecommunication networks, 

which was mostly driven by ever-increasing user demands for new applications as well as 

continuous advancements in the technologies involved. With the introduction of  optical  

fibers  as  the  data  communication  medium,  which  can  provide  a  huge bandwidth 
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capacity, today’s optical networks can easily handle the unprecedented bandwidth demand of 

the modern day communications. 

However, because of the limited speed of the electronic processing that must be done at the 

transmitting as well as the receiving ends of any data communication, it is unlikely that the 

entire bandwidth of an optical fiber will be exploited by using a single high- capacity optical 

channel or wavelength. For this reason, it is desirable to find an effective technology that can 

efficiently exploit the huge potential bandwidth capacity of optical fibers. 

The emergence of wavelength division multiplexing (WDM) technology has provided a 

practical solution to meet this challenge. With WDM technology, multiple optical signals can 

be transmitted simultaneously and independently using non-overlapping carrier wavelengths 

over a single fiber, each at a rate of a few gigabits per second, which significantly increases 

the usable bandwidth of an optical fiber [9]. Currently, Dense-WDM (DWDM) technology 

can already achieve up to 320 wavelengths per fiber, with each  wavelength  carrying  

10Gb/s,  for  a  total  transmission  capacity  of  up  to  3.2 Terabits/sec. 

A WDM optical network consists of a set of end-nodes (any device that produces or 

consumes data traffic is an end-node) each equipped with optical devices such as optical 

signal  transmitters and  receivers,  wavelength routers,  add/drop  multiplexers, optical cross-

connects etc, and which are interconnected by a set of optical fibers. This configuration 

defines the physical topology of an optical network. 

A logical topology, on the other hand, may be defined over a physical topology by 

establishing lightpaths between the end-nodes. A lightpath is a point-to-point all- optical 

wavelength channel that connects a transmitter at a source node to a receiver at a destination 

node to carry encoded optical data from the source to the destination. A lightpath is allowed 

to pass through any set of intermediate nodes, as necessary, using optical cross connects 

(OXCs). If a WDM network has no wavelength converter at any end-node, a lightpath must 

be assigned the same channel on all links that it traverses. This is known as the wavelength 

continuity constraint. Due to the limitations of the related technologies and cost involved, 

most networks today enforce the wavelength continuity constraint and we also follow this 

restriction in our thesis. 

A logical topology consists of the same set of end-nodes as the physical topology and a set of 

directed edges, called the logical edges, connecting those end-nodes. If a lightpath  has been 

established from a source end-node i to a destination end-node j, we say that there is a logical 

edge from node i to node j. Once the logical topology has been achieved by establishing 
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necessary lightpaths, the physical topology is irrelevant for determining a traffic routing 

strategy to handle the traffic demand between end-nodes. 

The design of a logical topology involves determining the set of lightpaths needed to meet the 

traffic demands between pairs of end nodes, appropriate routing of the lightpaths over the 

physical topology (known as the Routing and Wavelength Assignment (RWA) problem) and 

the proper routing of traffic demands over the logical topology. For a given physical network 

and the set of lightpaths to be established, the RWA problem is to select a suitable path and a 

wavelength among the many possible choices for each connection so that no two lightpaths 

sharing a link are assigned the same wavelength. 

A routing algorithm establishes the paths that messages must follow to reach their 

destination. The performance of an interconnection network is deeply influenced by certain 

properties of the routing algorithm used. Among these properties, two are of greater 

importance, deadlock and livelock freedom and adaptivity. 

Adaptivity is the ability of a routing algorithm to route packets through alternative paths in 

the presence of contention or faulty components. This is opposed to deterministic routing in 

which a message, originating at a specific source node, is always routed through the same 

path to reach a specific destination. 

Deadlock and livelock freedom is the ability to guarantee that messages will not block or 

wander across the network forever. The deadlock situation occurs when no message can 

advance towards its destination because of being blocked by other messages that can not 

advance towards their destination in a similar manner. The deadlock situation occurs when 

messages indefinitely wander across the network never reaching their destination. Livelock 

may only occur when the routing algorithm in a network is non-minimal. Minimal routing 

algorithms always rout messages through the shortest path to their destination while non-

minimal routing algorithms do not necessarily do so. 

Deterministic routing has been used in many practical multi-computer systems using virtual 

channels to ensure deadlock avoidance. This is achieved by forcing messages to visit the 

virtual channels in a strict order. This form of routing has the advantage of being simple, but 

is unable to adapt to conditions such as congestion or failure. Dimension-order routing is a 

typical example of deterministic routing where messages visit network dimensions in a pre-

defined order. However, if any channel along the path happens to be heavily loaded, the 

message will experience a large delay and if any channel along the path is faulty the message 

will not be delivered at all. This is while other minimal paths may exist through which the 

message can be routed without excessive delay. 
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Adaptive routing usually has the ability to provide better performance which is less sensitive 

to the communication pattern and paths can be chosen according to the degree of channel 

congestion at the node where the routing decision is being taken. Many adaptive routing 

algorithms (minimal and non-minimal) have been reported in the literature for torus 

networks. These algorithms display interesting tradeoffs between their degree of adaptivity 

and the number of virtual channels needed for deadlock-free operation. 

Survivability of a network refers to a network's capability to provide continuous service in 

the presence of failures. In a WDM network, as a single channel may be carrying tens of 

gigabits of data per second, a single failure would cause a huge amount of service disruption 

to a large number of users. Design of survivable WDM networks has therefore attracted the 

attention of the research community. The basic types of failures in the network can be 

categorized as either link or node failures. Link failure usually occurs because of cable cuts, 

while a nodes failure occurs because of equipment failure at network nodes. Besides, channel 

failures are also possible in WDM networks. A channel failure is usually caused by the 

failure of transmitting and/or receiving equipment operating on that channel (wavelength). 

The restoration schemes differs in there assumption about the functionality of cross-connects, 

traffic demand, performance metric, and network control. Survivability paradigms are 

classified based on their re-routing methodology as path/link based, execution mechanisms as 

centralized/distributed, by their computation timing as precomputed/real time, and their 

capacity sharing as dedicated/shared. There are two commonly used protection schemes: 

shared path protection and dedicated path protection. In case of shared path protection, spare 

capacity is shared among different protection paths, while in dedicated path protection, the 

spare capacity is dedicated to individual protection paths. Shared path protection, although 

more difficult to implement, have been proven to be more capacity efficient than dedicated 

path protection. Typically, heuristics are used to design the logical topology and either an LP 

formulation or a heuristic is used to determine the routing of the traffic over the logical 

topology. 

Rerouting Scheme for Survivable networks  

Wavelength rerouting is a technique which is used to reduce the bandwidth loss caused by 

wavelength continuity constraint in wavelength routed network. Wavelength rerouting creates 

a wavelength-continuous route by shifting few existing lightpaths to new wavelengths 

without changing their route. It moves a few existing lightpaths to new wavelengths so as to 

create a wavelength-continuous route to satisfy a new connection request. Wavelength 

rerouting is applicable to networks with dynamic traffic demand. Further, it is also useful in 
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case of failure of any network component. When a network component such as a node or link 

fails all lightpaths which currently use that node or link fail. To restore the service on these 

lightpaths new lightpath needs to be established between end nodes of failed lightpaths. In 

such a scenario, wavelength rerouting of unaffected lightpaths helps to restore the failed 

lightpaths. Wavelength rerouting basically has two components; the rerouting operation 

(lightpath migration) and the rerouting algorithm. The rerouting operation deals with 

migration of the lightpath. It is desirable that a rerouting operation incurs shorter disruption 

time and simplifies switching control at routing nodes. The rerouting algorithm determines 

lightpath that can be rerouted and selects few among them to create a wavelength-continuous 

route to satisfy a connection request. It is desirable that a rerouting algorithm should be 

simple, run in polynomial time and minimize the number of existing lightpath requests to be 

rerouted. We consider wavelength rerouting procedure as a possible approach to reduce 

network shortcoming arisen from wavelength continuity constraint.  

In current WDM networks, it is possible to support hundreds of WDM channels on a single 

fiber. Therefore, the cost of the transmitters and the receivers, and hence the number of 

lightpaths, is becoming the main factor in determining the cost of a WDM network. The 

comparison clears that the blocking probability of the network for proposed algorithm is 

8.6431 x 10-009% for proposed algorithm whereas its value is 4 x 10-2 % in case of 

conventional algorithm, which proves that the proposed algorithm is effective routing 

algorithm and it can be used for the networks with larger load. 

IP-over-WDM networks       

 Optical fiber connections are becoming an increasingly popular technology for high-speed 

Wide Area Networks (WANs). This is mainly because they offer an enormous bandwidth, 

and because their band- width can easily be shared among different channels 

through the use of Wavelength Division Multiplexing (WDM). In IP-over-WDM networks, 

an IP net-work is placed as a logical topology on top of the physical topology of the optical 

network. Each logical IP link needs to be routed on a path in the optical net- work. Thanks to 

the WDM technology, one physical link can carry several logical links, each on a different 

wavelength. The problem of setting up logical links by routing them on the optical network 

and assigning wavelengths to them is called the routing and wave- length assignment (RWA) 

problem. In what follows we will refer to logical IP links as clear-channels and to physical 

(optical) links simply as links. Using high capacity links carrying multiple clear- channels is 

not without danger: in case of just a single link failure, a huge amount of data can get lost. 

There- fore a lot of attention is being paid to network protec- tion. There are two main 
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approaches to protection in IP-over-WDM networks: WDM level protection and IP level 

restoration [14]. In the case of WDM protection, a physically disjoint backup path is reserved 

for each clear-channel. This can only be provided at the cost of hardware redundancy. 

Therefore IP restoration can be a cheaper option. In this approach, no action is taken at the 

optical layer: failures are detected by the IP routers, which adapt their routing tables. So when 

one link breaks, data tra±c which used to go over clear-channels using this link is rerouted 

over other clear-channels which do not use this link. 

            An important problem with the use of IP restora- tion in WDM networks is caused by 

the fact that each link usually carries several clear-channels. This means that a single link 

failure normally causes a number of clear-channels to go down at the same time. It is then 

possible that the logical network becomes disconnected due to these concurrent failures, and 

IP restoration becomes impossible. This phenomenon is called failure propagation. In order to 

avoid this, the clear- channels should be routed in such a way that no single link failure can 

disconnect the logical network. This NP-complete combinatorial problem is often called sur- 

vivable routing. 

Overview of the Wavelength Rerouting Scheme 

To accommodate a new connection request (s, t) with the survivability requirement, we need 

to find two link-disjoint lightpaths (a link-disjoint AP and BP pair) in the current network 

between s and t, and the wavelength continuity constraint on both AP and BP is imposed. 

This can be achieved by two phases. Phase 1: find a link-disjoint AP and BP pair between s 

and t, using only those available wavelengths. Phase 2: find a link-disjoint AP and BP pair 

with rerouting some existing lightpaths if Phase 1 fails. Phase 1 is to find two link-disjoint 

paths using an available wavelength, which has been studied extensively. We therefore focus 

on Phase 2. If Phase 1 fails, it means that there does not exist two link-disjoint paths in the 

network using only the available wavelengths, and a wavelength rerouting scheme is adopted, 

which is described. The scheme first partitions each set Pi into two subsets, one containing 

tunable paths and the other containing untunable paths, then aims to find two link-disjoint 

paths for the new request (s, t) which link-intersect with the tunable paths only. At Step 2 of 

the scheme, to minimize the total cost of the two paths is equivalent to minimize the 

disruption for rerouting. This step can be implemented by finding a candidate solution with 

the minimum cost for every possible pair of λi and λj (1 ≤ i, j ≤ w) and choosing one with the 

minimum cost from these candidate solutions. Depending on whether or not i = j, two 

combinatorial optimization problems arise from 

Step 2. (i) If i _= j, a graph G = (V,E) can be constructed as follows. V = N 
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and E = Ei ∪ Ej , where Ei = {e ∈ L | λi ∈ Λe or ∃P ∈ P_ 

i, e ∈ E(P)} and Ej = {e ∈ L | λj ∈ Λe or ∃P ∈ P_ j, e ∈ E(P)}. 
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