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Abstract 
 
 In this paper we give short review of 

actual state of WDM networks and we 
wanted to give outline of new trends, 
challenges and futures of WDM 
networks, mainly in view of optical 
transport layer. 

1. Introduction 

The advent of new information 
technologies has created both economic 
and engineering opportunities and 
challenges. The specific purpose of this 
paper is to look at a recent technology of 
information transmission in the fiber 
optics area. Increasing the bandwidth 
can be done by enhancing the bit rate of 
already existing optical channels using 
time division multiplexing (TDM) in 
electrical domain. Capacity upgrading by 
TDM offers some advantages for 
network operators in view of economic 
efficiency. This is due to reduced 
network management efforts. 
Unfortunate, it leads to very high 
requires for the electronic processing 
speed, which is limited about 40Gb/s.   

The another possibility how to 
increase the capacity is by providing 
more channels in a wavelength division 
mutliplexing (WDM) system or by 
enhancing the bit rate of already existing 
optical channels using optical time 

division multiplexing (OTDM) in optical 
domain or by combination of both [1].   

2. WDM networks 

In WDM networks, an optical fiber can 
carry several simultaneous wavelength 
channels. Each wavelength has to be 
different in the same fiber. The number 
of wavelengths that each fiber can carry 
is limited by the physical characteristic of 
the fiber and the state of optical 
technology, which is used to combine 
these wavelengths onto to the fiber and 
isolate them of the fiber. Today is used 
the third low loss optical window (about 
1550 nm) for the transmission, which 
can support about a tenths wavelengths. 
However, it is expected to grow rapidly in 
the next ten years. 

WDM networks can be classified as 
optical circuit switching (OCS), optical 
burst switching (OBS) and optical packet 
switching (OPS) networks [2].  
 
2.1. Switching methods  
Optical circuit switching  

Optical circuit switching is mature and 
the WDM networks deployed initially 
circuit switching technology. For a 
connection request, the lightpath have to 
be set up at the optical layer. The optical 
layer provides circuit-switched lightpath 



services to client layer such as SONET, 
ATM and IP.  

SONET systems have several 
attractive features such as high-speed 
transmission and networks survivability. 
Although they were primarily designed 
for transmission of voice signals, today 
they are also used for carrying ATM and 
IP traffic. They employed fixed-time-
division multiplexing offering circuit-
switched service to the client layer. 
Because SONET offers circuit-switched 
service, it is more suitable for 
applications with quality of services 
(QoS) requirements, such as voice 
service [2,3].  

ATM systems are attractive mainly 
because of their flexibility bandwidth 
allocations, QoS support and traffic 
engineering capabilities. They are 
capable to transmit different types of 
services such as voice, data and 
multimedia services [2, 3]. 

There are following possibilities: 
• IP-over-ATM-over-SONET-over-

WDM 
• IP- over-SONET-over-WDM 
• IP-over-WDM 

  
  

Optical burst switching [2, 4, 5] 
 Optical burst switching (OBS) is a 

technique for transmitting bursts of traffic 
through an optical transport network by 
reserving resources through the optical 
network for only one burst. A burst is 
variable-length data message which 
needs to be sent. It has control burst 
(CB) and data burst (DB) components. 
The control component of burst carries 
the signaling information. This can 
include fields such as the source node 
address, destination node address and 
QoS requirements.  

Unlike the packet switching 
techniques, the OBS technique 

decouples the data and signaling control 
data. Control burst and data bursts are 
transmitted by the different channels. 
The control burst undergoing electro-
optical conversion at every hop, but data 
burst travel from source to destination 
transparently (only optical domain).  

It combines desirable features of 
circuit and packet switching that means 
an out-of-band signaling (separate 
control channel from data channel) and 
an explicit feedback. It is designed for 
ultra-low-latency unidirectional transport 
of data bursts across the optical 
networks. 

The control burst is first transmitted 
followed by the data burst and it 
reserves bandwidth along a path for the 
corresponding data burst. The time 
between the transmission of control 
burst and data burst at the source node 
is referred to as the burst offset time. In 
recent years, several burst switching 
protocols have been proposed. They 
differ in the choice of burst offset time 
and when the bandwidth is reserved or 
released for the data burst along the 
path. It can be divided as: 
• Tell-and-go protocol: the source 

transmits the setup message inside of 
CB and immediately after it transmits the 
optical burst. It is a rather idealistic 
scheme since there is no time for the 
receiving OBS node to process the setup 
message and to configure its switch 
fabric on time. In order to implement this 
scheme, either the OBS node has 
already been configured to switch the 
burst or some input optical buffering may 
be required to hold the burst until the 
node can process the setup message. 
• Tell-and-wait protocol: the setup 

message is propagated all the way to the 
receiving end-device, and each OBS 
node along the path processes the setup 
message and allocates resources within 



its switch fabric. The data are 
transmitted immediately after the 
acknowledgement message from 
destination node is received by source 
node.   
• Just-in-time protocol: JIT 

proposes to use immediate 
configuration. The OBS node allocates 
resources to the incoming burst 
immediately after it processes the setup 
message. In the case of immediate 
configuration, resources go unused until 
the burst arrives. 
• Just-enough-time: JET uses 

estimated configuration. It allocates the 
necessary resources later on at a time 
when it estimates that the burst will 
arrive at the node. In the estimated 
configuration scheme the resources are 
better utilized, only on the necessary 
time. 

 
Unfortunate the detail explanation is 

out of the scope of this paper, but it has 
been studied previously in [2, 5].   
 
Optical packet switching [2, 6] 

In this case, the message is divided in 
the several data packet and it is 
processed and switched at every switch 
on a packet-by-packet basis.  

There are two types of traffic. If the all 
packets of the same message are 
transmitted the same route it is known as 
the service of packets by virtual 
channels (logic connection). If the 
packets are transmitted via the any route 
it is called a service of packets by 
without virtual channel (not logical 
connection or datagram service). The 
packet includes control information 
(header) and data (payload) and it 
travels with the same route. At each 
node, the packet header is separated 
from the data and it is processed to 
determinate the output-port. But it 

involves a processing delay. The optical 
data must be buffered and it is still 
problem in all-optical domain. It can only 
be implemented using optical delay 
lines, which are not commercially viable. 

 A routing and assignment protocols 
are used to determinate the next-hop 
towards the destination. The status of 
outgoing links and the routing table 
information must be exchanged 
periodically to upgrade networks status. 
Unfortunate, it leads to increase traffic. 

A WDM optical packet switch consists 
of four parts, namely, the input interface, 
the switching fabric, the output interface, 
and the control unit. The input interface 
is mainly used for packet delineation and 
alignment, packet header information 
extraction and packet header removal. 
The switch fabric is the core of the 
switch and it is used for switching 
packets optically. The output interface is 
used to regenerate the optical signals 
and insert the packet header. The 
control unit controls the switch using the 
information in the packet headers. 

The full optical IP routers with a 
throughput of terabits per second are 
now available. An OPS networks is 
comprised of a set of OPS routing nodes 
interconnected by WDM links. OPS 
networks enables statistical multiplexing 
of packets onto WDM channels and it 
results in improve bandwidth utilization.  
 
2.2. Wavelength routing (WR) 

algorithm [2, 7, 8] 
A wavelength routing WR algorithm 

selects a suitable route and a 
wavelength to satisfy a connection a 
connection request so as to improve the 
network performance.  In fact, WR 
algorithm consists of routing selection (it 
is called a routing) and wavelength 
selection (it is known as the wavelength 



assignment). If the routing selection is 
depended on the wavelength selection 
or the wavelength selection is depended 
on the routing selection it is known as 
the routing and wavelength assignment.  

Routing algorithms can be classified 
[7]: 

• Fixed routing (FR), 
• Fixed-alternate routing (FAR), 
• Alternate routing (AR), 
• Exhaust routing (ER), 

and in recent years, there have been 
proposed a lot of heuristic algorithms for 
wavelength selection in, which   can be 
divided into [7]: 

• Fixed-order (FO), 
• First-fit (FF), 
• Random order (RO), 
• Most used (MO), 
• Least used (LO), 
• Min-product (MP), 
• Least-Loaded (LL), 
• Max-sum (MΣ), 
• Relative capacity loss (RCL), 
• Wavelength reservation (Rsv.) 
• Protecting threshold (Thr.) 

and routing and wavelength assignment 
(RWA) algorithms are following [7]: 

• Least congested path routing 
(LCR), 

• Joint wavelength-route (JWR) 
selection 

 
The detail explanation of all routing 

and wavelength algorithms is out of the 
scope of this paper.  

For routing algorithms, the cost of a 
route is usually computed based on 
number of hops, delay or congestion. In 
today’s networks, it is assumed the static 
traffic and the most used algorithm is 
fixed routing due to its simplicity.  

The wavelength algorithms differ in 
the time, computing complexity and way 
of wavelength selection (order in which 

the wavelengths are searched). The 
order of search in turn may depend on 
the usage status of wavelengths, usage 
status of the route, predefine order, etc. 
The idea behind it is to pack all of the in-
use wavelengths toward the lower end of 
the wavelength space so that continuous 
longer paths toward the higher end of 
the wavelength space will have a higher 
probability of being available. FO, FF, 
RO, MO, LO, MP, LL, MΣ, RCL 
algorithms attempt to reduce the overall 
blocking probability for new connection 
and AR and ER algorithms aim to reduce 
the blocking probability for connection 
that traverse more than one link. FF 
algorithm performs well in terms of 
blocking probability and fairness and it is 
preferred in practice due to its low 
complexity. Also, there is no required to 
know the network global state. 
Compared to RO algorithm, the 
computation cost of this scheme is lower 
because there is no need to search the 
entire wavelength space for each route. 
The performance of LU algorithm is 
worse than RO and FF. The LU and MU 
algorithms requires additional 
computation cost, therefore they are not 
preferred in practice. They have the 
similar computation cost but MU 
algorithm slightly outperforms FF. Others 
wavelength assignment algorithms are 
not very suitable in practice due to their 
complexity and complicated 
implementation.   

 
2.3. Wavelength conversion [2, 8, 

9, 10, 11] 
In fact, WDM network consists of two 

types of nodes 
• Optical cross-connects (OXC), 

which connect the fibers in the networks, 



• End nodes, which provide the 
interface between non-optical end 
systems and the optical systems. 

The OXC provides the switching and 
routing functions in order to establish the 
connection between edge nodes. The 
OXC can include wavelength converters 
(WC) for supporting wavelength 
conversion. A wavelength converter is a 
device which is able to switch any 
incoming optical signal at its port from a 
wavelength to different wavelength 
among the available wavelengths from 
its output port.  

If the nodes have the optical cross-
connects without wavelength converters, 
the same wavelength must be used on 
all the fiber links along physical path for 
establishing a lightpath. This is also 
known as wavelength continuity 
constraint. Such a network is called 
network with no wavelength conversion. 
However, if the nodes employ 
wavelength converters, different 
wavelengths can be assigned for a 
lightpath on each fiber link along the 
physical path. Unfortunate, the 
converters are still very expensive and 
there are also technological limitations. 
The implementation of all-optical full 
wavelength conversion is quite difficult 
and it is also not economically feasible to 
place wavelength converters to all 
network nodes. Hence, it leads to the 
focus on networks with limited 
wavelength conversion. In the limited 
wavelength conversion networks it is 
allowed conversion but with some 
restrictions. They can be of following 
types [9]: 
• A limited range of wavelengths to 

which an input wavelength may be 
converted (it is referred to as limited 
wavelength conversion with conversion 
degree k), 

• A limited number of wavelength 
converters are placed at the node (it is 
referred to as partial wavelength 
conversion), 
• A limited number of converters at 

the nodes of the network (it is referred to 
as sparse wavelength conversion). 
The detail explanation can be found in 
[2, 9].  

3. OTDM networks [2, 10, 11] 

In optical time division multiplexing 
(OTDM), many low speed channels, 
each transmitted in the form of ultra-
short pulses, are time interleaved to form 
a single high-speed channel. By this 
way, the information carrying capacity of 
the network can be improved to 100 
Gigabits/sec or higher without 
experiencing electronics bottleneck. In 
order to avoid interference between 
channels, transmitters should be capable 
of generating ultra-short pulses, which 
are perfectly synchronized to desired 
channel (time slot), and receivers should 
have a perfect synchronization to 
desired channel (time slot). 
 

4. WDM versus OTDM [2, 3, 10, 
11] 

WDM is the favorite choice against 
OTDM. This is due to the complex 
hardware requirements, and mainly due 
to synchronization requirements of 
OTDM. OTDM could be viewed as a 
long-term network solution, since there 
are still technology limitations. Today, it 
is possible to realize WDM systems 
using components that are already or will 
be very nearly available commercially. 
Moreover, WDM has an inherent 
property of transparency. Since there is 
no electronic processing involved in the 



all-optical network WDM, the data 
transmission is transparent in 
consideration of data speeds, data 
formats and data modulations. It means 
that for a connection established 
between the end-nodes on a WDM 
channel, the communicating parties have 
freedom to choose the bit rate, signaling 
and framing conventions, etc. and even 
analog communication is possible. 
Transparency property makes it possible 
to support various data formats, and 
services simultaneously on the same 
network. In addition to this great 
flexibility WDM networks will support the 
variety of future protocols and bit rates 
without making any changes on the 
network. 
 

5. OTDM/ WDM [2, 10, 11] 

Future wide area networks are most 
likely to be all-optical OTDM/WDM 
networks with tens or hundreds of nodes 
and tens of wavelengths/timeslots 
multiplexed on each link. Hybrid 
WDM/OTDM networks have been 
proposed to move data between WDM 
and OTDM networks, and various 
subsystems have been demonstrated at 
40 Gbit/s. OTDM/WDM networks that 
bridge high-bit-rate channels in the core 
network to lowerbit-rate WDM channels 
in metro and access networks have been 
proposed. Multiple low-bit-rate WDM 
channels are optically multiplexed into a 
single high-bit-rate channel. 
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