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Abstract-This paper proposes an alternate approach to fully 
transparent and fully opaque optical networks for operating a 
wavelength routed optical network. In this paper, the 
architecture of the regeneration node that performs sparse 
regeneration (or translucency) is discussed. The regeneration 
demands generated from call blocking and signal quality 
requirements are addressed. Two implementation strategies for 
incorporating sparse regeneration are introduced and their 
relative merits are studied. 

Keywords WDM, Optical Networks, Transparency, Sparse 
Regeneration, Translucency, Blocking Probability, BER. 

1. INTRODUCTION 

In the past decade, computer and telecommunication 
networks have experienced dramatic growth. With the growth 
of the Internet technology, there is a huge demand for 
network bandwidth. This demand is aggravated by the advent 
of new applications, such as multimedia communications on 
the Internet. The low-loss region in an optical fiber can 
provide bandwidth of up to 50 terabits per second. WDM 
(Wavelength Division Multiplexing) is a promising technique 
to utilize the huge bandwidth of optical fibers. A WDM 
wavelength routing network (WRN) differs from 
conventional networks in that its traffic has a coarser 
granularity, i.e. on a wavelength level, and that it uses an 
optical signal for both transmission and switching. 

Recent research has validated the deployment of WDM 
equipment on national-scale and metropolitan-scale 
telecommunications networks. In such networks, wavelength 
cross-connect switches (XCSs) can be used to construct 
wavelength-routed nodes, which route end-to-end data along 
the lightpaths between access stations. However, it is still 
unclear what the detailed networking model will be in the 
sense of transparency (explained below). 

1.1 Transparent vs. Opaque vs. Translucent Optical Network 

Transparency, using a strict definition, implies that the 
lightpath should support end-to-end communication of data, 
independent of bit rates and signal formats. WDM optical 
networks have been classified into transparent and opaque 
based on transparency. In a transparent optical network, a 
call bypasses the expensive electronic signal processing at 
intermediate nodes. However, transparent optical networks 
are difficult to be practically deployed on a large scale. The 
reason for this is the effect of transmission impairments on 
the signal quality after a call travels through several optical 

components [7]. There are still no satisfactory methods to 
overcome the impairments in the optical domain. A long
distance lightpath may require electronic signal regeneration, 
in order to clean it up and improve its quality. An extreme 
case of this approach is the opaque optical network [3]. An 
opaque optical network incorporates such signal regeneration 
at every intermediate node along the lightpath. Hence in 
opaque optical networks, a single optical hop of a lightpath 
never spans more than one physical fiber link in the network. 
Electronic regeneration is expensive in WDM optical 
networks because every wavelength needs electronic to 
optical and optical to electronic conversions at all the 
intermediate nodes. An important point to be considered in 
the case of opaque optical networks is the overhead due to 
regeneration. 

This paper investigates an alternate method to both fully 
transparent and fully opaque networks and terms it as 
translucent optical networks [1]. In a translucent optical 
network, a signal is made to traverse as long as possible 
before its quality falls below a threshold value. Because a 
signal is regenerated only if necessary, we need fewer 
regeneration resources. Such a type of regeneration is termed 
sparse regeneration, which we will describe in more detail 
in the later sections. 

2. REGENERATION ARCHITECTURE 

First, we introduce the concepts of a call and a lightpath here. 
A call is defined as a request for assignment of a wavelength 
from a source node to a destination node. A lightpath is a set 
of free wavelengths along a given route from source to 
destination. 

2.1 Concept of Regenerator 

For our purposes, a regenerator is basically a node along with 
extra pairs of transmitters and receivers (T-R pairs). As 
shown in Figure 2.1, it has the capacity of converting a signal 
from optical to electronic and again from electronic to optical 
domains. To meet the requirements of signal quality, a 
regenerator may perform a so-called 3R signal regeneration 
(regenerate, reshape and retime) in electronic domain. The 
concept of regenerator gives rise to the question of the 
bottleneck, i.e. limited electronic peak speed, due to the OlE 
and EIO conversions. This question forms the basis of the 
development of sparse regeneration. Because of this 
bottleneck and the cost of OlE and EIO conversion, the 
regenerators are sparsely distributed in the network. 
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