
A Heuristic Converter Placement Scheme 
for Wavelength-routed Optical Networks 

Quang-Dzung Ho, Nga Dinh-Thi-Thuy, Minh-Ho Kang, Man-Senp Lee 

Optical Internet Research Center, Information and Communications University 
P.O.Box 77, Yusong, Daejon. 305-600, South Korea; Email: (hqdung, leems)@icu.ac.kr 

Absfraci - In optical networks with sparse 
wavelength conversion, the optimal converter 
placement (OCP) problem is one of the most 
important considerations. In this paper, we propose a 
heuristic O C P  algorithm, called the Optimized 
Utilization Placement (OUP), to determine proper 
numbers of converters that  should he placed at 
selected nodes. Performances of the OUP are  
evaluated by simulations when fired routing and 
fixed-alternate routing are  used. The simulations 
justify that the OUP can significantly increase 
converter gains. 

1. INTRODUCTION 

Wavelength-division multiplexing (WDM) combined 
with wavelength routing is the enabling technology for 
next generation optical networks [ I ,  2, 31. In simple 
optical networks, a lightpath must satisfy the wavelength- 
continuity constraint, i.e. a unique wavelength must be 
used along the path, and the blocking probability is thus 
very high. To remove this constraint, wavelength 
converters are incorporated into the optical cross- 
connects (OXCs). Many literatures [4-7, 9, I I ]  show that 
wavelength converters can significantly improve the 
blocking performance. However, all-optical wavelength 
converters are likely to remain expensive and they 
significantly increase the complexity of OXCs [4. 8-10. 
16, 19, 201. Therefore, networks with sparse wavelength 
conversion where converters are place at a limited 
number of nodes have been extensively studied in [9, IO,  
161. In such networks, the problem of optimal converter 
placement (OCP) has aroused much interest: given a 
network topology with a certain number of converters 
and traffc statistics, how should converters be distributed 
among nodes so that the average blocking is minimized? 

The OCP was first introduced by S. Subramaniam 
et a/. [ 121 and then studied by many other authors 
[13-IS]. Exhaustive searching is the straightfonvard and 
simplest approach to get the optimal placement (OP). 
First, performance of all possible ways to place 
converters must be obtained by numerical calculations or 
simulations. Then, the best placement is the one which 
gives the minimum blocking probability. However, this 
approach is impractical because it is prohibitively time- 
consuming [ 12-1 XI. Therefore, numerous heuristic 
algorithms have been proposed. S. Subramaniam et a / .  
[ I21 obtained the optimal placement for single paths, bus 
and ring topologies for different traffic statistics. 
Considerable gains in blocking could be obtained when 
the optimal placement is used, compared to random or 

uniform placement. Ling Li and Arun K. Somani [ 131 
suggested that to minimize the end-to-end performance, 
converters should be placed so that the path is split into 
equal-blocking segments. However, it is very hard to 
obtain such an optimal solution when overall 
performance of a network is considered. Some other 
algorithms were proposed for arbitrary topologies. 
S. Thiagarajan and Arun K. Somani [I41 relieved the 
exhaustive search process by creating auxiliary graphs 
using each node in the network as the destination nodes 
and then evaluating the blocking for only some 
combinations. The numerical results showed that, in most 
cases, their algorithm could give near-optimal solution 
with more than 95% time efficiency. K.R. Venugopal 
et a/. [ 151 insisted that converters should be placed at 
nodes that have higher nodal degree, transit large amount 
of  traffic and convert a large number of optical signals. 
Similarly, A.S. Arora and S. Subramaniam [I71 proposed 
the total out-going traffc (TOT) algorithm. The TOT 
placed converters at nodes that have the high out-going 
traffic. The simulation results showed that the TOT could 
perform almost as well as optimal scheme in different 
network topologies. 

We observe that ail o f  the above-mentioned 
literatures have made an important assumption to reduce 
the complexity of their algorithms: nodes that are 
selected for converter placement are uniformly 
implemented with only one converter or unlimited 
number of converters to have full-conversion capability. 
This assumption may oversimplify the OCP and may be 
thus impractical. Firstly, consider a WDM network using 
fibers of high capacity. e.g. 64 or 128 wavelength 
channels, a node having one converter can support only a 
wavelength translation for a lightpath while there are 
several lens or hundreds of lightpaths. This implies that a 
certain number of converters, e.g. I O  or 20 or more 
converters, should be placed at a node to minimize 
blocking. Secondly, full-conversion capacity is rarely 
necessary for a desired performance [9]. Therefore, our 
main contribution in this paper is that we solve the OCP 
problem by placing a proper limited number of 
converters at each of a limited number of nodes in 
networks with arbitrary topologies. Nodes requiring more 
wavelength translation should receive more converters. 
To our knowledge, this consideration has not been 
addressed earlier. 

The remainder of this paper is organized as foilows. 
In part II, some important terminologies to specify a 
network are defined. Next, our OCP algorithm. called 
Optimized Utilization Placement (OUP), is introduced 
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and explained in details. Performances of the OUP and 
other algorithms obtained from simulations are discussed 
in part 111. And finally, part IV concludes this paper. 

11. NOTATIONS 

A network consists of n nodes, V={v,, v], ..., v"), 

Link capacity vector: shows the capacity of each 

interconnected by m fiber links, €={el, e>. .... e,}. 

fiber link, given by 

w = (w,,n,. ...., w,.) 

where w, is the capacity of link e;, the maximum 
number of wavelength channels that it can support. In 
this paper, assume that all links have the same capacity, 
i.e. n', = w, =_.. = n;,= n' (is selected to be 64). 

number of converters placed at each node, given by 
Converter placement vecfor: shows the total 

c = (c,,c2 ,..., C" 1 
where ci '  is the number of wavelength converters 

implemented in node v;. The sum c, = e, + c, + ... + cn is 
the total number of converters employed in the whole 
network. 

Besides, in this paper, we consider the converter 
utilization in the whole network, therefore a converter 
utilization vector are defined as follows: 

Converter utilization vector: shows the usage of 
converters at each node, relative to each other, given by 

u = (u,,u2 ,..., u" 1 
where ti, is the normalized converter utilization at node 

v,, calculated by u, = i, /m?{i(j where i, is the number 

of wavelength translation performed at node vi during a 
period of time. 

111. OPTIMIZED UTILIZATION PLACEMEN? 

I t  is observed that each node in the network requires 
different wavelength translating, therefore, when 
converters are uniformly placed, some nodes may be 
usually lack of converters, while the others may be 
usually redundant of converters. To maximize the 
efficiency, more converters should be implemented in 
nodes that require more translating. For each node, its 
requirement, for wavelength translation can be estimated 
by examining its converter utilization measured by 
simulation when all nodes are assumed to have full- 
conversion capability. Therefore, we suggest that 

I fu , , :Su , ,  S . . . S u , . ,  t henc , ,<c ,  ~ < . . .  Sc," ( I )  

Our proposed algorithm attempts to make ( I )  satisfied 
to expect that the utilization efficiency of converters in 
each node can be optimized. Therefore, it is called 
Optimized Utilization Placement (OUP). In this paper, 
the converter utilization vector U is used to determine not 
only the best nodes to place converters but also the most 
proper numbers of converters should be incorporated at 
each selected node. 

To implement the OUP, at first, all nodes are 
arranged in non-decreasing order in terms of their 
converter utilization. i.e. 

V={v, , ,v ,>  ,..., v,"} sothat u, ,Su,:  S . . . S t i L ,  (2) 
Next, the placement is determined as follows: 

nl nodes of highest converter utilizations, 
L' = {v~"! ,v'! ,_.., vi. }, will be implemented with 

converters, where n, = [H x < l  0% 5 t 5 100%. [x] 
is the largest integer smaller than the real number x, 
and n2 = n -n, + I .  The sparseness, <, , is defined to 
show to the fraction of nodes in the network that have 
converters and it is inversely proportional to the 
complexity of the network. Note that the number of 
converters placed at each node in VI should be 
proportional to its converter utilization. 

Remaining nodes in V, = V \ V, = (v,, ,vi! ,..., v,.! , )  

have no converter. 
Therefore, we have 

c', = 0 ,  Vi€ (1,2 ,..., n ! - l }  (3)  

and e*, = A x e ,  , V i c  (n2,n, +I, . . . .n)  (4) 

( 5 )  

Assume that, on average, c,,,~ converters are placed at 

i:, 1 
where n7 = u+ + u,,:,, + ... + uL" 

each node in V , ,  thus the total number of converters is 
e,  = n, XC~,, .  After converters are placed to VI following 
(3),(4), and ( S ) ,  we have 

Therefore, residue converters are then added to the 
most converter-utilized node, v,,. As a result, (4) is 
rewritten as follows: 

c = i x c ,  , V i e { n , , n , + ~  ,..., n - I }  (7a) ' Kr  I 

IV. SIMULATION RESULTS 

This part compares the blocking performance obtained 
by the OUP versus the TOT algorithm [ 171 in a I I I -node 
mesh network, which is present in typical North 
American carriers, as shown in Fig.1. The dynamic 
traffic model is used in the simulations. The call rate is 
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assumed to follow the Poisson distribution with mean 1. 
The call-holding time is assumed to follow the 
exponential distribution with unit mean. The rate of calls 
is thus denoted in units of Erlangs where I Erlang means 
1 call per call-holding time. A path to route a lightpath is 
determined by the Fixed shortest path Routing (FR) or 
Fixed-Alternate Routing (FAR) and then the wavelengths 
on the selected path are assigned by the first-tit 
wavelength assignment algorithm. It is also assumed that 
every fiber can carry 64 wavelength channels, and on 
average 16 converters are placed in each of 50 candidate 
nodes (( = 45%). 

Fig. I .  A mesh network with I I 1 nodes, 125 links 

First, we compare the blocking performances given by 
the TOT and the OUP when [be FR is used. The two 
extreme cases when no converter is used (no conversion) 
and when all nodes have full conversion capability (full 
conversion) are also investigated. Positions of candidate 
nodes selected by the OUP are illustrated in Fig.2, and 
the blocking performances in four different cases are 
plotted in Fig. 3. We can observe from Fig. 3 that the 
OUP can decrease the blocking probability by 4.47% up 
to 27.00% (12.1 I %  on average), compared to the TOT. 
It is also noted that when only 50 nodes (about 45% of 
all nodes) are incorporated with converters, the OUP can 
achieve almost the same performance as that in the case 
of full conversion. This verities that our converter 
utilization-based placement specified by (7) can achieve 
significant gains. Another observation is that when the 
network is more loaded, the OUP offers more gains since 
at light loads, most lightpaths can be established with 
a single wavelength continuously available from source 
to destination, the converter gain itself is thus very small. 

Fig. 2. Candidate nodes (black-colored) determined by 
the OUP when the FR is used 

Fig. 3. Blocking performance of the TOT and the OUP 
versus network loads when the FAR is used 

Second, we compare the blocking performances given 
by the TOT and the OUP when the FAR is used. Assume 
that two edge-disjoint shortest routes are provided for 
each source-destination pair. Positions of candidate 
nodes selected by the OUP are illustrated in Fig. 4. 
As can be seen in Fig. 5, in this case, the OUP can also 
perform better than the TOT, however, its gain is smaller 
(up to 10.00%, and 5.05% on average). This can he 
explained as follows: when the FAR is used, converter 
requirements per node are more balanced, numbers of 
converters per candidates nodes are less differentiated, 
and therefore our placement is less beneficial. 

Fig. 4 Candidate nodes (black-colored) determined by 
the OUP when the FAR is used 

~,~ Bbcking ~1~ 
anaN'ih (Fixed.abrnat. ~~ ~ ~ - ~ ~ ,  mvUlgl 

~. . i 
r :  

Fig. 5 Blocking performance of the TOT and the OUP 
versus network loads when the FAR is used 

- GO9 - 

Authorized licensed use limited to: Korea Advanced Institute of Science and Technology. Downloaded on January 12, 2010 at 08:29 from IEEE Xplore.  Restrictions apply. 



V. CONCLUSIONS 

We analyzed the ‘problem of wavelength converter 
placement in all-optical WDM networks. Our heuristic 
algorithm, the Optimized Utilization Placement (OUP), 
can enhance the converter gain significantly in terms of 
blocking probability, especially when fixed shortest path 
routing is used and when the network is more loaded. 
When the fixed-alternate routing is used, its gains are 
moderate because the routing algorithm makes converter 
requirements per node tend to be similar, the numbers of 
ConYerters per candidate nodes are thus less 
differentiated. We Sound from simulations that with fixed 
shortest path routing and in the load range of interest, the 
OUP can outperform the TOT by more than 12% on 
average. Besides, we can see that the OUP can be applied 
to place an arbitrary number of converters for networks 
with arbitraly topologies. Therefore, our proposed 
algorithm can be more efficient and practical for 
conYerter placement, especially when a large number of 
converters are used in networks with high capacity fibers 
along with advancements in nowadays technology 

REFERENCES 

Lightwave Technologv, vol. 14, no. 6, pp. 955-966, 
June 1996. 

S. Subramaniam, M. Azizoglu, and A.K. Somani, 
“All-optical networks with sparse wavelength 
conversion”, lEEE/ACM Transactions on 
Networking, vol. 4, no.4, pp. 544557, August 
1996. 

[9] 

[IO] Biswanath Mukherjee, Optical Commtinication 
Networks, McGraw-Hill series on Computer 
Communications, 1997. 

[ I  I] E. Karasan and E. Ayanoglu, “Effects of 
wavelength routing and selection algorithms on 
wavelength conversion gain in WDM optical 
networks”, IEEE/ACM Transactions on 
Networking, vol. 6, no. 2, pp. 186.196, April 1998. 

[I21 S. Subramaniam, M. Azizoglu, and A.K.Somani, 
“On the optimal placement of wavelength 
converters in wavelength-routed networks”, Proc. 
lNFOCOM’98, vol. 2, pp. 902-909, April 1998. 

[I31 Ling Li and Arun K. Somani, “Efficient algorithms 
for wavelength converter placement in all-optical 
networks”, Proc. Conference on Information 
Sciences and Svstems, March 1999. 

[ I1  B. Mukherjee, “WDM-based local lightwave [I41 s, Thiagarajan and K, “An efficient 
networks - Part I: Single-hop systems”, IEEE 
Networks, vol. 6, no. 3, pp. 12-21, May 1992. 

1. Chlamtac, A. Ganz, and C.  Karmi, “Lightpath 
communications: An’ approach to high bandwidth 
optical WAN’S”, IEEE Transactions on 
Communications, vol. 40, no. 1, pp. 1171-1182, 
July 1992. 

algorithm for optimal wavelength converter 
placement on wavelength-routed networks with 
arbitrary topologies”, Proc. INFOCOM ‘99, vol. 2, 
916-923, March 1999. 

[I51 K.R. Venugopal, M. Shivakumar, and P.S. Kumar, 
“A heuristic for placement of limited range 
wavelength converters in all-outical networks”. 

[?I 

[3] R. Ramaswami, “Multiwavelength lightwave Proc. h F O C O M  ‘99, vol. i, pp. 908-915, 
network for computer communication”, IEEE March 1999. 
Cummiinication Magazine, vol. 31, no. 2, pp. 78- 
88, February 1993. 

Kuo-Chun Lee and 0.K.Li Victor, “A wavelength- 
convertible optical network”, Journal of Lightwave 
Technologv, vol. I I ,  no. 5, pp. 962-970, May 1993. 

M. Kovacevic and A. Acampora, “On wavelength 
translation in all-optical networks”, Proc. 
(NFOCOM ‘95, vol. 2, pp. 413 4 2 2 ,  April 1995. 

[6] A. Birman, “Computing approximate blocking 
probabilities for a class of all-optical networks”, 
IEEE ~ Journal on Selected Areas in 
Communications, vol. 14, no. 5 , pp. 852-857, June 
1996. 

R.A. Barry and P.A. Humblet, “Models of blocking 
probability in all-optical networks with and without 
wavelength changers”, IEEE Journal on Selected 
Areash Commzinications, vol. 14, no. 5, pp. 858- 
861, June 1996. 

S.J.B. Yoo, “Wavelength conversion technologies 
for WDM network applications”, Journal of 

[J] 

[ 5 ]  

[7] 

[8] 

[I61 Jennifer M. Yates and Michael Rumsewicz P., 
“Wavelength converters in dynamically- 
reconfigurable WDM networks”, IEEE 
Commimications Surveys, Second quarter, 1999. 

[I71 A S .  Arora and S. Subramaniam, “Converter 
placement in wavelength routing mesh topologies”, 
Proc. ICC ‘2000, vol. 3, pp. 1282-1288, April 
2000. 

[I81 Yuhong Zhu, C.N. Rouskas, and H.G. Perros, “A 
path decomposition approach for computing 
blocking probabilities in wavelength-routing 
networks”, IEEE/ACM Transactions . on 
Networking, vol. 8, no. 6, pp. 747.762, December 
2000. 

[ 191 Gerd Keiser, Optical fiber communications, 
McCraw-Hill International Editions, The third 
edition, 2000. 

[20] R. Ramaswami and K. N. Sivarajan, Optical 
networks: A pracfical perrpective, The second 
edition, Morgan KauSmann Publisher, 2002. 

- 610 - 

Authorized licensed use limited to: Korea Advanced Institute of Science and Technology. Downloaded on January 12, 2010 at 08:29 from IEEE Xplore.  Restrictions apply. 


