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Abstract: We prioritize bidirectional connection requests by 
combining dynamic connection provisioning with off-line 
optimization. Results show that the proposed approach 
decreases wavelength-converter usage, thereby allowing 
operators to reduce blocking-probably under bulk 
connection assignment or network reconfiguration. 

Keywords: Optical networks, GMPLS, simulation 

1. Introduction 

The Wavelength Division Multiplexing (WDM) technology 
has shown to be the primary solution for fulfilling the ever 
increasing demand for capacity in optical transport 
networks. To setup a connection in such a network a route 
and a wavelength must be identified for each connection 
request. This process is referred to as the routing and 
wavelength assignment (RWA) problem. If possible, 
connections are allocated on continuous wavelength paths 
(wavelength continuity constraint). This is due to the fact that 
even though emerging technologies allow for the conversion 
between wavelengths [1], these devices are still very 
expensive and therefore only a limited number of 
wavelength converters (WCs) is likely to be introduced in the 
networks. Previous studies have shown that economic use 
of these WCs significantly decreases the blocking probability 
during the connection provisioning phase [2-4].  
If all connection demands are known beforehand, the RWA 
problem can be solved off-line, allowing for the globally most 
resource efficient assignment of routes and wavelengths. 
However, in real-life networks traffic demands most often 
arrive dynamically, which obstructs the aforementioned 
global optimization, since decisions on connection allocation 
must be made on the fly without knowledge of other ongoing 
and future connection demands. There are however two 
situations in particular, where such knowledge is available 
so that the off-line and the dynamic RWA can be favorably 
combined: first, if a set of connections have to be admitted to 
the network all at once as a bulk; and second, if 
reconfiguration of the network is carried out [5]. In this paper, 
we therefore show how dynamic and off-line RWA can be 
combined to save critical WC resources.   

2. Prioritizing bidirectional connections 

In optical core networks, connections are generally 
bidirectional and for ease of control, it is desirable that both 
directions are routed along the same links and use the same 
wavelength in both directions [6]. The two following 
subsections detail the proposed off-line prioritization and 
dynamic bidirectional connection provisioning approach. 
 
 

2.1 Off-line prioritization of requests 
The off-line optimization tool proposed in [3] returns an 
ordering of the connection requests, so that instead of the 
requests being treated based on a memory-less distribution, 
the same set of requests is reordered so that all requests 
using the same wavelength in the off-line solution are 
grouped. Demands that need conversion along the path are 
prioritized according to the wavelength used. Alternatively, 
we prioritize the demands according to the hop count 
measure. Due to this prioritization, the sequential dynamic 
setup of the connections is influenced to assign the routes 
and wavelengths of the off-line solution. 
 

2.2 Dynamic bidirectional connection setup 
Dynamic connection setup is carried out by using the 
RSVP-TE protocol. A flag within the Path message indicates 
that the connection request is bidirectional [7]. In order to 
minimize the usage of expensive resources, e.g., WCs, the 
Label Set [8] has been enhanced with the Suggested Vector 
[2], which is an additional object passed during connection 
setup that can be used to minimize the use of WCs. The 
concept is illustrated in figure 1. At each intermediate node, 
the Label Set is updated to reflect which wavelengths are 
available in both directions on a given link, while the 
Suggested Vector reveals the number of necessary 
wavelength conversions the choice of a given wavelength 
entails. When the connection request arrives at the 
destination node, it selects the wavelength requiring fewest 
WCs within the received Label Set (i.e., �2 in the example) 
and initiates the backward reservation of both connection 
directions on the chosen wavelength by passing the Resv 
message. 

 
Figure 1: Bidirectional Connection Setup following [6] enhanced 
with Suggested Vector for WC minimization. 
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3. Simulation scenario and results 

We are using OPNET Modeler [9], a commercial discrete 
event simulation tool, combined with CPLEX-based off-line 
optimization to simulate connection allocation in a 
GMPLS-controlled network. As a test instance, we are using 
the Pan-European topology [10] illustrated in figure 2. The 
network consists of 28 nodes and 61 links, each equipped 
with one fiber of 10 wavelengths per direction. 

 
Figure 2: Pan-European triangular topology network [10]. 
 
In the dynamic scenario we only use Suggested Vector 
based dynamic wavelength assignment, i.e., no prioritization 
scheme is implemented. In the wavelength prioritized 
scenario, the optimization tool prioritizes requests that 
require WCs according to the highest wavelength used. In 
the hop count prioritized scenario, requests are prioritized 
according to descending hop counts. 
The results illustrated in figure 3 show that the two proposed 
prioritization schemes decrease the WC usage, and hence 
avoid WC-bottleneck situations causing connection 
blocking. At low network loads, prioritizing the requests 
according to their assigned wavelength returned by the 
off-line optimization gives the best performance, while 
prioritizing requests in relation to decreasing hop count is 
more advantageous for high network loads. This is likely due 
to the increased number of conversions needed in the 
off-line optimized sequence as well. 
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Figure 3: Average wavelength converter usage for dynamic 
wavelength assignment compared to when requests are 
prioritized according to wavelength usage or hop count. 

4. Conclusion 

In this paper, we investigate the performance of prioritizing 
bidirectional connection requests aiming at decreasing the 
use of WCs, which have shown to be the bottleneck for 
successful connection provisioning. We combine dynamic 
connection accommodation with off-line optimization and 
show that the WC usage can be significantly decreased 
compared to entirely dynamic wavelength assignment.  
Our simulation results show that for low network loads, WC 
minimization can be achieved by prioritizing the demands 
according to the wavelength returned by the off-line 
optimization, while prioritizing the demands according to hop 
count is most beneficial under high network load conditions. 
These results illustrate that off-line RWA can be favorably 
combined with dynamic connection provisioning, which 
network operators can benefit from in case of desired bulk 
connection allocation or network reconfiguration. 
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