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Problem Formulation

Problem
As s es  overall s pectral efficiency in a  network 
with multiple channel widths , where fiber 
s pectrum is  hardly divided into two s ections  or 
not.

Goal
-minimize blocking probability
-minimize overall cos t



Spectrum Partitioning
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How Topology works
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Input parameters to generate demands

Modulation format:

-m=0 50 Ghz 2 s lices  of 25
-m=1 75 Ghz 3 s lices  of 25

Data Rate Gb/s
Modulation 

Format
Bits / symbol 

(Gb/s )- Entropy
Channel spacing 

∆f (GHz) 
Reach (km)

200 16 QAM 4.00 50 900

400 16 QAM 4.00 75 600



OUR NATIONAL AND CONTINENTAL TOPOLOGIE
• Number of Links Average link lenght Max link length Number of Nodes

National ≤ 20 links ~ 150 km ~400 km 4

Continental ≥ 20 links ~ 300 km ~ 1000 km 7



Integer Linear 
Programming

First Fit

Genetic Algorithm

ALGORITHM



ILP Constraints
Using the tool gurobipy we tried to optimize
the following problem adding cons traints :

Takes  around 
2 hours  to 
optimize for a  
small network 

https://www.gurobi.com/documentation/9.5/quickstart_linux/cs_using_pip_to_install_gr.html


First 
Fit



First Fit
We computes  the shortes t path us ing the K-Shortes t Path.
Then take the firs t demand and route it in the firs t available shortes t path, if is  taken the 
s econd, and so on...



Results First Fit: National (Bp) This  is  the comparison between 
the Soft Partitioning and the Hard 
Partitioning in the National 
Topology.

So as  we can s ee the blocking 
probability us ing the Soft 
Partitioning is  lower so is  better for 
our results .

1. EX. for 89Tbps  bp Soft = 
2*10^-3%,  bp Hard = 1%

2. EX. for 1% bp Soft we can 
route = 4Tbps  more than with 
Hard

This  interval of value is  computed with Monte Carlo Simulation, 
calculating with 1000 different random demands  our results  95% 
of times  is  ins ide this  interval



Results First Fit: Continental (Bp)

This  is  the comparison between 
the Soft Partitioning and the 
Hard Partitioning in the 
Continental Topology.

1. EX. for 95Tbps  
bp Hard,0.1 = 3,5*10^-4%
bp Hard,0.2 = 1% 
bp Hard,0.5 = 10%

1. For the plot we can s ee 
that the lower is  the border 
value the more traffic we 
can route for the s ame bp
(not true)



Genetic 
Algorithm



Is  a  determinis tic algorithm inspired by 
the proces s  of natural s election that 
belongs  to the larger clas s  of 
evolutionary algorithms  (EA).

One candidate solution in Genetic 
Algorithm is  called Chromosome.

One value of the Chromosome is  called 
Gene.
All the calculated Chromosome are 
called Population.
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Genetic Algorithm
0 1 2 1 0 2

1 1 2 1 0 3

0 1 1 1 0 3

Parents

Crossover

Mutation

Genetic Algorithm take the solution 
us ing Firs t Fit algorithm and than 
makes  Cros sover and Mutation 
Function.

Cros sover mixes  different solutions  
creating new candidates .
Mutation randomly changes  s everal 
genes  in order to adds  s tochas ticity.

At the end evaluate the candidates  
and take the bes t ones  and res tart 
the proces s  till the end of the tree.

Offspring

Fitness 
Evaluation

0 1 2 1 0 3



Results Genetic Algorithm : National (Cost)

This  is  the comparison 
between the Soft 
Partitioning and the 
Hard Partitioning in 
the National Topology.

So we can take the 
points  as  the 
maximum offered 
traffic that can be 
routed



Results Genetic Algorithm : Continental ( Cost )

This  is  the comparison 
between the Soft 
Partitioning and the 
Hard Partitioning in the 
Continental Topology.

So we can take the 
points  as  the maximum 
offered traffic that can 
be routed



CONCLUSION
1. For large number of demands ILP is not computational efficient 

solution.

2. Hard partitioning does not influence the cost.

3. Genetic algorithm is more effective than k -SP First Fit but it requires 
larger amount of time to compute.

4. ( ~  2 min per demand for 1000 MC vs ~ 15 min of demands for 5 MC).

5. Soft Partitioning may serve as a lower bound for the performance.

6. Finding best border values requires hyper -paramer search
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We computes the shortest path using the K-Shortest Path.
Then take the first demand and route it in the first available shortest path, if is taken the second, and so on...
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