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ABSTRACT

Evolutionary Algorithms (EA) have proved their efficiency in solving combinatorial
optimization problems. However, in the literature, the proposed solutions focused
on the use of a single crossover and/or mutation operators. Hence, our work
studies the possibilities of classifying and combining these variation operators
resulting in a better performance. We propose a Hybrid Genetic Algorithm
combining different strategies and operators in pursuance of a better population
diversity and elitism preservation. The HGA is applied to the Capacitated Vehicle
Routing Problem (CVRP) and it could be easily extended to any problem that
could be formulated as an order-based optimization problem.

PROBLEM FORMULATION
The vehicle routing problem (VRP) is an important problem class in the field of
operations research and transport logistics optimization. Its original formulation
has been defined over 60 years ago by [1] and consists of a fleet of identical
vehicles serving a set of customers with a certain demand from a single depot
and having a certain capacity. This formulation is referred to as the capacitated
vehicle routing problem (CVRP).
The CVRP can be stated as follows:

STEADY STATE

The steady state genetic algorithm is a simpler version of the generational and
consists of selecting two parents, crossing and mutating them, to finally obtain an
offspring inserted to the population. Compared to generational replacement,
where a larger portion of the population is replaced, It was shown in [2] that
genetic drift is accelerated when using steady state replacement instead of
generational replacement.

COMPUTATIONAL RESULTS

We compared our results to the current best results available online (accessed on
August 5th 2019). We record the best found solution as well as the worst in each
of 30 independent, randomly initialized GA runs using different hybridization
strategies.
The results are listed in Table.1

where
Determining the optimal solution to CVRP is NP-Hard since it has to verify a set
of constraints:
- Each customer has to be visited only once.
- The total demand of the customers being served by a vehicle does not exceed
the vehicle capacity.
- All routes start and finish at the depot.
- There are a maximum of K routes for serving the customers.

Solution Encoding as Order-Based Representation

Table.1 : Results of running HSSGA on CVRP: A-set instances

To encode CVRP solution, we used a vector representation encapsulating the
significant informations for each individual.

ALGORITHM: THE HYBRID STEADY STATE GENETIC
ALGORITHM (HSSGA)

1: Initialize population with N feasible solutions
2: Evaluate initial population
3: While Non Stop Condition do:
4:
Select two parents(Pi ,Pj) from the population using tournament selection
5:
C Reproduction(Pi ,Pj)
// Random or Balanced Hybridization
6:
Select randomly an individual W from the population’s second
half according to either fitness or violation rate
7:
Replace W with C in the population
8: end

HYBRIDIZATION STRATEGIES

Optimal solution routes

One of the main problems encountered when using the same operators class
for both crossover and mutation is Premature Convergence. It occured when
the population converges too early, exposing that the genetic operators are not
able to generate offsprings outperforming their parents. To prevent this
phenomenon, combining these operators regarding their nature (exploitative or
explorative) can lead to better performance. We designed the two hybridization
strategies below :
• Random Hybridization: It consists of selecting randomly a crossover and
mutation operators and use them respectively to generate an offspring.
• Balanced Hybridization: It aims to balance the GA exploration and
exploitation abilities by mixing heuristic operators with position operators.
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Figure.2 : Random vs Balanced hybridization
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Conclusion
The conducted work expose that evolutionary algorithms can lead to remarkable
results for solving the CVRP problem. Nevertheless, different strategies
involving the nature of crossover/mutation operators, the selection methods,
and replacement strategies affect the population evolution and fitness. Taking
the described factors into consideration, two strategies were designed and were
able to act optimally on some instances while delivering good solutions on
others. Thus, It can be concluded that problem-specific tuning would be
necessary for instances more than 60 customers.
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