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General Introduction

General Introduction:

Quantum information and computation is a new exciting field of research, while
quantum information investigates the informational power of quantum bit (Qbit) which is the
quantum information unit, the quantum computation tries to exploit this quantum
informational capability to build a strong quantum algorithms to solve a class of problems that
seems to be unsolvable by the conventional computers. Unfortunately, the design of quantum
computer faces the difficulty of coherence with environment.

Still we can exploit the concepts of quantum information to inspire classical
techniques that could give classical algorithms better performance. A quantum computation is
probabilistic by nature, and so it can be more exploitable when combined with random
algorithms which are more powerful than exact ones.

Evolutionary algorithms like genetic ones try to deal with probability trough nice
models inspired of biological real ones in nature. It seems natural that these two different
techniques should combine their computational powers in a hope to require better capability
to solve hard problems. ] ¢

Genetic algorithms are stochastic ones; they deal with probability upon the notion of
population, rather than quantum information, in which the probability is intrinsic to the
quantum bit (Qbit). So, the population will be an ensemble of Qbits.

The algebra of the Qbits is built upon matrices, which suggest, that the inspired
quantum algorithms should choose the same algebra. Q algebra has three notions: Qbit is
represented by a binary linear Hilbert space, so each Qbit is represented by a unitary binary
column vector; geometrically it can better represented by Bloch sphere. The evolution of the
Qbit is represented by a unitary matrix, and the measurement of the Qbit collapsed it in the
classical bit (Cbit) € {0, 1}.

The algebra of GAs evolves initial population of potential solutions taken randomly
from the whole solution space. This evolution is done applying the principle of genetics like
crossover and mutation. The fittest individuals make next generation. This process iterate in
hope that each generation approaches better the solution seeking than the generation that
generate them.

Q_algebra and G_algebra have to interfere constructively to create a better algorithm.

This study proposes a novel genetic algorithm inspired from quantum information and
computation concepts (QIGA) which resulted from nice interference between the algebra of
quantum computation and genetic algorithm. QIGA still based population with all its dynamic
characteristics, like : individual representation, the evolution function, but their definition is
inspired by quantum notions, as, linear superposition (Qbit), unitary transformation (crossover
and mutation), measurement (Qbit to Cbit).



General Introduction

QIGA offers better diversity, because probability is taken deep to the representation of
the individual itself This manner augments the exploration and mutation because they
manipulate probabilities through Qbits.

To validate the performance of QIGA, experiments are curried out on knapsack
problem.

To appropriately do our study, we organized the dissertation as follows:

Chapter 1: presentation of quantum information and computation formalism.

Chapter 2 : quantum inspired evolutionary algorithm are introduced

Chapter 3 : the proposed algorithm QIGA is presented.

Chapter 4 : experiments are curried out and results are discussed.



General Conclusion

In this work we have been interested to the combinatorial problems, where we have
propose a novel evolutionary quantum inspired algorithm to attempt solve this challenging
class of problems, at least with a good accuracy.

Our idea is inspired from the superposition principle of quantum mechanics, which
contains all the secret and weirdness of this fundamental theory. Interference and phase
shifting were the two implication of superposition principle that we have modeled to catch
and benefit the proposed algorithm with the computational power of quantum computation.
Genetic Algorithm was the natural evolutionary technique choice to this task, because its
mechanism fit well. The interference phenomenon is well modeled by the recombination
(crossover) operator applied on the phenotype rather than its genotype. Also, the phase
shifting is perfectly modeled by the mutation operation.

We have investigate our propose algorithm named Genetic Inspired Quantum
Algorithm to study its performance. We have chosen the Knapsack NP-Hard problem as a
model to evaluate and valid our proposed algorithm. So, several experiments were done, with
a statistics vision, were the algorithm was executed several time (40 executions) to have a
consistent and credible results, knowing that our algorithm is a random one.

We have recorded a great accuracy of our solution compared to the expected solution
of the problem. The algorithm reached the expected exact solution with a sensible percentage:
so , we have pushed our investigation to more understand its behavior and find the adequate
parameters to adjust them to increase the percentage of finding the exact solution. Our goal
was successfully attained with high accuracy.

Our further researches will focus on extending our proposed algorithm genetic
Quantum Inspired AlgorithmGIQAto the General model of Knapsack problem and the other
NP-Hard problem. We hope also adapt GIQAto the multi-objective NP-Hard problems.
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‘Gstract \

The quantum-inspired evolutionary algorithm is new area of intelligent computation. In this work we
propose a new quantum inspired genetic algorithm, to solve a class of combinatorial optimization
problems. our QIGA is applied to the 0-1 Knapsack problem to evaluation and validation.

Key words: QIGA, Quantum Computing , GeneticrAlgorithms, Knapsack Problem
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Les algorithmes évolutionnaire inspiré du quantique est un nouveau domaine de la computation
intelligente. Dans notre travail, nous avons proposé un nouvel algorithme génétique inspiré du
quantique, pour la résolution d'une class de problémes d'optimisation combinatoire. notre QIGA est
appliqué sur le probléme du 0-1 Knapsack pour I'évaluation et la validation.

Mots clés: QIGA, computation quantique , algorithmes évolutionnaire, probléme de knapsack
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