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Darwin(1859) states that there is an implicit struggle 

for survival, Because of this implicit struggle, 

reproducing species create offspring that are genetic 

variants of the parents. Darwin theorizes that it is 

this genetic variation that enables some offspring to 

survive in a particular environment much better than other offspring 

with different genetic variations. These offspring not only survive in 

the environment, but go on to reproduce new offspring that carry 

some form of this enhanced genetic variation. In addition, those 

offspring that are not as suited for the environment do not pass on 

their genetic variation to offspring, but rather die off. Darwin then 

theorizes that over many generations of reproduction, new species 

that are highly adapted to their specific environments will emerge. 

 It is this theory of natural selection (Survival for the fittest) that 

forms the theoretical foundation for the field of Evolutionary 

Algorithms (EA).  

Outline of this lecture 

 Definition of Genetic Algorithms 

 The Evolutionary Cycle 

 X2  Example  

 Practical Applications Examples 

            1. Example1: Solve TSP in GA 

            2. Example2: Solve Knapsack Problem in GA 
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Genetic Algorithms 

 

 

In brief, an EA is a search algorithm. Genetic algorithms belong to the 

larger class of evolutionary algorithms (EA), which generate solutions to 

optimization problems using techniques inspired by natural evolution, such 

as inheritance, mutation, selection, and crossover. 

A population of individuals are is maintained within search space for a 

GA, each representing a possible solution to a given problem. Each 

individual is coded as a finite length vector of components, or variables, 

in terms of some alphabet, usually the binary alphabet {0,1}. To continue 

the genetic analogy these individuals are likened to chromosomes and the 

variables are analogous to genes. Thus a chromosome (solution) is 

composed of several genes (variables).  

https://en.wikipedia.org/wiki/Evolutionary_algorithm
https://en.wikipedia.org/wiki/Heredity
https://en.wikipedia.org/wiki/Mutation_(genetic_algorithm)
https://en.wikipedia.org/wiki/Selection_(genetic_algorithm)
https://en.wikipedia.org/wiki/Crossover_(genetic_algorithm)
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A fitness score is assigned to each solution. The GA aims to use selective 

of the solutions to produce `offspring' better than the parents by 

combining information from the chromosomes. 
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The Evolutionary Cycle 
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X2  Example  
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Solve TSP in Genetic Algorithm 

 

 

The Traveling Salesman Problem is defined as: "We are given a set of 

cities and a symmetric distance matrix that indicates the cost of travel 

from each city to every other city. The goal is to find the shortest 

circular tour, visiting every city exactly once, so as to minimize the 

total travel cost, which includes the cost of traveling from the last city 

back to the first city". 
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Encoding   represent every city with an integer . Consider 6 cities. Thus a 

path would be represented as a sequence of integers from 1 to 6. This is an 

example of Permutation Encoding as the position of the elements 

determines the fitness of the solution. 

Evaluation   The fitness function will be the total cost of the tour 

represented by each chromosome. This can be calculated as the sum of the 

distances traversed in each travel segment.  

The lesser the sum, the fitter the solution represented by that chromosome. 

 

So, for a chromosome [4 1 3 2 5 6], the total cost of travel or fitness will 

be calculated as shown below  

Fitness = 1407 + 1987 + 1124 + 1049 + 331+ 2095  

           = 7993 kms 

Since our objective is to Minimize the distance, the lesser the total 

distance, the fitter the solution. 
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What is the second child?  
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Solve Knapsack Problem in GA  
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Next Lecture    

        Linear Regression  

  

 

 


