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Abstract: TSP has been considered the most complex algorithmic problem because of its time complexity. TSP
comes under the NP Complete problem that becomes more critical as the number of cities increases. In this
present work, an effective solution to TSP is provided using genetic approach. The work has presented genetic
based model to generate the TSP path in effective time. The improvement is here performed on fitness function
and crossover stages where the cost based analysis is performed to generate the effective path. In this paper, a
detailed description to genetic process model is given with exploration of different stages of genetics. The paper
also includes the presented algorithm along with associated assumptions. The work will be able to provide
effective solution in optimized time.
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I.
INTRODUCTION
TSP: TSP can be defined as a problem in which we are given a complete undirected graph say G=(V,E) that has
non-negative integer cost c(u,v) belongs to E, and we must find a Hamiltonian cycle(a tour) of G with minimum
cost. In other words it can be defined as a most famous problem of dynamic programming in which a salesman has
to visit ‗n‘ cities defined in form of network represented as complete graph, where salesman has to visit all cities
only once with minimum distance and return back to starting city.[6]

A. Requirements of tsp:
The main aim of tsp is to search the shortest or we can say the cheapest tour for a salesman to visit all cities
exactly once and return back to starting city.[1] This problem comes under Artificial Intelligence and defines some
sub-problems like shortest path, Hamiltonian Cycle problem etc. Here solution is found in a definite and optimized
time.
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B. Applications of tsp:

Vehicle routing problem is an example of Traveling Salesman Problem where the problem is to find
which customers should be served by which vehicles and the minimum number of vehicles needed to serve
each customer. There are different variations of this problem including finding the minimum time to serve
all customers. Some of these problems can be modeled as the TSP[11].

The problem of computer wiring can also be modeled as a TSP, where number of pins represents several
modules. Subsets of these pins are connected
with wires in such a way that no pin has more than two
wires attached to it and the length of the wire is minimized.

Another application is overhauling gas turbine engines in aircraft. Nozzle-guide vane assemblies,
consisting of nozzle guide vanes fixed to the circumference, are located at each turbine stage to ensure
uniform gas flow. The placement of the vanes in order to minimize fuel consumption can be modeled as a
symmetric TSP [14].

The scheduling of jobs on a single machine given the time it takes for each job and the time it takes to
prepare the machine for each job is also TSP. Objective is to minimize the total time to process each
job[15].

TSP is also used in the field of robotics. A robot must perform many different operations to complete a
process. In this application, as opposed to the scheduling of jobs on a machine, there are precedence
constraints. This is an example of a problem that cannot be modeled by a TSP but methods used to solve
the TSP may be adapted to solve this problem [3][4].
C. Variations of tsp:
There are many different variations of the Traveling Salesman Problem:

Shortest Hamiltonian Path Problem: If in a graph, each edge has a weight and two nodes Vs and Vt are given
and objective is to find the shortest Hamiltonian path from Vs to Vt. If an edge from Vt to Vs is added and
give it weight M where M is large and positive, then optimal TSP tour will always include this edge (because
it will reduce the cost of the tour) and will therefore solve the Hamiltonian problem[8].

The Asymmetric Traveling Salesman Problem: When the cost of traveling from city i to city j is not the same
as the cost from city j to city i then it is called Asymmetric Traveling Salesman Problem. This can be solved
in the same way as the standard TSP if certain edge weights are applied that ensure that there is a Hamiltonian
cycle in the graph[10].

The Multi-salesmen Problem: It is the same as the standard TSP except that there is more than one salesman.
Problem is to decide where to send each salesman so that every city is visited exactly once and each salesman
returns to the original city[11].

The Bottleneck Traveling Salesman Problem: In this type of TSP, aim is to minimize the largest edge cost in
the tour instead of the total cost. That is, to minimize the maximum distance the salesman travels between any
two adjacent cities[14].

The Time Dependent Traveling Salesman Problem: It is the same as the Standard Traveling Salesman
Problem except time periods are also included. The cost
is the cost of traveling from node i to node j in
time period t. [15].
D. Complexity of tsp:
Tsp is a NP-Complete problem, whose status is unknown means no polynomial time algorithm has yet been
discovered for them, nor has anyone yet been able to prove that no polynomial time algorithm can exist for anyone
of them. Several of NP-complete problems are similar to problems that have polynomial time algorithms. In each of
the following pair of problems, one is solvable in polynomial time and other is NP-complete. Following are the
variations for NP-complete problems:


Shortest vs. longest simple paths: In a directed graph G=(V,E) shortest path could be found from a single
source even with negative edge weights in O(VE) time.



Euler tour vs. Hamiltonian cycle: We can determine whether a graph has an Euler tour in O(E) time but
determining the existence of Hamiltonian cycle in a graph is NP-complete problem.



2-CNF satisfiability vs. 3-CNF satisfiability: There exists a polynomial time algorithm to determine
satisfiability of 2-CNF formula but the problem to determine satisfiability of 3-CNF is NP-complete.[2]
E. Evolutionary Algorithm:
An evolutionary algorithm can be defined as a heuristic optimization algorithm that uses techniques which are
inspired by mechanics from organic evolution such as mutation, recombination, and natural selection to find an
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optimal configuration for a specific system within specific constraints. In terms of computer science evolution
strategy can be defined as an optimization technique based on ideas of adaptation and evolution methodologies.[9]
II.
GENETICS
Genetic algorithms are modeled on biological processes in which parents pass character traits to their offspring.
The next generation contains data inherited from its predecessors and in each generation the fittest members have
the greatest potential to survive and send genetic material to the progeny of their population. As children are
developed from the best parents, they are likely to introduce an improvement in fitness to the group.[9]
Genetic algorithms mimic this survival of the fittest by randomly generating a population of solutions and then
selecting members, with greater possibility of selection given to the fittest, from which to build the next generation
[13]. An example explained here is of study that used populations of 100 and evolved each trial for 1000
generations. The objective function used in this research was the length of the paths. Shorter circuits were given best
fitness consideration by inverting their tour lengths through subtraction from the ceiling of the population‘s longest
tour [11]. The roulette wheel method was employed to choose parent solutions.
Successors were developed by binary operations called crossovers that create child solutions using information
inherent in the two chosen parents. The type of information passed is problem dependent and affects the fitness of
the resultant population. Unary operators purpose is to allow solutions to exceed local maximums but they are
usually destructive to the mutated offspring.[6]

Parent Selection

Recombination
PARENTS

Initialization

Recombination

POPULATION

Mutation

Termination

CHILDREN
Survivor Selection

Fig 1 showing Basic Genetic Model
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DEFINE INITIAL POPULATION

PERFORM SELECTION

IMPLEMENT CROSSOVER OPERATION

MUTATION OPERATION

REGENERATION

Fig 2 Showing Flow of Work





Defining initial population: Initial population is chosen at random through successive flips of a unbiased
coin. Then a simple set of operations are defined that take this initial population and generate successive
populations.
Perform Selection: Selection is how to choose the individuals in the population that will create offsprings
from the next generation and how many offsprings each will create.[6] The purpose of selection is to
emphasize the fitter individuals in the population in hopes that their offsprings will in turn have even higher
fitness. Selection can be too-strong or too-weak but it should be balanced with variation from crossover
and mutation. In too-strong selection the sub-optimal highly fit individuals will take over the population,
reducing the diversity needed for further change and progress. Too-weak selection results in too-slow
evolution.[3].

A. Various selection methods:

Roulette wheel selection

Boltzman selection

Tournament selection

Rank selection

Steady-state selection


Roulette wheel selection:
This method is used to select the particular candidate solution. Here probability of solution is proportional to the
fitness. Here proportionate reproductive operator is used which selects a string from the mating pool with a
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probability proportional to fitness.[10] The sum of probabilities of each string being selected from mating pool must
be one. The probability if ith selected string is:

̅ =∑
Expression showing that ith string in the population is selected with a probability proportional to
fitness value for that string and ‗n‘ is the population size.

where

is the

Fig3 Showing Roulette wheel marked for eight individuals according to fitness


Boltzman selection method:
According to this method if temperature is high then there will be equal chances of selection of very
chromosome but when temperature will decrease, the probability of selection of highly fitted chromosomes will be
high and less fitted chromosomes will be low.

= exp(

)

Where ‗k‘ is Boltzman constant. This expression suggests that a system at a high temperature has almost uniform
probability of being at energy state, but at a low temperature it has a small probability of being at a high energy
state. Therefore convergence of algorithm is controlled by temperature T and Boltzman probability distribution.[7]

Tournament selection:
This method can be explained in following steps:
1. Two individuals are selected Nu=2,
2. A random number ‗r‘ is generated between 0 and 1,
3. Then a constant ‗k‘ is taken as K=0.75,
4. If generated random number ‗r‘ is less than ‗k‘ i.e. r<k then best fitted individual will be selected as parent. But
if r>k, the least fitted will be selected as parent. (Again these two are added to the population),
5. Process will be repeated n times[12].

Rank selection:
It came to overcome the limitation of fitness proportionate method. Here ranking of individuals is done
according to fitness after sorting them. Subjective fitness is considered herein place of absolute fitness. In other
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words rank selection is a method that first ranks the population and receives fitness from the ranking taking every
chromosome. The worst will have fitness 1, next will have 2 ….and the best will have fitness .

Fig4 Showing Roulette wheel according to fitness

Fig5 Showing Roulette wheel according to Rank

Steady-state selection:
In this method Genetic algorithm works in the following way. In every generation a few chromosomes with high
fitness are selected (for maximization problem) for creating new offsprings. Then some bad chromosomes i.e. with
low fitness are removed and new offspring is placed in that place. The rest of population survives a new
generation.[15]

Elitism:
In this method firstly the best chromosomes or few best chromosomes are copied to new population and the rest is
done in classical way[4].It has the advantage of very rapidly increasing the performance of ga because it prevents
loosing the best found solutions.

Φ =(

)-

(
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B. Crossover:
The aim of crossover operator is to search the parameter space in such a way that the information stored in
present string is maximally preserved because these parent strings are instances of good strings selected during
reproduction[5]. It is a recombination operator that can be performed in three steps:
1.
2.
3.

The reproduction operator selects a random pair of two individual strings for mating,
A cross-site is selected at random along the string length and
The position values are swapped between two strings following the cross-site.

Crossover can be performed in six ways:

Single-site crossover:
A cross-site is selected randomly along the length of mated length of the mated strings and bits next to the cross
sites are exchanged. Choice of site must be done in better way to obtain better children by combining goo substances
of parents. Sit is selected randomly.[8]

Fig6 Showing Single-site Cross-over

Two-point crossover:
Here two random sites are chosen and the contents bracketed by these sites are exchanged between two mated
parents. [7]If the cross-site 1 is three and the cross site 2 is six, strings between three and six will be exchanged as:

Fig7 showing Two-point Crossover
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Multi-point crossover:
Here we have two cases. In one case even number of cross-sites are considered and in other odd number of
cross-sites. The string is treated as a ring with no beginning or end in even case and the cross sites are selected
around the circle uniformly at random. Then the information between alternate pair of sites is interchanged as shown
in figure:

Parent-1

Parent-2
Before crossing

Child-1

Child-2

After crossing

Fig8 showing Multi point Crossover with even number of cross-sites

Fig9 showing Multi point Crossover with odd number of cross-sites

If the number of sites is odd, then we assume a different cross point at the beginning. The information between
alternate pairs is exchanged as shown in figure.

Uniform crossover:
In this gene from either parent is selected with a probability of 0.5 or then it is interchanged. When there is a 1 in
the randomly generated crossover mask, the gene is copied from the first parent and when this is 0 gene is copied
from second parent. The number of effective crossover points is not fixed but averages to L/2 where L is
chromosome length.[12]
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Fig10 showing Uniform Crossover

Fig11 showing Uniform Crossover using mask


Matrix crossover:
Here two strings of length 4 are concatenated to form an individual. We select single dimensional cross-sites
here and for two dimensional crossover we represent each individual as a two dimensional array of vector as shown
below in example:[10]

String-1
String-2

1 0 1 1
0 1 0 1
Substring-1

1 0 0 1
1 1 1 0
Substring-2

C. Mutation operator:
The aim of mutation operator is to restore lost genetic materials. It introduces new genetic structures in the
population by randomly modifying some of its building blocks. It eliminates the problem of local minima of an
algorithm. It is also used to maintain diversity in population. It causes movement in the local or global search space
and is capable of restoring lost information to the population as shown below:[8]
E.g. : Population having two eight bit strings is shown:
0 1 1 0
0 1 1 1

1 0 1 1
1 1 0 0

To create a one in left most position for true optimum, then this job cannot be performed by crossover or
reproduction, only mutation operator can perform this with some probability(
) as:

0 1 1 0
1 1 1 1

1 0 1 1
1 1 1 1
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is the mutation rate that can be defined as the probability of mutation to calculate number of bits to be
muted.[16]
D. Regeneration:
The number of generation is typically around 50, this has been sufficient to arrive at a global optimum in most of the
problems that use genetic programming. The depth of the tree structure also depends on the complexity of the
problem and also the resources available, such as memory.[11] There are no rules to describe what parameters
should be used and often it is simply best to try different options and see which best suits a particular problem. It can
be considered something of a creative exercise.[9]

III.
PROPOSED WORK
Population is generated using Rank Selection method. Effort has been applied for the development of Hybrid
Genetic Algorithm. Hybridization has been suggested with the use of Fuzzy logic with the genetic approach.[14]
Fuzzy has been applied here with the crossover function. Proposed algorithm is the Hybrid Genetics algorithm that
provided us an optimized solution for the Travelling Salesman problem. According to this algorithm at first the
population is defined in terms of nodes or the cities that placed at random position. Now the heuristic is applied on
it to find the Seed Sequence. Now using this sequence a new population is generated. Each population is derived
from the existing population. On this population the algorithm is performed. [13]
A. TSP verses Genetics:

The proposed algorithm is given below:
TSP (City Matrix)
/*City Matrix is the actual distance matrix */
{
1. Perform the basic analysis over the City Matrix
to identify the maximum and minimum distance constraints
2. Generate the fuzzy rules based on the distance
Analysis
3. Perform the Matrix Quantization using fuzzy
vectors.
4. Define the initial fitness function.
5. Generate the N permutations of possible
Travelling path and represent
it as the initial population set.
For i=1 to Max Iteration [Repeat steps 6 to 10]
6. Perform the selection on this training dataset.
7. Perform the fuzzy based crossover on selected
parents and generate the next level child.
8. Perform the mutation to neglect the values that
does not support fitness function.
9. Recombine the generated child with existing
population to generate new population set.
10. Identify the optimized Travelling salesman path
and present as result.[15]
}

This work contains certain assumptions and stages described below.
B. Assumptions:




Cities are placed at random.
Bi-directed path has been taken.
No city can be visited more then once.
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Graph may not be a complete graph.[12]

C. Stages:





This population has used Genetics for input.
Fitness function is calculated. Min function is used for finding distance.
Then rank selection method is applied for selecting the best individuals.
Finally mutation function is applied on selected individuals.[6]

IV.
CONCLUSION
In this paper, a genetic based solution is provided to find the solution of TSP problem in effective time. The paper
has defined the genetic approach with the exploration of different stages. The main stress in this paper is given to the
different approaches of selection and crossover process. The paper also included the proposed algorithmic model to
obtain the effective solution of TSP.
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