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Abstract— Ant colony optimization algorithm is a popular meta-heuristic optimization algorithm that has been proven
successful for solving travelling salesman problem. In this paper, modified version of ant colony optimization for solving
travelling salesman problem has been proposed. In this modified version, update pheromone phase of ant colony optimization
algorithm is updated. Here, best distance is calculated by comparing all the nodes distance and taken the best distance for find
next node instead of taking ants one by one and keep updating later on. This modified version improves the total cost as well as
total time of travelling salesman problem. Proposed algorithm is performed on 51 cities, 61 cities, 70 cities and 76 cities

problem. Comparative study shows that proposed algorithm is better than standard ant colony optimization algorithm.
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l. INTRODUCTION

Introduction In Today’s scenario, Optimization is needed in
every sector of research. Various optimization algorithms
have been proposed for solving different kind of problems
like task scheduling problem, graph colouring problem,
travelling salesman problem, problems related to mechanical
engineering, problems related to electrical engineering and
also problems related to social networks etc. Here ant colony
optimization algorithm is used to improve the total cost as
well as total time for solving travelling salesman problem.

Ant colony optimization algorithm is one of the best meta-
heuristic algorithms that simulate the foraging behaviour of
real ants that consistently optimize their path from their next
to food.

L. Shufen, Et. al. [1] proposed Pheromone Model Selection
in Ant Colony Optimization for the Travelling Salesman
Problem. here two pheromone models, named as first order
pheromone model and second order pheromone model are
used and then compared and analysed. D. chitty [2]
proposed a new improved algorithm that is used for solving
large scale TSP problems. ACO algorithm can also be used
to solve social network problem based on travelling salesman
problem [3]. Z. A. Aziz [4] proposed ant colony algorithms
based on generalized heuristic method, where two updating
procedures (Local and Global) are used for solving travelling
salesman problem. Various other version of modified ACO
[5, 6, 7, 8] are also used for solving TSP.
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The overall work in this paper is summarized as follows:
Section 1 gives the introduction and also previous work that
has been proposed for solving Travelling salesman problem.
Section 2 introduces standard ACO algorithm for solving
Travelling salesman problem. Section 3 gives the proposed
ACO algorithm for solving Travelling salesman problem.
Experimental results and analysis on various Cities is
described in section 4. Section 5 concludes the overall work.

Il.  ANT COLONY OPTIMIZATION ALGORITHM
FOR TSP

The travelling salesman problem (TSP) is a NP-complete
problem where salesman has to travel every city once and
reach to the starting city with minimum distance. TSP can be
represented by a complete connected weighted graph and the
objective to find a Hamiltonian cycle of minimum cost
(distance).

The working principle of Ant colony algorithm, as a heuristic
algorithm, is to simulate the foraging behaviour of real ants,
where they will search the food on the basis of pheromone
left by other real ants. In the TSP problem, the ants are
randomly divided into nodes because each node can be
accessed only once.

To access the next node, the following probability formula is
used:
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the pheromone trail values are updated according to
following formula, After the ants completed their tours:
(t+n) =

Where = pheromone decrease parameter
m
;':':Tij = Z 4'1':"'['};
k=1
Where = quantity of per unit length of pheromone trail

laid on edge (i, j). And calculated as
= if k™ ant uses (i, j) in tour

Here Q is constant and L= tour length of k™ ant.

The algorithm steps for solving TSP using ant colony
algorithm is as follows:

1. Loop

2. Place m artificial ants on n cities randomly

3. Foreachcitylton

4. Foreachantltom

5. Each ant builds a solution by adding one city after the
other city.

Parameters Values

Alpha (o) 1
Beta (B) 2

Pheromone decrease factor 01
[tho(c)] '

Pheromone increase factor 07
[Q] '

Number of Ants 51,61, 70, 76

6. Select next city according to the probability equation
7. Apply local pheromone update

8. End for

9. End for

10. Apply Global pheromone update using best ant

11. Until end condition not reached.

I1l. PROPOSED METHODOLOGY

The proposed ant colony algorithm is based on the
enhancement of updating pheromone rule. The enhanced
version of update pheromone rule is given below, rest of the
steps are same as original ACO algorithm for TSP. Here, best
distance is calculated by comparing all the nodes distance
and taken the best distance for find next node instead of
taking ants one by one and keep updating later on. This
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modified version improves the total cost as well as total time
of travelling salesman problem.

Enhanced Version of Update Pheromone Rule:

for (inti = 0; i < pheromones.Length; ++i)

{
for (intj = i + 1; j < pheromones[i].Length; ++j)
{
for (intk = 0; k < (ants.Length)-1; ++k)
{

double length = Length(ants[k], dists); double
decrease = (1.0 - rho) * pheromones[i][j];
double increase = 0.0;
double bestdist=0.0;

if (EdgelnTrail(i, j, ants[k]) == true) increase = (Q /
length);
if(Length(ants[K],dists)<=Length(ants[k+1],dists))
bestdist=Length(ants[Kk],dists);
else
bestdist=Length(ants[k+1],dists);
pheromones|i][j] = decrease + increase+bestdist;

}
}
}

The proposed algorithm is performed on a system having 2
GB RAM, Core i3 processor. The following parameters are
used to perform experiments on different number of cities [
51 cities, 61 cities, 70 cities and 76 cities ] for solving
travelling salesman problem.

Table 1 shows the experimental results performed on 51 cities
travelling salesman problem.

Algorithms Total cost
Standarq ACO 432
algorithm
Proposed Algorithm 389

Standard ACO path:
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443361751828 272314213712 35403046114250
3244 4941258239139203834 162224293647 1019
261548333101457

Proposed Algorithm path:

8053617 3748352622507 466944 33320214732
283134119434549144291524421338252101123
30181227 39411640

Table 2 shows the experimental results performed on 61
cities travelling salesman problem.

Algorithms Total cost
Standard ACO algorithm 621
Proposed Algorithm 585

Standard ACO path:

24 36283851 1952264055217 3233454201329 35
124653158454 48111420373444152725412158
57 43315956 30 18 60 9 22 49 6 47 16 39 237 350 10

Proposed Algorithm path:

141522 42 24 446 395323 1710426047 111513555
183252531384521592013281926057412712840
37294856545043333431636465830254997

Table 3 shows the experimental results performed on 70
cities travelling salesman problem.

Algorithms Total cost
Standard ACO algorithm 504
Proposed Algorithm 464

Standard ACO path:

17 26 63 40 38 7 52 10 31 57 47 59 29 49 41 60 43 0 22 37
344391953866 625645169 3042231652 204645
54 36 33544 486233611228 145515136527672411
5056 1815821689 32

Proposed Algorithm path:

34 504022 32536 6330936652014 42 64 18 1552 58
445626854 134543031354121 1027555983316 26
612569122329251438486647283749391917 346
67605657111247

Table 4 shows the experimental results performed on 76
cities travelling salesman problem

Algorithms Total cost
Standard ACO algorithm 596
Proposed Algorithm 534

Standard ACO path:
518337222171652537169 387276157 101455363
19 23 11 26 50 75 30 20 70 15 47 64 65 67 36 68 54 9 29 18
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58 66 62 60 35592544256 12444813146244039673
3245411349234214357428370

Proposed Algorithm path:

314029582341394369 7519303856257 13506863
63726528217311733556589 62324266 366159
1844 60 70 4572 74 20253 3524 46 10 53 12 16 15 71 49
14 47 48 17 34 2722 675114 052 54 64

600

500

400
B Standard ACO

300 - = Proposed Algorithm

200 -

100 -

51 Cities 61 Cities 70 Cities 76 Cities

Figure 1 shows the overall analysis of all travelling salesman
problems

V. CONCLUSION AND FUTURE SCOPE

Ant colony optimization algorithm is one of the optimization
algorithms  for solving travelling salesman problem
efficiently. Here in this work, update pheromone phase of
basic ant colony algorithm is updated, that improves the total
cost as well as running time of an algorithm. Proposed
algorithm is implemented on different cities to check the
efficiency of an algorithm. Experimental results show that
proposed algorithm is better than standard ACO algorithm.
Future work is to implement this proposed algorithm on large
TSP problems and also check the efficiency of proposed
algorithm with the other modified versions of ACO
algorithm.

REFERENCES

[1] L. Shufen, L. Huang and H. Lu,” Pheromone Model Selection in
Ant Colony Optimization for the Travelling Salesman Problem”,
Chinese Journal of Electronics, Vol.26, No.2, Mar. 2017.

[2] D. M. Chitty,” Applying ACO to Large Scale TSP Instances,” UK
Workshop on Computational Intelligence, pp. 104-118. Springer,
Cham, 2017.

[3] N. Xiong, W. Wu and C. Wu,” An Improved Routing Optimization
Algorithm Based on Travelling Salesman Problem for Social
Networks” Sustainability 2017, 9, 985; doi:10.3390/su9060985.

[4] Z. A. Aziz,” Ant Colony Hyper-heuristics for Travelling Salesman
Problem”, IEEE International Symposium on Robotics and
Intelligent Sensors (IRIS 2015), Procedia Computer Science 76 (
2015) 534 - 538.

269



International Journal of Computer Sciences and Engineering

[5] Jiang, Y. ,’The Application of an Improved Ant Colony
Optimization for TSP”, South-central University for Nationality:
Wouhan, China, 2009.

[6] Chen, W.; Jiang, Y.,” Improving ant colony algorithm and particle
swarm algorithm to solve TSP problem”, Inf. Technol. 2016, 2016,
162-165.

[7] Wang, Z.; Bai, Y.; Yue, L.,” An Improved Ant Colony Algorithm
for Solving TSP Problems”, Math. Pract. Theory 2012, 42, 133-
140.

[8] Sun, J.,” Research on Ant Colony Algorithm for Solving Travelling
Salesman Problem”, Wuhan University of Technology: Wuhan,
China, 2005.

Authors Profile

Mr Ranjeet Savita pursued master pf technology in
computer science & engineering from Vikrant
Institute of Technology & Management, Gwalior.

1& !
His main research area is soft computing. %

- ¥
’. '
X 74
Mr. Pankaj Sharma is working as a assistant
professor in Vikrant Institute of Technology &
Management, Gwalior. He has completed his -
M.Tech degree in computer science & engineering >
stream. He has published more than 15 research é %
papers in various journals and conferences. He has F
having 8+years of teaching and research =S S
experiences.

Mr. Manish Gupta is working as a assistant
professor in Vikrant Institute of Technology &
Management, Gwalior. He has completed his
M.Tech degree in computer science & engineering
stream. He has published more than 20 research
papers in various journals and conferences. He has
having 10+years of teaching and research
experiences.

© 2019, IJCSE All Rights Reserved

Vol.7(1), Jan 2019, E-ISSN: 2347-2693

270



