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Combinatorial Optimization Algorithms solve small or large instances of problems which cannot be solved in some polynomial 

time. These algorithms solve these types of problems by decreasing the actual size of search space. Search space consists of 

populations of possible solutions for respective problem. The problem considered here is generally known as NP-hard problem. 

The Traveling Salesman Problem is a fit example of this type of problem. The ACO is a particular meta heuristic motivated by the 

performance of real ants. A significant behavior of ant colonies is their foraging behavior, that how ants can find shortest paths 

between food sources and their nest. In this paper we have proposed an Ant Colony Optimizer to solve a variant of Dynamic TSP. 

The variant of Dynamic TSP in which cities are inserted and deleted at run time is considered in this work.  
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

Combinatorial Optimization is now relatively old and rapidly developing field. It still contains large number of topics for 

researchers to overcome. Traveling Salesman Problem (TSP) is one of these challenging topics. TSP is a NP-Complete problem 

which can be easily described and understood but very difficult to solve. We do not have any perfect polynomial algorithm which 

can solve TSP. TSP has become a benchmark problem of all kinds of heuristic algorithm proposed to solve NP-hard problems. 

Almost all Modern Optimization Algorithms such as Genetic Algorithms, Particle Swarm Intelligence, Memetic Algorithms, 

Simulated Annealing, Tabu Search, Neural networks, Approximation Algorithms including Branch-and-Bound & Branch-and-Cut 

are applied to TSP for testing and verifying their performances. No one has proved best in almost all testing criteria. Each algorithm 

has some deficiencies in terms of converging time, memory space used etc. In this paper, Dynamic TSP which is one of all types 

of TSP (in which cities can be added or removed at run time. The goal is to find as quickly as possible the new direct tour after 

each transition.) is solved using a new method called Ant Colony Optimization (ACO). The Ant Colony Optimization (ACO) 

algorithm was first introduced by Marco Dorigo. It is widely used to solve some Optimization problems [3]. We have proposed a 

new approach for solving Dynamic TSP using Ant Colony Optimization (ACO) algorithm, where cities are dynamically added or 

removed from the set of cities to be visited. 

II. TRAVELING SALESMAN PROBLEM 

The Traveling Salesman Problem or the TSP is a descriptive of a large class of problems known as combinatorial optimization 

problems. The simple understanding of TSP could be: The salesman must visit a list of cities (a map of cities), all the cost between 

every two cities are given. The salesman’s task is to find the cheapest tour linking them all, visiting each city only once, and return 

to the city of origin. The data consists of weights allotted to the edges of a finite complete graph, and the objective is to find a 

Hamilton cycle, a cycle passing through all the vertices, of the graph while having the smallest whole weight. In the TSP context, 

Hamilton cycles are commonly called tours. For example, given the map shown in figure 1, the lowest route would be the one 

written (A, B, C, E, D, A), with cost 28 [5]. 
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Fig. 1: The tour with A=>B=>C=>E=>D=>A is the optimal tour 

Dynamic TSP (DTSP) is also other kind of   TSP. In DTSP the problem changes at run time as per the current situation. There 

are various types of DTSP like: 

 Traffic Jam 

 City Insertion and Deletion at run time 

In this paper we consider the DTSP with City Insertion and Deletion at run time. Almost every novel method for solving 

optimization problems has been verified on the TSP as a general test bench. A new Ant Colony optimization algorithm is proposed 

and implemented for Dynamic TSP. 

III. ANT COLONY OPTIMIZATION 

 Introduction: 

Ant Colony Optimization algorithms are computational models motivated by the collective searching for food behavior of ants. 

The ACO algorithm is inspired by the behavior of real ants. In order to apply the ACO met heuristic to any interesting combinatorial 

optimization problems; we have to map the considered problem to a demonstration that can be used by the fake ants to form a 

solution. Ant algorithms were motivated by the observation of real ant colonies. Ants are social pests, that is, insects that live in 

colonies and whose behavior is focused more to the existence of the colony as a whole than to that of a single separate component 

of the colony. Interesting behavior of ant colonies is their searching for food behavior, and, in specific, how ants can find nearest 

paths between food sources and their nest. 

 
Fig. 2: 

Fig. 2: (A) Real ants follow a path between nest and food source. (B) An obstacle appears on the path: Ants choose whether to turn left or right 

with equal probability. (C) Pheromone is deposited more quickly on the shorter path. (D) All ants have chosen the shorter path. 

 ACO Theory: 

While walking from foodstuff sources to the nest and nest to foodstuff, ants credit on the ground a substance called pheromone, 

creating in this way a pheromone trail. Ants can smell pheromone and, when choosing their way, they tend to choose, in possibility, 

paths marked by strong pheromone focuses. The pheromone trail allows the ants to find their way back to the food source. Also it 

can be used by other ants to find the location of the food sources found by their nest mates. 

 ACO Used for TSP Flow ACO Theory: 

The ACO flow can be described as follows: 

1) Step 1: initialize the probabilistic forward ant and construct the solution; 

2) Step 2: deterministic backward ants and pheromone update;                                                                                                                                                                            
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3) Step 3: pheromone updates based on solution quality; 

4) Step 4: pheromone evaporation. 

The method described about Pheromone paths and heuristic data: The pheromone paths Tij in the TSP refer to the desirability 

of visiting city j directly after i. The heuristic data ηij is typically inversely proportional to the distance between cities i and j, a 

straightforward choice being ηij = 1/dij . 

Solution construction: Each ant is originally placed in a arbitrarily chosen start city and at each step iteratively adds one unvisited 

city to its partial tour. The solution construction ends once all cities have been visited. Tours are constructed by applying the 

following simple useful method to each ant: after having chosen a start city at which the ant is positioned, (1) use pheromone and 

heuristic values to probabilistically build a tour by iteratively count cities that the ant has not visited yet, until all cities have been 

visited; and (2) go back to the initial city 

In particular, the probability with which ant k currently at city i, chooses to go to city j is 

 
where ηij = 1/dij is a heuristic that is available a priori, α and ß are two factors which determine the relative influence of the 

pheromone and the heuristic data, and Ni^k is the feasible neighbourhood of ant k when being at city i, that is, the set of cities that 

ant k has not visited up till now. After all the ants have constructed their tours, the pheromone trails are updated. First the pheromone 

values on all arcs are lowered by a constant factor, after what pheromone values are added on the arcs the ants have traversed in 

their tours. Pheromone evaporation is implemented by 

 
After evaporation, all ants deposit pheromone on the arches they have traversed in their tour: 

 
where is the quantity of pheromone ant k deposits on the arches it has visited. It is defined as follows: 

 
where k, the length of the tour T^k built by the k ant, is computed as the sum of the lengths of the arcs belonging to T^k. By this 

equation, the better an ant's tour is, the extra pheromone the arcs going to receive to this tour. In general, arches that is used by lots 

of ants and which are part of short tours, receive more pheromone and are therefore more likely to be chosen by ants in upcoming 

iterations of the algorithm. 

IV. PROPOSED ACO ALGORITHM FOR DYNAMIC TSP 

Dynamic Traveling Salesman problem (DTSP) has been already mentioned previously. To repeat it, there are cities and given 

distances/costs between them. In the DTSP cities may be added or deleted over time. Task is to find a sequence of cities to minimize 

toured distance. In other words, find a minimum Hamilton tour in a complete graph of N nodes. ACO algorithms belong to the 

modern   techniques.  ACO algorithms have also been applied to dynamic versions of the TSP, where either the distance between 

some pairs of cities alterations, or cities are dynamically added or removed from the set of cities to be visited. 

Pheromone paths and heuristic information as in the TSP: pheromone trails are associated with connections, and heuristic values 

can be given by the inverse of the distance between cities. An important question is how to handle the problem of connection that 

disappear and appear in case a city is removed or a new city is added. In the first case the values no longer used can basically be 

removed, while in the second case the new pheromone values could be set, for example, either to values proportional to the length 

of the associated connection or to the average of the other pheromone values. 

Pseudo code of the proposed ACO based algorithm to solve DTSP is given as per following:  

1) Generate Random Cities 

2) Get static Tour using ACO 

3) For Given Number of Dynamic Iterations 

    Toss the Coin 

        If  ‘Head’ 

                             Insert new City 

                      Else 

                   Delete Existing City Randomly 

4) Get dynamic Tour Using ACO 
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Assume that, in the good solution path (that is used by many ants or that were used by at least one ant) any new city is add or 

remove that will be used by the insert module and delete module. If any new city is added than for that particular city we just add 

the new value in the pheromone table by taking the average of the other pheromone values. If any city is removed than the value 

of that is automatically deleted from pheromone table as well as from distance table also. 

V. EXPERIMENTAL RESULTS  

We have implemented the proposed DTSP ACO algorithm using MATLAB. The algorithm is tested using several randomly 

generated instances of TSP. Results found are given in tabular form as follows. Some results are also shown graphically. 
Table - 1 

Results Generated from DTSP 

City Problem 
Proposed ACO Algorithm 

length iterations 

10 269.75 7.42 

25 557.44 9.42 

40 674.32 7.54 

50 678.24 8.42 

70 710.17 9.17 

80 751.50 9.50 

 

 
Fig. 3: 25 City Problem 

 
Fig. 4: 10 City Problem 
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Fig. 5: 50 City Problem 

VI. CONCLUSION 

In this paper, we propose an algorithm, an Ant Colony Optimizer, which gives the solution construction mechanism for Dynamic 

TSP. Within the ACO algorithm, we embed city insertion and deletion method to find solutions. The experimental results have 

shown that the algorithm performs very well in terms of success rate and solution quality, while being average in terms of 

processing time. It is also found that there is a chance of improvement in proposed algorithm. 
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