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Background: 

Ant Colony Optimization (ACO) is a metaheuristic that is used to find near-optimal solutions to combinatorial optimization problems. It was originally inspired by the natural system that ants use to develop a short path between their colony and a food source. When ants find a food source and travel back to their colony, they leave behind pheromone, a hormone that other ants follow. ACO algorithms, also known as Ant Algorithms, mimic this system, using agents that independently solve a problem and then modify pheromone values in the problem to increase or decrease the probability of a solution area being searched again.

This research applies ant algorithms to the Traveling Salesman Problem (TSP) which is, formally: given a graph, find the tour that visits all the nodes with the least amount of cost. The main focus is the Euclidean 2D dynamic TSP (dTSP), where the cost from moving to node i to node j is related to the distance between the nodes, and where the set of nodes in the graph changes over time.

The two main factors that agents use when constructing a tour are the cost of moving across an edge (in this case, the distance between nodes) and the pheromone value associated with an edge (this changes during runtime). The cost of an edge represents known information about the problem, while the pheromone represents learned information about the problem. In a dTSP, the set of nodes in the problem changes, so learned information, pheromone, may become obsolete based on the location, frequency, and severity of the changes. It is important that pheromone is altered during a change in such a way that useful pheromone information is kept while obsolete pheromone.

Description: 

This research looked at two main ways of modifying pheromone information after a change in the problem. The first is the reset method, where all pheromone information is set to its initial value, effectively dropping all learned information about the problem. The second is the distance-based method, which resets pheromone connected to a node based on that node's proximity to a change in the problem.

An environment that modeled the dTSP was created that allowed for testing between these two methods. Performance was judged on the speed and quality of solutions obtained for different methods.  The methods were tested for varying frequency, the amount of iterations between changes in the problem, and severity, the number of nodes changed in the problem, during a change. The collected data showed that generally the reset method outperformed the distance-based method when the time between changes in the problem was large and the changes were severe, while the distance-based method performed well when the problem was rapidly changing with small changes. This is attributed to the idea that reseting pheromone in the problem starts exploration of the solution space over from scratch, requiring more time to narrowing down a solution, and that trying to retain pheromone information with the distance-based method can be harmful if changes in the problem are large, radically changing the problem.

A developed combined method applied both the reset method and distance-based method in a certain ratio depending on the severity and expected frequency of a particular change. In this way, the combined method was able to use each method's strengths when appropriate, and outperformed both the reset and distance-based methods for a situation where severity and frequency is random during runtime.  

