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Ant Colony System (ACS)

 Improvements on Ant System made by 

Dorigo and Gambardella

Four modifications to AS:

 Candidate list to restrict choices of next city

 Different transition rule

 Different pheromone trail update rule

 Local updates of pheromone trail



Candidate List



Transition Rule

 Uses a tunable parameter q0 to adjust the 
probability that an ant will explore or reinforce 
existing paths

 If q > q0, ACS transition rule is identical to AS

 If q ≤ q0, ACS exploits knowledge available 
about the problem. Use best edge rather than 
probabilistically choosing among edges.

Gradually increasing q0 would allow the 
algorithm to favor exploration early and existing 
paths afterward. This is a component of 
simulated annealing.



Initialization



Transition Rule



Local Pheromone Trail Updates

Each time an ant moves from one city to 

another, the pheromone concentration on 

that edge is reduced

This makes visited edges less attractive 

and encourages exploration

t0: (n * Lnn)
-1

n: number of cities

Lnn: Length of tour as produced by nearest neighbor 

heurstic



Pheromone Update



Local Pheromone Update



Pheromone Trail Update Rules

Only the ant with the best tour lays 

pheromones

Encourages ants to search paths near the 

best found so far



Example Solution



ACS Conclusions

 ACS performs comparably or better than other 

TSP algorithms



Further Enhancements

Added 3-opt procedure to locally minimize 
tour lengths between ACS iterations
Performed comparably with STSP algorithm 

that won the First International Contest on 
Evolutionary Optimization

Other unimplemented improvements:
Allow the best r ants to update the pheromone 

trail, instead of a single ant

Remove pheromone from edges of worst tours

More powerful local search


