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Abstract  Ant colony optimization (ACO) which is one of the popular methods in machine learn-
ing is used widely to solve combinatorial optimization problems. However, there are few theoreti-
cal studies for ACO, compared with the counterparts for genetic algorithm (GA). How to ana-
lyze the convergence speed is the first open problem of ACO research. In this paper the first open
problem is studied via modeling ACO algorithm as an absorbing Markov process, based on which
the theoretical results of convergence speed are presented. The convergence speed of ACO algo-
rithm is analyzed by estimating the expected convergence time. The authors propose the method
to estimating the expected convergence time of ACO algorithm, and the approach to judging
whether a TSP problem belongs to ACO-easy class or ACO-hard class. Finally, the convergence
speed of ant colony system (ACS) is analyzed as an example to demonstrate the effectiveness of

the theory proposed in this paper.
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