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FSM Construction

Finite-State Machine:

· FSM = (S, s0, E, A, δ, λ)

· S – finite set of states

· s0 – start state

· E, A – event and action sets

· δ: S × E → S – transition function

· λ: S × E → A – output function

Problem:

· Control object has real-valued inputs and control parameters

· Tests are the examples of proper control

· Given a set of N tests (N ≈ 20–30), an FSM should be 

constructed with behavior close to the tests

Tests (input data):

·  in[ i ][t][k] – inputs 

(flight parameter 

values)

·  out[ i ][t][ j ] – outputs 

(control parameter 

values)
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Proceedings of the 13th annual conference companion on Genetic and 

evolutionary computation (GECCO '11), 2011, P. 775–778

·  Chivilikhin D., Ulyantsev V. Learning Finite-State Machines with Ant Colony 

Optimization. Lecture Notes in Computer Science, 2012, Volume 7461/2012, 

P. 268–275

Test example

·  Intel Core 2 Quad Q9400 processor, four cores

·  Three test sets, searching for FSMs with 3–5 states

·  Comparison with the previous model (four states):

·  Ant colony optimization (ACO) and genetic algorithm (GA) are 

used for FSM searching

·  FSMs with the undefined output function are individuals

·  Output function is derived so that the fitness function is maximized

·  Fitness function:

FSM Representation
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Loop Barrel roll

Predicates (Boolean 

functions of inputs) 

are used as 

transition conditions

Real-valued variables 

(arbitrary functions of 

inputs) are used for 

output generation

Boolean masks define 

which predicates and 

variables are important 

for different states

States contain 

linear controllers

Reduced tables for 

transition function

· Aircraft model is used as a control object

· Tests can be written manually in a flight simulator

Tests FSM

·  C – number of control parameters

·  ans[ i ] – FSM’s output for the i-th test

·  τi – number of state changes on the i-th test, τ – number of allowed 

state changes
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·  Quality is improved

·  Now it is possible to construct FSMs performing the turn

·  Method run time ≈ 20 minutes 

Search optimization 

(ACO or GA)
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