
Improving the Quality of Supervised Finite-State Machine 
Construction Using Real-Valued Variables

Igor Buzhinsky, Daniil Chivilikhin, Vladimir Ulyantsev, Fedor Tsarev

ITMO University, St. Petersburg

Computer Technologies Laboratory

Problem Statement

GECCO 2014

FSM Learning
Finite-State Machine:

¶  FSM = (S, s0, E, A, ŭ, ɚ)

¶  S ï finite set of states

¶  s0 ï initial state

¶  E, A ï event and action sets

¶  ŭ: S × E → S – transition function

¶  ɚ: S × E → A – output function

Problem:

¶  Real-valued inputs and outputs

¶  Tests (N ≈ 20–30) are the examples of proper control

¶  Construct an FSM with behavior close to the tests

¶  Aircraft model is used as a controlled object

¶  Tests can be written manually in a flight simulator

¶  Test example:

¶  Buzhinsky I., Ulyantsev V., Chivilikhin D., Shalyto A. Inducing Finite State 

Machines from Training Samples Using Ant Colony Optimization. Journal of 

Computer and Systems Sciences International, 2014, Vol. 53, No. 2. P. 256–266.

¶  Buzhinsky I., Ulyantsev V., Tsarev F., Shalyto A. Search-Based Construction of 

Finite-State Machines with Real-Valued Actions: New Representation Model. 

Genetic and Evolutionary Computation Conference (GECCO 2013) Companion. 

P. 199–200.

¶  Quad-core Intel Core i7–2670QM processor

¶  3 test sets, number |S| of states: 3..5

¶  Method execution time: about 10 minutes 

¶  Comparison with the previous representation

¶  Fitness values:

¶  ACO-based algorithm

¶  FSMs with undefined output functions are individuals

¶  Output actions are derived so that the fitness function is maximized

¶  Fitness function:

FSM Representation Experiments & Results

Screenshots (FlightGear simulator) Publications

Loop Turn

Predicates (Boolean 

transformations of 

inputs) are used as 

transition conditions

Real-valued variables 

(arbitrary transformations 

of inputs) are used for 

output generation

Boolean masks define 

which predicates and 

variables are important 

for different states

Output updates 

are linear
Reduced tables for 

transition function

Record tests
Examine FSMs in 

simulation

¶  C – number of outputs

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

¶  ʐi – number of state changes on the i-th test

{buzhinsky, chivilikhin, ulyantsev}@rain.ifmo.ru

http://irc.ifmo.ru/en/87845/

Learn FSMs

¶  Methodology:

    Quality is improved

    Now it is possible to construct FSMs performing the turn

More complex example (one state):
¶  Roll/pitch errors (°) in simulation:
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