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Behavioural modeHing techniques are employed by Koudelka to solve special tasks 
in electromagnetics. These can be formulated as approximations, classification, proba-
bility estimations, and combinatorial optimization problems. The concept ofthe thesis is 
based on applying a probabilistic approach to behavioural modelling. The examined methods 
address two general problems in machine learning and combinatorial optimization, namely 
the so called "bias vs. variance dilemma" and any particularly extreme computational 
complexity. The so called Boltzmann machine is employed by him to simplify complex 
impedance networks. The Parzen window is regularized using the Bayesian strategy for 
obtaining a model selection criterion for probabilistics and general regression neural 
networks. 

The thesis is divided onto two particular parts. The first part is assigned to the circuit Ievel domain. 
It deals with simplifications of a complex impedance network using a stochastic neural 
network called the Boltzmann machine (BM). The main purpose is to simplify an equivalent 
circuit and simultaneously maintain its external behaviour (e.g. equivalent impedance). An 
impedance network simplification problern is analytically mapped onto the BM which is 
capable to solve the combinatorial problem. The motivation is to map moreversatile 
equivalent circuits to be simplified by the BM. The second part covers approximations, 
classification and kerne! density estimation problems. Thus, it should cover the reminder of 
the special tasks. In all ofthe mentioned problems the "bias vs. variance dilemma" is 
addressed since it strongly influences reliability (generalization) of the models. More 
specifically, the Parzen window is under the scope ofthe second part ofthe thesis since it is 
the core ofthe probabilistic approach and of generalregressionneural networks. The 
developed model selection criterion based on the Bayesian framework incorporates model 
fitting, generalization, regularization, and structural change in the probabilistic neural model. 

Concerning the mapping strategy, the candidate minimized the number of elements so that a 
sum squared error between equivalent impedances occurred. His mapping procedure is then 
based on the derivation of connection weights ofthe Boltzmann machine from the objective 
function defining a simplification problem. He provided proper mapping and the energy 
function ofthe Boltzmann machine is called order-preserving. 



An interpretation of his results and its further exploitation is competently presented. His 
optimization problern is mapped properly. The energy function equals the negative ofthe 
objective function. From the analogy of statistical mechanics, a stationary distribution, also 
called Boltzmann distribution, provides the expression for the probability. He shows that a 
Markov chain with transition matrix is irreducible, if for each pair of configurations there is a 
non-zero probability oftransition. He also shows when an irreducible Markov chain with 
transition matrix is periodic. 

The convergence ofthe optimization process has been shown for an infinite number of 
Boltzmann machine transitions (iterations). An approximation of asymptotic behaviour is 
employed without losing versatility ofthe method. The approximation does not depend on a 
particular combinatorial problern but it is based on approximating the stationary distribution 
described. The idea lies in substituting a quasi equilibrium state to the exact equilibrium state 
characterized by a stationary distribution. 

The criterion for the starting temperature is that 50 percent of proposed transitions from an 
initial state should be accepted by the Boltzmann machine. This probability corresponds to a 
particular BM neuron model. In this way, he can avoid stacking the BM in a local minimum. 
His initial acceptance probability is closely connected with the maximum energy difference 
caused by possible transitions. The worst case (the lowest transition probability) occurs if a 
transition from the highest Ievel of energy to its lowest value. The obtained energy function 
rather oscillates around its expected value and does not maximize the consensus function over 
the iterations. It should be noted, that the BM does not search a solution space in the steepest 
descent manner. Convergence of the BM lies in the convergence of its stationary distribution. 

The candidate defined all ofthe three main parameters for a sufficient cooling schedule. Since 
the estimations of the cooling parameters are taken into account, the characteristic of a 
particular simplification problern can be used for an arbitrary problem. The last parameter 
which acts as a stopping criterion is tobe chosen experimentally. A proper quasi-optimal 
distribution can be recognized by one simple indicator. lfthe BM rejects all ofthe proposed 
transitions over chosen iterations, then its distribution is assumed to be close to the optimal 
one. 

He incorporated in experiments several trial impedance pattems representing serial and 
parallel resonate circuits and one higher order Ioad circuit. These trial circuits were 
parametrized to compose a library ofimpedance pattems. Each example used in a particular 
computer experiment was composed by a random selection of pattems from the library of 
Ioad impedances. Since the scope ofhis work was to analyse the convergence ofthe BM in 
the case ofa finite-time approximation, a detailed description of simplified cases was omitted. 
This part ofthe thesis is particularly valuable. 

A novel comprehensive criterion is described for evaluating probabilistic neural networks 
employing the Parzen window. The key concept is based on the Bayesian framework which 



allows one to develop a complex objective incorporating model fitting, generalization, 
regularization, and structural change in a neural model. 

The thesis describes a whole wealth of details investigated. Most of his approaches and results 
areoriginal results. His work can therefore be considered as a major contribution to this 
important field . Unfortunately, the final conclusions and the overall assessment are rather 
weak. Similarly, the author does not discuss any ofthe future issues which require further 
attention. 

The candidate Vlastimil Koudelka has clearly shown that he is capable of performing good scient ific 
work. lt is therefore recommended without any hesitation that the thesis be accepted by the Faculty 
as a document satisfying the requirements for the award of a doctorate. 
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