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Abstract. This paper presents the use of two different strategies for genetic pro-
gramming (GP) population growth control: decreasing the computational effort by
plagues and dynamic adjustment of fitness; applied to passive analog filters design
based on general topologies. Obtained experimental results show that proposed
strategies improve the design process performance.

1 Introduction

Conventional techniques for filter design use a particular circuit topology. The
selection of a topology introduces some limitations on what designers can do, con-
straining the optimality of obtained results. The use of genetic programming (GP)
for solving the design of this problem [5], allows exploring different component
values and possible topologies. Automatically exploring different topologies by
GP has competitive results compared to those ones obtained by human design.
One arising problem of using GP for filter design is the code growth [13]. Some
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techniques developed to solve this have been explored in restricted domains [12]
but the scalability of them remains as an open issue. Passive analog filter design is
a particular field of filter design domain. Conventional design techniques do not
deal correctly well with the non-linear interaction of the passive analog filter com-
ponent values in general topologies. In that context, this paper explores the use of
some GP population control techniques applied to passive analog filter design.
State of the art is presented in section 2, describing passive analog filter design
state (section 2.1) and GP for filter design uses (section 2.2); problems addressed
in this paper are presented in section 3; the techniques proposed to solved the ad-
dressed problems are presented in section 4; the experiment results are shown in
section 5 and some conclusions and future research work are drawn in section 6.

2 State of the Art

A filter is commonly defined as a signal processing device oriented to modify the
signal spectrum. This modification is generally described by the filter transfer
function. This research is particularly interested in analog passive filters. The term
“analog” is used because this type of filters deals with analog inputs. This type of
inputs is needed in a wide set of fields; being one of the most important human-
computer interaction in medicine uses. The term “passive” is used in the sense
that in this type of filters only resistors, capacitors and inductors are used [9].
Classical procedures use a fixed set of transfer functions and assume a “ladder”
circuit topology. This type of procedures is based on component value table sets
where the inputs are the approximation form and order of the designed analog cir-
cuit; and the outputs are the normalized component values for those circuits. The
introduction of automated design tools has decreased the use of this kind of design
procedures [4, 9]. In general, classical automated design tools are software derived
from the “historical” design procedures [4, 8] in which inputs are: approximation
form, approximation order and topology (“ladder” is one of them); and the circuit
design is obtained as an output. A contribution of the use of automated design
tools is that they allow analog passive circuit sensibility analysis that may be used
to detect unsatisfactory circuit designs. A disadvantage of these tools is that they
do not generate new (original) topologies [5]. This research continues the explora-
tion of the use of genetic programming [6] to analog filter design [5]. The
technique consists on using an evolving procedure similar to genetic algorithms
[7] instead of using conventional approaches (see section 2.1.2). A genetic pro-
gramming based design procedure has as inputs: desire transfer function and a
convergence metric (which compares the obtained transfer function with the
desired one); and as outputs: an analog filter design (which describes topology and
component values). Genetic programs may take different forms, but in general two
ways are used: tree structure and lineal structure. Tree structure is used since ear-
lier research steps in the area [6] and its philosophy is based on Lisp programming
language. Linear structure philosophy is based on imperative programming lan-
guages. The commonly used structure is the tree one [1].
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One decision in genetic programming applied to analog filter design is how the
circuit is going to be represented. The current representations are: conventional [5]
and bond graph based [3]. Conventional representation uses graphs where edges
represent components (different type of arcs to represent different type of compo-
nents) and nodes to represent the interconnection among components (edges). This
type of representation takes advantage of the existence of different tools for circuit
simulation i.e. SPICE tool [11].

3 The Approached Problems

When using genetic programming, individual size growth may occur [13]. This
size growth becomes with two inconvenients: [a] higher memory consumption,
more amount or more complex individuals implies more memory for their storage,
[b] higher evaluation time, when complexity of individuals grow, the time for
evaluating them grow. Both aspects limit the scalability of genetic programming
because the use of computational resources (remember that part of them are used
to evaluate and store individuals) cannot be used completely to improve the whole
process performance. The problem of premature convergence occurs when the
population variability decreases without having reached an acceptable solution,
leaving the system stuck in a suboptimal solution. As the other mention problem it
decreases the amount of computational resources applicable to improve the proc-
ess performance.

4 Proposed Solution

One workaround for the identified problems may be to penalize individuals with
high complexity. But this solution disturbs the development of the evolution proc-
ess, because complex individuals are required to act as bridges among different
solution space zones configurations. If they are eliminated the population may be
stuck in several local minima. To solve these problems many strategies have been
proposed [12]. We explore two of them in this paper: decreasing the computa-
tional effort by plagues, and dynamic adjustment of the fitness function. We will
compare their performance solving the analog filter design problem.

Decreasing the computational effort by plagues. The excessive growth of the
complexity individuals may acquire during the evolution process is called bloat.
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This derives from the increasing of each generation processing time, and the
amount of memory needed for the process. If the individuals with the worst fitness
are eliminated best results of the evolution process are obtained during the same
processing time. This improving process is called plague [2].

Dynamic adjustment of fitness function. One way of controlling individual size is
to penalize them because of their size. However, this has undesirable conse-
quences in the evolution process. Poli proposes the creation of “holes” in the
fitness function to solve this problem in a dynamic way [10]. The “hole” creation
process consists of the elimination of randomly selected individuals which size is
over a certain number. This process put a brake to the population growth.

5 Experiments

All the comparisons use a population of 1000 individuals, 100 generations and 10
independent runs for each method. An elitist rank selection was done with an ex-
ponential probability distribution over all individuals not automatically selected in
a way that the probability of selecting the individual i is P(i) = Ae™. A A = 0.002
equal to A = 2 over the normalized ranks in the interval [0, ). The probabilities of
cross mutation and value modification (a mutation variant that only affects nu-
merical values) was empirically optimized obtaining the values 0.1, 0.2 and 0.2 re-
spectively. The probability of eliminating the individuals with over-average size in
the dynamic adjustment of fitness function based method was fixed to 0.2. This
probability value of eliminating individuals, was experimentally selected. The
chosen problem for experimentation was the design of a low-pass filter with a cut
frequency of 10 kHz and 1 kQ for input and output impedance. The selected
evaluation function was based on the sum of the square differences among the real
and ideal transfer functions over 50 points, logarithmically distributed between
1 Hz and 100 kHz.

Relation among individuals size and evaluation time. First statistical analysis
looks for establishing relation among individuals size and evaluation time. Its
is shown in figure 3. It was developed over the described problem without
applying any population control techniques. Fitting data with the expression t_, =
A . (size, q.)" B = 2.03 was obtained as result, indicating that the evaluation time

depends on individuals size in a quadratic way (approximately).

Best individual score for each generation. The experimental results show three
curves. Two of them correspond to the proposed strategies presented in this paper;
the third (called reference) is related to the reference case which shows results of
solving the analog filter design problem without applying any proposed strategy.
Figures 4 shows minimum score average, and figure 5 shows minimum score
among 10 runs using the proposed two strategies.

Relation among individuals score and time. Figure 6 shows results of minimum
average score through time for both strategies, representing the computational cost
in a more precise way than the results showed in figure 4.
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It is experimentally proven that the two proposed strategies based on GP popu-
lation control strategies improve the analog filter design process performance
(same solution in less time). Results shows that the strategy based on decreasing
the computational effort by plagues produces better results than strategy based on
dynamic adjustment of fitness function.

6 Conclusions

One limitation of the application of GP to real problems deals with that when
problem complexity increases, it is necessary to increase the amount of memory to
storage and the amount of time to process the population associated in order to
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find the solution. This paper presents a possible approach to this problem propos-
ing the use of two different strategies for population growth control: decreasing
the computational effort by plagues, and dynamic adjustment of fitness. As
conventional design techniques do not deal correctly well with the non-linear in-
teraction of the passive analog filters component values in general topologies; we
select this problem to prove the two selected strategies. We found that that the
strategy based on decreasing the computational effort by plagues produces better
results than strategy based on dynamic adjustment of fitness function, but both
proposed strategies based on GP population control improve the design process
performance.
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