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Abstract: Parametric optimization tasks are currently being used in various application areas. These tasks may
include weather forecasting weather station, the calculation of the parameters of electric motors, search weights
in the neural network. This paper presents a hybrid bionic algorithm for solving the problems of parametric
optimization. The idea of the algorithm is to use the migration operator to find quasi-optimal solutions in the
use of the modified Ant colony algorithm to dynamically control unpromising populations obtained in course
of algorithm. Also, a series of experiments, which were confirmed by theoretical estimates, identified the optimal
parameters of the algorithm. The time complexity of the algorithm was O (n ). The value of the time offset, the4

quality of the solutions obtained via hybrid heuristics for a large number of input parameters. Thus, in the
course of the experiments, the number of input parameters for 100 or more a hybrid algorithm never got into a
local optimum and the solution found was approached or equal to the global.
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INTRODUCTION Evaluation of obtained circuit;

Increasing complexity of electronic equipment (EE) obtained circuit;
leads to the need to improve the effectiveness of Making decision of continue or discontinue the
computer-aided design systems (CAD) [1,2]. The following search.
effectiveness of such systems is determined by the
software,  which  ensures  the  quality  of  design  EE. Currently the automation of parametric optimization
These software tools are focused on developer. The problem is not completely solved due to the fact that in
quality of the design is characterized by cycles of errors general case applied algorithms are ineffective. The
elimination in the design, the percentage of the output of reason for this is the increasing complexity and dimension
flawed items, quality indicators derived items. Increasing of problems, as well as increasing the computational
the efficiency of the design can be achieved by increasing complexity of such problems.
the automation of design levels. This paper is proposed new solution architecture of

It is difficult to estimate the solution during structural the parametric optimization problem, focused on reducing
synthesis. This is due to the fact that the internal the number of the mathematical model calculations of
parameters of the solutions obtained in structural circuit solutions.
synthesis cannot be optimal, which leads to inadequate The bionic search architecture. Proposed architecture
evaluation of its. It is therefore necessary to carry out is based on the bioinspiration search algorithms in which
parametric optimization after finding alternative solutions. the search process is a logical transformation of one finite
Parameter optimization is an optimization procedure set of alternative solutions to another, using the genetic
associated with the calculation of the optimal parameter and evolution mechanisms and principles of nature [3-5].
values for a given object structure. Alternative solutions h  is a set of variable parameters

The procedure of parametric optimization consists of and its alternative solutions are united into in a set H. The
four main stages: search algorithm makes transformation of the set H in a

Creating or finding new values of the internal optimal solution. Proposed hybrid algorithm is based on
parameters of circuit solutions; multi-population genetic algorithms and the set H is called

Making decision of suitability or unsuitability

j

set H’ in such a way as to ensure an approximation to the
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a population. Each element corresponds to a code name,
called a chromosome, an individual or an alternative
solution [4,6]. Also the concept called species is
introduced. In biology a species is often defined as a
group of organisms capable of interbreeding and
producing fertile offspring, which are characterized by
peculiar morphophysiological and eco-geographical
features.

All chromosomes are composed of units called genes
that correspond to variable parameters x . In thei

chromosome genes position is fixed and is called locus.
The one and only one point of the solution space
corresponds to each chromosome. This fact allows
estimating the relational operation between two
alternative solutions.

The preliminary convergence of algorithm is a main
difficulty in solving the problems of parametric
optimization with a large number of local optima. The
preliminary convergence occurs when the search
algorithm finds the local optimum and is unable to find
other optima solution. There are many heuristics that Fig. 1: The architecture of the hybrid search
allow you to get out of local optima, such as multi-
population genetic algorithms. Figure   1   shows   a   simplified   scheme   of  the

The multi-population genetic algorithm is represented hybrid algorithm based on multi-population genetic
as a few populations of developing separately from each algorithm  and  modified  ant  colony  optimization
other. Migration mechanism ensures interaction between algorithm [7]. The algorithm requires a number of
populations. abbreviations, namely: MACO - modified ant colony

Application of multi-population genetic algorithms optimization algorithm, GA1, GA2, GA3 and GAn - genetic
allows get out of local optima and analyzes practically the algorithms, n – the number of population in multi-
entire range of feasible solutions through the population genetic algorithm, MO – migration operator.
development of several populations [1]. The migration operator provides the best solution

Too much time needed to search for the quasi- exchange between populations.
optimal solutions is a lack of multi-population genetic
algorithms. This is due to the fact that some populations Hybrid algorithm (HBA) is a tuple:
may not affect the finding better solutions, i.e. search
efficiency of such populations is low in relation to other HBA =< MACO, GA, MO, migration criterion, stop criterion>.
more successful population. This leads to the fact that
time spent on the search for quasi-optimal solutions in Let us consider the architecture of the hybrid
these populations is wasted. algorithm in greater detail.

Identifying unpromising populations can reduce the The unit MACO is based on modeling probabilistic
search time of the quasi-solutions through the transfer of bionic ant colony optimization algorithm.
development time of such populations more promising. The main idea of this algorithm is borrowed from
Identification of unpromising population is a difficult task nature. The algorithm emulates behavior of real ants.
because it is impossible to predict which of the population While moving, ants leave a pheromone trail on the
will be promising and which - no. It should be noted that ground. An ant moves randomly until he finds a
during the search time population may passes from the pheromone trail. With a high degree of probability ant
category of unpromising populations to the category of moves on the trail increasing this trail with his own
promising and vice versa. It is therefore necessary to pheromone. Probability of choosing the direction of
apply the mechanism of dynamic recognition of movement is proportional to the pheromone amount in the
populations. A modified ant colony optimization algorithm path, i.e. the more ants pass through the same path, so
is proposed to use as such mechanism [3,7]. this is the more attractive way. 
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Thus, the pheromone trails transmit information to Thereafter, in each population (except the best
individuals and are used for the knowledge accumulation
in the performance of the routing problem whereas the
collective behavior is used as a form of autocatalytic
behavior [8].

The indirect communication between the ants via
pheromone trails enables them to find shortest paths
between their nest and food sources. The probability with
which an ant chooses the path increases with the number
of pheromone, left by other ants on the ground along the
way.

During the research and development of hybrid
algorithm is not simulated life of the colony of ants, but is
used the imitation of colony as a means of increasing
efficiency of multi-population genetic algorithm. There are
3 differences artificial system from the natural:

Artificial ants (agents) have a memory;
Agents are in a space where time is discrete;
From each point of the space the ant can get to any
other point in the space in single operation.

At the same time, it is assumed that the proposed
modification of the ant colony optimization algorithm
reflects the main idea of ant colony optimization algorithm
viz. at each step the agent chooses the direction that was
chosen in the previous stages, i.e. a more promising
direction [7].

It should be noted that unpromising areas are not
eliminated from the search at once. Therefore, the
algorithm is able to adapt to possible changes in the
environment, changes in the indicators of direction. In
other words, algorithm can effectively find the best way
for a possible transfer of unpromising directions in the
category of promising or transferring promising directions
in the category of unpromising.

The proposed algorithm is based on the following
assumption:

Each vertex of the graph model corresponds one of
the populations;
The number of agents equals the number of
populations;
Agents are assigned to each vertex sequentially;
Transition between the vertices of the graph model
is based on the probability factors.

Let us describe the migration mechanism used in
suggested hybrid algorithm.

In the first step, all populations are ranked in
ascending order the fitness value in the population.

population) q×r the worst individuals change over with
the best individuals, where q is a rate exclusion of
chromosomes, r is a number of chromosomes in the
population). The best individuals are moving out from the
new population. The probability of selecting individuals
for immigration is calculated using the formula:

where f(h ) and f(h ) is the value of fitness for i-th and j-thi j

chromosome in a population correspondingly. Migration
mechanism is initialized when the migration criteria is
reached.

The migration criterion is the achievement of a
predetermined number of iterations of the algorithm, i.e.
migration time counter t is incremented after eachm

iteration and migration mechanism is performed when a
predetermined number of iterations (t =maxt ) is archived.m m

After that t is equated with zero and the algorithmm

continues until a stopping criterion is reached.
In the hybrid algorithm as a stopping criterion is

applied:

Predetermined generation number of the algorithm;
Total pheromone trail, which is not greater than a
predetermined constant.

The unite GA is based on a modified genetic
algorithm, which is focused to solving problems of
parametric optimization. Genetic algorithms are
evolutionary search algorithms [9,10].

The evolutionary search is a sequential conversion
of one finite set of alternative solutions to another.
There are 3 features of evolutionary algorithms:

Each population consists of a "viable" individuals;
Each new generation is better than the previous, i.e.
during the evolutionary search the best fitness value
in each new generation must be better than the
previous;
Each subsequent generation depends only on the
previous.

The genetic algorithm is represented as a tuple:

GA=<H, CT, S, R, fitness, GO, N_gen, h >,i
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where H is a population, CT is a chromosomes coding
technique, S is a selection, R is a reduction, GO is a
genetic operators, N_gen is a number of generation, h Hi

is a chromosome.
Let us describe the basic scheme of GA. Parents are

chosen by the selection operator and a set of offspring is
get on the basis of parents in a random way and/or
randomly directed methods. According to a given
probability the mutation operator is performed and a new
generation is formed through the reduction operator [4].

There are 4 types of selection: methodical selection, Fig. 2: Evolution of execution time with the number of
unconscious selection, natural selection and artificial input data
selection.

The proposed hybrid algorithm differs significantly
from the existing parametric optimization methods. The
basic difference is the introduction of the unit of dynamic
allocation of population development time. This unit
allows analyze the development of separate populations
and redistribute a search time if unpromising population
is found. This approach can reduce the search time a
quasi-optimal solutions, insignificantly degrading its
quality.

Experiments: The problem of finding weighting Fig. 3: Evolution of execution time with the number of
coefficients of the neural network was used to test the iteration
suggested hybrid algorithm. This problem is reduced to
solving simultaneous linear algebraic equations. This
solves the problem of encoding-decoding of
chromosomes. In this case, it was suggested to use the
vector chromosome, i.e. each gene encodes a set of
coefficients of linear algebraic equations [6].

The time complexity is O(n ), where n – the number of2

input data. This dependence was confirmed empirically.
Fig. 2 shows how the execution time evolves with the
number of input data.

Fig. 3 shows the executive time as a function of the Fig. 4: Evolution of execution time with the size of
number of iterations of each genetic algorithm, which is a population
part of the migration operator. The time complexity is
O(n ), where n – the number of iteration.4

How the time complexity of the algorithm depends on
the size of the population of the GA is also of interest to
researchers. The time complexity is O(n ), where n – the4

size of iteration. A dependency diagram is shown in
Fig. 4.

The results were compared with the results of the
genetic and evolutionary algorithms. This algorithms is
also used the migration operator. The goal of optimization
is a maximization of fitness value. These algorithms are Fig. 5: Compare with the genetic algorithm and
widely known and discussed in detail in. evolutionary algorithm
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Proposed hybrid algorithm is more efficient than 4. Kurejchik, V.V. and V.M. Kurejchik, 2001. On
analogs average of 17% when the number of input Genetic-Based Control. Automation and remote
parameters is 100 and more as represented in the Fig. 5. control, 10: 174-187.

CONCLUSION Bioinspired algorithm applied to solve the travelling

This paper has presented novel tools for complex 22(12): 1789-1797.
parametric optimization problem that reduce the search of 6. Kureichik, V.V. and S.I. Rodzin, 2010. O pravilakh
feasible solutions. Also this paper has discussed the predstavleniya resheniy v evolyutsionnykh
structure of the hybrid search, which consists of two algoritmakh. Izvestia Southern Federal University.
algorithms: multi-population genetic algorithm and Technical sciences. Taganrog, 108(7): 13-21.
modified algorithm Ant Colony. Experimental results show 7. Dorigo, M., V. Maniezzo and A. Colorni, 1996.
that the proposed algorithm has remarkable robustness Ant System: Optimization by a Colony of
and the quality of search increased by 18%. But time Cooperating Agents. IEEE Transactions on Systems,
complexity remains the same as when genetic and Man and Cybernetics-Part B, 26(1): 29-41.
evolutionary algorithms use a simple migration operator. 8. Qing, He, Xiu-Rong Zhao, Ping Luo and Zhong-Zhi

REFERENCES hyper surface classifiers: design and implementation

1. Kureichik, V.M., S.P. Malioukov, V.V. Kureichik Springer-Verlag, pp: 100-113.
and A.S. Malioukov, 2009. Algorithms for Applied 9. Kureichik,V.M.,V.V.Kureichikand P.V.Sorokoletov,
CAD Problems. Berlin Heidelberg: Springer Verlag. 2007. Analysis and a survey of evolutionary
Studies in Computational Intelligens, pp: 236. models. Journal of Computer and Systems Sciences

2. Kacprzyk, J., V.M. Kureichik, S.P. Malioukov, International, 46(5): 779-791.
V.V. Kureichik and A.S. Malioukov, 2009. General 10. Kacprzyk, J., V.M. Kureichik, S.P. Malioukov,
questions of automated design and engineering. V.V. Kureichik and A.S. Malioukov, 2009.
Studies in Computational Intelligence, pp: 1-22. Evolutionary models of decision making. Studies in

3. Abraham, A., G. Grosan and V. Ramos, 2006. Computational Intelligence, 212: 23-114.
Swarm Intelligence in Data Mining. Berlin.
Heidelberg: Springer Verlag, pp: 267.

5. Kureichik, V.V. and Y.A. Kravchenko, 2013.

salesman problem. World Applied Sciences Journal,

Shi, 2007. Combination methodologies of multi-agent

issues. AIS-ADM, Proceedings. Berlin Heidelberg:


