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Purpose. Development of an algorithm which implements a certain method of modelling an artificial im-
mune system for solving the task of multidimensional constrained optimization of multiextremum continuous
functions and which provides increasing performance indicators.

Methodology. A hybrid adaptive immune algorithm is proposed. It uses an operator of clonal selection based
on the evaluation of fitness of solutions using the method of Saaty’s hierarchy; pair adaptive crossover; the adap-
tive mutation based on polynomial and normal distribution laws; limited coordinate wise local search using the

method the Golden section.

Findings. The use of the algorithm for multidimensional constrained optimization that simulates the behavior
of the artificial immune system as the operator of selection is mathematically justified by the operator based on the
method of analysis of Saaty’s hierarchies. It is proposed for the first time. Unlike any of known implementations
of heuristic operators, it ensures a high precision and speed of the ascent up to the same level of problems.

Originality. The results show high efficiency of the proposed algorithm for optimization of standard objective
functions used as a test on the spacial dimensions up to 100 iterations. The algorithm shows stable convergence
and a higher speed when there is a task of training neural networks of direct distribution.

Practical value. The main advantages of the proposed algorithm lie in the fact that it remains effective with
the growth of the of the problem; it finds not one solution, but many of them (alternatives); use much less time for
a comparable solution. These properties allow the application of the proposed algorithm to solve multi-criteria
multi-factor optimization problems of decision making in the processes of complex systems control.

Keywords: immune system, optimization, Saaty’s method, local search

Introduction. A lot of engineering, social and eco-
nomic problems can be formulated as problems of op-
timization some objective functions which include
many variables. However, in most cases there appears
to be multimodal objective functions. The existence of
multiple local optimums of the objective function in
the same time with one or more global optimums is
traditionally seen as a significant drawback. There are
a number of methods and algorithmic techniques
aimed at the withdrawal of the local optimums to
achieve a single global solution.
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The problem is compounded when the issue is not
about one, but about a number of criteria and a set of
decisions which are not dominated by each other
among which we still trying to find a single optimum. In
real usage there is often the need to find not a single
optimum solution for the problem, but their families.
Each of the resulting solutions that, in general is subop-
timal, allows us to consider several possible outcomes.

Problem definition. Metaheuristic, known as a
method of simulation of the artificial immune system,
provides this multivarious problem solution.

The immune algorithm (IA) offered here imitates
properties of the natural immune system. It is based on
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the principles of the somatic theory [1] a network hy-
pothesis. Somatic theory states that increasing the di-
versity of antibodies is due to somatic recombination
and the mutation of genes. The assumption that con-
trol of breeding clones occurs because of mutual rec-
ognition of antibodies that function as a network is
justified within the network hypothesis [1, 2].

In the course of evolution, the immune system of
the highest mammals had gained the ability to destroy
antigens by antibodies (Fig. 1).

In Fig. 1, the work of the immune system from the
point of view of the processes governing the handling
and control of the information is shown. Using this
scheme it is possible to present informational process-
es in the immune system in the form of an algorithm
which is put in the following sequence described in:

1. Discernment of an antigen. This process corre-
sponds to the form of the optimization problem

S =f(X")= min f(X), where n-dimension of the
XeDcR"

vector X of real variables x; € X, defined on the region
of valid values D.

2. Generation of antibodies by memory cells. It
corresponds to the mention of a successful solution of
the same problem (or similar) in the past.

3. Evaluation of affinity of the cell X}, which is
equivalent to finding the optimal solution: ¢; = —f(X)
for the minimization problem.

4. Differentiation of lymphocytes: saving the cor-
responding solution for the next step of the search
while avoiding any redundancies.

5. Inducing and suppressing antibodies, depending
on the affinity. Research of local optimums is accom-
panied by maintainance of the diversity of the search
directions.

Antigen identification

Generation of antibodies

Cellular
memory

Calculation of affinity

!

Differentiation into memory
cells and suppressors

Stimulation and suppression
of reproduction antibodies

'

Reproduction antibodies

L

Fig. 1. Mechanism of formation of antibodies in
the immune system
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6. Breeding of antibodies using the memory and
random genes.

In nature, the process described is continuous anti-
bodies are produced by an organism — both for met an-
tigens, and also for any possible mutations. In the com-
puter simulation process of algorithm, it can be stopped
after a certain amount of generations or after a set time.

The result of the algorithm is a family of solutions
which correspond to antibodies in memory cells, most
of which are adapted to the antigen. In the case of
searching extremums of multimodal functions, this
family corresponds to an array of vector-solutions, the
affinity of which is the closest to the global optimum,
while solutions are different in pairs no less than on
the given threshold.

The time of performance and the number of calls to
the objective function during searching the global op-
timum can be performance indicators of the algo-
rithm, and also the reliability (repeatability) of the so-
lutions in repeated runs. The last is quite important,
because the heuristic method, which is described
herein, belongs to a class of random search methods
and has convergence only in probability.

Analysis of existing algorithmic solutions. His-
torically, the first realization of the idea of modelling
the artificial immune systems was the idea of selection
and exclusion of independent search agents proposed
in the algorithm CLONALG [3]. This algorithm,
which is a combination of the main ideas of genetic
algorithms and evolutionary strategies, use binary en-
coding of real search space, selection of a specific part
(about half) of the best individuals and their even clon-
ing, inversely proportional to the utility mutation, the
exclusion of the least useful antibodies and the com-
pression of the population.

The population contraction operator removes ex-
cess population, except the worst one from close solu-
tions which satisfy the requirement

||‘Xva_Xb||<r’ a’be [1:Np]5 (1)

where r — a fixed threshold of proximity; | *| — the
symbol of a norm, depending on the metric of space;
N, — size of the population.

The disadvantages of the algorithm CLONALG
are a lack of adaptation, limited accuracy due to the
binary coding and non-usage of the memory mecha-
nism.

Another algorithm for modelling the immune sys-
tem is the algorithm BCA [4]. In fact, it is a version of
an evolutionary strategy with a binary coding and com-
pression operator. It uses two mutation operators at
once: in 3/4 case bits, and 1/4 cases — adjacent (a few
bits that are close by are inverted at once). The method
shows high search performance in a small population
N,=3+5, however, as CLONALG, it is worse for mul-
tivariate testing problems than well-known evolution-
ary strategies because of the quality of solutions.

A step forward is an opt-AiNet algorithm, the main
feature of which is a work directly in real space and
saving all the locally-found global optimums of the
objective function in the memory, the size of which is

a#b,
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dynamically changing. The algorithm also uses dy-
namic population size, controlled by compression
mechanism. The mutation of each clone is performed
proportionally to its usefulness to its parent cell by the
formula

XS =X4a, N01), o =pe®, j=[1:N,].(2)

where ch" — i-clone of the j-cell of the previous pop-
ulation; a; — radius of mutation to the clones of the
Jj-cell; (T),- — the relative affinity of the /" cell in gen-

. ~ (pmax _(‘pj
eration ¢, =———

0 ; p — free positive parameter
ofthe method; N(0; 1) — normally distributed random
variable with the expectation 0 and standard deviation
equal to 1.

The practical implementation of this algorithm on
a number of functions [5] showed a significant advan-
tage over CLONALG algorithm in the speed of find-
ing the solutions comparable in quality.

In [2] it is proposed to complement an opt-AiNet
algorithm with an operator of a random local search.
The last makes some implementation of the algorithm
comparable in the efficiency with known genetic algo-
rithms and evolutionary strategies for the class of solv-
ing problems. Not accidentally — and this is the main
value of opt-AiNet — it is the basis for a number of
more advanced algorithms that implement the forego-
ing method of modelling immune systems.

The HIA algorithm, proposed in [1] and improved
in [5], is used in solving many of the applied problems
using the immune systems modelling method. It can
be viewed as a modification of the method of opt-Ai-
Net. Unlike the latter, the size of the population in the
HIA algorithm stays constant during the entire itera-
tive process and supported by the operator of compres-
sion (1). In addition, each cell has an additional attri-
bute T, called the age of the cell. With its help the so-
called “elite” cells that lived are determined. These are
solutions that have not been improved by mutation for
a long time, that is why they are considered as local
optimums. They are recorded in memory and are used
to generate clones in each new generation.

Mutation of clones is performed in two ways. The
first, which is responsible for intensification of the
search in the vicinity of the found solution, is to change
the coordinates of clone using the normal adaptive
distribution of mutation level.

X§ =X +N(00,), 3)
where o,(7) — the standard deviation of the normal dis-
tribution, for each iteration 7 determined by the rela-
tionship

2(X,(t-1)- X7 (t-D),
if £(XT =D))< f(X,(t-1)). 4

o, (r-1) overwise

a, ()=

ISSN 2071-2227, HaykoBui BicHuk HI'Y, 2016, N2 5

The second method aims to diversify of the search
direction by examination areas which has not been re-
viewed and to change the one of the coordinates on a
random number from the entire search area

i=[1:n]. (&)

Here n — the dimension of the space; U(Xy,, 5
Xmax, ;) — uniformly distributed random variable within
D= {xilxi, min < Xi < xi, min}-

The HIA algorithm, compared to previous ones,
demonstrates the reliability of searching the global op-
timum of multiextremum functions for quite a limited
time.

Some researchers, in particular [6, 7], include local
search operators based on the above methods of un-
conditional optimization to the algorithms for model-
ling the immune system. However, the use of climbing
up methods, Nelder-Mead and Lagrange multipliers,
in particular, in the SIA [6] method for solving prob-
lems with limitations, though amplify the local con-
vergence of algorithms, however, they did not signifi-
cantly affect the probability of obtaining a global opti-
mum.

The algorithm Dopt-AiNet [7] applies the operator
of copying coordinates, which works as follows: if after
mutation in any of the coordinate affinity of the clone
is improved then, the new value for this coordinate is
trying to be applied to the rest of the measurements.
This operator shows high efficiency in the case of sym-
metry of functions for coordinates, typical for most
test functions such as Rastrigina, Ackley, Shvefelya,
Hrivanka and others. However, in solving real prob-
lems such as training of neural networks of direct dis-
tribution or based on radial basis functions, this opera-
tor is absolutely not effective.

The integration of the operator of information ex-
change between agents of search (recombination) to
the general algorithm of the artificial immune system
seems more appropriate. The last, known from genetic
algorithm as crossover, allows significant improve-
ment of the quality of solutions and achieves the de-
sired quality in real time due to the information ex-
change.

In particular, in [8] it is proposed to perform its
crossover with random cell memory for each of the
clones formed with a small probability P, < 0,2.
Moreover, each gene will remain unchanged or they
will be replaced by the memory cell genes.

The aim of this work is to develop an algorithm
which would implement the method of modelling the
artificial immune system to solve the problem of mul-
tivariate conditional optimization of multimodal con-
tinuous functions and would provide the most possible
performance indicators.

Basic materials and improved optimization al-
gorithm HINO-SF. Given the above implementa-
tions of algorithms which implement the modelling
method of artificial immune systems, the following
algorithm that does not require binary coding of real
variables and applies a number of operators known as
genetic and memetic algorithms. The aim of the last

xj, i= U(xmin, i; xmax, i)s
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ones should be the intensification of adaptive local
search and study, as much as possible, and the entire
search area.

We will call the proposed algorithm HINO-SF
(Hybrid Immune Network Optimization algorithm
with Saaty selection and Fibonacci search). It con-
sists of the following:

1. The population of antibodies is generated ran-
domly. A counter of generations is set to 7= 0.

2. If a preassigned maximum number of genera-
tions is achieved then transition to step 11 should be
made; otherwise — transition to step 3.

3. Depending on the cells’ adaptability assessment
of the current generation, the number of clones is as-
signed for each cell of the current generation. It is an
operator of selection.

4. Cloning cells in an amount determined by the
operator of selection.

5. Recombination of cloned individuals by using
the operator of probability crossover.

6. Calculation of the dynamic probability of muta-
tion for clones and implementation of adaptive muta-
tion operator.

7. Execution of the one-dimensional local search
on a random coordinate using method of golden ratio
(Fibonacci) for each clone with a certain probability.

8. Compression of the general population of par-
ents and clones using the appropriate to a specified
level N, operators.

9. Destruction of cells, whose age has reached the
set value 7,,,,, from the current generation. Their place
in the main population is occupied by cells, randomly
generated uniformly in the search area.

10. The counter of generations 7 = 7 + 1. Transition
to the step 2.

11. The output of the current generation as a set of
suboptimal solutions.

12. Stopping the algorithm.

Consider each of the above operators of the algo-
rithm in details.

Operator of selection. To determine the number
of clones per each of the individuals of the current gen-
eration, it is proposed to use the operator which ap-
plies the hierarchy analysis method (HAM) of Saaty
with cuttings off was first applied in the operators of of
the clonal of evolutionary optimization strategies [9].
The author calls his operator 4 as the cut of set of the
current generation of cells, described by the equation

M, ={X;e DIn(f(X))>huin}, Jj=[1:N,], (6)

where A, = 1/N, — the critical adaptivity of the cell;
D — search area; p(f(X;)) —function of the cell’s ap-
purtenance to the set of qualitative values.

Function of the cell’s appurtenance is defined as
follows:

- solutions are normalized by the value of the affin-
ity for the segment [0; 1];

- the rating of each of them a, =1 +L(p(Xj)*kJ is
calculated, £ — the dimension of the scale (default
k=9);
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- construction of a matrix of pairwise comparisons
for the first line of which an expression b,; = a,/a; is
used, and for the rest — b; = by;/b,;;

- functions of appurtenance is calculated as

“(f(Xi)):l/;bﬁ;

- cells, with u(f(X;)) > hyy,, are cloned in an
amount proportional to the functions of appurtenance
n.= N, - n(f(X))), the other parent generation rejec-
ted.

For the effectiveness of the work of further cross-
over and mutation operators, it is desirable that indi-
viduals with high affinity would produce a sufficiently
large number of clones. Therefore it is recommended
to choose N.=10...20 - N,.

Clonal selection by HAM is one of the key differ-
ences of the proposed algorithm from the rest of the
algorithm implementations in which the tourna-
ment, proportional or equal principles of distribu-
tion of clones between parental individuals are ap-
plied. Besides the fact that this method, unlike the
others, is mathematically justified, its practical ap-
plication provides better convergence in solving typ-
ical problems in comparison with other operators of
selection.

Operator of crossover. Another key difference of
the proposed algorithm is applying the adaptive opera-
tor of crossover, which involves the exchange of ge-
netic information. Since it was suggested not to encode
real information as binary, then for the recombination
of genes it is proposed to use simulated binary cross-
over (Simulated binary crossover, SBX) [8], which al-
lows immune cells to perform bonding of vectors of
real coordinates similar to binary vectors in genetic
algorithms.

SBX operator has three parameters set by the user:

- P, — the probability that the operator of cross-
over will be executed for the clone (usually a value
close to 0.5);

- P;,; — the probability of crossing implementation
on a given coordinate (may vary widely from 0.4 to 1 —
in latest case the crossover is performed simultane-
ously in all coordinates);

- index of variation n — shows how much a descen-
dant of the crossing should be like a parent (values 0
and 1 is likely to give offspring resembling one parent,
the value of 0.5 — maximum mixing genes).

If a random number equally distributed between 0
and 1 (here and after denoted U(0; 1)) is less than the
probability P.,,, for two random clones with numbers
Jj and k, and another random number U(0; 1) is less
than P,,,, then the current coordinate i of clones is ex-
posed hybridization by the formula

e
, , (7)
X, = 5((1 +I3)xk,i +(1 - B)xj,i)

where B — so-called degree of hybridization, which is
calculated by the formula
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)i fU0n<L
(U (0;1)), ifU(01)<—
B= L )
T )t
2-0-U(0;1) ) 7 AN

The parameter o is defined through the degree of
the difference of the j and k cell on the coordinate,
namely

1

- max(xjvl.;xkvl.);mm(xjvi;xkj ) - xminvi}

a=2- -
mm{xmax,i

1+2

max(xj’,.;xk’,.)—min(xj’,.;xk’,.)
Operator of mutation. The main operator that is
responsible for finding a solution in the proposed algo-
rithm, as in most implementations of the method of
artificial immune systems, is the operator of mutation.
An adaptive operator is proposed, it uses the following
random mutation

X$, =X, 8, (X =X s i=[Lin)s (9)

where the random component 3; can be determined
based on the Gaussian distribution according to (2) by
the formula

8;=0.1- N(O; 1), (10)

or polynomial distribution by the formula

1
(2:r,+(1=2r) A o =1, if ri<%
§,= ;o an

‘ 1

—(2-(1- - W el 1 -
1=(2:(1=7,)+2(r,=0,5) A i =1, if >

where r; = U(0; 1) — random number equally di-
stributed for each of the coordinates; A, =
max{xmaxi_x/i;xji_xmini} . o
= - — — — the relative position

xmax,i _xmin,i
of the current cell in the search area for the / coordi-
nate; u — index of density of the polynomial distribu-
tion (higher values correspond to the less dispersion of

mutations).

Getting conventional parameters P, — the mini-
mum level of mutation, mut rate — the relative im-
portance of mutation (part of the genes that will be
changed by the operator) and 7},,,, — maximum num-
ber of generations, the algorithm calculates the degree

of gene mutations at each

mut

; 2
P [l +mut_rate—mut_rate—tj,
, (12)

mut_level = if r< %

mut

; T
A | S =S
2

where 7 — number of current generation (of iteration).
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If during the iteration of the coordinates the ran-
dom number is less than mut level then the coordi-
nate is exposed to a particular mutation, otherwise it
remains unchanged.

It is recommended to set P, atalevel of 0.2—0.5,
and mut rate — at 0.5 ... 1. Then, regardless of the
time of the algorithm on the initial iterations, muta-
tion will be performed for all clones on final — less
than for a half of them.

The decision about the type of mutation that will
be performed (wide (10) or a brief (11)) is made based
on the synthetic evaluation of the current cell in the
scale of estimates of utility for the current iteration
across a population. The latter is determined for each
cell individually by the formula

t

mut_select —l l—-y—
serec; =3 7

Jj=[1:N_],

(pmax - (pj
(pmax - (pmin ’ (13)

where g = 0.8 + 0.95 — maximum allowable portion of
polynomial mutations in the total number.

If during appeal to the clone the random equal
number is less than mut select, then for the genes of
the clone will be applied only mutation (10), other-
wise — (11).

From the analysis (13) it is clear that the broader
Gaussian mutation will be applied to cells with low affin-
ity and often in the initial steps of optimization. The
number of Gaussian mutations decreases linearly with
the number of iterations and proportionally to the affinity
cells in favor of polynomial mutation. It should be noted
that the choice of the type of mutation is performed for
the whole cell, and only then it is checked if this mutation
will be performed for each of the coordinates (12).

Operator of local search. To intensify local
search solutions and make it even more targeted, the
operator of one-dimensional local search of the golden
section method (Fibonacci) is applied to the clone
that has passed the crossover and mutation with prob-
ability P, = 0.1...0.25. This operator consists of the
following operations [10]:

- equiprobably selected one of the coordinates k =
=[1:n];

- equiprobably selected search direction — to the
lower border of the search area min X f or to the top
max X jc";

- one-dimensional local search is performed in the
direction of the current location of the clone in the

space X jc to the border search area.

If the search improves the affinity of the solution,
then earlier found solution is saved.

Operator of compression. After all search opera-
tors the cells of the new generation are estimated for
quality. With the previous generation, they form a con-
flict set, from which N, cells with the highest affinity,
which are not closer than in the radius 7 of each other
are select using the principle of (1). For this the fol-
lowing operations are applied:
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- sorting clones according to descending of the af-
finity;

- cyclically from the first cell to the devastation of
not-considered set;

- removal all cells that are close to the current cell
and worst than it.

It should be also emphasized the need of removal
the cells with age above a specified limit 7,,,, after com-
pression. It is proposed to delete the cell with 7,,, =
= 10...20 from iterations regardless of its affinity.
These cells are replaced by new ones, in which each
cell is generated by (5).

Modelling the algorithm. To compare the work
of the proposed algorithm with renowned implemen-
tations of artificial immune systems modelling and
with other heuristic methods, traditionally used for
solving multidimensional optimization problems, they
have been tested on a number of standard multiextre-
mum functions. It was also compared to the work of
the proposed algorithm, with previously known fac-
tors in solving practical problems — training the neural
network of direct distribution.

Fig. 2, a represents a screen shot of the results of
the algorithm for Rastrihin functions F(X) =20 +x3 +
+x3% - 10 cos (2mx,) — 10 cos (2nx,). minimization. For
clearer understanding of the graph displayed are not
objective functions, but the return value to it — affinity
of the cells. From the picture you can easily see the
main feature of the method of modelling the immune
system — getting more than one solution, a certain set,
which includes both global optimum and the closest
by the affinity local optimums.

Fig. 2, b shows the dependence of the affinity of the
best cell in the generation and average affinity of the
population on the number of iteration while minimi-
zation of the Rastrihin twentieth order function.
Graphics which are usual for heuristic algorithms have
an important feature: even the best solutions are dis-
carded and replaced by random ones if they have not
been modified within a certain period in life.

Bpema 0.9 cex. (Qony BpeMA = 30 cex.)
143 pawgt  (Hony weno pawgt = 10000 )

POPULATION_ CELLS_FITNESS = ps Edt Vew Iwat Tods Dekiop Wadow Heb

Table 1 shows the comparative results of the algo-
rithms in solving common problems. As the problem
of training neural network has been used, the task of
identifying the mechanical properties of long products
depends on its chemical composition in an abridged
and full version.

In the Table 1 following notation is used: /™ — mini-
mum value of the objective function, which was found
by 10 repeat runs; f — statistical evaluation of the ex-
pectation value of the minimum value of the function at
random launch; 7 — statistical evaluation of the expec-
tation value of the number of calls to the objective func-
tion before the end of the algorithm in a random launch.

As can be seen, the proposed algorithm finds glob-
ally optimal solutions more often than analogues,
herewith it is spending significantly less time. In par-
ticularly difficult problems, such as neural network
training, on real data the winning of the time can be
almost two orders of magnitude.

To understand the effectiveness of each of the op-
erators that form the algorithm we summarized the
frequency with which they improve the value of affin-
ity cells to the Table 2.

It should be noted that the findings fully corre-
spond to theoretical principles because mutation is the
main tool for the local search in the method of artifi-
cial immune systems modelling. The absence of the
proposed operator of selection in the table is substanti-
ated by the fact that it does not lead to improvement of
solutions, and only selects candidates for cloning.

Conclusion. Analysis of main modern algorithms
that implement the modelling method of artificial im-
mune systems showed the benefits of its advantages
over other methods of multivariate conditional opti-
mization in real space. It has been proposed a hybrid
adaptive immune algorithm that uses operator of clon-
al selection, crossover, adaptive mutation and limited
local search.

Selection is made by assessing the adaptability of
solutions using the Saaty hierarchy. The proposed op-

-0, 1288026

DOWL(RAROBDRL-[A[0E(8D ,»

-0.994960006643824
-0.994961682318685
=0.994965004189075
-0.994972809878648
-1.989918416190044
-1.989919100955930
-1.989932362923236
=1.990183763175340
-3.979835314221820

>

150 20 250 300 30 400 450 50

b

50 100

Fig. 2. Testing the proposed algorithm with the Rastrihin functions:

a — the result of minimization n = 2; b — changing affinity in time n = 20,1 — the dependence of the affinity of the
best cell in the generation; 2 — average affinity of the population on the number of iteration while minimization of

the Rastrihin twentieth order function
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Table 1
Comparison of the algorithms in solving
The method of solving the problem
Testing The dimension RC-GA | HIA | HINO-SF
function of the problem - -
lit ters of the algorith
(problem) (number of variables) - Quality parameters of the algorithm
f* f* f* j,* ’,:,1* f* i# fl*
Rastrihin 20 0 3.472 | 4.4%10° 0 6.626 | 2.4*10° 0 1.929 | 1.0*10°
100 1.999 | 15.94 | 1.6*107 | 0.999 | 13.33 | 8.6*10° 0 2.616 | 2.0*10°
Ackley 20 0 0.142 | 2.0*10° 0 1.086 | 7.2%10° 0 0.007 | 8.1*10*
100 1.258 | 21.42 | 2.1*107 | 1.314 11.24 | 9.4*10° | 1.101 | 7.240 | 2.1*10°
Training neural 72 4.974 | 16.37 | 1.4%10° | 2.994 | 11.33 | 2.4*10° | 2.039 | 10.20 | 2.1*10°
twork
fletworks 144 14.94 | 39.52 | 5.1%10° | 13.99 | 21.07 | 1.4*10° | 12.07 | 16.75 | 4.1¥106
Table 2 2. Yildiz, A.R., 2009. A novel hybrid immune algo-
The effectiveness of the proposed algorithm operators r1thm for global optimization in design and manufac-
turing. Robotics and Computer-Integrated Manu-
ce| E a 5 Jacturing, Vol. 25, pp. 261-270.
% 2| E€|E5 3 3. Brownlee, J., 2007. Clonal Selection Algorithms
Operator S2|52|35| & Technical Report 070209A. Complex Intelligent Sys-
O E £ g @) tems Laboratory (CIS), Centre for Information Tech-
Cases of improvement of 23.33 | 47.99 | 17.23 | 11.45 nology Rc?sea'r ch (CITR), Fa(.:ulty of Informat} on and
oo . Communication Technologies (ICT), Swinburne
the objective function, %

erator of selection is more efficient than the traditional
operators, in addition, it is the only one which is math-
ematically justified.

Doubles adaptive crossover of cell-clones provides
intensification of the local search, allowing the combi-
nation of the best genes of two successful solutions
from previous generations. The operator of one-di-
mensional golden section optimization method (Fibo-
nacci) is applied to a random coordinate of a clone to
increase the directionality of the search.

Operator of mutation by coordinates applies a
polynomial or normal probability distribution. More-
over, if the clone is generated cells with high affinity,
the probability of “narrow” polynomial mutation, cor-
responding to intense local search is higher. Clone
generated by the cell with low affinity has a bigger
probability of the “broad” mutation with the deviation
by a Gaussian law.

The results show the high efficiency of the pro-
posed algorithm for standard objective functions with
dimensions up to 100, as well as in solving the training
of neural networks of direct distribution.

The main benefits of the proposed algorithm are
that it stays effective while increasing the dimension of
the problem, it finds not one solution, but a set of so-
lutions (alternative) and it uses significantly less time
(in order) for the comparative solution to the problem.
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Merta. Po3pob6ka anroputmy, 1110 peali3ye METO.
MOZEIIOBAHHS IITYYHOI iIMyHHOI CUCTEMU JIJISI BUPi-
1IeHHS 3aJa4i 0araToBUMipHOI YMOBHOI ONTUMi3allil
OaraToMOJaJIbHUX Oe3nepepBHUX (GYyHKIII Ta 3a0e3-
MeYye MiIBUILIEHHS TTOKAa3HUKIB e(PeKTUBHOCTI.

Metoauka. 3anporioHOBaHO TiOpUOHUIA agarn-
TUBHUI iIMyHHUI aJITOPUTM, 1110 BUKOPUCTOBYE OIle-
paTop KJIOHAJIBHOI ceJieKllil Ha OCHOBI OLIIHKM TPHU-
CTOCOBAHOCTI pillleHb 3 BUKOPUCTAHHSIM METOAY i€-
papxii Caati, napHUil afanITUBHUI KPOCOBEP, ajaamn-
TUBHY MyTallil0 HA OCHOBi HOPMaJIbHOTO i MOJIiIHOMi-
aJIbHOTO 3aKOHIB PO3IMOJily, a TaKOX OOMeXeHMI
TMTOKOOPIMHATHUN JIOKAIBHUU ITOIIYK METOOOM 30-
JIOTOTO MIEPETUHY.

Haykosa HOBHU3HA. YIIepIle 3aIIpOIIOHOBAHE BH -
KOPUCTAHHSI B aJITOPUTMi OaraToBUMipHOiI YMOBHOI
ONTHUMi3alii, 110 iMiTy€ MOBEMiHKY IITYYHOI iIMyHHOI
CUCTEMMU, B SIKOCTi oIrepaTopa ceJieKliii MaTeMaTU4HO
OOTpYHTOBAHMI1 OIepaTop Ha OCHOBI METOAY aHaJi3y
iepapxiii Caari, akuii, Ha BiIMiHY BiJ BiIOMMX peaJi-
3alliif 3 eBpUCTUMYHUMU OIleparopaMM, 3abe3neuye
BUIILY TOYHICTh PillleHb i IBUAKICTh CXOMXKEHHS Ha
aHaJIOTIYHUX KJacax 3aaad.

Pe3ynabraTtii. Pe3ynbraTé HOCHIIKEHHS MOKa3y-
FOTh BUCOKY ¢(PEeKTHUBHICTb 3alIPOITOHOBAHOTO aJIr0-
pUTMY JJIsI ONTUMIi3alii CTaHAAPTHUX LiJTbOBUX
(GYHKIIIN, 0 BUKOPUCTOBYIOTHCS B SIKOCTi TECTOBUX
Ha po3MipHocTi Tpoctopy 10 100 BumipiB. Takoxk aj-
TOPUTM TTOKa3y€ CTaOiIbHY 30i3KHICTb Ta BUIILY IIIBU/I-
KiCTb pOOOTHM TIpU BUPIilLIEHH] 3aBIaHb HABYAHHS He-
WUPOHHMUX MEPEX MPSIMOTO MOITUPEHHS.

ITpakTuyna 3nauumicTb. OCHOBHI IepeBaru 3a-
MPOIIOHOBAHOIO AJITOPUTMY TOJSATAIOTh Y TOMY, IO
BiH 3aJIMIIAETHCS e(EeKTUBHUM MpPU 3POCTaHHI PO3-
MIipHOCTI 3a1a4i, 3HaXOAUTb HE OJHE PIllIeHHSs, a iX
MHOXWHY (aJbTepHAaTUBU) Ta BUKOPUCTOBYE 3HAYHO
MEHIlle 4Yacy (Ha MOpSAoK) IS MOPIBHSIHOTO PO3-
B’s3aHH4 3a1adi. Lli BTacTUBOCTI T03BOJISIOTH 3aCTO-
COBYBaTH 3aIIPOIIOHOBAHUII aJITOPUTM IJII PO3B’SI-
3aHHS OaraToKpuTepiadlbHMX 0araTo(aKTOPHUX 3a-
a4 OINTUMi3allil MPUIHSTTS pillieHb y Mpoliecax Ke-
pYyBaHHS CKJIATHUMU CUCTEMaMU.
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Ileanb. PazpaboTka ajiroput™Ma, KOTOPbI peayin-
3yeT METOI MOICIUPOBAHMS UCKYCCTBEHHOM MMMYH-
HOM CHUCTEMBI JISI PEIICHUS 3aJauyud MHOTOMEPHOM
YCJIIOBHOI ONTHMMHU3ALMK MHOTO3KCTPEMAIbHBIX HE-
NpepbIBHBIX (DYHKIIUI U 00ecreuyrBaeT MOBBIIICHUE
nokaszatesieit 93(pheKTUBHOCTU.

Metonuka. IlpenioxeH TMOPUAHBIA aganTUB-
HbIi MMMYHHBIA aJrOpUTM, KOTOPBIA MCIOJIb3YET
orepaTop KJIOHAJIBHOU CeeKIINU, HA OCHOBE OLICHKN
MPUCITIOCOOJIEHHOCTU PENIeHUI ¢ MCIOJIb30BaHUEM
meroma CaaTw, MapHBIA amanTHUBHBIA KpPOCCOBED,
aJaNTUBHYIO MyTalliI0 HA OCHOBE HOPMAJIbHOTO U
IMOJIMTHOMMAIBHOTO 3aKOHOB PaCIIpeleICHHsI, a TaK-
X€ OIrPAaHWYCHHBIA MOKOOPAWHATHBIM JTOKAJIbHBIN
IMOMCK C HMCIIOJb30BaHMEM MeETOAa 30JI0OTOrO ceue-
HUSL.

Hayuynass HoBu3Ha. BriepBble mpemioxkeHO HcC-
MOJIb30BaHUE B aJITOPUTME MHOTOMEPHOM YCIOBHOM
ONTUMU3AINN, UMUTHDPYIOIIEH ITOBEIEHUE WCKYC-
CTBEHHOIl UMMYHHOI CUCTEMBI, B KAUECTBE OIlepaTo-
pa celeKkInm MaTeMaTu4ecKu OOOCHOBAHHBIN OIle-
paTop Ha OCHOBe MeTola aHaim3a uepapxuii Caaru,
KOTOPBIN B OTIMYKE OT U3BECTHBIX PeaIM3aInii C 3B-
PUCTHUYECKUMH OIIepaTOpaMU OOECIICUYNBACT BBHICO-
KyI0 TOYHOCTDb PEIICHU M CKOPOCTh CXOXICHUS Ha
aHAJIOTMYHBIX KJIaccax 3amad.

Pe3yabraTbl. Pe3ynbraTbl MccieqoBaHUsI TTOKa-
3bIBAIOT BBICOKYIO 3((PEKTUBHOCTH MPEIIOKEHHOTO
aJIropyuTMa I ONTUMU3ALIMUA CTAHIAPTHBIX LIEJIEBBIX
(YHKIIMI, MCMOJb3yeMbIX B KauyeCTBE TECTOBBIX Ha
pasMmepHocTu TipocTpaHcTBa 1o 100 umsmepeHUit.
Taxke anropuT™M MOKa3bIBaeT CTAOMJIBHYIO CXOMU-
MOCTb U 00Jiee BBICOKYIO CKOPOCTb pabOThI TIPU pe-
IIEHUHX 3a1a49 00y4eHUST HeMPOHHBIX CETEil IIPSIMOTO
pacrIpocTpaHeHHsI.

IIpakTuyecKas 3HAYUMOCTh. OCHOBHBIC TIpCH-
MYIIIECTBA MPEMIOKECHHOTO aJITOPUTMA 3aKITIOYAIOTCST
B TOM, 4TO OH ocTaeTrcsl 3(p(OEKTUBHBIM IIPU POCTE
pa3MEepHOCTHU 3a1a4u, HAXOIUT HE OTHO PEIIeHUE, a
MX MHOXECTBO (aIbTEPHATUBHI) 1 UCITOJIL3YET 3HAUM -
TeJIbHO MEHbIIe BpeMeHM (Ha TOpPsSIIOK) IJIsI COMO-
CTaBUMOTO pElIeHUs 3a1auu. DTU CBOHCTBA MO3BO-
JISTIOT TIPUMEHSITh TTPEIUIOXKEHHBIN aJITOPUTM IJIST pe-
IIeHWST MHOTOKPUTEPUATbHBIX MHOTO(MAKTOPHBIX
3a7ad ONTUMM3ALNK U TIPUHSITUS PEIICHUI B IIPO-
meccax yIpaBJIeHHS CJIOKHBIMHA CUCTEMaMU.

KioueBble caoBa: uUMMYHHble CUCHEMDbL, ON-
mumuzayust, memod Caamu, 10KAAbHbBLU NOUCK

Pexomenodosarno do nybaikauyii dokm. mexH.

nHayk M. O. Anexceceum. lama Haoxo0uceHHs py-
konucy 23.10.15.
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