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Abstract. An approach to solve an approximation problem by means of immune algorithm that is
based on the principle of cooperation of population antibodies is offered. The formal description of
structure of an antibody and ways of their association within the limits of a population in the
computer network functioning as a unit is given. The way of antibodies estimation, that are considered
as elements of a network, is proposed. Description of the training algorithm based on a principle of
clonal selection is presented. The basic phases of functioning of the algorithm are considered, such
as: growth of a network, mutation of cells, and network compression.
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1. Introduction

The basic feature of all existing for today popiolatalgorithms is the principle of competition of
individuals inside of the population. The givennuiple is implemented due to selection of the best
individuals, granting them this way an opporturtitybe reproduced and, as a consequence, to pass
into new generation. Competitive process, howeassumes necessity of coding within the limits of
one individual solution of a problem entirely. Thike population consists of a set of alternative
solutions which in the process of functioning ot thlgorithm undergo the changes directed to
improvement of their quality. Immune algorithms grepulation algorithms [1]. They develop a
population of individuals named as antibodies Hratcapable to distinguish intrusion of alien bedie
named as antigens. One of possible applicationth®fimmune algorithms are the problems of
approximation in which each antibody of a populatiepresents a full mathematical description of
model of approximated data. During a competitiod @hange of antibodies it is formed one or
several best models that become a final solutiothéoapproximation problem. To solve the same
kind of problem in the given work it is offered ise a principle of cooperation of antibodies indtea
of their competition. In this case each antibodyagiopulation is only a part of the solution orain
case of approximation problem — a part of a modéthin the limits of a population of antibodies
they interact with each other in a certain way (mate) and form a structure, capable to solve the
problems at a system level [2], i.e. at the levklath population instead of level of a separate
individual.

2. Problem statement

The problem of model identification of nonlineamusture of the following kind is considered:
Yy = f (X Xoreoen X ) s (1)

for which dependence between inpus and an outputy is presented in the form of the table of
given experiments:
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wherek is a number of lines in the table. Both input andput stochastic processes can have
arbitrary distribution, and exhibit nonstationamhlavior. It means that problem statement is given i
the most general form.

3. Representation

Relation (1) generally represents mathematicalesgion which can be written in the form of some
formula. For example, we shall admit, that our objeas three inputéxl, X5, X3), and one output.

We shall also admit that dependence between ingfutse object and its output can be described by
means of the expression:

y=a, Ma,x +a,X, )[@;Xs, (3

where &, ,a,,a5,a,, are some constants which are carrying out funasidiactors. In this case the
expression (3) can be represented in the formeo€thumn given in Fig. 1.
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Fig. 1. Representation of mathematical expression indha bf the column

In terms of the theory of evolutionary algorithmsclk columns are referred to as genetic
program. It contains vertices of two types:

- terminal vertex — vertex which has no archesrargeinto it; such tops represent variable
problems;

- functional vertex — vertex which has both inpamd processing arches; functional vertices
contain signs of mathematical operations and fonsti

Each vertex can have a set of processing arches.irplut arches can have only functional
tops. The number of arches entering into vertexeddp on the quantity of arguments of function
which is represented with the vertex. As the majoof mathematical operations and functions are
monadic or binary the most part of vertices wilv@aone or two entering arches. Unlike classical
representation of a genetic program, in the givenkvall column arches are weighed. One of the
basic properties the column is that it does notaancycles and can be always represented in the
form of a tree. Let’s consider one more examplmathematical expression:

y= a123(a12 Mayxg +ayX;) @-3X3) + a'lZ(a'lxl @éxz) (4)

The genetic program corresponding to expressiois@)own in figure 2.
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Fig. 2. Columns of mathematical expression (genetic prayjraorresponding to expression (4)

4. Coding of antibodies

Development of artificial immune systems startshwdefinition of the search space or space of
forms. Each form is identified with an antibodyiofmune system and represents a line coding one
possible solution of a problem. As a space of focosld be used binary, integer, material, symbolic
space or their combinations. The method offeregivien work, unlike classical approaches, uses the
population coding of genetic programs instead divildual. Individual coding assumes representation
of all genetic program in the form of a line withihe limits of one antibody of a population. In
population coding each antibody is only a parthef genetic program, i.e. the column or one uné of
tree of mathematical expression is coding one xefee set of terminal vertices of a column is not
exposed to any changes during solution of a probldence, the antibodies, coding functional
vertices should make a population of immune algaribnly. Within the limits of the given work we
shall be limited to consideration of monadic angllpy mathematical operations and functions. In this
case the line of an antibody can be presentedoagnsim Fig. 3.

Code of functiofcode of -st uni| Code of -nd | Weight of -st | Weight of znd
descendant | unit-descendantunit-descendantunit-descendarit

Fig. 4. The offered structure of an individual of immuregaaithm population

It is apparent from the figure, that antibody hdased (integer and material) coding. The code
of function and codes of units are representechtggers, and weights are real. The code of function
is identified by its number or an index in a filefonctions (functional set). The functional ¢€) can
contain any quantity of mathematical operations, ncfions and polynomials, i.e

F ={+ - * /,sin,cos,tan,In, polyl, poly2,..}. Here as polyl, poly2,... we use, for example,
Kolmogorov-Gabor polynomialsf; (X, X,) = C+ayX + a,X X, fo(X;, X,) = C+ayX, +a,x? , etc. All
vertices of the genetic program column are numbekigmbers of vertices are assigned to arcs
directed to the given vertex, and are stored itiGe®f codes of descendants units of a given xerte
Owing to that all vertices could contain any quigntf processing arches at any connection of the
given vertex to the column we shall not receivetagtically incorrect mathematical expression, even

in the case of when codes of both units of desa#rdaill appear equal. This important property the
column during training allows us to provide a maximfreedom of evolution of a structure.

5. Calculation of affinity

Any immune algorithm assumes presence of a pdpaoladf antigens(AG) which will be
distinguished by a population of antibod{@d). In problems of a system model identification as a
population of antigens is used the set (table) okpedmental data lines T:

Ag, =t, Ag; OAG, t OT,i =1 k. There is also an opportunity proposed in [4]t than splitting of
the experimental data table into subsets of lines &g, =T,, T, UT, and generally
|Agi|¢‘Agj‘, Ag, n Ag; #0 at i# ]. The estimationof i-th genetic program angtth
antigene is calculated as Euclidean distance. vengiwork as calculated affinity value we use a
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degree of similarity instead of degree of completagn individuals. Therefore we introduce
additional function of affinity (to keep a targetettion of maximization of affinity) in the formfo

1
1+D.

aff

(6)

As in the given work each antibody represents @nlyart of genetic program its affinity will be
calculated on the basis of an estimation of thegsaph, formed by current vertex and its all

descendants. Thus, values of functiy, change in an interval from O up to 1, ifg; : 0% - [0, 1].

For management of sensitivity of antibodies theshold of affinity ¢) is introduced. The fact of
recognition considers an antibodf\b, , Ab. [J AB of an antigen Ag; , for which the value of
affinity function is faff 2 £ . Hence, the less is the value of the affinity shiad, the higher will be

robustness of a system. The quantity of the ansigdistinguished by an antibod@\bi , refers to as

concentration of antigens and is designated'ié%. For calculating the concentration we shall define
function of linkage of an antibody to antigen as:
b:[0,1]x[0,1] - {01} (7)

This function can accept only two values: 1 — lgddas occurred (an antigen is distinguished by an
antibody) and 0 — linkage has not occurred (angantis not distinguished by an antibody). Using

values of functionf ;; and the threshold , it is possible to represent functibrin the form of the
following parity:

|0 if fg <&
1 if fy ze ®)
Then value of concentration of an antigen for aiibady Abi can be calculated so:
k
ViAg = zb” " (9)

where bij - value of function of linkage of an antibod‘}\bi with an antigenAgj . Stimulated the

cell, at which is considered vaquAg >0.

Let's consider the fragment of a population represkin Fig. 5. Using (5) — (9) concentration
VsAg can be presented parities as some composition ootentration I/lAg and VzAg, i.e.
V;° = VlAg o I/zAg. In this case it is possible to allocate the felllg two cases of a parity of these
three sizes. Case 49 >max@;?,v,?) — an antibody Ab, has greater concentration of
antigens in comparison with antibodié!d)l and Abz. Hence, from the point of view of the genetic
program, introduction of unitAb3 improves approximation of dependence, approachigo the
problem solution. In this case the ceﬁ‘b3 is stimulated and concentration of an antigenifor
remains equal/;? . A variant 2V, < max(v;¥,v,9 ). Here introduction of unitAb, worsens
or does not change approximation of expression frehat follows, that the ceIIAb3 is not

stimulated and its valuely?f*g is equated to 0. The algorithm of training uses itiformation on
stimulated and not stimulated cells to increaseeduce the size of repertoir of antibodies.

6. Algorithm of training
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Generally at the beginning of training process ghesence of only one antibody in a population of
antibodies is supposed. During training the pophabf antibodies will be structured in the form of
the column, similar to the column presented inffigg@. In a context of immune algorithms we shall
name the given structure a functional network dfbendies (PCA). As the basic properties of the
given network it is possible to allocate the follogt 1 — the growth of a network which is based a
principle of clonal selection; 2 — the compressiéra network based on destruction of not stimulated
cells (apoptosis); 3 — evolution of adjustments atrdctures of the network, based on estimation
mechanisms and somatic hypermutation. In geneeal ¥he training algorithm can be described as
follows.

Step 1. Initialization. Creation of an initial population of antibodi@B. In the given work the
initial population consists of one antibody, butialization of a population of any predeterminézks
is possible.

Step 2. Infecting (presence of antigens). For each antibodyAb [0 AB on the basis of

expression (6) is to be calculated the concentratfaan antigensl/iAg .

Step 3. Selection and cloning. Choose an antibody with the greatest value oteoimation
(the most stimulated cell), and clone the chosdibaaly. Forming of both one, and several clones is
possible.

Step 4. Maturing of affinity. Subject to mutations all clones of the chosen wdth the

intensity that is inversely proportional to theialves of concentrationl/iAg. During a mutation

change a code of function and codes of the firdt second descendants (evolution of structure of a
network), and also the change of weights of thet fand the second descendants (evolution of
adjustments of a network) is possible.
Step 5. Repeatedly calculate concentration of antibodies of a network, similarly to a step 2.
Step 6. Compression of a network. Remove all cells of the network, which have vabfe

g

concentration,I/iAg, that is less or equal to some set thresholg, ,

cells).
Step 7. Go to step 2, if the break condition is not etk

(removal of not stimulated

Growth of a network

This process represents a choice and reproducfitimeamost stimulated cell of a population accogdin the
principle of clonal selection. The choice of a dell cloning occurs according to values of concatitn of the
antigens, calculated for all cells of a networke™ell with the highest concentration gets outcfoning.

Hypermutation of cells

The mutation plays an important role in formingimimune answer of system on influence of an
antigen. Owing to the mechanism of a mutation thern adaptation of structure of antibodies and,
as consequence, increase in affinity of a populatio the given work intensity of a mutation depgnd

on values of concentratiom, ™ , of antibodies of a network. The higher is theueabf I "0 the less
is intensity of a mutation. Any part of a line af antibody can be subjected to a mutation. Intgnsit
[ is understood as a quantity of elementary inflesraf the operator of a mutation on antibédy

Elementary influence is made under the schemeeobtte-dot mutation offered in [Holland]. As the
operator can influence any part of an antibodyait apdate not only weight characteristics of arches
column AIS, but also mostly the structure of AlSnéOmore important fact is that in the given
example the network, owing to a mutation, "hasrgbtof the second output, having formed uniform
structure. To avoid forming of a significant amooffitbutputs of a network, in an offered method the
restriction is proposed according to which any fiomal vertex of a network can form a link only
with terminal vertices or other functional vertiogbich do not have processing arches.

Compression of a network

Compression of a network means the process of udisin of not stimulated cells, leading to
reduction of the network size. Consider the proadssetwork compression on example (fig. 10). In

this case the celAb, has concentration of antigensZAg =0, i.e. itis not stimulated.

208



Fig. 10. The state of a network before compression. Théadyi Ab2 is not stimulated and
should be removed from a network

Removal of the vertexAb2 leads to forming of syntactically incorrect exgmies since an antibod}Ab3 does
not receive the second argument for binary mathieadatction — subtraction.

7. Conclusions
In the paper the approach to solution of the appration problem by means of immune algorithm,
based on the principle of cooperation of antibodiEa population, is offered. As a result we get a
formal description of antibodies structure and wafstheir association within the limits of a
population in the functioning computer network. May of estimation of antibodies as elements of a
network is also considered. A description of thaining algorithm based on a principle of clonal
selection is resulted. Separately examples of h@wses of the algorithm are considered: growth of
network, a mutation of cells, compression of a wekw Growth of a network is carried out due to
selection and cloning of the best antibodies; tiiation of cells changes structure and adjustmats
a network, and process of compression is provigeeimoval of not stimulated antibodies and results
in reduction of the network size. This process playclusively important role, as owing to it the
algorithm aspires to create solutions of minimalesiHowever removal even of one cell can
essentially affect functioning of a network as aolgh Depending on position of the deleted cell, the
given procedure can lead to strong redistributibvadues of concentration of antigens among the
remained antibodies. An analysis of the algorithiowes to tell, that it tends to delete only celfstop
level, i.e. the networks closest to outputs andchewill not cause global reorganizations of dtie.
On the other hand it is possible to state with ictanfce, that process of compression allows a né&twor
to grow only aside increases in values of concéatraf antigens, and the process of search ieiat
by clonal selection and a mutation, provides addinga network of new cells consistently
approaching a network to solution of a problem RBe turther research in this area it is possible to
allocate to following directions:

» implementation of some alternative ways of estioratof antibodies as elements of the

uniform computing system;
» further improvement of growth procedures and cosgion of a network;
» search and elimination of superfluous parts oftavaek with the purpose of simplification of
its structure.
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