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Abstract

Logical classification methods normally involve the compilation and solution of logical
equations with variables that take values of 1 and 0, depending on whether the given object
has a certain property or not. The solution of such equations makes it possible either to
identify an object by the available sets of values of attribute variables, or to establish
unknown properties of a given object. A natural generalization of the Boolean algebra
equations is equations of the finite predicate algebra, which makes it possible to operate with
arbitrary attribute variables defined on different finite sets. The use of such equations for
constructing logical conclusions in knowledge bases allows expanding the capabilities of
Boolean logical methods for object recognition and classification. When classifying objects,
one deals with sets of features, selecting some values of which it is possible to identify
whether the object under consideration belongs to a certain class. In this paper a method for
investigating links between discrete object features is presented. Also, different types of
predicate equations are considered. When analyzing links between salient data features, we
often encounter quite complicated systems of logic equations that, nevertheless, can be
simplified owing to their specific properties. A real-world medical example has been
considered to demonstrate the procedure of eliminating non-salient features.
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1. Introduction

Knowledge representation and interpretation plays an important part in various fields of computer
science. To formalize information about objects and processes in knowledge bases, various methods
of discrete mathematics are used. In cases where information about objects and processes, represented
by discrete information features, has a rather complex logical structure, various methods and models
of discrete mathematics, including logical equations with Boolean variables, are used for its formal
presentation.

Logical classification methods normally involve the compilation and solution of logical equations
with variables that take values of 1 and 0, depending on whether the given object has a certain
property or not. The solution of such equations makes it possible either to identify an object by the
available sets of values of attribute variables, or to establish unknown properties of a given object. A
natural generalization of the Boolean algebra equations is equations of the finite predicate algebra,
which makes it possible to operate with arbitrary attribute variables defined on different finite sets.
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The use of such equations for constructing logical conclusions in knowledge bases allows expanding
the capabilities of Boolean logical methods for object recognition and classification. When classifying
objects, one deals with sets of features, selecting some values of which it is possible to identify
whether or not the object under consideration belongs to a certain class. In this paper a method for
investigating links between discrete object features is presented. Also, different types of predicate
equations are considered. When analyzing links between salient data features, we often encounter
quite complicated systems of logic equations that, nevertheless, can be simplified owing to their
specific properties. Excluding extra variables with the help of the quantifiers leads to the
simplification of the original system of predicate equations. A real-world medical example has been
considered to demonstrate the procedure of eliminating non-salient features.

2. Related works

Many practical problems lead to the necessity of using logic classification methods. For example,
in [1] binary feature vectors are classified. The proposed method can be used in a variety of
classification problems in different industries. The process of classification is reduced to investigating
logical-dynamic systems depending on some initial states. In [2] corrective functions for object
recognition logical methods are constructed. An interesting algorithm for logic classification with the
help of correcting functions has been proposed. In [3] logical data classification has been used for the
analysis of hyperspectral data. Some combinatorial issues of logic classification have been
highlighted in [4]. The authors have applied their research to Alzheimer’s Disease Proteomics
Expression classification. In [5] logical algorithmic methods for building decision trees have been
considered. A logic-based classification method for text recognition has been proposed in [6]. In [7]
logic machine learning approach has been suggested. The authors have developed a special logic
classifier. Logic-based design of a strong classifier with the help of weak classifiers has been
considered in [8]. A combination of various methods including logic classification has been tested in
[9]. A method for the classification of text messages based on logical extraction has been considered
in [10]. In [11] finite predicate networks have been investigated for radar detection. A new approach
to logic classification and recognition has been suggested in [12]. Subsystems of Boolean equation
systems have been studied in [13]. A method for distributed solving logic equations has been
presented in [14]. In [15] some specific types of logic functions are considered. The focus if on
symmetric functions that are widely used for classification purposes. Entropy issues in Boolean
networks have been highlighted in [16]. Logic-predicate networks have been investigated in [17].
Using predicates for classifying access issues on the Internet of things has been considered in [18].
Many works devoted to classification often use Boolean algebra, fuzzy logic or neural networks as
main mathematical tools [19]. Logic approaches to fact-based analysis have been highlighted in [20].

3. Methodology for analyzing logic links between salient data features in
systems of predicate equations

A universal way to solve systems of equations of the algebra of finite predicates is to reduce the
predicate given by the system of equations and initial conditions to a perfect disjunctive normal form.
However, such a procedure involves enumeration of many intermediate solutions, and its practical
implementation requires a significant amount of computer time. For some types of predicate
equations, taking into account the peculiarities of their structure, it is possible to develop simpler
algorithms for solving them.

In many practical tasks related to the semantic processing of medical data, natural language
information, customer data, there is no need to obtain all sets of values of semantic features, but it is
required to obtain one or more sets of values of features (target variables) that are of interest to the
user. It is often necessary to find the values of target variables under given initial conditions, which
are a fixed set of values of other features. When solving such problems, other variables that are not



included in the initial conditions and are not target variables are excluded from the equation by
linking them with existential quantifiers.

Unlike Boolean variables, predicate variables provide more flexibility in discovering necessary
features. For example, let us consider the following dependencies:

a
yl—>x1 Vxl,

b
y%2 - x® Vv x

where domains for y and x; are {a;, a,,as} and {by, b, , b3, by, b, b} correspondingly. If y = a;,
then x;, = b; or x; = b,. On the other hand, it follows from the first expression, that

(2t v x2) -y,

which means

b3 by bs be
xl Vv xl Vxl Vv x

N yaz \V] ya3_

Thus, if x; takes on a value from the set {bs, by, b5, bg}, the object property y takes on values
either a, or as.

Finite predicates algebra gives us an opportunity to interpret knowledge in a strict mathematical
form, where different features and their values are connected with the help of Boolean and predicate
operations. The classical form of a logic equation with finite predicates is as follows:

f(xl,xz, ...,xn) = 1,

where each variable takes on values from a finite set of elements, and in the general case these
domains can be different. In practice, we can encounter problems with many equations. In this case a
problem can be resolved by solving a system of equations:

fl(xlleJ'"lxn) = 1
fZ(lexZJ-"'xn) = 1

fm(xlleJ "';xn) = 1

If needed, this system can be rewritten as a conjunction of the above equations and represented in
the form of a single equation:

f10e1, x5 e, X )N (g, Xy o, XN N (X1, X2, o, X)) = 1.

For such equations we can define some problems that can be resolved:
1. Find all possible sets of variable values that satisfy these equations. This problem is
obviously difficult as there is exponential growth in calculations.
Determine whether the system has a solution
Determine whether it has a single solution
Find some important combinations of variable values that satisfy the system
Solve the system under some initial conditions.
Consider the following system of predicate equations:

SR

Yy = g1(x1, x5, e, Xn),
Y42 = ga(X1, Xz, oee, Xn),

yom = Gm (X1, Xz 5 oees Xn).



It means that when the feature y takes on a value a;, a set of values for the variables x4, x5, ..., x,
should satisfy the equation

gi(xllXZ""'xn) = 1! (1)

which means that if an object possesses the property a; then the features x;, x,, ..., x, should satisfy
the above equation.

Generally speaking, the converse is not necessarily true. If g;(xy,x,,...,x,) =1, y does not
necessarily take on the value a;. Consider a stronger dependence:

yal = gl(x1'x2 , "'an)a
Y9 = ga(x1, %2, e, X)),

yam = gm(xl'x2 ) "')xn)-

In this case any set of values of the features x4, x,, ..., x,, either confirms the fact that y equals a;
or not (belongs to the corresponding class or not). If the object has the property a;, its features should
satisfy (1). Thus, we can classify the feature y by values of the features x;, x5, ..., x,,. Also, it can be
easily shown that the conjunction of any two different functions g; and g; is equal to zero. It follows
from the basic properties of recognition predicates. It can be shown that the above system is
equivalent to the following equation:

YR gi(xq, X5, e, X)) VY22 g (X1, X0, o, Xp) V o VYImge (Xq, X5, o, Xp) = 1. 2

Logic methods for object classification are applied for solving practical problems from a variety of
fields: biology, physics, meteorology etc. Their specifics can be discovered at the stage of building a
mathematical model including data features. Normally propositional logic is used for this purpose.
We suggest an approach based on finite predicate algebra. Let us build a general form of such tasks
based on predicate equations.

Let feature variables y,,y,, ..., y; denote some properties of objects, for example, a disease like
flue. Each variable takes on its values from its domain. Unlike Boolean variables, predicate variables
can take on values from different domains.

Let discrete variables x4, x5, ..., x,, be features by sets of which we can determine which values the
property variables can take on. Properties and features can be connected in the form of some
complicated logic dependencies that can be represented as a predicate equation:

P(y1, Y2, ) Y15 X1, X2, oy Xn) = 1, 3)
where P is a finite predicate.

To classify an object under consideration means to determine based on this predicate equation and
experimental data on the features x,, x,, ..., x,,, Which properties (values of the features y;,y,, ..., ;)
this object possesses, and which properties are not satisfied. Each elementary conjunction, for
example,

ai1,,a12 A1n
Xy Xy T Xy
az1,,.az2 azn

X 2,22,

xy Mg ™2 T
characterizes an object class. Then, based on the a priori dependence (3) and experimental data on the
features x4, x5, ..., x,,, it is possible to determine to which class the given object belongs. As can be
seen from the above considerations, the values of features are grouped into a matrix.
Suppose that as an experiment outcome we have obtained some data related to values of the
features x4, x5, ..., x,, that describe the object being classified and composed the following predicate
equation describing links between them:



g(x1, %5, 00, %) = 1.

The problem of object classification can be formalized as solving the following predicate
equation by finding an unknown predicate f:

9(x1, %3, 0, Xn) = f (Y1, V2, 0, V1)

By solving this functional equation, it is possible to determine feature values x,,x,, ..., x, that
characterize the objects y4,y,, ..., ¥;.

In studies related to logical inferences in knowledge bases, questions arise in determining the
tightness of the links between the features of these objects, as well as questions of their materiality
and insignificance. Apparently, we can consider the formal relationship between features to be
stronger, the fewer sets of values of these variables satisfy the equation. In this case, if any sets of
values of these variables satisfy the original equation, we can assume that there is no connection
between these variables.

In addition, when solving practical problems, the following questions arise:

1. How will the specific values of this feature, substituted into the logical equation, affect the

links between the other features?

2. How strong is the logical relationship between two (or more) given features?

To answer the first question, it seems natural to single out those predicates (and, accordingly,
equations) that, when a certain attribute value is substituted, are transformed into predicates that give
a stronger connection between variables, as well as such predicates, substitution into which this value
leads to a weakening of the logical connection between signs.

To get an answer to the second question, it is necessary to exclude from the original equation with
the help of the existence or universal quantifier all variables except those under consideration and
study the resulting equation with a smaller number of variables, which describes all admissible sets of
values of the features under study.

Let us consider the procedure of feature selection, where the number of features can be reduced.
Here we can encounter the following problems:

We may need to find some sets of feature values that interest us where there is at least one value of
non-salient features such that there exists at least one set of values of salient features. In this case we
apply an existence quantifier to the set of non-salient values.

We may need to find some sets of feature values, where for any set of non-salient features there
exists at least one solution of the equation. In this case we apply a universal quantifier to non-salient
variables.

We may need to find some sets of feature values that satisfy the equation under the condition that
non-salient features take on some specific values.

Let predicate P depend on the variables x, y, ..., z. Define the substitution operator a(P) (a belongs
to the domain of the definition of the variable x ) acting on the predicate P as follows:

a(P(x,y,..,2) =P(a,y, ..., 2).
Let’s call the substitution operator restrictive if the following condition is met
P(a,y,..,z) = P(x,y, ..., 2)
forall x,y, ..., z.
Call the subsitution operator distributive if the condition is met

P(a,y,..,z) <« P(x,y,...,2)
forall x,y, ..., z.
When interpreting knowledge represented by this implication, we can say that estrictive operators
reinforce the logical relationship between discrete features, distributing substitution operators weaken
this relationship, shifting the relationship between features in an arbitrary way.
Consider the predicate P as follows:



P(x,y,..,2) = x%P,(y,..,2) VXx®2P,(y,..,2) V ...
VxPB,(y, ..., z).

Then
a,(P)=P(y,...,2) =x4P,(y,...,2) Vx2 P (y,...,Z) V ...
VxPi(y, ..., Z).

It is obvious that the predicate a, (P) will be contracting, if P, = P,Vi = 1,2, ...,n.
The operator a, (P) will be distributing, if P, « P;Vi = 1,2, ...,n.
Let us consider examples of the application of the operator a, to the predicate P(x,y), where the
variables x, y and z have the domains {a,, a,}, {b1, b, } u {c4, c,} correspondingly.
Let
P = x%ybizc1y x2yb1z6 v xd2yb1z¢1

Then
a,(P) = yP1z6 = (x% v x%®2)&yP1z41 =
— xalyblzcl \V] xazyblzcl.

Except for the disjuncts that the predicate a, (P) contains P includes one more disjunct x%zy?1¢¢1,
i.e. the operator a, is a restricting one for the predicate P. According to the introduced definitions, in
the given example P, = yP1z¢1, P, = yb1z¢2 v yb1z71 It is obvious here that P, — P,. Consider now
the predicate

P = x%ybiz¢1y xdaybiz6 v x32yb1 761
a;(P) = yP1zé v yP1z¢2 = (x4 v x%2)&
&(yP1zer v yb1z%2) = x4y, bycy vV xB2yPize2 v
V x%yb1z¢1 v xx%p, b2,
The a,operator for this predicate is obviously a distributing one. In this example
Pl = yblzcl Vyblzcz, and P2 = yblzcz, |e Pl — P2.

In order to answer the second question, it is necessary to exclude from the original equation all
variables except those considered, and to investigate the resulting equation with fewer variables,
describing all valid feature value sets. The work [21] considers a fairly wide class of predicates for
which it is possible to specify an efficient algorithm for eliminating variables without increasing the
size of the original formula. We extend here this class by adding some additional properties. Consider
the following properties of the existence quantifier:

1. FIxx® =1.

2. Ax—x*=1.

3. Ax(—(P(x)Q(x))) = Ax—P(x) V Ix—Q(x).

4. Fx(P(x)VQ(x)) = 3IxP(x) V IxQ(x).

5 Ix(P(x)&Q(y) = IxP(x)&Q (¥).

6. 3y(P(x) = Q) =Px) = 3IyQ(y).

7. 3y(P(x) = Q) = P(x) = IyQ(y).

8. Suppose P;(x)&P;(x) = 0,i # j,i,j = 1,2,..., k, then:

Fy((PL(x) = Q1 (M))&(P(x) = Q2(M))& ...
&(Pp(x) = Q) = (P1(x) = FyQ: ())&

&(P2(x) = 3yQ;(¥))& ... &(Pr (x) = Iy Qy ().
9. Iftheidentity P;(x) = Oisnottrue foranyi = 1,2,..,k and P;(x)&P;(x) =0 foi #

J,i,j =12,..,k, then:
3x((PL(x) = Q1 (1))&(P; (%) = Q2 ())& ...
&(P(x) = Q) = Q1 () V QM) V -V Qi ()



The properties listed above allow describing a broad class of finite predicates (correspondingly
equations) defined on the set of variables {x,y, ..., z}, for which it is easy to find links between
selected variables without any increase in the size of the original formulas. Let us define such a class
recursively.

1. All “recognitions” x%x?,...,x(a,b,..,c — symbols belonging to the domain for the
variable x ) belong to A,.

All the negations —x%, —x?, ..., =x€ belong to A, .

If predicates =P (x), =Q (x) belong to A, then the predicate —=(P(x)Q(x)) belong to A,

Any predicate not depending on the variable x, belongs to A,.

If predicates P, and P, belong to A, then the predicate P = P; V P, belongs to A,.

If the predicate P; belongs to A,, and the predicate P, does not depend on x, then the

predicate P = P, &P, belongsto A,.

7. If the predicate P; does not depend on x, and the predicate P, belongs to A,, then the
predicate P = P, —» P, belongs to A,.

8. Let predicates P;, P, ...,P, do not depend on x; P,&P; =0 for i#j,i,j=1.2,..,k,
predicates Qq, Q,, ..., Q@ belong to A,; then

P = (P, — Q1)&(P; » Q2)& ... &(Py = Q)

ok wN

belongs to A,.

9. If the predicates P, P,, ..., P, depend only on x, P&P; =0 fori #j,i,j =1,2,..,k; for any
i =1,2,..,k the identity P; = 0 is not true; predicates Q4, Q, ..., Q do not depend on x; then
the predicate

P = (P, - Q)&(P; = Q3)& ... &(P, — Qi)

belongs to A,.

One may need also to exclude extra variables with the help of the universal quantifier. In this case

we can use the following properties of this quantifier:

1. Vxx%=0.

2. Vx—x% =

3. Vx=(P(x)VQ(x)) =Vx=P(x)&Vx—=0Q(x)
4, Vx(P(x)&Q(x)) = VxP(x)&VxQ(x).

5. Vx(P(x)VQy) =VxP(x) vV Q).

6. Vy(P(x)&Q(y)) = P(x)&VyQ ().

7. Suppose

Pi(x)&P;j(x) =0, i # j,i,j = 1,2, ..., k,
then:

vy ((PL()&Q1 (1)) V (P, (X)&Q2 (M) V ...
V (P (0)&Qx () = (PL(x)&YyQ; () V

V (P (0)&VyQ2(¥)) V ... V (P () &Yy Q ().
8. If the identity P;(x) = 0 isnottrue forany i = 1,2,..,k and P;(x)&P;(x) =0 fori #

j.j=12,..,k, then:
Vx((Py(x)&Q1 () V (P, (x)&Q2 () V ...
V (P (0)&Qr () = Q1(1)&Q2(1)& ... &Q1 ().

We can recursively define a class of predicates X, from which it is possible to exclude the variable x
without an increase in the size of the formula:

1. All the “recognitions” x%, x?, ..., x¢ belong to z,.

2. All the negations —x%, —xP, ..., =x€ that do not depend on x belong to X, .

3. If =P; and =P, belong to .., then —(P; V P,) belongs to Z,.

4. If predicates P; and P, belong to X, then the predicate P = P, &P, belongs to X, .



5. IfaP; belongs to Z,, and a predicate P, do not depend on x, then the predicate P = P; V P,
belongsto Z,.
6. If apredicate P; does not depend on x, and a predicate P, belongs to X, the predicate P =

P, &P, belongs to X, ..
7. Suppose predicates Py, Py, ..., P do not depend on x, P;&P; = 0 for i # j,i,j = 1,2,..., k;

predicates Q4, @3, ..., Qx belong to X, then
P = (P1&Q) V (P,&Q;) V ...V (P &Qy)
belongsto Z,.
8. If predicates Py, P,, ..., P, depend only on x, P&P; =0 fori+j,i,j=12,..,k;foranyi =
1,2, ..., k the identity P; = 0 is not true, predicates Q4, Q,, ..., Q; do not depend on x, then the
predicate P = (P;&Q4) V (P,&Q;) V ...V (P,&Qy) belongs to X, .

4. Experiment and results

Let us consider a medical example and investigate links between features. The predicate variables
are interconnected with systems of logic equations. Solving these equations allows attributing the
objects under consideration to a certain class, which characterizes determining the risk group of a
patient related to some diseases.

The plan of the experiment is as follows. We use real-world medical data and code them with the
help of predicate equations. We note that although some variables can take on values “unknown”, this
is nevertheless a case of the closed world as “unknown” just means a value from the alphabet on
which a variable is defined. Thus, every domain for any variable is closed. After we have written a
system of equations with the help of experts, we start deleting variables that we consider non-salient
at the moment. It does not mean that in other cased other variables will be considered as non-salient.
Salient variables are those for which we want to determine logic links As an output, we obtain an
equation where non-salient variables are deleted. The resulting equation is simpler than the original
system, and it is possible to analyze links between salient variables in a simpler way.

If we consider the information screening of medical data for assessing the development and
prevention of heart and vessel diseases [22], we can select a set of features for formalizing screening
procedures. Let us consider the following features and their values:

Gender: X; = {x{, x?}, where x] means a woman, x{ means a man.

Age: X, = {x1,x2,x3}, where x] is less than 40 years, x5 is from 40 to 50 years, x5 is greater
than 50 years.

Diabetes mellitus: X5 = {x3, x2,x3, x5}, where xJ — yes, x2 — no (actual diagnosis), x3 — no (not
actual diagnosis), x5 —unknown.

Arterial hypertension: X, = {x1,x2,x3, x4}, where x} — yes, xZ — no (actual diagnosis), x3 — no
(not actual diagnosis), x4 — unknown.

Kidney problems: X5 = {x%,x2,x3}, where x¢ — yes, xZ —no, x2 — unknown.

Tachycardia: Xg = {x2, x2,x3, x&,x&}, where x} — yes (actual diagnosis), xZ — yes (not actual
diagnosis), x2 — no (actual diagnosis), xg — no (not actual diagnosis), x2 — unknown.

Here

dity of heart and vessel diseases: X, = {x2, x2, x3}, where x2 — yes, xZ — no, x3 — unknown.

Smoking: Xg = {x3,x2,x3}, where x3 — yes, x3 — no, x3 — unknown.

Alcohol problems: Xq = {xd,x2, x3}, where x3 — yes, x2 — no, x5 — unknown.

Hypodinamia: X;o = {x1,, x2,, x3,}, where x1, — yes, x%, — no, x3, — unknown.,

These features allow developing a model for identifying diagnostic parameters, with the help of
which it is possible to determine a group of patient health R = {ry,r,, 13, 7,}, where r; is a low risk of
heart and vessel diseases, 7, is a moderate risk, 5 is a high risk, r, is a very high risk.

For determining a health group, a set of aggregated features Q; — Q5 can be used, where Q, is
expressed in terms of X; and X,, Q. is expressed in terms of X, to X;,, Q3 is expressed in terms of X
— Xe.



The values of each health group and each aggregated feature is divided into four classes according
to the corresponding medical technological documentation (unified clinical protocol and local
protocols related to the prevention of heart and vessel diseases.

For example, for forming the feature Q,, the following system of predicate equations can be
formed:

rc12

= g (xd v x3 ey v o) ) v ity V ey (o v )

08 = 33 (w8 xbcto v 38 v x3 et v o)) V (33 v agad) v (B v ity v
v (233 v ) (ko v xde) V xdd (k3 v xd) ) (b V x3o) V xdd (x3ay v ) v
Vx3x3x2(xl, v x4),

q5 = xix%, (xéxg Vx2i(xdv xé)) V (x2xd(xd vad) v (eixd vx3xd)axd)(xZ, vxdy) v

Vazxg (6§ v xg) v (o7 (xg (x5 V x3) V x§xs) V (a7 x§ V x5 x)xgx1o V

v (egcd v x3xd) ) Cedo V o) V g (o v ),

4 _ 131 (ol 2 1.3 v ~31 11 1,21\ wla2(l vy v 1 3 1,11
q; = x7x5x19(xg V x§) V (x7x3 V x3x3)X5%x10 V (x7x8x9 V x7x5(xg V x§ )(xlo V x3) V X7XgXg.

The final classification can be expressed by the following system:

r =qiq3(q3 vV a3) v (qiq5 v (4f v 41)92) g3,

r, =i (qiad va3ad) v (at @ vah vai(@E vad vaiad vai (gl vad)) (gdvad) v
V(gfvad)a;(@5va3) v (aias v (a3 vaDad)as,

r3=q3q3V (qi Vi vai)(gi v a3) (a3 v e vaidi(a: vaz) v (g vVai)azai v
v(aiavaiaivad)adv(aiasvated)(advad),

\rs = (¢1 V499205 V aia3(a3 vV a3) vV qiq3 (a5 vV a3) v aia; (g5 vV 43 V 43)

Let us investigate logic links between discrete features x; — x,,. First of all, let us rewrite the
system of predicate equations in the following form (2):

P(qz, %1, -, X10) = q3(X5x§ (xé Vx5 (xfy v x130)) V x5 x3x5 x5y V x3xgxfo (x5 V x3)) v
V4303 (b Cedicdy v x8) V 3 Cedacdy v xBcle) ) V (2 (x3cd v ) V (o v )iy v
v (233 v xdxd)xd (o v xde) V 3G (k3 v xd) ) (ko V x3o) V xdad (xday v ) v
V x3x3x5 (x1 V x§)) V
V g3 (o (xxd VG (b v ) v Gedad e v ) v (e v ) (o V xi) v
Vazxg (x§ V) v (7 (eg (g V x3) V xgxg) V (675 V x7 xg)xgx1o V
v 3 (g v xdxd) ) (ko v x30) v a3 (B v ) v
Vqr(ctxdxlo(xd vxd) v (xixd v x3xd)xdxly v (x%xéx% Vxix3(xdv xé)) (xlo Va3 v
xixixd) = 1.
It can be seen that this predicate belongs to the class A,. Let us investigate the link between all

variables except x,. This elimination will give us the link between the variables g,,x;, ...,
Xg, Xg, X9, X10-

F = 3x;P(qz, %1, -+, X10) =

103 (63 v 3 (o v x3) ) v xxdady v o (3 v x)) v

=4q;



v a3 (xb (3o v ) v 3 Cedxdo v et ) v (Geded v i) v (e v ety v
V(x3 v a)xd(xZyvad) vai(xév xg)) (el Vad) vai(x3x?yvad) v
V x§x§ (o V xfo)) V
v 3 (3o (x3xd v ad (d v xd) ) v (3 ok v ) v (o v 3 a)ad) (e v ) v
Vxi(xZvxd)v ((xé(x% V) Vadxd) v (x3 vaxd)xdxl, v
v (g v ) ) (ko v x0) v xd (B v ) v

v @3 (et (e v xd) v (xf v xd)adcdo v (xBad v xd ok v x2)) Gedo v o) v xdnd) = 1.

It should be noted that the size of the original formula has not increased, which is because the
predicate P(q,, X1, ..., X10) belongsto A, .

Suppose we are interested in the link between g,, xq, x1,. Let us eliminate the other features from
the predicate F (xy, ..., X10):

G(QZ' xg, xlo) = E|x1Elxz3x33x43x53x63x73x8P(q2, X1y eery xlo) =
= g3 ((x3 v 23 (xdy v x30) ) v By v o (B v ) v
Vg3 ((x%xfo Vx23) v xd(xi, v x%o)) v ((x% V3V (xdvxd)xZyv
v (o V xfo) V (3 V x3) ) Cebo V i) V (o v x3) v
\ xé (x110 \ x120)) v
Vg5 (x50 (x5 V x§) V x3 (xfo V x39) V
V(x3vaxd)v ((x% vxd)vaxdxl,v
V (2 V) (b v xdo) v (xdxdy v ) v

V g5 (x3x1o V x5x10 V (x5 V x5) (x1p V x3p) V x5) = 1.

Again, we have reduced the original formula and obtained a simpler dependence between selected
medical features. After the necessary dependence is obtained, we can solve the resulting equation with
one or several target variables.

5. Conclusions and further research

In this paper finite predicate equations of different types have been considered. The description of
classification problems based on predicate equations have been presented. The problem of object
classification on the basis of features taking on discrete values has been described mathematically as a
solution of predicate equations. A broad class of predicates from which it is possible to delete extra
variables and focus on links between salient variables has been described. A method for deleting non-
salient variables by the application of the existential quantifier has been suggested and demonstrated
on a real-world medical example.

Although some variables in the medical example can take on values “unknown”, we deal with the
closed world here as “unknown” means just an element from the domain for the variable. All the
domains are strictly defined and cannot be completed with any other elements. The main advantage of
this method based on a specific structure of predicate systems lies in the fact that after deleting non-
salient variables the original system (or equation) is simplified, which is due to special properties of
quantifiers. Salient variables are not necessarily fixed forever. It is up to researcher to decide what
logic connections are important at the moment.

As a further research direction, we are going to extend classes of predicates from which it is easy
to delete non-salient variables Such classes are much more complicated than relational structures, but
many practical problems require a corresponding knowledge representation and analysis.
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