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Abstract—Two problems of an object description based on
certain incomplete information received by several agents are
under consideration. An object in the problems is presented as
a set of its elements and is characterized by properties of these
elements and relations between them. The description of an
object is an elementary conjunction of constant atomic predicate
formulas, which are true for this object. It is supposed that all
agents in the first problem have the same name for every object
element. In the second problem, every agent does not know the
true names of the object elements and arbitrarily gives them
names. Algorithms solving the set problems are described and
the upper bounds of these algorithms run steps are proved.
Model examples of an algorithm implementation are given for
the problems.

Keywords— Predicate formulas, multi-agent description, ag-
gregation of information, computational complexity.

I. INTRODUCTION

The use of the predicate calculus language for solving
artificial intelligence problems was proposed in the middle of
the 20th century (e.g. [1]) and continues to be described in
theoretical works (e.g. [2]). It is the language of predicate cal-
culus that allows one to adequately describe complex objects
characterized by the properties of their parts and the relations
between them.

When describing complex structured objects, it is conve-
nient to use the predicate calculus language, as it actually
happens when creating Databases. That is, each object is
represented by a set of its elements. A set of predicates, that
specify properties of elements and relations between them,
is defined on these objects. A description of an object is an
elementary conjunction of all literals with these predicates,
which are true for the object.

Unfortunately, with such a choice of the object descrip-
tion language, the arising problems are, as a rule, NP-hard
problems with computational complexity that exponentially
depends on the length of the initial data record. This is not
a fundamental reason for rejecting this approach, since when
modeling the description of an object in the terms of predicate
calculus using a binary string, the length of such a string
depends exponentially on the length of this description.

In this paper, two models for the aggregation of information
about an object described in terms of predicate calculus
language, obtained from various agents are proposed. In the
proposed models, each agent has a part of the object descrip-
tion, but the difference in the setting is whether an agent knows

the real (or at least common for all agents) names of the parts
of the described object or each agent has the right to name
each part of the object in its own way.

The solution of the first problem is quite simple. It is
presented in the paper mainly to emphasize the complexity
of the second problem.

The second problem resembles the parable of the three blind
men feeling an elephant. In the formulation of the second
problem, it is assumed that each pair of agents has information
about some common part of the object, calling these parts
differently. The main problem is finding and identifying these
common parts.

II. REQUIRED DEFINITIONS

When solving the set problems, important concepts are such
as “isomorphism of predicate formulas”, “maximal common
(up to the argument names) subformula”, “consistency of
descriptions”.

Definition 1. [3] Elementary conjunctions of predicate
formulas P (a1, . . . , am) and Q(b1, . . . , bm) are called iso-
morphic

P (a1, . . . , am) ∼ Q(b1, . . . , bm),

if there are an elementary conjunction R(x1, . . . , xm) and
substitutions of arguments ai1 , . . . , aim and bj1 , . . . , bjm in-
stead of the variables x1, . . . , xm such that the results of these
substitutions R(ai1 , . . . , aim) and R(bj1 , . . . , bjm) coincide
with formulas P (a1, . . . , am) and Q(b1, . . . , bm), respectively,
up to the order of literals.

The substitutions (ai1 → x1, . . . , aim → xm) and (bj1 →
x1, . . . , bjm → xm) are called unifiers of R(x1, . . . , xm) with
P (a1, . . . , am) and Q(b1, . . . , bm) and are denoted as λR,P
and λR,Q, respectively.

In fact, the isomorphism relation of elementary conjunctions
of literals means their coincidence up to the names of variables
and literal order. So, for example, elementary conjunctions
P (x, y, z) = (x < y) & (y < z) and Q(x, 2, 3) = (2 <
x) & (x < 3) do not have common subformulas, but they both
define the ternary relation “one of the numbers lies strictly
between the other two”. More precisely, P (x, y, z) defines
the relation y ∈ (x, z), and Q(x, 2, 3) defines the relation
x ∈ (2, 3). Here R(x, y, z) may be defined as x ∈ (y, z) and
R(x, y, z) = (y < x) & (x < z) with unifiers λR,P = (y →
x, x → y, z → z) and λR,Q = (x → x, 2 → y, 3 → z),
respectively.
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It is easy to see that the isomorphism relation of predicate
formulas is an equivalence relation. The problem of checking
two elementary conjunctions of predicate formulas for isomor-
phism is polynomially equivalent to the “open” problem Graph
isomorphism [4], for the solution of which no polynomial
algorithm is known and its NP-completeness has not been
proved.

Definition 2. [5] Elementary conjunction C(x1, . . . , xn)
is called a common up to the names of arguments sub-
formula of two elementary conjunctions A(a1, . . . , am) and
B(b1, . . . , bk) if it is isomorphic to some sub-formulas
A′(a′1, . . . , a

′
m′) and B′(b′1, . . . , b

′
k′) of A(a1, . . . , am) and

B(b1, . . . , bk), respectively.
The unifiers of C(x1, . . . , xn) with A′(a′1, . . . , a

′
m′) and

B′(b′1, . . . , b
′
k′) will be denoted as λ′C,A and λ′C,B , respec-

tively.
For example, let

A(x, y, z) = p1(x) & p1(y) & p1(z) & p2(x, y) & p3(x, z),

B(x, y, z) = p1(x) & p1(y) & p1(z) & p2(x, z) & p3(x, z).

The formula

P (u, v) = p1(u) & p1(v) & p2(u, v)

is their common up to the names of variables sub-formula
with the unifiers λ′P,A = (x → u, y → v) and λ′P,B = (x →
u, z → v) because

P (x, y) = p1(x)&p1(y)&p2(x, y)

is a sub-formula of A(x, y, z) and

P (x, z) = p1(x)&p1(z)&p2(x, z)

is a sub-formula of B(x, y, z).
Definition 3. [5] Elementary conjunction M(x1, . . . , xn)

is called a maximal common (up to the names of arguments)
sub-formula of two elementary conjunctions A(a1, . . . , am)
and B(b1, . . . , bk) if it is their common up to the names of
arguments sub-formula and after adding any literal to it, it
ceases to be one.

Definition 4. [6] Conjunction of literals from A(x) which
are not in its sub-formula A′(x′) is called a complement of
A′(x′) up to A(x).

A complement of A′(x′) up to A(x) will be denoted by
CA(x)A

′(x′).
Definition 5. [6] Let M(x1, . . . , xn) be a maximal common

(up to the names of arguments) sub-formula of two elementary
conjunctions A(a1, . . . , am) and B(b1, . . . , bk) with unifiers
λ′M,A and λ′M,B , respectively.

Elementary conjunctions A(a1, . . . , am) and B(b1, . . . , bk)
are called contradictory on M(x1, . . . , xn) if their comple-
ments to the formula M(x1, . . . , xn) with substitutions λ′M,A

and λ′M,B , respectively, contain contrarian terms (i.e., there is
a literal such that after applying the unifiers to the formulas
A(a1, . . . , am) and B(b1, . . . , bk) it enters one of them, and
its negation enters the other.)

Show an example of checking for contradiction. Let

A(a, b, c) = p(a, b) & p(b, a) & q(b, a, c),

B(a, b, d) = p(b, a) & p(b, d) & q(a, b, d),

C(a, b, c) = p(a, b) & ¬p(a, c) & q(b, a, c)

Common up to the names of arguments sub-formula of
A(a, b, c) and B(a, b, d) has the form

MAB(u, v, w) = p(u, v) & q(v, u, w)

with unifiers λ′MABA
= (a → u, b → v, c → w) and

λ′MABB
= (b→ u, a→ v, d→ w).

Using the inverse unufiers λ′−1MABA
= (u → a, v → b, w →

c) and λ′−1MABB
= (u→ b, v → a,w → d) we have

A(u, v, w) = p(u, v) & p(v, u) & q(v, u, w)

B(v, u, w) = p(u, v) & p(u,w) & q(v, u, w).

Their complements to the formula MAB(u, v, w)

CA(u,v,w)MAB(u, v, w) = p(v, u),

CB(v,u,w)MAB(u, v, w) = p(u,w)

do not contain contrarian terms. Formulas of A(a, b, c) and
B(a, b, d) are not contradictory on MAB(u, v, w).

Common up to the names of arguments sub-formula of
B(a, b, d) and C(a, b, c) has the form

MBC(u, v, w) = p(u, v) & q(v, u, w)

with unifiers λMBCC = (a → u, b → v, c → w) and
λMBCB = (b → u, a → v, d → w). In analogous way we
have complements of B(a, b, d) and C(a, b, c) to the formula
MAB(u, v, w)

CB(v,u,w)MBC(u, v, w) = p(u,w)

CC(u,v,w)MBC(u, v, w) = ¬p(u,w).

They have contrarian terms. That’s why B(a, b, d) and
C(a, b, c) are contradictory on MBC(u, v, w).

III. SETTING PROBLEMS OF AGGREGATING INFORMATION
ON A COMPLEX STRUCTURED OBJECT

Let an object ω be the set of its elements ω = {ω1, . . . , ωt}
and be characterized by the predicates p1, . . . , pn, specifying
the properties of these elements and relations between them.

There are m agents a1, . . . , am, which can measure some
predicate values on some elements of an object ω (that is,
determine the properties of some elements of the object under
study and some relations between these elements). Each of the
agents a1, . . . , am has information I1, . . . , Im, respectively.
Information Ij is presented as an elementary conjunction with
predicates p1, . . . , pn which is true on ω. The information each
agent possesses is absolutely valid.

Full description of an object is a maximal elementary
conjunction with predicates p1, . . . , pn which is true on ω.
There is a database with full descriptions of all previously
known objects.
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It is needed to obtain a full description of the object ω if it
is possible.

Problem 1. Each agent knows real names of the object
elements.

Construct a full description of the object ω in the form
of a conjunction of literals that specify the properties of its
elements and relations between these elements.

If there is no object in the database the description of
which matches the received one, then find an object from
the existing database, the description of which contains the
received description (or the obtained description is contained
in the description of the object from the database) and analyze
which of the descriptions is not complete.

Problem 2. Each agent does not know real names of the
object elements and gives these elements his own names.

Construct a description of the object ω in the form of
a conjunction of literals that specify the properties of the
elements of a given object and the relations between these
elements, provided that agent aj may not know the real
number of elements in the object ω and assume that it is
dealing with the object ωj = {ωj1, ...ω

j
tj} (element names may

differ for each agent).

IV. SOLUTION OF PROBLEM 1

Since the information possessed by each agent is assumed
to be absolutely valid and the names of the elements of the
complex object ω = {ω1, . . . , ωt} are known to the agents,
then the elementary conjunction I1 & . . . & Im has no
contrarian members, but some literals may be repeated. After
removing duplicate literals, we get an elementary conjunction
I containing all the information collected by the agents.

If the database contains an object with such a description
(more precisely, an object with a description isomorphic to I),
then we can assume that the agents have collected all available
information about the object ω.

If the database contains an object τ with a description S(τ),
which is isomorphic to a subformula of information I , then
you should check if the information about τ is complete.

If the collected information I is isomorphic to a subformula
of the description S(τ) of some object τ from the base,
then you should check whether the collected information is
complete.

Otherwise, you should pairwise select maximal common
(up to the names of arguments) sub-formula of I and de-
scriptions S(τ) for all objects τ from the base. Then check
their complements to I and S(τ) for consistency. If these
additions are inconsistent, then ω is significantly different from
τ . If these additions are consistent, then you should check
whether the collected information I is complete and whether
the information about τ is complete.

V. SOLUTION OF PROBLEM 2

A. Preliminary considerations

Due to the fact that each agent uses its own designations
for the names of object elements, there is no possibility of
direct aggregation of all information received from agents. It is

required to find all possible maximal common (up to the names
of arguments) subformulas of various information and unifiers
for them, that is, such changes of object element names that
the selected subformulas become graphically equal. After that,
“glue” the various parts of the object in accordance with such
common subformulas, provided that the information obtained
about these parts is not contradictory.

An example of not contradictory to their maximal
common (up to the names of arguments) subformula
MAB(u, v, w) = p(u, v) & q(v, u, w) formulas
A(a, b, c) = p(a, b) & p(b, a) & q(b, a, c) and
B(a, b, d) = p(b, a) & p(b, d) & q(a, b, d) was
shown in section 2. We obtained that A(u, v, w) =
p(u, v) & p(v, u) & q(v, u, w) = MAB(u, v, w) &p(v, u)
and B(v, u, w) = p(u, v) & p(u,w) & q(v, u, w) =
MAB(u, v, w) & q(v, u, w).

The formula Aggr(A,B) = p(u, v) & p(v, u) &
q(v, u, w) & p(u,w) is the result of aggregation (“gluing”)
of these two formulas.

The notion of partial consequence of a formula from a
given set of formulas is proposed in [7]. This notion, in
particular, allows to extract their maximal common up to the
names of variables subformula and construct their unifiers. The
notation A(x)⇒P B(y) is used to indicate that not a logical
consequence A(x) ⇒ ∃y 6=B(y),1 is being checked but only
that there is such a subformula B′(y′) of the formula B(y)
and such a sublist y′ of the list of all variables of the formula
B(y) that A(x)⇒ ∃y′6=B′(y′).

In the process of checking A(x) ⇒P B(y), the maximal
common (up to the names of variables) subformula of the for-
mulas A(x) and B(y) and their common unifier are extracted.
A detailed description of the algorithm for extracting common
subformulas and constructing a common unifier is available,
for example, in [3].

B. Algorithm for aggregating information about an object

1) Replace all constants in I1, . . . , Im with variables so that
in each elementary conjunction different constants are
replaced with different variables and variable names in
the variable lists for Ii and Ij for i 6= j do not coincide.
We get a list of elementary conjunctions I ′1, . . . , I

′
m.

2) For each pair of formulas I ′i and I ′j (i 6= j, i =
1, . . . ,m − 1, j = i + 1, . . . ,m) check I ′i ⇒P I ′j
and extract their maximal common (up to the argument
names) subformula Cij and the unifiers λ′i,ij and λ′j,ij .
Each argument of Cij has a unique name.

3) For each pair i, j (i > j), check if there are any
contradictory formulas in I ′i and I ′j after applying the
unifier. That is, either a contradictory pair of atomic
formulas, or a contradictory pair of atomic formulas in
accordance with the definition of the original predicates.
If such a contradiction is revealed, then we remove from
Cij atomic formulas in which there are variables corre-
sponding to those included in the contradictory formulas.

1Hereinafter x is a list of variables. The notation ∃y 6= means “there is a
list of pairwise different values for the list of variables y”
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We change the unifiers to exclude these variables from
them.

4) For each i identify the variables in Cij (j 6= i), which
are substituted into I ′i instead of the same initial variable.
Replace the names of the identified variables in the
substitution part of the unifiers with the same name.

5) Replace the corresponding names of the arguments in
I ′1, . . . , I

′
m with the names assigned to the corresponding

variables in the subformulas obtained in items 2 - 4 using
the obtained unifiers. We get I ′′1 , . . . , I

′′
m.

6) The description I is obtained from I ′′1 & . . . & I ′′m by
removing duplicate conjunctive terms.

7) Check the presence of the received description in the
database. Moreover, if the description I contains the
original variables introduced in item 1, then they may
need to be identified either with each other or with the
newly obtained variables.

VI. ESTIMATES OF THE NUMBER OF STEPS FOR SOLVING
THE PROBLEMS

Solution of Problem 1 is reduced to the removal of
duplicate conjunctive terms in the elementary conjunction
I1 & . . . & Im. If ||Ij || is the number of atomic formulas in Ij ,
then the number of “steps” of this procedure does not exceed∑m−1
i=1

∑m
j=i+1 ||Ii|| · ||Ij || ≤

m(m−1)
2 (maxmj=1 ||Ij ||)2. Here

a step is a comparison of two atomic formulas for graphic
coincidence.

The total number of steps for solving Problem 1 is
O(m2||I||2), where ||I|| is the maximal number of atomic
formulas in I1, . . . , Im.

If it is additionally needed to find the described object in
the database, then the number of steps will increase by the
number required for searching in the database and depending
on the size of the database and the way the data is organized
in it.

To estimate the number of steps for solving Problem 2 let’s
estimate the number of steps required to complete each item
separately.

1) Replacing constants with variables requires
∑m
j=1 ||Ij ||

“steps”.
2) Checking Ii ⇒P I ′j requires O(ti

tj · 2||Ii||) “steps”
for the exhaustive search algorithm, where ti is the
number of arguments of the elementary conjunction
Ii, and O(si

||Ij || · ||Ii||3) for an algorithm based on
finding an inference in the sequential predicate calculus,
or by the resolution method for predicate calculus,
where si is the maximum number of atomic formulas
with the same predicate in Ii. (These estimates are
obtained in [8].) These estimates should be summed over
i = 1, . . . ,m− 1, j = i, . . .m.
In total, we get O(tt · ||I|| · m2) “steps” for the ex-
haustive search algorithm, where t and ||I|| are the
maximal numbers of arguments and atomic formulas in
Ii (i = 1, . . .m), respectively. For an algorithm based
on inference search in the sequential predicate calculus
or the resolution method for predicate calculus, this

estimate is O(s||I|| · ||I||3 ·m2), where s is the maximal
number of atomic formulas with the same predicate in
Ii.

3) Checking the consistency of the formula I ′i requires
||Ii|| “steps”. In total, the execution of this point of
the algorithm requires no more than

∑m
i=1(m− i)||Ii||

“steps”, which is O(m2||I||) “steps”.
4) For each i, the identification of variables in Cij (j > i)

consists in looking at the substituted part of the unifiers
and checking if the substituted part matches. This will
take no more than (m− i)ti “steps”.
In total, the execution of this point of the algorithm
requires no more than

∑m
i=1(m − i)ti “steps”, which

is O(m2t) “steps”.
5) The number of “steps” of changing variable names is

linear under
∑m
j=1 ||Ij ||, which is O(m||I||) “steps”.

6) The number of “steps” for removing repeated conjunc-
tive terms does not exceed

∑m−1
i=1

∑m
j=i+1 ||Ii|| · ||Ij ||

and is O(m2||I||2).
7) The number of steps depends on the number of steps

required to search the database and depends on the size
of the database and the way the data is organized in
it. If the description I contains the original variables
introduced in section 1, then this number of steps should
be multiplied by a value not exceeding n1n2, where n1
and n2 are the numbers of original variables and all
variables in the resulting description, respectively.

The total number of steps of the algorithm for solving
Problem 2 is O(tt · ||I|| ·m2) steps for the exhaustive search
algorithm, where t and ||I|| are the maximal numbers of argu-
ments and atomic formulas in Ii (i = 1, . . . ,m), respectively,
and O(s||I|| · ||I||3 ·m2) for an algorithm based on inference
search in sequential predicate calculus or by the resolution
method for predicate calculus, where s is the maximal number
of atomic formulas with the same predicate in each elementary
conjunction Ii.

Analysis of the procedure for obtaining this estimate shows
that the main contribution to it comes from the number of
incomplete derivability checks performed.

VII. EXAMPLES

Consider the solution of Problems 1 and 2 by the example
of describing the contour image of a “box” in terms of the
predicates V and L, which specify the relations between the
vertices shown in Fig. 1.

@
@
�� x

y z V (x, y, z)⇐⇒ (∠yxz < π)

xy z L(x, y, z, )⇐⇒ x ∈ (y, z)

Fig. 1. Initial predicates.

Three agents examine different parts of the image shown in
Fig. 2.
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Fig. 2. Image of a “box”.
This image is in the database and has a description

V (a, b, e)&V (e, a, f)&V (e, f, g)&V (e, a, g)&

V (g, e, h)&V (b, c, a)&V (b, f, a)&V (b, d, c)&

V (b, d, f)&V (b, d, a)&V (c, b, d)&V (c, d, f)&

V (f, e, c)&V (f, e, b)&V (f, c, 8)&V (f, b, h)&

V (f, h, e)&V (d, c, b)&V (d, h, c)&V (d, h, b)&

V (h, g, f)&V (h, f, d)&V (h, g, d)&L(c, b, f).

Solution of Problem 1. Each of the agents received,
respectively, descriptions of the image fragments shown in Fig.
3.

��

1

4 5 6

7 8

��

1 2

4 5 6

7

�
�

��

1 2

34 5 6

7 8

Fig. 3. Fragments of the image obtained by agents when
solving problem 1.

Each of these descriptions has a form.2

I1 = V (4, 5, 1) & V (4, 6, 1) & V (4, 7, 5) & V (4, 7, 6) &

V (4, 7, 1) & V (5, 4, 7) & V (5, 7, 6) &

L(5, 4, 6) & V (7, 5, 4) &V (7, 8, 5) & V (7, 8, 4),

I2 = V (1, 4, 2) & V (4, 5, 1) & V (4, 6, 1) & V (4, 7, 5) &

V (4, 7, 6) & V (4, 7, 1) & L(5, 4, 6),

I3 = V (2, 1, 6) & V (2, 6, 3) & V (2, 1, 3) & V (6, 2, 5) &

V (6, 2, 4) & V (6, 5, 8) & V (6, 4, 8) & V (6, 8, 2) &

V (8, 3, 6) & V (8, 6, 7) & V (8, 3, 7).

The conjunction of these descriptions gives a description
isomorphic to that of the object in the database. The unifier is
(1→ a, 2→ e, 3→ g, 4→ b, 5→ c, 6→ f, 7→ d, 8→ h).

Solution of Problem 2.3 Each of the agents received,
respectively, descriptions of the image fragments shown in Fig.
4.

2Arguments of Ij will be ommited while it is not important.
3In this example, the extraction of the maximal common (up to the argument

names) sub-formula of two formulas, the determination of the common unifier
and the expression of the formulas by means of the extracted subformulas
were carried out using a program written by a student of St. Petersburg State
University Petrov D.A.

��

a4

a1 a2 a5

a3 a6

��

b3 b4

b1 b2 b5

b6

��

��

c5 c1

c2c6 c7 c3

c8 c4

Fig. 4. Fragments of the image obtained by agents for
solving problem 2.

In accordance with item 1 of the algorithm, we replace
all constants with variables so that different constants are
replaced with different variables. Each of these descriptions
has a corresponding form.

I1(x) = V (x1, x2, x4)&V (x1, x5, x4)&V (x1, x3, x2)&
V (x1, x3, x5)&V (x1, x3, x4)&V (x2, x1, x3)&
V (x2, x3, x5)&V (x3, x2, x1)&V (x3, x6, x2)&
V (x3, x6, x1)&L(x2, x1, x5),

I2(y) = V (y3, y1, y4)&V (y1, y2, y3)&V (y1, y5, y3)&
V (y1, y6, y2)&V (y1, y6, y5)&V (y1, y6, y3)&
L(y2, y1, y5),

I3(z) = V (z1, z5, z3)&V (z1, z3, z2)&V (z1, z5, z2)&
V (z3, z1, z7)&V (z3, z1, z6)&V (z3, z7, z4)&
V (z3, z6, z4)&V (z3, z4, z1)&V (z4, z2, z3)&
V (z4, z3, z8)&L(z7, z6, z3),

where (x) = (x1, . . . , x6), (y) = (y1, . . . , y6), (z) =
(z1, . . . , z10).

Pairwise verification of incomplete deducibility (item 2
of the algorithm) for these descriptions gives their maximal
common (up to the argument names) sub-formulas.

Formula
C1,2(u) = V (u0, u1, u2)&V (u0, u3, u2)&V (u0, u4, u1)&

V (u0, u4, u3)&V (u0, u4, u2)&L(u1, u0, u3)

has unifiers λ′I1,C1,2
= (u0 → x1, u1 → x2, u4 → x3, u2 →

x4, u3 → x5) and λ′I2,C1,2
= (u0 → y1, u1 → y2, u2 →

y3, u3 → y5, u4 → y6) and corresponds to the image in Fig.5.

�
�

u2

u0 u1 u3

u4

Fig. 5. Image corresponding to the maximal common (up to
the argument names) subformula of I1 and I2.

With such denotations
I1(u0, u1, u2, u3, u4, x6) = V (u1, u0, u4)&V (u1, u4, u3)&

V (u4, u1, u0)&V (u4, x6, u1)&
V (u4, x6, u0)&C1,2(u0, . . . , u4)

I2((u0, u1, u2, y4, u3, u4) = V (u2, u0, y4)&C1,2(u0, . . . , u4).

Formula
C2,3(v) = V (v6, v2, v7) & V (v2, v4, v6) & V (v2, v5, v6)

& V (v2, v0, v4) & V (v2, v0, v5)

has unifiers λ′I2,C2,3
= (v2 → y1, v4 → y2, v6 → y3, v7 →

y4, v5 → y5, v0 → y6) and λI3,C′
2,3

= (v0 → z1, v2 →
z3, v6 → z5, v5 → z6, v4 → z7, v7 → z8) and corresponds to
the images in Fig. 6.
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v7 v6rr
Fig. 6. Images corresponding to the maximal common (up to

the argument names) subformula of I2 and I3.

With such denotations
I2(v2, v4, v6, v7, v5, v0) = V (v2, v0, v6) &

L(v4, v2, v5) &
C2,3(v0, v2, v4, v5, v6, v7)

I3((v0, z2, v2, v6, z5, v5, v4, v7) = V (v2, v6, v0) &
V (v0, z5, v2) &
V (v0, v2, z2) &
V (v0, v5, z2) &
V (v6, z2, v2) &
V (v6, v2, v7) &
L(v4, v5, v2) &
C2,3(v0, v2, v4, v5, v6, v7).

Since, by the definition of the predicate V , it is true
that V (x, y, z) = ¬V (x, z, y), and I2(v2, v4, v6, v7, v5, v0)
contains V (v2, v0, v6), and I3((v0, z2, v2, v6, z5, v5, v4, v7)
contains V (v2, v6, v0), I2(v2, v4, v6, v7, v5, v0) and
I3((v0, z2, v2, v6, z5, v5, v4, v7) are inconsistent.

After removing the variables y1 and z3 (instead of which
a new variable v2, marked in Fig. 6, was substituted, which
led to a contradiction) from I2 and I3, respectively, we obtain
their new maximal subformula C ′2,3(v0, v1, v2) = L(v1, v0, v2)
and unifiers λ′I2,C′

2,3
= (v0 → y1, v1 → y2, v2 → y3) and

λ′I3,C′
2,3

= (v2 → z3, v0 → z6, v1 → z7). In this case

I2(v0, v1, v2, y4, y5, y6) = V (v2, v0, y4) &
V (v0, v1, v2) &
V (v0, y5, v2) &
V (v0, y6, v1) &
V (v0, y6, y5) &
V (v0, y6, v2) &
C ′2,3(v0, v1, v2),

I3(z1, z2, v2, z4, z5, v0, v1, z8) = V (z1, z5, v2) &
V (z1, v2, z2) &
V (z1, z5, z2) &
V (v2, z1, v1) &
V v2, z1, v0) &
V (v2, v1, z4) &
V (v2, v0, z4) &
V (v2, z4, z1) &
V (z4, z2, v2) &
V (z4, v2, z8) &
V (z4, z2, z8) &
C ′2,3(v0, v1, v2).

Formula
C1,3(w0, . . . , w6) = V (w2, w4, w6) & V (w2, w5, w6) &

V (w2, w0, w4) & V (w2, w0, w5) &
V (w0, w1, w2)

has unifiers λ′I1,C1,3
= (w2 → x1, w4 → x2, w0 → x3, w6 →

x4, w5 → x5, w1 → x6) and λ′I3,C1,3
= (w0 → z1, w2 →

z3, w6 → z4, w1 → z5, w5 → z6, w2 → z7)and corresponds
to the images in Fig. 6.

�
�

w6

w2 w4 w5

w0 w1

��

�
�

w1 w0

w5 w4 w2

w6rr
Fig. 7. Images corresponding to the maximal common (up to

the argument names) sub-formula of I1 and I3.

Similar to the formula C2,3, one can show that if I1
and I3 are expressed in terms of C2,3, then they will be
contradictory. The variables x1 and z3 (instead of which a
new variable w2, marked in Fig. 7, was substituted, which
led to a contradiction) should be removed from the uni-
fiers. So, one should take the formula C ′1,3(w0, w1, w2) =
L(w1, w0, w2) for a common subformula of I1 and I3, and
the unifiers λ′I1,C′

1,3
= (w0 → x1, w1 → x2, w2 → x5)

and λ′I3,C′
1,3

= (w2 → z3, w1 → z4, w0 → z5)|z3z4z5w2w1w0
. In this

case
I1(w0, w1, x3, x4, w2, x6) = V (w0, w1, x4)&

V (w0, w2, x4)&
V (w0, x3, w1) &
V (w0, x3, w2) &
V (w0, x3, x4) &
V (w1, w0, x3) &
V (w1, x3, w2) &
V (x3, w1, w0) &
V (x3, x6, w1) &
V (x3, x6, w0) &
C ′1,3(w0, w1, w2),

I3(z1, z2, w2, w1, w0, z6, z7, z8) = V (z1, w0, w2) &
V (z1, w2, z2) &
V (z1, w0, z2) &
V (w2, z1, z7) &
V (w2, z1, z6) &
V (w2, z7, w1) &
V (w2, z6, w1) &
V (w2, w1, z1) &
V (w1, z2, w2) &
V (w1, w2, z8) &
V (w1, z2, z8) &
C ′1,3(w0, w1, w2).

In accordance with item 3 of the algorithm in the obtained
pairs of unifiers λ′I1,C1,2

and λ′I2,C1,2
, λ′I2,C′

2,3
and λ′I3,C′

2,3
,

λ′I1,C′
1,3

and λ′I3,C′
1,3

we identify the variables substituted for
the same initial variable:
u0 and w0 (are substituted instead of the variable x1),
u1 and w1 (are substituted instead of the variable x2),
u2 and w2 (are substituted instead of the variable x4),
u0 and v0 (are substituted instead of the variable y1),
u1 and v1 (are substituted instead of the variable y2),
u2 and v2 (are substituted instead of the variable y3),
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v0 and w0 (are substituted instead of the variable z6),
v1 and w1 (are substituted instead of the variable z3),
v2 and w2 (are substituted instead of the variable z7).
Moreover,we wright
– α0 instead of variables u0, v0 and w0,
– α1 instead of variables u1, v1 and w1,
– α2 instead of variables u3, v2 and w2.
The resulting descriptions correspond to the images shown

in Fig. 8.

��

u2

α0 α1 α2

u4 x6

��

u2 y4

α0 α1 α2

u4

��

��

z5 z1

z2α0 α1 α2

z8 z4

Fig. 8. Images corresponding to I ′′1 , I ′′2 and I ′′3 .

The result of their “gluing” is shown in Fig. 9.

�
�

�
� �

�

u2 z1y4 z5

z2α0 α1 α2

u4 z4x6 z8

Fig. 9. Image corresponding to the result of “gluing”.

It remains to identify some of the original variables (x6, y4,
z1, z2, z4, z5, z8,) with other variables to get a description of
the object in the database. Such identification can be done by
exhaustive search. The description of the object from the base
will be obtained by identifying the following pairs of variables:

x6 = z4, y4 = z1, z5 = u2, z8 = u4.
The variables are assigned the following values:

z5 = u2 = 1, y4 = z1 = 2, z2 = 3, α0 = 4,
α1 = 5, α2 = 6, z8 = u4 = 7, x6 = z4 = 8.

VIII. CONCLUSION

An algorithm for solving a rather complex problem of
aggregation non-complete information about a complex struc-
tured object described in the predicate calculus language is
proposed in the work. Descriptions of such objects by means
of binary strings are rather cumbersome and the length of
their record is exponential in comparison with the length of
the record in the predicate calculus language. This explains
the naturalness of the fact that the solution of this problem is
exponential under the length of an object description.

The analysis of the complexity estimates of the proposed
algorithms obtained in this work makes it possible to impose
conditions on the original predicates in order to reduce the real
time of the algorithm operation. So, for example, the presence
of a large number of initial predicates-features, each of which
is quite rare in descriptions, reduces the number of steps of
the algorithm.
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