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Abstract—When solving artificial intelligence problems related to the study of complex structured objects, a
convenient tool for describing such objects is the language of predicate calculus. The paper presents two algo-
rithms for checking the isomorphism of pairs of elementary conjunctions of predicate formulas (they coincide
up to variable names and the order of conjunctive terms). The first of the algorithms checks elementary con-
junctions containing a single predicate symbol for isomorphism. Furthermore, if the formulas are isomor-
phic, it finds a one-to-one correspondence between the arguments of these formulas. If all predicates are
binary, the proposed algorithm is an algorithm for checking two directed graphs for isomorphism. The second
algorithm checks elementary conjunctions containing multiple predicate symbols for isomorphism. Esti-
mates of their time complexity are given for both algorithms.
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1. INTRODUCTION

When solving problems related to the study of com-
plex structured objects (CSO), a convenient tool for
describing such objects is the predicate calculus lan-
guage. This way of describing the CSO was proposed
in the middle of the XX century in [1, 10] and many
other authors, and also continues to be considered
currently, for example, in [11].

The main problem of using the predicate calculus
language is the NP-hardness [2] or GI-hardness [7] of
problems arising in such descriptions of objects and
classes of objects.

To decrease the computational complexity of such
problems, the creation of a multilevel description of
classes was proposed in [3] and clarified in [5]. In
these works, generalized predicates were used to create
a multilevel description of polyhedra, which were
obtained based on the specifics of the descriptions of
polyhedra. However, there remains the question of
obtaining generalized predicates for arbitrary classes of
objects.

To solve this problem, the concept of the maximum
common property (MCP) of objects was introduced,
in the initial descriptions of which there are arbitrary
properties of the elements of the CSO and relation-
ships between these elements. The basic concept for
the extraction of MCP is the concept of isomorphism
of elementary conjunctions of predicate formulas [6].
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Except constructing a multilevel description of
objects, MCP extraction can be used, for example, to
construct an ontology [8, 9].

The first step to develop an MCP allocation algo-
rithm is to develop an algorithm for checking two ele-
mentary conjunctions of predicate formulas for iso-
morphism (matches up to the names of variables and
the order of conjunctive terms).

This paper presents two algorithms for checking
two elementary conjunctions for isomorphism, based
on the algorithm proposed in [4].

The first of the algorithms checks for isomorphism
elementary conjunctions containing a single predicate
symbol. In addition, if the formulas are isomorphic,
then it finds a one-to-one correspondence between
the arguments of these formulas.

Provided that all predicates are binary, the pro-
posed algorithm is an algorithm for checking two
directed graphs for isomorphism.

The second algorithm checks for isomorphism ele-
mentary conjunctions containing several predicate
symbols.

Estimates of their time complexity are given for
both algorithms.

2. NECESSARY DEFINITIONS

Definition 1. A complex structured object (CSO) is an
object , the elements  of those have
specified properties (satisfy unary predicates) and are
in specified relationships (satisfy multiplace predi-
cates). Let these predicates are .

{ }1,...,  tω = ω ω ωi

1,..., np p
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ALGORITHMS OF ISOMORPHISM OF ELEMENTARY CONJUNCTIONS CHECKING 103
Definition 2. Description  of a CSO  is an ele-
mentary conjunction of atomic formulas with predi-
cates , which is the maximum in the number of
literals, and is true for ω.

Definition 3. Two elementary conjunctions of
atomic formulas of predicate calculus, 
and  are called isomorphic,

if there is such an elementary conjunction 
and permutations  and  of arguments
of formulas  and  correspond-
ingly, so that substituting all occurrences of variables

 of the formula  with 
and  we obtain formulas  and

 that coincide with the formulas
 and , respectively, up to the

order of literals.

The resulting substitutions 1 and 

are called unifiers of formulas  and
 with the formula , respec-

tively.
In the above definition, one could do without

introducing the formula  into it, as this is
done in the definition of isomorphic graphs. But,
firstly, it is to take into account that no substitution in
the formula instead of constants is allowed. Secondly,
in the future, this formula will act precisely as a for-
mula with variables that sets the common property of
two CSO.

Note that the arguments of elementary conjunc-
tions  and  can be both object variables and object
constants. In addition, the concept of isomorphism of
elementary conjunctions of atomic formulas of predi-
cate calculus differs from the concept of equivalence of
these formulas, because they can have significantly
different arguments. In fact, for isomorphic formulas,
there are such permutations of their arguments that
they define the same relation between these argu-
ments.

Definition 4. An elementary conjunction that does
not contain constants is called a common property of
two objects if it is isomorphic to some subformulas of
each of the descriptions of these objects.

Definition 5. An elementary conjunction that does
not contain constants is called a maximum common

1 The notation  is used to replace all free occurrences

in the formula  of variables  with constants 
respectively.

( )ωS ω

1,..., np p

( )1,..., mP a a
( )1,..., mQ b b

( ) ( )1 1,..., ~ ,..., ,m mP a a Q b b
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…
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…
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( )1,..., mR x x
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property (MCP) of two objects if it is their common
property with the largest number of literals.

Definition 6. A string of the form
, where  is the number of occur-

rences of the variable  as the th argument of the lit-
eral is called a characteristic of an argument  in the
elementary conjunction of literals with the only one

-ary predicate symbol.
Definition 7. An ordered
• by the minimal nonzero number of occurrences

of the variable in the 1st, 2nd, … , kth place;
• by the minimal nonzero number of occurrences

of other variables among a group with the same mini-
mal nonzero number of occurrences of a variable
string of the form  = , where  is
the number of variables in , is called a characteristic
of an elementary conjunction  of literals with the same

-ary predicate symbol.
Example 1. For elementary conjunction

the characteristics of the arguments have the form

and the characteristic of this formula is

Theorem 1 [4]. In order for two elementary conjunc-
tions of literals with the same predicate symbol to be iso-
morphic, it is necessary that their characteristics are
equal.

Definition 8. The number of arguments in the for-
mula that have this characteristic value is called the
length of the characteristic value.

When describing the algorithm for checking for
isomorphism of two elementary conjunctions R and F
containing a single predicate symbol (moreover, the
elementary conjunction R contains variables, and the
elementary conjunction F contains only constants),
the structure mapping will be used. Let  be a
list of all variables with the same characteristic in the
formula R,  be a list of constants with the
same characteristic in the formula F. Then the struc-
ture mapping has the form .

( ) ( )χ = 1,...,i ka n n jn
ia j

ia

k

( )χ C ( ) ( )( )χ χ
1

,...,
ni ia a n

C
C

k

( ) ( ) ( ), , & , , & , ,P d b e P e f a P a b c

( ) ( )& , , & , ,P e d c P a f d

( ) ( )χ = 2,0,1 ,a

( ) ( )χ = 0,2,0 ,b

( ) ( )χ = 0,0,2 ,c

( ) ( )χ = 1,1,1 ,d

( ) ( )χ = 2,0,1 ,e

( ) ( )χ = 0,2,0 ,f

( ) ( ) ( ) ( ) ( ) ( ) ( )( )χ = χ χ χ χ χ χ, , , , ,C d a e b f c

( ) ( ) ( ) ( ) ( ) ( )( )= 1,1,1 2,0,1 2,0,1 0,2,0 0,2,0 0,0,2 .

…
1

[ , , ]
ki ix x

…
1

[ , , ]
kj jc c

… …
1 1

{[ , , ] : [ , , ]}
k ki i j jx x c c
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104 KOSOVSKAYA, ZHOU
That is, each of these constants is possible for substi-
tution in R instead of any of these variables, and no
other constant from F is suitable for substitution in R.

More precisely, this structure is initially con-
structed as follows: in a cycle by the values of the char-
acteristics of variables:

– write out all the variables of the formula R having
the same characteristic value,

– write out all the constants of the formula F that
have the same characteristic value.

Example 2. In Example 1 for elementary conjunc-
tion

its characteristic was calculated

For elementary conjunction

its characteristic has the form

As you can see, the characteristics match.
The structure mapping is a list of all pairs ordered in

ascending order of the lengths of the pairs

Definition 9. A pair of subformulas R ' and F ' of ele-
mentary conjunctions R and F, respectively, is called
contradictory if there is a pair {[…xt, …] : […cr, …]} in
the structure mapping’for R ' and F ', but in the struc-
ture mapping for R and F a pair {[..,xt, …] : [……]} does
not contain cr or the pair {[……] : […cr, …]} does not
contain xt.

3. ALGORITHM ISOM-1 FOR CHECKING 
ISOMORPHISM OF TWO ELEMENTARY 

CONJUNCTIONS CONTAINING A SINGLE 
PREDICATE SYMBOL

Let two elementary conjunctions of literals F1(a1,
…, an) and F2(b1, …, bn) with the same number of liter-
als with a single predicate symbol be given. To check
them for isomorphism, the following algorithm is pro-
posed.

(1) Find the characteristics of elementary conjunc-
tions F1(a1, …, an) and F2(b1, …, bn).

(2) If the characteristics do not coincide, then the for-
mulas are not isomorphic. The algorithm stops its run.

= ( , , ) & ( , , ) & ( , , )C P d b e P e f a P a b c

& ( , , ) & ( , , ),  P e d c P a f d

( )
( )

χ = χ χ χ χ χ χ
=

( ) ( ), ( ), ( ), ( ), ( ), ( )
(1,1,1),(2,0,1),(2,0,1),(0,2,0),(0,2,0),(0,0,2) .

C d a e b f c

= v v'  ( , , ) & ( , , ) & ( , , )C P y x z P z u P x w

& ( , , ) & ( , , ) ,P z y w P u yv

( )
( )

χ = χ χ χ χ χ χ
=

v( ') ( ), ( ), ( ), ( ), ( ), ( )
(1,1,1),(2,0,1),(2,0,1),(0,2,0),(0,2,0),(0,0,2) .

C y z u x w

v{ [ ] : [ ],  [ ] : [ ],  [ , ] : [ , ],  [ , ] : [ , ]}.y d w c z a e x u b f
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(3) As a formula R(x1, …, xn) take the formula F1(a1,
…, an). The unifier of formulas R(x1, …, xn) and F1(a1,

…, an) is an identical substitution .

(4) For each value of the characteristics of the argu-
ments of the formulas R(x1, …, xn) and F2(b1, …, bn)
calculate its length.

(5) Write out the argument lists for R(x1, …, xn) and
F2(b1, …, bn) having the same characteristic.

(6) Fill in the mapping structure for R(x1, …, xn) and
F2(b1, …, bn).2

(7) If in the mapping structure every pair has a
length greater than 1, then go to Item 14.

If there are both pairs with a length equal to 1 and
pairs with a length greater than 1, then go to Item 8.

Otherwise, mapping contains only entries of the
form [xi] : [bj] with a length equal to 1. This means that
the value for xi can only be bj. A unifier was found for
R(x1, …, xn) and F2(b1, …, bn) containing all variables.
The formulas are isomorphic. The algorithm stops
its run.

(8) For each pair of mapping structure with the
length 1 of the form [xi] : [bj] replace the variable xi in
the formula R with the constant bj.

(9) If the formulas R and F2(b1, …, bn) coincide up
to the permutation of literals, then the formulas are
isomorphic. The algorithm stops its run.

(10) Otherwise, divide each of the formulas R and
F2(b1, …, bn) into sub-formulas R+ and  containing

only literals with the constant bj, and R−, , in which
the constant bj is missing.

(11) If the numbers of literals in the formulas R+

and  are not equal, the formulas are not isomorphic.
The algorithm stops its run.

Otherwise, check R+ and  for inconsistency.

(12) If R+ and  are contradictory, then the for-
mulas are not isomorphic. The algorithm stops its run.

(13) If there is no inconsistency, then we take the
value bj as the value for the variable xi in the formula R+

and in mapping.
If values are found for all variables in R+, then take

R−,  as R and F2. Proceed to the execution of Item 7.
If there are variables left in R+, then delete literals

without variables in R+ and  and take them as R and
F2. Go to Item 15.

2 Because in the process of the algorithm run, some (and eventu-
ally all) variables in the formula R(x1, …, xn) will be replaced
with constants, then in the further description of the algorithm,
the arguments of this formula will not be written out and we will
simply write R.

…
…λ = 1

1 1

, ,
  , ,

n

n

x x
R F a a

+
2F

−
2F

+
2F

+
2F

+
2F

−
2F

+
2F
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Fig. 1. Block-scheme of the algorithm ISOM-1.

Initial data of the

1. Find the characteristics

2. Are the
characteristics

different?

algorithm F1(a1, ..., an) and
F2(b1, ..., bn) are given.

Yes

Yes

14. The
minimal

length k is
greater

then 1, then
put all k2

possible
values on the
stack. Take a
pair from the

stack and
and go to 8

Yes
Isomorphic,

unfiers
F1(a1, ..., an)

with
F2(b1, ..., bn)

are found.
Stop

Isomorphic,
unfiers

F1(a1, ..., an)
with

F2(b1, ..., bn)
are found.

Stop

No

No

NoNot
isomorphic.

Stop

Not
isomorphic.

Stop

Yes

No

No

Yes

Isomorphic, unfiers

are found. Stop

Check R+ and F2 for inconsistency

11. Are the
nembers of literals in

the formulas R+and F2
+

Yes

10. Divide each of the formulas R
and F2 into subformulas R+, F2

+

9. Do R and F2
coincide?

Yes

Replece the variable xi in the

8. Has every pair
a length = 1 ?

Not
isomorphic.

Stop

No

No
Both pairs with a length equal to

oe greater than 1

7. Has every pair
a length > 1?

3. The formulas are possibly
isomorphic. Ibtain the unifier if

formulas R and F1

4. Calculate length

5. Write out the argument list

6. Fill in the structure mapping

formula R with the constant bj

and R�, F2
�

are equal?

12. Are R+and F2
+

in R+and F2
+ and

contradictoey?

take them as R and F2 

13. Delete literals without variables

15. Have
values of all variables been

found?

F1(a1, ..., an) with F2(b1, ..., bn)  
(14) If the minimal length k of the pair
 in the structure mapping is

greater than 1, then put all k2 possible values for one
variable  for ,  on the
stack. Take a pair from the stack and in mapping
replace  with .
Repeat Items 8–13 until a value for the variable  is
found or one of the following situations occurs:

(a) Formulas R and F2(b1, …, bn) coincide up to the
permutation of literals, i.e., formulas F1(a1, …, an) and
F2(b1, …, bn) are isomorphic.

(b) The numbers of literals in formulas R+ and 
are not equal (formulas F1(a1, …, an) and F2(b1, …, bn)
are not isomorphic).

(c) Inconsistency found  in R+ and  (formu-
las F1(a1, …, an) and F2(b1, …, bn) are not isomorphic).

(15) Check whether the values of all variables have
been found. If yes, then the formulas are isomorphic,
the algorithm stops its run.

If not, then go to Item 7.
The block-scheme of the algorithm ISOM-1 is pre-

sented in Fig. 1.
Comment. If the formulas are isomorphic and you

need to find all their unifiers, then after answering that
they are isomorphic, you should check that the stack
started in Item 14 of this algorithm is not empty.

4. ABOUT THE ALGORITHM
ISOM-1 COMPLEXITY

Items 1–13 of the algorithm are executed in a poly-
nomial (no more than a quadratic) number of steps.
The main contribution to the evaluation of computa-
tional complexity is made by the implementation of
Item 14 of the algorithm.

In the worst case, after the first execution of Item 7,
the algorithm proceeds to the Item 14. Here there is an
exhaustive search – a tree with height k and degrees of
branching k2, (k – 1)2, …. Thus, the upper bound of
the computational complexity of the algorithm is

, where n is the number of arguments in each of
the formulas.

5. GRAPH ISOMORPHISM
In [7] it is proved that the problem of checking two

elementary conjunctions for isomorphism is polyno-
mially equivalent to the problem of checking for iso-
morphism of two graphs (GI). Moreover, the GI prob-
lem is a narrowing of the considered problem if there
is only one predicate in the elementary conjunction
and it is two-place.

In particular, if the graph is oriented and without
loops, then the characteristic of the vertex is a pair: the

… …
1 1

{[ , , ] : [ , , ]}
k ki i j jx x b b

{[ ] : [ ]}
r ti jx b ≤ ≤1 r k ≤ ≤1 t k

… …
1 1

{[ , , ] : [ , , ]}
k ki i j jx x b b {[ ] : [ ]}

r ti jx b

rix

+
2F

+
2F

log2n n
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106 KOSOVSKAYA, ZHOU
degree of exodus (the number of edges leaving the ver-
tex) and the degree of entry (the number of edges
entering the vertex). In this case, the algorithm pro-
posed above can be applied without changes.

For a nonoriented graph, its degree acts as a char-
acteristic of a vertex.

6. ALGORITHM ISOM FOR CHECKING 
ISOMORPHISM OF TWO ELEMENTARY 

CONJUNCTIONS CONTAINING SEVERAL 
PREDICATE SYMBOLS

Let two elementary conjunctions of literals F1(a1,
…, an) and F2(b1, …, bn) with the same number of liter-
als with multiple predicate characters p1, …, pm be
given. It is required to check them for isomorphism
and, in the case of isomorphism, find the elementary
conjunction R(x1, …, xn) and its unifiers with F1(a1, …,
an) and F2(b1, …, bn).

To solve this problem, it is necessary to expand the
definition of the characteristic of an argument and the
characteristic of an elementary conjunction.

By means of  we will denote a subformula of ele-
mentary conjunction C containing all literals with
k-ary predicate symbol pi and only them.

Definition 10. A string of the form
 is called a characteristic of the

argument ai in the subformula  of the elementary con-
junction C. Here (n1, …, nk) is a characteristic of an ele-
mentary conjunction  with one predicate symbol pi.

Definition 11. The list of characteristics of the
arguments of an elementary conjunction C, ordered by
increasing the number of variables in the subformulas

 (i = 1, …, m) is called a characteristic of an elemen-
tary conjunction C.

It is necessary to make small changes to the structure
mapping. This structure for the elementary conjunction C
will consist of a list of structures mapping (marked by the
predicate symbol) for the subformulas .

Example 3. For the elementary conjunction

its characteristic has the form

To check elementary conjunctions with several
predicate symbols for isomorphism and, if they are
isomorphic, to find the elementary conjunction
R(x1, …, xn) and its unifiers with F1(a1, …, an) and

ipC

χ = …1( ) ( , , )
ip i i ka p n n

ipC

ipC

ipC

ipC

( , , , , , )C x y a b c d

= 1 1 1 1( , ) & ( , ) & ( , ) & ( , )p x y p a b p c d p d y

2 2& ( , , , ) & ( , , , )p x z a b p x y b a

2 1
( ( , , , , , , )) ( ( ), ( ))p pC x y z a b c d C Cχ = χ χ

= 2((2,0,0,0),(0,1,0,0),(0,1,0,0),(0,0,1,1),(0,0,1,1)),p

1((1,0),(0,2),(0,0),(1,0),(0,1),(1,0),(1,1)).p
PATTERN RECOGNIT
F2(b1, …, bn), the following algorithm ISOM is pro-
posed.

(1) Find the characteristics of elementary conjunc-
tions F1(a1, …, an) and F2(b1, …, bn).

(2) If the characteristics do not coincide, then the
formulas are not isomorphic. The algorithm stops
its run.

(3) As a formula R(x1, …, xn), take the formula
F1(a1, …, an). The unifier of formulas R(x1, …, xn) and

F1(a1, …, an) is an identical substitution .

(4) Pick the predicate pi, for which the formula 
contains the minimal number of variables.3

(5) Check the subformulas  and  for isomor-
phism using the algorithm ISOM-1 described above.

(6) If  and  are not isomorphic, then the orig-
inal formulas F1(a1, …, an) and F2(b1, …, bn) are not
isomorphic. The algorithm stops its run.

Otherwise, using the algorithm ISOM-1 described
earlier, find all the unifiers for the subformulas  and

. During the running of this algorithm, we enter all
the values found for variables in the structure mapping.

(7) Sort the unifiers in increasing order of the num-
ber of variables in them. Organize the cycle 7a–7d by
the number of unifiers found.

(a) Apply the unifier to the formula R. Check the
consistency of the obtained current values of the for-
mulas R and F2.

(b) Check the current values of the formulas R and
F2 for contradiction.

(c) If yes, then go to Item 7a (or end the cycle if all
the unifiers are checked).

Otherwise, apply the unifier to the formula R.
From the current values of the formulas R and F2,
remove the literals with the predicate pi.

If the stack with unifiers is not empty, then go to
Item 7a.

(d) If the current values of the formulas R and F2
are empty, then the original formulas are isomorphic
and all the unifiers are found. The algorithm stops its
run.

Otherwise, go to Item 4.
The block-scheme of the algorithm ISOM is pre-

sented in Fig. 2.

7. ABOUT THE ALGORITHM
ISOM COMPLEXITY

All Items of the algorithm, except the Item 5 (call
of the algorithm ISOM-1), including cycle 7a–7c by

3 This choice is due to the fact that the algorithm ISOM-1 used
next has an exponential under the number of arguments in for-
mulas checked for isomorphism complexity.

…
…λ = 1

1 1

, ,
  , ,

n

n

x x
R F a a

( )ipR

ipR 2 ipF

ipR 2 ipF

ipR

2 ipF
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Fig. 2. Block-scheme of the algorithm ISOM. 

Initial data of the
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2. Are the
characteristics

different?

algorithm F1(a1, ..., an) and
F2(b1, ..., bn) are given

Yes

7a. Apply the unifier to the formulas R.
Check the consistency of the obtained
current values of the formulas R and

F2

7c. From the current values of the
formulas R and F2, remove the

literals with the predicate pi

Is stack empty?

Isomorphic, unfiers

are found. Stop

Not
isomorphic.

Stop

Not
isomorphic.

Stop

No

No

Yes

Yes

Yes

No

No

No

7. Sort the unifiers in increasing order
of the number of variables in them.

Put them on the stack

3. The formulas are possibly
isomorphic. Obtain the unifier if

formulas R and F1

4. Pick pi such that Rp , contains the
minimal number of variables

5. Call ISOM-1 for Rp  and F2 p

6. Are Rp  and
F2 p isomorphic?

7b. Are R and F2

7d. Are R and F2 empty?

contradictory?

F1(a1, ..., an) with F2(b1, ..., bn)  

i

i

i

i

i

Fig. 3. Images (a) a and (b) b. 

9

3 4 5
8

21 1 2

34 5 6

87
10

(a) (b)
the number of unifiers for  and , are performed
in no more than a polynomial under the formula nota-
tion length number of steps. This is due to the fact that
the number of unifiers found by the algorithm ISOM-1
for  and , does not exceed .

Therefore, the number of executions of the
cycle 7a–7c does not exceed , and it is polynomial
(quadratic) under the length of the notation of subfor-
mulas with the predicate pi. Inside the cycles, the
number of operations is also no more than quadratic
under the length of  and  notations.

The number of executions of the cycle 4–7d is
equal to the number of predicate symbols in the for-
mula F2. At the same time, the number of steps in

Item 7 is , where ni is the number of argu-
ments in the formulas  and .

Summing up the obtained estimates of the number
of steps, we obtain an estimate of the number of steps

of the algorithm ISOM , where m is the
number of predicate symbols.

8. APPLICATION OF THE ISOM ALGORITHM
Let there be two contour images (see Fig. 3), com-

posed of segments defined by their ends.
One predicate P1 is given, defined as follows (see

Fig. 4).
The descriptions of the images a and b are the fol-

lowing elementary conjunctions

and

ipR 2 ipF

ipR 2 ipF 2
in

2
in

ipR 2 ipF

log(2 )i in nO

ipR 2 ipF

( )=
log

1
2 i i

m n n

i
O

1 2 3 4 5 81 109( , , , , , , , )F a a a a a a a a

= 1 3 2 2 1 5 2 5 81( , , ) & 1( , , ) & 1( , , )P a a a P a a a P a a a

2 1 8 3 4 1 3 5 1& 1( , , ) & 1( , , ) & 1( , , )P a a a P a a a P a a a

3 9 4 3 9 5 3 9 1& 1( , , ) & 1( , , ) & 1( , , )P a a a P a a a P a a a

5 2 3 5 2 4 5 3 10& 1( , , ) 1( , , ) 1( , , )& &P a a a P a a a P a a a

5 4 10 5 10 2 8 2 10& 1( , , ) 1( , , ) 1( , , )& &P a a a P a a a P a a a

9 10 3 10 5 9 10 8 5& 1( , , ) 1( , , ) 1( , , )& &P a a a P a a a P a a a

10 8 9& 1( , , )P a a a
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Fig. 4. Predicate P1.

y z

x
P1(x, y, z) ��(�yxz < �)
Thus, the characteristics of the formulas F1 and F2 are

Moreover, the unifiers of formulas R with F1

and F2

together with the structure

are also presented.
The algorithm ISOM-1 is implemented in Python.

CONCLUSIONS
The concept of isomorphism is widely used in var-

ious fields of mathematics. In particular, in the theory
of algorithm complexity, the problem of checking
graphs for isomorphism (GI) is widely known. Its NP-
completeness has not been proved and a polynomial
algorithm for its solution is not known. There is even a
term GI-complete problem.

2 1 2 3 4 5 6 7 8( , , , , , , , )F b b b b b b b b

= 1 4 2 2 1 6 2 6 31( , , ) 1( , , ) 1( , , )& &P b b b P b b b P b b b

2 1 3 3 2 8 4 5 1& 1( , , ) 1( , , ) 1( , , )& &P b b b P b b b P b b b

4 6 1 4 7 5 4 7 6& 1( , , ) 1( , , ) 1( , , )& &P b b b P b b b P b b b

4 7 1 6 2 5 6 2 4& 1( , , ) 1( , , ) 1( , , )& &P b b b P b b b P b b b

6 5 8 6 4 8 6 8 2& 1( , , ) 1( , , ) 1( , , )& &P b b b P b b b P b b b

7 8 4 8 3 6 8 6 7& 1( , , ) 1( , , ) 1( , , )& &P b b b P b b b P b b b

8 3 7& 1( , , ).P b b b

χ = χ χ χ χ1 8 1 9 10( ) ( ( ), ( ), ( ), ( ),F a a a a

χ χ χ χ2 3 5 4( ), ( ), ( ), ( ))a a a a

(= (1,2,2),(1,2,3),(1,3,2),(3,2,3),

)(3,3,2),(5,2,2),(5,3,3),(0,2,2) ,

χ = χ χ χ χ2 3 1 7 8( ) ( ( ), ( ), ( ), ( ),F b b b b

χ χ χ χ2 4 6 5( ), ( ), ( ), ( ))b b b b

(= (1,2,2),(1,2,3),(1,3,2),(3,2,3),

)(3,3,2),(5,2,2),(5,3,3),(0,2,2) .

λ = 1 2 3 4 5 6 7 8

1 1 3 2 5 8 4 9 10

, , , , , , ,
  , , , , , , ,

x x x x x x x x
R F a a a a a a a a

λ = 1 2 3 4 5 6 7 8

2 1 4 2 6 3 5 7 8

, , , , , , ,
  , , , , , , , ,x x x x x x x x

R F b b b b b b b b

= 1 1 2 4 3 2{[ ] : [ ],[ ] : [ ],[ ] : [ ],mapping x b x b x b

4 6 5 3 6 5 7 7 8 8[ ] : [ ],[ ] : [ ],[ ] : [ ],[ ] : [ ],[ ] : [ ]}x b x b x b x b x b
PATTERN RECOGNIT
The GI problem, on the one hand, is a subproblem
of checking elementary conjunctions of predicate for-
mulas for isomorphism considered in the article, and,
on the other hand, these problems are polynomial
equivalent [7].

The paper proposes algorithms for checking two
elementary conjunctions for isomorphism, that is, for
matching up to the names of arguments and the order
of literals.

The ISOM-1 algorithm is designed to check for
isomorphism of elementary conjunctions with a single
predicate symbol. This algorithm can also be used to
check the isomorphism of oriented graphs.

The ISOM algorithm is designed to check for iso-
morphism of elementary conjunctions with several
predicate symbols. It essentially uses the ISOM-1
algorithm.

Both of these algorithms are the basis for the cur-
rently being developed algorithm for extraction the
maximal common (up to the names of the arguments)
subformula of two given elementary conjunctions of
predicate formulas. The extraction of such subformu-
las is an important urgent task of finding common
properties of complex structured objects (CSO)
described by means of the predicate calculus language
when solving such problems as

• construction of level description of classes,
which allows to significantly reduce the computational
complexity of CSO recognition [3, 5];

• creating a logic-predict network that can change
its configuration during training [5];

• multiagent description of an object [5], in the
case when the agents collecting information about the
object do not have data on the true names of parts of
objects;

• fuzzy recognition of CSO [8];
• creating an ontology for a set of CSO [8].
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