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An Algorithm of the Classification of Unranked
Propositional Logic Formulas

Formulas of propositional logic are proved as
algorithmic processes. It is established that all these
processes can be completed and their final values
are one of the following halting constants: T (a
valid formula), F (an inconsistent formula) and S
(an indefinite formula).
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006 onHoM anropur™Me Kjaaccupukamuu Gopmysa
0e3paHroBoOi JTOTUKHM BbICKA3bIBAHUI

B pabote paccmaTpuBaeTcs Oe3paHroBasi JIOTH-
Ka BBICKa3bIBaHUM, KaKAast (popmyrna KOTOpoi pac-
CMAaTpHUBAETCS, KaK OINpPEICICHHBIH aIrOpUTMHYEC-
kil mpouecc ctpareruwsimu 1 ,F u T+F. Ycra-
HOBJICHO, YTO BCE AJITOPUTMHUYECKHE TPOIECCHI 3a-
BEPIIAIOTCS M OTBETOM SBISIETCS JTHOO TOXKIECT-
BCHHO UCTUHHAs (popMyIia, TMOO TOKIASCTBEHHO JIO-
*KHast (hopMyra, IHOO CTPOTO BHIMOIHUMAS (HOpMyJIa.

KuroueBble ciioBa: Ge3paHroBast JIOTHKA,
Knaccupukanus GopmyIl, OonepaTop yrnpapIsomni
HPOLIECCOM.

! TGumucckmii I'ocynapcTBeHHBIN Y HUBEPCUTET,
CyxyMckuii YHUBEPCHUTET

Crartio nipesicTaBuB 1.¢.-M.H., pod. Byit JI.b. (3a pesynbraramu koudepenitii TAAPSD’2012)

The following symbols of unranked proposi-
tional logic are considered in the present paper

I.  Basic symbols::

1) Propositional constants: t, f,s
2) Propositional variables: B,,P,...
3) Logical connectives: A, v, —

4) [1

II.  Signs introduced by the definition of
type | from [2].

III. Auxiliary symbols T (halting constant «a
valid formula»), F (halting constant «an incon-
sistent formula»), S (halting constant «an indefinite
formulay);

IV. Meta-variables ABA,...
formulae and Meta-variables @, ®,,...
sequence formulae.

We define formulas as follows:

1) The simplest formulas are propositional
constants and propositional variables.

2) —A isaformula.

3) [AAB], [AvB],
formulas.

4) If o is an n— place logical-relative operator
introduced by the definition of type 1, then
[cA ...A] are formulas.

5) We do not have other formulas than those
defined by items 1-4.

to denote
to denote

ADA and VDA are
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As an example of n+1-ary logical operator we

define the operators vn+1 and /\n+1 as:

1. VA —A. VMALLAA— VW ALLLAA tO
be read as: «disjunction of formulas A,...,A,A»,
n=1,2,...

2. A'A —A. AT™ALLAA—AA"A.LLAA tO
be read as: «Conjunction of formulas A,..., A, A»,
n=1,2,...

Note that if we remove the place measure from

the operators VM1 and AN then we get usual
unranked connectives \V and A .

Rank of these operators can be any natural
number, which can be read from the context.

The given occurrence of an operator ¢ in a
formula A is called main operator, if it is not in the
scope of any other operator occurring in A.

The given occurrence of an operator o in a part
B of a formula A is called main operator, if it is not
in the scope of any other operator occurring in B.

Assume that A,...,A,, (n=2) are the main
operators of the formulas, which differ in the sign v,
then any formula constructed by means of these
formulas and disjunctive sign v is called a formula
of disjunctive type and A,...,A,, are called the
disjunctive parts of the constructed formula.

Assume that A,...,A,(n>2) are the main

operators of the formulas, which differ in the sign A,
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then any formula constructed by means of these
formulas and conjunctive sign v is called a formula
of conjunctive type and A,...,A,, are called the

conjunctive parts of the constructed formula.
We define the main part of a formula as
follows:
1) If a formula is of type —A, then its main
partis A.
2) If a formula is of disjunctive type, then its
main parts are disjunctive ones.
3) If a formula is of conjunctive type, then its
main parts are conjunctive ones.
4) If a formula is of type cA,..., A, then its

main parts are A,..., A, .

5) If a formula is of type A®A and V@A,

then its main partsare A and ®.

Every formula is considered as the definite
algorithmic process. We describe this process as
follows.

An algorithmic process begins from the main
operator of the formula, which is called the
directive operator of the process.

An immediate consequence of the directive
operator of the process is formulated in the manner
as:

1) An  immediate  consequence of the
formula(operator) tis T ;

2) An  immediate  consequence of the
formula(operator) fis F;

3) An  immediate  consequence of the
formula(operator) s is S;

4) An  immediate  consequence of the
propositional  variable(operator) p and

propositional @ is s;

5) If a formula is of type —A, then we have the
following immediate consequences of the
operator — :

a)t.if A= f;

b) f, if A=t A=t;

c)B,if A=—B ;

d) A—A...—A, is a formula of conjunctive
type if A isaformula of disjunctive type
and a complete enumeration of its
disjunctive partsis A,..., A, .

e) v—A...—A, is a formula of disjunctive
type if A is a formula of conjunctive
type and a complete enumeration of its
conjunctive t partsis A,..., A, .

f) s, if A=s;

g) expectation in all other cases.

6) If a formula is of disjunctive type, then an
immediate consequence of the operator v is:

a) t, if some disjunctive part is t.

b) f, if all its disjunctive parts are f.

c) t, if some disjunctive part is the negation
of one or several disjunctive parts;

d) a formula which is obtained from a

formula of disjunctive type by
elimination of disjunctive parts which are
equal to f.

e) a formula which is obtained from a
formula of disjunctive type by
elimination of repeated disjunctive parts.

f) a formula of conjunctive type

AVA .. ALA,...AB]...
[VA...ALAL--AB]

A,...,A, is a complete enumeration of
disjunctive parts of a given formula,
while A (ie{l,...,n}) is the first disjunc-
tive part which is a formula of conjunc-
tive type and B,,...,B, is a complete

enumeration of its conjunctive parts;

g) expectation in all other cases.

7) If a formula is of conjunctive type, then an
immediate consequence of the operator v is:

a) f, if some conjunctive part is f.

b) t, if all its conjunctive parts are t.

c) f, if some conjunctive part is the negation
of one or several conjunctive parts;

d) a formula which is obtained from a
formula of conjunctive type by
elimination of conjunctive parts which
are equal to t.

e) a formula which is obtained from a
formula of conjunctive type by
elimination of repeated conjunctive parts.

fy a formula of disjunctive type
VIAA A LA, ABT
[AA-ALAL---AB
A,...,A, is a complete enumeration of
conjunctive parts of a given formula,
while A (ie{l,...,n}) is the first conjunc-
tive part which is a formula of disjunctive
type and B,...,B, is a complete
enumeration of its disjunctive parts;

g) expectation in all other cases.

8) If a formula is of the form o A,...,A,, where
o is the operator introduced by the definition,
then an immediate consequence of the
operator o is the formula on the right-hand
side of its definition.

When we get an immediate consequence of the
directive operator or passes in the expectation state,

then control is given to some other operator. After a
defined operation, it gets the control. In particular:

where

where
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If during the performance of the process defined
by the formula —A, the negation operator passed in
the state of expectation, then control is given over to
the main operator of the main part 4. After obtaining
an immediate consequence of this operator, the
negation operator recovers control.

If during the performance of the process defined
by a formula of disjunctive(conjunctive) type the
directive operator passes in the expectation state,
then control is given to the first from the right main
operator of the main part of this formula; after
ending its performance, this operator recovers
control. If after recovering control, the
disjunctive(conjunctive) operator again passes in the
expectation state, then control is given to the main
operator of the main part having the same property.
This process goes on until the main operator of all
those main parts, the length of which does not
exceed 2, receives control.

If after this, the directive operator again passes
in the expectation state, then control is given to the
main operator of the disjunctive(conjunctive) part of
maximal length until this part becomes a formula of
conjunctive (disjunctive) type or a propositional
variable or the negation of a variable.

Since at every stage of the process performance
there may occur a change in the main operator of the
obtained formula, the process has one or several
control operators.

In particular, we consider the algorithmic process
by the T -strategy, F -strategy and T + F -strategy. A
difference between these strategies arises only at the
time of the process performance when the conditions
f) for formulas of disjunctive and conjunctive type
are satisfied. For the T -strategy the condition f) of
the disjunctive type formula is fulfilled, but the
condition f) of the conjunctive type formula is left
out. For the F -strategy the condition f) of the
conjunctive type formula is fulfilled, but the
condition f) for the disjunctive type formula is left
out. In the case of the T +F -strategy a parallel
process begins to take place from a certain stage. In
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particular, the latter process begins when the formula
obtained during the first realization of the condition
f) is fulfilled simultaneously with the preceding
formula according to the following rule. If the
realized condition f) is a formula of
disjunctive(conjunctive) type, then the fulfillment of
the obtained formula of conjunctive (disjunctive)
types continued by T -strategy ( F -strategy), while
the processing of the given formula of
disjunctive(conjunctive) type is continued by the -
F -strategy (T -strategy). The T +F process is
halted only if some parallel process produces the
halting constant T or F or two halting constants S.
The following theorems are immediate
consequence of the algorithm process and [4;5]

Theorem 1. A formula A considered as an
algorithmic process is fulfilled by the T + F -strategy
and its final value is equal to: a) the halting constant
T, if A is a valid formula; b) the halting constant
F, if A is an inconsistent formula, and c) the
halting constant S, if A is a satisfiable formula.

Theorem 2. A valid formula considered as an
algorithmic process is fulfilled by the T -strategy
and its final value is equal to the halting constant T .

Theorem 3.  An inconsistent formula
considered as an algorithmic process is fulfilled by
the F -strategy and its final value is equal to the
halting constant F .

Theorem 4. A satisfiable formula differing
from a valid formula and considered as an
algorithmic process Tor For T +F -strategy is
fulfilled and its final value is the halting constant S.

Theorem 5. A formula A considered as an
algorithmic process is fulfilled.
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