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Investigation of the application of the algorithm
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SAT problem 1n the case of an unsolvable

problem
Oleksandra Golovko, Volodymyr Butenko

Ukrainian State University of Railway Transport,
Kharkiv, Ukraine

I. INTRODUCTION

Nowadays, the transition to a new element base of control systems is underway in railway
transport. Their design includes the solution of the Boolean formulas feasibility problem (SAT
problem). The peculiarity of solving this problem in control systems is finding a solution in real-
time. In this paper, the possibility of improving the process of designing control systems based on
Boolean functions using the algorithm of subexponential complexity of solving the SAT problem
[1] for the case of an infeasibility function.

II. THE ANALYSIS OF RECENT RESEARCH AND PUBLICATIONS

In works [3-7] the application of the SAT problem at verification of software and hardware of
modern computers is considered; in the design of *FPGA* in solving problems of automation of
evidence related to the verification of the inconsistency of the set of disjuncts in the calculation of
statements. Also in cryptographic analysis [8] the SAT problem is used, because encryption
algorithms can be considered in terms of KNF (conjunctive normal form). In this paper, we
consider the problem solution application in subexponential [1] time for the case of an unfeasible
function for control systems in railway transport.

III. PRESENTATION OF THE MATERIAL

Presentation of the material. The Boolean formulas feasibility problem(SAT problem) arises
at designing specialized computer control systems. One of the implementation steps is the

construction of Boolean functions: f(x,,x,,..,x,) in the conjunctive form of the record

S, Xy e0x,) = (7 VATV VXY A A (T VXV LX), (1)
where xo = TIPH e =1
’ x,—npuoc=0

During the implementation of the algorithm based on (1) a Boolean matrix B is built, in which

the columns correspond to the variables (X,,X,,..X,) and (X,,X,,.,X,), and there is the

disjoint of the Boolean function in the rows. In the general case, the number of columns in the
matrix B is 2n, and the number of rows is equal to the number of disjoints m in the Boolean
function.

The SAT problem can be considered as a coverage problem [2]. That is, if there is a coverage
of rows by units from non-inverted columns in the matrix B, then the function f is feasible,
otherwise, if there is no such coverage, it is infeasible. During the implementation of the algorithm,
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we build a set of vectors HY(h,h,,...,h). The principle of construction is the following: if
variable X,” covers each unit of the j-th line in the matrix B, then %, = j, otherwise 7, = 0.

Determine for each HY(h,,h,,...,h,) weight characteristic p, equal to the number of

components /, in this vector of non-zero. Further, it may be necessary to study a subset of two

X and X,° or more variables.This subset are characterized by a combined vector 7/ in

which the components of the same name are combined on the basis of the disjunction :

ilJi=i; ilJo=i olJi=s0lJo=0 (2)
The procedure for the SAT problem is developed and the algorithm of subexponential
complexity at £=1 which gives the possibility to find all sets of variables on which

f(x,,x,,..,x,)accepts value true is offered. If the Boolean function does not have a solution, which

is quite possible during designing real systems, the question arises as to which sets of variable
values give the maximum number of true disjoints  f(x,,x,,..,x,). The answer is given by the

obtained vectors A" which are built in the obtained algorithm. And on the one hand completely
cover all possible options, and on the other do not contain redundant information. Analysis of

vectors "/ with the corresponding maximum p,, for the whole set of constructed vectors A"

determines the predicates (ie the conditions of the projected system that do not allow to achieve the
true value, and require additional consideration and analysis).

IV. CONCLUSIONS

The report presents the possibility of improving the process of designing control systems
based on Boolean functions using the algorithm of subexponential complexity of solving the SAT
problem [2] for the case of an infeasible function.
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