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NAS RK is pleased to announce that News of NAS RK. Series of geology and technical 

sciences scientific journal has been accepted for indexing in the Emerging Sources Citation 
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate 
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation 
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of 
Science offers to researchers, authors, publishers, and institutions sets it apart from other 
research databases. The inclusion of News of NAS RK. Series of geology and technical 
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the 
most relevant and influential content of geology and engineering sciences to our community. 

 
 
Қазақстан Республикасы Ұлттық ғылым академиясы "ҚР ҰҒА Хабарлары. Геология жəне 

техникалық ғылымдар сериясы" ғылыми журналының Web of Science-тің жаңаланған нұсқасы 
Emerging Sources Citation Index-те индекстелуге қабылданғанын хабарлайды. Бұл индекстелу 
барысында Clarivate Analytics компаниясы журналды одан əрі the Science Citation Index Expanded, 
the Social Sciences Citation Index жəне the Arts & Humanities Citation Index-ке қабылдау мəселесін 
қарастыруда. Webof Science зерттеушілер, авторлар, баспашылар мен мекемелерге контент 
тереңдігі мен сапасын ұсынады. ҚР ҰҒА Хабарлары. Геология жəне техникалық ғылымдар 
сериясы Emerging Sources Citation Index-ке енуі біздің қоғамдастық үшін ең өзекті жəне беделді 
геология жəне техникалық ғылымдар бойынша контентке адалдығымызды білдіреді.  

 
 
НАН РК сообщает, что научный журнал «Известия НАН РК. Серия геологии и технических 

наук» был принят для индексирования в Emerging Sources Citation Index, обновленной версии Web 
of Science. Содержание в этом индексировании находится в стадии рассмотрения компанией 
Clarivate Analytics для дальнейшего принятия журнала в the Science Citation Index Expanded, the 
Social Sciences Citation Index и the Arts & Humanities Citation Index. Web of Science предлагает 
качество и глубину контента для исследователей, авторов, издателей и учреждений. 
Включение Известия НАН РК. Серия геологии и технических наук в Emerging Sources Citation 
Index демонстрирует нашу приверженность к наиболее актуальному и влиятельному контенту 
по геологии и техническим наукам для нашего сообщества. 
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METHODS OF DISTRIBUTION OF DATA PROCESSING SYSTEMS  
TO THE NODES OF COMPUTING SYSTEMS 

 
Abstract. A new class of discrete programming problems - block-symmetric problems is considered in this 

paper. General formulation and solution of block-symmetric problems of discrete programming are presented. 
The features and properties of this class of problems are given. The formulation and solution of the problem of 

optimal allocation of program modules and database arrays to the nodes of computing systems of a given topology is 
considered. 

Key words: model, method, algorithm, variable, block-symmetric problem, discrete programming. 
 
Introduction. Large-scale development and implementation of information systems is carried out on 

the basis of computer networks on which data processing systems are operated. 
By data processing systems we mean a set of application software for the implementation of various 

applications and associated database arrays. 
With the increase in the number of applications, there is arises a problem of the optimal allocation of 

the set of application software and database arrays to the nodes of the computing system of a given 
topology. This allocation problem also arises when a node of computing system and communication 
channels between nodes fail. 

The existing optimization methods for solving this problem are not effective because of the small 
dimensionality of the problems being solved. 

Therefore, there is a need to develop new productions, models and methods for solving these 
problems. 

One of the approaches is the application of a new class of problems of setting and solving discrete 
programming problems for block-symmetric problems. 

1. General statement of block-symmetric discrete programming problems. The problems of 
discrete programming are widely used in the formulation and solution of applied scientific and technical 
problems. 

At the same time, this section of applied mathematics is conservative for a number of reasons. The 
main ones being the exponential computational complexity of traditional statements of discrete program-
ming problems, the difficulty of constructing effective algorithms for solving problems, the inadequacy of 
traditional problem statements for new applied problems that arise in various fields of science and 
technology, in particular in the field of information technology.  

Therefore, one of the research areas is the development of new classes of discrete programming 
problems that most fully meet the modern requirements of setting and solving applied problems. 

A number of applied problems: the design of modular software and database arrays of information 
systems, the distribution of program modules and database arrays to the nodes of computing networks, the 
choice of projects in conditions of limited resources can be formulated in the form of a new class of tasks - 
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block-symmetric models of discrete programming. Unlike traditional models, models of this class make it 
possible to formulate problems with several types of variables of different nature, to decompose complex 
problems into blocks with a single objective function and to develop efficient algorithms having 
polynomial computational complexity [1,2]. 

Let us consider the general formulation and solution of block-symmetric problems of discrete 
programming. 

Problem statement. Let the set of objects ܣ ൌ ሼܽ௜; ݅ ൌ 1, ܤ തതതതሽ and the set of objectsܫ ൌ ൛ ௝ܾ; ݆ ൌ 1,  തതതതൟܬ
are given with elements of different types, and also the interrelations between the elements of these sets 
that are defined by matrix ܹ ൌ ฮ߱௜௝ฮ, ݅ ൌ 1, ,തതതതܫ ݆ ൌ 1,  തതതത, whose elements are integer or Boolean. It isܬ
necessary to combine the elements of the set A into disjoint subsets ܣ௡	, ݊ ൌ 1,ܰതതതതത, and the elements of the 
subset B to disjoint subsets ܤ௠ , ݉ ൌ  തതതതതത, in such a way as to deliver the extreme of the objectiveܯ,1
function ܨሺܣ௡	,  .௠ሻܤ

For a formal formulation of the problem, we introduce the following variables. Let ܺ ൌ ,‖௜௡ݔ‖ ݅ ൌ
ൌ 1, ;	തതതതതതതܫ ݊ ൌ 1,ܰതതതതത be a Boolean matrix, where xin = 1 if the i-th element is distributed to the n-th group and 
xin = 0 otherwise. Similarly, ܻ ൌ ฮݕ௝௠ฮ, ݆ ൌ 1, ݉;തതതതܬ ൌ  തതതതതത, where yjm = 1, if the j-th element is distributedܯ,1
to the m-th group and yjm = 0 otherwise. In the general case of a matrix, the variables X and Y can be 
integer. 

We define on the set A x B the function F (X, Y), depending on the distribution of the elements of the 
sets A and B in the subsets An and Bm. Correspondingly, on the set of the A-function ߮௞ሺܺሻ, ݇ ൌ 1,  തതതതത, andܭ
on the set B - the functions ߰௦ሺܻሻ, ݏ ൌ 1, ܵതതതതത, defining constraints on the sets A and B.  

The block-symmetric discrete programming problem is formulated as follows: 
    

,ሺܺܨ  ܻሻ → (1.1) ݎݐݔ݁
under constraints 
 ߮௄ሺܺሻ ൑ ߮௄௢, ݇ ൌ 1, തതതതത (1.2)ܭ
 
 ߰௦ሺܻሻ ൑ ߰௦௢, ݏ ൌ 1, ܵതതതതത (1.3)
 

In the set of constraints (1.2) and (1.3), depending on the statements of problems, the signs of the 
inequalities can be reversed. 

In general, two-index matrices - the variables X and Y and a given matrix W can be integer-valued. 
Consider the problem under the condition that the variables X, Y and W are Boolean matrices. As 

functions F (X, Y), often use a function of the form F (Z), where 
 

 ܼ ൌ ܹܻܺ (1.4)
 

Consider the expression (1.4), which is the product of the matrices of the variables X and Y and the 
given matrix Z on which the objective function is defined. Unlike traditional statements of discrete 
programming problems, in this formulation there are two types of variables X and Y, the variables X and 
Y are symmetric with respect to the given matrix W. 

In the problem (1.1) - (1.3) one can select the set of constraints of the form (1.2.) that depend on the 
variable X, and the set of constraints of the form (1.3) that depend on the variable Y. 

A functional of the form F (X, Y) can be represented as follows: 
 
,ሺܺሻ݌ሺܨ  ݃ሺܻሻሻ → (1.5) ݎݐݔ݁
 
ሺܺሻ݌  → (1.6) ݎݐݔ݁
 
 ߮௞ሺݔሻ ൑ ߮௞௢, ݇ ൌ 1, തതതതത (1.7)ܭ
 
 ݃ሺܻሻ → (1.8) ݎݐݔ݁
 
 ߰௦ሺܻሻ ൑ ߰௦௢, ݏ ൌ 1, ܵതതതതത (1.9)
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In the formulation of the problem (1.5) - (1.9), we single out a block of functions (1.6) - (1.7) 
depending only on the variable X, and a block of functions (1.8) - (1.9) depending only on the variable Y, 
united by a single functional of the form (1.5). Note that in a number of problem statements there can be a 
constraint block of the form 
 

 ௥݂ሺܺ, ܻሻ ൑ ௥݂௢, ݎ ൌ 1, ܴതതതതത (1.10)
 

depending only on the variables X and Y. 
In this case, we can select a block of the objective functional of the form (1.5), (1.10). 
Thus, the problem (1.2.5-1.2.10) is called the block-symmetric discrete programming problem. 
In a number of problem statements, the functional F (X, Y) can be represented as a function vector. In 

this case, a multicriterial block-symmetric discrete programming problem is formulated. 
Consider the features and properties of block-symmetric problems. 
2. Analysis of features and properties of block-symmetric models. Basic algorithm for solving 

block-symmetric problems. Analysis of the general statement of the block-symmetric problem showed 
that the model of this class differs from the known models of discrete programming. 

Consider the problem under the condition that the variables X, Y and W are Boolean matrices. As 
functions F (X, Y), often use a function of the form F (Z), where 
 

 ܼ ൌ ܹܻܺ (2.1)
 

Expression (2.1) is the product of the matrices of the variables X and Y and a given matrix W on 
which the objective function is defined. Unlike traditional statements of discrete programming problems, 
in this formulation there are two types of variables X and Y, the variables X and Y are symmetric with 
respect to the given matrix W. 

In the problem (1.1) - (1.3) one can select a set of constraints of the form (1.2) that depend on the 
variable X, and the set of constraints of the form (1.3) that depend on the variable Y. 

We consider the expression (2.1.). It follows from this that the variables X and Y are symmetric with 
respect to the given matrix W, and the function (2.1) can be defined from left to right, and vice versa, i.e. 
 

 ܼ ൌ ܹܻܺ ൌ ܻܹܺ (2.2)
 

On the basis of the general formulation, we define the basic properties of the formulated class of 
problems that distinguish it from the traditional statements of problems of discrete programming. 

Property 1. The presence of two types of variables X and Y of different types, represented in the 
form of Boolean matrices, which are defined on the given matrix W. 

Property 2. The blocking of the problem consists in isolating in the formulation of individual blocks 
functions of the form (1.2) and (1.3), depending on the corresponding variable X and Y. 

Property 3. The symmetry of the problem consists in the possibility of computing (2.1) both in the 
forward and backward directions. 

The solution of the problem. Analysis of the features and properties of the formulated problem 
allows us to propose effective algorithms for solving this class of problems. Consider the solution of 
block-symmetric discrete programming problems, provided that X, Y and W are Boolean matrices. It is 
easy to prove the following statement. 

Statement. The distribution of the elements of the set A to the disjoint subsets An corresponds to the 
logical addition of the rows of the matrix W, i ϵ n, and the distribution of the elements of the set B with 
respect to disjoint subsets of Bm is the logical addition of the columns of the matrix W, j ϵ m. The results 
of this statement allow us to simply calculate the estimates and directions of the solution search for the 
development of effective algorithms. 

We introduce the concepts of the basis for the solution of the problem. A basis is a predefined 
composition of the elements of the subset An and Bm. 

In the matrix W the basis is found as a certain submatrix Z whose elements are defined. This 
submatrix can always be determined in the upper left corner by rearranging the row and column numbers 
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of the matrix and their renumbering. Such a representation simplifies the procedure for calculating 
estimates and determining the direction of the search for a solution. 

To solve the block-symmetric discrete programming problem under the condition that, X, Y and W 
are Boolean matrices, an effective scheme for solving the problem is developed and proposed. The 
solution search scheme consists of the following main steps [3]: 

1. In the Boolean matrix W, we select the matrix ܼ ൌ ‖ܼ௡௠‖, ݊ ൌ 1,ܰതതതതത; ݉ ൌ  and define it as the	തതതതതതܯ,1
basis for the solution of the problem. 

2. Define the matrix ܦ ൌ ‖݀௜భ௡‖, ݅
ଵ ൌ ݊ ൅ 1, തതതതതതതതതത;ܫ 	݊ ൌ 1,ܰതതതതത of the direction of the search for the 

solution X by the logical addition of non-linear rows of the matrix W with rows basis and calculate the 
values of the estimates only for the positions of the basis. 

3. In accordance with the estimates obtained, we realize the distribution of the elements of the set A 
with respect to the subsets An. As a result, we fix the solution X and the intermediate matrix                       
П ൌ ฮߨ௡௝ฮ, ݊ ൌ 1,ܰതതതതത, ݆ ൌ 1,  .തതതതܬ

4. Define the matrix ܦ ൌ ฮ ௝݀భ௠ฮ, ݆
ଵ ൌ ݉ ൅ 1, തതതതതതതതതതത;ܫ 	݉ ൌ  തതതതതത of the direction of finding the solution Yܯ,1

by the logical addition of the non-spacing columns of the intermediate matrix П ൌ ฮߨ௡௝ฮ with columns of 
the basis and calculate the values of the estimates only for the positions of the basis of the matrix Π. 

5. In accordance with the estimates obtained for the matrix Π, we partition the elements of the set B 
with respect to the subset Bm. As a result, we fix the solution Y and the target matrix Z on which the value 
of the objective function F (Z) is determined. 

It should be noted that the search for the solution of the problem can be carried out both in the for-
ward direction according to the scheme ܺܦ	ܦ෩ܻ, and in the reverse direction according to the scheme ܦ෩ܻܺܦ. 

Thus, the basic model of a new class of problems - block - symmetric discrete programming 
problems is developed. In the future, we will consider the application of this model to solving applied 
problems in the design of information systems. 

3. Development of methods for distributing application software modules and database arrays 
to nodes of computer systems. Designing information systems is a multi-stage and labor-intensive 
process and depends on the scale and class of the system. 

The result of the design is a variety of applied data processing and control tasks, application programs 
and a database for the implementation of functional tasks. At the same time, one of the stages is the task of 
distributing tasks, program modules and a database on nodes of computer systems. 

Depending on the purpose and characteristics of computing systems (local, corporate, global), the 
setting of tasks can also change. For example, in the process of designing information systems based on 
local computer networks of a homogeneous structure, it becomes necessary to distribute software modules 
and a database to nodes of computer systems in such a way as to minimize the number (time) of data 
arrays transmitted between nodes of the network. In a number of cases, it is necessary, with the given 
structure of the local network, to determine user functions by optimal distribution of program modules and 
database arrays. There are also tasks of redistribution of software and information resources in solving 
new tasks, various modifications of software systems, as well as damage to data transmission channels. 

The developed models can be used in the process of distributing the application software and the 
database to the nodes of a computational system of a given structure, the synthesis of the structure 
(topology) of the computing system (CS) in conditions when the CS nodes and information resources 
(program modules and interrelated database arrays) are given. 

The dynamic development of enterprises and firms in a highly competitive environment necessitates 
the introduction of information systems of various classes and purposes. At the same time, radical or 
evolutionary changes in the structure of enterprises (modernization, new technological process, 
commissioning of new capacities, etc.) invariably affect the information systems. The composition and 
number of information resources, the systems structure, the distribution of functional tasks and application 
programs to the nodes of the system are changing. CS nodes are remote computer systems of computing 
networks or points intended for data processing. 

In the design process, the composition and number of application programs, the number and 
composition of the database, the purpose and number of nodes of the systems can change, which leads to a 
redesign of the structure of an operational information system. 
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Problem statement. Let us consider the problem of distributing software modules and database 

arrays to the nodes of the computer network. Let , - a set of applied programs for 

solving the functional problems of information systems.  - a set of database arrays 

(database fragments) used in the solution of applied problems. The matrix  ( if the             

j-th database array is used to solve the i-th problem, otherwise ) reflects the use of database 

arrays for solving application problems. The structure of a computer system or complex is specified by the 

matrix  where  if there is a data transfer channel between nodes m 

and n,  if there is no communication channel between the nodes m and n. 

It is necessary to distribute application programs and database arrays to nodes of the computer system 
in order to minimize the total number of transmitted arrays through communication channels under 
technological limitations. For the mathematical formulation of the problem, we introduce the following 
variables 

 

௠௜ݔ ൌ ൜
1, ݂݅	݅ െ ݉	݊݅	݀݁ݐݑܾ݅ݎݐݏ݅݀	ݏ݅	݉ܽݎ݃݋ݎ݌	݈݀݁݅݌݌ܽ	݄ݐ െ ;݁݀݋݊	݇ݎ݋ݓݐ݁݊	݄ݐ

0, ݁ݏ݅ݓݎ݄݁ݐ݋
 

 

௝௡ݕ ൌ ൜
1, ݂݅	݆ െ ݊	݊݅	݀݁ݐݑܾ݅ݎݐݏ݅݀	ݏ݅	ݕܽݎݎܽ	݁ݏܾܽܽݐܽ݀	݄ݐ െ ;݁݀݋݊	݇ݎ݋ݓݐ݁݊	݄ݐ

0, ݁ݏ݅ݓݎ݄݁ݐ݋
 

 

We also introduce auxiliary variables in the form: 
 

    ܽ௠௝ ൌ ቊ
1, ݂݅	 ∑ ௠௜ݔ

ூ
௜ୀଵ ߱௜௝ ൒ 1

0, ݂݅	 ∑ ௠௜ݔ
ூ
௜ୀଵ ߱௜௝ ൌ 0

                                     (3.1) 

 

The variable reflects the need to read the j-th database array by the m-th network node. 
 

௜௡ߚ ൌ ൝
1, ݂݅	 ∑ ߱௜௝

௃
௝ୀଵ ௝௡ݕ ൒ 1

0, ݂݅	 ∑ ߱௜௝
௃
௝ୀଵ ௝௡ݕ ൌ 0

                                (3.2) 

 

The meaning of the variable  is that if the database array is located in the n-th node and it is 

needed to solve the i-th problem, the latter uses the n-th network node to read the database arrays. 
We also define the derived variable  
 

௠௡ݖ  ൌ ൝
1, ݂݅ ∑ ∑ ܽ௠௝߱௜௝

௃
௝ୀଵ ݃௠௡ߚ௜௡

ூ
௜ୀଵ 	൒ 1

0, ݂݅	 ∑ ∑ ܽ௠௝߱௜௝
௃
௝ୀଵ ݃௠௡ߚ௜௡

ூ
௜ୀଵ ൌ 0

                         (3.3) 

 

A variable  reflects the transfer of data between m-th and the n-th nodes of the network. 

The total number of transmission over the communication channels of the necessary data during the 
exchange of information is determined in the form 

 

     ܲ ൌ ∑ ∑ ܼ௠௡
ெ
௡ୀ௠ାଵ

ெ
௠ୀଵ             (3.4) 

 

We also introduce the following notation ti  – for the processing time of the i-th application program 

for the case of the same node performance in the implementation of programs,  the processing time 

of the i-th application program in the m-th node of the computer network for the case of different node 

 IiaA i ,1; 

 Jjbj ,1; 

,ijW  ,1ij

,0ij

,mngG  ,,1, Mnm  ,1mng

,0mng

mj

in

mnz

mi
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performance, time of transfer of j-th array of data to a m-th node,  the amount of memory 

occupied by the i-th application program,  the amount of j-th database that is sent to the m-th node. 

The task of optimal allocation of software and information resources is formulated as follows 
 

    ∑ ∑ ∑ ∑ ௠௜߱௜௝ݔ
௃
௝ୀଵ ݃௠௡ݕ௝௡ → ݉݅݊ூ

௜ୀଵ
ெ
௡ୀ௠ାଵ

ெ
௠ୀଵ                               (3.5) 

 

subject to restrictions on: 
duplication of tasks in nodes of computer networks 
 

                                                            (3.6) 

 

duplication of database arrays in nodes of computer networks 
 

                  (3.7) 

 

processing time of application programs and transfer of database arrays in the node of the computer 
network. 

 

                           (3.8) 

 

The amount of memory occupied by application programs and arrays of the database in the node of 
the computer network 

 

       (3.9) 

 

and constraints of the form (1) - (4). 
The problem (3.5) - (3.9) and (3.1) - (3.4) belongs to the class of block-symmetric problems of 

discrete programming [3]. 
To solve the formulated problem, an effective algorithm of iterative mappings is proposed [4]. 

Algorithm for solving the problem. 1. In the Boolean matrix, we select the submatrix , 

,  and define it as the basis for the solution of the problem. 
The basis is defined in the form of a square matrix of the number of rows and columns, which is 

equal to the number of nodes of computing systems. 

2. Define the matrix , ,  directions of the solution search x by logical 

addition of the non-linear rows of the matrix W with the rows of the basis and calculate the values of the 
estimates only for the positions of the basis. 

3. In accordance with the estimates obtained, we can distribute the elements of the set A over sets            

AN. As a result, we fix the solution X and the intermediate matrix , , . 

4. Define the matrix , , , directions of the solution search Y by logical 

addition of the non-basis columns of the intermediate matrix with the columns of the basis and 

calculate the values of the estimates only from the positions of the basis of the matrix. 

mj i
mjq





M

m
mix

1

;1 ;,1 Ii 





M

n
jny

1

,1 ;,1 Jj 

 
 


I

i

J

j
mmjmjmii Txt

1 1

, Mm ,1

 
 


I

i

J

j
mmjmjmii Vqx

1 1

; Mm ,1

ijZZ 

Ni ,1 Mj ,1

/mi
dD  Ii ,1\  Mm ,1

miП  Mm ,1 Ii ,1

mj
dD \ Jj ,1\  Mn ,1

miП 

П
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5. In accordance with the obtained estimates of the matrix  we distribute the elements of the set 
 over the set . As a result, we fix the solution  and the target matrix  on which the value of the 

objective function  is determined. 
The results of computational experiments showed high efficiency of the developed algorithm. 
Conclusion. One of the actual tasks in the design and operation of information systems of various 

classes and purposes is the optimal distribution of data processing systems to the nodes of computing 
systems. 

The problem of the optimal distribution of program modules and database arrays to the nodes of 
computing systems of a given topology was formulated and solved on the basis of the block-symmetric 
approach. 
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