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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.

KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOMmpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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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 A = {a;; i = 1,1} and the set of objects B = {b;;j = 1,]}
are given with elements of different types, and also the interrelations between the elements of these sets
that are defined by matrix W = ||a)l- jl i=1,1, Jj= 1,], whose elements are integer or Boolean. It is
necessary to combine the elements of the set A into disjoint subsets 4,,,n = 1, N, and the elements of the
subset B to disjoint subsets B, , m = 1,M, in such a way as to deliver the extreme of the objective
function F(4,, , B;,)-

For a formal formulation of the problem, we introduce the following variables. Let X = |[x;, ||, i =
=1,1;n =1, N be a Boolean matrix, where x;, = 1 if the i-th element is distributed to the n-th group and
Xin = 0 otherwise. Similarly, Y = ||y, ||,/ = T.J;m = T, M, where yj, = 1, if the j-th element is distributed
to the m-th group and y;n = 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 A, and B,,. Correspondingly, on the set of the A-function ¢ (X),k = 1,K, and
on the set B - the functions 1 (Y),s = 1, S, defining constraints on the sets A and B.

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

F(X,Y) - extr (1.1)

under constraints
ok (X) < @go k =1,K (1.2)
Y5 (V) < Pso,5=1,8 (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

Z = XWY (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:

F(p(X),g(Y)) - extr (1.5)
p(X) = extr (1.6)
Pr(x) < ok =1,K (1.7)
g(Y) - extr (1.8)
Y5 (V) < Pso,5=1,8 (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

£(XY) < foo,r =LR (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

Z = XWY (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.

Z=XWY =YWX (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 A, corresponds to the
logical addition of the rows of the matrix W, i € n, and the distribution of the elements of the set B with
respect to disjoint subsets of By, is the logical addition of the columns of the matrix W, j € 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 A, and B,

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 Z = ||Z,,,|l, n = 1, N; m = 1, M and define it as the
basis for the solution of the problem.

2. Define the matrix D = ||d;1,|l,i* =n+1,I; n=1,N 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 A,. As a result, we fix the solution X and the intermediate matrix
1= |my|,n=1TN,j=1].

4. Define the matrix D = ||dj1m||,j1 =m+ 1,I; m = 1, M of the direction of finding the solution Y

by the logical addition of the non-spacing columns of the intermediate matrix /7 = ”T[n j || with columns of
the basis and calculate the values of the estimates only for the positions of the basis of the matrix I1.

5. In accordance with the estimates obtained for the matrix I, we partition the elements of the set B
with respect to the subset B,,. 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 DX DY, and in the reverse direction according to the scheme DYDX.

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 = {ai; i=1,1 }, - a set of applied programs for
solving the functional problems of information systems. ﬂ = {b It j=LJ } - a set of database arrays

, (@; =1, if the

(database fragments) used in the solution of applied problems. The matrix W = Ha)y

J-th database array is used to solve the i-th problem, otherwise @, = 0,) reflects the use of database

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

matrix G = Hg mn

, mn=1,M, where g mn 1, if there is a data transfer channel between nodes m

andn, g,, =0, if there is no communication channel between the nodes m and 7.

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

= {1, if i —th applied program is distributed in m — th network node;
mi 0, otherwise

o {1, if j —th database array is distributed in n — th network node;
Yin = 0, otherwise

We also introduce auxiliary variables in the form:

1, lf 25:1 Xmi (I)ij >1
0,if Xiz1 Xmiwij =0
The variable &,,; reflects the need to read the j-th database array by the m-th network node.
'B _ {1, lf Z§=1 Wi yjn >1 (3 2)
in — . .
0,if Z§=1 Wi Yin =0

The meaning of the variable ﬂ, 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

1, if Z{:l 2521 AmjWij gmnIBin =1
Zmn =

) ; J (3.3)
0,if Zi:l Zj=1 AmjWij ImnBin =0

A variable Z,,, 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

P = Z%:l Z%=m+1 Zmn (3.4)
We also introduce the following notation #; — for the processing time of the i-th application program

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

of the i-th application program in the m-th node of the computer network for the case of different node
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performance, 7, —time of transfer of j-th array of data to a m-th node, V; — 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
Zm 1 Z =m+1 Z =1 Z§=1 xmiwij gmnyjn - min (3-5)

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

Zx,m =1;i=1,1; (3.6)

duplication of database arrays in nodes of computer networks

M
D Vn=l j=1J; (3.7)
n=1

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

Stx+ >t T m=1,M (3.8)

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

Zvl ml+quj ._Vm m:l,_ (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 Z z‘

= I,_N , j =1,M 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 D = Hdmi, o1 b= l,_] , m=1,M 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 4 over sets

Ay. As a result, we fix the solution X and the intermediate matrix /7 = |7z ,m=1,M ,i= 1,_1 .

mi

4. Define the matrix D = de(m

s J ‘= I,_J , n=1,M directions of the solution search Y by logical

addition of the non-basis columns of the intermediate matrix /7 = ”77,,”- || with the columns of the basis and

calculate the values of the estimates only from the positions of the /7 basis of the matrix.

— 129 =——



Uszeecmus Hayuonanvuot akademuu nayk Pecnyonuxu Kaszaxcman

5. In accordance with the obtained estimates of the matrix I/ we distribute the elements of the set
B over the set B, . As aresult, we fix the solution Y and the target matrix Z on which the value of the

objective function P(Z) 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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KOMIIBIOTEP 7KYHECIHIH %O0J1 TOPABbI (TYWHIHEPI) APKbLIbI
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AnHotanus. B pabore paccMaTpuBaeTCsi HOBBIM KJIACC 3a/1a4 JUCKPETHOTO IPOTPaMMHUPOBAHUS — OJIIOYHO-
cuMMeTpuuHble 3amaqn. [IpuBereHa oOmias MOCTAaHOBKA M pEIIeHHE OJIOYHO-CHMMETPHUYHBIX 3a/1a4 JHCKPETHOTO
MIPOTPaMMUPOBAHHSL.

[IpuBeneHs! 0COOEHHOCTH U CBOWCTBA 3TOTrO Kiacca 3amad. PaccmaTpuBaeTcs IOCTAaHOBKA M PEIICHHUE 3aadd
ONTHUMAJIEHOTO paCIpeNeleHus] MPOrpaMMHBIX MOMYyJIeil M MacCHBOB 0a3bl JAHHBIX IO y3JIaM BBIYHCIHATETBHBIX
CHCTEM 3aJIJaHHOM TOIOJIOTHH.

KiroueBble cjoBa: Mojenb, METOJ, AJITOPUTM, TEepeMeHHas, OJOYHO-CHMMETpPHUYHAs 3ajaada, JAUCKPETHOE
MIPOrpaMMHUPOBAHHUE.

Information about authors:

Kaziyev Galym Zulharnaevich — Almaty university of energy and communications, d.t.s., professor of the
department «IT - Engineeringy, kaziev_galim@mail.ru

Markosiyan Mger Vardkesovich — Yerevan research institute of communication facilities, d.t.s., professor, head
of the department «Informatics, computer science and automated systems», mark@yetri.am

Taurbekova Ainur Adilgazyevna — Kazakh national reserch technical university named after K.I. Satpaev, PhD
student, ainura_071@mail.ru

— 131 ——



Uszeecmus Hayuonanvuot akademuu nayk Pecnyonuxu Kaszaxcman

Publication Ethics and Publication Malpractice
in the journals of the National Academy of Sciences of the Republic of Kazakhstan

For information on Ethics in publishing and Ethical guidelines for journal publication
see http://www.elsevier.com/publishingethics and http://www.elsevier.com/journal-authors/ethics.

Submission of an article to the National Academy of Sciences of the Republic of Kazakhstan implies
that the described work has not been published previously (except in the form of an abstract or as part of a
published lecture or academic thesis or as an electronic preprint,
see http://www.elsevier.com/postingpolicy), that it is not under consideration for publication elsewhere,
that its publication is approved by all authors and tacitly or explicitly by the responsible authorities where
the work was carried out, and that, if accepted, it will not be published elsewhere in the same form, in
English or in any other language, including electronically without the written consent of the copyright-
holder. In particular, translations into English of papers already published in another language are not
accepted.

No other forms of scientific misconduct are allowed, such as plagiarism, falsification, fraudulent data,
incorrect interpretation of other works, incorrect citations, etc. The National Academy of Sciences of the
Republic of Kazakhstan follows the Code of Conduct of the Committee on Publication Ethics (COPE),
and follows the COPE Flowcharts for Resolving Cases of Suspected Misconduct
(http://publicationethics.org/files/u2/New_Code.pdf). To verify originality, your article may be checked
by the Cross Check originality detection service http://www.elsevier.com/editors/plagdetect.

The authors are obliged to participate in peer review process and be ready to provide corrections,
clarifications, retractions and apologies when needed. All authors of a paper should have significantly
contributed to the research.

The reviewers should provide objective judgments and should point out relevant published works
which are not yet cited. Reviewed articles should be treated confidentially. The reviewers will be chosen
in such a way that there is no conflict of interests with respect to the research, the authors and/or the
research funders.

The editors have complete responsibility and authority to reject or accept a paper, and they will only
accept a paper when reasonably certain. They will preserve anonymity of reviewers and promote
publication of corrections, clarifications, retractions and apologies when needed. The acceptance of a
paper automatically implies the copyright transfer to the National Academy of Sciences of the Republic of
Kazakhstan.

The Editorial Board of the National Academy of Sciences of the Republic of Kazakhstan will monitor
and safeguard publishing ethics.

[IpaBuna opopmiieHHs cTaTbU Ui MyOJIMKALUK B )KypHaJIe CMOTPETh Ha CalTe:

www:nauka-nanrk.kz

ISSN 2518-170X (Online), ISSN 2224-5278 (Print)

http://geolog-technical kz/index.php/kz/
Bepctka /. H. Kankabexogoii

Iloxmwucano B meuats 30.07.2018.
®dopmar 70x881/8. Bymara odeernas. [leaars — puzorpad.
13,4 .. Tupax 300. 3aka3 4.

Hayuonanvnas akademus nayx PK
050010, Anmamur, ya. [llesuenko 28, m. 272-13-19, 272-13-18



