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DEVELOPMENT OF SPECIAL MATHEMATICAL
AND SOFTWARE SYSTEMS ANALYSIS

Abstract. The development of special mathematical and software analysis systems is a very topical issue, since
our society is rapidly developing under the influence of heterogeneous information resources, in the mutual exchange
of information through web technologies. The authors presented options for mathematical and software analysis
systems, as well as considered problems arising in the way of introducing new developments. For example, the
manufacturer of the program and its users have extensive information about it, and even if the manufacturer knows
the logic of the program and sometimes it can accurately predict the results of launches with other source data.
However, the question of assessing the reliability of software does not attract proper attention, which is also
presented in a study on the development of special mathematical and software analysis systems.

Keywords: development, special, mathematical, software, systems analysis, Internet, information .

In recent years, web technologies have rapidly developed, by which they mean a group of formats and
technologies for transmitting multimedia documents used in the largest electronic information system
World Wide Web, which is part of the global Internet. WWW is a distributed medium of existence of
heterogeneous information resources, the exchange of information between them is possible only thanks to
web-technologies. The rapid development of the Web has led to the fact that web-technologies are
increasingly associated with the Internet. Web technologies have found application in local networks and
integrated multi-user information systems, where they act as a universal intermediary between various
types of information resources.

Improvement of computer technology math and software contributes to the development of
information technologies for distributed data management in real time. These technologies and related
software products are becoming more widely used, including within the framework of modern traffic
management systems in urban areas, providing an operational mode for identifying mobile objects,
controlling their position, and also routing mobile objects of the patrol service.

According to the Address of the President of the country, the modernization of education should be
understood as a large-scale program of the state with the active participation of Kazakh society, the
implementation of which should lead to the achievement of a new quality of education and expansion of
its accessibility for young people. And the main factor in the renewal of vocational education should be
the demands of the economy and social sphere, science, technology, technology, territorial labor markets,
as well as the future needs of their development, on which the Head of State focuses attention. A system
of constant monitoring of the current and future labor market needs in high-quality personnel of various
qualifications, as well as the training of a qualified political class of managers as the basis of the “new
management elite, which Kazakhstan will adequately lead in the 21st century,” should be created.

High-performance computing is gaining ever stronger positions in solving various kinds of tasks
(including tasks in which simulation methods are applied), using the resources of several performers to
perform calculations. The main purpose of using these tools is to optimize computation time. However,
the heterogeneity of executors (computing nodes have different performance, communication lines
between nodes have different bandwidths), the heterogeneity of the parallel application itself (the
application is a set of logical processes located on different computing nodes and interacting by sending
messages to each other) on computing nodes.
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As a result, the benefit from the use of several performers when performing calculations is reduced to
zero. In order to avoid undesirable consequences of an imbalance, special software is used that
implements a balancing algorithm. The balancing algorithm is designed to evenly distribute the load on
the compute nodes. If at any computational node the load exceeds the permissible one, then, following the
balancing algorithm, part of the load is transferred to another, less loaded node. In this case, the
application costs for communication between compute nodes should be taken into account.

At present, a characteristic feature of the information society should be the intensive introduction of
lifelong education, regarded as a step-by-step and lifelong process, ensuring a constant replenishment and
expansion of knowledge, that is, “life-long teaching”. The main goal of lifelong education is strengthening
the ability of a person to adapt to changes in the economy, professional life, culture and society.
Continuing education can be viewed as a process of growth of the educational potential of an individual
over the course of a lifetime, organizationally supported by a system of state and public institutions and
corresponding to the needs of the individual and society. It should involve a lot of educational structures -
basic and parallel, basic and additional, state and public, formal and informal, using traditional and non-
traditional forms and teaching methods, which the President of Kazakhstan focuses on.

It is known that one of the six principles for the development of lifelong education, as defined by the
European Union Memorandum, is distance education (DL), one of the important global trends in the field
of education, aimed at the use of so-called non-traditional forms and teaching methods. And here I would
like to pay special attention to this form of education. This format of education is very important for
Kazakhstan and it is in favor of the learner, since the branch education system in our country is strictly
regulated, correspondence education is reduced, people should not have to leave their hometown or village
to get a quality education. Information technology in this regard provides tremendous opportunities. This
is especially important in the conditions of Kazakhstan: uneven resettlement of the population, weak
urbanization of the country's settlements, etc.

Today, informatization of education on the basis of world achievements in the field of IT-
technologies is a means of innovative, advanced development of Kazakhstan's education. With this in
mind, a consistent system policy in the main areas of informatization of education in Kazakhstan is
defined as a strategic goal. These areas include: regulatory support; computerization and updating of the
computer park; software; Internetization of educational and management organizations; the creation of
domestic digital educational resources; automation of monitoring, analysis and management of
educational organizations; teacher training and management training.

Thus, the analysis of forms of education shows that distance learning is one of the forms of education
(as well as full-time, part-time), in which the educational process uses traditional and specific methods,
means and forms of education based on computer and telecommunication technologies. The basis of the
educational process at DL is purposeful and controlled intensive independent work of the student, who can
study in a convenient place, on an individual schedule, having a set of special teaching aids and a
coordinated opportunity to contact the teacher and other students by phone, fax, email and regular mail, as
well as in the contact format. Currently, distance learning, as a technological, organic part of education, as
well as a new, effective form of education, is the optimal means of implementing the idea of continuing
education in modern teaching practice. However, the effectiveness of the use of distance learning in the
system of continuous education depends to a large extent on the quality of the informative educational
information used; professional skills of teachers; effective management of the educational process; quality
hardware and software support; Readiness of students to work with modern information technologies and
means of communication.

It should also be noted that if the number of errors is considered as a measure of reliability, then in the
terminology of the theory of probability, this number is a random variable, but the main question - in what
space of elementary events it was set - was not affected anywhere.

Finally, it is important to emphasize that, from the point of view of reliability, as a result of correcting
an error or any other correction, a new program is obtained with a different reliability indicator than before
the correction.

Thus, the number of errors in the program is characterized, rather, not by the program, but by its
manufacturers and tools used.

For simplicity, we consider a class of programs having a single input and output, i.e. not containing
infinite loops. The program execution phase from the beginning to the end will be called the launch. All
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possible results of the launch will be divided into two classes: correct and incorrect (erroneous). We
assume that any result can always be attributed to one of these classes (it is clear that there may be
disagreements between program makers and users on this issue, but we will assume that there is some
common criterion, for example, “the customer is always right”). Consider the classical probabilistic model
of the Bernoulli test sequence. The space of elementary events in this model contains 2n points, where n is
the number of tests (in this case, testing means starting a program). Each program launch has two
outcomes: right and wrong. Denote the probability of an incorrect outcome by p, and the probability of
correct R = (1 - p). The probability that k of n starts will lead to an incorrect result is expressed by the
well-known formula for the binomial distribution [4].

B (p, n, k) = C (n, k) * pk * (I-p) (n-k), (1) where C (n, k) is the number of combinations. The
probability of p is a priori unknown, but n and k are known from the results of the launches. The value of
B as a function of p has a maximum at

p=k/n, @)
As a measure of the reliability of the program, you can take the value
R=1-k/n=(nk)/n, 3)

The values of which (from 0 to 1) are consistent with the generally accepted meaning of the term
reliability: for example, if all starts ended with an erroneous result (k = n), then reliability is zero.

The most significant assumption in this model is that program launches are considered independent.
This means that the results of previous launches do not give any information about the results of the
following. It is clear that this assumption is not always fulfilled in practice: for example, restarting with
the same input data will obviously give the same result.

It should be noted that the manufacturer of the program and its user have different information about
it. For example, the manufacturer knows the program logic, so that based on the results of starting with
some source data, he can sometimes accurately predict the results of launches with other source data (any
testing methodology is ultimately based on this), and in this sense the independence test not performed.
However, the user is rarely interested in the device of the program, only one thing is important for him:
whether it performs the required functions, so the user has no reason to consider the launches dependent.
If there is a desire to use information about the program's device when evaluating its reliability, then you
should think up some more complex probabilistic model that would take it into account.

Formula (3) makes it possible to evaluate the reliability of a program based on the results of its
launches. It is necessary to dwell on two limiting cases: k = n (zero reliability) and k = 0 (absolute
reliability). In both cases, the results should not be interpreted literally: there is no guarantee that the next
launch will lead to the same result as the previous ones. However, from the user's point of view, these
cases are completely different. If zero reliability indicates that the program is clearly unsuitable for
operation, then the absolute reliability indicator should not be misleading: such a conclusion cannot be
made from the results of even a very large number of launches. It should be emphasized that to assess the
reliability in this case it is necessary to consider other probabilistic models.

The developers' desire to create binary-compatible microprocessor families finds an additional
explanation from the standpoint of software reliability: if this were fully possible, then the operating
experience of the programs would not have to be canceled when switching to a new type of processor,
which would contribute to a significant increase in the reliability of the programs used.

It is interesting to compare the reliability characteristics of the hardware and computer program. As
you know, the reliability of a physical device changes with time: at the beginning of operation, it grows
(the item is “burned in”), then remains constant for a while and finally begins to decrease (the effect of
wear or “aging”). Speaking about the reliability of the equipment, they mean the middle phase, on which
the reliability is constant. Everyone notes the fact that the computer program does not wear out, so the last
phase for it does not exist. However, it is important to emphasize that the first phase (“run-in” of the
program) is also absent: program correction (regardless of the reasons for which it was performed) is
similar to making changes in the design of a physical device, resulting in a new device with a different
reliability index.

Despite the obvious relevance, the issue of assessing the reliability of the software does not attract
proper attention. At the same time, even a superficial analysis of the problem from a probability-theoretic
point of view makes it possible to reveal some regularities.
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AHHOTanMsi. ApHaibl MaTEeMATHKAIIBIK JKOHE OaraapiaMaliblK KaMChI3IaH IbIPy KYHEIepiH JaMbITy ©Te ©3€KTi
Mocesie OOJbIT TaObUTAIbI, OWTKEHI OI3MIH KOFaMBIMBI3 OIPTYTac akKmapaTThIK PECypCTapiblH OCEpiHEH, BeO-
TEXHOJIOTHSIIAp apKbUIbl ©3apa aKnapar ajnMacy Ke3iH/ie KapKbIH/bl JaMBbIIl Kelei. ABTOpIap MaTeMaTHKANbIK jKOHE
OarmapiiaMaliblK KaMTaMachl3 €Tyl Taljay JKyienaepiHe HyCKalap YChIH/IbI, COHIal-aK JKaHa d3ipJieMeNiep/Ii CHTi3y
KOJBIHAA TYbIHIAFAaH MpoOJieMaapbl KapacThIpAbl. MpIcaibl, OargapiiaMaHblH —OHMIPYIICI JKOHE OHBIH
naiananynsUIapsl Typaibl KeH akmapar 0ap, TITi erep eHIIpyIi OargapiaMaHblH JOTHKACKIH OiIce e, Kelae o
Oacka Iepek Ke3JepiMeH YIIBIpy HOTIKeJepiH HakThl Ooipkai amanbl. [lereHMeH, OarnapiaMaliblK KaMTaMachl3
eTy/IH CeHIMIUNriH Oaranay Maceleci epeKile Ha3ap aynapMalibl, 0J COHBIMEH Karap apHalibl MaTeMaTHKaJbIK
JKOHE OarIapiaMalblK KaMChI3IaHABIPY XKYHelepiH JaMbITy OOHBIHIIA 3ePTTEY/ IC YChIHBUIFAH.
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PAZPABOTKA CIHHEHHUAJIBHOI'O MATEMATHYECKOI'O
U IMPOI'PAMMHOI'O OBECIIEYEHUA CUCTEM AHAJIN3A

AnHoTanus. Pa3zpaboTka cnenuanbHOr0 MaTeMaTHYeCKOro M IPOIPAMMHOIO OOECIeUeHUs CHCTEM aHalu3a
BECbMa aKTyajlbHasi TeMa, TaK KaK Halle OOIIEeCTBO CTPEMHUTENBHO Pa3BHUBACTCS IO BIMSHHEM Pa3sHOPOIHBIX
nH(GOPMALMOHHBIX PECYpcoOB, BO B3aUMHOM oOMeHe wuH(popManuu Onaromapss web-TexHOJOTHsAM. ABTOpaMu
NPENCTaBICHBI BAPHAHTBHI MATEMAaTHYECKOTO M IIPOrPaMMHOT0 o0ecliedeH sl CHCTEM aHaIn3a, a TaK JKe PACCMOTPEIH
npoOieMbl BO3HMKAIOLIME HA MyTH BHEAPEHHS HOBBIX pa3paboTok. K mpumepy, M3rOTOBHTENb IPOTPaMMBI H €€
T0JIB30BATEINN PACHOIararoT ITMPOKOH HHpOpMaLHeil 0 Hell ¥ Jaxke €M M3TOTOBHUTEIIO0 3aBEIOMO M3BECTHA JIOTHKA
IpOrpaMMbl M MHOTZIAa OH MOXKET TOYHO IpelcKa3aTh Pe3y/bTaThl 3allyCKOB ¢ APYTUMHU HCXOIHBIMHU JIaHHBIMH.
OnHaKo, BOIPOC OLIEHKH HAaJEXKHOCTH IPOrPaMMHOTO o0ecriedeHHsl He IPUBIIEKAeT JO0DKHOTO BHUMAHUS, O YeM TaK
’Ke TPEJCTaBICHO UCCIIENOBAaHME 10 pa3paboTKe CHEHalIbHOTO0 MaTeMaTH4YeCKOTO U IPOrpaMMHOI0 obecIiedeHus
CHCTEM aHaJIH3a.

KiroueBbie c10Ba: pa3paboTKa, CelMaIbHBIN, MATEMaTHUECKUH, IPOrpaMMHOE 00eCIIe4eHHe, CUCTEM aHAJIU3,
WurepHer, uHpopmarys.
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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 work described 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 originality detection service Cross Check 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.
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