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Abstract: The article presents an approach to solving the problem of assessing
the quality of modern information systems and innovative software products. The
composition of criteria and basic quality indicators that allow evaluating the quality
of information systems and innovative software products is determined.
Quantitative values of these indicators can be obtained using the appropriate
mathematical tools. Therefore, to assess the quality of information systems and
innovative software products, it is proposed to use a multi-criteria expert system and
mathematical tools using weighting coefficients of indicators and point estimates of
their variable values. The proposed approach can be used to assess the quality of
almost any information systems and innovative software products.
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IKCIHHEPTHAS OIIEHKA KAYECTBA
NMHHOBALIMOHHBIX ITPOTPAMMHBLIX ITPOAYKTOB:
®OPMUPOBAHUE MHOTOKPUTEPUAJIBHON CUCTEMBI

Jlapun Cepreii HukosaeBuu

BEIYLIUH HayYHBIN COTPYAHUK, KAHIUIAT TEXHUYECKUX HAYK
Xpycrajies Ouer EBrensesuny

CTapLIMi HAy4YHBIM COTPYAHUK, KAHAUIAT IKOHOMUYECKUX HAYK
LleHTpanbHbI SKOHOMUKO-MaTeMaTnyecknii tHCTUTYT PAH, Mocksa

AnHOTanusi: B cTaThe mpeacTaBieH MOAXO0M K PEIICHUIO MPOOJIEMbI OTICHKU
KauecTBa COBPEMEHHBIX HH(POPMAIMOHHBIX CHUCTEM W  HWHHOBAIMOHHBIX
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MIPOrpaMMHBIX HPOAYKTOB. OmpeneneH CcocTaB KPUTEPUAIBHBIX U OCHOBHBIX
[IOKa3aTeyied KadecTBa, KOTOPBIE TO3BOJIAKOT BBINOJHUTH OLEHKY KadecTBa
WH(POPMALIMOHHBIX CHCTEM U HMHHOBAllMOHHBIX MPOTPAMMHBIX IMPOJYKTOB.
KonuyecTBeHHBIE 3HAYEHUs 3TUX II0KA3aTENE MOXKHO IOJY4YUTh NPU IOMOLIM
COOTBETCTBYIOIIETO MAaTEMAaTHUYECKOTO HMHCTpyMeHTapus. [lostomy st oneHku
KayecTBa MH()OPMALIMOHHBIX CUCTEM U MHHOBALIMOHHBIX MPOTPAMMHBIX IIPOYKTOB
MIPEUIaraeTcsl MCIOIb30BaTh MHOTOKPUTEPHAIBHYIO JKCIIEPTHYIO CHUCTEMY U
MaTeMaTUYECKU HMHCTPYMEHTAapUil ¢ NPUMEHEHUEM BECOBBIX KOA((ULIMEHTOB
nokasareiel M OaUTbHBIX OILICHOK HMX IMEepeMEHHBbIX 3HaueHHuil. IlpemnoxeHHbIN
HOJIXOJ] MOXET TPUMEHSATbCS JJIsl OLEHKM KauecTBa IPAKTHUYECKU JIFOOBIX
MH()OPMAITMOHHBIX CUCTEM U MHHOBAIIMOHHBIX MPOrPAMMHBIX IPOTYKTOB.

KaroueBble  ciaoBa:  uHpOpMalMOHHAs  CHUCTEMa,  MHHOBAIIMOHHBIN
IIPOTPAMMHBIM TIPOEKT, OIEHKA KayeCTBa, MHOTOKPUTEPHAIbHAS JKCIEPTHAs
CUCTEMAa, MATEMAaTUYECKUN NHCTPYMEHTAPUN.

Introduction

The rapid development of the knowledge economy and its rapid digitalization
have predetermined the need for active development and implementation of modern
information systems and innovative software products (ISP) in almost all spheres of
society's life. It is no coincidence that today they occupy a leading position in the
management systems of many enterprises. The effective use of information systems
and ISP currently allows them to gain serious competitive advantages and strengthen
their position in the markets. However, the will to accelerate the development,
purchase and implement into production activities effective at first glance information
systems and ISP often leads to failures and deterioration of results compared to those
that were before their application. According to statistics, only 10% of the developed
information systems and ISP satisfy customers fully. There are many reasons for this,
and one of them is the poor quality of information systems and ISP.

Until recently, the responsibility for the quality of the developed information
systems and ISP fell, as a rule, on their developers. The customer could, as a last
resort, prescribe any requirements in the terms of reference. The biggest problem in
assessing the quality of information systems and ISP was to formulate clear
requirements for the composition of qualitative indicators and then determine their
guantitative values.

The article hereunder offers one of approaches, allowing to obtain the real
quality evaluation with reference to modern information systems and ISP.
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Research purpose

The purpose of this research is to substantiate the approach, allowing to obtain
the real quality evaluation of modern information systems and ISP.

Material and methods

Even a brief description of the essence of the criteria and basic indicators of
the quality of information systems and ISP makes it possible to freely abstract on a
wide range of issues of assessing their quality. This is important in two
complementary ways. Firstly, the justification of the choice of criteria and basic
indicators that are more important for the successful functioning of information
systems and ISP allows us to detail a lot of issues related to solving real problems of
quality assessment. Secondly, since this detail is complex, it reduces the risk of
incorrect solution of a number of important issues related to the mutual dependence
of the selected indicators [1, 2, 3].

In general, the ISO/IEC 25010:2011 standard [4] and its Russian counterpart
GOST R ISO/IEC 25010-2015 [5] describe with a high level of detail a model
for evaluating the quality of information systems and ISP and the software used
in them with a small number of criteria and basic quality indicators. At the same
time, each criterion or main indicator describes the degree of quality of a
functional indicator in such detail that it makes it possible to obtain its
guantitative value. This approach significantly facilitates the assessment of the
quality of information systems and ISP, and the criteria and basic quality
indicators themselves allow us to fully assess the quality of a particular
functional indicator. This makes it possible to assess the quality of information
systems and ISP and those used in them for any complexity.

Taking into account the complex structure of information systems and ISP and
the software used in them, we will use those indicators that are able to meet the
requirements of their potential users as their criteria and main quality indicators. In
accordance with this, it is necessary to measure and control:

- quality features of the functioning of the hardware information systems and
ISP, as well as of the used software;

- quality features of information systems and ISP, as well as of the used
software;

- quality features of data management subsystems, with which information
systems and ISP as well as the used software is used;

- quality features of the functioning of the network infrastructure of
information systems and ISP, as well as of the used software;
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- personal and psychological peculiarities of employees, working with
information systems and ISP, as well of the used software.

The process of evaluating the quality of information systems and ISP and the
software used in them is inextricably linked with determining the values of
indicators that can be measured and in which the consumer is interested. Modern
methods of quality assessment have at their disposal a wide arsenal of measurement
tools, among which the applied statistical data analysis, expert assessment methods,
as well as more complex methods of data mining, such as neural networks, machine
learning methods, etc. are particularly distinguished. They are covered in sufficient
detail in the works of J. Giarratano and G. Riley [6], V. A. Zalyazhnykh and
A.V. Girik [7], T. F. Moiseeva [8], Yu. V. Sidelnikov and S. A. Saltykov [9, P. 49],
as well as in the monograph edited by K. Anders Ericsson [10].

Here are most typical features of the mathematical tool, used for these purposes:

1) tasks of measurements of criteria and basic quality indices are based on
needs of an object domain, not only of mathematics itself;

2) various assumptions are inherent in the performance of measurements of
criteria and basic quality indicators, which may differ from the strict apparatus of
mathematical statistics;

3) considerable attention is paid to collecting data for their analysis and
processing in order to detect format violations, abnormal values, omissions, etc.

The need to make objective measurements and obtain quantitative estimates of
various quality characteristics of information systems and ISP and the software used
in them requires the use of a certain measurement system and evaluation methods.
Under the measurement system of criteria and basic indicators of the quality of
information systems and ISP and the software used in them, we will understand a
certain set of indicators that can be measured using various measuring scales, their
characteristic units of measurement and certain relationships between them. The
measurement scales used determine the range of values of the measured indicators
with a given accuracy and in established units [11, 12].

Results and discussion

Practice shows that the effectiveness of quality assessment increases when
using the creative activity of experts, with the help of which the construction of the
most adequate and complete models of objects is achieved, the quality of which is
then measured. Therefore, to assess the quality of information systems and ISP, it is
proposed to use a multi-criteria expert system, which includes the following set of
criteria indicators:
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- organizational maintenance level (Yowm),

- technical maintenance level (Y1o)

- mathematical maintenance level (Yuvm).

For each of these indices is established the set of basic indices, detailing its
value, such as:

- for the organizational maintenance level (Yowm):

a) preparation of the initial data;

b) use of the initial data;

C) resistance to violations;

d) ratio between the number of optimization tasks and its total number;

- for the technical support level (Y1o):

a) average level of the computer load per day;

b) connection with the periphere;

c) display used;

- for the mathematical maintenance level (Yuwm):

a) computer type;

b) software;

¢) used software system.

The following formula can be used for the calculation of above mentioned
private indices:

Yom = Mp X Zdomi X Yowmi (1)
V1o = Mp X Zdroi X Yroi (2)
Yumm = Mp X Zdmmi X Yvwi (3)

where mjyis a variable feature of the used method for the design of information
systems and ISP;

d — weight parameters of the quality level of information systems and ISP;

y — the grade evaluation of the given index of the quality level of information
systems and ISP.

Following guide values are established for the variable value of the used ISP
design method:

- when using the automated design m, = 1,0;

- when using typical project solutions m, = 0,8;

- when using prototypes m, = 0,7;

- when using the original design m, = 0,6;

Values, adopted for weight coefficients d, are given in the table.
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In order to overcome the difficulties of obtaining quantitative values of the
quality criteria, it was proposed to use point estimates of their main indicators. To
assess the quality of the technical level of information systems and ISP, it is
proposed to use the following point estimates:

Yom1.1 = 6 — for the individual preparation;

Yom1.1 = 8 — for the combined preparation;

Yomi.1 = 10 — for the centralized preparation;

Table
Values, adopted for weight coefficients d
Organizational Technical Mathematical
Number of Type of ! : .
employees production maintenance maintenance maintenance
(dom) (dt0) (dmm)
1 2 3 4 5

up to ind_ividual 0,6 0,3 0,1
200 people serial 0,5 0,2 0,2
mass 0,4 0,2 0,3
200 — 800 individual 0,7 0,2 0,1
people serial 0,5 0,1 0,3
mass 0,3 0,1 0,5
more than ind_ividual 0,7 0,2 0,1
800 people serial 0,4 0,1 0,4
mass 0,1 0,1 0,7

Yomi.2 =5 — for the regulation of the document application;

Yomi.2 = 10 — for the regulation of the index use;

Yomi3 = 5 — for the failure of the information system or ISP with the breach of
functioning;

Yom1.3 = 8 — for the failure of the information system or ISP without breaking th
functioning and with the reservation of functions by users;

Yomis = 10 — with the reservation of functions in case of the failure of the
information system or ISP in the automated mode;

Yomi.a= 3 —up t 5%;

Yom14= 7 —5—20%;

Yomi.4 = 10 — above 20%;

yro21= 2 —Up to 5 hours;

yroz1=4—-5-10 hours;

yroz21=6—10 — 15 hours;

yro21= 8 —more than 15 hours;

yroz22 = 3 — in case of the lack of the automatic connection between the
information system or ISP with the operator;
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yroz2 = 5 — in case of the semi-automatic connection of the information system
or ISP with the operator;

yroz2 = 9 — in case of the automatic connection between the information
system or ISP with the operator;

yroz23= 3 — the alarm is provided in case of the switching off;

yroz.3= 6 —the alarm is provided in case of regulated display facilities;

to2.3= 8 — the alarm is provided in case of response-request devices;

Ymma1 = 5 — previous generation maintenance;

Ymms.1 = 10 — newest generation maintenance;

ymms2 = 3 — for the local solution of the task;

Ymms.2 = 6 —when solving the task using norms;

Ymmz2 = 9 — when solving the task, using the ISP information basis;

Ymmss = 4 — using of algorithmic languages;

Ymmszs = 8 — using of operational systems.

Based on the use of the above indicators together with the weighting
coefficients, a formula is introduced to determine the final indicator of the quality of
an information system or ISP:

Kisp = dom X Yom+ dro X Yo+ dum X Yum 4)

The calculated quality values of an information system or ISP obtained based
on the use of formula (4) and the multi-criteria expert system described above can
be compared with the initial quality requirements for these products. On this basis,
it can be concluded that the developed information system or ISP corresponds or
does not correspond to the required level of quality of their functional purpose.

Opinions

The article describes an approach to the formation of a multi-criteria expert
system, which includes a set of criteria and basic indicators, their weighting
coefficients and metrics for calculations. With the help of this tool, it is possible to
obtain a fairly close to real assessment of the quality of information systems or ISP
at all stages of the development and operation of these information products. Of
course, the proposed system cannot be considered the only correct tool for assessing
the quality of information systems or ISP. It is obvious that with the appearance of
more advanced versions of information systems or ISP, the composition of criteria
and main indicators, their weight coefficients and metrics for computing will
change in accordance with the requirements imposed by users to the functionality of
the new version of the information system or ISP. Besides that, it seems to us more
appropriate to form a multi-criteria expert system consisting of a number of criteria
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and their main indicators detailing them, with their weighting coefficients and
metrics for making calculations in relation to this information system or ISP, taking
Into account the basic requirements for their functioning, in order to obtain
reasonable assessments of the quality of a specific information system or ISP.
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