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IIposedero nopisnanrvHull ananis pesyaomamis OuiHIO6aH-
Hsa 6i0nosionocmi npozpammozo 3adesnewenns (I13) ons sacooie
sumiproeanvioi mexuixu (3BT). /[na nopisnanvnozo oyintoean-
Ha obpano eicim 113 3BT 3 emonmosanum ma ynieepcanvHum
xomn’tomepamu. Oopani 113 3BT nonepednvo npotiwau oyinro-
GAHHS 3a MEMOOUKAMU MA AJL20pUMMAMU, AKI OaA3yombCs Ha
BUMO02aX HAUIOHAILHUX CMAHOapmMie ma 00KYMeHmie MidicHa-
POOHUX | PezioHANbHUX Op2aHI3auiil 3aKoH00as4oi Mempooeii
OIML ma WELMEC. 3a pe3ynvmamamu npoeedenozo ananizy
eumoez nacmanosu WELMEC w000 eunpooysanns I13 3BT 6yau
sudineni y3azaavHeni ma 4acmKo6i NOKAZHUKU O OUTHIOBAHHSL
axocmi 113 3BT. Cpopmosano supasu 0ns ompumanis wuceio-
H020 3HAYMEHHA KOXHCHO20 HACMK06020 NOKASHUKA 30 KONCHUM Y3a-
2abHEHUM NOKAZHUKOM.

Jlnsa nopieHanvbH020 0UiHIOBAHHA 00PAHO Memoo aHaLimuy-
noi iepapxii (MAI), ocxinvku 6in 00360151€ nopieHsmu i 6uUKo-
Hamu KilobKiCHY OWIHKY AJbMEePHAMUGHUX 6apiaHmie piuleH-
HA. 3 Memolo penesanmnoz0 NOPiGHAHHS N0 4AC OUIHIOBAHMHSL
xonkpemnozo II3 3BT 6yau epaxoeani eéci nopisniosani ege-
Mmenmu. Ocmanni Oyau 32pynosani 6 y3azaivHeHi NOKAZHUKU,
KOJiCeH 3 aAKux ouineno oxkpemo. Ilonapni nopisnanns i yci inwi
emanu ouintoeanus 3 euxopucmannam MAI euxonyeanuce na
OCHO6I Y3az2anvHeHux nokasuuxie. /[nsa nonapnozo nopieHanns
6CIX KINbKICHUX Ma AKICHUX NOKAZHUKIE 3 NOOAHHAM Pe3yiomamy
3PIBHANNA Y KINbKICHIU hopmi, 6ya0 suxopucmano wxany Caami.
Excnepmnum memodom usnayeno xoediuicnmu 6éazu KoyicH020
UACMK06020 NOKAIHUKA.

Busnaueno ocnoeni noxasnuxu ons 113 3BT 3 emonmosanum
MayHieepcanbHuM KoMn 1omepom, ki Maromo HAUOIILUUNL 6NIUG
Ha pe3yavmamu ouiHIO8aHHs 6i0nosionocmi. Bcmanogsaeno, wo
0e3 npedcmasaenns doxymenmauii ma idenmucpivauii 113 3BT
3 6MOHMOGAHUM MA YHIGEPCANLHUM KOMN IOMepamu HeMOodic-
JUBO POINOUUHAMU NPOUEOYPY OUIHIOBAHHS 8I0N06IOHOCMI 3210~
Ho 3 eumoeamu. Iloka3nux nepesipxu 3anam’samoeyrouux npu-
cmpoie ma cneyianvhuil noxkasnux nepegipxu I13 0ns neenozo
3BT € o0numu i3 6azomux nokasnuxie. Y moil jxce 1ac nokasHu-
KU nepeesipxu 3uumyeanns ma nepesipxu pienie posodisenns I3
NPaKmuuHo He 3aCMOCOBHI i HUMU MONCHA 3HEXMYBAMmU

Kmouosi caosa: npoepamue 3abe3neuenns, 3acié eumipio-
8abHOT MEXHIKU, OUIHIOBAHHS AKOCML, MEMOO AHANI3Y IEPapXiil
u =,
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1. Introduction

The requirements of the Measuring Instruments Direc-
tive 2014/32/EU (MID) [1] form the basis of the legislation

Copyright © 2019, O. Velychko, O. Hrabouskyi, T. Gordiyenko
This is an open access article under the CC BY license
(http.//creativecommons.org/licenses/by,/4.0)

of Ukraine on conformity assessment of measuring instru-
ments (MI). According to the new version of the Law of
Ukraine “On metrology and metrological activity” (came
into force on 01.01.2016), MI intended for application in



the field of legally regulated metrology must undergo a pro-
cedure of conformity assessment with the requirements of
technical regulations (TR). This procedure is the process of
proving that the essential requirements of the TR regarding
the MI have been fulfilled. The conformity assessment pro-
cedure covers specialized MI software. Such MI must meet
the essential requirements, including those related to the
software, namely: suitability for use and protection against
unauthorized interference.

The rules and procedures for testing MI software are
established by the document [2] of the International Orga-
nization of Legal Metrology (OIML), as well as documents
and recommendations of regional metrology organizations.
Testing procedures for MI software are governed by the
recommendation [3] of the Euro-Asian Cooperation of Na-
tional Metrological Institutions (COOMET), document [4]
and guidelines [5, 6] of the European Cooperation in Legal
Metrology (WELMEC). At the national level, appropriate
lists of national standards have been established, which, in
particular, give the presumption of MI compliance with the
essential requirements of the TR. The analysis of the state of
the regulatory framework for testing MI software at the in-
ternational, regional and national levels has been the subject
of previous research [7-10].

National metrology institutes and conformity assess-
ment bodies test MI software according to pre-established
methods and algorithms. From January 2016 to the present,
the number of MI software tests has been more than 500 in
Ukraine and is constantly growing at a significant rate. The
latter are based on the requirements of the national stan-
dard [11] with the additional use of the OIML D 31 [2] and
WELMEC 7.2 requirements [5]. This approach contributes
to the consideration of all the elements necessary to achieve
the presumption of compliance of the software with the es-
sential requirements of the TR. However, these approaches
do not answer the question of the quality of software com-
pliance assessment.

The urgency of the work is confirmed by the urgent need
for conformity assessment of legally regulated MI in accor-
dance with the requirements of national legislation, TR or
European directives. National metrology institutes and con-
formity assessment bodies are interested in effective testing
methods for MI software and in assessing the risks associ-
ated with the application of such MI software. Given this,
the pressing issue is to validate the M1 software test results.

2. Literature review and problem statement

The analysis of various aspects of MI software testing
has been the subject of previous research of the authors
[7-10].

In [7], the peculiarities of the regulatory support of
MI software testing are investigated. The main stages of
MI software testing and features in accordance with the
requirements [2, 5, 6] are discussed in [8]. The main factors
and algorithms for MI software testing in accordance with
OIML and WELMEC requirements are considered, a uni-
versal algorithm for MI software testing is proposed in [9].
However, these studies did not analyze quality assessment
indicators of MI software regarding the effect on the overall
test results of MI software.

In [10], the main differences are identified and the nec-
essary elements are established to achieve the presumption

of software compliance with the essential TR requirements
when conformity assessment of MI. However, the methods
and algorithms described in [10] make it impossible to de-
termine the validity of the results obtained from conformity
assessment of M1 software.

In [12], approaches to software quality requirements
and software testing methods are compared, and different
approaches to software quality assessment in different
international standards and guidelines, in particular on
issues related to the quality assessment of M1 software, are
determined.

In [13], issues related to the validation of MI software
covered by the MID [1] are considered. A methodology is
presented that can be extended not only to software on MI
categories that fall under the MID, but also to most other
MI categories. The paper [14] also discusses the validation of
MI software based on risk classes for MI software and some
possible testing methods.

In [15-18], a method for assessing the risks and current
threats posed by MI software, including those integrated
into open networks is presented. The method uses a struc-
ture and combines elements of specialized international
standards and may be useful for conformity assessment
bodies and industry.

However, [11-15] do not provide a comparative anal-
ysis of the importance of the impact of specific character-
istics of M1 software on the overall result of the software
quality assessment. The requirements of the international
document [2] and the possibility of software application
for local MI are not taken into account in [16—18].

In [19], a system architecture is considered that could
eliminate the risks of general-purpose operating systems.
This is achieved both through the use of custom software
and control of communication between major software com-
ponents and the environment.

Thus, it can be concluded that the above studies did
not analyze the influential indicators and results of quality
assessment of M1 software, and did not apply methods of
their validation. Therefore, the analytic hierarchy process
(AHP) was chosen to investigate such complex objects as
MI software: the basic method [20, 21] and its modifica-
tions [22—24]. This method allows to structure a complex
decision-making problem in the form of a hierarchy in a
clear and rational way, to compare and quantify alternative
solutions. Recently, AHP has been actively used in practice
in various fields of activity. The AHP mathematical appa-
ratus is described in detail in [25]. It is therefore necessary
to conduct research and identify the most influential indi-
cators that are analyzed in assessing the suitability of MI
software, with a view to improving MI software testing
methods.

3. The aim and objectives of the study

The aim of the study is to develop approaches to improve
methods of testing and conformity assessment of special M1
software at the national level.

To achieve this goal, the following objectives were set:

— to carry out a comparative analysis of the MI software
testing results by all indicators using the chosen method;

— to determine the quality indicators of both built-in and
universal computer MI software, which have the greatest
impact on the overall assessment results.



4. Materials and methods of research for measuring
instrument software quality assessment

The problem of comparative analysis of the MI software
testing results using AHP is solved by means of three hier-
archy levels:

— the first level of the hierarchy corresponds to the aim —
to define the most preferred MI software;

— the second — contains criteria (indicators) to define the
most preferred M1 software;

— the third is the specific MI software that should be
compared.

In general, the list of indicators should be such that the
most comprehensive evaluation of each M1 software is made.
Each generalized indicator can be estimated by partial indi-
cators contained in software documents or other available
sources. For a relevant comparison, when assessing a partic-
ular MI software, it is necessary to consider all the elements
compared. Therefore, they are grouped into generalized in-
dicators, each of which is evaluated separately, and pairwise
comparisons and all other stages of assessment, using the
AHP, are performed on the basis of generalized indicators.

The main stages of comparative quality assessment of M1
software based on AHP are as follows [25]:

1. Perform the following actions:

— to compile a list of M of MI software that will be com-
pared,;

— to carry out an analysis of available information about
MI software (software description, user manual, etc.);

—to determine the list of indicators for comparative
assessment, which should contain a sufficient number of
indicators (not more than 9) in order to fully reflect all the
essential features of MI software.

2. Determine the numerical values of the relative impor-
tance of the indicators a; (i, j=1, 2, .., N), included in the
pairwise comparison matrix (PCM) A of assessment indi-
cators, established by the evaluation expert, directly during
each specific MI software comparison.

3. Determine:

— Normalized eigenvector A; of the matrix A;

— consistency of local priorities (Cy4) included in the
matrix A;

— consistency index of output data I;

— maximum eigenvalue Apay.

4. Determine:

— numerical values of the elements of the PCM B, — bi’;
@i, j7=1,2,.., M), using available information from various
sources to establish the array of B, pairwise comparison ma-
trices of MI software, according to each indicator;

—normalized eigenvectors for each constructed ma-
trix By.

5. Implement the consistency check of the local priorities
that are included in the Bj matrices using the consistency
relation C* (C*<0,1 — consistency condition). Determine
the consistency index of the original data I and maximum
eigenvalues A .

6. Determine the generalized priorities G, for each of M
of MI software compared by:

N
G,=> BB, n=1,2 ., M 1)
i=1

with the further ranking of global priorities G, for all
MI software and definition of MI software that has the

greatest advantage — the software with the maximum
value G,.

The structure of the model of quality assessment of MI
software using AHP is shown in Fig. 1.

Level 1 ’Quality assessment of MI software ‘ Aim
Assessment

Level 2 ’ K, ‘ ’ Le ‘ ’ KL‘ indicators

teers [ sm || s | | oare "

Fig. 1. Structure of the model of quality assessment of Ml
software using AHP

According to the results of the analysis of the require-
ments for testing the MI software of the WELMEC 7.2
guidelines [4], the following generalized indicators can
be distinguished for assessing the quality of the MI
software:

Kp — built-in computer software characteristic (P);

Ky — universal computer software characteristic (U);

K — test indicator of storage devices (L);

K7 — test indicator of data transfer devices (T');

K — reading test indicator (S5);

Kp — test indicator of software separation levels (D);

K — specific test indicator of software for specific MI ().

The structure of links between the requirements for quali-
ty assessment of MI software according to WELMEC 7.2 [4]
is shown in Fig. 2.

Basic requirements ’ K» | Ky ‘
A 1t
indicators

Additional
requirements

Components
of indicators

Special
requirements

Fig. 2. Structure of links between requirements for quality
assessment of Ml software

For pairwise comparison of all generalized indicators
with the help of AHP, including quantitative and qualitative,
with the submission of the comparison result in quantitative
form, one should use the Saati scale [20].

The list of partial indicators, which make up the gener-
alized indicators Kp, Ky, K1, K1, Ks, Kp, K; and expressions
to obtain a numerical value for each generalized indicator
are determined.

The numerical value of the built-in computer software
characteristic Kp is determined by

7
K,=Y Pw//N,, 2

where Np — the total number of estimated MI software indi-
cators (Np=7);

P; — constituent estimates of the generalized indicator Kp
(numerical characteristics of partial indicators with certain
weight coefficients w)):



Py — software user documentation;

Py — MI software identification;

P3 — impact through user interfaces;

P4 — impact through transmission interfaces;

Ps — modification protection;

Pg — software modification protection;

P; — parameter protection.

The numerical value of the universal computer MI soft-
ware characteristic Ky is determined by

9
Kuzzinfj/NU’ 6))
=

where Ny — the total number of estimated MI software in-
dicators (Ny=9);

U; — constituent estimates of the generalized indicator
Ky (numerical characteristics of partial indicators with cer-
tain weight coefficients w!):

U; — documentation;

U, — software identification;

Us — influence through user interfaces;

U; — impact through transmission interfaces;

Us — modification protection;

Us — software modification protection;

U7 — parameter protection;

Usg — software authentication and results transfer;

Uy — impact of other software.

The numeric value of the test indicator of storage devices
K| is determined by

8
KL:ZLiwiL/NL’ 4)
it

where N; — the total number of estimated MI software indi-
cators (N;=8);

L; — constituent estimates of the generalized indicator K,
(numerical characteristics of partial indicators with certain
weight coefficients ©}):

L1 — completeness of stored data;

Ly — protection against accidental or conscious modifi-
cation;

L3 — data integrity;

L4 — authenticity of stored data;

Ls — conference keys;

Lg — recovery of stored data;

L7 — automatic storage;

Lg — storage capacity and sequence.

The numeric value of the test indicator of data transfer
devices Kris determined by

8
KTZZTiwiT/NTr ®)
i=1

where N7 — the total number of estimated MI software indi-
cators (N7=8);

T; — constituent estimates of the generalized indicator Ky
(numerical characteristics of partial indicators with certain
weight coefficients w] ):

Ty — completeness of the transmitted data;

T, — protection against accidental or conscious modifi-
cation;

T3 — data integrity;

T; — authenticity of transmitted data;

T5 — conference keys;

Ts — spoiled data processing;

T; — transmission delay;

Ts — suitability of transmission services.

The numeric value of the reading test indicator Ky is
determined by

Kszzsiwis/Nsv (6)

i1

where Ng — the total number of estimated M1 software indi-
cators (Ng=3);

S; — constituent estimates of the generalized indicator K
(numerical characteristics of partial indicators with certain
weight coefficients ©;):

S1 — implementation of software separation;

Sy — fixed indication;

S3 — software interface protection.

The numeric value of the test indicator of software sepa-
ration levels Kp is determined by

4
K,=Y Dw’/N,, )
=1

where Np — the total number of estimated MI software in-
dicators (Np=4);

D; — constituent estimates of the generalized indicator
Kp (numerical characteristics of partial indicators with cer-
tain weight coefficients ©"):

Dy — reading mechanism;

D, — authenticity of read software;

D3 — integrity of read software;

D — reading traceability of legally significant software.

The numeric value of the specific test indicator of soft-
ware for specific MI K;is determined by

6
K, =Y 1w/ [N, ©)
i=1

where N — the total number of estimated MI software indi-
cators (N;=6);

I; — constituent estimates of the generalized indicator K;
(numerical characteristics of partial indicators with certain
weight coefficients ©!):

I, — failure recovery;

I, — availability of duplicate equipment;

I3 — suitability indication;

I, — preventing the reset of accumulation registers;

I5 — dynamic behavior;

Ig — protection of parameters specific to electricity
meters.

Specific requirements have been set for software of cer-
tain MI groups, in particular for: electricity meters, water
meters, heat meters and more.

3. Results of comparative software quality
assessment

The numerical values of the PCM elements of indica-
tors A with the normalized eigenvector A; for the selected
indicators for comparative quality assessment of built-in
computer (P) or universal computer (U) MI software are
shown in Table 1. If the quantitative relationships between
the indicators do not satisfy the expert performing a certain



comparative quality assessment of MI software, then they

can be modified as necessary.

Table 1

Numerical values of the elements of the PCM of indicators
for comparative quality assessment of Ml software

Kp | K | Kr | K¢ | Kp | Kt | Ko | A
Kp 1 1 1 3 3 2 1 0194
K; 1 1 2 3 3 2 1 0214
Kr | 1 | 05 1 3 3 2 1 0175
Ks | 033]033]033 | 1 2 2 | 033 {0.083
Kp | 033 ] 033 (033 05 1 1 | 033 | 0.062
K, | 05 ] 05| 05| 05 1 1 | 05 |0.078
Ky | 1 1 1 3 3 2 1 0194

In the case of the data in Table 1, the consistency condi-
tion for the consistency ratio (C4<0.1) is satisfied (C,=0.02).
The consistency index is 1,=0.028, and the largest eigenvalue
of the vector is Apax=7.17.

The weight coefficients w; for the selected MI software
quality assessment indicators are defined in Table 2.

At the beginning of the assessment, it is necessary to
determine the basic configuration of software: with a built-in
computer P or with a universal computer U. Then, a complete
set of requirements relating to the corresponding basic con-
figuration must be used.

Eight software were selected for comparative quality
assessment:

— six built-in computer MI software: for electricity me-
ters (SW1, SW2, SW6), gas distribution columns (SW3),
gas chromatograph (SW4), heat meter (SW5);

— two universal computer MI software: for cardiac moni-
toring (SW7) and liquid chromatograph (SW8).

The numerical values of the M1 software quality indica-
tors were converted into the numbers needed for assessment
by the AHP in the range from 1 to 9 using the Saati scale.

The results of assessment of MI software quality indi-
cators in accordance with the presented methodology are
shown in Table 3. Specialized software “AHP Competence 1.2”
(Ukraine), which implements AHP, was used for the necessary
calculations.

The comparison of the global priorities G, of the MI
software under consideration with the ranking by their re-
duction (AHP 1.2 Competence, Ukraine) is shown in Fig. 3.

Table 2
Weight coefficients for the selected Ml software quality assessment indicators
i w’ w” w/ w! w’ w0’ w!
1 2 2 3 3 2 3 4
2 5 5 5 5 3 3 3
4 4 4 4 3 4 3
2 2 3 3 - 3 3
5 4 4 2 2 - - 2
6 3 3 3 3 - - 3
7 3 3 2 2 - - 9
8 - 2 3 2 - - -
9 - 2 - - - - -
10 - - - - - - -
Table 3
Results of assessment of Ml software quality indicators
Vectors for MI software
Indicators Al I ct
SWi1 SW2 SW3 SW4 SW5 SW6 SW7 SW8
Kp 0.143 0.143 0.143 0.143 0.143 0.143 0.071 0.071 8.000 0.0000 0.0000
Ky 0.143 0.143 0.143 0.143 0.143 0.143 0.071 0.071 7.994 0.0008 0.0005
K 0.127 0.071 0.044 0.127 0.127 0.078 0.213 0.213 8.073 0.0105 0.0072
Ky 0.205 0.057 0.106 0.205 0.106 0.106 0.106 0.106 8.099 0.0142 0.0098
K; 0.127 0.127 0.072 0.032 0.127 0.072 0.222 0.222 7.994 0.0008 0.0005
K 0.125 0.125 0.125 0.125 0.125 0.125 0.125 0.125 8.000 0.0000 0.0000
Kp 0.125 0.125 0.125 0.125 0.125 0.125 0.125 0.125 7.985 0.0020 0.0014
G, 0.147 0.109 0.107 0.139 0.129 0.114 0.127 0.127 - - -




Fig. 3. Results of assessment of Ml software quality indicators

The analysis of the obtained results shows the advantage
of MI software in the following sequence: SW1>SW4>
>SW5>SW7>SW8>SW6>SW2>SW 3. It should be noted
that the universal computer M1 software has an average level
of quality. The built-in computer MI software for the SW1
and SW2 meters has significantly different levels of quality.

6. Discussion of the results of comparative software
quality assessment

The consistency relation C% for all MI software with
a large margin meets established requirements (C t< 0,1).
This means that the results obtained are acceptable and that
further analysis is possible. Maximum eigenvalues A*_ vary
within a wide range from 7.985 (for the K indicator) to 8.099
(for the Kyindicator) for all quality indicators of MI software.

It is important to analyze the values of the M1 software
quality indicators to identify the weight of their impact
on the overall software quality assessment. Comparative
analysis of the priority vectors of the MI software quality
indicators shown in Table 3 showed the following.

Without the submission of documentation on software
with MI with built-in and universal computers and its identi-
fication, it is not possible to start the quality assessment pro-
cess in accordance with the established requirements. That is,
built-in computer (Kp) and universal computer (K/) software
indicators are important by default, although their maximum
eigenvalues are average (8.000 and 7.994, respectively).

The test indicator of storage devices (K;) and the test
indicator of data transfer devices (K7) are some of the im-
portant quality indicators (maximum eigenvalues of 8.073
and 8.099, respectively).

At the same time, reading test indicator (Kj), specific
test indicator of software for specific MI (Kj), and test
indicator of software separation levels (Kp) have a small
contribution to the overall quality indicator (maximum ei-
genvalues of 8.000, 7.994 and 7.985, respectively).

The diagram of the weight of MI software quality indi-
cators, which allows to present clearly the obtained results,
is shown in Fig. 4.

Fig. 4. Diagram of the weight of M| software quality
indicators

It should be noted that the reading test indicator (Kj)
and the test indicator of data transfer devices (K7) are
practically impossible to apply to software with a built-in
computer that is used in simple MI (such as simple elec-
tricity meters). This is because such MI lack reading and
data transfer devices. At the same time, these M1 software
quality indicators are important for software with a versatile
computer used in complex MI, such as cardio monitors and
liquid chromatographs.

Thus, the main quality indicators of M1 software with a
built-in and versatile computer that have the greatest impact
on the results of conformity assessment, are identified.

The results of the study can later be used to modify and
improve the algorithm and methodology for conformity as-
sessment of M1 software.

7. Conclusions

1. A comparative analysis of the testing results of software
for MI with built-in and universal computers using AHP is
carried out. Based on the analysis of the requirements of the



WELMEC 7.2 guidelines for M1 software testing, generalized
and partial indicators are identified to assess the quality of M1
software. Expressions to obtain the numerical value of each
partial indicator by each generalized indicator are generated.
The results of the comparison showed the AHP suitability
for pairwise comparisons of all quantitative and qualitative
indicators of quality assessment of MI software.

2. The quality indicators of MI software with built-in and
universal computer, which have the greatest impact on quality
assessment results are determined. It is found that without

the submission of documentation and identification of MI
software with built-in and universal computer, it is not possi-
ble to start the conformity assessment procedure as required.
That is, the quality indicators of built-in computer (Kp) and
universal computer (Ky) software are important by default.
Also, the test indicator of storage devices (K;) and the specific
test indicator of software for specific MI (K;) are some of the
important indicators. It is determined that the reading test
indicator (Kg) and the test indicator of software separation
levels (Kp) are practically inapplicable and can be neglected.

References

1. Directive 2014/32/EU of the European Parliament and of the Council of 26 February 2014 on the harmonisation of the laws of the
Member States relating to the making available on the market of measuring instruments (recast) // Official Journal of the European
Union, 2004. 1.96/149. Available at: https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:320141.0032

2. OIML D 31:2008. General Requirements for Software Controlled Measuring Instruments (2008). OIML. Paris, 53.

COOMET R/LM/10:2004. COOMET Recommendation: Software for Measuring Instruments: General Technical Specifications
(2004). COOMET, 10.

4.  WELMEC 7.1. Informative Document: Development of Software Requirements. Available at: http://www.welmec.org/fileadmin/
user_files/publications/WG_07/7-1 FRPO.pdf

5. WELMEC 7.2. Software Guide (Measuring Instruments Directive 2014/32/EU1). Available at: http://www.welmec.org/filead-
min/user_files/publications/WG 07 /Guide_7.2 2015  Software.pdf

6. WELMEC 2.3. Guide for Examining Software (Non-automatic Weighing Instruments). Available at: http://www.welmec.org/
fileadmin/user_files/publications/2-3.pdf

7. Velichko, O. N. (2007). Normative base for certification of measurement provision software. Measurement Techniques, 50 (4),
364-371. doi: https://doi.org/10.1007 /s11018-007-0076-5

8. Velichko, O. N. (2009). Basic tests, stages, and features in monitoring measuring instrument software. Measurement Techniques,
52 (6), 566—571. doi: https://doi.org/10.1007 /s11018-009-9308-1

9. Velychko, O., Gordiyenko, T., Hrabovskyi, O. (2018). Testing of measurement instrument software on the national level. East-
ern-European Journal of Enterprise Technologies, 2 (9 (92)), 13—20. doi: https://doi.org/10.15587/1729-4061.2018.125994

10.  Velychko, O., Gaman, V., Gordiyenko, T., Hrabovskyi, O. (2019). Testing of measurement instrument software with the pur-
pose of conformity assessment. Eastern-European Journal of Enterprise Technologies, 1 (9 (97)), 19-26. doi: https://doi.
org/10.15587 /1729-4061.2019.154352

11. DSTU 7363:2013. Prohramne zabezpechennia zasobiv vymiriuvalnoi tekhniky. Zahalni tekhnichni vymohy (2013). Kyiv: Mine-
konomrozvytku Ukrainy, 11.

12. Tasi¢, T, Grottker, U. (2006). An overview of guidance documents for software in metrological applications. Computer Standards &
Interfaces, 28 (3), 256—269. doi: https://doi.org/10.1016/j.¢si.2005.07.012

13.  Richter, D., Grottker, U., Talebi, D., Schwartz, R. (2006). The new European software guide for legal metrology: Basic principles.
Computer Standards & Interfaces, 28 (3), 270—276. doi: https://doi.org/10.1016/j.¢si.2005.07.005

14. Jacobson, J. (2006). Validation of software in measuring instruments. Computer Standards & Interfaces, 28 (3), 277-285.
doi: https://doi.org/10.1016/j.cs.2005.07.006

15. Esche, M., Thiel, E (2015). Software Risk Assessment for Measuring Instruments in Legal Metrology. Proceedings of the 2015 Fed-
erated Conference on Computer Science and Information Systems. doi: https://doi.org/10.15439,/2015(127

16. Sadig, M., Md. Khalid Imam Rahmani, Mohd. Wazih Ahmad, & Jung, S. (2010). Software risk assessment and evaluation process
(SRAEP) using model based approach. 2010 International Conference on Networking and Information Technology. doi: https://
doi.org/10.1109/icnit.2010.5508535

17. Peters, D., Grottker, U., Thiel, E, Peter, M., Seifert, J.-P. (2014). Achieving Software Security for Measuring Instruments under
Legal Control. Position Papers of the 2014 Federated Conference on Computer Science and Information Systems. doi: https://
doi.org/10.15439,/2014460

18. Boccardo, D. R., dos Santos, L. C. G., da Costa Carmo, L. F. R., Dezan, M. H., Machado, R. C. S., de Aguiar Portugal, S. (2010).
Software evaluation of smart meters within a Legal Metrology perspective: A Brazilian case. 2010 IEEE PES Innovative Smart Grid
Technologies Conference Europe (ISGT Europe). doi: https://doi.org/10.1109/isgteurope.2010.5638881

19. Peters, D., Peter, M., Seifert, J.-P, Thiel, E (2015). A Secure System Architecture for Measuring Instruments in Legal Metrology.
Computers, 4 (2), 61-86. doi: https://doi.org/10.3390 /computers4020061

20. Saaty, T. L. (1992). The Hierarchon: A Dictionary of Hierarchies. Pittsburgh, Pennsylvania: RW'S Publications, 496.

21. Saati, T. L. (2008). Prinyatie resheniy pri zavisimostyah i obratnyh svyazyah: Analiticheskie seti. Moscow: Izd-vo LKI, 360.

22. Drake, P. R. (1998). Using the Analytic Hierarchy Process in Engineering Education. International Journal of Engineering Educa-
tion, 14 (3), 191-196.



23.

doi.org/10.1007/b97668
24.

Roy, R. (Ed.) (2004). Strategic Decision Making: Applying the Analytic Hierarchy Process. Springer-Verlag, 170. doi: https://

Longaray, A. A, Gois, J. de D. R., Munhoz, P. R. da S. (2015). Proposal for using AHP Method to Evaluate the Quality of Services

Provided by Outsourced Companies. Procedia Computer Science, 55, 715-724. doi: https://doi.org/10.1016 /j.procs.2015.07.083

25.

Velychko, O., Gordiyenko, T., Kolomiets, L. (2017). A comparative analysis of the assessment results of the competence of

technical experts by different methods. Eastern-European Journal of Enterprise Technologies, 4 (3 (88)), 4—10. doi: https://

doi.org/10.15587,/1729-4061.2017.106825

u] =,

3anpononosano memoo cumwmesy, wo Oasyemvca Ha
3acmocyeanni iHopmayitinux ineapianmis, i 6UKOHAHO
cmpyKxmypHo-napamempunnuii cunmes 0iazHOCMU4HO-03-
00po6uozo xomnaexcy «Quantons. Ilposedena cmpyxmyp-
HO-napamempuvHa OnNMuUMI3ayiss KOMNIEKCY no Kpumepito
npodyxmuenocmi. x inpopmauiini ineapianmu euxopu-
cmani no6Hi (Y medxcax npuiinamoi Kkaacuikayii) MHoMCU-
HU WASXI6 OMPUMAHHSA (PYHKUIOHATLHUX 6]acmusocme
KoMnexcy, (Pazosux UUKIIG NHCUMMEBO20 UUKILY, CMPYK-
myp mexuiunux niocucmem i cnoco6ié ynpasasnna piems-
Mu mexuizauii, npodyKxmueHocmi ma enepezoeexmusnocmi
npoyecie. MHOMCUHU WNAXIE OMPUMAHHA PYHKUIOHATIOHUX
s1acmusocmeil KOMNIEKCY ma azoeux UUKJIie Heummeeozo
UUKTY CHOPMOBAHT WNAXOM NOETIEMEHMHO20 YCKAAOHEHHS
6i0nogionux ampudymis. Muojcuna cmpyxmyp mexmivHux
nidcucmem, w0 6i0n06idaAIOM> NEGHUM PIBHAM MexHIZauil
Qynxuyiii, 6usnavena na ocHosi nepioduunoi cucmemu mex-
HivHUx enemenmis. II06HI MHONCUHU MONCAUBUX CIMPYKMYP -
HUX piuens no cnocobam ynpasiinns npooyKmuenicmio ma
eHepzoeeKxmuHICIMI0 NPoYeCie, OMPUMAHT MONOTOLIUHUM
000ymxom mHoxcun 6udie 06’cxmis na 6udu nputiomie 3ades-
neuenns nompioHux eaacmueocmei uu sxocmei 06’cxmie.
Jlns K0dicH020 cmpyxmypro 6i0MilH020 eapianmy 3acmo-
cosana munosa npouedypa napamempusauii 00’cxmie ma
cucmema 3anexcHocmeil 3a0avi napamempuuHoi Onmumi-
3auii 0edyxmuenozo muny. Cucmema 3anezicHocmeii € Kom-
Kpemu308anum 6unaokom napamempuvnux ingopmauii-
Hux ineapianmie. Konxpemusauio 3anesxcnocmeii 30iticterno
3 euxopucmanmnam indopmauii npo nompioni euxioni oami
ma uinbosi nepemeopeHHs, W0 GUHUKAIOMb Y KOMNIEKCL
«Quantons>, npu 63aemodii nidcucmem. Anzopumm nowy-
KY epanuuno epekmueHozo piuenns € nokpoxoeum. Ium
anzopummom nepe0dAAEMbCA NOKPOKOBE GUIHAMEH-
HSL ONMUMATILHUX NO NPOOYKMUBHOCMI NPOUECi6 3HAMEHD
napamempie 6 Mexncax ONOKYIOMUX KOHMYPI6 ma nocaioy-
10ue iX NOKpauleHHss no eHepzoepeKMmuU6HOCMi ma AKOCHI.
Bnacaidox euxopucmants noGHUX MHONCUH CIIPYKMYP NPO-
uecis, enemenmie ma OUCKPEmMHO-KOHMUNYATbHOL npoyedy-
DU NOWMYKY ONMUMATLHOZ0 pllieHHs 00CS2HYMa KOMRIeKC-
HICMb OnMuUMI3auii mexHiuHoi IHHOBAUiT

Kmouogi cnoea: napamempuunuil cunmes, KOMNIEKC
«Quantons», Heingazuena oiaznocmuxa, CnexmpanioHull
Memoo, mepaniss BUCOKOUACMOMHA
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1. Introduction

The Quanton diagnostic and health complex is a techni-
cal innovation designed to perform a triple function: non-in-
vasive diagnostics of people, gaining information about the
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characteristics of the desired health normalizing effect on
them and implementation of this effect. Non-invasive diag-
nostics combines spectral and binary methods. The spectral
method with a certain level of reliability allows identifying
organs that have deviations from the standards. The binary



