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SOFTWARE DESIGN TECHNOLOGY FOR AUTOMATING THE PROCESS OF EVALUATING THE LEVEL
OF INTERNATIONALIZATION OF SCIENTIFIC INSTITUTION’S ACTIVITIES

Abstract. The article is devoted to the development of software design technology for automating the process of evaluating
the level of internationalization of a scientific institution’s activities by developing the IRI-Frame architectural template, which
differs from universal templates in that it is focused on the specifics of internationalization assessment.

The aim of this paper. Development of software design technology for automating the evaluation of the level of
internationalization of scientific institutions’ activities based on the IRI-Frame architectural template and system models that
support the collection, processing and publication of data for expert decision-making.

Methodology. An analysis of the subject area and system requirements was conducted, and an IRI-Frame architectural
template was created, focused on the specifics of internationalization evaluation. The static model describes the main artifacts
(project, methodology, specification) and their interaction through the Designer, Specifier, Choicer, Estimator, Publisher classes,
which inherit the IRIS functionality. The dynamic model reflects scenarios - from the creation and study of methodologies
to the selection of the best one and the publication of results. The technology includes three stages: environment definition,
requirements formulation, and design of universal and specialized components.

Scientific novelty. An IRI-Frame architectural template is proposed, which isolates universal components (support for
system creation and evaluation) from special ones (methods of computation, data access, results publication). The combination
with GoF patterns provides configuration changes without rewriting the code. The developed static and dynamic models detail
the processes of choosing methods of normalization, aggregation, weighting, and statistical analysis.

Conclusions. The use of IRI-Frame simplifies the development of internationalization evaluation systems, ensures
scalability and integration with various data sources. The technology is suitable for creating separate systems and integrated
components. The models reflect the logic of work from project initiation to results publication, forming the basis for further
expansion of evaluation methods and optimization of algorithms.

Key words: internationalization of scientific institutions, evaluation of the level of internationalization, architecture of the
software system, software engineering.

I0piin CTATUBKA, Y:xan MIHLI3IOHb. TEXHOJIOTIA TPOEKTYBAHHA IPOTPAMHOTI'O 3ABE3IIEYEHHSA
11 ABTOMATHU3ALIT MPOLIECY OLIITHKU PIBHA IHTEPHALIOHAJIIBALIT AIAJIbHOCTI HAYKOBOI
YCTAHOBH

Anomayis. Cmamms npucesiueHa po3po6/eHHI0 MEXHO.102Ii NPOEKMYBAHHS NPO2PAMHO20 3abe3neyeHHs 0.5
asmomamu3sayii npoyecy oyiHku pieHs iHmepHayioHaaizayii disnbHocmi HAykosoi ycmaHosu 3a donomozor po3pobKu
apximekmypHozo wabsaoHy IRI-Frame, akuill eidpizHsemuvcs 6i0 yHisepca/nbHUX WAab/A0HIE MuM, wo opieHmosaHull Ha
cneyudbiky oyiHI08aHHs IHMepHayioHaizayii.

Mema po6omu. Po3po6.1eHHst mexHo.102ii npoEKMY8aHHs NPo2paAMHO20 3abe3neyeHH s 0151 agmomamu3ayii oyiH8aHHs
pieHs1 iHmepHayioHanizayii disnbHOCMI HAQyKOBUX YCMAHO8 HA OCHOBI apximekmypHo2o wabaoHy IRI-Frame ma modeseli
cucmemu, ujo nidmpumyroms 36ip, 06po6Ky Ui ny6aikayito daHux 015 npuliHImms eKChepmHUX piuleHs.

Memodosozis. [IposedeHo aHaniz npedmemHoi o61acmi ma sumoz do cucmemu, CMeopeHo apximekmypHuil wab10H
IRI-Frame, opienmosgaHnull Ha cneyugiky oyiHiosaHHs inmepHayionaaizayii. CmamuuHa Modesb onucye ocHo8Hi apmegakmu
(npoexm, memodo.iozis, cneyudbikayis) ma ix e3aemodir uepes kaacu Designer, Specifier, Choicer, Estimator, Publisher, wo
ycnadkosytoms ¢pyHukyionas IRIS. [Junamiuna modenw 8idobpadicae cyeHapii — 8id cmeopeHHss ma docaidiceHHss Memodoa02itl
do subopy Hatikpawoi ma nybaikayii peayabmamie. TexHo102i51 0XONaA0€ Mpu emanu: 8UHAYEHHs1 cepedosuwd, PopMy8aHHs
8UMO2 [ NPOEKMYBAHHSA YHIBEPCANbHUX MA Cneyiani308aHUX KOMNOHEHMIs.

Haykoea Hoeu3Ha. 3anponoHosaHo apximexkmypHull wa6saoH IRI-Frame, wo i304110€ yHigepcasnbHi KOMnoHeHmMu
(nidmpumka cmeopeHHss ma oyiHW8AHHS cucmeM) 8id cneyiaabHux (Memodu o6yucaeHb, docmyny do daHux, nybaikayii
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pesyaemamis). [loednanHs 3 namepHamu GoF 3a6e3neyye 3miHy KoHgizypayill 6e3 nepenucysaHuHsi kody. Po3pobseHi
cmamuyHa ma JuHamiyHa modei demasizyloms npoyecu 8u6opy memodie HopMaai3ayii, azpecysaHHsl, 38axiCy8aHHs ma
CMamucmu4Ho20 aHaizy.

BucHoeku. BukopucmatHs IRI-Frame cnpowye po3po6ky cucmem oyiHIO8AHHS pigHs iHmepHayioHaaizayii, 3abesneyuye
Macuwma6bogaHicms i iHmezpayito 3 pisHumu dxcepesamu daHux. TexHo102is npudamua 0151 CMBOPeHHsl OKpeMux cucmem ma
iHmezposaHux komnoHenmis. Modesi gidobpascaroms 102Ky pobomu 8id iHiYitoeaHHs npoekmy do nybaikayii pezyabmamis,
¢opmyro1u ocHogy 0151 n0dabwo20 po3wupeHHs Memodie oyiHeaHHsa I onmumizayii asrzopummis.

Kawuosi caoea: inmepuayionanizayis disiabHocmi HAykosux iHcmumyyitl, oyiH08aHHs pieHs iHmepHayioHaaizayii,
apximekmypa npoepamHoi cucmemu, iHyceHepis npo2pamMHO20 3a6e3neyYeHHSI.

Introduction. The concept of internationalization of scientific activity emerged in the last decades of the
last century as a result of the process of globalization of the world economy. The concepts of internation-
alization and globalization are not identical or even synonymous, although they are sometimes used inter-
changeably. A more balanced approach assumes that internationalization implies the presence of nations
and nation-states and their movement towards interaction with other nations, cultures, etc. in the context of
scientific activity, while globalization is simply “the flow of technologies, economy, knowledge, people, ideas
across borders” [5].

Measuring the level of internationalization of scientific activity is a difficult problem due to the complexity
and diversity of the phenomenon itself. This can be a global, national, regional, industry level or institutional.

Problem statement in general. Therefore, given the generally recognized importance of assessing the
level of internationalization, the introduction of methods and tools for building reliable software systems for
assessing the level of internationalization of scientific institutions is relevant and useful for both research and
management applications. the development of a universal software design technology for automating the pro-
cess of assessing the level of internationalization of the activities of a scientific institution will significantly
simplify the process of developing software for the needs of managing the level of internationalization of sci-
entific institutions of a specific community.

Analysis of recent research and publications. It is known [1; 2; 5; 6] that evaluating the level of inter-
nationalization of scientific institutions is a non-trivial task both due to the difficulty and complexity of the
concept of internationalization itself, and due to its utilitarian nature, which leads to a multiplicity of possible
utility functions (indicator systems) depending on the objective environmental conditions and its subjective
vision by scientific communities.

At the same time, the analysis of the process of evaluating the level of internationalization makes it pos-
sible [9] to build its generalized model and identify functional requirements for a software system for its
automation.

The analysis of the process of evaluating the level of internationalization highlights the fact that they are
uncertain in advance and may change over time, in particular:

- the list and composition of data sources, formats and data access mode;

- methods:

e data normalization;

¢ data aggregation, indices and measurements;

o formal, in particular statistical, research of data and assessment results;

¢ ordering of scientific institutions;

¢ adoption of an expert decision on compliance with the established quality criteria;

- location, operating environment, presentation format, method of placement of materials intended for
publication.

The aim of this paper is to determine the main stages of software design technology for automating the
process of evaluating the level of internationalization of scientific institutions based on the proposed architec-
tural template and software system models.

Presentation of the main material.

Structure of the architectural design template. Unlike universal design templates [3; 4; 7; 8; 10], which
simplify the development of arbitrary software, the proposed architectural template [8; 11] IRI-Frame, the
structure of which is presented in Figure 1, is aimed at solving the problem of choosing the architecture of
a software system to automate the process of evaluating the level of internationalization of a scientific
institution.

As can be seen from Figure 1, the IRI-Frame design template has the following structural components:

1. Expertis a class that provides user interaction with the IRIS class.

2. The IRIS class interacts simultaneously with the user, data provider, method provider, and publisher.
It provides execution of all subprocesses of the internationalization level evaluation process by applying the
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methods defined in it to the objects-properties of the DataProvider, MethodProvider, and PublicationMode
types.

3. Data provider (DataProvider) is an interface for interacting with possible data sources. Its methods
are available to the IRIS class and its descendants. The user of this system will be able to work with the data
sources DataSourcel, ProjectA and Specification25.

4. Concrete data providers (Concrete DataProvider) implements the DataProvider interface, providing in-
teraction with individual concrete data sources.

5. Method provider (MethodProvider) is an interface that declares access to numerical and other compu-
tational methods. Its methods are available to the IRIS class and its descendants.

6. Concrete method providers (Concrete MethodProvider) implement the MethodProvider interface, pro-
viding access to concrete computational methods. Among the computational methods available to the user are
the data normalization methods RankingNormalise, zScoreNormalise and MaxMinNormalise. The aggrega-
tion methods available are AdditiveAggregation, GeometricAggregation and MCAAggregation. The weighting
methods are PCAWeighting. The statistical methods are CorrelationAnalysis.

7. Publisher (PublicationMode) is an interface that declares the publication of evaluation results. Its meth-
ods are available to the IRIS class and its descendants.

8. Concrete publishers (Concrete PublicationMode) implement the PublicationMode interface, providing
publication in specific locations, operating environments, representation formats, etc. The user can publish
the evaluation results in one of two modes - for viewing and with editing of test data (ViewMode and Edit-
DataMode respectively).

Thus, the IRI-Frame architectural template provides work with different data sources, the use of various
computational methods and the publication of results in different ways, and therefore allows you to use the
same code base to create various system configurations. It should also be noted that the IRI-Frame archi-
tectural template can be implemented by combining universal GoF templates [1; 4], for example, the Bridge
structural template to separate the abstraction of the index aggregation method from the aggregation algo-
rithm, or the Adapter - eliminate the problem of processing heterogeneous data.

Expert

# d : DataProvidar
# m : MethodProvider
# p : FublicationMode

# design(}
# spacify()
# astimate()
# cholze()
# publish()
=<imterface s> <<interface»» weinterface»s>
DataProvider MethodProvider PublicationMoce
+ gelDatal) + indexbethodMormalization|) + publication{)
+ storageDatal) + indexcApgregationiethod() Fay
A + dimensionsAggregatoniielhod|)
: + statisticalletnod])
: & ;
b--q DataSource : i==q Wiewbode |
: RankingMormallsa | Agditvesggregalion
sl ProjectA zScoreMormalise |‘ """" GeometricAggregation L EditDatabode |
MinMaxMormalise  [---4----|  MCAAggregation
Specification2s } H rega
PCAWeIghting |~ e CorrelatiocnAnatysis
\ o A .. ) A
o~ LN . - B _._/.' "'-\._._z
Concrete DataProviders e Concrete PublicationMode
Concrete MethodProviders

Fig. 1. Structure of the IRI-Frame design template
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Software system models for automating the process of evaluating the level of internationaliza-
tion. The processes and boundaries of the software system for evaluating the internationalization of scien-
tific institutions [9] identified as a result of the analysis of the subject area allowed us to formulate require-
ments for it and propose a basic architecture with the separation of the structure at the level of modules and
components [4].

The developed architectural design template allows us to separate the general functionality of the use cas-
es from specific data, specific calculation and publication methods.

Comparing the structure of the basic architecture and the structure of the architectural design tem-
plate, we come to the conclusion that it is necessary to further detail the representations of the software
system.

Static model of a software system. The main operational functionality of the software system, as shown
in (Fig. 1), in the architectural design pattern is concentrated in the IRIS class. However, given the list of use
cases, such a concentration of functions is excessive, which requires decomposition of the IRIS class.

Figure 2 presents a class diagram as a static software model. The IRIS base class aggregates instances of
classes-implementations of the DataProvider, MethodProvider and PublicationMode interfaces and provides
the constructors conDesigner(), conSpecifier(), conEstimator(), conChoicer(), conPublisher() to create ob-
jects, respectively, of the Designer, Specifier, Estimator, Choicer and Publisher classes. These classes are de-
scendants of the IRIS class and provide the functionality of the software system for automating processes:

- Designer - designing a system for evaluating the level of internationalization of a scientific institution;

- Specifier - researching the evaluation system;

- Choicer - choosing the methodology that best meets the quality requirements;

- Estimator - using the approved specification to assess the level of internationalization;

- Publisher - publishing the evaluation results.

Descendant classes inherit members of the ancestor class and may have additional ones.

Thus, the Designer class defines, in particular, methods for creating a Project object, saving it in the data
warehouse and reading from the warehouse - createProject(): Project, saveProject() and getProject(): Project,
respectively.

In the Project class, the object of which is aggregated by an instance of the Designer class, the methodology
constructor createMethodology() and the list of created methodologies: List<Methodology> are defined.

The Specifier and Choicer classes use Project to access the defined methodologies in order to, respectively,
specify them (Specifier) and select the one that best meets the quality criteria (Choicer).

IRIS <<interface>>

DataProvider

# d : DataProvider
# m : MethodProvider
# p : PublicationMode

<<interface>>
MethodProvider

# conDesigner()
# conSpecifier()
# conEstimator()
# canChoicer()
# conPublisher()
A

<<interface>>
PublicationMode

Designer Specifier Choicer Publisher
- getProject() : Project
- saveProject()

- getMethodology() : Methodology

+ project : Project - getProject() : Project
- holdVote() : Methodology
- createSpecification() : Specification

- saveSpecification()

- getResult()

- getSpecification()

- createMethodologyDescription()
- prepareTestData()

- publish()

- createProject() : Project

- saveProject()
. - setNormParam()
- getProject() : Project - setWeightParam()

[0 - setAggrParam()

Estimator
[ v

Project

+ getMethodology() : Methodology
+ getSpecification() : Specification

Specification

+ projectDescription : String + getData() + dimensions : List <Dimension>
+ methodologies : List <Methodology> + evaluate() : Results + nameDimensionsAggrMethod:String
+ setResults()

+ createMethodology() : Methodology

+ saveResults()

Fig. 2. Diagram of basic classes of the software system for evaluating the level

of internationalization of a scientific institution
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The methodology that was recognized as the best receives the status of a specification, becomes an in-
dependent artifact - Specification, the objects of which are stored in the data warehouse. The Specification
class is structurally identical to the Methodology class. However, the Methodology instance, firstly, is not an
independent artifact, but only a component of the Project composite, and secondly, it may be unspecified
or partially specified. Instead, an instance of the Specification class is created as a clone of a fully specified
methodology.

The classes-artifacts Project and Specification and their relationships with other classes are highlighted in
beige on the diagram. The arrow on the association relationship from the Choicer class emphasizes the exclu-
sive way to create a new instance of the Specification class.

The Specifier class contains, in particular, methods for reading and saving a possibly modified or newly
defined project getProject() and saveProject(), methods for accessing project methodologies, in particular get-
Methodology(), and methods for setting parameters of normalization, weighting (weights) and aggregation
methods - setNormParam(), setWeightParam() and setAggrParam(), respectively.

The Choicer class contains methods for reading the project getProject(), recognizing one of the studied
methodologies as the best - holdVote(): Methodology, creating a specification and saving it in the data store -
createSpecification(): Specification and saveSpecification() respectively.

The Estimator class defines methods for accessing the methodology, specification and data - getMethod-
ology(), getSpecification() and getData() respectively, calculating the results evaluate(): Results and saving
them setResults() in the methodology class or in the data store saveResults().

The Publisher class defines methods for accessing the results of the level evaluation getResult() and spec-
ification getSpecification(), as well as creating a methodology description, preparing a publication with test
data and, in fact, publishing createMethodologyDescription(), prepareTestData() and publish().

Figure 3 presents the hierarchy of classes for representing Project and Specification artifacts. The diagram
shows that the Project composite contains zero or more methodologies and a project description, which can
be used to supplement the methodology description in an instance of the Specification class. The Methodolo-
gy and Specification classes are identical in structure, as can be seen from the diagram.

The DataResult type depends on the structure of the internationalization level evaluation created during
the operation of the software system, so it is not defined here. The same is true for the Parameters type, which
depends on the chosen computational methods.

The Methodology and Specification classes contain a description of the methodology, a list of dimensions,
names and parameters of the selected aggregation method for the dimensions.

The Dimension class contains the name and description of the dimension, a list of the measures that define
it, and the method and parameters of the aggregation method for the measures.

The Index class contains the name and description of the measures, a list of paths to the data with the val-
ues of the measures, and the method and parameters of the normalization method for the measures.

Dynamic model of the software system for evaluating the level of internationalization of scientific in-
stitutions. To represent the temporal deployment of the functioning of the software system and the interaction
of the selected classifiers, interaction diagrams are used, one of the varieties of which is a sequence diagram.

The diagram in (Fig. 4), presents a generalized software system sequence diagram. The diagram shows
that, in the general case, the execution of the methods of each object is initiated by the system user. Thus, by
contacting an object of the Designer class, the user can initiate the creation of a new project, and then proceed
to the specification and study of each existing (created) methodology in it by contacting an instance of the
Specifier class. After creating the project, the Designer and the Specifier, after specifying or studying the meth-
odologies available in it, save the project in the data warehouse.

The Specifier specifies the methodologies created by the Designer and contacts the Estimator to perform
calculations within the scenarios for determining the quality indicators of each of them.

An instance of the Choicer class, comparing the quality indicators of the specified project methodologies
and, possibly, taking into account expert opinions on compliance with quality criteria, internationalization
policy and strategy, chooses one of them, which is stored as a Specification. In the future, the Specification is
used to calculate the level of internationalization of scientific institutions, until a decision is made to modify it
or develop a new project.

Estimator, to determine the level of internationalization in accordance with the existing specification,
loads the Specification, performs the evaluation and stores the results in the data warehouse, and references
to them (with a time stamp) in the specification.

The Publisher class provides for loading the specification, and therefore the results of the internation-
alization level evaluation, generates a description of the evaluation methodology, and publishes the named
materials.
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Project

+ projectDescription : String
+ methodologies : List <Methodology>

+ createMethodology() : Methodology
[

Methodology

+ methodologytDescription : String
+ dimensions : List <Dimension>
+ nameDimensionsAggregationMethod:String

Specification

+ methodologytDescription : String
+ dimensions : List <Dimension>
+ nameDimensionsAggregationMethod:String

+ parameters : Parameters
+ results : DataResults

+ parameters : Parameters
+ results : DataResults

+ createDimension() : Dimension + createDimension() : Dimension

Dimension

+ dimensionName : String

+ dimensionDescription : String

+ indexes : List <Index>

+ namelndexAggregationMethod : String
+ parameters : Parameters

+ createlndex() : Index
1

Index

+ indexName : String

+ indexDescription : String

+ dataSet : List <Path>

+ namelndexMethodNormalization : String
+ parameters : Parameters

Fig. 3. Structure of the main artifact classes

:Designer :Specifier :Choicer :Estimator :Publisher

Define new Project :  Create and ; ;
> Save Project ' |
LM Project ‘[I - '
Perform Study'Methodologies : ! i
j d ’—| Compute for eath Methodology N |
; Results g
' Methodologies with ; ;
! ! study results ! ‘
i W Specification | ;
Comparison according to Quality Requirements N > 1
] 0 > |
Results ! Save ;
i e itk Attt ~  Specification ‘
: Evaluate IRI Level ' o .
: ' : > Get Specification .
E : I ;) Evaluate 3
< : Results : Save :
""""""""" e e |

: : Publish : : o Get

~ - - - »-_Specification
] : ! : Publish
S SEEREE R e R Ammmmemmeeeeeeee- R b R L
Fig. 4. Software system sequence diagram
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Technology for designing and modifying software tools to automate the process of evaluating the
level of internationalization. Software tools for automating the process of evaluating the level of interna-
tionalization of scientific institutions can be implemented both in the form of a separate system and in the
form of a component of another system.

The life cycle of a software system, as is known, involves iterative processes of its development and mod-
ification, but does not exclude the identification of certain stages, each of which, in the general case, can be
performed repeatedly.

Let us consider the main (enlarged) stages of designing a separate software system for automating the
process of evaluating the level of internationalization of scientific institutions, provided that there is a formal
or informal interested scientific community.

The first stage involves determining the organizational and operational environment of the software sys-
tem, in particular:

- delineation of the boundaries of the system and its surroundings, as well as their (potential) represen-
tatives - experts (Experts), managers (IManager), public users and, possibly, other categories of actors;

- determination of the place of the software system in the system of activity of actors and the scientific
community.

Determining these aspects allows us to formulate requirements for the system for evaluating the level of
internationalization of scientific institutions in order to adapt the basic architecture proposed here to the
needs of users.

The second stage involves identifying high-level representations of the substantive component of the
system'’s functionality, in particular:

- the presence or formulation of documented interpretations of the concepts of internationalization of
scientific institutions and the level of internationalization. Such documents are usually the Internationaliza-
tion Policy and/or the Internationalization Strategy;

- the presence of a documented list and interpretations of the quality criteria for the system for evaluat-
ing the level of internationalization.

The specified high-level positions allow to define certain requirements for the software system and its
information component:

- requirements for the necessary source information on the activities of scientific institutions. This allows
to draw a conclusion about the possibility of using existing, possibly external, sources or the need to develop a
separate subsystem for collecting relevant data;

- methods of evaluating the level of internationalization of scientific institutions. This allows to limit the
set of methods of normalization, aggregation and ordering of data, as well as the necessary set of statistical
methods.

- requirements for methods of presenting the results of the evaluation and description of the methodolo-
gy, evaluation. This allows to limit the set of methods for presenting materials to be published.

The third stage involves designing the components of the software system:

- universal components of the software system that provide support for the processes of creating a
system for evaluating the level of internationalization of scientific institutions and performing such an
evaluation;

- special components that implement such computational methods, such as: methods of normal-
ization and aggregation of data, weighting methods, ordering methods, statistical methods, etc. Spe-
cial components should also include components that provide data access mechanisms and publication
mechanisms.

When developing a software system to automate the process of evaluating the level of internationalization
of scientific institutions, it is advisable to use the IRI-Frame architectural design template proposed in this
study.

Conclusions. The results presented in this article on the research process of designing software for au-
tomating activities aimed at evaluating the level of internationalization of scientific institutions allow us to
formulate the following conclusions:

1. The architectural design template has been developed that provides isolation of the code of universal
components that provide support for the processes of creating a system for evaluating the level of interna-
tionalization from special components that implement computational methods, data access methods and
methods related to the publication of materials.

2. The static model of a software system has been developed using the developed architectural design
template, which contains behavioral classes, abstract classes (interfaces) and essential classes for the main
artifacts of the software system.
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3. The dynamic model of interaction of software entities of the system for the main use cases of the system
has been developed.

4. The main stages of the technology of designing software tools for automating the process of evaluating
the level of internationalization of scientific institutions are proposed.

5. All the results presented in this section are aimed at simplifying the process of developing software for
the needs of managing the level of internationalization of scientific institutions of a specific community.
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