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Abstract: Today, one of the most important indicators of the level of international activity of a
scientific institution is the number and quality of scientific publications placed in the most prestigious
international bibliographic databases. The collection and processing of such information requires
significant time and resources, given their size and daily replenishment, the variety of storage formats
and access to information repositories. Therefore, such a task of collecting, processing, consolidating
and analyzing bibliographic information and assessing the level of international activity of
researchers of state scientific organizations and teachers of higher educational institutions is a task
of processing big data and requires special approaches in the construction of specialized software
systems for its solution.

The article considers the construction of the structure of the software system and the main
elements of the event-oriented microservice architecture of the system of collecting and analyzing
information from bibliographic sources. The basis for the implementation was the microservice
architecture with the distribution of services according to the functional purpose. The proposed
structure of the system makes it possible to adaptively change the selection of information sources
based on the evaluation of the effectiveness of obtaining relevant information from relevant sources,
in accordance with the events that occur during the collection of information. The choice of directions
for data collection and processing is based on the use of typical scenarios, which allows to
significantly increase the efficiency of the analyst's work. The event-oriented microservice
architecture of the system makes it possible to adapt the operation of the system to the loads on
individual microservices by analyzing the created relevant events.

The developed system provides an opportunity to collect information about the international
activities of individual people or institutions from sources that are heterogeneous in terms of storage
form and composition. The composition of information sources in this system can be expanded
without interfering with the work of other system components. Each individual processor of
information from the sources can provide only partial data, which is supplemented at the expense of
others. The system adapts to the user's request in such a way that data is taken only from those sources
that meet the request's requirements and can satisfy them.

The developed approach is built on the basics of event-oriented microservice architecture and
can be used in the development of various information and analytical systems.
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HNOJAIMHO-OPIEHTOBAHA APXITEKTYPA CUCTEMM 350PY TA OBPOBKH
BIBJIOTI' PA®IYHOI IHOOPMAIIII.

Anomauin:. Cb0200Hi 00OHUM 13 HAUBANCIUBIUUX NOKASHUKIG DIBHS MINCHAPOOHOI OIsLIbHOCMI
HAYyKoBOI YCMAaHO8U € KINbKICMb | AKICMb HAYKOGUX NYONIKAYIU, POZMIUWEHUX Y HAUNPECIMUNCHIUUX
MidCHapoOHux Oibnioepagiunux 6azax oaumux. 36ip ma obpobka makoi ingopmayii nompebdye
3HAYHO20 YAC)y mMa pecypcis, 8paxosyuu ix posmip ma ujo0eHHe NONOBHEHHS, PI3HOMAHIMHICMb
gopmamis 36epicanns ma Odocmyn 00 iHGopmayitinux cxosuwy. Tomy maxe 3a80anus 300py,
00podKuU, Konconioayii ma auanizy Oioniocpaghiunoi ingpopmayii ma oyiHKu pieHA MIHCHAPOOHOT
OisIbHOCMI  O0CNIOHUKI@ O0epIAHCABHUX HAYKOBUX Op2aHizayiil i SUKIA0AYié SUWUX HABYATbHUX
3aK1a0i8 € 3AB0AHHAM 00POOKU GeIUKUX OAHUX i nompedye 0cooausux nioxodie y nobdyoosi
cneyianizo8anux npoepamui cucmemu O ii 6UPILUEHHSL.

Y cmammi pozensnymo nobyoosy cmpykmypu npocpamHoi cucmemu ma OCHOBHI eleMeHmuU
NOOIUHO-0PIEHMOBAHOI MIKPOCEPBICHOI apximekmypu cucmemu 300py ma ananizy iHgopmayii 3
bionioepaghiunux Ooicepen. OcHosoro 0 peanizayii cmana Mikpocepgicha apximekmypa 3
PO3NOOINOM Cep8ici6 3a YYHKYIOHANbHUM NPUSHAYEHHAM. 3anponoHo8ana cmpykmypa cucmemu 0ae
MOJCIUBICMb AOANMUBHO 3MIHI0O8amMU 8100Ip ddicepell iHpopmayii Ha 0CHO8I OYIHKU epeKmusHoCmi
OMPUMAHHsL  pele6aHmuoi Hopmayii 3 penesanmuux oxcepen, 6IiON0GIOHO 00 NOOIl, WO
giobysaromucsa nio yac 360py ingopmayii. Bubip nanpsamis 36o0py ma o6podKu danux 6asyemscs Ha
BUKOPUCMAHHI TMUNOBUX CYEHApiis, wo 00360JA€ 3HAYHO NIOBUWUMU eheKmuUsHicms pobomu
ananimuxa. Ilooitino-opienmogana MikpocepsicHa apximekmypa cucmemu 00380J51€ A0anmysamu
pobomy cucmemu 00 HABAHMANCEHb HA OKpeMi MIKpOCep8icu WIIAXOM aHaNi3y CMEOPIOSAHUX
8iON0GIOHUX NOOTI.

Pospobnena cucmema oae moosiciugicmos 30upamu iHgopmayito npo MidcHaApoOHy OisIbHICMb
OKpemux ocib uu incmumyyitl i3 0dxcepe, HeoOHOPIOHUX 3a hopmoto ma ckraoom 36epicanns. Ckiao
Oorcepen inghopmayii 6 yiti cucmemi MONCHA POWUPIOBAMU, He GMPYUAIOYUCL ) POOOMY [THUUX
Komnonenmie cucmemu. Koowcen oxpemuii o6podoHux ingopmayii 3 0xcepen moodice Hadamu nuuie
yacmkosi 0awi, sKi 00N0BHIOIOMbCA 3a paxyHok iHwux. Cucmema adanmyemuvcs 00 3aNUMY
KOpUCmy8a4a maxkum YuHOM, wo Oaui 6epymvcs milbKu 3 mux 0dcepel, siKi 8i0n08ioaroms eUMO2AM
3aNUMy i MONCYMb iX 3a0080IbHUMU.

Pospobnenuii  nioxio nobyooeanuil Ha OCHO8aX NOOIUHO-OPIEHMOBAHOI MIKPOCEPBICHOI
apximekmypu ma Mmodce Oymu SUKOPUCMAHULL NpU pOo3poOYi PIZHOMAHIMHUX THDOPpMAYItiHO-
AHATLTMUYHUX CUCTEM.

Knrouosi cnosa: muxpocepsicu, adanmayis, noOilHO-0PIEHMOBAHA apXimeKmypa,iHghopmayis

1. Introduction

The number of sources of scientific and technical information and their volume is constantly
growing from year to year, and therefore an effective method of its search, collection and processing
is a key factor in the scientific and technological development of both individual scientific teams and
humanity in general. The number of sources of information available to mankind and their total
volume have long exceeded the capabilities that humans have for processing and control. Therefore,
without special information, both software and technical means, the opportunity to fully use and
analyze such volumes of modern scientific and technical information is lost.

One of the fairly common and important areas of scientific information analysis is the analysis
of the current activity of scientific teams and individual scientists based on the results of their
publications, which are reflected in specific recognized scientific bibliographic databases. Such
information is the basis for assessing the level of development of scientific and elementary
institutions, individual scientific groups and individual scientists for their further comparison and
makes it possible to forecast the efficiency indicators of the state of their scientific activity. According
to the state of these indicators, scientific activity is evaluated both within the framework of a separate
institution, the country, and at the international level in comparison with similar institutions.
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Such assessment takes place in the form of formation and analysis of various rating systems
based on defined sets of indicators of scientific activity. This approach provides an opportunity to
assess the current situation and predict the value of important influential indicators of the
effectiveness of scientific activity for the future. In addition, it becomes an important factor in
determining the scientific position of the institution in the country and in the world, which is important
for the formation of promising directions of development and financing of international activities of
institutions, groups of scientists and individual scientists.

The international activity of universities and research institutes, as a permanent concept, does
not currently have a clear definition. In most cases, depending on the goals and objectives set for
themselves by the interested party or the customer in such an analysis, both the number of criteria
and their indicators used for evaluation, and the method of calculating the complex criterion will
depend.

There are quite a large number of indicators of the level of international activity, such as the
number of foreign students and teachers, international educational programs, internships of specialists
abroad, etc. But today, one of the most important indicators of the level of a scientific organization,
a group of scientists, or a specific individual scientist is the number of scientific publications, the
level of domestic and foreign publications, where they are published, references to them in priority
international bibliographic databases, and the number of citations of scientific publications placed in
international bibliographic databases. At the same time, as a rule, the most important indicator is the
level of international bibliographic bases.

Information that accumulates knowledge about scientific publications can be found in a large
list of global bibliographic sources, which are regularly replenished with new scientific works every
day. Information about other types of scientific activities of institutions, especially international, is
difficult to access, is not consolidated in a specific resource and is not, in most cases, sufficiently
complete and up-to-date. Therefore, consolidated information that describes the international activity
of scientists based on the analysis of their publications can give a more or less accurate picture for
assessing the comparative level of their international activity. The task of information consolidation
is one of the most important tasks of processing large volumes of data [1].

To solve this problem, it is necessary to build a software system that, based on the analysis of
large data obtained from open bibliographic systems and auxiliary local databases for storing
bibliographic information, collect, process, consolidate and analyze information in order to provide
conclusions about the comparative levels of international activity as scientific organizations as well
as individual scientists.

The main tasks that the system will solve are:

— collection of data from sources different in structure and composition, mainly bibliographic
and abstract scientometric databases,

— bringing to a single form and aggregating the received data in accordance with the user's
request,

— removal of redundant erroneous data and duplicates of already received data.

A system aimed at solving this kind of problems should take into account the possibility of
using a variable number of information sources, which will differ among themselves both in terms of
data structure and interaction interfaces. At the same time, the main requirement is the creation of a
flexible architecture with the possibility of its constant modification by including new sources to the
system and processing functions, modification of existing functions as needed.

The sources used to collect such information, from the point of view of the task of collecting
and processing information to assess the level of activity of scientific and elementary institutions,
individual scientific groups and individual scientists for their further comparison, have two main
features that affect the construction of the architect of software systems for collection and information
processing. First, the number of items relevant to the query in the bibliographic database may be very
small. Secondly, such information, or more precisely, each request to the source of information may
have a certain cost.
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Therefore, it becomes a task to build such a system that will make it possible to minimize the
number of requests due to the use of information sources that have the largest number of records
relevant to the request. As a rule, it is almost impossible to determine which of the sources used have
the largest number of records relevant to the request, and therefore the adaptation of the software
system to the request can be built on the basis of using an event-oriented approach to building the
microservice architecture of the software system.

2. Choice of system architecture

Micro-service architecture is a further development and a separate type of service-oriented
architecture and is built on separate isolated components - micro-services. The micro-service
architecture of a software system consists of such components as services, service bus, external
configuration, APl gateways and containers. Properties of micro-service architecture include:
separation into service components, needs orientation, product orientation, decentralized data
management, infrastructure automation, protection against failures, intelligent endpoints. The
breakdown of microservices is based on the approach of subject-oriented design DDD (Domain-
driven design). Containers are created on the basis of templates, which represent an image formed by
different levels.

The microservice architecture of building information systems is a complex of independently
deployed services. The system built in this way has the ability to evolve in parts, primarily due to the
fact that each microservice is largely autonomous. In addition, such an architecture allows flexible
scaling of information system components, thereby ensuring optimal use of available server
equipment. At the same time, each microservice is scaled independently of other microservices. It
became possible to allocate computing resources taking into account real user activity and demand
for one or another functionality of the system.

Microservice architecture [2,3] is an approach to creating an application that implies the
rejection of a single, monolithic structure. This is one of the ways to develop software applications
by creating separate software modules independent of each other. Each of them is responsible for a
certain task, can be changed, supplemented and expanded.

A key feature of the system is the adaptation of system parameters according to the user's
request. That is, depending on the request, one of the possible ways of extracting and processing data
is formed, according to the features of the request and the capabilities of the system to process this
request. This is achieved thanks to a generalized flexible data model, event-oriented, microservice
architecture and orchestration of software services.

Event-oriented architecture (EDA) is a direction of software architecture that takes into account
events that occur during the solution of a problem using microservices and reacts to them by
influencing the management of microservices. An event is interpreted as some action that triggers
corresponding messages or a change in the application. Thus, an event is a significant change in the
state of the software system. In practice, event-oriented architecture is also considered as one of the
variants of adaptive micro-service architecture. In programs of event-oriented architecture, the core
of the system is the database. In EDA, the focus shifts to events and how they are handled by the
system architecture. The logic of the event architecture is built according to two types of topology -
Broker (Broker) and Mediator (Mediator), named by programs as mediators that connect the
generator and consumer of events. The main elements of the topology: Event queues, Event mediator,
Event channels, Event processors.

The main advantages of EDA are the output of the result in real time. lower data transmission
delays, higher bandwidth, simple scalability; high fault tolerance and availability.

3. Implementation of system architecture

The basis for implementing the system was an adaptive event-oriented microservice
architecture with the definition of services according to their functional purpose. This was necessary
in order to be able to dynamically expand the functionality of the system without significant
intervention in already existing elements of the system. This allows for greater flexibility in scaling
to increase system efficiency and throughput.

This approach gives the following important [4]:
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—  resistance to failures when one of the services fails;

— the system can include applications in different programming languages;

— simple scalability;

— independence from changes of individual services;

— data security and control,

— the possibility of partial implementation to be provided to the customer;

— the possibility of developing parts of the system by separate distributed teams of
developers.

The general functional structure of the elements of the software system (Fig. 1) includes a
number of basic elements that reflect the main functions and connections between individual elements
of the structure. The system is built on the basis of WEB access to the main work functions of users.

The management of the system interface distinguishes two main functional elements of the
system:

— administration interfaces,

— analyst interfaces.

Administration interfaces perform the following main functions:

— granting access rights,

—  system security policy implementation,

— connection of new software modules of the system,

—  testing new software modules of the system,

— connecting new information sources,

— formation and connection of new search and data processing scenarios,

— testing and adding new scripts to the standard script repository.

Scenario management [5] within the framework of the system implements the functions of
choosing a typical scenario or forming a new scenario both directly on the basis of access to
information sources and on the basis of the system's functional capabilities for processing information
and providing results in a specified form.

The results obtained from the sources of information specified in the scenario are pre-processed,
checked for relevance, relevance, uniqueness and consolidated in the database of search results.

This information, after appropriate processing, is transferred to the analyst's workplace and
displayed in the form specified in the data collection and processing scenario.

Further detailed processing of the received data, which is necessary for the analyst to further
analyze the results, is carried out within the functions defined by the capabilities of the analyst's
workplace.

Scopus, Core, arXiv, DBPL, Web are used as sources of information of Science and regional.

In addition, the data of the analysis includes data from internal information bases of scientific
data of organizations, data from questionnaires on the activities of scientists, and data on participation
in scientific contracts.
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Fig. 1. Functional structure of the system

The interaction of software services in the system and the organization of individual
information flows is based on an adaptive event-oriented architecture. This makes it possible to
maintain high efficiency and throughput of the system for processing requests with a large number of
users and processing complex requests, both from the point of view of large volumes of data and
complex types of processing and analysis of this information.

By event, we mean a structured message of a fixed structure, which will be sent to a certain
section in the message broker, with addresses for all services that are subscribed to update the message
queue for a certain section.

With this approach to building the architecture, it is possible to obtain results in full in
accordance with the tasks set by the analyst. No matter how complex and voluminous the request,
which means the overall load on the system, ultimately the analyst (user) will receive the correct data
that was specified in the request [6].

The main advantages of the presented adaptive event-oriented architecture are as follows:

— the ability to process streaming information in real time;

— possibility of parallel data processing;

— system scalability;

— speed of response to the analyst's request;

— the possibility of adaptation to the quantitative assessment of the relevance of information
obtained during the execution of the analyst's requests.
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Fig. 2. Architecture of an adaptive event-oriented system

The architecture of the adaptive event-oriented system (Figure 2) is built according to the
characteristics of data sources and methods of information processing, which is determined by the
possible needs of user-analysts. Features and quantitative composition of data sources do not prevent
partial implementation of the system, and the structure of the system implementation allows to
increase the capabilities of the system as needs grow. The number and features of data sources affect
only the implementation of individual applications aimed at working with individual sources. The
implementation of separate services for processing results can also be carried out as needed.

The adaptive features of the system when collecting information from external sources are
based on the processing and analysis of information about the relative relevance of the results
obtained from the collection of information from external sources (usually bibliographic databases).
Such information makes it possible to adjust the number of requests to these databases proportional
to the relative stochastic assessment [5] of relevance, which thus significantly improves the efficiency
of collecting such information according to requests. The implementation of adaptive event-oriented
management of the collection of information from external sources, such as bibliographic databases,
is based on the use of a linear stochastic automaton as a method that affects the formation of beats
that implement chains of requests to data sources [6].

From a formal point of view, it is most convenient to describe the event handler as a finite
stochastic automaton [7]. A state machine is described as a set of admissible states and a set of
admissible transitions between them, that is, it is a directed graph.
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Fig. 3. Algorithm of using a stochastic automaton

In case of an event, the system calls the method of the object associated with this event. The
method handles the event (perhaps generating events for other objects) and exits. If the methods of
all handlers perform their operations quickly and without the use of blocking system calls, it is
possible to ensure a high speed of response to events even within the framework of a single-running
program [8]. If events arrive faster than the handlers can process them, the system queues them up.

4. Conclusions

The novelty of the product consists in the creation of an adaptive software system for collecting
and processing consolidated information, which accumulates data on the international activities of
individuals and legal entities with the possibility of flexible expansion of sources of information
collection depending on the needs of users.

Among the users of such systems can be various scientific institutions, institutes, universities,
research organizations, government agencies and other organizations that finance scientific research
and individual scientists. This information and analytics allow scientific institutions to monitor their
position in the world ranking, state institutions to direct the necessary attention to the level of research
activity in the extremes, and investors to create a complete investment picture regarding the relevance
of funding, for individual scientists to determine the distribution and citation of publications by global
sources

The main goal of the system is to provide users with the opportunity to receive up-to-date
analytical information on indicators of international activity from many selected sources.

The main tasks that the system solves:

- collection of data from sources of different structure and composition, primarily bibliographic
and scientometric databases,

- aggregation of received data at the request of the user,

— deletion of erroneous data and duplicates of already received data.
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Since the system is focused on a variable number of sources, which will differ in data structure
and interaction interfaces, the main requirement is a flexible architecture with the possibility of
constant modification with minimal costs for including new sources in the system, excluding old and
unused ones. The most needed functions and modification of the still relevant existing ones.

The developed system makes it possible to collect information about the international activities
of individual scientists or institutions from sources that are heterogeneous in terms of storage form
and composition.

The composition of information sources in the system can be expanded without interfering with
the operation of other system components. Each individual processor of information from the sources
can provide only partial data, which is supplemented at the expense of others. The system adapts to
the user's request in such a way that data is taken only from those sources that meet the requirements
of the request and can satisfy them.

Also, the system is characterized by adaptability to the load and high throughput, which is
achieved due to the use of modern approaches in the organization of the software system architecture.

The system provides users with a single point of entry for information requests and analytical
information about the international activities of both individuals and institutions.
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