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The potential of an information system is determined by a combination of the information
and economic-mathematical models implemented in it. These models serve as a basis for the
information and analytical components. They fulfill various functions: the information component
corresponds to the information content and access to data, while the combination of economic-
mathematical models of the analytical component determines the intelligence of the data
processing. With the development of distributed systems and cloud technologies, the need arises to
examine the two components separately. The need to distinguish these two components arises
especially acutely in large-scale projects such as the creation of a government infrastructure. Under
the conditions of industrial data delivery, when the majority of the participants in an economic
activity are acting in the role of producers and consumers of information, standardization of how
the data are presented and of the methods of processing them becomes essential. This article
handles the two components of an information system as two independent subsystems, the separate
stages of creating models are described, and the logic of their interaction in the system is shown.
The interrelationship of the components is presented in the form of a reflection of the separate
activity logic elements on the information level and further on the program level, as well as the
feedback from the applications onto the information and logic of the activity. The description of
the components is focused on subject matter experts whose role is growing at the present level of
informatization. Most local and simple elements of activity have passed the stage of primary
informatization and the task of establishing interaction among the systems and integrating them is
becoming urgent. These tasks require a deep understanding of the subject domain in order to
embody them in integrational information systems. The training of economic-mathematical and
cybernetics specialists is frequently limited by the disciplines of economic-mathematical modeling
without proper presentation of these models in information models and applications.
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NHOPOPMAIIMOHHAA N AHAIMTUNYECKAA KOMITIOHEHTA
B COBPEMEHHBIX ITPUJIOZKEHUAX
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IMorenuman I/IH(l)OpM&L[PIOHHOI?I CHUCTEMDBI OIICACTIACTCA COBOKYIIHOCTBIO PC€AJIM30BAH-
HBIX B Hel ]/IH(i)OpMaLLl/lOHHbIX 1 SKOHOMHUKO-MATEMaTUYECKUX MOMIeNeil. DT Moaenun
cJIyzkar OCHOBOM U1 HH(bOpMaHI/IOHHOﬁ U aHAJIUTUYECKONW KOMITOHEHT. OHU BBINOIHSIOT
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pazHbie GYHKIMU: MHGOPMAaIIMOHHAs KOMIIOHEHTa OTBeyaeT 3a MHMOpMalMOHHOe HamoJ-
HEHMEe, OOCTYIMHOCTh JAHHBIX, a COBOKYITHOCTb 3KOHOMHWKO-MaTeMaTUYECKUX MOeJei
AHAJTUTUYECKON KOMITOHEHTHI OIpenessieT MHTEeIeKTyalbHOCTh 00paboTKu maHHbIX. C
Pa3BUTUEM DpaCIIpPENEIeHHbBIX CUCTEM, OOJIAUYHBIX TEXHOJIOTUIl BO3HUKAET HEOOXOAMMOCTh
paccMaTpuBaTh JBE KOMIOHEHTHI OTAebHO. OCOOEHHO OCTPO HEOOXOAUMOCTh pas3ieieHUsI
JIBYX KOMITOHEHT BO3HMKAET B MacIITaOHBIX MPOEKTaX, TAKMX KaK CO3MaHue MHOPACTPYyK-
TYphl 2JIEKTPOHHOTO MPABUTENbCTBA. B yCIOBUAX MHAYCTPUATbHOIN MOCTaBKM JAHHBIX, KO-
raa OOJIbIIMHCTBO YYACTHUKOB DKOHOMUYECKON NESITEbHOCTU BBICTYIAIOT B POJU MPOU3-
BomuTeIeli M TIoTpebuTeneit mHdOpMaluy, HEOOXOMUMBIM CTAHOBMTCS CTaHAApTU3ALIMS
MpeacTaBieHus] JaHHBIX U METOJA0B MX 00paboTKu. MBI IBe KOMIIOHEHThl MH(pOPMAIIMOH-
HOI CUCTEMBl PacCCMOTPMBaEeM KakK JBE HE3aBUCUMBIE TTOACUCTEMBI C OMMCAHUEM OTAE/b-
HBIX BTAIlOB CO3IaHUST MOJeJel 1 TTOKa30M JIOTMKM MX B3auMozaeicTBus B cucteme. CooT-
HOIIIEHWE KOMIIOHEHT TIPEACTaBIeHO B (hOopMe OTpakeHUsI OTAEIbHBIX 2JEMEHTOB JIOTUKU
JIesITeIbHOCTU Ha MHGMOPMAIIMOHHBIN M ajiee Ha MPOrpaMMHBIN CJIO#, a Takxke oOpaTHOM
CBSI3M OT TIPWJIOKEHUsI Ha MHGOPMAIUIO U JIOTUKY NesATebHOCTH. OTrcaHrue KOMITOHEHT
OPUEHTUPOBAHO Ha 3KCMEPTOB IPEIMETHON 00JacTH, POJb KOTOPBIX Ha COBPEMEHHOM
ypoBHE MHGOpPMATHU3alMKU BO3pacTaeT. BOJBIIMHCTBO JIOKAIbHBIX W MPOCTHIX 3J€MEHTOB
NEATETbHOCTH TIPOIIIN CTAAMIO MEepBUYHONM MHGOPMATHU3AIMN, U CTAHOBUTCS aKTYyaJbHOMN
3a/aya YCTAaHOBJICHMSI B3aMMOAEMCTBUSI MEXAY CUCTeMaMH, MX WHTerpalMu. DTU 3amadu
TpeOyloT TIyOOKOro MOHMMAaHUsSI MPeaAMETHON O0JacTH ISl BOILIOIIEHUSI B MHTETpalluOH-
HBIX WH(POPMALIMOHHBIX CHCTeMaX. 3a4acTylo ITOATOTOBKA CHEHUAIUCTOB 3KOHOMUKO-
MareMaTU4ecKol, KUOEepHETUYEeCKON HaNpaBJIeHHOCTH OTpPaHWUYMBAETCS MUCLMIUIMHAMU
9KOHOMHUKO-MaTeMaTUUYeCKOTO MOJEJUPOBaHUS 0e3 HaulexXallero MNpeiACTaBIeHUs] ITUX
Mojeneil B ”H(GOPMAIIMOHHBIX MOAEJISIX Y MPWIOKEHUSIX.

KnioueBbie ciioBa: MHGOpPMAIMOHHOE MOJAEIUPOBAHNE, SKOHOMMKO-MaTeMaTU4ecKoe
MOJIEJIMPOBaHUE; TPAH3AKIIMOHHbBIE CHUCTEMbl; MHTETPAllMOHHbIE CUCTEMbl; METOIbl 0Opa-
OOTKM IaHHBIX; METObl MHTEIPALIUU JAaHHBIX

Cebiika npu nurupoBanum: JlunyHuos lO.I1. MHdopmalimoHHass M aHaquTU4YecKass KOMIIOHEHTa B COBpe-
MEHHbIX TnpuioxeHusax // HayuHo-texHuueckue Bepomoctn CIIOITIY. Dkonommueckue Hayku. 2017. T. 10.
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Introduction. With the development of
information technologies, economic-mathematical
modeling is acquiring additional possibilities for
applying models to real data. Data providers have
accumulated huge volumes of information in
various fields of economic activity. Using
economic-mathematical models on real data
assumes building applications that process real-
time data and historical data supplied.

The analytical and information components
are two of the fundamental subsystems of an
application which are not often considered
separately from each other in the literature.
GOST 34 (Rosstandart 1990) provides for
separate  description of information and
mathematical software, but it contains only the
most general technological features.

The purpose of this article is to present
separately the two components of information
systems, information and analytical. In
describing the information component, a division
of information models into transactional and
integrational is presented, and a brief description
of each of the categories is given. The analytical
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processing section includes a categorization of
data processing methods. The final section shows
the interaction of the information and analytical
components.

The applied aspect of statements described in
the article consists of their application in
implementing large-scale models and constructing
distributed systems such as the model of
interagency interaction laid out in the work «An
Information Model of Interagency Communication
Based on Distributed Data Storage» (Lipuntsov,
2016).

The infrastructure of the electronic
government (e-government) assumes creating an
information and computer parts of the
infrastructure. The complexity and dynamics of
automated activity must include solutions of
various forms, a large portion of which are found
in the distributed environment. Therefore,
standardization of methods and models for
integration of both data and computer models is
required.

Creation of an economic-mathematical
model that operates on real data includes three



elements: the economic-mathematical model,
the information model, and the application.
Each of the three elements has its own levels of
abstraction, its own set of models, and
interrelationship of abstract with applied models
is based on various principles. Several models
can be built on each level, in order to describe
the system from different points of view and to
present its complexity. The levels of abstraction
allow to determine the models’ boundaries, show
their connection, and describe its nature.

An application and information and
economic-mathematical models can have
different levels of development. One of the

variations for presenting a level of development
is the V diagram which reflects the sequence of
stages in the form of enlarged sections:
decomposition and implementation of components
and integration of components into a system. The
creation of the information system as a whole as
well as its separate elements, the information
and the economic-mathematical model, can be
described in the form of a V-diagram.

I. The stages in developing an information
system. Let us examine the sequence of creating
a large-scale information system that unites
several lower-level systems. The creation of the
system is initiated by a client who has certain
expectations. Decomposition: the expectations are
worked out in detail in the form of requirements;
the requirements are the fundamental tasks for
creating the components. Contractors create the
separate components, which are then integrated
into a full-fledged system.

The information system being created will
function in the operational environment and
have an effect on several communities. The term
communities here means teams of specialists
working on various levels of management or in
contiguous subject domains that fall within the
boundaries of the project. Each of the
communities forms its own view of the system,
attitude and expectations, however, all of the
communities will have to interact with regard to
that system. Having various views, the
communities can use different terms to designate
the same objects, or can construe the same terms
differently. Therefore, a necessary element in
creating an information system is documentation,
which is accompanied by a schematic reflection
of the processes of activity, data collection and
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processing, and a description of the services to
be implemented. This includes information
models on the conceptual and logistical level;
the technological solutions and interfaces of the
interactions of the components are also
determined here. At this stage, the system
requirements are transmitted to requirements for
its separate components.

After all the details of the components have
been determined, the stage of implementation
follows. The separate elementary components are
created first, and then they are integrated into the
system’s modules. At the stage of implementation,
the logic of real-world activity is embodied in the
components of the information system and is
implemented in data models or in application
code. Development of the components of an
information system depends, on the one hand, on
the data model that has been designated to deliver
data; and on the other hand, on the economic-
mathematical model. The economic-mathematical
models presented in the form of an algorithmic
description are converted into data processing
procedures. The set of stages for information
system processing in the form of a V-diagram is
shown in Fig. 1.

Integration of the components in the system
requires constant verification and validation.
Verification compares the components being
created with the requirements and standards,
while validation checks the extent to which the
system being created meets the requirements of
the end users and corresponds to the extent to
which the right system is being created.

Verification of the individual components
entails fracing the component requirements with
technical requirements and tracing the system
requirements with the expectations of the end
users. This is reflected by the horizontal lines in
the diagram. The inclined lines reflect the
connection of the system-level requirements with
the requirements for separate components, as
well as the set of tests that can verify the system
and its components.

I1. Information models. The basic purpose of
the information model is to reflect the subject
domain in the data layer. The stages in creating
an information model in the shape of a V-diagram
are described in (Lipuntsov, 2015). Let us focus
here on a brief categorization of information
models.
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Fig. 1. V-diagram for developing an information system. Source (Shamieh, 2014)

Information models can be divided into two
categories based on type: information models of
transaction systems, and information models of
integration  systems. Such a classification
corresponds to the following categories of
information systems described in (Landon, 1988):
transaction information systems (IS), management
IS, decision-making support systems, and IS for
top management. Elementary actions are fixed in
the transactional systems, while data integration
and data processing is carried out in higher-level
information systems. The higher the level of the
system, the more complex are the models for
integration and processing.

Information models of data integration. Let us
first examine the models for integration, and
then we will briefly dwell on the principles for
creating models of those transaction systems.
The models for data integrating may be roughly
divided into two classes: a hypercube, or the
Data Vault model (Inmon et al., 2014) which is
based on a graph of basic entities and
connections between them.

The hypercube consists of a multidimensional
generalization of two- and three-dimensional tables
for multidimensional data sets, with the
presumption that data may have an arbitrary
number of dimensions. For example, calculation of
financial data in a company is possible by product,
time periods, regions, etc. Sales, profit,
expenditures, budget, prognosis, and other
indicators will appear as cells in the cube. Data in

78

the hypercube is stored in the form of a star or
snowflake network. The values are located in a
central table of facts, while a description of various
measurements is given in the form of references.

In contrast to the hypercube, the Data Vault
allows to store data coming from various local
systems with tracking of the history of their
changes. This is achieved by a two-level storage
structure: on one level the basic components and
the connections between them are presented, while
data storage is managed on the second level. Such
a storage model allows not only to look through
current and historical data, but also to ensure
expandability of the model and its resistivity.

The ontology of the subject domain is a basis
for creating a data model for this type of
repository. One of the variants of the methodology
for composing the ontology for a data repository of
this type is described in the author’s work «The
Principles of Creating an Ontology for a Data
Repository. The Example of ‘Higher Education’»
(Lipuntsov, 2016). The methodology includes a
separation of all entities into primary and
derivative. Each of the entities has a content key;
the key for the derivative entities is formed as their
composition, which allows to create transaction
keys in terms of the primary entities.

The information model of a distributed
system can be implemented in the form of a
federation, in which case a system for
exchanging messages of standardized data is
implemented in the center. A second variation is
organizing a data repository into which data



from local systems are loaded. As a rule, most
large-scale corporate systems, such as bank
systems, use as data repository variants.

Information models of transactional systems

Let us discuss briefly the information models
of transactional systems. Six perspectives can be
separated out in the models of these
transactional systems (Hay, 2006):

— basic information objects,
— transactions,

— roles,

— time,

— location,

— motive.

Basic information objects and transactions
are the most important from the above-
mentioned three perspectives in reflecting the
activity and subsequent integration of data. The
roles represent a transformation of the
organizational structure and are intended to
provide the authority for working with data in
local systems. The space-time extent is presented
either in the form of regulatory and reference
information, for example in the form of an
address system, or in the form of transaction
characteristics. The motive is the result of
connecting an  organization’s goals with
processing the data of an operational activity.

The separation of perspectives and
standardization of the format for presenting basic
objects and transactions in transactional systems
is an important strand to which attention should
be dedicated when developing systems. This will
allow to create templates for data models in
subject domains and will facilitate integration.
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&
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e

Unstructured data
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The principle of separating the integrational
component from the transactional is important
from the perspective of the information model.
Most projects for data integration, including those
on the governmental level (Fowler J., 1999), use
an integration platform for implementing the
transactional services of e-government. These two
areas are spaced apart in the model according to
(Lipuntsov, 2016). The integration platform is
intended for gathering data from transactional
systems. The platform prepares the data for
downloading to the repository, historical or
noncurrent data are marked, and all transactions
are carried out by external systems. In addition,
transactions not implemented in the external
systems are reproduced in supplementary applications.
The architecture, including the transactional and
integrational parts, makes the information model
transparent and allows to implement the complex
activity logic without any conflicts.

Concluding the  description of the
information component, it should be noted that
efforts should be made within the framework of
the information infrastructure of e-government
to create an environment that makes it easy to
obtain data from various sources of the external
environment and integrate them with the native
data for joint processing.

Fig. 2 show a conventional operating diagram
with the data sets describing the connection of
data sets from three sources and the result of
integrating them is presented as one combined
data set ready for analytical processing.
Operations with data used in the IBM Mashup
Center v3.0 application were used in Fig. 2.

i |

o )

o Combine

External data services

Fig. 2. Diagram of mashup application
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I11. Economic-mathematical models of analytical
components. The ability of an organization to adapt
effectively to changes is the key factor in success in
the quickly changing economic environment.
“Smart software”, with which a company or
institution will be able to work out new models of
activity, is a tool that allows timely reaction to
changes. Development of an analytical component
is based on information systems which are
developyd taking into account the goals of the
company or institution.

Let us examine the analytical IS component
from this point of view, the creation of which can
be considered as a consequence of models of
various levels of abstraction from the general
systems theory (Mesarovich et al., 1978). In
systems theory, the following levels of abstraction
are considered: linguistic, theoretical-multiple,
abstract-algebraic, topological, logical-mathematical,
theoretical-informational, dynamic, and heuristic.
The first five model categories describe movement
from the general to the particular.

Models of the [linguistic system level
determine the totality of objects under study and
the relationship between them, as well as the
boundaries of the project. A macroeconomic
model at this level of abstraction includes such
objects as the government, a firm, household,
market of goods and services, financial markets,
etc. The relationships among the objects are
described by the such terms as income, taxes,
consumption, savings, etc. Such models are built
both for the macro and micro levels (Gracheva
et al., 2013).

The theoretical-multiple level of abstraction
encompasses the ability to describe the hierarchy
of a subject domain. A set of indicators is an
example from macroeconomics: gross domestic
product, net domestic product, national income,
etc. The hierarchy of indicators on the micro level
includes concepts such as income — expenses —
profit — distribution into dividends, etc.

On the next level of detailing,
algebraic, the system is described
functions, parameters, and other artefacts.
Examples of such models are production
functions, models of national income distribution
by production factors, etc. Apart from the models
themselves, the mathematical apparatus of data
processing is described. Mathematical models may
be considered in the context of the information
system developed as a kind of models in which

abstract-
through
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the legend, the description of the notations and
mathematical symbols used represents an informal
ontology of the modeled subject domain. In this
ontology, the connections determined by the
resources of the mathematical language are used.
The form in which the ontology is presented is
determined by the mathematical modeling
apparatus used: linear algebra, differential or
integral equations, matrix game theory, linear and
nonlinear programming, infinite game theory, and
other methods (Allen, 1963), (Carlin, 1964). In
addition, econometric methods that study the
properties of estimates and tests are used.

Topological models consider the location of
economic subjects in space. Examples of
topological tasks include models of the “linear
city” and the “round city”, i.e., models of spatial
differentiation of the market “in a line” and “in
a circle”.

Data processing using the mathematical
apparatus is considered on the /ogical-
mathematical level. Tasks involving financial
planning, management of material resources,
purchasing, sales, orders from consumers, etc.,
are solved on the level of enterprises. To
implement such tasks, algorithms capable of
taking specific problems into account are used
(Kogalovskiy, 2002), including the simplex
method, transportation tasks, problems from
graph theory and network optimization, etc.

The description of the automation functioning
including the representation of incoming and
outgoing signals, state of the system, and its
transition function may be considered one of the
variants of the model on this level.

The economic-mathematical model in the
form of an algorithmic description is implemented
in the form of program components at the stage
of theoretical-information models.

The object approach is often used for
algorithmic data processing; the task of this stage is
reduced to connecting the entities of the data
model with the object model. Various tools of the
ORM (Object Relational Mapping) class may be
used for this, such as Hibernate and ADO.NET
Entity Framework. As an alternative option, a
resource description in the Recourse Definition
Framework (RDF) format may be considered.

Application of data processing methods in an
information system is predetermined by the degree
of environment control. Delivery of all required
data is possible within a controllable environment.



Methods of simulation modeling are used in a
semicontrollable or uncontrollable environment.

In a controllable environment, problems of
operational activity and planning are solved in the
framework of one organization, in a
manufacturing enterprise the problem is control
of resources. Higher-level problems include
prediction and assessment of production
capabilities, bookkeeping tasks, staff management,
and others. An expansion of this ideology is
including suppliers and consumers into the
activity process. Similar processes exist in
government agencies, where the production
process is replaced by the development of
management decisions and the logistics of
material flows is represented as a rule by the
movement of various types of documents.

The methods for solving these problems can
include modern modifications of econometric
methods that are oriented at industrial supply of
data, describing processes with a large number of
characteristics and allowing implementation of
topological and logical-mathematical models.

The next step in the development of
numerical models are simulation models which
reproduce a change in the system over time.

Three types of simulation models are
distinguished: event models, agent models, and
system dynamics models. Event models
implement the discrete-event approach

describing an activity as a discrete sequence of
events over time (discrete-event simulation,
DES). An extension of this model is modeling
the actions performed on a schedule.

The parameters for simulation models can be
presented on the basis of econometric
assessments, while the information systems of
enterprises can serve as the suppliers of data
(Moon, 2005). Smart devices possessing
intelligence are becoming a substantial portion of
information systems: signals from sensors and
processing of data from knowledge bases allow
smart devices to make decisions, adapt to the
environment, etc.

Agent modeling is a more complex variation
of simulation modeling which considers actions
of autonomous, decentralized agents (Makarov
et al., 2013). The behavior of the agents is
modeled by applying methods of game theory,
the theory of complex systems and their
emergence, mathematical sociology, and a
number of other methods.
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A higher level of system integration is
implemented by the methods of system dynamics
and is used primarily for problems of the
strategic level. System dynamics is the
methodology and technique of mathematical
modeling for constructing top-level models.

The final level for describing systems is the
set of heuristic models. These models are created
for making managerial decisions in systems
where human beings act as structural
components. Formalized models are created on
this level for making managerial decisions that
include such elements of human activity as
creative and unconscious thinking. The methods
of that level of abstraction are knowledge
management, expertise, expert assessments,
training, gaining experience, etc.

The sequence of economic-mathematical
models of the abstract level and their implementation
and integration are shown in Fig. 3 in the form of
a V-diagram. The growth of information assets
promotes transferring more and more abstract
models into the class of numerical ones.

Analytical services in the corporate sector are
implemented in ERP-class systems and the
theory of data supply from local systems to the
discrete-event model and the process-simulation
models is worked out (Robertson, 2002).

IV. Implementation of the information model
and the economic-mathematical model in
application. Economic-mathematical and
information models find their embodiment in life
in information systems. The models can be of two
types: abstract or practical. Abstract models help
form system perception, while practical ones help
detect transactions, simulate reality, and predict
the behavior of a system. To transfer economic-
mathematical models to the class of applied
models, industrial supply of data based on
information models is required, as well as
adaptation of data-processing methods.

The translation of activity in an information
model and data processing procedures are shown in
Fig. 4 presenting the basic layers of the architecture
of a transactional system. An activity described by
using the organizational structure and processes
reproduces the logic of the activity. The processes
are divided into two categories, operational and
managerial activities, which are carried out by
separate elements of the organizational structure.
Managerial activities are presented in more detail in
the integrational component.
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Fig. 3. V-diagram of economic-mathematical modeling
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The information layer is represented by the enterprise is transformed into a set of roles in an
basic information objects and transactions information system.
reflecting the transformation of basic objects. The software layer is aimed at organizing a
The organizational structure of a real-world set of interfaces for interactions with users, and
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at implementing separate elements of activity
logic that were not reflected in the data model.
Human-machine interfaces are shown as a
separate element of the layer allowing to enter
new data and edit existing data.

Integrational systems constitute a second
class of systems. Let us examine an integration
model using the example of the information
model of interagency interaction (Lipuntsov,
2016), entailing the arrangement of the
interagency interaction through a data core. The
data core represents a three-layer structure: the
general core, the subject domain core, and the
object-oriented portion of the core. The layers
are able to interact by using the model of inter-
level connections. The application of this model
for collecting and analyzing data in the stock
market is described in the article (Lipuntsov,
2016). The analysis of stock data assumes that
information is available from various sources: tax
agencies, statistics agencies, the national
accounting depository, stock exchanges, and
other sources.

In the information infrastructure of
e-government, integrational systems are an
element for presenting data and the technologies
of analysis. Integration of governmental data is a
necessary solution for satisfying the information
demands of interdepartmental processes from

various state and corporate systems. The
structure of the basic elements of the
integrational platform of the infrastructure of the
e-goverment of the Russian Federation is shown

in Fig. 5.
The diagram shows the supply of data from
governmental and commercial information

systems. The current data of the universal core
and of subject domains are generated based on
the information supplied. These two core layers
serve as the basis for generating the object-
oriented core portion aimed at supplying
information for the operational activity.

The second equally important task of the
integration platform is supplying data for
management purposes. Data marts and the
results of data mining act as the data suppliers in
this case, and all three core layers serve as data
sources. This portion is where the economic-
mathematical models embodied in the analytical
component are implemented. The simulation
models, which assume modeling the behavior of
separate system elements or the system as a
whole, are located in a separate module.

A decision support platform of data
integration and analytical processing makes it
simpler to conduct analysis and publish the
results, and offers new analytical opportunities
and facilitates data exchange.
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Fig. 5. Framework model of the structure and information flows of a platform for government data integration
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Large-scale data integration models have
already been implemented in various branches of
the commercial sector. As an example of a large-
scale integration system, we can look at the
Global Distribution System (GDS) (Travel
technology, 2016). The GDS consists of a
network for booking airline tickets, hotel rooms,
car rentals, and other tourist services. From the
technical point of view, it is a collection of
interconnected portals of travel agencies, internet
booking sites, and major corporate systems. The
basic suppliers of services for the ultimate clients
are travel agencies integrating data from the
systems for booking airline tickets, hotels, and
cars. The GDS system is built on the basis of
corporate systems such as Amadeus, Galileo,
Sabre, and Worldspan (Ian Clayton, 2016). They
belong to joint ventures of airline companies, car
rental companies, and hotel groups.

If we look at the history of GDS
development, a predecessor version was the
Pegasus information system, in which initially all
data were entered manually. Using a large
number of employees occupied with data entry,
the system had to be operated in India. The data
entry process was labor-intensive and error-prone.

After the GDS information system was
created, it became substantially faster to perform
transactions. However, the process of launching
and fine-tuning the GDS was not simple since
all the corporate systems that needed to be
connected were different. The need for
standardization arose; protocols and standards
were worked out. The corporate systems
contained very rigid business rules which did not
always allow the use of standards. Information
transmitted to corporate systems should be
accurate and correspond to rules of implemented
business logic. Even years after the GDS has
been launched, errors cropped up that could lead
to a simple quotation marks resulting in system
failure with catastrophic consequences and
damaging of data integrity.

Currently, most travel services are purchased
electronically, including in the form of a package
of consolidated services in the three travel sectors:
booking airline tickets, booking hotels, and car
rental. In parallel with development of the GDS,
corporate systems rendering similar services
without intermediaries underwent improvements.

However, let us return to the infrastructure
of the e-government of the Russian Federation.
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If we examine the infrastructure services from
the point of view of GDS development stages,
then the multifunctional centers (MFCs)
correspond to the transitional stage of
development. The MFC currently performs the
functions of data entry, obtaining electronic data
and transforming them to print form,
transmission of data from system to system, and
other functions. An extended version of the
MFCs should include standardization of data by
subject domains, typification of processes, and
the use of the developed standards in
departmental systems. In order to obtain
government services at a level comparable to the
current development of services for purchasing
tickets and booking hotels, much work remains
to be done, especially in the field of
standardization of information turnover.

Basic registers should become a separate
element of the infrastructure of the electronic
government of the Russian Federation being
created. In the GDS, the primary element of the
system framework is the Passenger Name Record
(PNR). In the model of interdepartmental
interaction, a general core and a subject domain
core are used as such framework, while the
object-oriented domain of services is built using
the federal principle.

The federal model was adopted as the
primary model for organizing interagency
cooperation in Decree No. 487 dated June 1,
2016 issued by the Russian Government
(Government of the RF, 2016). As international
experience including the above-mentioned GDS
shows, the federal model should rely on the
mainframes that are the suppliers of operational
data. In the case of electronic government,
which is functionally far more diverse than ticket
purchasing, a format combining a data
repository, federal rules for working with local
systems would be a more appropriate variation.

Conclusions. Creating an application entails
implementing an information model reflecting
the logic of activity and determines the content
of accessible data and economic-mathematical
models that predetermine the intelligence of an
information system and the level of data
processing.

Such a division is important for large-scale
projects, the information and analytical
components of which are located in a distributed



environment. Division into information and
analytical models will allow to work out an
ideology for creating construction kits for data
collection and integration on the one hand, and,
on the other hand, for implementing methods
for analytical processing of these data. This is a
large-scale task which should be solved for
creating an  e-government’s  information-
analytical infrastructure. A construction kit is
necessary for the end user (a civil servant, a
citizen, or an employee of a commercial
company), allowing to generate the required data
set independently, and also to determine the
data processing methods. Formulating the
problem in this way entails the submission of the
information-analytical infrastructure of the
e-government as a set of information and
analytical components. The configuration of
modern applications should assume the addition
of components that allow to obtain data from
the external environment, as well as letting the
user determine the data-processing methods and
implementing  user-defined  data-processing
scenario.

Further development of the information
component is seen in a more complete
presentation of the methods for creating models
of those transaction systems, including creation
of typical templates to reflect standard
situations and a library of templates for subject
domains.

In the section of data integration models, it
would be reasonable to create an object
description of the ontology in terms of classes
and inheritances. That would be a good
methodological foundation for improvement of
information interaction model in the corporate
and governmental sectors. Development of the
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theme of data integration will be continued in
the form of the description of the methodology
for data transformation (Fig. 4) that will be
applied for integration projects, as well as for

forming separate layers of the core of
government data and for describing the
methodology of connections between various
layers.

A substantial amount of information-

analytical products focused on solving specific
problems is currently created by the efforts of
companies and agencies. The  Russian
Government’s Analytical Center is holding a
competition  for  determining the  best
information-analytical tools (Analytical Center
of the Government of the RF, 2016). It should
be noted that the description elements of the
products to be submitted to the competition do
not pay enough attention both to the
presentation of systems from the perspective of
describing the tools for forming an information
base, and to methods of analytical data-
processing. Applications are presented from the
point of view of solving functional problems. A
solution to local problems, no matter how
elegant it may be, does not always fit into the
surrounding infrastructure, except for cases when
this is done with a goal in mind.

For large-scale informatization projects, it is
not enough to have all types of activities and
performer roles in a formalized representation; it
is also necessary to apply industrial methods,
i.e., standardize the methods for data
presentation and methods for their analytical
processing. In this case embedding separate
components into the information-analytical
infrastructure of e-government could prove to be
promising.
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