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MULTIAGENT APPROACH FOR MANAGING THE INFORMATION SPACE OF
CORPORATE SYSTEMS

The subject matter of the study is the integration and management of information resources of distributed computing corporate
systems within the common information space. The goal of the study is to develop scientifically based models for supporting
intelligent technologies for the integration and management of information resources of distributed computing systems. In accordance
with the goal of the study, the article deals with the following tasks: to develop a formal-logical model of the information space, to
study and formalize agent-oriented tasks, to select the model of a software agent, to substantiate the information technology aimed at
effective information management in corporate systems. The following results were obtained: a formal model of the information
space of a corporate information system was developed; the role and place of a user of the information system resources were
determined; the concept of the task and the flow of user tasks in the information space were considered and formalized; the definition
of a software agent, multi-agent space and a multi-agent space management system were suggested; the model of the frame structure
of knowledge representation modified by the authors is proposed as a logical model of a software agent. Conclusions. The analysis of
domestic and foreign sources showed that the study in the field of integration of information resources of distributed systems and
building a unified information space does not fully meet the modern requirements of users and developers of application software.
Existing solutions based on integration technologies do not allow heterogeneous information structures to be actually integrated.
Basing on the study of the main business processes in information systems "user - information environment", a model of information
multi-agent space of a computer system was developed and investigated. The main components of a multi-agent system were
identified and basic entities were formally defined as a software agent and a multi-agent space. The agent-oriented approach to
solving managerial problems and integrating information resources of distributed computing systems was formulated and

substantiated.
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Introduction

The modern level of social development has
determined the information technology industry as a
strategic direction where huge intellectual and financial
resources are concentrated. Information and information
management tools - software products of various
functional purposes - acquired the status of information
resources [1]. Information management, like other areas of
computer science, is undergoing radical changes in a
number of its aspects: in storage and access models, in the
scale of designed systems, as well as in basic information
technologies. A number of studies deal with the study of
issues related to the modern presentation of information,
information resources and information technologies. [2-6].
And nowadays the concept of information management is
more and more extending to such an area as the
information space. [7].

The information space includes everything that is
connected with the storage and purposeful processing of
information. Information resources and means of their
processing (databases, files, protocols, classifiers,
document standards, computers, network equipment,
telecommunication facilities, etc.) lie on the basis of the
information space. The information space is structured
through information systems — interrelated sets of methods
and means of collecting, accumulating and storing,
searching and analyzing, distributing and presenting
information [8]. Information resources are concentrated
within information systems (1S).

Combining resources on the basis of the information
and communication interaction of information systems
brings them to the level of corporate information
resources that are called Common Information Space
(CIS). The CIS of a region, corporation, enterprise can be

implemented by creating and maintaining the standard for
the interaction between both information systems and
individual applications.

The problem analysis and the review of the existing
methods of solving the set task

At the present stage of development of computer-
oriented methods and information management tools, the
issues of building the common information space are of
primary importance. Over the past ten years,
computer technologies have gone far beyond local
application and the worldwide computer network Internet
has opened up new functionalities for users. At the same
time, the integration level of information systems, namely
the study and development of methods for constructing
the information space, does not fully meet the
requirements of users at the present stage. The amount of
stored and processed information continues increasing,
which emphasizes the necessity to move some processing
functions of heterogeneous information to intelligent
systems. Such systems should independently obtain
information, process it autonomously, make decisions
about its further promotion within the information
space [9]. Initially, decision-making systems dealt with
similar issues. These systems were developed in two
directions.

The first one involves developing intelligent systems
for analyzing the flow of information, identifying
dependencies in this stream, compiling data. Such a
system provides a user with information that has been
analyzed and processed. The received information is
usually accumulated in databases, databanks and, if
necessary, one can get access to its resources for more
thorough studying.
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The second direction involves applying artificial
intelligence methods. Such a system analyzes the situation
and then gives its recommendations on it. If necessary, a
user can learn the results and make own
decision. However, the user of an information or
information management system needs the system to be
able to affect the processes of processing and
managing information within the information space
autonomously.

The study is aimed at creating intelligent systems for
integrating and managing information resources of
distributed computing systems. Integration is considered
as the management of heterogeneous information based on
an intelligent intermediary system, which enables access
to multi-format information contained in the developed
structures - data files and databases. An intelligent system
based on software agent technology can be used as an
intermediary system. Studies in the field of agent-oriented
technologies as an integral part of the tasks of distributed
artificial intelligence, modern advances in the field of
computer systems made it possible to identify this area as
an independent rapidly developing field of research and
applications [10].

The problems of intelligent agents and multi-agent
systems have been formulated on the basis of studies in
the sphere of the distributed artificial intelligence. Agent
technologies can be applied to workflow management
[11], network management, information retrieval, e-
commerce, education [12], digital libraries and to a variety
of other applications [13].

The development of a formal-logical model of the
information space

The computing environment of a modern
corporation, institution, office, as a rule, is a server,
network equipment, local computers, office equipment for
various purposes, applied, system and special software.
All computing system resources — from user files,
database structures, application programs to system
components — are stored in files and files are stored in
named directories. Such a technology of a computing
system organization is conceptual and depend neither on
the class of tasks solved by a user nor on the type of
interaction between a server and a local computer. Thus,
the computing environment is an invariant component of
any information system and creates the information space
[14].

The information space can be represented as an
abstract algebraic system:

E=<0,5,Q>, 1)

where O is the objects of the information space; S is the
interrelations among O objects; < is object manipulation
operations in E environment.

The components of a modern computing system can
be the model objects (1), these are files of all types,
directories, logical and physical disks, personal computers

o} :{on |n :1_N1} The relation S :{sn |n :l_Nz} among

the objects of the information space determines specific

computer environment configuration E , oriented to a
specific user or users, G = {gn

n=1 N3} is a set of users.

Depending on the goals set for a user and the
computer environment, all actions are conducted on the

basis of operations Q:{qn|n =1, N4}. An example of a

set of elementary operations Q={q,,q,,...q,} can be such

file manipulation operations in the information space as
{<run><copy__from__to>,.....,<delete>}. All operations
on objects at arbitrary times t;,t,,...t,, tna>t, are

initiated by the user g, of the information space on the

basis of the formalized plan of actions
2, (t),z,,(t,),.-.z,, (t,) orunitary action z, (t).
Thus, the formalized task

7, =<to copy file from___to >, can be solved by the
following operations g, =<copy__from__to>.

Yalt)
4’ g”

e | =" | E0,5.0)

Fig. 1. The pattern of the user interaction with the information
space

The pattern of the interaction user — information
space is presented in fig.1.

The model of the user interaction with the
information space can be presented as follows

Ya(t) =en(zn(1)), i =LN; @

where z,(t) is the input impact on the information space
made by the user g, €G; y,(t) is the response of the
system E , that is configured for the user g, and looks
like e, .

In the general case, z,(t)is an elementary task that
the user g, eGsolves using the information system
E(O,S,Q).

Elementary tasks can be can be combined into
functional tasks by combining elementary operations
g,,0,,.--q, into a sequence of interrelated operations of

the algorithm a, ={q,,q,,...q,}, a €A, where A is a

set of algorithms for solving functional problems.
Depending on the structure and interrelation of tasks
solved by the user, they can be combined into sequences
or task flows. The task flow of the user g, € G is called

such a sequence, P(Y,)={Yu Yoz Yu) Which meets
the following conditions:

Yij (1) =€4; (24 (1)), n=1N;, j=1K. 3)
an(t): ynj+1(t)’ 4

where j is the ordinal number of the task of the n-th user.
Let us detail the meaning of constraints (3-4). The
effect of restriction (3) is as follows. While working with
the information system, a user has a plan of sequential or
parallel operations (actions), for example, to copy
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unnecessary files to the "recycle bin", then start the anti-
virus program, then open the database file and execute a
SQL query. The meaning of constraint (4) is the following
— the result of the previous task is an indispensable
condition for starting the next task or tasks. A feature of
the task flow technology lies in the fact that tasks can
form both a sequential and an arbitrary sequential-parallel
process for solving them. The main condition for grouping
tasks into a stream is to coordinate adjacent tasks on
input/output, while at intermediate stages, a task (in the
general case) can be understood as a user action that does
not require tools to support the computer system [15].

Let us consider a special case of the task flow, when
to solve each task z,, , there is an instrumental software

package or software module m, € M, where M is a set of

software modules that implement a set of tasks Z . In
addition, the conditions for the coordination of tasks in a
flow should be met. The first condition is the logical
completion of the previous task and the beginning of the
next one.

The second condition is the condition for data
coordination at the intermediate stages of the solution:
Y, (1) =z, (t) , where the output data of the previous task

are the input data for the following task. Then, the general
solution of the task flow can be represented as a sequence

of solving the task z,(t),z,,(t),..z;(t), i=1N
i=1LK.

3

The development and study of a software agent model
on the frame basis

For the considered class of tasks, where the user is
an "active element” to initialize their implementation and
the data formats at the intermediate stages of the
coordination coincide or the sequence of their solutions is
strictly defined, the task of autonomous task (task flow)
management can be formulated and solved basing on the
technology of software agents.

Let us introduce the basic definitions.

Definition 1.

A software agent is an application that operates in
the computer environment on the basis of the condition-
action model and is used to perform the tasks of a user
information support autonomously.

Definition 2.

A multi-agent space is an information space of a
computer system where software agents, which are either
autonomous or coordinated by a multi-agent space control
system (MASCS), operates for the purposes of a user.

Definition 3.

A multi-agent space control system is a manager that
designs, develops, implements, monitors and analyzes the
operation of a system based on the technology of software
agents.

Definition 4.

The technology of software agents is the principle of
managing information resources of a distributed
computing environment based on autonomous software
applications (software agents).

For the formal definition of the concept of a multi-
agent space, let us consider the model of the information
space (1) and the model of the multi-agent space can be
represented as:

E, =<0,,S,,Q, >. (5)

In this case, a set of objects of the information space
can be represented as O, =OU A, where A is a set of

software agents.
A set of relations S, =SS, , where §,is a set of

relations among the agents A, and the objects of the O,
and a set of relations Q  =Q LQ,, where Q, is a set of
operations among the agents A, and the objects of the
information space O, .

Let us consider a software agent as an abstract
algebraic system. In this case, the concept of a software
agent should involve a universal language for describing
data and means of manipulating the entire range of types
of information system data, from text files to database
files. Such a hierarchical approach to building a software
agent model is not rational for the following reasons. The
basic file types and their structure (*.txt, *.xIs and so on)
have been developed, as a rule, for specialized software
systems, thus *.doc files — for the text editor WORD,
*.dbf files — for database control systems. In very
rare exceptions these applications are closed algebraic
systems.

Recently, the attention of researchers has been
focused on the development of the concept of data type,
taking into account the principle of hierarchical
construction, without relating to initial or terminal
algebras. The hierarchical data type is constructed on the
basis of one or several primitive types (which, in turn, can
be hierarchical) that are included in the original data type
system. Each primitive type can be analyzed and
implemented separately; the information about the types
that can be constructed with it will not be used. On the
other hand, the newly created type can be considered as a
"black box", whose behaviour is evaluated in terms of
primitive types.

Basing on the above, the concept of a software agent
model as an algebraic system consisting of disjoint closed
subsystems should be considered.

Statement. In the algebraic system U, =<A,Q>,

Q=0,uQ, Q, ={F,...F},
Q ={z,..z,}, A={A,A,.,A}, the non-empty
subset A < A is called closed if VA3<F 7z, >, that is,
A is closed regarding each major operation F, of this

system. This means that the result of any major operation,
performed on arbitrary elements of the set A , belongs to

where

Aagain. Let F and 7, designate operations and
predicates, determined on A, whose values on A
correspond to the values of operations F e and
predicates z, €. As a result, there is the algebraic
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system U, =<A,Q >, which is a subsystem or a sub-
model of the system U, . The subsystem U,, is uniquely
determined by the set A and, hence, instead of
U,=<A,Q > U, =<A,Q> can be used.

The above statement enables representing the model
of the software agent as an abstract data type in terms of
non-overlapping subtypes. One of the well-known
structures of data representation and knowledge that
satisfies the conceptual model of multi-agent space (5) is a
frame. To implement the technology of interaction
between a software agent and objects of the computer
environment, the frame structure can be used as a model
of a software agent. A software agent model can be
represented by a frame. In the general case, such a model
can be written as:

ER :{< R.,C,,Cp,,..C,, >...< RZ,CH,CZZ,..}' .
..Cyp > <C, >

where FR is the frame name; pair <Ri,Ci> is the i-th
frame slot; Ri, is the slot name, Ci is the slot value.

Based on the frame (6), the model of the software
agent can be implemented in terms of <objects>,
<conditions>, <actions>, <priority>. The frame acts
as a universal framework or a standard shell,
into which functional modules-slots can be added to solve
specific problems of information resources
administration. Each slot can be formed from four
attributes of basic types and perform the required
operations with data. The slot in the model (6) is a logical
structure for implementing specific tasks for a frame — a
software agent.

Slots from the frame can be removed, add, change
the functionality of the slot-task. However, the classic
representation of a slot as a structure <name>, <meaning>
cannot fully represent the requirements of the conceptual
model of a software agent. Let us modify the slot structure
and transform it as:

Slot =(U, D,dom,1,,6,0), (7)

where U is a set of attribute names, D is a set of
domains, dom is the display U =D, # is a set that
determines initial conditions and signs of actions in the
task structure, Q is a set of operations, and

Q={Q,Q,,Q,}, where Q, is operations on slots-tuples,
Q, is operations on slot states, €, is operations on the

values of typical attributes.
And Q, ={Q,,Q,,}, where Q, is operations on the

data of the same type, Q,, is inter-type operations, r, is
the model-tuple of the i-th task of the agent,

r={{R},.Q.V.}, (8)

where {R}ij is a set of the states of the tuple r,, V, is a set
of integrity constraints, Q. —Q, is a set of operations
over {R}ij.

In accordance with the basic requirements for the
properties of software agents - the autonomy of operation
and the ability to perform meaningful actions, let us
consider an approach to building the model of the
software agent behaviour basing on the concept "frame-
slot" [16].

A slot in the mathematical model (7) can be
represented as a logical model when the values of the
attributes of the set  mpu 3HaueHwsx arTpubyTOB
MHOYKECTBA U are equal to

{<OBG >,< ACT >,<CON >,<STA>}. Taking into

consideration (8), the slot logical model can be considered
as a 2D object, whose structure is shown in fig. 2.

| {r }u —a set of tuple states

tuple ¥

‘_\

OBG CON ACT

|
&H
PRO  STA r

Fig. 2. 2D slot model

Example

The behaviour of a reflective software agent refers to
the primitive type of behaviour of the "condition-action”
type. When the condition specified by the [CON] attribute
format is met, the action determined by the [ACT]
specification is performed. The result of the task is
reflected in the only tuple state, the sign of the execution
is 1 if the action is completed successfully and O if the
action is not completed successfully, and is stored in the
value of the [STA] attribute. If a condition is specified for
repeated actions, the result of the last execution will be
displayed in the slot tuple state. The task for a reflective
software agent is to copy an Itog.txt file, which is in C\PR
directory, to C\ARXIV directory at 18.00 every day.

OBG: CON: ACT: STA:
C\PR\Itog.txt | Time=18-00 | Copy from C\PR to C\ARXIV
Ttog.txt 18-00 | Copy from C\PR to C\ARXIV 1

Fig. 3. The example of a reflexive software agent

When analyzing the actions of a reflective software
agent, one can only judge whether the last operation to
copy the file was correctly performed at 18.00.

Conclusions

The analysis of domestic and foreign sources showed
that the study in the field of integration of information
resources of distributed systems and the construction of
the common information space do not fully meet the
modern requirements of users and developers of
application software. Existing solutions based on
integration technologies do not allow heterogeneous
information structures to be actually integrated.
Basing on the study of main business processes in
information systems "user - information environment",
the model of the information multi-agent space of a
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computer system was developed and investigated. oriented approach for solving management problems
The main components of a multi-agent system were and integrating information resources of distributed
identified and basic entities were formally defined as a computing systems and databases was formulated and
program agent and a multi-agent space. The agent- substantiated.
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MYJbTUATEHTHUM MIJIXI B 3AJTJAYAX YITPABJITHHSI IHOOPMAIIMHUX
ITPOCTOPOM KOPIIOPATUBHUX CUCTEM

IpeameToM IOCITIDKECHHS € THTETpallis 1 yIpaBiiHHS iHQOpMANIHHIMHU pecypcamMy PO3MOIUICHHX 00YHCITIOBATEHUX KOPIOPATUBHUX
CHCTEM B paMKax €JMHOro iH(opMmauiiiHoro mpocropy. MeTow NPOBEACHUX MOCIIKCHb € PO3pOOKa HayKOBO-OOIPYHTOBAHHX
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MoZeNedl MiATPUMKM IHTENeKTyalbHHX TEXHOJOTiH iHTerpamii i ympaBmiHHSA iHGOPMAIIHHIMH pecypcaMd pO3IOIUICHUX
OOYNCITIOBAIPHAX CHUCTEM. BiINOBIHO 10 TOCTaBIEHOI METH JOCTI/DKeHb y TPEICTaBICHIM CTaTTi PO3IIAAIOTHCS HACTYIHI
3aBAaHHA: po3poOka (GopMaTBEHO-JIOTIYHOT MOz IHPOPMAIIIHHOTO IIPOCTOPY, MOCIIPKEHHS 1 (JopMatiallist areHTHO-0pPi€HTOBAaHNX
3a/a4, BHOIp MOJEI MPOrpaMHOro areHra, oOIpyHTYBaHHS 1H(GOPMAIIHOT TEXHOJIOTIi, CIpSIMOBAHOI Ha €(EKTHUBHE YIPaBJIIHHS
iHpopMaIliel0 B KOPIOPAaTHBHHUX CHCTEMax. Y CTaTTi OTPUMaHi HACTyMHI pe3yJbTaTH: po3pobiieHa (GopManibHa MOICTh
iH(pOPMAIIIHHOTO TPOCTOPY KOPIOPATHUBHOI 1H(GOPMAIIHHOT CHCTEMH; BH3HAUYCHI POJb 1 MicCIle KOpHCTyBada iH(GOpMAIiHHUMU
pecypcamu  iHGOpMAaLIfHOT CHCTEMM; PO3IIAHYTO 1 (OpPMami3oBaHO MOHATTSA 3aBJaHHS Ta TOTOKY 3aBJaHb KOpHCTyBauya B
iHdopmariifHOMy TpOCTOpi; JAQHO BH3HAYCHHS IIPOIPAaMHOTO areHTa, MYJIBTHAreHTHOTO IIPOCTOPY 1 CHCTEMH YIPaBIiHHS
MYJIBTHATCHTHUM IIPOCTOPOM; B SIKOCTI JIOT1YHOI MOAENi MPOTPaMHOrO areHTa 3alpoIloHOBaHa MOAM(IKOBaHA aBTOpAaMU MOJIEIb
(bpeitMoBOi CTPYKTYpH MPEICTABICHHS 3HAHb;, BUCHOBOK: aHAJI3 BITUYM3HSHHX 1 3apyOiKHHUX JKEpel MOKa3aB, MO JIOCTIHKCHHS B
oGuacri iHTerpamii iHpopMaIiiHIX pecypciB pPO3MOIUICHUX CHCTEM i MOOyI0Ba €IMHOTO iH(OPMaNifHOTO MPOCTOPY, HE B ITOBHII
Mipi BIAMOBIJAIOTh Cy4aCHUM BUMOT'aM KOPHCTYBAUiB 1 PO3POOHHUKIB MPUKIIATHOTO MTPOrPaMHOro 3a0e3neueHHs. [CHyoul pilieHHs Ha
OCHOBI IHTErpaIlifHUX TEXHOJOTIH HE MO3BOJSIOTH 3IIHCHUTH peajbHY IHTErpallil0 reTeporeHHuX iH(popMaliiHuX CTpykTyp. Ha
MiJCTaBl JOCTIDKCHHST OCHOBHHX Oi3HEC mpoleciB B iH(pOpMAIifHUX cucTeMax "KOpuCTyBad - iHdopMalliiiHe cepemoBuuie”,
po3poliieHa 1 gochijpkeHa MoJenb iH(GOPMALIHOTO MyJIBTHAr€HTHOTO MPOCTOPY OOYMCIIOBaNbHOI cucTeMu. BuaineHo ocHOBHI
KOMIIOHEHTH MYJIbTHAr€HTHOI CHCTEMH 1 TaHO (hopMasibHI BU3HAUCHHS 0a30BUX CYTHOCTEH: MPOTPAaMHOMY areHTy, MyJIbTHAareHTHOMY
mpoctopy. ChopMyaboBaHO Ta OOIPYHTOBAHO AreHTHO-OPICHTOBAHHHWW MiJXiJ 10 BHPINICHHS 3aBIaHb YMPAaBIiHHS 1 IHTErparii
iH(opMaIiifHIX PecypCiB PO3MOAUICHNX 00YHCIIIOBAIBHUX CHCTEM.

Kurouogi ciioBa: indopmaniiina cucrema; 0a3a JaHUX; IHTETpallis JaHHUX; IHTEJIEKTyalbHi CHCTEMH; reTeporeHHi iHhopMaiiiHi
CTPYKTYpH; (peiiM; IPOrpaMHUii areHT; MyJIbTHATCHTHA CHCTEMA; MOTIK 3aB/IaHb.

MYJbTUATEHTHBIN MOAXO/ B 3AJTAYAX YIIPABJIEHUSA
NHOOPMALNMOHHBIM ITPOCTPAHCTBOM KOPIIOPATUBHBIX CUCTEM

IIpeameTroM MccJeIOBAHMsI SBISCTCS MHTErpalliss W yOpaBieHHE HMH(POPMALMOHHBIMH pECYypCaMH  paclpe/ielIeHHBIX
BBIYMCIUTEIBHBIX KOPIIOPATHBHBIX CHCTEM B paMKax €AMHOrO HH(MOPMAIMOHHOrO mpocTpaHcTBa. Ileibi0 MpPOBOAMMBIX
UCCIIeJOBaHUIT ABIsieTCS pa3paboTKa HaydHO-OOOCHOBAHHBIX MOJENEil MONIEPKKH MHTEIUICKTYAIbHBIX TEXHOJIOTHH HHTErpalu U
yrpasiaeHus: HHQOPMAIIMOHHBIMU PECYPCaMK PAaCIPEACICHHBIX BBIYMCIMTEIbHBIX CHCTEM. B COOTBETCTBHH C MOCTAaBJICHHOI LIENBIO
UCCIICJOBAaHUII B IPEACTABICHHON CTaThe PACCMATPHBAIOTCS CIIEIYIOLIME 3afa4uM: pa3paboTka (OpMallbHO-JIOTHUECKOH MOZIENH
WH(OPMAIIMOHHOTO TPOCTPAaHCTBA, HCCIEAOBaHHE M (opMann3anusi areHTHO-OPUEHTHPOBAHHBIX 3a1ad, BBIOOp MoJenn
IIPOrPaMMHOTO areHra, 000CHOBaHHE HH()OPMAIIMOHHOM TEXHOJIOTHH, HAIIPaBIeHHON Ha 3(G¢eKkTHBHOE ynpasieHne nHdopmarueil B
KOPIIOPAaTUBHBIX CHCTeMaX. B paccMarpuBaeMoil cTaTbe IMOJIy4eHbI CIEAYIONIMEe Pe3yabTaTbl: padpaboTaHa (opManbHas MOJEIb
UH(GOPMAIMOHHOTO POCTPAHCTBA KOPIMOPATUBHONH WH()OPMAIMOHHONW CHCTEMBI; OMPEACNCHBl POJNb W MECTO IOJIB30BATENs
UHGOPMAIMOHHBIMU pecypcaMH HH(GOPMAIIMOHHON CHCTEMBI; PACCMOTPEHO M ()OPMAIM30BAHO TMOHATHE 3aJa4yd M IIOTOKa 3aaad
MOJIb30BaTENsl B MH()OPMALMOHHOM HPOCTPAHCTBE; JIAHO OINpeJeeHHe NMPOrPaMMHOIO areHTa, MYJIbTHAr€HTHOTO MPOCTPAHCTBA U
CHCTEMBl YNpPABICHHS MYJIbTHArCHTHBIM MPOCTPAHCTBOM; B KAa4eCTBE JIOTMYECKOH MOJEIM MPOTPaAMMHOTO areHTa MpeasiojKeHa
MOAMGHUIMPOBAHHAS aBTOpAaMH MOJAENb (PEHMOBON CTPYKTYpHl NPEICTaBICHHUS 3HAHMI, BBIBOA: aHAJIM3 OTCYECTBEHHBIX H
3apyOeXKHBIX HCTOYHUKOB ITOKa3aJl, YTO UCCIIEOBAHMs B 00JIACTH MHTETPAMi HHOOPMAIIMOHHBIX PECYPCOB PACIIPE/ICICHHBIX CHCTEM
U TIOCTPOEHHE €AWHOTO0 WH(OPMAIMOHHOTO MPOCTPAHCTBA, HE B IOJHOW Mepe COOTBETCTBYIOT COBPEMEHHBIM TPEOOBaHMSIM
noyb30BaTeNnel M pa3pabOTYMKOB INPUKIAJHOTO IPOrpaMMHOro obecneuenus. CyluecTByrolME pELICHHS Ha OCHOBE
MHTETPALMOHHBIX TEXHOJIOTHH HE MO3BOJISIOT OCYLIECTBUTh PEAIbHYI0 MHTETPAIIHIO TeTEPOreHHbIX HHPOPMaMOHHbBIX cTpyKTyp. Ha
OCHOBAaHHUH HCCIICIOBAaHUS OCHOBHBIX OM3HEC MPOIIECCOB B HHPOPMAIIMOHHBIX CHCTEMaX ''TOJIb30BaTeNh — HH)OpMAlMOHHAs cpena”,
pa3paboTaHa M HCCIeOBaHAa MOJeTb WHGOPMAIMOHHOTO MYJIBTHATEHTHOTO MPOCTPAHCTBA BBIYMCIHUTEILHOW CHCTEMBI. BbIIeIeHb!
OCHOBHBIC KOMITOHEHTBHI MYJIbTHAr€HTHOH CHCTEMBI W JaHbl (hOpMajbHBIC ONpeAeacHHs 0a30BbIM CYIIHOCTSM: MPOrPaMMHOMY
areHTy, MyJbTHareHTHOMY IpocTpancTBy. ChopMyiInpoBaH M OOOCHOBaH areHTHO-OPHEHTPOBAHHBIH MOAXOJA K PELICHHIO 3a/1ad
YIpaBJICHUs] ¥ HHTETPALH HHPOPMALIHOHHBIX PECYPCOB PACIIPEACIICHHBIX BBIUUCIUTEIBHBIX CHCTEM.

KnroueBbie cioBa: wuHboOpMannoHHas cucTema; 0a3a JaHHBIX; HWHTETPAlUs JAHHBIX; WHTEIUIEKTYaJbHBIE CHCTEMBI;
reTeporeHHbie HHHOPMAIMOHHbIE CTPYKTYPBI; (peiiM; MporpaMMHBIN areHT; MyJIbTHareHTHas CUCTeMa; IOTOK 3a1ad.




