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Abstract

This paper presents development experience of architecture, principles of functioning, software engineering and modeling of
multi-agent system for information support of regional business processes. The main purpose of the system is integration of
distributed heterogeneous information resources and web-services devoted to innovations in the Internet. The system
provides an automated search of potential business partners, an interactive innovation chains construction and selection thae
most efficient of them. The necessity of system dynamics modeling methodology using in development of business processes
support systems is discussed. Agent-based technologies are examined. Special attention is given to development of virtual
business environment conceptual model. Our conceptual model is used as a basis for the system structure, algorithms,
functionality and relationships between its main architectural components representation. Specifically, we show how to use
the conceptual modeling methodology, system dynamics and multi-agent system technology in developing a multi-agent
system for integration of distributed heterogeneous information resources and services devoted to innovations.
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AHHOTANMSA

B pabore mpencraBiieHbl pe3yibTaThl HCCICIOBAHHN B OONACTH pa3pabOTKH MYJIBTHATCHTHBIX CHCTEM HH(MOPMAIMOHHOM
MOAJCPKKH YIPABICHUs WHHOBALMOHHBIMM TIpOLIECCAMU B pErHoHe. PaccmaTpuBaroTcsi OCOOEHHOCTH MHOCTPOCHUS
APXUTEKTYpPhl, MPUHIUNEI (YHKIHOHHPOBAHMSA, JIEMEHTHI NPOTPaMMHONM pealu3aliid ¥ MOICITHPOBAHHSA JaHHOTO THIIA
cucreM. Llenplo co3maHmss CUCTEMBI SBISIETCS MHTETPALMsl pACTIPEACIICHHBIX Pa3HOPOIHBIX MH(MOPMAIIOHHEIX PECYpCOB U
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BeO-CEpPBUCOB MO WHHOBAIlMOHHOHM gesTensHOoCcTH B ceth MurepHer. Cucrema mpenHasHadeHa A oOecreueHus
aBTOMATH3MPOBAHHOTO TMOMCKA MOTEHIMAIBHBIX OM3HEC-TIAPTHEPOB AN Pealld3alll MHHOBAI[MOHHBIX NPOEKTOB, a TaKXKe
JUISL aBTOMATU3UPOBAHHOTO (POPMHUPOBAHMSI MHHOBALMOHHBIX CTPYKTYp M OIEHKH HX 3¢ dektuBHOCTH. JJaHO 000CHOBaHME
HEOOXOIMMOCTH IPHMECHEHHS METOAa CHUCTEMHOH AWHAMHMKM IIPU MOJACIUPOBAHUHM M pa3pabOTKEe CHUCTEM IOAICPIKKH
YIIpaBJICHNS! HHHOBAIMOHHBIMU Ou3Hec-Tponeccamu. MccieoBansl BO3MOXKHOCTH IIOCTPOCHUSI U PEaTH3aIN TAKUX CHCTEM
Ha 0a3ze MyJIbTHAreHTHBIX TeXHONOrui. OTaensHOe BHHMaHHE B paboTe yheneHo pa3paboTke KOHLENTYyalbHOW MOMENH
BUPTyalbHOIl OuM3Hec-cpensl pa3BuTHs WHHOBauumil. KoHuenTyanbHas Mopenb sBiaseTcs (OpMajJbHONW OCHOBOH ISt
ABTOMATH3allMM CHUHTE3a CTPYKTYpBl CUCTEMBbI U aJTOPUTMOB €€ (yHKIMOHHPOBAHHUS, a TAKXKe ONpPEIeiseT B3aUMOCBS3H
Mex 1y 6a30BbIMU (DYHKIIMOHATBHBIMH 3MIeMeHTaMu cucTeMbl. HoBH3HA U IpaKTHYecKas 3HAYMMOCTh pabOTHI 3aKIIF0OYAETCS B
Pa3BUTHU TEOPUH H MPAKTUKU KOMOMHUPOBAHHOTO MCIOIb30BAHHS METOAOB KOHIIENTYalbHOTO, CHCTEMHO-ANHAMHYIECKOTO U
MYJIBTHAT€HTHOTO MOZAENUPOBAHUS JUIA Pa3paOOTKN HHTEIIEKTYalbHBIX CHCTEM IMOANCPKKH YNPABICHUS MHHOBALMOHHBIM
Pa3BUTHEM PErHOHATBHON YKOHOMUKH.

Kirouesble ciioBa

MyJIBTHAr€HTHAsl CHCTeMa, HH(OPMAIMOHHAs IOJJICP)KKA, YIpPaBICHHE, WHHOBALMOHHBIH MPOLECC, KOHLENTyalbHOE
MOZENUPOBaHNE

Buaarogapuoctn

PaGora BeimonmHeHa npu noxpaepxke Denepa’dbHOrO areHTCTBA HAydHBIX oOpraHu3auuid u  Poccuiickoro ¢ouga
(hyHaaMeHTaNbHBIX nccnenoBanuid (mpoekT Ne 18-07-00167-a).

Introduction

In the new millennium just countries susceptible to innovations will stand up to competitive struggle on
the global wares and services market. Therefore, transition to innovation economics is very relevant for all of the
countries which have a great tendency in the field of raw materials. Thus, for today it is conventional and quite
obvious fact that innovations are critical element of modern business system development which provides their
competitiveness. Business process participants are geographically distributed. Modern economic and scientific
relations not only overcome wide distances, but very often “remove” any intergovernmental frontier. Growing up
day after day number of innovation activity fellows and their geographic distribution condition on the fact that
just lesser part of potentially efficient innovation projects are practically realized. Innovation markets
peculiarities put forward new requirements for management problem-solving quality and efficiency which
influence on socio-economic systems development process. These claims settlement is not possible without
adequate information support of business processes within the systems. We can propose many other arguments to
validity of proposals listed above.

Information support of innovations and business processes management are very actual problems. We see
two significant interconnected aspects of these problems. There are necessity of potential business partners
automation seeking and necessity of problem-oriented innovation chains, which are aimed to specific innovation
projects realization, automation construction.

At the present time a great number of information resources are created devoted to innovations. At the
same time the most part of them is implemented as special Web-resources, specifically Internet-portals which
have the approximate structure of business suggestions representation, but which are not interrelated to each
other in the general case. For enhancement of business processes information support efficiency we see a
relevant solution which consists in flexible and user-transparent sharing of information about existing innovation
suggestions stored in the heterogeneous business-oriented Internet-portals databases. Thereupon, we see the
urgency of innovations information support systems development and propose such system prototype [1]. The
necessity of the system for integration of distributed information resources devoted to innovations [2] creation
consists in many problems of existing scientific, industrial and commercial organizations Internet-pages access
networked systems and databases, which do not provide a due level of information relations interactivity and
which are prevented from analytical, consultative and adjusting functions.

Problem statement

In this section we give some remarks to the terminology used in this paper. The term “innovation” is
discussed in different ways [3]. In this paper we consider innovations as a business process of an innovation
product realization. Innovation structure is a group of innovation subjects (scientists, developers, producers,
investors, etc.) who are engaged in innovation project or final product realization. The business environment
which constitutes a set of innovation subjects, resources and structures and where they interact, is considered as a
innovation field, which is the part of real world. In some ways we can define the innovation field as innovation
services market or innovation infrastructure. We define the same concept for computer networks — Virtual
Business Environment. It is the area of the Internet where program agents of innovation subjects interact with
each other. The terminology described above will be used in the following sections of this paper.

Information support of innovations is a difficult and very dynamic multivariate task. In such frameworks
it is not possible to rely on full management problem-solving process automation. However, this process can be
substantially supported by availability of adequate to the current task information collections, formalistic
methods and innovation processes simulation modeling computer systems [4], which in complex constitute
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innovation activity information support system.

Complexity and dynamics of such type of tasks cause to the necessity of large information volumes for
securing of which we need methods, technologies and tools of existing geographically distributed information
resources maximum integration. Task dynamics advances specific requirements to functional features of these
technologies — realization of rapid and minimum cost-is-no-object reconfiguration and providing information
systems adaptation created with their help. Thus, we can formulate the following requirements to innovations
information support system features spectrum:

— flexible recustomizable integration of distributed information resources;

— unitized interface for heterogeneous data sources securing;

— seeking for data sources on basis of their content;

— appropriate access to infobases;

— availability of socio-economic systems reaction modeling methods and tools on external and internal chang-
es.

In our opinion, for today great attention must be paid to the utmost to the following technologies which
provide the requirements listed above. There are heterogeneous data-processing resources integration
technologies based on Grid systems (Grid technologies) [5], P2P-systems technology [6] and multi-agent
technologies [7] which provide distributed data-processing tasks solving.

These technologies provide unitized access to geographically distributed heterogeneous data sources
composing necessary infobase for current situation analysis for the purpose of management problem-solving and
formation.

Related work

One of the possible decisions to eliminate the drawbacks of the existing (not agent-oriented) business
process management systems is to involve agent technologies in coordination of business processes.

An agent based business process support and management system (BPSMS) is a set of software
components that meet the criteria to be considered as agents and are involved in managing the flow of work
through a business process [8]. The idea of the agent-based BP management systems is to split business
process into parts and trust the control over such part to individual software agents (Fig. 1).

Figure 1. Agent-oriented business process

An agent-based approach allows splitting business process into groups in order to commit the
coordination of this process groups to autonomous or semiautonomous software agent. Business logic,
explicitly defined to the agent by some set of business roles, is intended to show agent's task and resource
dependencies from the other business process participants, which usually although are agents. Agents use
business logic to plan their activities in order to achieve goal of the concrete process participant.
Communication protocols are implemented in order to enable the agent to synchronize their actions.
Conceptual model of the agent-based BPMS is shown in Fig. 2. Knowledge about the business process
logic is distributed among participants of the process. Each agent acts according to his user goal, provides
actual information about participant's current tasks and deadlines. Intelligent agents should be possible to plan
their actions, make searches for achievements of alternative goal solution parts, explain own actions to the user
and make advice.
Here the authors sum up the main advantages of an agent-based business process management usage
[9 10]:
the use of goal oriented, communicating autonomous agents, which although concern about business logic,
allow multiple solution paths to the business process goal to be achieved;

— agent-based technologies allow greater flexibility and dynamism in the business process management
system. Decoupling components of the system allow them to be swapped out, replaced, or even added to the
system without impacting the other parts;
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— allows decentralized ownership of the tasks, information and resources involved in the business process;

— agent-based systems provide access to the system, even if the system is physically distributed. They
allow building highly decentralized, distributed systems, which corresponds to the real world situation, when
the business processes in organizations are physically distributed (this distribution may be across one site,
across a country, or even across continents);

— the use of autonomous agents provides high degree of natural concurrency, when many interrelated tasks
are running at any given point of the business process.

Innovation business
process, agent service,

agent coalitions monitoring
and administration tools e 4
> . Agent business logic Inter Agent

\ definition / Collaboration

99

Manager
S
€2 D)

Figure 2. Conceptual model of agent-based business process management system

As mentioned in [11] the very nature of the agent paradigm leads to a number of problems, common to all
agent-based applications:

— the agent-based systems have no overall system controller. It means that an agent-based solution is not
the best choice for managing business processes with a lot of global constraints to be maintained. Agent-
based solution is not appropriate for domains in which global constraints have to be maintained, in do-
mains where a real-time response must be guaranteed, or in domains in which deadlocks must be avoid-
ed;

— agent-based systems have no global perspective. An agent's actions are, by definition, determined by that
agent's local state. However, since in almost any realistic agent system, complete global knowledge is not a
possibility, this may mean that agents make globally sub-optimal decisions. This is one of the main issues that
the agent-based business process systems managers should take care of;

— users of the agent-based system usually face with trust and delegation problem. For individuals to be
comfortable with the idea of delegating tasks to agents, they must first trust them. Users have to gain confi-
dence in the agents that work on their behalf, and this process can take time.

Agent based workflow systems have been developed by a number of teams, each offering their own
particular enhancements and features. The Advanced Decision Environment for Process Tasks (ADEPT) [10] is
one of the first agent based workflow systems that was developed at British Telecom for its real business
process. The ADEPT system consists of multiple software agents which negotiate concurrently with each other
in order to reach agreement on how resources are to be assigned to support a business process. The agents take
full responsibility for business process provisioning, execution and compensation, with each agent managing
and controlling a given task or a set of tasks. Other systems, such as DartFlow BPMS [12], TRP (Technology
Reinvestment Project) project support environment [13], RSA BPMS [14], etc. introduce their own agent-based
approaches for BPM.

Virtual Business Environment Conceptual Model

Virtual Business Environment Conceptual Model (VBE CM) has a hierarchical structure and consists of
the following component set: model objects (innovation subjects — innovation process participants) — .S,
innovation subjects agents — 4, which simulate the innovation subjects activity in the VBE and form problem-
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oriented innovation structures — BS of distributed innovation components, business-processes — P,
R= {BI , BPL} — innovation resources, which are devoted to business ideas (innovation suggestions) — Bl and

business plans (investment suggestions) — BPL. Business suggestions which appear in our system are divided in
two classes: generalized and itemized business ideas. Such business ideas description sharing provides the
possibility to form business plots in the VBE. These business plots consolidate the innovation processes
participants, which have closed interests or goals and a high communication probability. In turn, this conduces to
increase the agent interaction efficiency and network load reduction.

VBE conceptual model objects, which represent the innovation subjects, form a hierarchy that makes it
possible to take into consideration the organizational subordination of innovation subjects in the innovation
structures formation process.

Here our conceptual model scheme is represented: E 5~ = {S, P,I, A, R,Atr}.

On the model objects sets we define the following relations which describe the VBE infrastructure:

I =1{S4,SP,SBS,SBI, SBPL, In,Out,H}
where Bl c BIxA - correspondence relation between an agent and a business idea which it promotes;
SPc SxP — participation relation between innovation subject and business process in which he takes part:
SBS < Sx BS — affiliation relation between subject and innovation structure; SBI < S x Bl — affiliation relation

between business idea and innovation subject; SBPL™ < §x BPL™ — affiliation relation between business plan

and innovation subject; BSBPL®"" < BS x BPL%*" — affiliation relation between generalized business plan and

innovation structure; BSP < BSx P — participation relation between innovation structure and business process;

Inc PxB(R) — relation "input process data - process" and Outc PxB(R) — relation "process — output process
N1

data"; H = UH “ H*cS, xB'(S,) — hierarchy relation between model objects (where S, — a set of
a=1

objects on the level o, B/(S,) — separation of set S, ).

Agents 4= {S ,BI,ORG",C A} represent relevant goals and interests of their owners (innovation subjects)

in the VBE. Agent descriptions are given in accordance to our terminology. An agent promote the business
suggestions in VBE and its description includes a set of innovation suggestions (BI), a set of basic

organizational structures (ORG"), which correspond to specific agent functions (agent roles), and agent internal
structure ( C*) which describes the functional unit of the agent.
In our conceptual model terminology a business structure BS = {A,BI GEN  BpLcOM } constitutes coherent

fragments which include satisfied defined conditions model objects. These agent groups (coalitions) are unified

by one common goal or goals to realize the appropriative business ideas. A set of generalized ideas B/ GEN

which consolidate model objects into business structures and a set of generalized business plans BPIE®M on the
basis of which the business ideas are realized, are defined for business structures. Business structures are formed
on the basis of relationships between conceptual model components analysis of the developed conceptual model
functions as an ontology of innovations.

A business idea BI ={KD, AD} is described as a set of key parameters KD and a set of additional

parameters AD. Business idea description is used in automatic formation of agent coalitions. We give such
representation of business ideas to provide information exchange reduction between the agents, which goals
essentially differ, to simplify and to activate intra-group agent interactions. The set of parameters includes both
stringently typed parameters, which are described in terms of general-system thesaurus, and parameters, which
are described with natural language. Agent coalition formation is carried out on the basis of semantic comparison
of appropriative business ideas parameters.

A business plan BPL = {GP, 1P, RP} constitutes a set of the following quantitative parameters: GP — a set

of parameters, which describe the information part of innovation project, /P — a set of parameters, which
describe the investment part of innovation project and RP — set of parameters, which describe the resort part of
innovation project. This BPL description refines the innovation suggestion and gives a proper way to formalize
business plan and represent its main attributes: pay-back period, upcoming production release volume, required
investment volume, business partners reliability, etc.

Object attributes model in the VBE CM has the following description:

Atr={T,NM,T,},
where T ={T5, T, Tp, Ty Tgprs Ti-Tis | s NM = {NM g, NM ,,NM p,NM g;,NM gp; , NM i, NM g } — are the sets
of types and names of model objects, agents, processes, resources, business ideas, plans and structures in VBE
CM correspondingly; T, — a set of object hierarchy relation types.
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The innovation activity formal representation in our conceptual model provides some significant features
for the future investigations, such as automated analysis of knowledge domain structure and properties, and
development of innovation structure efficiency evaluation algorithms; formulation of the optimization problems
of the most effective variants selection for business projects realization; unified description of agent interaction
algorithms and execution environment specifications for innovation processes simulation realization, in terms of
our basic conceptual model.

System functioning logic

New information technologies dynamic development concerned with global network Internet provides
innovation activity information support distributed multi-agent systems creation on the basis of agent technolo-
gies and Semantic Web Project concepts and principles. The Semantic Web Project [15] main purpose consists
in information systems for global network development for autonomous program agent work and interaction that
gives the possibility to automatize a lot of tasks solving with the Internet, for example, in the following spheres:
e-business, medicine, financial operations, electronic libraries, distance education, etc.

System functioning logic and its functional structure are described using our agent-based VBE conceptual
model which constitutes a formal object, relationships between them and attributes description in the form of set-
theoretical definitions.

System functioning principles reproduce in many respects the ideas laid under Semantic Web concept
[16]. But in contrast to this Semantic Web concept where initially it is implied that seeking, registration, update
and data processing processes are initiated by user in our developed system such processes initiators, analogous
to the same in Semantic Web concept, are agents which are directly representatives of their owner within the
system. Thus, innovation subject has just to register his own node (host) in the distributed virtual business envi-
ronment, configure his agents required options and wait for results of agent activity. All the work related with
seeking for business partners and preliminary innovation chains potential efficiency analysis is in the agent com-
petence. During the system functioning agents communicate with ultimate users representing results of their own
activity for consideration to them and requesting for qualifying information about innovation supplies declared
user in case of structure or innovation field attributes (agent functioning scene) changing or business supplies
information insufficiency. At the same time the user can choose how it will be carried out: in interactive mode in
the way of question-answer or in automatic mode.

System architecture

In comparison with existing innovations information support software, our system has an open
decentralized hybrid architecture providing organization of more efficient search of potential business partners
and innovation structures formation. Thus, designed system architecture provides asynchronous agent
communication and interaction character that gives the possibility of their work in the frameworks of
heterogeneous and unreliable communications which are extremely relevant regional scale systems. Active
nature of developed program agents position multi-agent systems is an efficient feature for distributed data
processing (DDP). In one's turn agent autonomy and their cooperation ability enabled us to develop flexible and
easily reconfigurable distributed system.

The system components form an entire logical virtual business environment. Each program agent
represents some business suggestions of its owner which are registered at one of the existing business-oriented
portals in the VBE. The main goal of the agent is to find suitable potential business partners for its owner’s
business ideas or investment realization. The agent reaches this goal by negotiating and interacting with the other
agents.

To decrease the networked data level passed between agents during agent communications, we have
developed two technological types of agents: mobile agents which are able to migrate between the network
nodes for local search of negotiation partners execution, and local agents, which represent the interests of their
owners at the server side (portal), where the appropriative business suggestion is registered. Local agents do not
show any initiative to business partners seeking, but they provide communications and negotiations with the
other local or mobile agents.

The system provides the following features:

— potential business partners search using semantic analysis of business suggestions attributes description reg-
istered at the portals;

— innovation structures formation during inter-agent communications in the VBE;

— translation of the object retrieval requests, which were formulated in general-system terms, to portal local
terms, which is the current retrieval object;

— quantitative parameters of formed innovation structures variants estimation and automated selection of the
most efficient of them,;

— 1innovation suggestions parameters and appropriate program agents configuration during the user dialog.

System architecture is shown in Fig. 3. The system consists of the following main functional units.
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— Agency. The agency is loaded on the server agent-platform side (portal related with innovations). This agen-
cy moreover consists of two main parts which represent local (home) and guest agencies. The first part im-
plements agent generation function and provides program code of local agents execution. The other part pro-
vides execution environment for guest agents which have migrated from the other network nodes to the cur-
rent host.

— Mobile program code which implements mobile agents. Development of mobile agents in the form of mobile
program code provides system functional flexibility — to change random implementation of innovation struc-
ture parameters estimation algorithms and agent behavior logic on the assumption of interface calls retention.
Our mobile agents are developed using Java Language in JADE (Java Agent Development Environment).

— Knowledge domain ontology server which provides unified terminological base for general-system and local
retrieval requests during objects and innovation ideas seeking.

— Request translator which provides retrieval requests formation to portal local databases on the basis of in-
coming request represented in general-system terms. The knowledge domain ontology, which is stored on the
distinguished ontology server, is used during the translation.

— Software components which implement internal agent functioning logic and inter-agent communicational
protocols.

&

PORTAL Local terms Request

description

R 4

Translator

General-system terms
Reqguest description

Innovator AGENCY
: AGEHNCY
(Home Agency I Birth Agent
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Figure 3. System Architecture

The system represented in this paper gives the possibility to increase the efficiency of innovation
processes information support at the expense of features to organize flexible sharing of heterogeneous
geographically distributed information resources related with innovations and routine operations automation
which are concerned with congenial business partners seeking needed to realize efficient innovation projects and
potential innovation structures availability evaluation.

Implementation

The agent architecture, which describes its functional unit, can be represented as follows:
ct= (K ,M,P,R,I ,C> , where K - artificial subsystem; M — simulation subsystem; P — analysis and plan-

ning subsystem; R — reaction subsystem; / — coordination and interaction subsystem; C — communication
subsystem.

Artificial subsystem (K) is implemented using KIF language (Knowledge Interchange Format). Agent
knowledge base is based on the knowledge representing production model.

To implement production knowledge base three following modules are used: a database, a production
system which is written on the reference language, and interpreter for productions processing. The agent core,
specifically memory control subsystem, knowledge bases, etc., are developed using Java language, because it is
important to provide agent ability for migration between the system nodes.
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Simulation subsystem (M) provides the local prediction of agent potential activity results. The simulation
subsystem constitutes full or simplified model of the agent interaction environment, which is recurrently invoked
during the simulation. We have used system dynamic models as the simulation subsystem implementer.

The analysis and action planning subsystem (P) and also reaction subsystem (R) are implemented using
traditional languages for agent behavior description. There are operational (action) algebra and behavioral alge-
bra. Communication subsystem (C) and coordination and interaction subsystem (/) are developed using agent
communication language (ACL).

To implement actor-based agent models we used algebraic programming system (APS) which is based on
APLAN language. This algebraic programming system provides combination of different programming para-
digms (procedural, functional, algebraic) during system development process. To describe our distributed agent
interaction subsystem we used algebraic-logic operational language AL, which is a part of APS.

We have chosen Java RMI as the technology for our system development. In comparison to CORBA, this
technology provides more flexible features to Java-platform-oriented distributed application creation, including
the possibility to develop mobile applications.

System agents are developed using Java language which is oriented on asynchronous interaction process
realization and remote application execution.

Conclusions

The information support of innovations problem has a multidimensional character. High dynamics of
innovation-oriented regional economics from the one side and inertness of socio-economic system in reaction on
innovation management from the other side, improve the role and significance of innovations information
support task. For specific claims settlement advanced to corresponding information support systems it is
necessary to use modern progressive methods and technologies of distributed information systems development,
such as Grid, Peer-to-Peer (P2P), Multi-agent systems (MAS) technologies and some methods of system
dynamics.

In this paper we proposed architecture, principles of functioning and development experience of multi-
agent system for information support of innovations.

This innovation chains construction mechanism is based on applying the agent-oriented approach to
nonlinear model of innovation process which we did not describe in this paper. Knowledge and data integration
subsystem incoming into business-portal is used for its realization with the help of which integration of
geographically distributed heterogeneous information resources related with innovations and semantic search
within them are provided.

Our system is developed on the basis of multi-agent system technology that makes it possible to carry out
active seeking of potential efficient innovation chains which consist of geographically distributed elements.

The system is functioning on the basis of interaction scenarios of business process participants and is
oriented to be used in large computer networks with wide service diversity.

Developed system in its full functionality (communications, seeking, registration, updates and
information processing according to description given above) is intended for information support of innovation
processes and can be used by virtual organizations participants which use the Internet as data source. The system
allows improving the efficiency of inter-group communicative processes in order to facilitate interactions with
network data sources and to form innovation chains on the basis of receiving information and integration of
distributed heterogeneous information resources related with innovations in the WWW.
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