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During the research authors performed an analysis of a current state in intellectual multi-agent sys-
tems field. Also authors analyzed the most known and large platforms and libraries for agent-oriented soft-
ware engineering. The analysis highlighted the major drawbacks of modern approaches to the process of
multi-agent systems development. Following article contains methods and concept usage of which will or-
ganize a process of user and platform interaction in more efficient way. Authors propose realization of the
conceptual requirements by means of visual programming methods implementation. That approach allows
involvement of subject arca expert to the project thus improving compliance of a system performance ex-
pected by the expert and practical system functionality. During an expanding of visual programming inter-
face authors stated a goal of implementation of rapid prototyping technology by development of previously
created agent types database. Rapid prototyping allows obtaining the systems samples at early stages of the
project thus increasing a number of iterations of development. By means of sharpening agents adjustments on
every iteration expert achieves a goal of the most adequate respond of the system in design during its func-
tioning in subject area.
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B xoae npoBEACHHOrO MCCIICAOBAHMSA BBIABJICHBI HCJOCTATKH COBPEMCHHBIX IMOAX0JO0B K IIPOLIECCY
MPOEKTHPOBAHM HMHTEJUIEKTVAIbHBIX MyIbTHAreHTHBIX cucreM (MMC). B mamHO#H CcTaThe pacCMOTPEHBI
METOABI H KOHIECIT, COTJIACHO KOTOPBIM JOJLDKHO OCYIICCTBIATHCA B3aHMOACHCTBHE MONIB30BATCIA H IMIPOCK-
tHpyeMoii mardopmel renepanun UMC. B kauecTBe 0a30BOH MCTOAMKH PCATH3AIMH JAHHOTO KOHIICITA
MPCIUIOKCHO HCIOIB30BAHUC MOAXO0a HA OCHOBC BH3YAJIBHOTO MPOrPAMMHUPOBAHHUSA. BH3yaabHOES mporpaM-
MHPOBAHHC ITO3BOJUT MPHBJICYb K PA3PA00TKE MPOCKTA YKCICPTA MPCAMCTHOM 00IACTH, YTO MO3UTHBHO OT-
pasurcsa Ha COOTBETCTBHH (hyHKIMOHAIA mpoekrupyemor MMC oxumaeMoMy pe3viabTary. TakoH momxomn
TAKKE PCAMH3YCT OCHOBBI TCXHOJOTHH OBICTPOIO NMPOTOTHIHPOBAHHS IYTCM IPHMCHCHHS KOMIIOHCHTO-
OPHCHTHPOBAHHOM APXHTCKTYPHI, YTO IMO3BOJIMT VBCIHUYUTL KOJIHUYCCTBO HTCpaluii npockrupoBanust UMC u
MPOBCCTH 00JICC TOYHYEO HACTPOMKY arCHTOB CHCTEMBL. PC3yIBTATOM STHX H3MCHCHHH SBIICTCA O0jIce ane-
KBATHBIH OTKJIHK OT CHCTCMBI B IICJIOM B XOJC €€ PAaOOTHI B LICJICBOM cpeac. B craThe mpeacTaBiacHa MPaKTH-
yeckas peammsanma uaTepdetica waT(hopMpl TCHEPAHA | ¢¢ (PYHKIHOHA, PUBSACHBI PE3YIBTATH IKCIIC-
PHUMCHTAJTBHOTO BHCAPCHHSA TUIAT()OPMBL

KmioueBbie cioBa: MYJBTHATCHTHBIC CHUCTCMBI, TCHCPAINA CHCTCM, HMHTCJUICKTYAJIBHBIC MCTOIDBI,
BHU3YyaJIbHOC MPOTPAMMHUPOBAHUC, KOMHOHGHTHO-OpHeHTHpOBaHHBIfI moaxon

Introduction. A reason to study and develop a multi-agent system comes from a common
necessity to organize cooperative work of a set of software and hardware agents, such as software
agents performing information aggregation and analysis functionality throughout the Internet. In
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this case the Internet acts as a major platform for collaboration between distributed computing units
equipped with mechanisms of self-motivation and education. At the moment coverage of theoreti-
cal material on multi-agent systems spreads widely on informational technologies mainly in artifi-
cial intelligence and distributed calculations. Also a term of multi-agent systems is being used in
economics on macro economical level, operations research, analytic philosophy, psychology and
linguistics. A sphere of practical usage expands along with the volume of theoretical knowledge.
Appliance of multi-agent approach is a wide and rapidly evolving field in software engineering
with development rate of about 40 % during the last three vears. Expanding of the approach is more
apparent in combination with distributed computing technology which covers about 80 % of all
software applications on multi-agent basis. Nowadays informational multi-agent systems (MAS)
are presented in technics, medicine, agriculture and economics [13].

The goal of the research is providing to expert of ability to develop and change intellectual
multi-agent systems by means of MAS generation platform. The goal is achievable by survey of exist-
ing methods of user interface design and implementation of these methods in the platform functionality.

Analysis of multi-agent systems development platforms and libraries. During an expla-
nation of the term «agent» it is a common practice to use a concept of object developed in theory of
object-oriented engineering. In this case a component-based approach opens new perspectives of
programming and design of MAS. Then an artificial agent represents a meta-object vested with
some kind of subjectivity, i.e. the object possesses an ability to manipulate other objects, create and
destroy them. Also such object must have effective means of recognition and interaction with envi-
ronment and other objects of its own kind. That means that such «active object», or «artificial ac-
tor», functions at a higher level of complexity in comparison to traditional objects in object-
oriented engineering and uses these objects in order to achieve its own goals, changing their state
and performance by means of management. So a basic set of characteristics in common under-
standing of «agent» includes such attributes as activity, an ability to organize and realize actions;
autonomy, a relative independence from environment or presence of «freedom of will», such be-
havior has to be supported with sufficient amount of resources; sociability, an attribute grown from
necessity to achieve its goals in collaboration with other agents and supplied with efficient commu-
nication protocols; purposefulness, which assumes presence of proper origins in motivation,
broadly it means development of special intentional characteristics for an agent. Today informa-
tional technologies specialists are inventing new approaches to development of intellectual agents’
behavior algorithms. A great number of them are based on visual programming which proved to be
effective and comfortable for end-user. Yet these technologies are not quite enough developed and
researched. Choice of multi-agent technology as a base concept in design of distributed computing
systems allows combination of universal protocols with private means of database managing and
monitoring in sole system in very easy and effective way. At a stage of design such system obtains
flexibility, horizontal and vertical extensibility, and simplifies solution of problems with distribu-
tion of load between servers. By means of using intellectual methods in an agent structure it is pos-
sible to achieve the most adequate, actual and optimal result of agent performance [14].

Today’s market offers a large number of systems and libraries used to work with multi-
agent systems. Ideas of software agents in general and intellectual agents in particular draw atten-
tion of developers due to an ability to delegate authority in solving complex tasks. Yet development
of MAS and actual intellectual agents requires special knowledge and is a complex and resourceful
task by itself, since software agents are a new class of software systems which acts in the same way
as a user. Thus they become a powerful abstraction in a task of «visualizing» and structuring of
more complex systems. But in comparison to procedures, functions, methods, classes and other
well-known abstractions which are used by software developers daily, software agents are a princi-
pally new paradigm unknown to the most of developers even today [11].
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During the research authors analyzed the most known and large platforms and libraries of
multi-agent systems development. Amongst them are: multi-agent programming environment NetLogo,
multi-agent development library JADE, multi-agent library core MASON. These systems can be used
in order to create a multi-agents system of any structure of agents and their collaboration scheme. But
organization using multi-agent system has to spend a great amount of resources in a case of including
new or changing existing structures and algorithms performed in order to satisfy users’ needs and sup-
port an adequate level of environmental response restarting a development of MAS almost from scratch
[1]. Table 1 shows results of comparative analysis of the systems on different criteria.

Table 1
Comparative analysis of system analogues
Criteria
System
A|B(|C|D|E|[(F|G|H|I
AgentTool 3 (2412|1452
Magenta Toolkit L4 |5(1|3]1]4|1]2
The Multi-Agent Systems Lab L2141 |2]1]3]|1]2
CogniTAO 5141353345

Criteria of comparison: a) ability to integrate with intellectual methods and algorithms; b) rate of
changes implementation in agent structure; c) rate of changing of inter-agent collaboration structure; d) end-
user qualification as an information technologies specialist; ¢) expandability of multi-agent system; F) reus-
ability of previously created structures; g) ability to integrate with standard protocols of data exchange;
h) independence of presence of additional software; I) cross-platform ability/.

The systems were estimated on scale from «1» to «5», where «1» stands for the least inherent attrib-
ute and «5» — for the most inherent one.

According to the analysis authors composed following list of the major drawbacks MAS
development process [3].

1) Requirement of information technologies specialist with high qualification level as a de-
veloper. For now a process of multi-agent system development requires an unstoppable interaction
of a developer and an expert. Yet some steps vital for the whole project can be performed without
acknowledgement of the expert. A great example of such step is a selection of development tools
set which critically influences structure of the system in design and the development process in
general. Also a vast number of multi-agent systems avoid using of complex agent structure that
includes intellectual methods and behavioral algorithms since a question of their inclusion in the
project is solved by a developer.

2) Inability of some systems to integrate intellectual methods in agents” structure. Despite
the fact that some systems succeeded in development of behavioral algorithms on its platform,
every analyzed system is unable to implement intellectual methods that are not used in manage-
ment — such as data analysis, predictive analysis or pattern recognition.

Methods of generator interface design. During the preliminary stages of the research pro-
ject, our goal was identified as aiming to provide software with improved usability to increase ex-
perts’ involvement in the development of MAS project. Modern systems exploit graphical inter-
faces of visual language class in order to provide a greater usability for users without IT develop-
ers” qualification [5].

Graphical interfaces fall within one of two categories: visual programming (VP) or pro-
gram visualization (PV), both of which are subclasses of visual languages. VP interfaces allow the
creation of programs from graphical elements representing specific static-code procedures, whereas
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PV interfaces permit graphical viewing of arbitrary (though finite in range) procedures within a
program without any capability to change the program. By such a definition, the multi-agent gen-
eration platform would technically be referred to as a VP system, since the «only» qualifier in the
PV definition eliminates any other possibility. That is, a VP system can have some PV aspects,
such as graphical debugging and simulation, and yet still be considered VP. However, it is unclear
that such definitions were meant to apply to a system with extensive use of both PV and VP tech-
niques, as would be needed in a reconfigurable system. The research therefore states a need for a
new class of visual language which extensively incorporates both PV and VP techniques. Such a
hybrid visual programming language would permit the graphical creation of programs (as in VP)
from visualized pre-existing conventional code (as in PV). The pre-existing conventional code
could be adjusted external to the system, and subsequent system sessions would then reflect these
changes using PV techniques. The code could then be configured interactively using VP tech-
niques. Figure 1 represents concept of VP interface functioning.

MAS generation platform

Agent database Interpreter Code generator >|  User
A4
Visual programming interface <

Fig. 1. Concept of VP interface

Respectively to the task the graphical interface must provide a subject area expert with an
ability to perform following activities by means of the platform in process of MAS development:

1) design of an agents collaboration structure;

2) setting of necessary adjustments for agents behavior in the system;

3) generation of a system in prototype and productive versions;

4) simulation of MAS functionality and aggregation of its results.

Development of visual programming interface. Authors chose «boxes and arrows» con-
cept as a basis model of visual language of VP interface for MAS generator. In the case «boxes» rep-
resent agents of MAS and «arrows» represent connections between agents |5, 10]. Both those ele-
ments form inter-agent collaboration structure. In order to supply the interface with types of figures
an agent database was created. Agent database is a part of generation platform which consists of
agents and connections types. In the database each agent type acquires following attributes: a set of
input parameters; an intellectual method realizing agents” functional and behavioral performance; a
set of agents’ settings which concretize behavior of each generated agent; a set of output parameters.
By compiling of intellectual method together with key adjustments and settings which supposed to
represent a subject area knowledge of an expert allows platform generates multi-agent system code.

Along with the database methods of VP allow provides an ability to develop MAS to an ex-
pert and realizes an idea of rapid system prototyping on a multi-agent basis. Prototyping is the proc-
ess of developing a trial version of a system (a prototype) or its components in order to clarify the
requirements of the system or to reveal critical design considerations. Prototyping can give an expert
a chance to «test drive» software to ensure that it is, in fact, what the user needs. Alternatively, engi-
neers may utilize prototyping to improve their understanding of the technical demands upon, and the
consequent feasibility of a proposed system. The use of prototyping has been recommended as a way

103



PRIKASPIYSKIY ZHURNAL: Upravlenie i Vysokie Tekhnologii

(CASPIAN JOURNAL: Management and High Technologies), 2014, 4 (28)
THEORETICAL BASES, DEVELOPMENT AND APPLICATION

OF MATHEMATICAL MODELS, ALGORITHMS, COMPUTER PROGRAMS

of correcting weaknesses of the traditional «waterfall» software development life cycle, by clarifying
important system requirements to the developer, before a full system is implemented.

Expert has an opportunity to interact with the prototype, and give direct feedback to the
platform [4, 12]. Sometimes users are not sure that they want certain functions implemented until
they actually can try them. Further, the need for certain features may not be apparent until actual
use exposes an omission or inconvenience. Users may also find certain features or terminology
confusing. Thus it is logical that prototyping tends to help ensure that the first implementation (af-
ter the prototype) will meet user’s needs, especially when the prototype includes the user interface.
That is, the first attempt at developing a system will likely fail to meet user needs, and be dis-
carded. It is better that the first effort be a prototype rather than a final deliverable. That approach
provides opportunity to get an actual working prototype of the system rapidly and to test its func-
tionality in subject area. Obtaining a prototype of generated system provides an ability to perform
agent adjustment in a very accurate way and to achieve the most adequate agent functioning, thus it
positively affects MAS in general.

Figure 2 represents sequences appearing during the platform functioning.
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Fig. 2. Sequence diagram

MAS generation platform interface. Result of the described development is an interface
of the platform which provides all the abilities stated earlier to the expert.

The interface combines methods of visual programming with a component-based architec-
ture realized through implementation of agent database [9]. Figure 3 represents the interface.

At figure 3 numerals indicate following objects:

1) list of agents from agent database;

2) work area is used to construct an inter-agent collaboration scheme using agents and con-
nections;

3) functional buttons are used to interact with the work area of the module (that group in-
cludes «Add agent», «Save», «Add connectiony», «Generate» buttons);
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4) system mode buttons. These buttons are used to switch between modes of system func-
tioning, such as agent testing, agent settings or visual programming module.

Tools %

‘ Agent types J
iTempIate agent

| Substring agent

TemplateAgent]
| Add agent
| Save :
f Add connection J
‘ Generate | TemplateAgent2 SubstringA gent]
TemplateAgent3
Templates
Methods
4
Agents

Tools

4 m

Fig. 3. Platform interface

In order to use the interface user can perform following actions:

1) click type of agents and “Add agent” button to add an agent to the work area;

2) mark two agents on the work area and click “Add connection” button to create a col-
laboration connection between agents;

3) click “Save” button to save the collaboration structure;

4) click “Generate” button to generate a productive version of MAS;

5) mark an agent on the work area and click “Methods™ button to choose a preferable be-
havioral algorithm for the agent;

6) mark an agent on the work area and click “Agents” button to perform adjustments of the agent;

7) click «Templates» button to switch to the simulation mode of the platform.

The platform have passed the experimental introduction for the development of 3 multi-agent
systems: collection and intelligent analysis of data about nanotechnologies MAS for nanotechnology
databank [6, 8]; sensor data gathering MAS for real-time maintenance and repair equipment support
system [2]; multi-agent module in CRM-system « TOUREAST: CRM Al» for tourist enterprise [7].
The results of experimental implementation are presented in Table 2 and Figure 4.
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Table 2
The results of experimental implementation
Multi-agent module de- Client usage Mnazement-costs
. (development costs, thou-
System name velopment time (hours) (users number) sand rubles RUR)
before | after decre;: eor before | after incre;zve o before after df;:e;: ¢
Collection and intelligent
analysis of data about 16 10 38 18 21 17 24.0 | 15.6 35
nanotechnologies MAS
Maintenance and equip-
repair support MAS 23 10 57 56 62 11 115.0 | 98.0 15
Multcagent CRM-gpstem | 5| 4 5 36 34 | 43 26 760 | 56.2 26
of tourist enterprise

The enterprises participated in the implementation have had another instance of multi-agent
system or module implemented already. Thus data on development time, average number of users,
and management and development costs per month is adequate to the research and evaluable.
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Fig. 4. Experimental implementation results

We achieve improvement criteria namely:

1) through the use of previously developed components and intellectual methods, multi-
agents modules development time is ranging from 36 to 57 % of previously spent;

2) the implementation of rapid prototyping technique has allowed to obtain agents, the
most adequate and easily accomplishing their goals in a changing environment, which results in the
elimination of 11 to 26 % loss of user clients generated multi-agent modules;

3) the expansion of the expert role in the development via visual programming interface
has allowed to make changes directly to the generated functional modules from the early stages,
reducing management costs for businesses ranged from 15 to 35 %.

The main result of the current research is a development of methods allowing usage of sets of
previously developed agent types in multi-agent systems design. It was proven to render a positive ef-
fect on a development process increasing its efficiency and decreasing losses in process management.
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Conclusion. During the research a visual programming interface of multi-agent generation
platform was developed. The interface realizes a concept based on an analysis of multi-agent de-
velopment systems and study of modern approaches to the visual programming. The system pro-
vides an expert with an ability to perform a direct development of multi-agent system via visual
programming interface. Rapid prototyping basis of the system allows to get systems prototype at
carly stages of development. The prototype is proven to be the most useful in question of involve-
ment non-engineer user in the project providing a graphic way of showing drawbacks of system in
development. That approach positively affects MAS respond to environment and increases an ade-
quacy of its performance.
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