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Abstract

MAS development process has similar features to standard Information Systems. However,
there are special features that have to be taken into account, in particular: agent based architec-
ture, agents autonomy and communication, etc. According to mentioned points, MAS devel-
opment process should be extended or changed. The process development can be handled and
documented by the standard UML tool. The output of such development process is MAS with
automatic or semi-automatic generated agents that behave according to defined MAS model.
The first part of this paper describes MAS model and its development. Whole model should
be analyzed as well as particular agents behavior. This paper also describes a possible usage
of Triadic Formal Concept Analysis (FCA) which helps us to find some hidden information
on MAS and agents interaction. The process of FCA integration within MAS is mentioned in
separated part.

Keywords: MAS, Multi-Agent System, Process modeling, UML, Meta-model, Formal Con-
cept Analysis.



1 Introduction

Process modeling has become more an more important
during last decade. The main reason for this increased
interest is the need to provide computer aided system
integration which is also very important in Multi-Agent
System (MAS) technology. The primary focus such
modeling is to describe the way how activities are or-
dered in time. Such ordering affects behavior of all
agent and whole MAS, respectively. An integration of
process and behavior modeling is a part of MAS de-
velopment process which will be described in follow-
ing text. Automatic or semi-automatic generated agents
(program source codes) represent the main goal of our
research. These agents can be executed within differ-
ent MAS frameworks. JADE framework was selected
in our case. The real behavior of agents can be ana-
lyzed during system runtime. Formal Concept Analysis
(FCA) represents a power tool for such kind of analysis.
Its output is a list of triadic formal concepts which give
us the information on agents’ behavior in dependence
on conditions resulting from state of the MAS world.
Thanks to this approach, it is able to find agents that
can substitute each other according to their capabilities
or knowledge. This makes whole system more flexible
and stable.

2 Agent within the MAS

Several types of agents can be found in one Multi Agent
System as well as in the “real world” which is real-
ized by this MAS. These “types” are able to denote as
Agent Classes, according to the goals, internal architec-
ture and behavior of particular agents. Combination of
two perspectives is concerned with agent’s classifica-
tion (from our research point of view) - outside behav-
ioral view (proactive or reactive agents) and the view of
internal specification (deliberative or process specifica-
tions) [9].

Each Agent is determined by its own objectives and the
way to meet these objectives is founded on internal be-
havior of a given agent. Internal behavior of such agent
is specified by algorithms. The agent lives, behaves
and reacts to stimulus and environment, according to
requirements of these algorithms.

It is necessary to take into account the fact that each
agent is an absolutely autonomous element of MAS
and thus all internal behavior have to be based only on
processes, activities, knowledge and facilities that be-
long to a given agent. Then, a goal-seeking behavior
of whole MAS is formed by communication of sepa-
rated agents and by interconnection of several internal
agent behaviors. This interaction is realized through the
use of message passing adapted to the MAS demands.
Generally, this idea of agents autonomy is ground for
modeling and specification of whole MAS as well as
the particular agents.

3 Modeling of the MAS

The initial phases of development process are con-
cerned with MAS modeling as a standard information
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Fig. 1 The class diagram of MAS Model meta-model.

system. It means, that it is necessary to specify some
requirements, input or output objects, roles and last but
not least, the business processes or conceptual models.
It is possible to use standard UML techniques (Class
Diagrams, Activity Diagrams, Use Case Diagrams) for
these purposes. Detection of the several elements as
agents or objects is the main goal of the initial phases
of the MAS development process.

At this point, it is fine to clarify that term agent ex-
presses only the “type of agents” in the context of MAS
modeling, e.g. Car is a type of agents, and car A, car B
are the particular agents. Real particular agents repre-
sent the instances of this type. It is analogous with the
terms class and object from the Object Oriented Tech-
nology. The real agents are not issues of MAS design
and modeling phases, but they will appear only during
the implementation phase, simulation and operation of
a given MAS.

The output of this modeling phases represents the first
version of MAS Model. This model is built on the de-
fined meta-model that covers all elements and their re-
lations within the rising MAS. The figure 1 contains a
UML Class Diagram that depicts the basic structure and
elements of our MAS Model on the mentioned meta-
modeling level. This abstraction is sufficient for bet-
ter readability and clarity of MAS description from the
structural and semi-formal point of view.

4 Modeling of the Agents
and their Behaviors

Just the first version of the MAS Model is mentioned
in the previous section. Why just the first version?
Modeling on the highest level is not able to capture
all specificity and features of the individual elements.
So it stands to reason that this version of MAS Model
is incomplete and describes only the several elements
(agents, processes, objects, etc.) with their fundamental
attributes but without their internal specifications. This
internal specification is a task for the following phases



of MAS development process and some result from pre-
vious phases are usable here, e.g. business processes.

4.1 Agent Behavior Diagram

An agent internal behavior is specified by algorithms
expressed in the processes. Each such algorithm is
modeled as just one realization. The Agent Behavior
Diagram tool is used for purposes of these realizations
modeling. The Agent Behavior Diagram is based on
UML Activity Diagram so it is a diagrammatic tech-
nique which describes the series of standard UML Ac-
tivity Diagram elements such activities, processes and
other control elements as well as some new extensions
and elements. All of them express the algorithm of
agent’s internal behavior together. These new elements
are concerned with message passing among agents or
with other specific facilities of MAS.

These extensions are mainly supported by the imple-
mentation of special “Send/Receive Activities” which
includes an additional information on message content
and message receiver/sender identification. Decision
elements from standard UML Activity Diagrams are
improved too. The modified “decision elements” and
their output edges can hold some extra information.
This information is used within a message-based de-
termination of agent’s behavior which leads to agent’s
objectives. Brand-new new modeling or specification
elements are scenarios of processes. [8, 7] Also, a cou-
ple of rules are bound together with creation of these
diagrams. First, each process, as well as diagram or
algorithm, have to have exactly one “initial node” and
exactly one “final node”. This prerequisite is necessary
for further connection of processes together with model
overall agent behavior.

4.2 Internal structure of particular agents

Internal structure of agents is also important attribute
of their modeling. One new notion is important to clar-
ify – realization. The realization is a modeling element
that represents one of possible algorithms of process fir-
ing. It means that each process (except primary process
which has just one realization) can have one or more
realizations. Each of such algorithms is expressed by
one Activity Behavior Diagram, so then process can
have more realizations and each realization has just one
ABD. Each agent must have one primary process that
covers whole behavior (life).

The activities and processes, except primary processes,
can be specified globally within the MAS. These glob-
ally specified elements are possible to subsume into the
behaviors of a set of agents (a set of types of agents).
Some advanced features are concerned with the dis-
tribution of particular process specifications too. The
process with identical name can be defined within an
agent, as well as a member of set of processes on the
global level. In this case, some possible restrictions can
be set up for each process. The agent’s local process
can extend a set of realizations of this process which is
defined within the global repository. Of course, it can
narrow this set only to the local realizations owned by
a given agent. Actually, the realizations can be delib-

erated in real-time too. This approach is required and
used for reconfiguration principle that is designed for
intelligence and decision making within the Intelligent
Agent. [4] The choice of a suitable realization depends
on a current situation. Agents behavior can evolve in
time; the agents have to be able to reconfigure their state
and behavior in accordance to the situation.

4.3 Reconfiguration approach

The Intelligent Agent is based on one main life pro-
cess that specifies just the scope of its behavior. This
agent can dynamically change pieces of its own behav-
ior according to the situations. This principle is de-
noted as behavior reconfiguration approach. The pro-
cess of reconfiguration is based on replacement of a
given part of the agents processes by another one that
is the most suitable for current situation and conditions.
As mentioned above, a set of possible applicable al-
gorithms (realizations) of each “reconfiguration point”
(generally the process node of ABD) is defined for this
purpose. An important and expected situation will ap-
pear whenever one reconfiguration point (process node
or element) corresponds with two or more realizations.
It means that such process is able to fire by different
ways.

A brief summary of reconfiguration algorithm is illus-
trated here:

1. The Specification Phase - definition of all realiza-
tions related to the process that could be reconfig-
ured.

2. The Selection Phase - checking of the applicable
realizations of a given process and finding the most
suitable one.

(a) the selection of applicable realizations -
based on realizations’ input objects occur-
rence

(b) the looking for the most suitable Realizations
- based on realizations’ input objects values
and properties, scores, etc.

3. The Execution Phase - chosen realization firing.

Mentioned reconfiguration approach is not a main con-
tent of agents modeling but its requirements and princi-
ples have to affect the specification processes too. The
tools and techniques used for the behavior specification
should be adapted to the next reconfiguration algorithm
employment.

5 Modeling Framework
as basis of MAS development

The software process of MAS is very similar to stan-
dard information system software process however
some dissimilarities and extensions are desirable. The
MAS Model is headstone for MAS construction based
on processional description of agents’ internal behav-
iors. Correct and complete model specification can
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Fig. 3 Illustrative screen shots of AgentStudio.

be used for purposes of automatic or semi-automatic
agents generation. It means that we can obtain all
source codes (or skeletons of these source codes) from
the MAS Model. From this point of view, the MAS
Model become a core of whole MAS and its function-
ality. Also, the other facilities as behavior verification,
formal model verification, simulation, etc. is possible
to realize thanks to correct model specification.

The application called “AgentStudio” has been devel-
oped. Its task is to offer modeling framework (see the
figures 2, 3). This framework is employed on the most
lower level of pyramid (see the figure 6). Specification
of MAS Model structure and its elements or attributes,
production of ABD, mapping of communication among
agents, reconfiguration support are the main functions
of AgentStudio application. It could be also used for
source code generation and programming specification
in the view of afore mentioned approaches.

6 Triadic FCA introduction

Our analytical tool is based on a triadic approach of For-
mal Concept Analysis (FCA) which is well known in
the area of data analysis. This section brings a shot in-
troduction of triadic concepts and lattices.

6.1 Basic definitions

Till now, so called biadic (or dyadic) formal context and
concepts were introduced. It means, that the context
consists of two sets (objects and attributes) and there is
one binary relation between them. The triadic approach
of Formal Concept Analysis gave rise to a new class
of algebraic structures; so-called trilattices [11, 3, 2]
which are a triadic generalization of lattices. Since
Boolean lattices are fundamental algebraic structures
in Lattice Theory and Mathematical Logic, it is natu-
ral to ask for the triadic analogue of Boolean lattices,
the Boolean trilattices, which play a similar role in the
triadic case as Boolean lattices in the dyadic case.

A triadic context consists of sets of formal objects, for-
mal attributes and formal conditions together with the
formalization of the ternary relation saying when an ob-
ject has an attribute under a certain condition. Triadic
contexts provide a natural interpretation for modalities
like necessity and possibility, in particular for the case
of the dyadic relationships between formal objects and
attributes are considered: a formal object g has neces-
sarily a formal attribute m if g has m under all formal
conditions of the context; g has possibly m if g has m
under some formal condition. Such necessity and pos-
sibility relations give rise to dyadic contexts allowing a
modal analysis of triadic data contexts. About ten years
ago, triadic contexts were presented by Lehmann and
Wille [5] as an extension of Formal Concept Analysis.
However, they have rarely been used up to now, which
may be due to a rather complex structure of a resulting
diagrams.

R. Wille points out in [12] that the theory of multi-
contexts is closely connected with the triadic setting of
Formal Concept Analysis. Three formal contexts K1,
K2 and K3 can be regarded as a triadic context. Then
a triadic concept lattice can be understood as a natural
triadic extension of the three lattices of the concepts
K1, K2 and K3. Now, the basic notions of Triadic
Concept Analysis [11] are defined.

Definition 1: A triadic context K := (G, M, B, Y )
consists of a set of objects G, a set of attributes M , a
set of conditions B and a ternary relation Y between
them, i.e., Y ⊆ G × M × B. A triple (g, m, b) ∈ Y is
read: The object g ∈ G has the attribute m ∈ M under
the condition b ∈ B.

The triadic context can be represented by a three di-
mensional cross table. In our example (see the figure
4) there are three agents as objects, three behavior as
attributes and three common conditions. The ternary
relation Y obviously means which of the agents have a
behavior on specific condition.

We need some kinds of derivation operators to in-
troduce the triadic concepts. For their definition, it
is useful to write K1, K2, K3 instead of G, M, B.
We define for Z ⊆ Ki × Kj , Ai ⊆ Ki and
{i, j, k} = {1, 2, 3} with i < j:



• Z(k) := {ak ∈ Kk | ak, ai, aj are related by Y
for all (ai, aj) ∈ Z}
• A

(i,j,Ai)
j := A

(j,k,Aj)
i := {ak ∈

Kk | ak, ai, aj are related
by Y for all ai ∈ Ai and aj ∈ Aj}
• A

(k)
k := {(ai, aj) ∈ Ki ×

Kj | ai, aj , ak are related by Y
for all ak ∈ Ak}

Thus, triadic concepts can be introduced as a natural
generalization of dyadic concepts:

Definition 2: A triadic concept of a triadic con-
text K is defined as a triple (A1, A2, A3) of subsets
Ai ⊆ Ki, where i ∈ {1, 2, 3} with Ak := (Ai ×Aj)(k)

for {i, j, k} = {1, 2, 3} with i < j. The sets A1,
A2 and A3 are called extent, intent and modus of the
concept c := (A1, A2, A3) and are denoted Ext(c),
Int(c) and Mod(c). The set of all triadic concepts of a
triadic context K is denoted by T(K).

Mathematical structure theory of T(K) is elaborated
in [11] and [3]. However, let me state some simple
properties of triadic concepts:

Suppose K := (K1, K2, K3) is a triadic context. Then
for Xi ⊆ Ki and Xk ⊆ Kk with {i, j, k} = {1, 2, 3}
we set

Aj := X(i,j,Xk)

Ai := A(i,j,Xk)

Ak := A(j,k,Aj)

Notice that a dyadic context K := (G, M, I) can be
understood as a triadic context Kt := (G, M, {b}, Y )
with only one condition b and Y := I × {b}. Then,
the mapping (A1, A2) → (A1, A2, {b}) is a bijection
from B(K)\{(G, M)} to T(Kt)\{o3}. We refer to
[10]. Thus, the triadic theory can be understood as a
generalization of the dyadic theory.

The triadic diagram: It is a symmetric structure, for
the sets of objects, attributes, and conditions are all
treated equally since none of them is preferred to the
others. It could be drawn as a triangular graph. A sim-
ple example is shown in the figure 5. It consists of three
orderings that represent all extents, intents and moduses
of all triadic concepts. There is a possibility to create a
complete lattice, side lattice, for a set of all extents as
well as intents and moduses. These lattices are usu-
ally drawn along the sides of a triangular graph. Each
parallel line from one vertex to the opposite side repre-
sents individual extent (intent and modus, respectively).
In the vertices of the triangular graph there are bottom
concepts of side lattices. The triples, triadic concepts,
are represented by the circles in the triadic diagram.

The size of a triadic diagram is the only disadvantage
of such visualization. Usually, the sets of objects,

attributes or conditions could contain tens of elements.
That is why the number of all triadic concepts grows
rapidly. 3D visualization is more suitable in practical
applications, programs for a larger data collection.
Then X, Y and Z axes represent the three dimensions,
the set of extents, intents and moduses.

Example 1: An illustrative example of a triadic
diagram. First, there is a three dimensional cross
table in the figure 4 that represents a triadic context
K := (G, M, B, Y ), where:
G := {1, 2, 3} . . . the set of agents
M := {a, b, c} . . . the set of behaviour
B := {x, y, z} . . . the set of conditions
All triadic concepts and related diagram is shown in
the figure 5.

x a b c
1
2 ×
3 ×

y a b c
1
2 × ×
3 ×

z a b c
1
2 × × ×
3 × ×

Fig. 4 A 3-dimensional cross table for the triadic graph
of the figure 5.
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i Ext(ci) Int(ci) Mod(ci)
c0 ∅ abc xyz
c1 2 abc z
c2 2 bc yz
c3 23 ab z
c4 23 b xyz
c5 123 abc ∅
c6 123 ∅ xyz

Fig. 5 The triadic graph and list of all triadic concepts.

7 Triadic FCA within MAS
Output of FCA is represented by a list of concepts
and/or by a trilattice diagram. Each concept give us the
information on common behavior of agents in depen-
dence on some conditions. Such agents can substitute
each other. Agent and its behavior is analysed in terms
of whole system. FCA gives us the possibility to de-
termine and predicate agent behavior. An application
usage of FCA will be demonstrated on particular Multi
Agent System. The following text describes possible
tasks that could be solved by the MAS.

7.1 Illustrative usage of FCA

For the sake of simplicity, let us consider accessible,
deterministic, static and discrete environment of MAS.
Let define the main part of such MAS:

• O: the set of objects, namely static elements of the
environment, e.g. roads and crossroads.

• A: the set of agents. We consider mobile agents
such as cars that can move along the environment.



More precisely they move along the objects, such
as roads.

• R: the set of relations between agents and objects.
It represents a possible movement of some agent
along some object. We can find many restrictions
of such movements. For example, agents can have
features which impose limitations on their move-
ment (a tractor cannot move along a motorway be-
cause of its speed, or the trucks cannot be on a
village way from 16:00 PM to 6:00 AM next day).

Consider the 3-ary relation R3 ⊆ WHERE ×
WHAT × WHO for the usage of triadic FCA in the
above defined MAS. The concrete usage will be shown
on a small instance of an imaginary city that will sim-
ulate the reality. The example is focused on the traffic
simulation.

The whole geographical area is covered by several
roads and crossroads. Each road type is connected with
traffic restrictions, e.g. trucks can not move along the
lanes. Such a system of roads represents a static struc-
ture of MAS. Hence in the above defined MAS, each
road or crossroad is represented by an object o ∈ O.
The inhabitants of the city make up the dynamic part of
the system. Each inhabitant is an agent a ∈ A of MAS.
Then we have following context K := (G, M, B, Y ),
where G is a set of places, M is a set of traffic viola-
tions, B is a set of agents and Y is a ternary relations
that represents the above defined kind of the relation
WHERE × WHAT × WHO. (g, m, b) ∈ Y if and
only if an agent b ∈ B has committed a traffic violation
m ∈ M on a place g ∈ G. Then the triadic concepts
can be computed.

After having constructed the three dimensional inci-
dence matrix, a concept list and a triadic lattice are com-
puted. The process of such a computation as well as its
integration into MAS will be described in the next sec-
tion. However, the resulting concept list gives rise to
several questions. Particular concepts can be analyzed.
We look for common features of agents’ behavior, that
lead to committing traffic violations.

8 FCA integration within MAS

Particular implementation of FCA within MAS de-
pends on many aspects, however, the main idea consists
in a direct integration of FCA algorithms with MAS
framework. An alternative approach consists in the rep-
resentation of FCA as an agent of such a framework;
this is the way we have chosen because it is in accor-
dance with the FIPA specification [6].

8.1 Simplified scheme of FCA integration

The figure 6 represents a basic scheme of FCA integra-
tion. The following points summarize the basic descrip-
tion of each level:

1. A modeling framework is placed on the lowest
level. The information on requirements specifica-
tion as well as the real-world image make input

�����������������

������������

������������

���� !����������"��#������#����#$%���	#�������#$%�&&&'
��$��(�#��������)��#���

����	#����#���
��*�$(���#���

� ��##���

�����)#�����

�����)#���$#

�(#)(#

����#$

+����$$�$

,����#���

-�.��#$

��*�

�/�������

����$#�������#/�����

0

�

0

�

�)�

�)�

� ����������#���
� �1�2��$���
� �$)������#���

��

��

��

Fig. 6 The basic scheme of FCA integration.

data for modeling. On the other hand, outputs of
this level are complete MAS Model and agents that
behave according to defined MAS Model. Agents
represent results of the afore mentioned processes
and they are described in the form of source codes.
The introduced AgentStudio application covers
this level of pyramid.

2. The second level is represented by some MAS
framework. In this case, JADE framework has
been chosen. First, JADE platform is started,
which initializes agent containers (see more de-
tails in [1]). Second, all agent are started. After
then, the “FCA”-agent is created which collects all
system information and stores them in incidence
matrices. FIPA [6] defined basic elements of MAS
as well as the structure of agents.

3. The top level consists of the FCA framework. It is
a set of tools that comprises the 3D lattice visual-
ization, FCA algorithms for biadic and triadic con-
cept analysis including improved algorithms with
a new storage system, analytical tools, etc. It al-
lows the users to see the current situation of MAS
in a tri-lattice.

8.2 FCA visualization tool

After having constructed the three dimensional inci-
dence matrix (agents, behavior, conditions), a concept
list and a triadic lattice are computed. The process of
such a computation as well as its integration into MAS
have been described in the previous text. However, the
resulting concept list gives rise to several questions.
First of all, we can look for such of agents which be-
have in the same way depending on surrounding en-
vironment (conditions). All agents in one equivalent
classes can substitute each other. Practically, this make
whole system more flexible and stable. A visualization
tool was created. It is connected to analytical methods
and displays particular situation of MAS. It shows the



Fig. 7 The screen-shot of FCA visualization tool.

relations between agents, their behaviors and conditions
of such relations.

9 Conclusion and Future Work

This paper is concerned with the MAS technology es-
pecially with specification of MAS Model. The spec-
ification tools must be designed with respect to skills
of standard users that will be “modelers” of such MAS
and that will determined all objectives, requirements
and behavior of whole MAS from the real-world point
of view. Till now, a meta-model of MAS, its elements
and relationships have been specified. However, just
theoretical conclusions are not sufficient themselves.
Now, a new application called “AgentStudio” is in
progress. It makes it possible to specify agent behavior
with all above mentioned extensions. Next step consists
in MAS analysis based on Formal Concept Analysis.
The particular analytical tools have been integrated into
MAS development process. The main goal of our fu-
ture work is to create a complex software which will be
based on the clear methodology and which will control
whole MAS life cycle.
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