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Abstract— In this article we present a visual development envi-
ronment for writing DyLOG programs, explaining the motivations
to this work and the main design choices. We will also analyze
the main components of the system and the features offered
to the user. The visual environment encompasses a fully new
implementation of the DyLOG language, where Java is used
instead of Sicstus Prolog, and an OWL ontology that will allow
the use of the language in Semantic Web applications.

I. I NTRODUCTION

Engineering multi-agent systems (MASs) is a difficult task;
one of the ways for achieving the successful industrial de-
ployment of agent technology is to produce tools that support
the developer in all the steps of design and implementation.
Many researchers in the Agent Oriented Software Engineering
(AOSE) community are developing complete environments for
MAS design. Just to mention a few examples, AgentTool [1]
is a Java-based graphical development environment to help
users analyze, design, and implement MASs. It is designed to
support the Multiagent Systems Engineering (MaSE) method-
ology [2], which can be used by the system designer to
graphically define a high-level system behavior. Zeus [3] is
an environment developed by British Telecommunications for
specifying and implementing collaborative agents. DCaseLP
(Distributed CaseLP, [4], [5], [6]) integrates a set of specifi-
cation and implementation languages in order to model and
prototype MASs. In this scenario, the quality of the tools
that the designer can use strongly influences thechoice of
a given specification language. The availability of a visual
environment that is intuitive to use, and simplifies the design
of the agents in the system, can, actually, make the difference.

In this paper we present a visual environment
(VisualDyLOG) for the development ofDyLOG agents.
DyLOG is a logic language for programming agents, based
on reasoning about actions and change in a modal framework
[7], that allows the inclusion, in an agent specification, also
of a set of communication protocols. In ([8]) is proposed
a methodological and physical integration ofDyLOG into
DCaseLP in order to reason about communication protocols.

By using VisualDyLOG, the user can specify in a simple
and intuitive way all the components of aDyLOG program
by means of a visual interface. The adoption of such an
interaction device bears many advantages w.r.t. a text editor [9]

and allows the programmer to work at a more abstract level,
skipping the syntactical details of the language. Moreover, it is
important to notice that the learning curve of logic languages
is usually quite steep: the programming environment supplied
by VisualDyLOG aims also at solving this problem.

An interesting application domain for agents develeoped by
means of these tools is the Web, and in particular in theSeman-
tic Web. Indeed, the web is more and more often considered as
a means for accessing to interactiveweb services, i.e. devices
that can be retrieved, invoked, composed in an automatic way.
To this aim, there is a need for languages that allow web
service specification in a well-defined way, capturing what
the services do, how they do it, which information they need
for functioning and so on, in order to facilitate the automatic
integration of heterogeneous entities. Recently some attempt to
standardize the description of web services has been carried on
(DAML-S [10], OWL-S [11], WSDL [12]). While the WSDL
initiative is mainly carried on by the commercial world, with
the aim of standardizing registration, look-up mechanisms and
interoperability, OWL-S (and previously, DAML-S) is more
concerned with providing greater expressiveness to service
descriptions in a way that can bereasonedabout [13], by
exploiting theaction metaphor. In particular, we can view a
service as an action (atomic or complex) with preconditions
and effects, that modifies the state of the world and the state
of agents that work in the world. Therefore, it is possible
to design agents, which apply techniques for reasoning about
actions and change to web service descriptions for producing
new, composite, and customized services. These researches are
basically inspired by the language Golog and its extensions
[14], [15], [16]. In previous work, we have studied the use of
DyLOG agents in the Semantic Web, and in particular, we
have described the advantages that derive from an explicit
representation of theconversation policiesfollowed by web
services in their description (currently not allowed by OWL-
S). Actually, by reasoning on the conversation policies it is
possible to achieve a better personalization of the service
fruition [17], and it is also possible to compose services [18].
This research line has driven us to the implementation of an
OWL [19] ontology, to be used as an interchange format of
DyLOG programs, with the purpose of simplifying the use
and the interoperation ofDyLOG agents in a Semantic Web
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context.
The paper is organized as follows. SectionII is a very

brief introduction to the main characteristics of theDyLOG
language. SectionIII describes the developed editing environ-
ment while SectionIV describes the developed OWL ontology
and motivates the choice of the OWL language. Conclusions
follow.

II. T HE DyLOG LANGUAGE

Logic-based executable agent specification languages have
been deeply studied in the last years [20], [21], [15]. In this
section we will very briefly recall the main features ofDyLOG;
the interested reader can find a thorough description of this
language in [22], [23].

DyLOG is a high-level logic programming language for
modeling rational agents, based on a modal theory of actions
and mental attitudes wheremodalitiesare used for representing
actions, while beliefs model the agent’s internal state. It
accounts both forsimple (atomic) andcomplex actions, or
procedures. Atomic actions are either world actions, affecting
the world, or mental actions, i.e. sensing and communica-
tive actions producing new beliefs and then affecting the
agent mental state. Atomic actions are described in terms of
precondition lawsand action laws that, respectively, define
those conditions that must hold in the agent mental state for
the action to be applicable, and the changes to the agent
mental state that are caused by the action execution. Notice
that besides the preconditions to a simple action execution,
some of its effects might depend upon further conditions
(conditional effects). Complex actions are defined through
(possibly recursive) definitions, given by means of Prolog-
like clauses and by action operators from dynamic logic, like
sequence “;”, test “?” and non-deterministic choice “∪”. The
action theory allows coping with the problem of reasoning
about complex actions with incomplete knowledge and in
particular to address the temporal projection and planning
problem in presence of sensing and communication.

Intuitively, DyLOG allows the specification of rational
agents that reason about their own behavior, choose courses of
actions conditioned by their mental state and can use sensors
and communication for obtaining new information. The agent
behavior is given by adomain description, which includes a
specification of the agents initial beliefs, a description of the
agent behavior plus a communication kit (denoted byCKitagi),
that encodes its communicative behavior. Communication is
supported both at the level ofprimitive speech actsand at the
level of interaction protocols. With regards to communication,
a mentalistic approach, also adopted by the standard FIPA-
ACL [24], is taken, where communicative actions affect the
internal mental state of the agent. Some authors [25] have
proposed asocial approachto agent communication [25],
where communicative actions affect the “social state” of the
system, rather than the internal states of the agents. Different
approaches are well-suited to different scenarios.DyLOG is a
language for specifying anindividual, communicating agent,

situated in a multi-agent context. In this case it is natural to
have access to the agent internal state.

We introduce an example that will be used in the rest of
the paper, in order to better explain concepts. More details
are included in the original work [26]. Let us consider
the example of a robot which is inside a room. Two air
conditioning units can blow fresh air in the room and the
flow of the air from a unit can be controlled by a dial.
In the following we report the code of the Simple Action
turn dial(I) that turns the dial of the unitI clockwise from a
position to the next one.Brobot andMrobot are written asB
(belief) andM (dual ofB) for simplicity.

A. A DyLOG implementation

At the basis of the development of theDyLOG programming
environment there is a Java reimplementation of the language
and of its interpreter. The choice of this implementation
language is due to the great diffusion of it, to its well-known
portability, and to the huge amount of available applications
and frameworks.

The first step consisted in the development of thetuDyLOG
package, which implements all theDyLOG constructs, offering
to the programmer a set of classes and interfaces which allow
the creation and editing of programs.tuDyLOG has been built
upon tuProlog [27], a light-weight Prolog engine written in
Java, which allows the instantiation and the execution of Pro-
log programs by means of a minimal interface. In this way, it
is possible to exploit some of the mechanisms, made available
by the tuProlog engine, which are used both inDyLOG and
in Prolog, such asunification. Moreover, tuProlog supports
interactions based on TCP/IP and RMI, a useful feature to
the design of multi-agent systems. The implementation of the
tuDyLOG package is currently being completed by extending
the tuPrologengine so to obtain atuDyLOG inference engine.

The structure of the classes which implement the language
constructs follow the definition of aDyLOG program. A
program is an instance of the classDomainDescription, which
contains instances of the main kinds of program components:
a set of initial observations, a set of actions that define
the behavior of the agent, and a set of communicative ac-
tions. Each of such categories is represented by an adequate
taxonomy, that reproduces the language specifications and
offers a programming interface for operations like creation,
modification, and deletion.

The connecting point betweentuDyLOG and tuProlog is
the classDyLOGStruct, an extension of thetuProlog Struct
class: by means ofDyLOGStructeveryDyLOG construct can
be turned into a correspondingtuProlog structure, with the
possibility of exploiting the afore mentioned mechanisms. In
this case we use a different notation (prefix notation) in order
to meet the internal representation of thetuProlog Structclass.
For example the first Precondition Law mentioned above is
represented in this manner:

possible(turndial(I),if([belief(robot,in front of(I)),

baldoni
44



2(Bin front of(I) ∧ Bcover up(I) ⊃ 〈turn dial(I)〉>)
2(Bflow(I, low) ⊃ [turn dial(I)]Bflow(I, high))
2(Mflow(I, low) ⊃ [turn dial(I)]Mflow(I, high))
2(Bflow(I, high) ⊃ [turn dial(I)]Bflow(I, off))
2(Mflow(I, high) ⊃ [turn dial(I)]Mflow(I, off))
2(Bflow(I, off) ⊃ [turn dial(I)]Bflow(I, low))
2(Mflow(I, off) ⊃ [turn dial(I)]Mflow(I, low))
2(Bflow(I, P ) ⊃ [turn dial(I)]B¬flow(I, P ))
2(Mflow(I, P ) ⊃ [turn dial(I)]M¬flow(I, P ))

Fig. 1. The DyLOG code for the simple actionturn dial(I).

belief(robot,coverup(I))]))

III. V ISUAL DYLOG

In this section we will show the main characteristics and
features offered byVisualDyLOG. This environment is devel-
oped in Java using theEclipseplatform [28] and allows the
development of aDyLOG program by means of a graphical
user interface.

A. The Eclipse project

Eclipse is a platform designed for building integrated de-
velopment environments (IDEs) and it represents a proven,
reliable, scalable technology upon which applications can be
quickly designed, developed, and deployed. More specifically,
its purpose is to provide the services necessary for integrating
software development tools, which are implemented as Eclipse
plug-ins. The main characteristic of the design of Eclipse is,
actually, that –except for a small runtime kernel– everything is
a plug-in or a set of related plug-ins: the effect of this choice
is an increase of the software reusability and extendability.
Applications are deployed and distributed as stand-alone tools
using the Rich Client Platform [29], which represents the
smallest subset of Eclipse plug-ins that are necessary to build
a generic platform application with a user interface.

Today Eclipse (originally released by IBM) is one of the
most used platforms for developing applications, it has formed
an independent and open eco-system, based on royalty-free
technology, and it has established a universal platform for tools
integration.

B. The environment

The VisualDyLOG environment is represented in Figure
2. We can distinguish different areas, each characterized by
specific functionalities. With reference to the mentioned figure,
area number (1) (theProgram View) contains a whole view of
the DyLOG program; it shows all the instances of the various
constructs, kind by kind, and it also allows the creation and
deletion of the instances. The area number (2) (Editor View)
shows a visual representation of an instance contained in the
Program View and selected by the user. The property values
of such an instance are reported in theProperties View(area
(4)). By working in the two latter views, the user can edit the
selected instance. Since instances might in some cases be quite
complex, there are situations in which the Editor View might

show just a portion of the selected instance. Nevertheless a
miniaturized overview of the whole instance will always be
available in area number (3) (theOutline View). Last but not
least, log messages are printed in the so calledLog View(area
number (5)).

VisualDyLOG internal architecture is based on the Graphical
Editor Framework (GEF), an Eclipse plug-in. GEF, by exploit-
ing the Model-View-Controller pattern, allows the creation of
a graphical representation, given an existing data model. In
our application, such a model is given by the instances of the
packagetuDyLOG, explained in SectionII-A . In particular, by
means of GEF:
• the graphical representation is modified after a change in

the model has occurred;
• the model is changed by modifying the graphical repre-

sentation of it, exploiting the “event-action” paradigm.
These notions are sketched by Figure3. In Figure4, instead,
the graphical notationused to represent the main language
constructs are shown.

It has been designed so to make the use ofVisualDyLOG
more intuitive: similar constructs are represented by shapes
with the same morphology; such shapes recall flow chart
symbols, contributing to a reduction of the learning process
of new users.

C. An example of use

In this section we will show how to build a Simple Action
by means ofVisualDyLOG; in particular, we will use as an
example theturn dial action, whoseDyLOG definition has
been introduced in SectionII (see Figure1). The first step for
creating a Simple Action consists in selecting the appropriate
category from the Program View, and in assigning to it name
and arity (the Program View also allows the creation of a new
action law for a specific simple action). The new action will
be added to the set of available Simple Actions in the Program
View itself. By means of the Editor View, instead, it is possible
to specify all the characteristics of the action: a working area
is associated to each precondition law and to each action law
that make the just created simple action; each such area can be
selected and worked upon by clicking on a tab at the bottom
of the Editor View. The palette at the right of the Editor View
can be used to insert beliefs and terms in the working area.
In order to edit a component it is necessary to click on the
corresponding graphical representation of it and, then, modify
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Fig. 2. A screenshot of theVisualDyLOG environment: (1) the Program View, (2) the Editor View, (3) the Outline View, (4) the Properties View, and (5)
the Log View.

Fig. 3. GEF interaction model: theModel, in our case thetuDyLOG package, theView and theController, represented by GEF.

Fig. 4. The graphical notation used inVisualDyLOG

its properties by means of the Property View. In Figure5 the
working area used to create and modify the Precondition of
the above mentioned action is shown. In the exampleturn dial
precondition consists of two fluents: the robot must be in front
of the dial (Bin fornt of(I)) and the cover of the dial must
be open (Bcover up(I)). In the figure, they are represented
as light blue ovals. For the sake of simplicity, in theDyLOG
representation of Figure1 the agent name is omitted from the
fluents. In the graphical representation, instead, it is the first
argument of the fluents: since agents have a subjective view of

the world,robot is the agent to believe thatin front of(I)
and cover up(I) in order to execute the action. Notice also
the prefix notation of fluents.

In Figure6 the part of the interface devoted to the handling
of one of the Action Laws is shown. The just described
interaction schema is used also for the creation and editing of
the other constructs of the language, such as complex actions
(Figure7), sensing actions, speech acts, and so forth.
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Fig. 5. Representation of a precondition law: beliefs are represented as light blue ovals, disbeliefs as blue ovals with a red border, terms as red ovals, while
the action name is depicted as an orange rectangle.

Fig. 6. Representation of an action law: the middle line divides preconditions to the effects from the action’s effects themselves.

IV. A N OWL ONTOLOGY FORDyLOG

In parallel with the work aimed at developing a program-
ming environment for the language, we have also developed
an ontology (calledDyLOG Ontology) to be used for Semantic
Web applications and, in particular, in the case of Semantic
Web Services. We have already shown, in previous work, how
the action metaphor and the mechanisms for reasoning about
actions and change can fruitfully be exploited in many Seman-
tic Web application frameworks [30], such as in educational
applications and for the composition of web services. In order
to allow the development of real applications over the web,
there was a need of representingDyLOG programs in a way

that is compatible with the infrastructure of the Semantic Web.
Hence the choice of defining an OWL ontology.

OWL is a Web Ontology language [19], developed by the
W3C community. The main characteristic of this language
w.r.t. earlier languages, used to develop tools and ontologies
for specific user communities is that it is compatible with the
architecture of the World Wide Web, and with the Semantic
Web in particular. In fact, OWL uses URIs (for naming) and
the description framework provided by RDF, and adds the
following capabilities to ontologies: the possibility of being
distributed across many systems, full compatibility with Web
standards for accessibility and internationalization, openess
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Fig. 7. Representation of a ComplexAction.

Fig. 8. The taxonomy of theDyLOG ontology

and extensiblility.
OWL builds on RDF and RDF Schema; it enriches the vo-

cabulary so to allow the description of properties and classes.
Some examples of add-ons are relations between classes
(e.g. disjointness), cardinality (e.g. ”exactly one”), equality,
richer typing of properties, characteristics of properties (e.g.
symmetry), and enumerated classes.

Recently, OWL has been used for defining a set of on-
tologies that can be considered as declarative languages and
specifications for agents (more generally, web services) that

are to be retrieved over the web in an intelligent way, so
that they can interoperate and accomplish a common goal. A
few examples are the OWL-S language [11], for web service
functional description, FIPA OWL [31], an ontology for FIPA
agents and ACL messages, and ConOnto [32], that allows the
description of context aware systems. In the following we will
describe the ontology that we have designed for describing
DyLOG agents in a Semantic Web context.

A. TheDyLOG ontology

As mentioned in the previous section, representingDyLOG
programs by means of ontological terms allows the use of
our language in the development of interoperating agents in a
Semantic Web framework. Another advantage is the possibility
to specify the syntactic constraints of the language directly
within the ontology definition: for instance, a Simple Action
must have one and only one Precondition Law; this constraint
can be specified by imposing a proper restriction to the
cardinality of the corresponding property. A reasoner can be
used for verifying that the syntactic constraints are respected.

For representing aDyLOG program by means of the
ontology it is necessary to start with an instance of class
DomainDescription, which contains the properties for spec-
ifying the behavior, the communication policies and the initial
observations (respectivelybehaviour, ckit and s0). Each such
property is represented by an instance of a class that specifies
all the characteristics of the correspondingDyLOG construct
by means of properties and restrictions imposed to capture the
syntactic constraints. In Figure8 we report the taxonomy of
the ontology, while in Figure9 we present, as an example, the
definition of the classSimple Actionand its properties.

It is interesting to observe that, within aSimple Action
instance, the order of theAction Lawinstances is meaningful
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〈owl:Class rdf:ID=" SimpleAction" 〉
〈rdfs:subClassOf rdf:resource="# Action" /〉
〈rdfs:subClassOf 〉 - 〈owl:Restriction 〉
〈owl:cardinality rdf:datatype="#int" 〉 1 〈/owl:cardinality 〉
〈owl:onProperty 〉
〈owl:ObjectProperty rdf:about="# preconditionLaw"/ 〉
〈/owl:onProperty 〉 〈/owl:Restriction 〉 〈/rdfs:subClassOf 〉
〈rdfs:subClassOf 〉 - 〈owl:Restriction 〉 - 〈owl:onProperty 〉
〈owl:ObjectProperty rdf:about="# actionLawSeq"/ 〉
〈/owl:onProperty 〉
〈owl:maxCardinality rdf:datatype="#int" 〉1〈/owl:maxCardinality 〉
〈/owl:Restriction 〉 〈/rdfs:subClassOf 〉 〈/owl:Class 〉

〈owl:ObjectProperty rdf:ID=" actionLawSeq" 〉
〈rdfs:range rdf:resource="#ActionLawSeq"/ 〉
〈rdfs:domain 〉 - 〈owl:Class 〉 - 〈owl:unionOf rdf:parseType="Collection" 〉
〈owl:Class rdf:about="# SpeechAct"/ 〉
〈owl:Class rdf:about="# SimpleAction"/ 〉
〈/owl:unionOf 〉 〈/owl:Class 〉 〈/rdfs:domain 〉 〈/owl:ObjectProperty 〉

〈owl:ObjectProperty rdf:ID=" preconditionLaw" 〉
〈rdfs:range rdf:resource="#PreconditionLaw"/ 〉
〈rdfs:domain 〉 - 〈owl:Class 〉 - 〈owl:unionOf rdf:parseType="Collection" 〉
〈owl:Class rdf:about="# SpeechAct"/ 〉
〈owl:Class rdf:about="# SimpleAction"/ 〉
〈/owl:unionOf 〉 〈/owl:Class 〉 〈/rdfs:domain 〉 〈/owl:ObjectProperty 〉

〈owl:ObjectProperty rdf:ID=" actionName" 〉
〈rdfs:domain 〉 - 〈owl:Class 〉 - 〈owl:unionOf rdf:parseType="Collection" 〉
〈owl:Class rdf:about="# Action"/ 〉
〈owl:Class rdf:about="# PreconditionLaw"/ 〉
〈/owl:unionOf 〉 〈/owl:Class 〉 〈/rdfs:domain 〉
〈rdfs:range rdf:resource="#ActionName"/ 〉 〈/owl:ObjectProperty 〉

Fig. 9. An excerpt from the OWLDyLOG ontology: definition of simple action.

because it might influence the program execution (like in
prolog). Nevertheless, such an ordering cannot be represented
directly in OWL. To this aim, we have defined an auxiliary
structure (a linked list) that solves the problem. We have relied
on this solution whenever an ordering had to be imposed over
the instances of a given property.

In order to exploit theDyLOG ontology within the environ-
ment described in this article we added totuDyLOG package
functionalities to import and export aDyLOG program in Java
representation to OWL and vice versa. This implementation
uses libraries provided from Jena [33]: a framework, produced
by HP labs, for develop Semantic Web applications.

V. CONCLUSIONS AND FUTURE WORK

In this paper we have describedVisualDyLOG, a graphical
design and programming evironment for the modal logic
languageDyLOG. The project basically relies on two main
choices. On a hand, a fully new, Java implementation of the
DyLOG language has been developed, as an extension of

the tuProlog package. The new package, namedtuDyLOG
actually exploits the basic mechanisms already offered by
tuProlog, such as the methods for unification. The reason
for changing implementation language (an implementation of
DyLOG in Sicstus Prolog is already available) is that Java
is more portable and allows us to exploit applications and
frameworks that are already available, in particular, Eclipse:
a well-known platform for building integrated development
environments. By means of this platform it is easy to develop
applications that can be deployed and distributed as stand-
alone tools. The implementation of the graphical programming
environment is almost complete; what still remains to do is
the re-implementation of theDyLOG engine, which is on the
way. Also the OWL ontology forDyLOG is ready to use
and will be soon tested in a Semantic Web framework. In
fact, we believe that this package will be very useful for
the development of Semantic Web Services and we plan to
use it in cooperation with the University of Hannover in an
e-learning setting: integrating aDyLOG web service in the

baldoni
49



Personal Reader architecture (see [34]).
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