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Abstract - Several agent development tools have beendevelopment tools are linked to specific methodigl®gand

proposed. At the same time, specific tools for agerbased
Intelligent Tutoring System (ITS) development do notexist.
However, ITSs have some specific characteristics thanust be
taken into consideration during the development. Geeral
purpose Agent Oriented Software Engineering (AOSE)
methodologies and therefore development tools do to
sufficiently correspond to the characteristics of TSs.
Additionally, the general purpose AOSE methodologieand tools
do not allow plugging in domain specific rules anddiagrams.
Thus, usage of knowledge gained in ITS research dugnthe
development process is limited. In the absence o€wgeral tools
that allow plugging in knowledge from ITS research,a specific
tool named MASITS has been developed. The tool suppsra
specific agent based ITS development methodology nach
MASITS which takes into consideration specific chareteristics
of ITSs and integrates knowledge from ITS research. e tool
supports all phases of ITS development, starting &m
requirements analysis and ending with deployment.
Requirements analysis and design phases are suppedt by
appropriate diagram creation tools. Implementationis supported
by source code generation from diagrams created dimg the
design phase. JADE platform is used for agent impleemtation.
Thus, Java classes for ontology, agents and behavisuare
generated from the design diagrams. The paper incties a brief
overview of diagrams used in the source code genéimn and
detailed algorithms for source code generation fromthe

agent development platforms.

There are no general purpose AOSE methodologidgs tha

allow plugging in the knowledge about the typelod system
under development. So, the development processcaibe
adapted to take advantage of knowledge gainedsiareh of
different types of agent oriented software. Theettgyment
process can not be modified to fit the charactesstf some
specific systems, too. As a consequence, agentiapement
tools that support general purpose methodologies less
effective than specific tools for certain type géems.
Moreover, many tools fail to support all phasesaftware
development life cycle. Thus, these tools can roubed as
the only tool to develop the system and some addititools

must be used making the development process more

complicated.

During the last decade intelligent agents are widsled to
implement Intelligent Tutoring Systems (ITS) [9]. aM
characteristics of agents, such as reactivity, gihagy,
cooperation, reasoning and planning capabilitiescimavith
the needs of ITSs. Additionally, usage of agentslTi$
development has the following advantages: agerdeease
modularity of the system and facilitate implemeiotat of

diagrams. intelligent mechanisms needed in ITSs. At the sdime,
specific tools for multi-agent based ITS developmgn not
Keywords: agent oriented software engineering, code exist, despite the fact that ITSs have very actveoing

generation, intelligent tutoring systems, multi-agat systems

research and have some specific characteristi¢snthat be

taken into consideration. These characteristics #re
|. INTRODUCTION following. Firstly, ITSs are hardly integrated imtoganisation
Extensive research in the agent oriented softwaend their structure does not correspond to thetsirel of the

engineering (AOSE) is ongoing. A number of tools égent
oriented software development exist, for examptgEnal ool
supporting MaSE methodology [1], Prometheus Dedigol

organization. Additionally, they have very few tgpef actors,
namely, teachers, students and probably admiressraSo,
organisational and actor modelling can hardly beduand

(PDT) supporting Prometheus methodology [2], Ingeni requirements come only from the goals of the sysaeh its

Development Kit for INGENIAS methodology [3] and &o
Net Designer supporting Goal Net
Additionally, some tools for specific developmeritages or
tasks exist, for example, Conversation Design T@DIT [5].
Agent implementation platforms like JADE [6], JACK],
MADE [8] exist at their own.

Majority of agent oriented software developmentldoare
developed to support certain general
methodology and can be successfully used only begetith
the corresponding methodology. Additionally, toolkat

needed functionality. Secondly, ITSs are very cacapéd

Methodology [4]systems with a well established architecture [§1%], which

should be taken into consideration during the depliase.

In the absence of general purpose methodologies
corresponding tools allowing to plug in domain sfiec
knowledge and adjust the development process tdhét
characteristics of specific systems, a specifimapased ITS

purpose AOStEevelopment methodology and tool have been propdded

paper contains description of a MASITS (Multi-Age&iistem
based Intelligent Tutoring System) tool for ITS dimpment.

and

support code generation are linked to a single tagehhe main attention in this paper is paid to theecgdneration

implementation platform, whose code it is capablgénerate, algorithms from diagrams created during the desighe

for example, PDT generates JACK code. So, the agemmainder of the paper is organised in the follgvimay.
Section 1l contains a brief overview of the MASITS
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methodology and tool. Section Il includes the aiigpon for B8 MASITS Development Tool - sample_ITS.idp

diagram and code generation. Section IV gives cmiwhs i oo ) 1

and main directions of future work. 7= | | | & & | & 2
rGoaI Diagram rUse Case Diagram rTask Diagram rUse Case Map r?ﬁ

Il. THE MASITS METHODOLOGY AND TOOL

The MASITS methodology is created for agent baSes! |
development [12]. The methodology contains knowgefiigm
two research fields, namely the AOSE and ITS. bugt by
reusing the most appropriate techniques from theeige
purpose AOSE methodologies and adding knowledgm fro
ITS research. The main characteristics of ITSstaken into Fig. 1. Main parts of the MASITS tool’s interface
consideration during the choice of techniques usedhe
methodology. Appropriate requirements analysis n@pghes design into two stages, namely, external and iatetasign of
have been chosen. ITSs are hardly integrated imy aagents. During the external design agents fundiignand
organization and there are very few types of adtorelved. interactions among agents is specified. Task diageand
Thus, requirements analysis can not be carried using interaction diagram are created during the extedwesdign.
organisational or role analysis. Instead, it habealone using During the internal design the internal structufeagents is
techniques that concentrate on system’s goals aggecified, i.e., it is defined how agents can ahi¢heir
functionality. Similarly, during the design phase tresults of functionality specified during the external designternal
agent based ITS research are taken into considerdirstly, —design of each agent is defined in its internalwiBuring the
Grundspenkis and Anohina [9] have concluded thaBsIT internal design a choice to implement agent asnplsi agent
consist of four modules and these modules usuafly aor a holon is done. If an agent is implemented dwlan,
implemented using similar agents. Therefore, aoetgents design of the holon as a separate multi-agent syste
that build up an ITS is predefined. It can be omigdified to performed in the corresponding interaction diagram.
meet specific needs of each particular system,tlagig is no Some design tools can be used to specify systeatsath
need for any agent definition techniques. Usageswéh implemented on different platforms. Such an appncatables
approach in the MASITS methodology facilitates ITShese tools to have wider usage. However, transftom
development by replacing agent definition, whiclie of the from design concepts to agent implementation platfo
most challenging tasks of general purpose AOSEoNcepts is almost unique for each combination edigh
methodologies, with simple task allocation to theaf agents. concept set and agent platform [13]. Such a tramsition is
Secondly, interactions among agents in ITS do nolude extra effort during the development of the systéihis done
complicated protocols. Therefore, interaction desig the by developers. Moreover, if the transformation @ built in
MASITS methodology is done by specifying messagast s the tool the code generation is not possible. Thues,have
among agents. Thirdly, ITS development using halagent chosen to use a set of implementation platform eptsc
architecture is proposed in [11]. The holonic aetture has already during the design phase. So, the MASIT$ dao be
the following advantages: it increases the modiylamnd adds used to implement multi-agent systems in JADE agent
openness to ITSs. As a consequence it facilitates tdevelopment framework [6]. JADE was chosen, becaduse
development and change implementation into ITSsisTta provides simple way to create Java agents and iseydneir
support for holons is included in the MASITS metbiodyy. interactions. Moreover, Java classes of JADE ageais be

The MASITS tool is intended for multi-agent baséts| easily generated from the design elements. Agéetdotions
development with the MASITS methodology. The tooin JADE are organised using predicates from the aiom
supports full ITS development life cycle from reguments ontology. Agents are Java classes and their acéionsefined
analysis to implementation. as behaviours that are implemented as Java classes,

Interface of the MASITS tool consists of the foliogy Domain ontology is described in one ontology bakessc
main parts, as it is shown in Fig. 1. Menubar (@)tains all Each concept and predicate included in the ontoleglefined
functions of the tool. The most frequently usedtdess are in corresponding Java class [14]. So, main impleatem
included in the main toolbar, too (2). All diagrassveloped elements are ontology, agent and behaviour classes.
during the development of the system are includeibs (3). Additionally to these elements a batch file to tstae system
Each tab of the diagram contains a drawing toofgiand a has to be created. It includes deployment detéilseosystem,
page for diagram drawing (5). which are specified in deployment diagram, and camufs to

The development process with the MASITS methodologstart JADE containers. This file is generated auatiecally
starts with the requirements analysis. It is thestfiphase from the deployment diagram. So, the MASITS togmurts
supported by the MASITS tool, too. It is carried aging two implementation and deployment phases, too. Geoerafiall
well known techniques, namely, goal modelling asé gase these elements is described in Section IlI.
modelling. The goal modelling is done first, be@agsals are ~ The ITS development using the MASITS methodologg an
used in use case modelling. The second phase of IT®I| consists of creation of a set of diagrams. diigrams
development is design. The MASITS methodology disid included in the MASITS tool and dependencies amitegn

[=[»[\of=]
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are shown in Fig. 2. Sequential creation of diagrais
denoted with an arrowed link, crosscheck is denotét a
dashed line. Diagrams that are used during the gederation
are denoted by gray rectangles and are describkedv bia
details. The following diagrams are included in thel:

Goal diagramis a system’s goal hierarchy. It shows
system’s main goals and their subgoals that haveeto
achieved to reach the main goals. Decompositiatoise
until the lower level goals can be achieved by
accomplishing simple actions (for details, see J15]
System levelse case diagramA well-known UML use
case diagram [16] is used. Use cases are createsdh
the lower level goals (for details, see [15]).

Fig.
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Volume 43
{ Goal diagram ]—»{ Use case diagram
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{ Use case maps Task-agentdiagram }
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Interaction diagram ]—/’—'{ Ontology diagram }
4
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Agent’s internal view ]—» Holon hierarchy diagram

L De ployme ntdiagram J

2. Diagrams included in MASITS tool and degemcies among them

Task'agent d|ag ram Task'agent d|ag ram iS a taSk Goal Diagram r Use Case Diagram r Task Diagram r Use Case Map r Ontology Diagram m

hierarchy with agents specified for each task. $amie
created according to the steps of use case scen@oio E
details, see [17]). =
Use case mapsUse case maps show agents, task *
allocated to them and flow of control through théessks.

Use case maps are created for interactions thatoare
complicated to be designed directly in the intdoact |/
diagram. A use case map represents use case scanari
the form that interactions among agents are show
explicitly. After creating use case map only messag
content must be added to specify interactions dé&tails,

see [17]).

Interaction diagramdepicts interactions among agents.
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Fig. 3. Fragment of the interaction diagram

Interactions are specified in the form of sent ragss. (i
oal

Diagram r Use Case Diagram r Task Diagram r Use Case Map r Ontology Diagram

Ontology diagramis a model of problem domain.
Agent’s internal view.Each agent’'s internal view is a E
design of agent’s internal structure. O
Holon hierarchy diagramincludes a hierarchy of all
holons.

The interaction diagram consists of agents, usdr liamks

denoting messages sent among them. Predicates tflem
domain ontology are used to specify message cantdihie
main interaction diagram is created for the higbeel agents.
Additionally an interaction diagram is created &ach holon.
Interaction diagrams are used to include knowled@eut
other agents that an agent communicates with, dgnt’s
beliefs. Fragment of the interaction diagram is vamoin
Fig. 3.

The MASITS methodology uses lightweight ontologg][1

to specify messages sent among agents. The ontidogy
formal hierarchy [19]. The ontology diagram is aduab of
problem domain that is depicted as a class hieyanéth two

superclasses, namely, concept and predicate. Coneep

used as attribute types in other classes of thelagy.
Predicates are used as message contents in aggaiction.
Ontology diagram is used for ontology generatiorn A
example of an ontology diagram is shown in Fig. 4.

The agent's internal view specifies design of agent

internal structure in terms of agent’s actionsjdfg] and rules
used to process received messages and other pensefdt

consists of the following elements:

[ ]
The agent diagram, specifying agent's perceptions,
messages sent and received by the agent, agetibtesac

Predicate

1

CurriculumForStudent

Integer TopiclD
String Mame
Integer Spertheme

Student Topic

Integer StudentlD
String Login
String Surname
String Mame

Student Student
Topic Goal
Topic Curriculurm

Fig. 4. Example of the ontology diagram

and links among these elements. All agents’ actions
except message receiving and sending are denoted by
rectangles inside an agent. Perception (message and
event) receiving and message sending actions places

with incoming and outgoing events and messagesgels

as corresponding contacts (like in structural miaugl
[20]).

Perception (message and event) processing IF-THEN
rules that are built from a set of templates. |Egra may
contain the following templates: check, if partaul

predicate is received, compare, condition conjamcti
(AND), disjunction (OR), negation (NOT) and Trudet
condition that is always true). Templates Actioreligf

Set, Action conjunction (AND) and IF-THEN rule cha

used as THEN pattern.

Start-up rules describing, what actions are donadsnt
during the start-up.
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Fig. 5. Example of the agent diagram

Yy

o Alist of agent’s beliefs specified as pairs ofieks$ type just deletes dependant elements if the deletedegiehas the
and name: <Type>, <Name>. same semantics as the dependant elements. Delstitme

e A list of agent’s actions specifying implementationelement is restricted if the dependant part isgaicant part
details. Action descriptions contain the followingof other diagrams with different semantics.

columns: name of action, name of corresponding The second purpose of interdiagram links is to link

behaviour class, type of action (one-shot, cydilmed, elements from different diagrams that support esbkr. This
etc.), inner (implemented as inner class in agelatss) or kind of interdiagram links are used to analyzellifelements
outer (implemented as a class in the same packageof one diagram are supported by elements in anallagram.
agent) behaviour class, and whether it is addechvive Such an approach is used in the MASITS tool foores.
agent is starting. Firstly, links between use cases and goals aretectedhe
An example of agent diagram is shown in Fig. 5. ®ge links show, which goals have corresponding usescdséned.
and their behaviours are generated from correspgndiAn unlinked goal indicates that corresponding usgechas to
internal views of agents. For details of agentt®iinal view, be defined. Secondly, links between goals and temies
see [17]. defined to show which tasks support which goalss kind of
It is possible to generate agent and their behawitasses links is used during the crosscheck between godl task
from the previously described diagrams. Howevediagrams. If after creating all links there is aafgthat is not
deployment details are needed to generate aget#nges. supported, then a set of tasks is insufficient &stt diagram
These details are specified in the deployment diagr has to be refined. Thirdly, paths from use casesnaap linked
Deployment diagram consists of JADE containers uted to messages in the main interaction diagram to renthat
deploy the system and agent instances that areEplin  every link from paths in use case maps has corneipg
these containers. Interactions among containersgeeified, message in the main interaction diagram. Finalgheagent
too. Labels on the links denote environment used fanust have actions to realize all tasks assignetitothe task
interactions. An example of deployment diagramhisvgn in  diagram. Thus, interdiagram links are created antasks and
Fig. 6. A batch file used to start the system isegated from agents’ actions.
the deployment diagram.
The advantage of the MASITS tool is the introduced
concept of interdiagram links. An interdiagram lirska link
among elements of two different diagrams. Thesksliare

Main JADE Container

MainCurriculum

Agent MainExpertAgent

NIEES

introduced with two main purposes, namely, consiste _ -
R R MainKnowledge MainStudentMod
check and crosscheck. Links created for consistehegk are ﬂ?valuatiunngem] [ ellingAgent ]

mainly used to link elements that have to be chdnge
simultaneously. Such elements in the MASITS toah te [

MainProhIemG} {MainFeedhackGe]
edited only in one diagram (source). Interdiagramiksl are

enerationAgent nerationAgent

created to all other elements (targets) that haveetchanged

if the source element is changed. When the souesaest is Internet

changed all target elements are affected. For ebeamame of StudentContainer

an agent can be changed only in interaction diagtéih is Manintortace

changed, the MASITS tool changes the name of théntin

agent diagram, holon hierarchy diagram, task-agiéagram

and interaction diagrams of holons. Elements cadebeted in Fig. 6. Example of the deployment diagram

the same way as changed. However, there is ondicagn
difference. If an element is deleted, major partsother
models can be affected. Two choices are avail@bteol can I1l. DIAGRAM AND SOURCECODE GENERATION
either delete the affected parts or restrict detetif the source
elements until the dependant elements are notedkel@&oth
approaches are used in the MASITS tool. The MASIGS

One of the main advantages of the MASITS tool &jthm
and code generation. Diagrams built up during tAé& |
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development process contain sufficient informatida

generate some parts of other diagrams automaticilly

example, when a task-agent diagram is created, af sggher
level agents is specified. Thus, defined agentsbeaadded to
higher level interaction diagram and agent diagraans be
built for each agent. The MASITS tool supports austic

generation of all elements that can be created fsmwiously
developed diagrams. Generation of elements is canghe
moment when user inserts an element that is used
generation. After element generation an interdisgrink

between the source and target elements of geneiatadded.
The interdiagram link is used to keep diagrams isteist in

the way described in the previous section. Tatdarhimarises
generated elements.

Additionally, holon hierarchy diagram is generatiedm
previously developed diagrams. This diagram do¢soiatain
any additional information, because superholonrof holon
is specified at the moment of holon creation. Thaom
hierarchy diagram only explicitly shows holon hietay in the
readable form.

The second advantage of the MASITS tool is theipditg
to generate a source code of the system from thgrains
developed during the design. The following diagraare
used: ontology diagram, interaction diagrams, agetetrnal
views, holon hierarchy diagram and deployment diagrThe
code generation is simple diagram to code transitom,
which is made possible by choosing to design thetesy

using concepts of the JADE framework. During theleco

generation the source code for ontology classemtagasses
and behaviour classes is built up.

The code generation algorithm consists of the falhg
steps:

1. Create the main package of the project. It is eckat the
user specified path with the name of the project.
Create package “Ontology” in the main package.
Create ontology base class in the package “Ontbdlogy
Create classes for each concept and predicate.
Create classes for all agents.

Create classes for external behaviours.

Create holons (including agents that build up thierh).
Generate the batch file to be used to start thiesys

©ONogO~®WN

The first two steps is a simple folder creationthie path
specified by the user. Other steps are describedhén
following subsections. Code generation
templates built in the tool. The following subseos
consequently describe templates used to build epctide of
each class.

A. Ontology Generation

Ontology generation is done during the steps 2atology
is formed in the package “Ontology”, thus corresting
folder is created at the second step.

During the third step the ontology base class doimg
descriptions of all schemas used in the ontologyeiserated.

Ontology base class is used as metadata of allepprend
predicate classes. Ontology base class is generhied
consequently adding code templates according tgralias
and their elements.

The ontology base class begins with a templateating a
package name, imports and ontology base classitit&finThe
name of the ontology base class is defined by ther.u
Ontology base class extends clagade.content.onto.

@ntology:

package <main package of the
project>.ontology;

import jade.content.onto.*;

import jade.content.schema.*;

import jade.util.leap.HashMap;

import jade.content.lang.Codec;

public class <Ontology_base_class_name>
extends jade.content.onto.Ontology {

Ontology’s name is defined in the second templtés
defined as a static string and a static instanceeiated for the
ontology:

public static final String ONTOLOGY_NAME =
"<ontology_name>";
private static Reflectivelntrospector
introspect = new
Reflectivelntrospector();
private static Ontology thelnstance = new
<ontology_base_class_name>();
public static Ontology getinstance() {
return thelnstance;
}

Vocabulary for concepts, predicates and their lattes
(designed in ontology diagram) is created, i.guhlic static
string is defined to denominate each element. Démetion
for each predicate and concept is defined usingahewing
template:

public static final String <NAME>="<Name>";

Denomination for each attribute is defined using th
following template:

public static final String
<CLASS>_<ATTRIBUTE>="Attribute";

is done gisin

Ontology constructor template consists of the dall
superclass and element additions to the ontologgraa:

private ItsOntology(){
super(ONTOLOGY_NAME,
BasicOntology.getinstance());

try {
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TABLE 1
SUMMARY OF ELEMENT GENERATION
N Source Target
o
Diagram Element added Diagram Element generated
Task diagram Agent Interaction diagramm  Agent
Task diagram Agent Agent diagram Agent
3. Interaction diagram Link Agent diagram Incomingssages and events, outgoing messages, mettodrahitontacts
Concepts defined in the ontology diagram are addetie } this.<name>=value;
ontology schema using the following template: .
oy g 9 P public <type> get<Name>() {
ConceptSchema <Name>Schema = new return this.<name>;
ConceptSchema(<DENOMINATION>); }
add(<Name>Schema, <Project ) ) o . )
name>.ontology.<Concept>.class); Attributes with cardinality MULTIPLE are specifieab lists

and list processing methodsld, remove, clearAll, getAdre
Predicates are added in the same vRrgdicateSchem&  generated:
used instead o€onceptSchema After adding all concepts o
and predicates from the ontology diagram, thetitattes are public void add<Name>(<Type> elem) {

added using the following template: tu:;r?qlglguzgz(ter}sg)r.\ame>;

studentsSchema.add(<DENOMINATION>,
<attribute’s schema>,
ObjectSchema.<CARDINALITY>);

public boolean remove<Name>(<Type> elem) {
List oldList = this.<Name>;
boolean result = <name>.remove(elem);

. . . . return result;
Attribute’s schema can be specified either by usicigema

variable (done if the attribute is concept), orgeyting schema public void clearAll<Name>() {
from BasicOntology in the following way List oldList = this.<name>;
(TermSchema)getSchema(BasicOntology.<Type®pne  if <name>.clear();
the type of the attribute is Java class or a primitype).
Cardinality can be OPTIONAL (meaning one or nhone),
MANDATORY (meaning one and only one), or UNLIMITED
(meaning an array). public List get<Name>() {
Template for end of schema addition, constructod an return <name>
ontology base class:

}
public Iterator getAll<Name>() {
return <Name>.iterator();

}catch (java.lang.Exception €)
{e.printStackTrace();} o _
} After finishing the ontology generation agent césssre

} generated (step 5). One JADE agent class is crdéatesghch

agent internal view. Agent classes extend clgske.core
Concept and predicate classefor all concepts and pgent

predicates specified in the ontology diagram areecped
after creating the ontology base class. Each cancep public class <Name> extends Agent {
predicate class contains attribute  definitions and ) o
correspondingset and get methods. Predicate and concept Ontology and codec used in agent communication are
classes are generated by consequently adding tmmplePfivate attributes of the ontology class:
corresponding to des_criptions of z_;\II attributes. _ private Codec siCodec = new SLCodec():
Concept classes implement interfaC®ncept Predicate private Ontology onto =<Ontology base
classes implement interfaBeedicate class>.getinstance();

B. Agent Generation

public class <Name> implements

; Identifiers of agents that are needed in commuicicadre
Concept/Predicate {

added as private attributes, too:

Attributes  with sir_wgle c_ardinality (QPTIONAL or private AID <ID>= new AID("<Agent name>",
MANDATORY) are defined using the following template AID.ISLOCALNAME);

/lattribute <name>
private <type> <name>;
public void set<Name>(<type> value) {

Agent’'s beliefs that are defined in the internaéwiare
defined as private attributes:
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private <type> <attribute’s name>;
Setup method consists of the following templates:
public void setup () {
Codec and ontology registration:
getContentManager().registerLanguage(
slCodec);
getContentManager().registerOntology(onto);
Addition of message receiving behaviour:

addBehavior(new <Name>ReceiveBehavior ());

Startup rules from agent’s internal view:

}
}

Exception handling can be added in such a way:

catch (Codec.CodecException ce) {
ce.printStackTrace();

}
catch (OntologyException oe) {
oe.printStackTrace();

}
}
else
{
block();
}
}
}

if (<condition>) <action>; A single classSendBehavioris generated for message
else <action>; sending actions of all agents, because messageingend

} behaviours are identical for all agents. This béhavis a one-
shot behaviour and it needs three parameters (gessa

Files of agent classes contain behaviour classes, tcontent, performative and receivers) for creatibherefore,

Generation of these classes is described in thesogsection.

C. Behaviour Generation

Behaviour classes are defined for all agent actions

Additionally, a message receiving and sending bielas are
defined. Message receiving behaviour is defineihiaesr class
of all agent classes. This class exte@glicBehaviorand
only method action() is redefined using the following
template:

private class <Agent’'s name>ReceiveBehavior
extends CyclicBehavior{
public void action(){

Firstly, the message is checked, if the correcblogy is
used in it. It is done using message template:

MessageTemplate mt =
MessageTemplate.and(MessageTemplate.Ma
tchLanguage(slCodec.getName()),
MessageTemplate.MatchOntology
(onto.getName()));

ACLMessage msg =myAgent.receive(mt);

if (msg!=null) {

try
{

ContentElement ce = null;
ce = getContentManager().
extractContent(msg);

Message receiving rules are added using the fatigwi
template:

if (<condition>) <action>;
else <action>;

For example, check if a certain predicate is resiis
carried out in the following way:

if (ce instanceof <Predicate class>) {
<actions>

constructor and methaattion()are overridden:

private class SendBehavior extends
OneShotBehaviour{
private ArrayList receivers;
private Object content;
private int performative;
public SendBehaviour(ArrayList receivers,
Object content, int performative) {
super();
this.receivers=receivers;
this.content=content;
this.performative=performative;

public void action(){
try {
ACLMessage msg = new
ACLMessage(performative);
for (int i=0; i<receivers.size(); i++)
msg.addReceiver((Agent)
(receivers.get(i)));
msg.setOntology(onto.getName());
msg.setLanguage(siCodec.getName());
getContentManager().fillContent(msg,
(Predicate)content);
this.myAgent.send(msg);

catch (Exception ex) {
ex.printStackTrace();

}
1

Other behaviour classes are generated in the filtpway.
Internal behaviour classes are implemented as iclasses in
agent class, external behaviour classes are defind same
holon as agent. Classes are generated automatieatiypt the
action method, which is written manually. Behavialasses
are subclasses of behaviour base class accordintheto
behaviour's type @neShotBehavior, CyclicBehavjoetc.).
The following template is used:
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TABLE 2
JAVA ELEMENT GENERATION FROMMASITS DIAGRAMS

private class <Behaviour’'s name> extends
<Superclass>{
public void action {

/IThis part has to be written manually No. | Diagram Java element
} 1. Ontology diagram Ontology package
} Ontology base class

Code fragments in agents’ setup
methods, message sending and
receiving behaviour classes

If agents are implemented as holons then each dgmamt
the holon is generated using the same algoriththeasigher
level agents. The following steps are carried ougénerate
each holon designed in the holon diagram:

e Agents of each holon are generated in the packaafe t
has the name of the holon. Thus, the package didlon
is created in the package of it's superholon.

e Do steps 5-7 of the generation algorithm for therdag
and behaviours of the holon.

Agent diagram Agent’s class

Batch file used to startdystem

Deployment diagram

To summarise code generation from diagrams and thei
elements, pairs of generation sources and targetmeluded
in Tables 2 and 3. Table 2 summarizes usage of evhol
diagrams in code generation; Table 3 summarizese cod
generation from separate elements.

Finally, a batch file used to start system is getest. This  After code generation by the tool, the programnzer fo do
file contains commands to start JADE platform, eamgrs and the following additional jobs. Firstly, completeetitode of

agents. The following templates of commands aréuded. behaviour classes by writingiction methods. Secondly,
Set classpath: develop a user interface for the system. Methodsamof

interface used by interface agents are definecht@raction
diagrams. These methods can be partly generated fine
interaction diagrams. Implementation of this getierais part
of the future work.

D. Batch File Generation

java -classpath .;<path to jade libraries>

Start JADE:

i . < >
jade.Boot <parameters IV. CONCLUSIONS

Start additional containers (specified in deploymen In the absence of a general purpose tool whichwallo
diagram) if necessary: domain-specific diagrams and rules to be pluggéal-inand
used, a specific tool for multi-agent based ITSal@yment is
proposed. The main advantages of the proposedateothe
following. The tool supports the whole life cycld 6rs
development, thus, there is no need for any adudititools. A
well known agent development environment (JADEused
for implementation. The tool provides consistentyeaking

jade.Boot - container <parameters>

Start agents specified in the deployment diagram:

<Agent's name>:<Agent’s class>

TABLE 3
JAVA ELEMENT GENERATION FROMMASITS DIAGRAM ELEMENTS

No. Diagram element Java element
1. Concepts and predicates Concept or predicads cla
Concept/predicate name definition in ontology class
Schema elements in ontology base class
2. Attributes of concepts and predicates Attribunesoncept and predicate classes and accordirandeget methods
Attribute’s name definition in ontology class
Schema elements in ontology base class
3. Agent’s belief Attribute in the agent’s class
4 Agent’s action Behaviour class
5. Message and event processing rules Messagdeingdeehaviour (class and instances in agent etgss
6. Startup rules Code fragment in the setup method of agent class
7. Message link in interaction diagram Agents’ iifeers as attributes in agent classes
8. Agent’s instance Agent startup code in thelbéte
9. Holon in the holon hierarchy diagram Holon’s eege
10. Platform Platform startup code in the batch file
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and important crosschecks during the developmesystem,
so helping to find possible errors. Finally, Javasses are
generated from diagrams created during the design.

The MASITS tool is intended for multi-agent based

intelligent tutoring system development. Howevércan be
used to develop other purpose multi-agent systespecially
multi-agent systems that have similar charactesst> multi-
agent based ITSs. The most important preconditit;ms
successfully use the MASITS tool for other agerierted
software are the following: the requirements of gystem
must include goals and functionality, not orgarnsl
structure or agents. The set of agents used toemmait the
system must come from the domain specific researdtas to
be defined using some other tools. Additionallye #ystem
must be implemented
transformation rules are developed for ITS develepimthey
can be reused in general purpose agent developioastto
create the functionality for generation of JADE edtbm the
design.

A simple case study of the MASITS methodology aoml t
has been developed (for details see [21]). The dp&nfor
teaching the course “Fundamentals of Artificialeligence”
is implemented. The MIPITS system adapts exerdisethe
preferences and characteristics of each learnés.dpen for
new types of exercises that can be introducediysadding
new agents. The case study proved that techniqetsled in
the methodology are suitable for
Crosschecks carried out using interdiagram links/@d to be
useful to find design errors. The tool was capablgenerate
20-60% of the code of agent classes and ontolaxgsek were
generated completely.

Our future work is to evaluate the complexity of thange
implementation into the developed open ITS by aglditore
types of tasks into it. Additionally, development more
complicated ITSs with the methodology and toolast pof the
future work.
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Egons Lavendelis, dnis Grundspepkis. Daudzagsentu sisemas sakgotu intelektualu macibu sisemu koda genereSana ar MASITS riku

Lai an eksist vairaki agentu izstiides Tki, specifisku gentos sakotu Intelektdlu Macibu Sisemu (IMS) izstades tku nav. T&u IMS-am ir specifiskas
ipadbas, kas irgnem \era, tas izstadajot. Visparigas gzentorienttas programmatas izstdides metodolgijas un idz ar to s atbalstoSieiki nepietiekami
atbalsta sismu ar tidam ipa3bam, ki IMS-as, izstidi. Bez tam, visprigas metodolgijas neatbalsta protrhsferas specifisku likumu un diagrammu
pievienoSanu unidz ar to ar IMS-u pEtijjumos iegito zinaSanu izmantoSanu izattes gaii. Neeksistjot visparigiem fikiem, kaslauj tos papildiat ar
probEmspecifisim zinaSaram, likumiem un diagramam, raksi ir piedavats MASITS fiks, kas atbalsta specifiskuzemtos sakotu IMS-u izstides
metodol@iju MASITS. MASITS metodolgija ir veidota atbilstoSi IMS-dpa3bam un iekauj izstides procesa konteshoamigakas ziraiSanas no IMS-u
petijumiem. Aprakstais fiks atbalsta visas IMS-u iz&ttes fizes, kot no praghu analzes un beidzot ar readi@ju. Prasbu andizes un projekSanas #zém
riks ielauj atbilstoSu diagrammuirséSanas funkcionaliti. Realizcijas fz& riks lauj genegt sisemas kodu, izmantojot projei&anas laik izveido&s
diagrammas. Ar MASITSIku izstidatas sistmas tiek realiztas JADE platforra. Lidz ar to, ks gene€ ontolazijas, azentu un to uzvatiu Java klases. Raksts
saturisu kodagenegSanas laik izmantoto diagrammu aprakstu un detlis algoritmus JADE platformai atbilstoSa Java kgeleeeSanai noam.

9ronc Jlapenaemuc, Aanc I'pynacnennkuc. I'eHepanus koaa sl HHTEJIEKTYaILHOH o0y4alomiell cCHCTeMbl, OCHOBAHHOWH HAa HHTE/JIEKTYaJIbHBIX
areHTax, ¢ HCMoJb30BaHueM nporpammel MASITS

HecmoTps Ha T, 4TO Ha NAaHHBI MOMEHT CYIIECTBYIOT Pa3IM4YHbIC MPOrPAMMHBIC TIPOAYKTHI Ul CO3/IaHHs CHCTEM Ha OCHOBE MHTEIUICKTYalbHBIX areHTOB, HU
O[lHA W3 CYIIECTBYIOIIMX HPOTPaMM HE CHELUaIM3UpOBaHAa Ha pa3paboTKy HHTEIeKTyalnbHbiX oOy4arommx cucreM (MOC). MOC obnagaer psigom
XapaKTEePHUCTHK, KOTOpbIE HEOOXOAMMO OpaTh BO BHHMaHHE, pa3pabaTbiBasi JaHHbIC cucteMbl. OOILMe METOI0JI0rNH Pa3pabOTKH areHTHO-OPHEHTHPOBAHHBIX
CHCTEM, M M COOTBETCTBYIOIIHE CPEbl pa3pabOTKH, B JOCTATOYHOW CTENEHH HE MoijepkuBaioT B ocobeHHocTH MIOC. OOIlue MEeTOR0NOTHH HE TTO3BOJISIOT
HPHCOEANHSATH CIENUAITH3UPOBAHHbIC TIPaBUIIA U AUArPaMMBI, Hcronb3yeMsie npu coznanuu MOC. TakuM o6pa3oM, yuuThIBas HEAOCTATKH OOLIMX METOJOB H
HHCTPYMEHTOB, ObLIa pa3paboTaHa METOMOIOTHS UL CO3AaHMs areHTHO-opreHTHpoBaHHBIX IOC MASITS. MeTononorus y4uTsIBacT 0OCOOSHHOCTH pa3paboTKu
NOC, BblIeneHHBIC B XO/C HCCICAOBAHMIT, MPOBEACHHBIX B JaHHON o0iacti. Ha 0CHOBE MpeioKeHHOI MeToR0I0rny ObLT pa3paboTaH NPOrPaMMHBIH IIPOLYKT
MASITS. Cucrema MASITS nonnepxuBaer Bee dtansl pazpadotkn MOC, HaunHas ¢ aHaim3a TpeOOBaHMIT M 3aKaHYHMBAsl BHEAPEHUEM U 3aIyCKOM CHCTEMBL.
Js cbopa u aHanm3a TpeOOBaHMII MpeIaraeTcss UCHOIb30BaTh cooTBercTByomue MASITS nuarpamMMsl, Ha OCHOBE KOTODPBIX B JQJIbHEHIIEM IIPOHCXOMUT
aBTOMATHUeCKas TeHepanus Koaa. [t pa3paOoTKH U BHEIPCHUS HHTEIUIEKTYalIbHBIX areHTOB HCToNb3yercs miartdopma JADE. Takum obpasom JAVA kimaccst
JUIsL 0TOOpaXKEHHsl OHTOJIOTHIA, areHTOB UM MX MOBEJCHUS T'CHEPHPYIOTCS Ha OCHOBE JHarpaMM, MOJATOTOBICHHBIX HA 3Tale NMPOCKTHpOBaHMs. JlaHHas craThs
BKJIIOYAET KPaTKHil 0030p JUarpamm, a Takxke AeTaJbHOE OMHMCAHUE aITOPHUTMOB, HCIIONb3yEMBbIX I TEHEPALMH KOJa.

36



