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1. Introduction

Extensive research in the agent oriented software engineering (AOSE) is ongoing. Several agent
oriented software engineering methods and methodologies have been proposed, for example, Gaia [1],
Prometheus [2], PASSI [3], Agent UML [4], MAS-CommonKADS [5], etc. Majority of
methodologies include an approach for the design phase.

At the same time Intelligent Tutoring Systems (ITS) are studied at their own. Traditionally ITSs
consist of three modules, namely a tutoring module, a student module and an expert module [6].
During the last decades agents and multi-agent systems are widely used for ITSs development. Multi-
agent based ITSs consist of specific agents that are intended to implement specific and complex
process of tutoring. Sets of agents are developed to implement modules of ITSs [7]. Our previous
work [8] has proved that a specific multi-agent architecture for ITSs development is recommendable.
The proposed architecture facilitates both the development and maintenance of the system. All
research work in the area of ITSs indicates that specific knowledge should be taken into consideration
during the design of ITSs. Still, there are no specific approaches for multi-agent based ITS design.
Moreover, none of the existing general-purpose methodologies provides easy usage of existing set of
agents or agent architecture during the design phase. Thus, usage of ITS research results in the design
of ITS is difficult unless specific design approach is developed.

The most part of the design approaches (including the majority of abovementioned methodologies) are
independent from the concrete platform, i.e. these methodologies use either their own design concepts
or common-known agent design concepts. This promotes a wider usage of design approaches.
However, it is hard to convert the design concepts to concepts used in different agent platforms. As
Massonet and colleagues have shown in [9], every pair methodology-agent platform has almost unique
transformation from design to implementation concepts. Methodologies do not include these
transformations. Therefore the designer of the system has to define a transformation for the chosen
pair of the design approach and the agent implementation platform.

This paper describes a specific design approach for multi-agent based ITSs. The approach includes the
main ideas from both fields: AOSE and ITS. Additionally, it differs from the majority of
methodologies by using concepts from an implementation platform in the design phase. Such a choice
enables a direct code generation from diagrams created during the design. The remainder of the paper
is organised as follows. The second section describes the proposed approach in general. Sections three
and four describe two main stages of the design. Section five includes conclusions and future work.
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2. Proposed approach of ITS design

Design based on the proposed approach consists of two stages, namely, external and internal design of
agents. During the external design stage interactions among agents and functionality of them are
specified. At the internal design of agents, the internal structure of them is designed. Thus, a top down
approach is used.

During the description of the design we assume that requirements analysis of the system is already
finished. Moreover, during the requirements analysis two artefacts have been created and included in
the requirements specification. These artefacts are the following [10]:

e The goal model of the system that consists of the goal hierarchy and goal descriptions. Goals
are used to check if all system’s goals are accomplished by created tasks.

e The use case model that contains a use case diagram, descriptions and scenarios. Use case
scenarios are used for task definition. Tasks are defined according to steps included in
scenarios. Use cases also define interface agent tasks related to interactions with learners. Use
cases are used to create use case maps and to define interaction among agents.

The proposed approach includes main results from the ITS research into the design phase. We use the
holonic multi-agent architecture for ITS development [8]. The architecture is a hierarchy of holons. A
holon is an agent that consists of smaller agents and appears to its environment as a single agent. Each
holon is represented by its head, for details see [11]. The higher level of the hierarchy is the main
holon, consisting of the traditional set of agents used to implement ITS. These agents are an interface
agent, a curriculum agent, a tutoring strategy agent, a problem generation agent, a feedback generation
agent, a student modelling agent, a knowledge evaluation agent and an expert agent. This set can be
customized to adapt the needs of the specific system. Each of higher level agents can be implemented
as a holon. So, we propose to design hierarchical holonic multi-agent systems for ITS implementation.
We have chosen to use agent implementation platform’s concepts during the design process. This
allows a direct code generation from diagrams created during the design and transformation from
design concepts to implementation ones is not needed. We have chosen the JADE platform [12] as the
implementation platform, because it provides simple way to create Java agents and organise their
interactions. Agent communication in JADE is organised using predicates from the domain ontology.
Agents are Java classes and their actions are defined as behaviours. So, main implementation elements
are ontology, agent and behaviour classes. These elements must be specified during the design.

3. External design of agents

During the external design of agents the following steps are done:
e Creation of a task diagram (decomposition) according to use cases;
e Crosscheck of task diagram according to a goal diagram;
e Task allocation to higher level agents;
e Agent interaction design. Interaction design of each agent pair consists of four substeps:

o If interaction is too complicated to directly create interaction diagram, use case maps
are created.

o Interaction among agents is designed and specified in an interaction diagram.

o In case interaction between two agents consists of too many messages and diagram
becomes unreadable, the interaction among these agents is created in new diagram
called interaction detalisation.

o Initial ontology creation (is done simultaneously with previous two steps).

The algorithm for this stage is shown in Figure 1. The following subsections describe steps in detail.

3.1. Task decomposition and crosscheck
The first step of design is creation of task decomposition. As a result a task diagram is created. A task

diagram consists of one or more task hierarchies (trees). Task diagram is created by defining tasks
corresponding to steps defined in use case scenarios, i.e. a task is created for a single step or a few
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consecutive steps of the use case scenario. Task hierarchies are created by linking up tasks that can be
assigned to the same agents not by use cases or goals. So, a structure of the task hierarchy is different
from the goal hierarchy. The task diagram has the following notation: tasks are denoted with
rectangles, decomposition links are denoted with lines (see Table 1).

Create task
diagram

Create interaction
detalisation

All lower level
goals are achieved by
accomplishing created
tasks?

Check task
diagram against
goals

Refine task
diagram and use
case model

Y

Add interaction to Create appropriate Find a pair of interacting
interaction use case maps if agents whose interaction
diagram needed is not designed

[

Interaction diagram
readable?

Interaction of all
pairs of interacting
agents is designed

Refine ontology
diagram

Fig.1. Algorithm used for external design

After a task definition a crosscheck against goal diagram is performed. It is checked, if all lower level
goals from goal hierarchy are achievable by defined tasks. If some goals are not achievable, task
hierarchy and corresponding use case scenario(-s) are looked through. If scenarios include achieving a
goal then only additional tasks are added. If scenarios do not include needed steps to achieve a goal,
use case scenarios are redefined before defining additional tasks.
Table 1
Notation of the Goal Diagram

No. Element of diagram Notation

1. Task Task

2. | Task decomposition link

3.2. Task allocation to higher level agents

The second step of external design is task allocation to agents. During this step a task-agent diagram is
created. The diagram shows, which tasks are allocated to which agents. Task allocation is based on
ITS research, where a set of agents for ITS development are defined [7]. Each agent of the set is part
of one of the traditional ITS modules and is responsible for definite tasks. In our approach we use the
abovementioned holonic architecture and a set of higher level agents defined in [8]. Each of these
agents is responsible for a set of certain tasks. Thus, tasks defined in the previous step have to be
allocated to agents according to the ITS research, which can be summarised in the following way:
1. Interface agent or animated pedagogical agent are allocated to the following kinds of tasks:
1.1. Tasks related to starting a learning session (e.g. user identification, user information
retrieval and sending to other agents).
1.2. Tasks related to monitoring of user actions.
1.3. Tasks including interaction with the user. This is the only agent interacting with the user.
2. All subject matter related problem solving tasks are allocated to the expert agent.
3. The student modelling agent is allocated to the following kinds of tasks:
3.1. Learner’s level of knowledge and skills model building tasks.
3.2. Learner’s psychological characteristics modelling tasks.
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3.3. Learner’s interaction with the system registering tasks.

3.4. Determining tasks of learner’s mistakes and their causes.

3.5. Full student model creation task.

4. The knowledge evaluation agent is allocated to tasks related to learner’s solution evaluation
(by comparing it to the expert’s solution).

Generation, evaluation, updating of the curriculum is allocated to the curriculum agent.
Learning material choosing or generation tasks are allocated to the teaching strategy agent.
Test, task and problem generation tasks are allocated to the problem generation agent.
Feedback, explanations and hints generation tasks are allocated to the feedback generation
agent.

9. ITSs can have additional functionality, which is not included in the above mentioned
traditional agents. In that case designers use generic principles to create additional agents and
allocate remaining tasks to them. Such additional agents are needed in case if the system
includes some domain specific functionality, for example, patient modelling and sterility
agents of nurse education system Ines [13] are problem specific agents in medicine domain.

A task-agent diagram is a task diagram with added agents to tasks. Thus, notation of the task-agent
diagram is the same as notation of task diagram, only agents are added to tasks. It can be done in two
ways. If diagrams are drawn “on the paper” (or without any specific tools) the easiest way to specify
agent is to draw a rectangle around tasks that are allocated to it. If a diagram drawing tool is used, then
each task can have an agent name added to it. An example of task-agent diagram is given in Figure 2.
The example contains three task trees consisting of one, two and three levels.

P W

Curriculum agent Creation of the curriculum

- for the whole course
Creation of the
curriculum
Creation of the curriculum

to learn a specific topic

Teaching strategy agent

Creation of learning
matherial

Feedback agent

Feedback genaration Learner’s asked hint
Feedback and hint 4[ generation
generation
Hint generation

Hint generation based
on learner’s monitoring

Fig.2. Example of task-agent diagram
3.3. Use case map creation

Use case map creation is the first step of agent interaction design. An interaction is designed for each
pair of interacting agents, thus, the following two steps are done for each pair of interacting agents.
Additionally, an interaction between the user and the interface agent (or animated pedagogical agent)
is designed in the same way as an interaction between two agents.

In object-oriented approach use case maps are used to model the control passing path during the
execution of use case, for details see [14]. In multi-agent design use case maps include agents, their
tasks and message path among them. The message path corresponds to the use case scenario. The use
case map represents the use case scenario in a form where interaction among agents is shown
explicitly. Each link between two tasks can be considered as a message between respective agents.
Thus, after creating the use case map an interaction among agents can be easily specified just by
adding a message content.
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In the use case map agents are denoted by rectangle, starting point of the path is denoted by full circle,
branching is denoted by a diamond and task done inside the path is denoted by task’s name or number.
Path ends with bold line. Full notation of use case map is shown in Table 2. Example of use case map
is shown in Figure 3. For details of use case map usage for agent design see [14].
Table 2
Notation of the Use Case Map

No. Element of diagram Notation
1. Agent Agent
2. | Path —
3. | Starting point ®
4. | Branching point <
5. | End point |
6. Task Task or T1

3.4. Interaction design

During this step an interaction in the form of transferred messages is specified for each pair of agents.
Each message is specified as a link between two agents and its content (predicate sent). Predicates as
message content are chosen, because in the selected agent development platform predicates are used in
agent communication. This choice enables automatic transformation from the interaction design to
message sending implementation code.

As a result of this stage, the interaction diagram is created. The diagram consists of two main
elements, namely, agents and messages. Agents are denoted as rounded rectangles. Messages are
denoted as labelled links with full arrows between agent vertexes. Labels of message links are names
of sent predicates. The diagram includes the interaction between the interface agent and the user, too.
Thus, a few additional elements are added: the user (denoted as actor), events perceived by agent
(dashed line) and methods of interface called by interface agent (line with simple arrow).

In case an interaction between two agents consists of large number of messages, the interaction
diagram becomes unreadable. This is solved by detalisation mechanism, when an interaction between
a pair of agents is substituted with one link called detalisation link and an interaction among two
agents is specified in the special interaction diagram consisting of two agents (one of them can be the
user) and messages sent between them. A full notation of the interaction diagram is shown in Table 3.

Table 3
Notation of the Interaction Diagram

No. Element of diagram Notation

1. Agent [Agentj
2. | Message Predicate(—»
3. User %

User role
4. Event — —EVENT— —
5. Call of interface method Method ()—>
6. Interaction detalisation 1

An interaction among agents of each holon is modelled in one interaction diagram. One diagram called
higher level interaction diagram is created for higher level agents (higher level holon) and one diagram
is created for each lower level holon. A fragment of the interaction diagram is shown in Figure 4.
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L a —————
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Show problem StudentModel 9
(Curriculum, PsichProfile, TasksDone)
Fig.3. Example of use case map Fig.4. Fragment of the interaction diagram

3.5. Initial ontology design

During this phase the ontology diagram is created. The diagram is a model of the problem domain.
Concepts of the problem domain and predicates used in agent interaction are described. The ontology
diagram is a modified version of the class diagram. In fact, the ontology diagram is a class hierarchy.
Two superclasses are used:

e Concept — subclasses of this class are domain concepts.

e Predicate — subclasses of this class are predicates used in agent interactions as message

contents.

All other classes are subclasses of the abovementioned two superclasses.

Table 4
Notation of the Ontology Diagram

No. Element of diagram Notation
Name
L. Concep t Attributes

Name

2. Predicate T Attributes

3. Inheritance

The initial ontology diagram is created simultancously with the interaction design. During the
interaction design predicates included in messages are added to the ontology diagram. Concepts
needed to create predicates are added to the ontology diagram, too. Each concept and predicate is
added to the ontology diagram as subclass of one of the existing classes. Hierarchy is denoted by
inheritance links. Each class has attributes which have a name, a cardinality and a type. Attribute’s
type may be a primitive type, Java class or a concept defined in the ontology diagram. Predicates are
not allowed to be used as attribute types. Notation of the ontology diagram is shown in Table 4.
Initially created ontology diagram is refined during the agents’ internal design by adding predicates
and concepts used inside agents. A simple example of an ontology diagram is shown in Figure 5.

4. Internal design
After finishing the external design, a set of agents and tasks they have to accomplish are defined. The

aim of internal design is to specify the way, how these tasks will be accomplished. During this step
agent’s perception (message and events) processing, actions and beliefs are designed. Agent’s actions

53



are modelled using the agent diagram. Agent beliefs are described as attribute definitions. Such
approach allows automatic generation of agents’ source code using the created diagrams.

Concept Predicate
VAWV [ﬁ
Student Theme PlanForStudent
StudentiD: Int Id:Int Stud:Student
Login: String Name:String Goal: Theme
Surname: String SuperTheme:int Curriculum: Theme[1..*]
Name: String

Fig.5. Example of ontology diagram

Agents can also be realised as multi-agent systems or holons. In that case firstly the head of the holon
is designed as a higher level agent and secondly the body of the holon is designed as a multi-agent
system. The interaction diagram is used to create the external design of holon’s agents. A vertex of
each holon is also added to the holon hierarchy. Agent diagrams are created for holon’s body agents to
create their internal design.
To create the internal design of a particular agent, the following algorithm is used (see Figure 6):
1. Create agent’s internal view consisting of agent’s diagram, agent’s beliefs, message and event
processing rules, start-up rules and agent’s actions.
2. Refine the ontology diagram by adding concepts used in agent’s beliefs.
3. Ifagent is realised as a holon, the following steps are done:
3.1.The holon hierarchy diagram is created or refined;
3.2.Holon is designed:
3.2.1. Interaction diagram for the holon is created.
3.2.2. The ontology diagram is refined by adding concepts used in holon’s
interaction diagram.
3.2.3. Agent’s internal design for each agent is carried out, by doing all steps of this
algorithm.

Create agent'’s internal Refine ontology
view diagram
C Design holon Create zggpal;:erarchﬁ

Fig.6. Algorithm used for internal design

Agent realised as
holon?

4.1. Internal view of an agent

The main element of agent’s internal design is agent’s internal view, consisting of the following
elements:
e The agent diagram, including agent’s perceptions, messages sent by the agent, agent’s actions
and links among these elements.
Perception (message and event) processing rules.
Startup rules describing, what actions are done by an agent during the startup.
Agent’s beliefs.
Agent’s action list specifying implementation details of agent’s actions.
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Elements of agent’s internal view can be created in any order; however agent’s actions, beliefs and
perceptions are used in rules. Thus, it is advisable to perform internal design of each agent iteratively.
Each iteration can include design elements corresponding to either a set of perceptions or a set of
actions. Recommended order of design in each iteration is the following:

1. Define agents beliefs;

2. Add agent’s action(s) to agent diagram, create appropriate relationships and specify actions
properties in action list.

3. Create the rule(s) that process received perceptions and initiate an action or change agents
beliefs.

Agent diagram includes:

1. All messages sent and received by the agent. The agent diagram of holon’s head includes
messages designed in higher level interaction diagram and also messages sent to and received
from body agents of the holon.

2. Agent’s actions and interactions among them. So, agent’s plans are modelled.

3. Perceived events from the environment.

4. Agent’s actions to the user interface.

In the agent diagram the internal structure of an agent is represented with agent’s actions and
interaction among them. Actions are denoted with small rounded rectangles. Actions mainly are
initiated reacting on received messages or perceptions. Additionally actions initiated by time can be
used (denoted by a clock). Each social agent has at least two actions — message sending and receiving.
These actions are not depicted in the agent diagram. Instead received and sent messages have message
contacts like in structural modelling [15]. An agent can have four types of contacts: message receiving
contact, message sending contact, event receiving contact and action to external environment contact.
Each message, event or action is added to its own contact. A link from a contact to an action means
that corresponding production rule exists. The rule initiates the action if percept according to the
contact is received. A link from an action to a contact means that a message is sent (or action to
environment is performed) as a result of the action. Table 5 contains full notation of agent diagram.
An example of agent’s internal view is shown in Figure 7.

Table 5

Notation of the Agent Diagram

No. Element of diagram Notation
Agent
1. Agent 9
2 Action [Action]
3. | Action initiated by time (Acﬁon]
4 Link among actions - "
5 Message receiving contact H
6. Message sending contact E
. [ |
7. | Event perceiving contact ]
| \-
8. Action to environment contact [
\
9. | Message Predicate—w
10. | Event EVENT—»
11. | Action to environment (method of interface called) Method—
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Query DF problem

—— StudMod(Model)————»

RequestTask(Theme ——p» > ——TaskForStudent(Task)—m

Query body
agents

AgentList(Listy————pm > ——ProbGenAgentQuery ()

| RequestTask(Theme,

StudentModel) ’

—GeneratedProblem(Problem, Type i

Message and event reception RULES  Startup RULES BELIEFS ACTIONS
?H'Eilce}fqrg?:EStTaSk(Theme)) IF Holon Boolean holon Action Behaviour | Type

; THEN AND send (DF, StudModel SM Query DF QueryDF External, One-shot
AND send(MainStudAgent, Theme T
ReqgStudModel()) ProblGenAgentQuery()) ) Choose best problem | ChProblem | Internal, One-shot

boolean ModelReceived Query body agents QueryBAg | Internal, One-shot

IF Problems Received.size()==PGA size ProblGenAgenti [| PGA :
THEN LabUzd ProblemsReceived PR

Fig.7. Example of agent internal view

Agents’ beliefs are specified as pairs: <Type>, <Name>. Type can be either primitive type used in
Java language, Java class or ontology class (predicate or concept) from the ontology diagram.
Actions are described in a table containing the following columns: name of action, name of
corresponding behaviour class, type of action (one-shot, cyclic, timed, etc.), inner (implemented as
inner class in agents class) or outer (implemented as a class in the same package as agent) behaviour
class, type of action. Perception processing and start-up rules are designed as IF_ THEN rules. Rules
are created from the following templates:
1. IF THEN rule: IF <Condition> THEN <Action> ELSE <Action>. The following templates
can be used as condition: Received, Compare, Condition conjunction (AND), disjunction
(OR), negation (NOT), True (the condition that is always true). Templates Action, Belief Set,
Action conjunction (AND) and IF. THEN rule can be used as actions.
2. Received (Predicate) is a check if received message contains specified predicate.
3. Condition conjunction (AND) is true if and only if all arguments are true. Arguments can be
the same type as the IF part of the [F_ THEN rule.
4. Disjunction (OR) is true if at least one of the arguments is true. Arguments can be the same
type as the IF part of the IF. THEN rule.
5. Negation (NOT) is true if and only if the argument is false. An argument can be the same type
as the IF part of the IF. THEN rule.
6. Action. One of agent’s actions which is initiated when the condition holds.
7. Action conjunction (AND). Conjunction in THEN or ELSE parts denotes sequential action
execution from the left to the right.
8. Belief set. Sets value of one of the agent’s beliefs.
During the creation of agent’s internal view previously created initial version of the ontology diagram
is refined by adding concepts and predicates used in internal view of the agent. All concepts and
predicates used to specify agents’ beliefs are added to the ontology diagram.

4.2. Holon design

If the higher level agent is realised as a holon, then the internal view of an agent is created for the head

of the holon. Additionally design of holon’s multi-agent system is done, using previously described
agent design techniques. The main differences from higher level agents’ design are the following:

e Holon hierarchy design is done, resulting in the holon hierarchy diagram. The diagram shows

holons and hierarchical relationships among them. The diagram is created staring from higher

level holon and adding subholons to each holon. Notation of holon diagram is shown in Table
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6. Example of the diagram including eight second level holons according to the multi-agent
architecture for ITS development is shown in Figure 8.

e During the external design of holon’s agents only the interaction design is done.

e The interaction diagram is extended, allowing designing open holons. The holons’ interaction
diagrams may contain sets of typical agents. A typical agent means that an open holon
contains a set of typical agents, but number of agents and concrete instances are unknown. So,
open holons can be designed just by specifying types of agents that can be added to the holon.
The directory facilitator agent is also included to allow finding real instances of the typical
agents. Extension of the interaction diagram’s notation is shown in Table 7.

Table 6 Table 7
Notation of the Holon Hierarchy Diagram Notation Extension of Interaction Diagram
No. Element of diagram | Notation No. Element of diagram Notation
1. | Holon { Holon } 1. | Yellow pages agent ag:m
2. | Hierarchical link —_— 2. | Set of typical agents Set of
agents

-
Teaching . Problem Feedback
Curriculum . .
strategy holon generation || generation
holon holon holon

Fig.8. Example of holon diagram

Student
modelling
holon

Knowledge
evaluation
holon

Interface
holon

After the holon’s interaction design agents’ internal views are created in the same way as internal
views of the higher level agents. At last, previously created diagrams are refined in the following way:
e The ontology diagram is refined by adding concepts and predicates used in agents’
communication and beliefs.
e Incoming and outgoing messages of the head of the holon are refined by adding messages sent
to and received from body agents of the holon.
Each agent at any level can be realised as a holon itself. In that case holon design is repeated for the
agent realised as a holon. So, the design approach fully supports the hierarchical multi-agent
architecture for ITS development described in [8].

5. Conclusions and future work

The specific design approach for multi-agent based ITSs has been proposed. The proposed approach is
a graphical one — it contains a set of diagrams to be created during the design. Knowledge from ITS
research is included, too. Although the approach is developed for ITS development, diagrams can be
used also to develop different purpose multi-agent systems. In that case the domain knowledge of
agents and their architectures have to be added to the approach. The proposed approach clearly
separates two stages of design, allowing designing multi-agent system first and only after that
designing individual agents.

The design of the multi-agent system is carried out in concepts that are used in the well known agent
development platform JADE. So, transformation between concepts used in design and implementation
phases is not necessary. Moreover, it is possible directly generate partial Java code of agents.

Despite the case study enabling the evaluation of the proposed approach in more details is still under
development, we think that the abovementioned advantages of the approach make it a promising one.
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Our future work is to develop algorithms for code generation from diagrams developed in the design
phase. A design tool using the proposed design approach and code generation algorithms is planned,
too. Approaches for later phases of the software development life-cycle are being worked out and will
be integrated to create a full life-cycle methodology for multi-agent based ITS.
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Lavendelis E., Grundspenkis J. Daudzagentu sistemas saknotu intelektualu mdacibu sistemu projekteSana

Projektéjot daudzagentu sistémas saknotas intelektualas mdcibu sistémas ir nepieciesams pemt vérd pétijumu
rezultdatus no divam sferam — agentorientetas programmatiras inzenierijas un intelektudalu mdacibu sistému
izpétes. Tade| ir nepiecieSamas projektésanas pieejas, kas ieklauj galvenas atzinas no abam sim sferam. Tacu
Sadas pieejas neeksisté. Saja raksta ir piedavita daudzagentu sistemas sakpotu intelektualu macibu sistemu
projektésanas pieeja, kas ieklauj galvenas idejas no abam minétajam sferam. Piedavata projektesanas pieeja
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paredz projektésanu veikt divas stadijas: arejas projektéSanas stadija un agentu iekséjas struktiras
projektéSanas stadija. Aréjas projektéSanas stadija tiek projektéta agentu uzvediba uz aru un mijiedarbiba starp
agentiem. Saja stadija tiek veikti sekojosi soli: uzdevumu modeléSana un pieskirsana agentiem, lietosanas
gadijumu karsu izveide sarezgitakajiem lietoSanas gadijumiem, agentu mijiedarbibas projektésana un ontologiju
izveide. Sis fazes laika agenti tiek definéti atbilstosi holoniskai agentu arhitektiirai intelektudlu macibu sistému
realizdcijai. leksejas struktiiras projektesanas stadija tiek projektéts agenta iekseja struktira, kas tiek attélota
speciala diagramma — agenta iekséja skata. Agenta iekséjais skats sastav no darbibam, saitém starp tam,
iendkoso zipojumu un uztveru apstrades likumiem un agenta parliecibam. Aplikoto projektésanas pieeju ir
planots iekjaut pilna dzives cikla metodologija daudzagentu sistémas saknotu intelektualu mdacibu sistemu
izstradei. Projektesana tiek veikta izmantojot JADE agentu platformas konceptus un tadé] ir iespéjams veikt
JADE agentu Java koda generésanu no izveidotajam diagrammam.

Lavendelis E., Grundspenkis J. Design of Multi-Agent Based Intelligent Tutoring Systems

Research of two fields, namely agent oriented software engineering and intelligent tutoring systems, have to be
taken into consideration, during the design of multi-agent based intelligent tutoring systems (ITS). Thus there is
a need for specific approaches for agent based ITS design, which take into consideration main ideas from both
fields. In this paper we propose a top down design approach for multi-agent based ITSs. The proposed design
approach consists of the two main stages: external design and internal design of agents. During the external
design phase the behaviour of agents and interactions among them are designed. The following steps are done:
task modelling and task allocation to agents, use case map creation, agent interaction design, ontology creation
and holon design. During the external design phase agents and holons are defined according to the holonic
multi-agent architecture for ITS development. During the internal design stage the internal structure of agents is
specified. The internal structure of each agent is represented in the specific diagram, called internal view of the
agent, consisting of agent’s actions and interactions among them, rules for incoming message and perception
processing, incoming and outgoing messages, and beliefs of the agent. The proposed approach is intended to be
a part of the full life cycle methodology for multi-agent based ITS development. The approach is developed using
the same concepts as JADE agent platform and is suitable for agent code generation from the design diagrams.

Jlagenoenuc E., I'pynocnenkuc A. Ilposxmuposanue unmenekmyainux cucmem 00y4eHus 0CHOGAHHUX HA
MHO20A2EHMHUX CUCIHEMAX

Ipoexmupys obyuarowue cucmemvl OCHOGAHHbIE HA UHMEIEKMYAIbHbIX dA2eHMAX, HeoOX00umMo 6pamsv 60
BHUMANUE 084 HANPABNEHU: MemoObl pa3paboOmKu U NPOEKMUPOBAHUS UHMENEKIMYANbHbIX (2EeHMO8 U
uccredoganusi 8 oorocmu obyuarowux cucmem. Ha oannuii momenm ne cywjecmeyem nooxo008 00bedeHsuux
06a memooa. B oannoil nayunoi cmamee paccmomper nooxo0 npoeKmupo8aHuUs UHMENEKMYAIbHUX CUCTEM
00yUeHUs, GKIIOUAIWUL OCHOGHble Udeu U3 00eux eviiie YROMAHYmbIX Nnooxo0os. IIpednodcenuvitl memoo
NPOEKMUPOBAHUSL GbINOMHAEMC 6 08e IMANA: IMAN BHEWHE20 NPOEKMUPOBAHUSL U IMAN NPOEeKMUPOBAHUs
sHympennell cmpykmypul azcenmos. Ha smane @newine2o npoexmupogamus co30aemcsi MOOeb GHeUlHe2o
nosedenus azeHma U MOOelb G3aUMOOeUCmeUs a2enmos. JlaHHblli d9man cocmoum u3 Credyiouux wazog:
Modenupoganue 3a0aHull U NPUCBOEHUE 3A0AHULL A2eHMaM, NOCMPOEHUe KAapm 8apUAHMO8 UCHOIb308AHUs 05
Hauboiee CLOJNCHBIX BAPUEHMOS8 UCNONb30BAHUL CUCTEMbL, NPOECKMUPOBAHUE B3AUMOOCUCMBUSL A2eHMO8 U
co30anue onmonozuu. Ha smane npoexmuposanus 6Hympennei cmpykmypbl d2eHmo8 co30aemcst 6HYmMpeHHull
BUO A2EHMOB, KOMOPbIL NPEOCMABNISAEMCs 8 ude OUASPAMMbL Ompasicaioujell. 0eiucmsusl, 3auUMOCes3U MeHcoy
oeticmeusimu, 6xo0suue coooujeHUs, 3aK0Hbl 0Opabomxu gocnpusmuil u yoexicoenus: acenma. Pacmompennviil 6
cmamve nooxo0 NIAHUPYEmcsi GKIIOYUMb 8 MEMOO0I02UI0 pa3pabomKu 00YyHaowux UHGOOPMAYUOHHBIX cUCTEM
OCHOBAHHBIX HA A2EHMAX, KOMOPAs 0000wWum 6eCb HCUZHEHHbIU YUKl npoekma. IIpoexmuposanue 6bInOIHACMCS
¢ ucnonvzoganuem Konyenmos niam@popmol JADE, ecredcmsue ue2o cyujecmeyem 603MONCHOCHb HA OCHOBE
ouazpamm 2eHepupo8amsv K00 NPopamM.
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