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Outline of the Tutorial

� Part 1 - Introduction to agent-oriented software 
engineering
– software engineering
– agents and multi-agent systems from a software engineering 

perspective

� Part 2 – Overview of agent-oriented modeling 
languages

� Part 3 – Overview and evaluation of agent-oriented 
methodologies
– evaluation techniques
– evaluation framework
– overview, evaluation, and implementation issues of 4 

representative methodologies

�

Part 1

Introduction to Agent-Oriented 
Software Engineering
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What is Software Engineering

� Software complexity is high and increasing
� To meet (functional, non-functional and cost) 

requirements:
– it must be built with a disciplined, engineered, approach

� There is a need to model and engineer both:
– the development process:

• controllable, well documented, and reproducible ways of 
producing software

– the software:
• well-defined quality level (e.g., % of errors and performances)
• enabling reuse and maintenance

� Requires:
– abstractions, methodologies and tools
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Software Engineering Abstractions 

� Software deals with “abstract” entities, having a real-
world counterpart:

• numbers, dates, names, persons, documents ...

� In what terms should we model these entities in 
software?

• data, functions, objects, agents …
• i.e., what are the ABSTRACTIONS that we have to use to model 

software?

� The abstraction should be independent from a specific 
technology (e.g., architecture, programming language)

• For example, OO abstractions can be used for OO programming 
environments. But it can be used for, e.g., COBOL programming 
environments as well
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What is a Methodology ? (1)

1: a body of methods, rules, and postulates 
employed by a discipline: a particular 
procedure or set of procedures

2 : the analysis of the principles or procedures 
of inquiry in a particular field 

(Merriam-Webster)

� But when referring to software: A methodology is 
the set of guidelines for covering the whole 
lifecycle of system development both technically 
and managerially
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What is a Methodology ? (2)

A methodology for software development:
– is intended to discipline software 

development
• determines which artifacts to produce and 

when

– defines the abstractions for modeling 
software:

• data-oriented methodologies, object-oriented 
ones …
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The Spiral Model of Incremental 
Development Process

� The phases of software development:
– independent of programming paradigm
– methodologies are typically organized around this 

classical process
• inputs, outputs, internal activities of “phases”

planningplanning risk analysisrisk analysis

engineeringengineeringcustomer evaluationcustomer evaluation

build1

build2

build3

build4
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Tools

� Notation tools:
– to represent the outcomes of the software 

development phases:
• diagrams, equations, figures …

� Formal models:
– to prove properties of software prior to 

development
• lambda and pi calculus, UNITY, Petri-nets, Z ….

� CASE tools:
– to facilitate activities:

• Simulators, rapid prototyping, code generators
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Example: 
Object-Oriented Software Engineering

� Abstractions:
– objects, classes, inheritance, services

� Methodologies:
– Object-oriented, Process, Environment and Notation (Open)
– Rational Unified Process (RUP)
– Rapid Object-oriented Process for Embedded Systems 

(ROPES)
– UDP (Rumbaugh), object-oriented analysis and design
– centred around the object-oriented abstractions

� Tools:
– UML (standard), E-R, class lattices, finite state automata, 

visual languages …
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Why Agent-Oriented Software 
Engineering?
� Software engineering is necessary to 

discipline:
– software systems and software processes
– any approach relies on a set of abstractions and 

on related methodologies and tools
� Agent-based computing:

– introduces novel abstractions
• requires clarifying the set of necessary abstractions
• requires adapting methodologies and producing new 

tools 

� Novel, specific agent-oriented software 
engineering approaches are needed!
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What are Agents?

� A controversial issue:
– no wide agreement on what an agent is

� Two major viewpoints:
– the (strong) artificial intelligence viewpoint:

• an agent is proactive, intelligent, and must conversate
(P2P) instead of doing client-server computing

– the (weak) software engineering viewpoint
• an agent is a software component with internal (either 

reactive or proactive) threads of execution, and that can 
be engaged in complex and stateful interaction protocols
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What are Multi-Agent Systems?

� The (strong) artificial intelligence viewpoint
• a multi-agent system is a society of individual (AI 

software agents) that interact by exchanging knowledge 
and by negotiating with each other to achieve either their 
own interest or some global goal

� The (weak) software engineering viewpoint
• a multi-agent system is a software system made up of 

multiple independent and encapsulated loci of control 
(i.e., agents) interacting with each other in a specific 
application context
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Key SE Agents Characteristics

� Basic 
– autonomy & proactivity

– situatedness

– interactivity

� Additional
– mobility & locality

– openness

– learning & adaptation
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MAS Characterisation

 

Environment 

Agent Agent 

Agent 
Agent 

Agent 

Agent 

Organization 

Inter-agent 
Interactions 

Access to the 
Environment 
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Agent-Oriented Abstractions

� The development of a multi-agent system should 
exploit abstractions coherent with the above 
characterization:
– agents: autonomous entities, independent loci of 

control, situated in an environment, interacting with 
each other

– environment: the world of resources agents perceive
– interaction protocols: the rules of interaction 

between agents 
� In addition, there may be a need of abstracting:

– the local context where an agent lives (e.g., a sub-
organization of agents) to handle mobility & openness

� Such abstractions translate into concrete entities 
of the software system
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Agent-Oriented Methodologies

� There is a need for SE methodologies
– centered around specific agent-oriented abstractions
– OO methods might be insufficient to express these 

agent abstractions
� Each methodology may introduce further 

abstractions
– for modeling software and for organizing the software 

development process
• e.g., roles, organizations, responsibilities, beliefs, desires and 

intentions…
– not directly translating into concrete entities of the 

software system
• e.g. the concept of role is an aspect of an agent, not an agent
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Agent-Oriented Tools

� SE requires tools to
– represent software

• e.g., interaction diagrams, E-R diagrams

– verify properties
• e.g., Z, formal notations

� AOSE requires
– specific agent-oriented tools

• e.g., UML is not suitable to model agent 
systems and their interactions
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Intermediate Summary

� A software engineering paradigm defines:
– the set of abstractions to be used in software 

development and, consequently,
– methodologies and tools

� Agent-oriented software engineering defines
– abstractions of agents, environments, interaction 

protocols, contexts
– specific methodologies and tools
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Reminder: A methodology is the set of guidelines for 
covering the whole lifecycle of system development

When evaluating it, we need to check whether it provides 
the following: 
– a full lifecycle process
– a comprehensive set of concepts and models
– a full set of techniques (rules, guidelines, heuristics)
– a fully delineated set of deliverables
– a modeling language
– a set of metrics
– quality assurance
– coding (and other) standards
– reuse advice
– guidelines for project management

What is a Methodology ? (once again)
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Agent-Oriented Methods -
Knowledge Engineering Approach

� Knowledge engineering is the process of 
eliciting, structuring, formalizing and 
operationalizing information and knowledge
– advantages

• provides techniques for modeling the agent’s knowledge

– drawbacks
• does not address software engineering criteria

– examples
• DESIRE (Treur, Jonker, Brazier)
• MAS-CommonKADS (Iglesias, Garijo, Gonzalez, 

Velasco)
• Tropos
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Agent-Oriented Methods -
Software Engineering Approach

� Software engineering abstraction is focused on the 
object-oriented paradigm
– advantages

• some claim that an agent is an active object (thus OO provides 
everything we need)

• commonly used and popular
– drawbacks

• agent communication is not just method invocation
• there is no reference to the mental state of the agent

– examples
• AUML (Agent Unified Modeling Language) – Odell et al.
• GAIA – Wooldridge, Jennings, Kinny, Zambonelli
• ADEPT – Jennings, Faratin, Norman, O©Brien
• MESSAGE/UML - EURESCOM Project 
• MaSE (Multi-agent Software Engineering) – DeLoach
• OPM/MAS – Sturm, Dori, Shehory
• Prometheus – Padgham, Winikoff et al.

� �

Part 2

Overview of Modeling Languages
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Modeling Language

� A modeling language is a means for specifying 
the requirements of an organizational or 
software system on a ©top© or architectural level

� Reviewed modeling languages:
– Agent Unified Modeling Language (AUML)
– Agent Modeling Language (AML)
– Object-Process Methodology for Multi Agent 

Systems (OPM/MAS)
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AUML

� Agent Unified Modeling Language is based on UML
� AUML is not a language yet, it is a proposal
� Extended with the following:

– organized special agent class
– new concept of role
– new Agent Interaction Protocol Diagrams

� Developers
– Bernhard Bauer, Massimo Cossentino, Stephen Cranefield, Marc-

Philippe Huget, Keven Kearney, Renato Levy, Marian "Misty" 
Nodine, James Odell, Radovan Cervenka, Paola Turci, Hong Zhu
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AUML – Life Cycle Coverage
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UML

� Structural diagrams 
– class diagram - a class diagram is a graph of 

Classifier elements connected by their various 
static relationships

– object diagram - an object diagram is a graph of 
instances, including objects and data values

– component diagram - a component diagram 
shows the dependencies among software 
components, including the classifiers that specify 
them and the artifacts that implement them

– deployment diagram – a deployment diagram 
shows the configuration of run-time processing 
elements and the software components, 
processes, and objects that execute on them
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UML

� Behavior diagrams
– use case diagram - use case diagrams show actors and 

use cases together with their relationships
– sequence diagram - a sequence diagram presents an 

interaction, which is a set of messages between 
ClassifierRoles within a collaboration

– collaboration diagram - a collaboration diagram presents 
the dynamic interaction of the objects in a system 

– statechart diagram - a Statechart diagram represents the 
behavior of entities capable of dynamic behavior by 
specifying its response to the receipt of event instances

– activity diagram - an activity diagram is essentially a 
flowchart  showing the flow of control from activity to 
activity
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UML
� Model management diagrams

– packages - a package is a grouping of model elements
– subsystems – a subsystem represents a behavioral unit in the 

physical system, and hence in the model
– models - a model captures a view of a physical system. Hence, it is 

an abstraction of the physical system with a certain purpose
� Extension mechanism

– constraints - a constraint is a semantic relationship among model 
elements that specifies conditions and propositions that must be
maintained as true; otherwise, the system described by the model
is invalid

– comments - a comment is a text string attached directly to a model 
element

– stereotypes - a stereotype is a new class of metamodel element 
that is introduced at modeling time

– tags - a tag definition specifies the tagged values that can be 
attached to a kind of model element
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agent-class-name / role-name1,
role-name2, …

state-description

actions

methods

agent-head-
automata-name

[constraint] society-name

capabilities, service descriptions,
supported protocols

CA-1/
protocol

CA-1/
protocol

CA-2/
protocol

not-under
-stood

CA-2/
protocol

default

AUML – Agent Notions
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CA-1/protocol

«actions» +methods-a()
«methods» +methods-m()

«state-description» -fields

«agent»
agent-class-name / role-name1, role-name2,

...

default

CA-2/protocol CA-2/protocol

default

CA-1/protocol

[constraint]
society-name

capabilities,service
description,supported
protocols

AUML – Agent Notions in UML
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AUML – Agent Interaction Protocol

EASSS 2008 Agent-Oriented Software Engineering 
 


AUML – Agent Interaction Protocol
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AUML – Extensions

� Agent interaction protocol
– layered protocol

– nested protocol

– interleaved protocol

� Extending the behavioral diagrams to fit 
the role concept 
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AUML – Knowledge Structure

Class diagram

-bidStep : float
-itemNumber : int
-monitoringFrequency : int
-privateMaximalPrice : float
-userID : String
-userPassword : String

UserInfo

-bidStep : float
-closingDate : Date
-itemNumber : int

AuctionInfo

-price : float
-user : String

LeadingOffer

-name : String

Strategy
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AUML – System Structure

Class diagram

Inform/FIPA-
Aution

«actions» +parse()
«actions» +bid()
«actions» +search()
«actions» +decideBidding()

«state-description» -winningStatus
«state-description» -currentActivity
«state-description» -strategy

«agent»
AuctionAgent/Trader

reject-proposal/
FIPA-Auction

propose/FIPA
-Auction

accept-proposal
/FIPA-Auction
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AUML – Agent Interaction Protocol

Auction Agent/ Trader AuctionSiteAgent/ Manager

request

inform

Item Number

Auction information

x
not-understood

reject

The protocol diagram of: Retrieve Information from the Auction Site
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AUML – Implementation Issues

� AUML is based on UML, thus AUML 
inherits its implementation capabilities 
from UML

� Several studies deal with the 
transformation of the AIP diagram into 
code

EASSS 2008 Agent-Oriented Software Engineering 
 �

AUML  - Summary

� AUML is an extension of UML
� AUML is part of a standardization effort done by 

OMG and FIPA
� It has many interpretations 
� It has not been completed yet…..

� Note: 
– UML 2.1 includes several agent-related features
– OMG System Modeling Language (SysML) standard 

enables many of AUML’s features
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Agent Modeling Language (AML)

� AML is a semi-formal visual modeling language for 
specifying, modeling, and documenting systems that 
incorporate concepts drawn from multi-agent systems 
theory

� Extends UML 2.0
� Developers

– Radovan Cervenka, Ivan Trencansky, Monique Calisti, and Dominic 
Greenwood

� Material presented is based on publications and Whitestein
resources, e.g.: 

– Cervenka, R., Trencansky, I., Calisti, M., Greenwood, D., (2005) "AML: 
Agent Modeling Language. Toward Industry-Grade Agent-Based Modeling“, 
LNCS 3382. 
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Structure of AML
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AML - Covered Aspects
Ontology Specification

Denotes an ontology package
Denotes an ontology class
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AML - Covered Aspects
Fundamental Entities

Denotes an environment class
Denotes a service class
Denotes an agent class
Denotes a resource class
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AML - Covered Aspects
Social Relationships

Denotes a role class
Denotes an organizational unit class
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AML - Covered Aspects
Behavior

Denotes a behavior fragment
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AML - Covered Aspects
Interaction
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AML – Additional Covered Aspects

� Deployment and Mobility
� Services
� OCL extensions
� Mental aspects
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AML – Life Cycle Coverage

� AML is designed to support business 
modeling, requirement specification, 
analysis and design of software 
systems that use MAS concepts and 
principles
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AML – Summary

� AML is a relatively new modeling 
language that has been tested in 
various applications

� AML’s main advantage is the use of 
existing technologies (i.e., UML profile)
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OPM/MAS

� OPM/MAS is a software engineering 
approach

� It adopts principles originated from the 
Meta Object Facility (MOF), which is an 
architecture for system modeling

� It is based on the Object-Process 
Methodology (OPM), which is a holistic 
systems paradigm
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OPM/MAS Structure

� It is based on domain engineering 
techniques, where the domain of 
discourse is multi-agent systems

� It captures both the domain and 
application with the same modeling 
language
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OPM/MAS – OPM General

� Object-Process Methodology (OPM) is an 
integrated approach to the study and 
development of systems in general and 
information systems in particular

� OPM unifies the system’s structure and 
behavior throughout the analysis, design and 
implementation of the system within one frame of 
reference using a single diagramming tool -
the Object-Process Diagram (OPD) and 
a corresponding, English-like language -
the Object-Process Language (OPL)
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OPM/MAS – OPM General
� Objects and processes are two types of equally important things 

(entities) required to describe a system in a single, unifying 
model

� At any point in time, each object is at some state. Object states 
are transformed through the occurrence of a process

� Complexity is controlled through recursive and selective scaling
(zooming) of objects and/or processes to any desired level of 
detail

� OPD is a visual formalism that captures both objects and 
processes in the system along with the structural and procedural
relations among them

� The entire system is fully defined by the OPD-set -
a set of inter-related and consistent OPDs

� OPL provides a textual formalism alternative to the visual 
formalism expressed by OPDs. It is declared by a context-free 
grammar
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OPM – Life Cycle Coverage

� OPM defines the different stages of 
development as follows:
– requirements
– analysis
– design
– implementation
– testing

� The core process of analysis and design is 
done using a single framework of an OPDs
set
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A situation at which an object can exist for a 
period of time. 

States: Initial/ 
Regular/Final/ 

An attribute that determines whether the thing is 
environmental or systemic. A dashed frame indicates that a 
thing (i.e., an object or a process) is environmental.

Affiliation

An attribute that determines whether the thing (object or 
process) is physical or informational. A shaded frame 
indicates that a thing (i.e., an object or a process) is physical.

Essence

A pattern of transformation that objects undergo. A process 
may include an initialize indicator that indicates that the 
process would start its execution upon its ancestor execution. 

Process

An entity that has the potential of stable, unconditional 
physical or mental existence.

Object

MeaningSymbol
Element
Name

OPM Concepts (1)
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MeaningSymbol
Element
Name

An association between two things that is true for the 
system in general. An optional text tag expresses the 
semantics of the relation, which can be 
unidirectional or bi-directional.

Tagged structural 
relationship

A fundamental structural relation, which denotes the fact 
that a thing aggregates (i.e., consists of, or 
comprises) one or more things, each of which is 
referred to as its part.

Aggregation-
Participation

A fundamental structural relation, which denotes the fact 
that a thing generalizes one or more specialized 
things.

Generalization-
Specialization

A fundamental structural relation representing that a 
thing (object or process) or a tagged structural 
relation exhibits (is characterized by) another thing. 

Exhibition-
Characterization

OPM Concepts (2)
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MeaningSymbol
Element
Name

A procedural link indicating that a human operator 
(actor) is required for a process execution.

Agent link

A procedural link representing a condition required 
for a process execution (has an “ if” meaning).

Condition link

A procedural link representing an event (data change, 
external, etc.) which attempts to activate a process.

Event link

A procedural link indicating that a process activates 
(invokes) another process.

Invocation link

A procedural link indicating that a process 
creates/consumes an object.

Result/ 
Consumption link

A procedural link indicating that a process affects 
an object by changing its state.

Effect link

A procedural link indicating that a process requires an 
object for its execution but does not transform it (the 
process waits until the object is available).

Instrument link

OPM Concepts (3)
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OPM/MAS – Domain Level (1)
� Knowledge & information

– Object: a data container
– Ontology term: a term that an agent uses for 

understanding other entities, such as agents, web sites
and other systems. correlated with its internal structure

– Fact: a knowledge item about the domain of discourse. 
The state of the world can be represented as a set of 
facts

– Belief:  a fact that is believed to be true about the 
world

– Desire: a fact of which the current value is false and 
the agent (that owns the desire) would prefer that it be 
true

– Intention: a fact that represents the way of realizing a 
desire
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OPM/MAS – Domain Level (2)
� Behavior

– Task: a piece of work that can be assigned to an agent or 
performed by it. It may be a function to be performed and 
may have time constraints

– Service: an interface that is supplied by an agent to the 
external world. It is a set of tasks that together offer some 
functional operation

– Mobilizing: A process (set of methods) by which an agent 
performs mobility

– Mobility Type: The mobility essence, which can be 
invocation, cloning, and migration

– Mobility Location: The location to which the agent should 
migrate

– Mobility Priority: The importance level of the mobility, which 
is used to set priorities on agent mobility

– Mobility Result: The indication whether the agent mobility 
succeeded
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OPM/MAS – Domain Level (3)
� Behavior

– Message: a means of exchanging facts or objects between 
entities

– Messaging:   a set of methods by which messages are built 
and transferred

– Protocol: an ordered set of messages that together define 
the admissible patterns of a particular type of interaction 
between entities

– Communication Act: A building block that specifies the 
performative, which is a straightforward utterance, related to 
a specific messaging process

– Message Group: A building block that represents a group of 
messages. The messages within that group can be related 
by an and/or/xor relationship
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OPM/MAS – Domain Level (4)
� MAS architecture

– Agent: a computer program that can accept tasks and 
goals, can figure out which actions to perform in order to 
perform these tasks and can actually perform these actions 
without supervision 

– Role: a collection of tasks that may be performed by a single 
entity

– Organization: a group of agents working together to achieve 
a common purpose

– Society: a collection of agents and organizations that 
collaborate to promote their individual goals

– Rule: a guideline that characterizes a society
– Platform: a physical node on which an agent can execute
– User: a physical and environmental entity (usually a human) 

that interacts with an agent
– Environment: The world in which agents operate. It might 

consist of other environments and platforms
– Resource: An available means that can be specified when 

needed, such as time or CPU
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OPM/MAS – Domain Level (5)
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OPM/MAS – Domain Level (6)
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OPM/MAS – Domain Level (7)
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ContarctNet Protocol
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Technical Report Searching System 
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Zooming into the TR Searching Agent 
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Zooming into the Searching Task
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OPM/MAS - Summary

� OPM/MAS unifies both process-oriented 
perspective and object-oriented 
perspective in a single view

� OPM/MAS is flexible and enables its 
adjustment to specific agent concepts

� �

Part 3

Overview and Evaluation of 
Agent-Oriented Methodologies
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Feature-Based Evaluation

� We compare features of several 
methodologies within various aspects:
– concepts and properties
– notations and modeling technique
– process
– pragmatics

� The attributes examined within each aspect 
are a subset of the available, but perceived 
as the important attributes of agent-based 
systems

� By comparison, we learn strengths and 
weaknesses of methodologies and 
differences among them
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Evaluation Aspects 
Concepts and Properties

� A concept is an abstraction or a notion 
inferred or derived from specific instances 
within a problem domain

� A property is a special capability or a 
characteristic
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Evaluation Aspects
Properties 

� Autonomy: is the ability of an agent to operate 
without supervision

� Reactiveness: is the ability of an agent to 
respond in a timely manner to changes in the 
environment

� Proactiveness: is the ability of an agent to 
pursue new goals

� Sociality: is the ability of an agent to interact with 
other agents by sending and receiving messages, 
routing these messages and understanding them. 
In addition, sociality refers to the ability of agents 
to form societies and be part of an organization
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Evaluation Aspects 
Concepts (1)

– Agent: a computer program that 
• can accept tasks
• can figure out which actions to execute in order to perform these tasks 
• can actually perform these actions without supervision
• is capable of performing a set of tasks and providing a set of services

– Belief: a fact that is believed to be true about the world
– Desire: a fact of which the current value is false and the agent (that

owns the desire) would prefer that it be true
• desires within an entity may be contradictory
• a widely used specialization of a desire is a goal
• the set of goals within an agent should be consistent

– Intention: a fact that represents the way of realizing a desire
• sometimes referred to as a plan

– Message: a means of exchanging facts or objects between entities
– Norm: a guideline that characterizes a society

• an agent that wishes to be a member of the society is required to follow all of 
the norms within
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Evaluation Aspects 
Concepts (2)

– Organization: a group of agents working together to achieve a 
common purpose

• an organization consists of roles that characterize the agents, which are 
members of the organization

– Protocol: an ordered set of messages that together define the 
admissible patterns of a particular type of interaction between entities

– Role: an abstract representation of an agent’s function, service, or 
identification within a group

– Service: an interface that is supplied by an agent to the external world
• it is a set of tasks that together offer some functional operation
• a service may consist of other services

– Society: a collection of agents and organizations that collaborate to 
promote their individual goals

– Task: a piece of work that can be assigned to an agent or performed 
by it

• it may be a function to be performed and may have time constraints. 
Sometimes referred to as an action
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Evaluation Aspects 
Notations and Modeling Technique (1)

� Notations are a technical system of symbols 
used to represent elements within a system 

� A modeling technique is a set of models that 
depict a system at different levels of 
abstraction and different system©s aspects
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Evaluation Aspects 
Notations and Modeling Technique (2)

� Preciseness: the semantics of a modeling technique 
must be unambiguous in order to avoid 
misinterpretation of the developed models by those 
who use it

� Accessibility: a modeling technique should be 
comprehensible to both experts and novices

� Expressiveness: a modeling technique should be 
applicable across multiple domains and represent the 
following aspects of the system: structure; encapsulated 
knowledge; ontology; data flow; control flow; concurrent 
activities; resource constraints (e.g., time, CPU and memory); 
the physical architecture; agents’ mobility; interaction with 
external systems; and the user interface definitions

EASSS 2008 Agent-Oriented Software Engineering � �

Evaluation Aspects 
Notations and Modeling Technique (3)

� Modularity: a modeling technique should be expressible 
in stages. That is, when new specification requirements 
are added, there is no need to modify pervious parts, and 
these may be used as part of the new specification

� Complexity management: a modeling technique should 
be expressed, and then examined, at various levels of 
detail

� Executability: a prototyping capacity or a simulation 
capacity should be associated with at least some aspects 
of the modeling technique

� Analyzability: a modeling technique should provide a 
method for consistency and coverage checking
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Evaluation Aspects 
Process

A development process is a series of actions, 
changes, and functions that, when performed, 
result in a working computerized system 
– Development context: specifies whether a 

methodology is useful in creating new software, 
reengineering or reverse engineering existing 
software, prototyping, or designing for or with 
reuse components

– Lifecycle coverage: each methodology may have 
elements that are useful for several stages of the 
development lifecycle: requirements© gathering; 
analysis; design; implementation; testing
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Evaluation Aspects 
Process – some Additional Questions

� What are the activities within each stage of a 
methodology? 

� What deliverables are generated by the 
process? 

� Does the process provide for verification? 

� Does the process provide for validation? 

� Are quality assurance guidelines supplied?

� Are there guidelines for project management?
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Evaluation Aspects 
Pragmatics

The Pragmatics aspect refers to dealing with practical issues of
deploying and using a methodology

� Resources: what resources are available in order to support the 
methodology (textbooks, users’ groups, training and consulting, 
CASE tools)? 

� Required expertise: what is the required background of those 
learning and using the methodology? 

� Language (paradigm and architecture) suitability: is the 
methodology targeted at a particular implementation language? 
That is, is the methodology based on concepts from a specific 
architecture or a programming language? 

� Domain applicability: is the use of the methodology suitable for 
a particular application domain (e.g., real-time, information 
systems)? 

� Scalability: can the methodology, or subsets thereof, be used to 
handle various application sizes? 
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Evaluated Methodologies
� GAIA

– represents an extension of the software 
engineering approach

– has a solid social foundation
� MaSE

– represents the pure software engineering 
approach

� Tropos
– combines the knowledge engineering 

approach and the software engineering 
approach
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GAIA

� The GAIA methodology deals with both 
the macro-level (societal) and the micro-
level (agent) aspects of systems 

� Gaia is founded on the view of a multi-
agent system as a computational 
organization consisting of various 
interacting roles 
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GAIA – Methodology Map
Requirements

System division into 
sub-organizations

Environmental ModelPreliminary Role
Model

Preliminary Interaction
Model

Organizational Rules

Organizational Structure

Organizational Patterns

Role
Model

Interaction
Model

Agent
Model

Service
Model

Analysis

Architectural
Design

Detailed
Design
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GAIA – Analysis Phase
System Division and Environmental Model

� System division – non-formal division of 
the system

� Environmental model- a list of 
resources, each characterized by the 
type of action that the agents can 
perform on it
For example:
r eads Var 1 / /   r eadabl e r esour ce of  t he envi r onment

changes Var 2 / /  a var i abl e t hat  can be al so changed by t he agent

EASSS 2008 Agent-Oriented Software Engineering � �

GAIA – Analysis Phase 
Preliminary Role Model (1)

� The permissions attribute states what 
resources may be used to carry out the role 
and what resource constraints the role©s 
executor is subject to

� The responsibilities attribute determines the 
functionality of the role. This functionality is 
expressed in terms of safety and liveness
properties

� The protocols attribute states the 
interactions of the role with other roles. In 
addition it states the internal activities of the 
role
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GAIA – Analysis Phase 
Preliminary Role Model (2)

Role Schema: Manager (MA)

Description:
        Controls the auction agent activities

Protocol and Activities:
       CheckAuctionSite , ActivateParser ,CheckForBid , Bid

Permission:
      reads supplied   ItemNumber  // the item number in the auction site
                    AuctionDetails                 // the auction information

Responsibilities:
          Liveness:
                  Manager = ( CheckAuctionSite .ActivateParser .CheckForBid )+[Bid]
          Saftey :
                   true

The Manager role schema
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GAIA – Analysis Phase 
Preliminary Interaction Model

An interaction model example�

AuctionAgent AOM

supplied ItemNumber  input

AuctionDetails output

CheckAuctionSite

Manager AuctionSite
Manager

Connect to the auction site 
for auction status and 

information

Protocol name

Sender Receiver

Description

AuctionAgent AOM

supplied ItemNumber  input

AuctionDetails output

CheckAuctionSite

Manager AuctionSite
Manager

Connect to the auction site 
for auction status and 

information

Protocol name

Sender Receiver

Description

GAIA

A protocol is an ordered set of protocol items (messages)
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GAIA – Analysis Phase 
Organizational Rules

� Organizational rules are considered as 
responsibilities of the organization
– Liveness rules define how the dynamics of the 

organization should evolve over time
– Safety rules define for the organization time-

independent global invariants that must be 
adhered to

� Orgnaizational rules can be imposed on 
protocols as well

R � Q  / /  t he r ol e Q can be pl ayed by an ent i t y onl y i f  r ol e R has 
pl ayed

P( R1)
1 / /  t he pr ot ocol  P must  be execut ed once by R1

P � Q / /  t he pr ot ocol  P must  necessar i l y pr ecede t he execut i on of   
pr ot ocol  Q
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GAIA – Design Phase 
Organizational Structure

� The organizational structure is specified in 
terms of relationships between roles, based 
on past experience known as organization 
patterns

� The relationships may be (but are not 
limited to) control, peer, depends_on
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GAIA – Design Phase 
Role, Interaction, Agent, and Service Models

� The role and interaction models are finalized

� The agent model maps the roles to their 
implemented agents

Agent  A2 �È X, Y, Z

� The service model describes the services 
associated with each of the agent roles
– a service consists of inputs, outputs, pre-

conditions and post-conditions

play
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GAIA 
Properties

� Autonomy: in GAIA the autonomy is expressed by 
the fact that the role encapsulates its functionality. 
This functionality is internal and is not affected by the 
environment, thus represents the role©s autonomy. 

� Reactiveness: in GAIA the reactiveness is 
expressed by the liveness properties within the role’s 
responsibilities. However, this does not specify the 
occurrence of events and the role’s reaction to these. 

� Proactiveness: in GAIA the proactiveness is 
expressed by the liveness properties within the role’s 
responsibilities. 

� Sociality: in GAIA the sociality is expressed using 
the organizational structures and rules. Yet, no 
explicit organizational and social structure is provided
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GAIA 
Concepts

Framework building block GAIA concepts

Agent Agent type

Belief 

Desire 

Intention 

Message Protocol

Norm Organizational structure , Organizational rule

Organization System

Protocol Protocol

Role Role

Service 

Society System

Task Activity, Responsibility
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GAIA 
Notation and Modeling Technique
� Preciseness: provided via the liveness and safety 

properties
� Accessibility: GAIA has several models, yet they are 

simple and clear
� Expressiveness: generic structure, can handle various 

systems. Flatness may restrict to small/medium systems. 
No explicit representation of data/control flow, knowledge 
structure, mobility, user interface

� Modularity: use of building blocks supports modularity, but 
changes within a role may cause a chain reaction of 
changes

– Complexity management: no hierarchical presentation or 
another mechanism for complexity management

– Executability: in GAIA this issue is out of scope
– Analyzability: no CASE tool is provided
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GAIA 
Process
� Development context: GAIA is adequate for the following 

contexts: creating new software; reengineering and designing 
systems with reuse components

� Lifecycle coverage: in GAIA is limited. It refers only to the 
analysis and the design stages within the development 
lifecycle

� Stages’ activities within the methodology: GAIA provides 
only a few guidelines for performing analysis and design 
phases’ activities

� Methodology deliverables: the deliverables of GAIA are 
well defined

– Verification and validation: is not dealt with
– Quality assurance: is not dealt with
– Project management guidelines: is not dealt with
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GAIA 
Pragmatics
– Resources: are limited
� Required expertise: GAIA requires a solid background 

and knowledge in logic and temporal logic
� Language suitability: GAIA is not targeted at a specific 

language/architecture/paradigm
� Domain applicability: GAIA is suitable to develop 

applications with the following characteristics: 
� agents are coarse-grained computational systems
� a global goal exists, agents are heterogeneous
� the organizational structure is static
� the abilities of the agents are static, and 
� the number of agent types is comparatively small

� Scalability: GAIA does not support the use of subsets 
thereof for system development
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GAIA – Implementation Issues

� GAIA does not refer to implementation 
issues

� Moraitis et al. propose a set of guideline 
for moving from specification to 
implementation using the JADE 
framework
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GAIA – Implementation Issues
Guidelines
1. Define all ACL message using protocol and 

interaction models
2. Define the required data structure from the 

role and agent models
3. Decide on the implementation of the safety 

condition
4. Define JADE behaviors according to the 

role model
5. The setup() method of a JADE agent 

invokes all top level behaviors, initializes 
data structures and adds all behaviors to 
the agent’s scheduler 
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MaSE

� Full “engineering” approach to multiagent
systems development
– Analysis, design, and implementation
– Series of graphically based models
– Logical approach to transforming one model into 

next
� Supports heterogeneous multiagent systems

– Languages
– Architectures
– Environment

� Tool supportable
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MaSE – Methodology Map

� Goal based
� Role based analysis

– Roles and tasks capture 
required organization, 
actions, and interactions

� Roles are played by agent 
classes
– Captures organization

� Agent design captures roles 
and tasks
– Conversations capture 

interaction
– Actions are captured via 

methods

Creating
Agent
Classes

Requirements

Use Cases

Sequence
Diagrams

Deployment
Diagrams

Agent
Architecture

Capturing
Goals

Refining
Roles

Assembling
Agent
Classes

System
Design

Applying
Use Cases

Goal
Hierarchy

Roles
Concurrent

Tasks

Conver-
sations

Agent
Classes

Constructing
Conversations

A
n

alysis
D

esig
n
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MaSE – Capturing Goals

1. Inform admin of
host violations

1.1.1  Detect invalid
file deletion

attemps.

1.1.2  Detect invalid
file modification

attempts.

1.1.3  Notify
administrator of

violations.

1.2.1  Detect invalid
login attempt.

1.1  Inform admin of
file violations

1.2  Inform admin of
login violations.
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MaSE - Apply Use Cases

� File Violation use case: sequence diagram
– A sequence of events transmitted between roles

When the detector identifies an attempt to modify a file by an unauthorized source, 
the detector should immediately send the attempt’s data to a central error log 
which then notifies the administrator. The administrator should be notified 
wherever he/she is, and the notifier software should continue attempting to notify 
the administrator until an acknowledgement is received. This acknowledgement 
should be passed on to the software responsible for logging the incident and to 
the detector.

FileModifiedDetector FileNotifier AdminNotifier User

FileViolation

RequestNotification

Notify

Acknowledge

NotificationComplete

Reported
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MaSE – Refining Roles

FileNotifier
1.1

LoginNotifier
1.2

FileDeletionDetector
1.1.1

FileModifiedDetector
1.1.2

LoginDetector
1.2.1

AdminNotifier
1.1.3, 1.1.3a
1.2.2, 1.2.2a

Detect File
Deletions

Determine
Validity

Notify
Detect File
Deletions

Determine
Validity

Detect Failed
Logins

Detect Logins

Determine
Validity

Notify Notify User

Invalid File
Deletion

Invalid File
Modification

Failed
Login

Invalid
Login

Login
Notification

File
Notification

User

Display
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1

2

3

RequestNotification

^ Notify

Acknowledge

^ NotificationComplete

MaSE – Concurrent Task Diagram

� Initial concurrent task diagram for the “Notify 
User” task (part of  the AdminNotifier role) 
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MaSE – Creating Agent Classes

Notifier
� FileNotifier
� LoginNotifier
� AdminNotifier

FileMonitor
� FileDeletionDetector
� FileModifiedDetector

LoginMonitor
� LoginDetector

UserInterface
� User

FileDetection

LoginDetection

NotifyUser
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MaSE – Constructing Conversations

wait
parent.timeout = false

t = setTimer()

^ Notify(error, agent) Acknowledge()

[timeout(t)] / parent.timeout = true

store
display(error, agent)

Notify(error, agent) ^ Acknowledge()

Initiator

Responder
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MaSE – Assembling Agent Classes

FileMonitor Agent
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MaSE – System Design

LM1:
LoginMonitor

FM1:
FileMonitor

LM2:
LoginMonitor

FM2:
FileMonitor

LM3:
LoginMonitor

FM3:
FileMonitor

LM4:
LoginMonitor

FM4:
FileMonitor

Notify: Notifier
User:

UserInterface
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MaSE 
Properties
� Autonomy: In MaSE the autonomy is expressed 

by the fact that the role encapsulates its 
functionality

� Reactiveness: In MaSE the reactiveness is not 
expressed explicitly. That is, there is no explicit 
connection between the event and the action 
taken. Yet, reactiveness can be expressed using 
the conversation state machines

� Proactiveness: In MaSE the proactiveness is 
expressed by the role’s tasks. These tasks are 
modeled using finite state automaton

– Sociality: In MaSE there is no mentioning of the 
social aspects of a system (except for 
communication)
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MaSE 
Concepts

Task Task 

Society 

Service 

RoleRole 

Conversation, TaskProtocol 

Organization 

Organization ruleNorm 

ConversationMessage 

Goal, Task, StateIntention 

Goal, Task, StateDesire 

Goal, Task, StateBelief 

Agent typeAgent 

MaSE conceptsFramework building block
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MaSE
Notations and Modeling Technique

� Accessibility: MaSE provides a very simple set of models which 
enhance accessibility, however, the need of synchronizing among 
these models and the need to perform a model transformation 
throughout the development stages reduce its accessibility

� Analyzability: MaSE supports internal verification and 
consistency checking of the models. However, there are still some 
cases where inconsistencies may occur

� Complexity management: there are several layers of abstraction 
within MaSE: agents, roles, and tasks. However, there is no 
support of managing the complexity of complex tasks and roles 

� Executability: MaSE supports partial code generation using 
agentTool

� Expressiveness: MaSE is lacking in expressing the data and 
control flows within the system and its knowledge representation

� Modularity: modularity within MaSE is supported within the agent 
template diagram. However, reuse of elements within MaSE such 
as tasks, roles, protocols and conversations is not supported 

� Preciseness: the semantics within MaSE are clear and thus 
prevent misinterpretation by its users
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MaSE
Process
� Development context: MaSE is adequate for the 

following development contexts: creating new 
software, reengineering and designing systems with 
reuse components, and prototyping 

� Lifecycle coverage: MaSE covers the entire lifecycle 
except for testing

� Stages’ activities within the methodology: MaSE 
provides detailed guidelines for performing the 
activities of the development stages

� Methodology deliverables: the deliverable of MaSE 
are well-defined

� Verification and validation: MaSE enables 
consistency checking among its models, but not with 
respect to the requirements

– Quality assurance: is not dealt with
– Project management guidelines: are not dealt with
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MaSE
Pragmatics

� Resources: there are many papers on MaSE 
and a CASE tool (agentTool)

� Required expertise: may require knowledge 
in temporal logic

� Language suitability: MaSE is not coupled 
to any architecture, paradigm or programming 
language

� Domain applicability: MaSE is a general-
purpose methodology for designing multi-
agent systems

– Scalability: is not dealt with
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MaSE – Implementation Issues 
agentMom (1)
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Tropos

� A Knowledge Level Software Engineering 
Methodology for Agent Oriented 
Programming

� the Tropos approach framework spans 
the overall software development 
process, from early requirements down 
to implementation

• Early requirements
• Late requirements
• Architectural design
• Detailed design
• Implementation
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Tropos

� Tropos uses the notion of agent and all the related 
mentalistic notions in all phases of software 
development

– The notion of agent and goal is used along all the phases, 
therefore the key elements and dependencies describing 
the organizational setting can be used to justify and 
motivate each design and implementation choice.

– Each artifact (including code) can be retraced back to the 
analysis performed during requirement phases.

– There is a direct and natural correspondence between 
requirement analysis (social actors) and implemented 
code (software agents). System behavior is easier to 
understand, explain, motivate.
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Tropos adopts a transformational approach, i.e., 
when using it, we perform refinement steps, inside 
one phase or between phases, using a set of 
transformation operators

� Start with a limited list of Tropos conceptual 
elements (actors, goals, softgoals,...)

� Iteratively and incrementally:
– add details

– revise dependency relationships

Each step corresponds to the introduction/deletion of 
relationships/elements in the model.

Tropos
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Advantages of the (transformational) approach :

� Provides systematic description of the process

� Allows for process analysis

� Provides guidelines to the engineer

� Provides a sound basis for describing and 
evaluating requirement acquisition and design 
strategies 

Tropos
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Early requirementsEarly requirements
The stakeholders of the eCulture domain
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Late requirementsLate requirements
dependencies with environmental actors

Actor
Plan
Resource
Goal
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Architectural designArchitectural design
Step 1:
� Inclusion of new actors due to delegation of subgoals
upon goal analysis of system©s goals
� Inclusion of new actors according to the choice of a 
specific architectural style (design patterns) – info 
broker
� Inclusion of new actors contributing positively to the 
fulfillment of some Non Functional Requirements
Step 2:
� Assign Actor Capabilities
Step 3:
� Convert actors to agents
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1)  Get area specification 
form

2)  Classify area
3)  Provide area 

information
4)  Provide service 

description

Area 
Classifier

Capability #Actor 
Name
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15) Get user specification
16) Provide user specification 
17) Get query results
18) Present query results to the user

Provide service description

User Interface Manager

14) Wrap information sourceSources Interface Manager

10)  Get query information
11)  Get query results
12)  Provide query results
13)  Synthesize area query results

Provide service description

Results Synthesizer

5)   Get area information
6)   Find information source
7)   Compose query
8)   Query source
9)   Provide query information

Provide service description

Info Searcher

1)  Get area specification form
2)  Classify area
3)  Provide area information
4)  Provide service description

Area Classifier

Capability #Actor Name
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15, 16, 17, 18, 4User Interface Agent 
14, 4Wrapper 

13) Synthesize area query results
14) Provide service description Synthesizer 

4) Provide service description 
6)  Find information sourceSearcher 

2)  Classify area
4)  Provide service descriptionClassifier

1)   Get area specification form
3)   Provide area information
4) Provide service description 
5) Get area information
7)   Compose query
8)   Query source
9) Provide query information 
10) Get query information
11) Get query results
12)  Provide query results

Query Handler

Capability #Agent Name
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Detailed designDetailed design
Main activities

Specification of the agents’ micro level
taking into account the implementation 
platform.

Objective: to perform a design that will map 
directly to the code.

Tropos consider a BDI multiagent platform, 
so …
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Detailed designDetailed design
Capability diagram
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Detailed designDetailed design
Plan diagram Plan diagram -- plan evaluate queryplan evaluate query
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Detailed designDetailed design
Agent interaction diagram Agent interaction diagram 
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Implementation Implementation 
Main activities

… follow step by step the detailed design 
specification …

In JACK (BDI multiagent platform) agents are autonomous 
software components that have explicit goals (desires) to 
achieve or events to handle, beliefs and capabilities. They are 
programmed with a set of plans that make them capable of 
achieving goals.
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Tropos
Properties

� Autonomy: in Tropos the autonomy is 
expressed within the actor goals

� Reactiveness: in Tropos reactiveness is 
expressed with the detailed design phase

� Proactiveness: in Tropos proactiveness is 
specified using the activity diagram

� Sociality: the sociality in Tropos focuses on 
the actor’s interaction and dependencies. 
Yet, there are no means for modeling 
organizations and their actor is not explicitly 
addressed
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Tropos
Concepts

Framework building block Tropos concepts

Agent Actor

Belief Goal

Desire 

Intention 

Message AIP

Norm 

Organization Organizational rule

Protocol AIP

Role 

Service 

Society 

Task Capability

Goal

Plan
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Tropos
Notations and Modeling Technique
� Preciseness: Tropos is defined by a meta-model and has its 

FT (temporal logic) extension
� Accessibility: Tropos models are simple, yet the 

transformation between these models might be exhaustive
� Expressiveness: Tropos expressiveness is lacking mainly in 

integrating the various aspects of the system 
� Modularity: Tropos supports modularity
� Complexity management: Tropos support complexity 

management but it uses various models
� Executability: Tropos has prototype generation capabilities 

using JACK
� Analyzability: Tropos has many tools for analysing its 

specification
� Portability: Tropos is not coupled to any architecture 

although it is aimed towards the BDI paradigm
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Tropos
Process
� Development context:  Tropos is adequate for the 

following contexts: creating new software, reengineering, 
prototyping and designing systems with reuse components

� Lifecycle coverage: Tropos covers the entire lifecycle 
except for testing

� Stages’ activities within the methodology: Tropos 
provides very a few guidelines for performing the activities 
within the various stages. It lacks mainly in explaining the 
transformations between stages

� Methodology deliverables: the deliverable of Tropos are 
not well-defined

� Verification and validation: are dealt with within Tropos 
using its various formal tools

– Quality assurance: is not dealt with within Tropos
– Project management guidelines: are not dealt with within 

Tropos
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Summary

� Multiple methodologies exist
� Agent-based system characteristics are 

well supported
� Software engineering properties are 

supported by some, to some extent
� It is necessary to select a specific 

methodology according to its suitability to 
the domain and function of the intended 
MAS application
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OPM/MAS – Implementation Issues 
Infrastructure Settings (1)

Specification infrastructure
� Defining the building blocks for multi-agent 

systems as captured by the developing 
organization
– The organization may adopt a ready-made set of 

building blocks

� Building the MAS metamodel (domain model) 
using the building blocks that were identified in 
the previous process, which expresses the 
relationships between these building blocks
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OPM/MAS – Implementation Issues 
Infrastructure Settings (2)
� Defining and implementing validation 

algorithms. 
– These algorithms help the designer to check 

system’s specifications 
• e.g., protocol validation

– These validation algorithms should be integrated 
into the CASE tools
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Infrastructure Settings (3)
Infrastructure Implementation 
� Determining the architecture and the 

programming language(s) in which the system 
will be implemented

� Mapping the system specification to 
implementation using the infrastructure that 
was developed
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OPM/MAS – Implementation Issues
Mapping Specification to JADE - Agent

package i a;

i mpor t  j ade. domai n. DFSer vi ce;
i mpor t  j ade. cor e. Agent ;

publ i c  cl ass I nf or mat i onAgent
ext ends  Agent  {

pr i vat e St r i ng t heType;
pr i vat e St r i ng t heSubj ect ;
pr i vat e St r i ng t heI nf or mat i on;
pr i vat e I AI nf or mat i onDB

t heI AI nf or mat i onDB;

publ i c voi d set up( ) {

t r y{
super . set up( ) ;
DFSer v i ce. r egi s t er ( t hi s ,  

get Def aul t DF( ) ,  nul l ) ;
addI ni t i al Beavi our s ( ) ;

}
cat ch( Thr owabl e e) {

e. pr i nt St ackTr ace( ) ;
}

}

publ i c voi d addI ni t i al Beavi our s( ) {
DBLoadi ngTask t heDBl oadi ngTask = new 

DBLoadi ngTask( t hi s) ;
I nf or mat i onRequest Handl i ngTask

t heI nf or mat i onRequest Handl i ngTask = new 
I nf or mat i onRequest Handl i ngTask( t hi s) ;

addBehavi our ( t heI nf or mat i onRequest Handl i ng
Task) ;

}

/ / get t er s and set t er s
}
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OPM/MAS – Implementation Issues
Mapping Specification to JADE - Object

package      i a;
i mpor t  j ade. ut i l . l eap. Ser i al i zabl e;
publ i c  cl ass DBRecor d i mpl ement s 
Ser i al i zabl e{

pr i vat e St r i ng  t heType;
pr i vat e St r i ng t heSubj ect ;
pr i vat e St r i ng t heI nf or mat i on;

publ i c  voi d set Type ( St r i ng t heType) {
t hi s. t heType=t heType;

}

publ i c voi d set Subj ec t ( St r i ng t heSubj ect )  
{

t hi s . t heSubj ect =t heSubj ect ;
}

package i a;

i mpor t  j ade. ut i l . l eap. Ser i al i zabl e;
i mpor t  j ava. ut i l . Vect or ;

publ i c  cl ass I AI nf or mat i onDB
i mpl ement s  Ser i al i zabl e{

pr i vat e Vect or    t heDBRecor d;

publ i c  voi d set DBRecor d ( Vect or  v ) {
t heDBRecor d =v ;

}

publ i c Vect or  get DBRecor d( ) {
r et ur n t heDBRecor d;

}

}
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OPM/MAS – Implementation Issues
Mapping Specification to JADE - Simple Task

package      i a;

i mpor t  
j ade. cor e. behav i our s. OneShot Behavi our ;
i mpor t  j ade. cor e. Agent ;

publ i c  cl ass I nf or mat i onSav i ngTask ext ends 
OneShot Behavi our {

pr i vat e St r i ng t heType;
pr i vat e St r i ng t heSubj ect ;
pr i vat e St r i ng t heI nf r omat i on;

publ i c I nf or mat i onSav i ngTask( Agent
t heAgent ) {

super ( t heAgent ) ;
}

publ i c voi d act i on( ) {

}
/ /  get t er s  and set t er s

}
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OPM/MAS – Implementation Issues
Mapping Specification to JADE - Complex Task (1)
package   i a;
i mpor t  j ade. cor e. behavi our s . * ;
i mpor t  j ade. cor e. * ;
i mpor t  j ade. l ang. ac l . ACLMessage;

publ i c  cl ass I nf or mat i onRequest Handl i ng
ext ends Sequent i al Behav i our {

/ /  pr i vat e memeber s of  t he behavi our
( OPM TASK)

pr i vat e St r i ng t heType;
pr i vat e St r i ng t heSubj ect ;
pr i vat e St r i ng t heI nf or mat i on;
pr i vat e i nt ca1;
pr i vat e i nt ca2;
pr i vat e AI D ai d;

pr i var e I AI nf or mat i onDB
t heI nf or mat i onDB;

/ / s t at e f or  cont r ol l i ng t he 
behavi our execut i ng

f i nal  i nt FI RST = 1;
f i nal  i nt SECOND = 2;
f i nal  i nt THI RD = 3;
f i nal  i nt FOURTH = 4;
pr i vat e i nt st at e = FI RST;

/ / f i r s t  behavi our
Recei ver Behavi our

t heI nf or mat i onRequest ;
/ / t he i ncomi ng message
ACLMessage

t heI nf or mat i onRequest Message;
/ /  t he i ncommi mi ng message cont ent

I nf or mat i onRequest MessageCont ent
t heI nf or mat i onRequest MessageCont ent ;

/ /  second behavi our
Sear chi ngTask t heSear chi ngTask;
/ /  t he out goi ng messsage
ACLMessage

t heI nf or mat i onRepl yMessage;
/ /  t he out goi ng message cont ent
I nf or mat i onRepl yMessageCont ent

t heI nf or mat i onRepl yMessageCont ent ;
/ / t he t hi r d behavi our
Sender Behavi our t heI nf or mat i onRepl y;

publ i c voi d onSt ar t ( )
{

checkTer mi nat i on ( t r ue,  1) ;
}
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OPM/MAS – Implementation Issues
Mapping Specification to JADE - Complex Task (2)

pr ot ec t ed bool ean checkTer mi nat i on( bool ean cur r ent Done,  i nt cur r ent Resul t ) {
bool ean r esul t =f al se;
t r y {

swi t ch ( st at e)         {
case FI RST:     {

t heI nf or mat i onRequest = new Recei ver Behavi our (  myAgent ,  - 1,  nul l ) ;
st at e = SECOND;
addSubBehavi our ( t heI nf or mat i onRequest ) ;
br eak;

}
case SECOND:   {

i f  ( t heI nf or mat i onRequest . done( ) )
{

t heI nf or mat i onRequest Message = t heI nf or mat i onRequest . get Message( ) ;
t heI nf or mat i onRequest MessageCont ent = 

( I nf or mat i onRequest MessageCont ent )  ( t heI nf or mat i onRequest Message. get Cont ent Obj ec t ( ) ) ;
t heType = t heI nf or mat i onRequest MessageCont ent . get Type( ) ;
t heSubj ect = t heI nf or mat i onRequest MessageCont ent . get Subj ect ( ) ;
ai d = t heI nf or mat i onRequest Message. get Sender ( ) ;
ca1 = t heI nf or mat i onRequest Message. get Per f or mat i ve( ) ;
st at e = THI RD;
t heSear chi ngTask = new Sear chi ngTask( myAgent ) ;
addSubBehavi our ( t heSear chi ngTask) ;

}
br eak;

}
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OPM/MAS – Implementation Issues
Mapping Specification to JADE - Complex Task (3)

case THI RD:    {
t heI nf or mat i onRepl yMessage = new ACLMessage( ca2) ;
t heI nf or mat i onRepl yMessageCont ent = new 

I nf or mat i onRepl yMessageCont ent ( t heI nf or mat i on) ;
t heI nf or mat i onRepl yMessage. set Cont ent Obj ect (  ( j ade. ut i l . l eap. Ser i al i zabl e)  

t heI nf or mat i onRepl yMessageCont ent ) ;
t heI nf or mat i onRepl yMessage. addRecei ver ( ai d) ;
t heI nf or mat i onRepl yMessage. set Sender ( myAgent . get AI D( ) ) ;
s t at e = FOURTH;
t heI nf or mat i onRepl y = new Sender Behavi our ( myAgent , t heI nf or mat i onRepl yMessage) ;
addSubBehavi our ( t heI nf or mat i onRepl y) ;
br eak;

}
case FOURTH:   {

r esul t = t r ue;
br eak;

}
}

}  cat ch ( Except i on  e)  {  }
r et ur n r esul t ;

}
publ i c  I nf or mat i onRequest Handl i ng ( Agent  t heAgent )    {

super ( t heAgent ) ;
}

}
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OPM/MAS – Implementation Issues
Mapping Specification to JADE - Other Elements (1)

� A Service within an OPM/MAS model can be 
translated to one of the composite behavior 
classes provided by JADE

� A Role within OPM/MAS is not translated into a 
specific JADE element. Yet, it might be useful to 
define the role as behavior with its tasks as sub 
behaviors

� An object is translated into a standard Java class 
but should implement the Serializable interface in 
order to be easily integrated into an ACLMessage

� There are no automatic translation guidelines for 
the Platform building block. Yet, it can be used to 
determine the number of machines required to run 
the system efficiently, and their types
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OPM/MAS – Implementation Issues
Mapping Specification to JADE -Other Elements

� There are no automatic translation 
guidelines for the Environment building 
block. Yet, it can be used to determine 
machine clusters, or containers within a 
platform

� The collection of the Ontology Terms used 
in an OPM/MAS specification can be used 
to generate a system ontology class.  In 
addition, it can be used to register the 
ontology within the various system’s agents
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MaSE – Implementation Issues 
agentMom (2)
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MaSE – Implementation Issues 
agentMom (3)
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MaSE – Implementation Issues 
Agent Class
package afit.mom;

import java.net.*;
import java.io.*;
import java.awt.*;
public abstract class Agent implements Runnable {

public String name;
public int port;

protected Agent(String n,int p){
this.name =n;
this.port =p;
}

public abstract void receiveMessage(Socket server,ObjectInputStream input,
ObjectOutputStream output);

public abstract void run();
private void write(String s){
System.out.println(s);
}
}
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MaSE – Implementation Issues 
Conversation Class (1)

package afit.mom;
import java.net.*;
import java.io.*;
public abstract class Conversation extends Thread {

protected Agent parent;
protected Socket connection;
protected ObjectInputStream input;
protected ObjectOutputStream output;
protected Message m;
protected String connectionHost;
protected int connectionPort;

public Conversation(Agent a){
super();
parent =a;

}
public Conversation(Agent a,String hostName,int 

portNum){
super(a);
parent =a;
connectionHost =hostName;
connectionPort =portNum;

}
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MaSE – Implementation Issues 
Conversation Class (2)

public Conversation(Socket s,ObjectInputStream i,ObjectOutputStream o,Agent a, Message m1){
super(a);
parent =a;
connection =s;
input =i;
output =o;
m =m1;

}
public Message readMessage(ObjectInputStream input){

Message m =null;
try {

m =(Message)input.readObject();
}catch (ClassNotFoundException cnfex){
System.out.println("**ClassNotFoundException ");
}catch (IOException cnfex){
System.out.println("**IOException on port ");
}

return m;
}
public abstract void receiveMessage(Message m);

public abstract void run();
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MaSE – Implementation Issues 
Conversation Class (3)
public void sendMessage(Message m,ObjectOutputStream output){

try {
m.sender =parent.name;

m.host
=connection.getInetAddress().getLocalHost().getHostName(
);

m.port =parent.port;

output.writeObject((Object)m);

}catch (IOException e){

System.out.println("**Exception:"+e);

}

}
}

}
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MaSE – Implementation Issues 
Message Class

package afit.mom;

import java.lang.*;

public class Message implements java.io.Serializable {

public String host =null;

public int port =0;

public String sender =null;

public String receiver =null;

public String performative =null;

public String force =null;

public String inreplyto =null;//the expected label in a reply

public String language =null;//name of language used in the content

public String ontology =null;//name of the ontology used in the 
content

public String replywith =null;//label user expects for reply

public Object content =null;

public Message(){

super();

}

public Object getContent(){return content;}

public String getPerformative(){return performative;}
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MaSE – Implementation Issues 
MessageHandler Class� (1)

package afit.mom;
import java.net.*;
import java.io.*;
import java.lang.*;

public class MessageHandler extends Thread {
public int portNo;
public ServerSocket server;
public Agent parent;
public String endToken ="END";

public MessageHandler(int port,Agent p){
super("MessageHandler");
parent =(Agent)p;
if (port <=1024)
throw new IllegalArgumentException(
"**Bad port number given to Listener constructor for agent "+p.name);
//Try making a ServerSocket to the given port

try {
server =new ServerSocket(port);

}catch (IOException e){
System.out.println("**Agent "+p.name
+"Failed to start ServerSocket on port "+port);
System.exit(1);
}

} EASSS 2008 Agent-Oriented Software Engineering � � �

MaSE – Implementation Issues 
MessageHandler Class� (2)

//Made the connection,so set the local port number
portNo =port;
System.out.println("Agent "+p.name
+"messageHandler Started on port "+port);
}

public void run(){
Socket connection;
int counter =1;
ObjectOutputStream output;
ObjectInputStream input;
System.out.println("Server Running on "+portNo);
while (true){
try {
connection =server.accept();
System.out.println("Connection "+counter+++"received from "
+connection.getInetAddress().getHostName());
output =new ObjectOutputStream(connection.getOutputStream());
output.flush();
input =new ObjectInputStream(connection.getInputStream());
parent.receiveMessage(connection,input,output);
}catch (IOException cnfex){
System.out.println("**IOException on port "+portNo);

}
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MaSE – Implementation Issues 
Sorry Class

package afit.mom;

/** *It defines a general purpose conversation

*to reply "Sorry“ to any unknown type of 

*conversation.

*/

import java.net.*;

import java.io.*;

public class Sorry extends Conversation {

protected Agent parent;//override parent

public Sorry(Socket s,ObjectInputStream i,

ObjectOutputStream o,Agent a,Message m1){
super(a);

parent =a;

connection =s;

input =i;

output =o;

m =m1;

}

public void run(){
int state =0;
boolean notDone =true;
//set up conversation
try {

while (notDone){
switch (state){
case 0 :
m.setPerformative("sorry");
m.setContent("unknown conversation request");
sendMessage(m,output);
notDone =false;
break;
}

}
input.close();
output.close();
connection.close();
}catch (UnknownHostException e){
System.out.println("**Unknown Host exception.");
}catch (EOFException oef){
System.out.println("**Server terminated connection.");
}catch (IOException e){
System.out.println("**IO Exception.");
e.printStackTrace();
}}}
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MaSE – Implementation Issues 
Transforming MaSE to agentMom (1)

� Define your agent classes and conversations according the MaSE 
� For each agent class in your system,extend the agentMom Agent class

– Define the receiveMessage method to handle all conversations for 
which the agent is a respondent

– For each action defined in the set of conversations in which this agent 
may participate,define a method in the agent class.This will be your 
interface to the conversation

– Implement the run method as the main procedure of the method.If your 
agent initiates any conversations, this is where they will originate

– If you want to run your agent as a stand alone application,create a 
main method to initialize the agent 

� For each conversation in your system design, create two conversation 
classes, in initiator and a respondent class
– For each initiator class,define a constructor that includes as parameters 

any parameters in the first message sent
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MaSE – Implementation Issues 
Transforming MaSE to agentMom (2)

– For each respondent class, define a constructor that includes as a 
parameter the message read by the parent receiveMessage
method before the conversation thread was started

– Implement the run method
• Define a state variable initialized to state 0
• If it is an initiator conversation diagram, create a connection with the 

agent of interest
• Create a switch statement within a while loop where each case in the 

switch statement corresponds to a state or a transition. Ensure at least 
one of the states exits the while loop

• Close the connection
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