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PASSI Description with SPEM

1 Introduction

PASSI (Process for Agent Societies Specification and Implaation) is a step-by-step
requirement-to-code methodology for designing and developing-aggnt societies. The
methodology integrates design models and concepts frémQigect Oriented software
engineering and artificial intelligence approaches.

Initial
Requirements

New Hegquirements

Syst. Req. Model

¥

Dot Ag Impl. Model Code Naodel
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- Definifian Code Reuse

= v | I

1d endification
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Tdentificatinn i ecification
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=
Confpuration

Depl. Model

Agent Society Moded
Fig.1: The PASSI methodology

The design process is composed of five models (see Fifel$ystem Requirements Model is a
model of the system requirements; the Agent SocietgeMis a model of the agents involved in the
solution in terms of their roles, social interacipdependencies, and ontology; the Agent
Implementation Model is a model of the solution ardtiee in terms of classes and methods (at
two different levels of abstraction: multi and singggeat); the Code Model is a model of the
solution at the code level and the Deployment Modehm®édel of the distribution of the parts of
the system (agents) across hardware processing umittheginmovements across the different
available platforms.

In the following the PASSI process will be describest fatonsidering its whole process and
disciplines and then detailing each of the different pb@and sub-phases.
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2 The PASSI Process

©)| Passl

5 8 A

<<Discipline>> <<Discipline>>  <<Discipline>>
Systems Agent Society Agent
Requirements Implementation

<<Discipline>> <<Discipline>>
Code Deployment

Figure 1. Thedisciplines of the PASSI process

PASSI includes five disciplines:

System Requirements: It covers all the phases defatReq. Elicitation, analysis
and agents/roles identification

Agent Society: All the aspects of the agent societyfaced: ontology,
communications, roles description, Interaction protocols

Agent Implementation: A view on the system’ s archidez in terms of classes and
methods to describe the structure and the behavior dé siggnt.

Code: A library of class and activity diagrams with agged reusable code and
source code for the target system.

Deployment: How the agents are deployed and which conttrare
defined/identified for their migration and mobility.

Test: The verification of the single agent’s behawath regards to the original
requirements of the system and the validation ofieficy of cooperation among
agents at the society level.

We can draw a direct correspondence between the aledalsciplines and the five phases that
characterize the procedural representation of PASSI.
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In fact, the PASSI process is composed of five diffeqghases: System Requirements, Agent
Society, Agent Implementation, Code and Deploymemt ¢dme names of the disciplines).

Each phase produces a document that is usually composedaggr¢he UML models and work
products produced during the related activities. Each phasenisosed of one or more sub-phases
each one responsible for designing or refining one or nastefacts that are part of the
corresponding model (for instance the System Requirenmeotiel includes an agent identification
diagram that is a kind of UML use case diagrams butsdsee text documents like a glossary and

the system use scenarios).
The details of each phase and its related sub-phasdsewdiscussed in the following session.
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3 Phases of the PASSI Process

3.1 The System Requirements phase

The System Requirements phase involves two differemepgsoroles, eight work products (four
UML models and four text documents) and four guidance doeotsnfene for each UML model)

System
Requirements

%

PASSI Description with SPEM

* System Analyst

D Identify Use Cases()
D Refine Use Cases ()
D Agents Naming()
D UCs Clustering ()
¥ Design Scenarios()
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3 dentify tasks()
D Describe Control Flow ()
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Figure 2. Exploitation of the System Requirements phase represented asa SPEM discipline

The process to be performed in this phase is descrilibd ollowing Figure 3. It is composed of
four sub-phase level work definitions (Domain Requireni¥cription, Agents ldentification,
Roles Identification and Task Specification) and sewetdated work products (mainly UML

models and text documents)
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Figure 3. The System Requirement phase described in terms of work definitions (sub-phases) and work products

The four sub-phases are composed of several activitessasbed in Figure 4. This figure also
describes the actors (process roles) involved in thisopoof the process. The process flow will be
described in following sub-sections.
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Domain expert

PASSI Description with SPEM

<<assist>>

Domain Requirements
Description

Identify Refine
Use Cases Use Cases

<<assist>>

<<perform>> <<perfofm>>

<<perform>> Design
Scenarios
<<perform>> "
P Identify
System roles
Analyst
<<perform#> <perform>> <<perform>>

2D

Ucs
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)
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Task Specifitation

2

Identify Describe
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Figure 4. The Domain Requirements Description activities clustered in sub-phase level work definitions

Here is a summary of this phase activities:

Phase

Activity

Activity Description

Rolesinvolved

Domain Description ldentify Use Cases

Use cases atktose
represent system
requirements

System Analyst
(perform)

Domain Description Refine Use Cases

Use cases anedefi
with the help of a
Domain Expert

System Analyst
(perform)
Domain Expert (assist

Agents Use Cases Clustering

Identification

The System Analyst
analyzes the use case
diagrams resulting from
the previous phase and
attempts their clustering

in a set of packages

System Analyst
(perform)
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Agents Agents Naming After grouping the use| System Analyst
Identification cases in a convenient se{perform)

of packages, the last
activity of this phase
consists in designing
these packages with the
names that will
distinguish the different
agents throughout all the

project
Role Identification | Identify Role The System Analyst | System Analyst
studies (textual) (perform)

scenarios and system
requirements (as defined
in the previous phase)
and identifies the roles
played by agents

Role Identification | Design Scenarios Each scenario i System Analyst
designed in form of (perform)

sequence diagram thus| Domain Expert (assist
depicting the details of
agents interactions

Task Specification Identify Tasks It consists in the System Analyst
identification of the (perform)
behavioral capabilities
that each agent needs tp
perform the specified
roles and the fulfill the
requirements that are
under its responsibility

Describe the control | It consists in introducing
flow the communication
relationships among
tasks of different agents
and the control flow
among tasks of the same
agent

3.1.1 Process roles involved

Two roles are involved in the System Requirementspligei the System analyst and the Domain
Expert. They are described in the following sub-sections

3.1.1.1 System Analyst

He is responsible of:
1. Use cases identification during the DD sub-phase. Usescae used to represent system
requirements.
2. Use cases refinement during the DD sub-phase. Usearase<fined with the help of a
Domain Expert.
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3.

Use cases clustering during the Ald sub-phase. The Systaiyst analyzes the use case
diagrams resulting from the previous phase and attempit<hingtering in a set of
packages.

Naming agents during the Ald sub-phase. After grouping theasss in a convenient set of
packages, the last activity of this phase consists igmiag these packages with the names
that will distinguish the different agents throughduttee project.

Roles identification during the RId sub-phase. The Sy#tealyst studies (textual)
scenarios and system requirements (as defined in th@pseshase) and identifies the roles
played by agents.

Designing scenarios during the RId sub-phase. Each scamdasigned in form of
sequence diagram thus depicting the details of agentagtiters

Tasks identification during the TSp. sub-phase. It consistse identification of the
behavioral capabilities that each agent needs to petfaspecified roles and the fulfill the
requirements that are under its responsibility.

Description of the control flow during the TSp. sub-ghdsconsists in introducing the
communication relationships among tasks of different agamd the control flow among
tasks of the same agent.

3.1.1.2 Domain Expert
He supports the system analyst during the descriptioreafdmain requirements

3.1.2 Details on System Requirements sub-phases

3.1.2.1 Domain Requirements Description
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3.1.2.2 Agent Identification
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PASSI Description with SPEM
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3.1.2.4 Task Specification
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3.1.3 Work Products

The System Requirements Model includes four text docwsraamt UML models. Their
relationships with the MAS meta-model (see sub-se&)are described in following

y —
Problem
Statement

1 —

: 1 Non Functional
Requirements Requirement
Document

1

3

s
S ®
1 5| - 1

Réquirement
Domain
Description

- J R;equirement
Vi

1 £y Uﬂ:

4 o— Agent Identification Agent

Syst.

Req. 52 P <

Model - /@ Role
Tl

Roles Identification

Scenarios

Scenarios

m P

7
T e

Task
Specification

1 Tasks

Glossary

Figure 5. The System Requirements M odel documents structure

This diagram represents the System Requirement modehns of UML models and text
documents. Each of these reports one or more elernentshe PASSI MAS meta-model (see
section 5); each MAS meta-model element is represeisiad an UML class icon (yellow filled)
and in each of the documents such elements cdefireed(D label near the element symbol, this
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means that the element is introduced for the first thrtee design in this artefactgfined(R label,
this means that an already defined element is detailsgnoeway updated) or simpdyioted(Q
label, this means that the elements has been alredided and is reported in this artefact only to
complete its structure but no work has to be done on it).

3.1.3.1 UML Models
The System Requirements discipline includes four UML Mew#élose aim and notation are
described in the following sub-sections.

3.1.3.1.1 Domain Description
Common UML use case diagram(s) are used to reprefemttaonal description of the system.

3.1.3.1.2 Agent I dentification

g | e
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e N Get Permission To
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:1“- :f:ﬂw- Carry Ot Clrder //Zuppliu

“<ingludex> Purchas ehdanager A
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£ 0 0MiIm unic b »

Frediot Students Neads Frovide Blooks ‘R\ Hagotiste Purchas &Money
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Define Purchas e Money Update Purchase HiEtory  Record Sale

Starting from an use case diagram, packages are used tdgmnotipnalities that will be assigned
to an agent (whose name is the name of the package).

Stereotypes of relationships between use cases of diffegaekages (agents) are converted to
‘communicate’ since different agents can interact antpis way. Direction of the relationships
goes from the initiator to the participant.

3.1.3.1.3 Roles I dentification

During this phase all the possible communication pathedaat agents are represented. A path
describes a scenario of interacting agents working to\achieequired behaviour of the system.
Each agent may belong to several scenarios, which anendry means of sequence diagrams in
which objects are used to symbolize roles (collectidasks performed by agent in pursuing a sub-
goal).
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3.1.3.1.4 Task Specification

Activity diagrams are used to show the behaviour of egehtgointing attention in what it is

capable to do. Relationships between activities signédgsages and communications between tasks
of the same agent. A Task specification diagram repiesies plan of the agent behavior. It shows
the relationships among the external stimuli receivethéygent and its behaviour (expressed in
terms of fired tasks).
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3.1.3.2 Text Documents

Name Description

Problem Statement A description of the problem to beeslolvith the
system. It is complemented by the Scenario document

Scenarios Textual description of the scenarios in wihieh
system to be developed is involved.

Requirements Document Description of the docA text decuircomposed by
the Domain Description diagram and a documentation
of use cases reported in it
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| Glossary | Aglossary of terms

3.2 The Agent Society phase

Agent
Society

o)

* Ontology Expert

* Agent Designer

* System Analyst

¥ Define Concepts()

¥ Define Concepts()

¥ Define Actions()

3 Refine Ont. Elem. Relat.()

¥ Describe Knowledge()

¥ Define Roles()

D Roles Relationships Definition()
D Roles Dependencies Analysis()

¥ Ontology Revision()

YD) Identify Communication()

¥ Define Communication()

D Refine Comm. Relationships()
¥ Services Description()

YD) Performative Identification()

YD) Protocol Tree Definition()

N
» |
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Protocol
Description

I
Ly

[

Services

a? an? a?

" “" "
Domain Communication Role
Ontology Ontology Description
Description Description

DOD CcoD RD
Guideline Guideline Guideline

PD
Guideline

The Agent Society discipline involves three differpricess roles, five work products (four UML
models and one document) and four guidance (one for eachrddel)

The process to be performed in this phase is descrilibd ollowing Figure 6. It is composed of
four sub-phase level work definitions (Domain Ontologydipsion, Communication Ontology
Description, Roles Description, and Protocol Descriptaonmd several related work products (UML

models and text documents)
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Figure 6. The Agent Society phase described in terms of work definitions (sub-phases) and work products

The four sub-phases are composed of several activitessasbed in Figure 4. This figure also
describes the actors (process roles) involved in thisopoof the process. The process flow will be
described in following sub-sections.
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Ontology Expert User

<<Lassist>>

<<perform> <<assist>>

Domain Ontology Desgefiption <<perform>> <Xperform>> \
<<asgist>> D ! >

Define Define Define Ont. Elem. Ontology
concepts predicates  actions relation\ships revision

/ |

Communication Ontology Description

DA B

Describe Identify Define Refine communication
Knovquedge Communmigations commun'\cations rela}ionship

Roles Description

2 )

Describe
br#brm>> role

<<perform>>

<<perform>>

> 4
Services
description

Pr >

Designer oles relationships|

definition Protoco) Description
<<perform>>
Q&

Performative Protocol tree
dependencies identification definition
analysis

Figure 7. The Agent Society activitiesclustered in sub-phases level work definitions

Here is a summary of this phase activities:

Phase Activity Activity Description Rolesinvolved
Domain Ontology | Define Concepts During this activity the| Ontology Expert
Description ontology expert (perform)

perform:

the identification of the
concepts describing the
system domain

Domain Ontology | Define Predicates Ontology Expert
Description (perform)
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Domain Ontology | Define Actions Ontology Expert

Description (perform)

Domain Ontology | Ont. Elem. Ontology Expert

Description Relationships (perform)

Domain Ontology | Ontology Revision System Analyst

Description (perform),
Ontology Expert
(assist)

Communication Describe knowledge Agent Designer

Ontology (perform)

Description Ontology Expert
(assist)

Communication Identify System Analyst

Ontology Communications (perform)

Description

Communication Define System Analyst

Ontology Communications (perform)

Description

Communication Refine Communication System Analyst

Ontology Relationships (perform)

Description

Roles Description Describe Roles Agent Designer
(perform)

Roles Description Services Description System Analyst
(perform)

Agent Designer (assist]

Roles Description

Roles Relationships

Agent Designer

Definition (perform)
Roles Description Roles Dependencies Agent Designer
Analysis (perform)
Protocol Performative System Analyst
Description Identification (perform)
Protocol Protocol Tree System Analyst
Description Definition (perform)

3.2.1 Process roles involved

3.2.1.1 Ontology Expert

He is responsible of :
1. Concepts definition. It consists in the identificat@inthe concepts describing the system

domain .

2. Predicates definition. The identification of predesgtthe assertions relating concepts to the

system domain.
3. Actions definition. The identification of activitiebdt agent may perform.
4. Ontology element relationships refinement. It coneiseélating the previous three elements
with classical ontological relationships (inheritar@ggregation, association)

22/54



ICAR
% Technical Report 20-03 PASSI Description with SPEM

3.2.1.2 Agent Designer

1.

Roles description. It consists in the description @kg’ classes arranged in packages, each
package representing one agent, whose behaviour is rdpebgriasks in the operation
compartment.

Roles relationships definition. The definition of asatien between roles (communication,
dependencies, role change)

Roles dependencies analysis .The analysis of the oodladn an agent needs and the
communication in which it participates.

Knowledge description. It consists in listing agents $peg their knowledge represented
as attributes.

3.2.1.3 System Analyst

N o

Ontology revision. The revision of ontological elertgeim order to define the pieces of
knowledge of each agent and their communication ontology.

Communications identification. It consists in introducamgassociation for each
communication between two agents, looking at exchangedgess the scenario.
Communications definition. The description of agents camugation in term of ontology ,
content language and interaction protocol.

Communication relationships refinement. The identificatibassociation classes in order to
link each communication to the three fundamental elewiecmmunication itself
(ontology , language and protocol).

Services description. The description of dependenciesbeattwo roles (service, resource,
soft service and soft resource)

Performative identification

Protocol tree definition
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3.2.2 Details on Agent Society sub-phases

3.2.2.1 Domain Ontology Description

PASSI Description with SPEM

* Ontology Expert

» 2

Define 40ncep$ Define P}'edicates

\Y4 \Y4
Conoepts\ PredL’cate
N |
N
N o . \‘ p ~
s
L
\
\
v

Ont Elem
Relationships

)

Define Iertions

Vi

Actions
s

Ontology

* System Analyst

e
7
- Domain

Ontology
Description

"‘>D//

Ontology Revision
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3.2.2.2 Communication Ontology Description

* System Analyst

o

Domain Ontology
Description

.

Identify
Communications

g

Define
Communications

5

Refine "\
Communication N

Relatljnshlps N

AN

o

Communication
Ontology
Descripition

3.2.2.3 Roles Description

PASSI Description with SPEM

* Agent Designer

e

R.Id. Diagr.  °\

e

T.Sp.Diagr.

>

Describe roles

-
~
-
N -7
S
1
7
.
D I d Services

-

Roles dependencies

C.O.D.

R

analyis

Ry

oles relatlonshlp
definition

Role description

* System Analyst

Services description
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3.2.2.4 Protocols Description

* System Analyst

C.0D. Teea L

Performative
Identification

N
R.Id. Diagr.

Protocol tree <

definition AN
> ~N
S ~
) g

Protocol
Description
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3.2.3 Work Products Structure

*

) Concept

» &
R
* m 1 *

’ Predicate
Domain Ontology

Ontology
D iofi "
escription Action
_ el g >—
. | 1
Role Communication Messages
v o— Communication Ontology
1 Description
Agent
Society
Model
I -
* SO
Rol Tasks
Roles Identification e
Diagram(s)
Services

L. 22 =
f ue
. . 1
Protocol AIP Performative
Description

3.2.3.1 UML Models
The Agent Society discipline includes four UML Modelsosh aim and notation are described in

the following sub-sections.

3.2.3.1.1 Domain Ontology Description
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<<action>>
GiveStimage

<<action>>
Givelmage

<<Act>> Send(thelmage : Stereolmage)

—__|Actor : Strin
—> J

ResultReceiver : String

+thelmage
/

<<concept>>
Stereolmage

1/\
+stereolmage

<<predicate>>
IsStimage

Value : Boolea

<<Act>> Send(thelmage : Monolma

ge)

+An|mag/e/27
{o rdered/}////

<<predicate>>
Isimage

Value : Boolea

N

Monolmage

+thelmage
1

<<concept>>

time : long

L

-
/

\ /
/

<<concept>>
ImData

datalD : byte[ ]
name : String
colors :int

X :int

y:int

dim: int
comment : Strin

The ontology is described (using a class diagram) inst@fraoncepts (fill colour : yellow),
predicates (fill colour: light blue) and actions (fiblour: white).

Elements of the ontology can be related using three dtdhdard relationships:
Generalization: it permits the generalize/specialratelation between two entities that is
one of the fundamental operator for constructing anlogyo

Association: it models the existence of some kind gficll relationship between two
entities. It is possible to specify the role of timwalved entities in order to clarify the
structure.

Aggregation: it can be used to construct sets where valsteictions can be explicitly
specified; in the W3C RDF standard three types of comtaibjects are enumerated: the bag
(an unordered list of resources), the sequence (an ordistedf resources) and the
alternative (a list of alternative values of a propefVe choose of considering a bag as an
aggregation without an explicit restriction, a sequaragualified by theorderedattribute
while the alternative is identified with tlmly oneattribute of the relationship.

In the previous figure we have a small portion of a r@abasion ontologyMonolmageis a
specialization of thémData concept with a time stamp (grabbing time). The ordered ggtoa of
two mono images gives tlgtereolmageWe define th&ivelmageaction in order to allow a robot
to ask for an image. The image should be provided bf¢ha and sent to thResultReceiver
(both agents). Predicates are also defined in reladisnrne existing conceptisimage

IsStimagé

3.2.3.1.1.1 Dependencies
This diagram describes/relates/defines:
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Element From Notes
Concepts
Actions .
Predicates System Requirements doc,

Ontology elements
Relationships

Glossary doc

Generalization, aggregation,..|.

3.2.3.1.2 Communication Ontology Description
The COD diagram is a class diagram and it is mainfgpmsed of two elements: agents and

communications.

<<Agent>>
Planner

Brobot : GenericComponent

+PositipnRequester

VisionLogalizazion—

+PosjtionServer

<<Agent>>
VisionManager
Brobot : GenericElement][]
BScameras : Camera[]

<<Communication>>
VisionLocalizazion

Ontology : LocalizeMe
Language : RDF
Protocol : FIPARequest

BSmarkers : Marker[]

<<Communication>>
SelfPositionBuildingRequest

+Position$ener

-

Ontology : AutoLocalize
Language : RDF
Protocol : FIPARequest

-
—

SelfPositionBuildingRequest

+SeIfLocak}z ator

<<Agent>>
SelfLocalizator

<<Agent>>
StereoCameraGrabber

l§>stereolmelge : Stereolmage

<<Communication>> +StereoGrabbing

GiveStimageRequest

Ontology : GiveStimage
Language : RDF
Protocol : FIPARequest

AN

Give!

mageRequest

<<Communication>>
GimmeStereolmageRequest

Ontology : GiveStimage
Language : RDF
Protocol : FIPARequest

/ +ImageServer
/ <<Agent>>

HardwareManager

Eicalibration : CalibrationData
l§>stereolmelge : Stereolmage

GimmeStereolmageRequest

+SelfLocalizator

BScameras : Camera[]

+ImageSenver
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Each agent (fill colour: yellow) is described in terofists knowledge (pieces of the ontology
described in the previous diagram). There is one reldtiphetween two agents for each
communication they are involved in. In each relationsigproles played by the agents during the
communication are also reported.

Each communication (fill colour: white) is representedhgyrelationship among the two agents
and it is detailed in the relationship attribute clas® dlass is identified by an unique name (also
reported in the relationship among the two agents) andidésisribed by thentology languageand
protocolfields.

Theontologyfield refers to an element of the DOD (Domain Ontgl&gscription); thdanguage
addresses for the content language of the communicahie theprotocol points out the adopted
FIPA Interaction Protocol.

In the previous diagram we can see thatthedwareManagemlagent asks for a stereo image to the
StereoCameraGrabbegent with th&iveStimageRequesbmmunication.

This communication refers to tii&veStimagection defined in the previous seen DOD diagram,
uses the RDF content language and the FIPA Requestcimarprotocol.

3.2.3.1.2.1 Dependencies and new definitions

This diagram describes/relates/defines the following aksnaf the MAS (see also the MAS model
in section 5):

Element From Notes
Agents R. Id. UML Model
Tasks Tasks Specification UML Not shown in the diagram in
Model this version of the

interface/diagram but selecteg
by the designer that relates a
task to each incoming/outgoin
communication of each agent

«

Agents Ontology (Knowledge) D.O.D. UML Model Piecesatology. Usually
they are referred to the
knowledge exchanged in the
agents’ communications

Agents’ Roles R. 1d. UML Model In the communications
(reported as roles in the
relationships among agents)

Communication Name - Defined here by the tool
(syntax: <initiator agent
name>-<participant agent
name><serial number for
communications among the
same agents>), the designer ¢can

modify it
Communication Ontology D.0O.D. UML Model Chosen by Besigner among
the elements of the DOD
Communication Protocol Roles Id. UML Model Chosen bydesigner

considering the exchanged
knowledge and the
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communication as described i
the Roles Id. diagram

n

Communication Content Lang. -

Chosen from the designer

3.2.3.1.3 Roles Description

==hoents =
Purchaze Monitor

Informer : P urchazebonitar

’Reques‘tEl ooks()

Storp Ul

Deliveryh otifier © StoreU]

@i otify Delivery ()

ook F ors hanges()
== Agent== == Agent= =
Purchaze Advisar P urchazer
/Pumﬂese nhouncement
- Negotiator | Purchaser
Consultant © P urchase Advsor (ser‘lce)
i QurReque st
QuewForddvice
BT kg I |l ®dleTazki)

" . < /_———; %R eceivell egatiationR eque st()
‘RecalveAdwceRequas‘t() =sAgent== ’Negotiate[]
SueryOnHistary ) Burchasa Manager

=g - |
S -
g (e %e)
| (SUHWU\EEJ Book sProsider : P urchazeM anag er tres |
| T WdleTazk()
9 ec eiveP urch aseR equest() |
| :Star‘tp wchasa() LI
A,sk F ot dvise() [ROLE CHANGE]
ROLE CHAMGE
[ 3 ! WStarthl egotiation( |
| @S tarto mering()
i [ elive ryh ot c at
| |1 w:ﬁ;‘;idgl;’sfmha;;o fon() .| Stock ToPutchase |
Furchase Detad
| / ¥ pd ateP urchaseHistory() |
b Yy . =X
Recorder: Purchaseldvisor i batif it i " TmEmicel COrderPlacer : Purchaser
De fiveryNptification — |
YdleTask() ] SdleTaski)
¥R eceiveR ecordingRequest() YReceieOrderingRe questl)
S pdateHistaryD) ==AgEnt== Sorder))

We represent the Role Description diagram as a clagsatin where roles are classes grouped in

packages representing the agents.

Roles can be connected by relationships representing chafingdes, dependencies for a service or

the availability of a resource and communications. Ealehis obtained composing several tasks
for this reason we specify the tasks involved in the vsing the operation compartment of each

class.
More in details:

» Classes represent roles of the agent. They are groupadkages that stand for the agent.

* Relationships among roles can be of 3 different kinds:

o Communications. Represented by a solid line directed floeninitiator to the
participant. Names of communications come from the Comration Ontology

Description diagram.

o Dependencies. Like in i*, we can have service or regodependencies. gervice

dependency shows that a role depends on another toalmang a goal (indicated by
a dashed line with theervice stereotype). In the@esource dependency, a role
depends on another for the availability of an entitgdiCated by a dashed line with

the resource stereotype). We can also haweoft-service and soft-resource
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dependencies; in this case the requested service/resolnelefid or desirable, but
not essential to achieve a role’s goal.

0 Role changes. This connection is depicted as a dependerntoynstg because we
want to signify the dependency of the second role erfitst. Sometimes the trigger
condition is not explicitly generated by the first rolat its precedent appearance in
the scenario justifies the consideration that it seseary to prepare the situation that
allows the second role to start. We use OCL or semdb text to express the
trigger condition.

3.2.3.1.4 Protocols Definition
We use sequence diagram to describe interaction proti®oia AUML.

3.2.3.2 Text Documents

3.2.3.2.1 Services
A description of the services offered by the agentsfasreel in the Roles Description UML model
(see 0)
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3.3 The Agent Implementation phase

Agent
Implementation

* Ontology Expert * Agent Designer * System Analyst

3 Indicate Messages’ Perf.() ¥) Describe Tasks() ¥ List Agents()

3 Indicate Mess. Contenty() 3 Represent Knowledge() 3 List Agents’ Commun.()
3 Set up Attributes /Methods() ¥ Draw Flow of Events()
3 Set up Tasks’ classes()
¥ Describe Method Impl.()

B L B »
m/ @ ] ]

S m __.-" __)' $

o ] o ] s [ £ =
M.A.S.D. S.A.S.D. M.A.B.D. S.A.B.D.
diagrams diagrams diagrams diagrams
M.A.S.D. S.A.S.D. M.A.B.D. S.A.B.D.
Guideline Guideline Guideline Guideline

The Agent Implementation discipline involves the saales of the preceding phase , four work
products (UML models) and four guidance documents (one @br @&IL model)

The process to be performed in this phase is descrilibd ollowing Figure 6. It is composed of
four sub-phase level work definitions (Multi-Agent Struetefinition, Single-Agent Structure
Definition, Multi-Agent Behaviour Description, Singleg&nt Behaviour Description) and several

related work products.
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|
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Behgvu_)r diagrams
Description

Figure 8. The Agent Implementation phase described in terms of work definitions (sub-phases) and work
products

The four sub-phases are composed of several activitessasbed in Figure 4. This figure also
describes the actors (process roles) involved in thisopoof the process. The process flow will be
described in following sub-sections.
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MASD

D DD

Describe tasks Eeprtles(;ent List agent List agent
nowleage communication
<<assizix>

<<perforig>>

<<

perform>>

SASD

D \ <<pe|’form>>

Set up attributes
and methods

S

<<perform=

Agent Designer

<<assist>> <<pgrform>>

<perform>>

System Analyst

Y ) —

Set up tasks’

classes
<<perform>>
Ontology Expert
SABD <<perform>>
<gassist>>
D <<perform
! <<perfor
Describe
methods’ MABD
implementation 2 ) E >
Indicate Indicate
, , Draw flow of
messages messages
i event
content performative

Figure 9. The Agent Implementation activities clustered in sub-phases level work definitions

Here is a summary of this phase activities:

Phase Activity Activity Description Rolesinvolved
M.A.S.D. Describe Tasks Agent Designer
(perform)
System Analyst (assist]
M.A.S.D. Represent Knowledge Agent Designer
(perform)
System Analyst (assist]
M.A.S.D. List Agent System Analyst
(perform)
M.A.S.D. List Agent System Analyst
Communication (perform)
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S.A.S.D. Set up Attributes and | the constructor and thel Agent Designer
Methods shutdown method (perform),
required by FIPA_OS
environment).

S.A.S.D. Set up Tasks’ classes methods required to Agent Designer
deal with (perform)
communication events.

M.A.B.D. Indicate Messages’ Ontology Expert

Performative (perform)
System Analyst (assist]

M.A.B.D. Indicate Messages’ Ontology Expert

Content (perform)

M.A.B.D. Draw Flow of Events System Analyst

(perform)
S.A.B.D. Describe Methods most appropriate form.| Agent Designer
Implementation (perform)

3.3.1 Process roles involved

3.3.1.1 Ontology Expert

He is responsible of :
1. Indicate messages’ performative. It consists in timeotion between methods of each
task pointing out messages’ performative as it is §pdan the C.O.D. diagrams.
2. Indicate messages’ content. The same activity opteeious step this time the messages
content as it is described in the D.O.D. diagrams.

3.3.1.2 System Analyst

1. List agents. It consists in drawing a class diagranthf@mhole system , each class
corresponding to an agent.

2. List agents’ communication. It consists in joining twanmrre agent pointing out the
communications they exchange.

3. Draw flow of event. The description of the flow ofeew between agents.

3.3.1.3 Agent Designer

1. Describe tasks. The description of tasks for each agent.

2. Represent knowledge. The description of attributes fdr elass (agent) in order to
represent a piece of knowledge on the domain.

3. Set up attributes and methods. It consists in repregesdich agent interior structure (e.g
the constructor and the shutdown method required by B environment).

4. Set up tasks’ classes. It consists in detailing eachfaskach agent) pointing out
methods required to deal with communication events.

5. Describe methods implementation. The description ofhoakst implementation using the
most appropriate form.
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3.3.2 Details on Agent Implementation sub-phases

3.3.2.1 Multi Agent Structure Definition

* System Analyst

A.ld.diagrams

Lists agents

C.O.D. dlagrams AN

Lists agent
communication

* Agent Designer

T.Sp. diagrams
\
\
\

\

\\ MABD diagr.

\ -
\ |
|
|
Describes tasks
g ~
~

~

~
.0.D. diagrams ~

D

N
Represents knowledge ™ N

MASD diagram

3.3.2.2 Single Agent Structure Definition
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* Agent Designer

%

A.ld.diagram N
N\

Ve

T.Sp.diagr.

MABD

~
Set up tasks’ classes ~ <

- 1D

N
——
- Set up attributes and

methods

~

SASD diagram

3.3.2.3 Multi Agent Behaviour Description

* System Analyst

N
N
N
A.ld.diagr. N
J\
- N
N
A

T.Sp.diagr.

Draw the flow of events

* Ontology Expert

U

g C.O.D. diagr.
S.A.S.D diagram(s) /

N
N\

™\

Describes messages’
performative

u-f

[}7

Describes messages’
~
content

'S r}{éu

MABD diagram(s)
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3.3.2.4 Single Agent Behaviour Description

* Agent Designer

@D <

MABD diagram(s) ™~

~

Y N

Draw the flow of events
~
~

S r}rén

SABD diagram(s)
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3.3.3 Work Products Structure

Ontology
e
gt *
* 1 * 1 *
MAS.D Agent Role Tasks
Communication
uﬂ/‘ o —T—leo
E 1 * 1 *
Agent Role Tasks
“0_ SASD
m
Agent
Implementation
A — N
* m 1 *
MAB.D Role Tasks
@
1
Communication Message
1
AIP Performative

3.3.3.1 UML Models
The Agent Implementation discipline includes three UMadels whose aim and notation are
described in the following sub-sections.

3.3.3.1.1 Agent Structure definition

A series of class diagram(s), subdivided into two vigtws multi-agent and the single-agent one,
are used to describe the internal structure (in termasdes and methods) of agents involved in

the process.
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In multi-agent Structure Definition the attentiorfasused on general architecture of the system
(agents their knowledge and their tasks).

In Single Agent Structure Definition the attentioriasused on each agent and its internal structure
(attributes and methods).

Moreover this phase influences and is influenced by thephade , the Agent Behaviour
Description.

<<Agent>>
SensorReader
Bactive Grid : Grid <<Agent>>
TLPlanner
—| i robot : RobotPosition
_—~|¥ResponderGrid () <
- ®setup() \\\\ «robotEng : Eng
O | BactiveGrid : Grid
- @path : Path
envMatrix : EnvironmentMatrix
_ <<Agent>> - gt
Environment engController ,g'[sl_tilg?:r? e!lrz(? el
wrobot : RobotPosition | ®MyGridinitiator()
@robotEng : Eng e SMyP ositionlnitiator()
®Planner()
$Mover() $SettingParameters()
$MyPositionResponder() $TLDeadlockinform()
®OdometrylLocalizer()
$SetParameters()
®FirstLocalization()
®setup()
®VisionLocalizer()
Agent Behavior
| (from JADE) | (from JADE)
/ AN
<<Agent>> <<Task>>
engCF)ntroIIer <<Task>> MyPositionResponder <<Task>>
E¥myName : String = engController OdometryLocalizer Mover
&leng : Eng $MyPositionResponder()
8oControl ‘Od(_)metryLocaIizer() SprepareResponse() FMover()
een? i) $action() SprepareResultNotification() ®action()
S Saction() ®move()
SonEnd()

3.3.3.1.2 Agent Behaviour Description

Also in this phase we subdivide the diagrams into twevsji¢he single and the multi one.

Activity diagrams or statecharts are used to describédhaviour of individual agent, showing the
flow of events between and within both the main agkasses and their inner classes, in terms of
methods invocation and messages exchanged.
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Besides in Single-Agent Behaviour Description we carthiseepresentation we consider most
appropriate , flow chart, state diagrams or semi-fotmdldescriptions).

TLPlanner.MyPositionInitiator

LPlanner.MyPositionInitiator:
action

message(Reques|

TLPlann er.MyPositionInitialoD

handleAgree
\a

m

TLPlanner.MyPositionInitiator
handleNot Understood essa
m

handleRefuse

\
<T LPlanner.MyPosition|nit 'amﬁ/essage(l?equest, refze )

TLPlanner.MyPositionInitiatory mess
handleFailure

t, re

ge(Request, notUn

engController.MyPositionResponder

engController.MyPositionResponde
onEnd

<>

&, robot Position)

engController.MyP ositionResponde
action

Request, agree, )

engController.MyP ositionResponder:
tood,) PrepareResponse

engController.MyP ositionResponder:
prepareResultNotification

e(Request, inform, robotPosition) defaultT ransition

handlelnform

<T LPIanner.MyPositionInitiatorﬁm

TLPlanner.Planner
action

TLPlanner.Planner

—
—

J

TLPlanner.Planner.
refreshEnvironmentMatrix
< buildPolarHistogram >
TLPlanner.Planner.
buildBinaryHistogram
TLPlanner.Planne
. buildOpeningList
TLPlanner.Planner.
calcRotParameters

TLPlanner.Planner:
distance

TLPlanner.Planner.
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3.4 The Code phase

x5 oo
* Agent Designer * Programmer

3) Describe Pattern Reused Code() 3D Complete Code()

3) Document Code()

) n? o P
Fi i /
0" o= e
MASD MABD SASD
H = —
Reusable
Reuse
Guideline parts of code Code

The Code discipline involves two different process rdles,work products (three UML models
and two text documents) and one guidance.

The process to be performed in this phase is descrilied ollowing Figure 10. It is composed of

two sub-phase level work definitions (Code Reuse and Cod@l€oom) and several related work
products (UML models and text documents)
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Code
Code Reuse Completion ™.

|
| N
|

Design diagr. Reusable code’s
(MABD,SASD) pieces

Figure 10. The Code phase described in terms of work definitions (sub-phases) and work products

The two sub-phases are composed of several activitéssasibed in Figure 4. This figure also
describes the actors (process roles) involved in thisopoof the process. The process flow will be
described in following sub-sections.
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Code Reuse

2

),

Code Completion

2

Complete code

PASSI Description with SPEM

Describe pattern Document
reused code code
<<perform>>
<<perform>>
<<perform>>
Programmer Agent Designer

Figure 11. The Code activities clustered in sub-phase level work definitions

Here is a summary

of this phase activities:

Phase Activity Activity Description Rolesinvolved
Code Reuse Describe pattern reused Agent Designer
code (perform)
Code Reuse Document code Agent Designer

(perform)

Code Completion

Complete code

Programmer (perfo

3.4.1 Process roles involved

Two roles are involved in this discipline: the Agent desigand the Programmer. They are
described in the following subsection.

3.4.1.1 Agent Designer
1. Describe pattern reused code. It consists in trying terpresdefined patterns of agents and

tasks.

2. Document code. The documentation of the previous stepWABD and SASD diagrams.
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3.4.1.2 Programmer

1. Complete code. The completion of methods’ body yieldetthis point by taking into

account the design diagrams.

3.4.2 Details on Code sub-phases

3.4.2.1 Code Reuse

* Agent Designer

Describe Pattern Reused AN AN
Code A

Reusable code’s
pieces

~
Document Code SO
~ j
h

Design diagrams
(MABD,SASD)

3.4.2.2 Code Completion

PASSI Description with SPEM
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* Programmer

Complete code \A

3.4.3 UML Models

The Code discipline includes two UML Models whose aim astdtion are described in the
following sub-sections.

3.4.3.1 Code Reuse

In this phase, we try to reuse existing patterns of agent tasks looking at diagrams detailing the
library of patterns.

Patterns are not only pieces of code but also piecgssign (of agents and tasks) that can be
reused to implement new systems.

In this phase we have therefore produced a series @&a#ceusable code that are documented
with their MABD and SASD diagrams. In the former wad#e the behaviour of the pattern
through the sequence of events and implemented methods iwtiie latter we have a structural
description of the pattern in the form of a class grap of classes (for example an agent main
class together with its tasks).

We have found that in our applications and with our speicifplementation environment (FIPA-
OS and Jade), the most useful patterns are thoseothdthe classified asteractionpatterns. This
is due to the specific structure of FIPA-compliant jplatfs that delegate a specific task for each
specific communication. Each time an agent needs ta psaetocol, the related pattern task can be
easily reused and only the part of the code devoted fafthhenation treatment necessitates
modification.

The repository of patterns is described as reported below

Name The name of the pattern

Classification The classification of the pattern according to theofeihg
criteria and related categories:

» Application context: Action, Behaviour, Component and

Service pattern
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* Functionality: Access to local resource, Communicatio
Elaboration, Mobility

Intent A description of what the pattern does and its ratioaale
intent
Motivation A scenario that illustrates a design problem and how thatagp

and their tasks in the pattern solve the problem.

Pre-conditions

The initial situation in which the pattern can be agpli

Post-conditions

The consequences of the application of the pattern: what
changes the pattern introduces into the system

Structure A graphical representation of the structure of the agadtits
tasks (usually done with a class diagram)
Participants A description of the agents involved in the pattern ard tbles

Collaborations

A (graphical) representation of the collaborationshef agents
involved in the pattern (if any)

Implementation availability

Availability of the implementation code for the FIRRS/JADE
platforms. Availability of the UML diagrams of the lston
(XMlI) for importing them in the existing system design

Implementation description

Comments on the most significant code fragments tistitite
the pattern implementation in the specific agent pitaté

Implementation Code

FIPA-OS/JADE code of the solution

Related Patterns

Patterns that should be used in conjunction with this one

3.4.3.2 Code Completion

This is rather a conventional phase. The programmapletes the code of the application starting
from the design, the skeleton produced and the patterredreus

3.5 The Deployment phase
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ﬁ DEPLOYMENT

* Agent Designer
DD

escribe Deployment Configuration()

PASSI Description with SPEM

-
L,

" "
Deployment
Configuration

diagram

|-

Deployment
diagram Guideline

The Deployment discipline involves one process role,workproduct (an UML model) and one
guidance .

The process to be performed in this phase is descrilibd following Figure 12. It is composed of

one sub-phase level work definition (Deployment Configargtand one related work product (an
UML model).

B

- Deployment

@U/ Configuration \\\
R.D. diagrams ?

Deployment
Configuration
diagram

Figure 12. The Deployment phase described in terms of work definitions (sub-phases) and work products
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The unigue sub-phases is composed of one activity aslakxbani Figure 13. This figure also
describes the actor (process role) involved in this @ouif the process. The process flow will be
described in following sub-sections.

Agent Designer

<<perform>>

Deployment
Configuration

»

Describe Deployment
Configuration

Figure 13. The Deployment activities clustered in sub-phase level work definitions

Here is a summary of this phase activities:

Phase Activity Activity Description Rolesinvolved
Deployment Describe Deployment | It consists in the Agent Designer
Configuration Configuration allocation of agents to | (perform)

the available process
units, this includes
describing hardware
requirements for agents
deployment in the
different computational
units, defining
conditions for agents’
movements and
requirements related to
agents’ communication
paths.

3.5.1 Process roles involved

One role is involved in this discipline: the Agent desigthat is described in the following
subsection.
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3.5.1.1 Agent Designer

It consists in the allocation of agents to the aldelgprocess units, this includes describing
hardware requirements for agents’ deployment in terdiit computational units, defining
conditions for agents’ movements and requirementsektat agents’ communication paths.

3.5.2 Details on Deployment sub-phases

3.5.2.1 Describe Deployment Configuration
* Agent Designer

R.D. diagrams ~

Describe

Deployment N N
Configuration \\

Deployment
Configuration diagrams

3.5.3 Work Products

The Deployment Configuration model includes ...

3.5.4 UML Models

The Deployment discipline includes one UML Models whaise and notation are described in the
following sub-sections.

3.5.4.1 Deployment Configuration

This phase has been thought to comply with the requirenaéotetailing the agents’ positions in
distributed systems or more generally in mobile-agemstexts.

The Deployment Configuration diagram illustrates thafimn of the agents (the processing units
where they live), their movement and their communacasupport. The standard UML notation is
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useful for representing processing units (by boxes), ag@antomponents) and the like. What is
not supported by UML is the representation of the agerualsility, which we have done by means
of a syntax extension consisting of a dashed line withave to” stereotype..

<<network>
Sitel Site
A:scooter — +— = move_to A:scooter
|
|
|
<<network>%} :communicate
]
Server ¥
<<network>>
C:central

In this diagram is also possible to specify the hardwaxéces used by the agents (sensors and
effectors) and the modes of communication among agedifferent elaborating units.
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4 Work Products Dependencies

This diagram describes the dependencies among the diffeoekproducts. For instance, the
Communication Ontology diagram depends on the Domainl@gy diagram since during the
communications parameters specification it is necgsedtnow the ontology elements (concepts,
actions, predicates) defined in the previous phase.
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5 MAS Meta-Model

FIPA-Platform Agent] Service FIPA-Platform Task|
“Name . String
1 0.* 1
1 g~ 1
Agent Role 11 Task 1 AP Performative

“Name : String
-Knowledge : Ontology|

< “Name - String Name : String “Name : Stringk>—————

o.* 1 -Initiator/ Participant 1%

Communication
Namo Message
_Exchanged Knowledge : Ontolog “Comm_act : Performative
- _-Content Language
o Ontology
0.7 0.* 1.5 1. 1..% ? ? ?
Resource Non Funct. Req. Requirement Scenario Concept Action Predicate
“Name : String CAct
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