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1 Introduction

PASSI (Process for Agent Societies Specification and Implementation) is-aystapp
requirement-to-code methodology for designing and developing multi-agent sociétee
methodology integrates design models and concepts from both Object Orientedesoftw
engineering and artificial intelligence approaches.

Initial _
RE,ITE,[, New Ram.r ements
Sy st. Req. Model
Domin Ag [mpl. Model Code NModel
Discrip tion
Agent Sirue ture
* Defindfiom Cade Reuse
- v
1d erdifaratiom i r *
| Agenvt Babavinr Code @
¥ Descrip tion Canup lotion
Roles 1 ! Tauks
Identification Specification T 1
Ominlogy ) Eales » Protecols Deep koyment !
Deserip tion Dhese ription Deesec i thon Configuration
Agent Society Mode Depl. Model

Fig.1: The PASSI methodology

The design process is composed of five models (see Fig. 1): the System ReqsiMauahis a
model of the system requirements; the Agent Society Model is a model oktiits aryolved in the
solution in terms of their roles, social interactions, dependencies, and ontologgetite A
Implementation Model is a model of the solution architecture in terms of clasbeseshods (at
two different levels of abstraction: multi and single-agent); the Code M®dahiodel of the
solution at the code level and the Deployment Model is a model of the distribution of thefpart
the system (agents) across hardware processing units, and their movenosstthe different
available platforms.

In the following the PASSI process will be described first consideringhitde process and
disciplines and then detailing each of the different phases and sub-phases.
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2 The PASSI Process

©)| Passl

—
m—

<<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 related to Req. iBhgitatalysis
and agents/roles identification

Agent Society: All the aspects of the agent society are faced: ontology,
communications, roles description, Interaction protocols

Agent Implementation: A view on the system’ s architecture in termasées and
methods to describe the structure and the behavior of single agent.

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

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

Test: The verification of the single agent’s behavior with regards to theairigi
requirements of the system and the validation of efficiency of cooperation among
agents at the society level.

We can draw a direct correspondence between the above cited disciplines and thedséphas
characterize the procedural representation of PASSI.
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In fact, the PASSI process is composed of five different gha&@gstem Requirements, Agent
Society, Agent Implementation, Code and Deployment (the same names of thengisgipli

Each phase produces a document that is usually composed aggregativj-theodels and work
products produced during the related activities. Each phase is compasetiar more sub-phases
each one responsible for designing or refining one or more agefhat are part of the
corresponding model (for instance the System Requirements moldeles@n agent identification
diagram that is a kind of UML use case diagrams but also ssthddcuments like a glossary and
the system use scenarios).

The details of each phase and its related sub-phases will be discussed in thegaléssion.
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3 Phases of the PASSI Process

3.1 The System Requirements phase
The System Requirements phase involves two different process roles, eiglpradrcts (four

UML models and four text documents) and four guidance documents (one for each UML model)

System
Requirements

%

PASSI Description with SPEM

* System Analyst

* Domain Expert

¥ Identify Use Cases()
D Refine Use Cases ()

3D Agents Naming()
¥ UCs Clustering ()
¥ Design Scenarios()
Y1) Identify Roles()

¥ Identify tasks()
¥ Describe Control Flow ()

¥ Refine Use Cases()
¥ Design Scenarios()

2 . 5 ¢
™ » n
‘" ‘" ‘"
- qualn t Agent Role
equirements Identification Identification
Description

"

i

Problem Requirement Scenarios
Statement doc
DD Ald RId
Guideline Guideline Guideline

-,

Task
Specification

Glossary

N

TSp
Guideline

Figure 2. Exploitation of the System Requirements phase represented asa SPEM discipline

The process to be performed in this phase is described in the following Figure 8nipissed of
four sub-phase level work definitions (Domain Requirement Description, Agentditdeion,
Roles Identification and Task Specification) and several related workgiso@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 activities as described irtFiguse figure also

describes the actors (process roles) involved in this portion of the process. The fioacesll be
described in following sub-sections.
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ASSI Description with SPEM

Identify Refine
Use Cases  Use Cases
Role Ide}\tiﬁcation
<<perform»> <<perfofm>> / D
<<perform>> Design
Scenarios
<<perform>> "
perform Identify
System roles
Analyst
<<performp> <<perform>> <<perform>>
<<perform>
Agents Ide/éiﬁcation Jask Specifitation
Ucs Agents Identify ~ Describe
Clustering Nagming Tasks  control flow

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

Identify Use Cases

Use cases are used
represent system
requirements

t&ystem Analyst
(perform)

Domain Description

Refine Use Cases

Use cases are refing
with the help of a
Domain Expert

2Bystem Analyst
(perform)
Domain Expert (assist

Agents
Identification

Use Cases Clustering

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

System Analyst
(perform)

in a set of packages
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Agents
Identification

Agents Naming

After grouping the use
cases in a convenient s
of packages, the last
activity of this phase
consists in identifying

these packages with the

names that will
distinguish the different
agents throughout all th
project

System Analyst
e{perform)

e

Role Identification

Identify Role

The System Analyst
studies (textual)
scenarios and system
requirements (as defing
in the previous phase)
and identifies the roles
played by agents

System Analyst
(perform)

d

Role Identification

Design Scenarios

Each scenario in
designed in form of
sequence diagram thus
depicting the details of
agents interactions

System Analyst
(perform)
Domain Expert (assist

Task Specification

Identify Tasks

It consists in the
identification of the
behavioral capabilities
that each agent needs t
perform the specified
roles and the fulfill the
requirements that are
under its responsibility

System Analyst
(perform)

0

Describe the control
flow

It consists in introducing
the communication
relationships among
tasks of different agents
and the control flow
among tasks of the sam

e

agent

3.1.1 Process roles involved

Two roles are involved in the System Requirements discipline: the Systent amalyse 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. Use cases are used ¢émtrsystsm

requirements.

2. Use cases refinement during the DD sub-phase. Use cases are refinte Wwelp of a
Domain Expert.
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3.

Use cases clustering during the Ald sub-phase. The System Analysearthlyzise case
diagrams resulting from the previous phase and attempts their clusteringf iofa s
packages.

Naming agents during the Ald sub-phase. After grouping the use cases in aieonset of
packages, the last activity of this phase consists in designing these patithdgles names
that will distinguish the different agents throughout all the project.

Roles identification during the RId sub-phase. The System Analyst studieg(tex
scenarios and system requirements (as defined in the previous phase) andsitdentifikes
played by agents.

Designing scenarios during the RId sub-phase. Each scenario in designed in form of
sequence diagram thus depicting the details of agents interactions

Tasks identification during the TSp. sub-phase. It consists in the identificatioa of t
behavioral capabilities that each agent needs to perform the specifiechobtee &ulfill the
requirements that are under its responsibility.

Description of the control flow during the TSp. sub-phase. It consists in introdueing th
communication relationships among tasks of different agents and the control flow among
tasks of the same agent.

3.1.1.2 Domain Expert
He supports the system analyst during the description of the domain requirements

3.1.2 Details on System Requirements sub-phases

3.1.2.1 Domain Requirements Description
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* System Analyst
Scenario Problem
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Refine Use -
— Cases
— ~ *
Requirement ™.
doc
Domain
Description
'
Glossary y
®

3.1.2.2 Agent Identification
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Description Ucs
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Agents Agents
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3.1.2.3 Roles Identification
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~
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3.1.2.4 Task Specification

* System Analyst
@D \\\\\ > z >

Roles |dentify Tasks
Identification
diagr. l

2
e
7 .
_~ Describe
-~ Control Flow

[other tasks]

Task
Specification
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3.1.3 Work Products

The System Requirements Model includes four text documents and UML models. Their
relationships with the MAS meta-model (see sub-section 5) are describeawirigll

; —
Problem
Statement

O, —

1 J—

1 Non Functional
Requirements Requirement
Document

1t
-t ., =
N 1

1 & Requirement
Domain
Description g
P F Requirement
iz
1 [0} 1

Agent Identification

4
3

Syst.
M
Req. essage
Model
S
! B 1
1 I:B r] Role
Roles Identification
e Scenario
— T
Scenarios
=] Fﬂ
o B
1 Tasks
Task
Specification
] f—
Glossary

Figure5. The System Reguirements M odel documents structure

This diagram represents the System Requirement model in terms of UML randeés«t
documents. Each of these reports one or more elements from the PASS| MASadelésee
section 5); each MAS meta-model element is represented using an UMicolaggellow filled)
and in each of the documents such elements cdefireed(D label near the element symbol, this
means that the element is introduced for the first time in the design in tfesgstefined(R label,
this means that an already defined element is detailed or someway updaiteg)yoqsoted(Q
label, this means that the elements has been already defined and is reporsearieféiot only to
complete its structure but no work has to be done on it).
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3.1.3.1 UML Models
The System Requirements discipline includes four UML Models whose aim and notation a
described in the following sub-sections.

3.1.3.1.1 Domain Description
Common UML use case diagram(s) are used to represent a functional desofiptie system.

3.1.3.1.2 Agent I dentification

1
g |
ChiefLIl
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A |

e N Get PermiEzion To
c-:-mmumc_o P b apy Furchaser
' <<oommijnicates> i :'—'-‘ernl'l‘_%wiﬁh’ .
MSM Cous es Wieh Sener | Feep NSM Needs Updated | —F /

e coommunicse ™} Carry Oud Ord
Zamdludes > Furchas ¢hdanager ﬂ ey ' ;{‘ st Supplies
< < parfimpnicate ==
cccupnncags ] @)

SOy T icat e 3
Pradiot Studants Neads Provide Bocks =, | MNagotiste Purchas e Monay

- <4 communicHss = |
< € COMMUnic ate}/ }K
A~ e gommhi oate »x == 1= €< gommunicates »

| .--ﬁ;ﬂﬁ- '\ElareUI
Fumhas efdvis <4 comimuni cabe= =
< inchides -
O Q Facaia Daliveny Storak eepar

Define Purchas e Money Update Purchase Hetory  Record Sale

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

Stereotypes of relationships between use cases of different packages)(@geconverted to
‘communicate’ since different agents can interact only in this way. Doreofithe relationships

goes from the initiator to the participant.

3.1.3.1.3 Roles I dentification

During this phase all the possible communication paths between agents aentepreA path
describes a scenario of interacting agents working to achieve a requieaabloe of the system.
Each agent may belong to several scenarios, which are drawn by means of seqgearos tha
which objects are used to symbolize roles (collection of tasks performed byragarguing a sub-

goal).
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3.1.3.1.4 Task Specification

Activity diagrams are used to show the behaviour of each agent pointing attention ihisvha
capable to do. Relationships between activities signify messages and conionsioatween tasks
of the same agent. A Task specification diagram represents the plan of the hgeiurbkt shows
the relationships among the external stimuli received by the agent andatsdue (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 be solved with the
system. It is complemented by the Scenario document
Scenarios Textual description of the scenarios in which the
system to be developed is involved.
Requirements Document A text document composed by the Domain
Description diagram, a documentation of use cases
reported in it and the non functional requirements of
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the system

Glossary

A glossary of terms

3.2 The Agent Society phase

Agent
Society

*

* Ontology Expert

* Agent Designer

* System Analyst

¥ Define Concepts()
¥ Define Concepts()
¥ Define Actions()

¥ Describe Knowledge()
¥ Define Roles()
¥ Roles Relationships Definition()

¥ Refine Ont. Elem. Relat.() ||£2) Roles Dependencies Analysis()

¥ Ontology Revision()

¥ Identify Communication()

¥ Define Communication()

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

D Performative Identification()

.FE] EE] -’sm
o ] ]
Domain Communication Role
Ontology Ontology Description

Description Description
DOD COD RD
Guideline Guideline Guideline

¥ Protocol Tree Definition()

Protocol
Description

N

Guideline

Services

The Agent Society discipline involves three different p

rocess roles, five wodkigts (four UML

models and one document) and four guidance (one for each UML model)

The process to be performed in this phase is describe

d in the following Figure 6nipissed of

four sub-phase level work definitions (Domain Ontology Description, Communication Ontology

Description, Roles Description, and Protocol Descripti
models and text documents)

on) and several related wductsr (UML
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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 activities as described irtFiguse figure also
describes the actors (process roles) involved in this portion of the process. The fioacesll be
described in following sub-sections.
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Ontology Expert

<<Lassist>>
<<perform>

Domain Ontology Desefiption <<perform>> <¥perform>>
<<asgist>> D

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

\
/ \ < <perform\>>

Communication Ontology Description

DD

Describe Identify Define Refine communicatiporn
Knovs1ledge Communications commun'\cations rela}ionship

Roles Description

2D

<<perform> DeSCrlbe
prfOrm>> role

Services
description

<<perform>>

<<perform>>

Pr >

1)

Agent
Designer oles relationships
definition Protocof Description
<<perfopm>>
Q% Performative Protocol tree
dependencies identification definition
analysis

Figure 7. The Agent Society activities clustered in sub-phaseslevel work definitions

Here is a summary of this phase activities:

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

perform:
the identification of the
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concepts describing the
system domain

Domain Ontology

Define Predicates

Ontology Expert

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

It consists in the
description of roles’
classes arranged in
packages, each packag
representing one agent,
whose behaviour is
represented by tasks in
the operation
compartment.

Agent Designer
(perform)

(0]

Roles Description

Roles Relationships

Definition

The definition of
association between
roles (communications,
dependencies, role
changes).
Communications derive
from COD, changes of
role from RID,
dependencies from bot}
COD and RID.

Agent Designer
(perform)

Roles Description

Collaboration Rules

Definition

In consists in the
introduction of the agen
society rules and the
analysis of the

Agent Designer
t (perform)

collaborations an agent
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needs. These depend o
the society model that
the design wants to
introduce. These rules
prevent some roles to
provide services to other
roles if they do not
satisfy the required
condition (actually
reported in the Services
description document).
Goals of roles are
defined in this activity
too, and describe the
objective of the specific
role (when this is not
involved in providing
some service or sharing
resources)

>

Roles Description Services Description The description of | System Analyst

service dependencies | (perform)
between two roles Agent Designer (assist
(service, resource, soft
service and soft
resource). A resource
dependency is seen as @
resource providing
service and modelled in
the Services description

document.
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.

2.

Concepts definition. It consists in the identification of the concepts desctit@rgystem
domain.

Predicates definition. The identification of predicates, the assertionagetancepts to the
system domain.

3. Actions definition. The identification of activities that agent may perform.
4.

Ontology element relationships refinement. It consist in relating theguethree elements
with classical ontological relationships (inheritance, aggregation, assotiat
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3.2.1.2 Agent Designer
He is responsible of :

1.

Roles description. It consists in the description of roles' classes atnanggckages, each
package representing one agent, whose behaviour is represented by tasks in tba operat
compartment.

Roles relationships definition. The definition of association between roles (conatons,
dependencies, role changes). Communications derive from COD, changes a@imoii,
dependencies from both COD and RID

Collaboration Rules Definition. In consists in the introduction of the agent sogiesyand
the analysis of the collaborations an agent needs. These depend on the societyatibdel t
design wants to introduce. These rules prevent some roles to provide services toesher rol
if they do not satisfy the required condition (actually reported in the Servisesdion
document).

Knowledge description. It consists in listing agents specifying their kiolgwleepresented

as attributes.

3.2.1.3 System Analyst
He is responsible of :

1.

2.

N o

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

Communications identification. It consists in introducing an association ¢br ea
communication between two agents, looking at exchanged messages in the.scenari
Communications definition. The description of agents communication in term of ontology ,
content language and interaction protocol.

Communication relationships refinement. The identification of associatisseslan order to
link each communication to the three fundamental element of communication itself
(ontology , language and protocol).

Services description. The description of service dependencies between tweaunlies (
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

Syst. Req. Doc
~N

_
_
£

»

»

Define Cl(oncepts Define P‘(edicates
\

\/ \a
Conc;eﬁfs\ - PredL\cate
~ - \ P
e
\
\
v/

Identify Ont Elem
Relationships

Glossary Doc
Ve

Define }Actions

I
W4

-
_ Actions
~

__> [

Ontology

___>D///

* System Analyst

2

Domain
Ontology
Description

e

Ontology Revision
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3.2.2.2 Communication Ontology Description

* System Analyst

Role
Identification

——

Identify
Communications

Task
Specification

Define
Domain Ontology Communications

Description
-7 Refine
Communication
Relationships

Communication

Ontology
Descripition
Other
communications
3.2.2.3 Roles Description
* Agent Designer * System Analyst

g N
N
R. Id. Diagr. \\

] "o
@D - Describe roles

T.Sp.Diagr.

-

Roles relationship

definition 2
C.0.D.

|

|

|

|

- TN
- Roles dependencies Services description S
e \

Role description

-

Services

@3

3.2.2.4 Protocols Description
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* System Analyst

C.0.D. Tea l)

Performative
Identification

'S
R.ld. Diagr.

Protocol tree <

T ~
~
definition N
~
~
~
~

Protocol
Description
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3.2.3 Work Products Structure

PASSI Description with SPEM

; Concept
.i/'
.
1 » 1 * 1 Predicate
Domain Ontology
Ontology
Description ' .
Pt Action
1.* y 0.* -Knowledge
Agent 1.7
0.x -Ex¢h. Knowledge
“ *— =B > Ontology
1 i Element
Agent 1T
Society Communication Ontology 1
Model Description Communication
1.*
Content
1.% Language
Role
1.7
AIP
Agent
1%
Tasks
) 1 0.*
— m® ] Rk
Roles Description o
Diagram Service
Resource
Communication
1
Services Service

0.* .f
@ .

1 *

PR
Protocol AIP Performative
Description
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3.2.3.1 UML Models

PASSI Description with SPEM

The Agent Society discipline includes four UML Models whose aim and notationsmebdel in
the following sub-sections.

3.2.3.1.1 Domain Ontology Description

<<action>>
GiveStimage

<<action>>
Givelmage

<<Act>> Send(thelmage : Stereolmage)

Actor : String
ResultReceiver : String

+thel mag

D

<<concept>> L~

Stereolmage

+stereolmage

1/

<<predicate>>
IsStimage

Value : Boolean

<<Act>> Send(thelmage : Monolma

ge)

+thelmage
1\
<<concept>>
Monolmage
+An|mage/;% time : Iong
{ordered} —
/////// 771 YL]
+monolmage /
<<concept>>
ImData
<<predicate>> datalD : byte[ ]
Isimage name : String
Value : Boolean colors :int
X :int
y:int
dim: int
comment : Strin

The ontology is described (using a class diagram) in terms of concepts ¢iilf cgkellow),
predicates (fill colour: light blue) and actions (fill colour: white).
Elements of the ontology can be related using three UML standard relationships:

Generalization: it permits the generalize/specializatitation between two entities that is
one of the fundamental operator for constructing an ontology.

Association: it models the existence of some kind of logicaticglship between two
entities. It is possible to specify the role of the involved iestitn order to clarify the
structure.

Aggregation: it can be used to construct sets where value tiesican be explicitly
specified; in the W3C RDF standard three types of container objects are eredmémbag
(an unordered list of resources), the sequence (an ordered listoofricesy and the
alternative (a list of alternative values of a property). We ahobdsonsidering a bag as an
aggregation without an explicit restriction, a sequence is quabfjethe orderedattribute
while the alternative is identified with tloaly oneattribute of the relationship.

29/56



ICAR
% Technical Report 20-03 PASSI Description with SPEM

In the previous figure we have a small portion of a robotic vision ontoMggolmages a
specialization of thémData concept with a time stamp (grabbing time). The ordered aggregation of
two mono images gives ti&tereolmageWe define thé&ivelmageaction in order to allow a robot

to ask for an image. The image should be provided btk and sent to thResultReceiver

(both agents). Predicates are also defined in relation to some existing cdistesige

IsStimagée

3.23.1.1.1 Dependencies
This diagram describes/relates/defines:

Element From Notes
Concepts
Actions :
Predicales System Requirements doc,

Glossary doc
Ontology elements y

Relationships

Generalization, aggregation,..|.

3.2.3.1.2 Communication Ontology Description

The COD diagram is a class diagram and it is mainly composed of two elengents: and
communications.

30/56



AR
= Technical Report 20-03

<<Agent>>
Planner

Blrobot : GenericComponent

+PositipnRequester

VisionLogalizazion—

+PosjtionSener

<<Agent>>
VisionManager
B3robot : GenericElement[]
Blcameras : Cameral]
Bmarkers : Marker[]

+Position$erver

-

-
_—

SelfPositionBuildingRequest

+SelfLocalizator

<<Agent>>
SelfLocalizator

Bcalibration : CalibrationData
l3)’5.tereolmr:1ge : Stereolmage

<<Communication>>
VisionLocalizazion
Ontology : LocalizeMe
Language : RDF
Protocol : FIPARequest

<<Communication>>
SelfPositionBuildingRequest

Ontology : AutoLocalize
Language : RDF
Protocol : FIPARequest

PASSI Description with SPEM

<<Agent>>
StereoCameraGrabber

Q)stereolmage : Stereolmage

AN

<<Communication>> +StereoGrabbing

GiveStimageRequest
Ontology : GiveStimage
Language : RDF
Protocol : FIPARequest

AN

GiveStimageRequest

<<Communication>>
GimmeStereolmageRequest

Ontology : GiveStimage
Language : RDF
Protocol : FIPARequest

/ +ImageServer
/ <<Agent>>

HardwareManager

GimmeStereolmageRequest

+SelfLocalizator

Bicameras : Cameral]

+ImageServer

Each agent (fill colour: yellow) is described in terms of its knowledge (piefcthne ontology
described in the previous diagram). There is one relationship between two ageats for e
communication they are involved in. In each relationship the roles played byethis during the
communication are also reported.
Each communication (fill colour: white) is represented by the relationship atnerngo agents
and it is detailed in the relationship attribute class. The class is idengfeml imique name (also
reported in the relationship among the two agents) and it is describeddmdhagy languageand

protocolfields.

Theontologyfield refers to an element of the DOD (Domain Ontology Description)atigriage
addresses for the content language of the communication whpeatoeol points out the adopted

FIPA Interaction Protocol.

In the previous diagram we can see thatthedwareManagelgent asks for a stereo image to the
StereoCameraGrabbergent with th&iveStimageRequesbmmunication.
This communication refers to tli&veStimageaction defined in the previous seen DOD diagram,
uses the RDF content language and the FIPA Request interaction protocol.

3.23.1.2.1 Dependenciesand new definitions
This diagram describes/relates/defines the following elements of Alge(bke 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 selected
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by the designer that relates a
task to each incoming/outgoin
communication of each agent

Agents Ontology (Knowledge

D.O.D. UML Model

Pieces of ontology. Usually
they are referred to the
knowledge exchanged in the
agents’ communications

Agents’ Roles

R. Id. 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 ¢
modify it

Communication Ontology

D.O.D. UML Model

«

an

Chosen by the Designer among

the elements of the DOD

Communication Protocol

Roles Id. UML Model

Chosen by the designer
considering the exchanged
knowledge and the

communication as described in

the Roles Id. diagram

Communication Content Lang|

Chosen from the designer

3.2.3.1.3 Roles Description
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PAS

Sl Description with SPEM

==hgent==
Purchase Monitor
Informer : P urchaseMonitor
‘Reques‘tElooks()
% ook ForC hanges()
< Agyents = == pgents =
Furchaze Advisar P urchazer
/Pum.ﬁ-ese mhodncement
M tiator : Purch
Consultant : P urchase Advisor (serﬂce) egofiator urenaser
i OurRlequest
oaeTask) Que w Ford dvice s :IRdIeTaSkO
; eceivel egatiationR equest
¥ReceivwAdiceR egquest() =amghnt== ‘Negotiateog CEEE
SaueryOnHistory ) }-urchase Manager o
- _ |
T -
| (SUﬂFE’S‘OLQEJ Book sProvder | P urchaseM anager (§$ ree) |
| dleTazk()
ec eiveP urch aseR equest() |
| :startp wchaze h
'Ask F o dvizel) [ROLE CHAMGE]
ROLE CHAMGE
[ h ! S tart eyt istion |
| PStantO dering()
YR ec eiveD elive ryN ot ifcation)
| Purehase Datai 1yt #End0 P Lrshase() .| Stock ToPurchase |
| / ‘LlpdateP urchaseHistor() |
o . e _
Recorder : Purchazefdvisor DefveryNbtitication q__fserw::e-;_ —— OrderP lacer: Punchaszer
WdleTazk() ] WoleTazk(
YR eceiveR ecordingRequest() ‘Recei\eOrderingRequest()
U pdateHistory() ‘;i\gr:”ﬁ’ SOrder()

Deliver yi otifier : Starel]

SplotityDeliveryr)

We represent the Role Description diagram as a class diagram wlesraretlasses grouped in
packages representing the agents.

Roles can be connected by relationships representing changes of role, deipsridea service or
the availability of a resource and communications. Each role is obtained ¢cogpeeral tasks
for this reason we specify the tasks involved in the role using the operation coemgatmach
class.

More in details:

» Classes represent roles of the agent. They are grouped in packages that sterapfemt.
* Relationships among roles can be of 3 different kinds:

o Communications. Represented by a solid line directed from thetanitia the
participant. Names of communications come from the Communication Oyntolog
Description diagram.

o Dependencies. Like in i*, we can have service or resource dep&slefservice
dependency shows that a role depends on another to bring about adjoatdd by
a dashed line with theervice stereotype). In theesource dependency, a role
depends on another for the availability of an entity (indicated dgsaed line with
the resource stereotype). We can also hawoft-service and soft-resource
dependencies; in this case the requested service/resource i8 belpésirable, but
not essential to achieve a role’s goal.

o Role changes. This connection is depicted as a dependency relationshipebee
want to signify the dependency of the second role on the first. Boasethe trigger
condition is not explicitly generated by the first role but itscpdent appearance in

33/56



ICAR
% Technical Report 20-03 PASSI Description with SPEM

the scenario justifies the consideration that it is necessary to ptepaiéuation that
allows the second role to start. We use OCL or semi-formxaltte express the

trigger condition.

3.2.3.1.4 Protocols Definition
We use sequence diagram to describe interaction protocols like in AUML.

3.2.3.2 Text Documents

3.2.3.2.1 Services
A description of the services offered by the agents as referred in the Rslagpilon UML model
(see 3.2.2.3)
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3.3 The Agent Implementation phase

Agent
Implementation
* Ontology Expert * Agent Designer * System Analyst

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

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

» f‘n @ Prn @ Fﬁ ® ﬁm
" " " o
M.A.S.D. S.AS.D. M.A.B.D. S.AB.D.
diagrams diagrams diagrams diagrams
M.A.S.D. S.AS.D. M.A.B.D. S.AB.D.
Guideline Guideline Guideline Guideline

The Agent Implementation discipline involves the same roles of the preceding fphaseork
products (UML models) and four guidance documents (one for each UML model)

The process to be performed in this phase is described in the following Figure 6nipissed of
four sub-phase level work definitions (Multi-Agent Structure Definition, SingjesA Structure
Definition, Multi-Agent Behaviour Description, Single-Agent Behaviour Dgsicm) and several

related work products.
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|

Ald. \ ! Structure
\ / definiton
\ /
@ \ /
\ /
\\ \\ //
TSp. N N/ I
R e
S\ (S) Agent
T Structure
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| AN P
C.0D } Aa
! 1
! I
|
|
|
|
|
1
|
| (M) Agent
| Behavior
} Description
|
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! A\
|
|
1
| (M) A.B.D
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|
|
|
|
|

,,,,,,,,,,,,,,,,,,,,, é New lteration?
|
I
|
l
|
DEVD

(S) Agent
Behavior
Description

;DeD (M)A.S.D.
I@:l / diagram
N /(M) Agent

/

PASSI Description with SPEM

(S) A.S.D.
diag/rams

(S)AB.D
diagrams

Figure 8. The Agent I mplementation phase described in ter ms of work definitions (sub-phases) and work

products

The four sub-phases are composed of several activities as described irtFiguse figure also
describes the actors (process roles) involved in this portion of the process. The fioacesll be

described in following sub-sections.
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MASD

Describe tasks

Represent
knowledge

D D D D

List agent

List agent
communication

<<perforg>>

SASD
D \ <<perform>>
Set up attributes \
and methods

<<perform>>

<<assist>> <<p

<<perform>>

Y ) —

Agent Designer

System Analyst

Set up tasks’

classes
<<perform>> Ontoloay Expert
ntolo Xpe
SABD 9y =Xp <<perfprm>>
<gassist>>
2D —
. <<perfor
Describe
methods’ MABD
implementation E >
Indicate Indicate
, , Draw flow of
messages messages
: event
content performative

Figure 9. The Agent Implementation activities clustered in sub-phaseslevel 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 the connection between metbads of
task pointing out messages’ performative as it is specified in the C.O.D.ndgagra
2. Indicate messages’ content. The same activity of the previous step this timesteges’
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 diagram for the wholersystach class
corresponding to an agent.

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

3. Draw flow of event. The description of the flow of event 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 for each class (agent) in order to
represent a piece of knowledge on the domain.

3. Set up attributes and methods. It consists in representing each agent itrteriores(e.g
the constructor and the shutdown method required by FIPA_OS environment).

4. Set up tasks’ classes. It consists in detailing each task (for each@matit)g out
methods required to deal with communication events.

5. Describe methods implementation. The description of methods 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.0.D. dlagrams N

Lists agent
communication

* Agent Designer

T.Sp. diagrams
\
\
\

\

\\ MABD diagr.

\ -
\ |
|
|
Describes tasks
g ~
~

~

C.O.D. diagrams "~ N

D

N
Represents knowledge N N

MASD diagram

3.3.2.2 Single Agent Structure Definition
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* Agent Designer

Ve

A.ld.diagram N
N\

V.

T.Sp.diagr.

MABD

- 1D

~
Set up tasks’ classes ~ <

A
——
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 h
- N
N
a

T.Sp.diagr.

Draw the flow of events

* Ontology Expert

e

C.O.D. diagr.

e

S.A.S.D diagram(s) /
/
N /
N

Al

R

Describes messages’
performative

Describes messages’
~

®

content ~o

~
~

RR%

MABD diagram(s)
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3.3.2.4 Single Agent Behaviour Description

* Agent Designer

MABD diagram(s) ~  ~~

o

Draw the flow of events
~
~

Sa I_{ZEI

SABD diagram(s)
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3.3.3 Work Products Structure

Ontology
/e N
* E1 * ‘
1 *
M.A.S.D Agent Role Tasks
Communication
LR S T | —>
!1 * 1 *
Agent Role Tasks
#._ SASD
11
Agent
Implementation
=
* n ‘1 *
Tasks
M.ABLD. Role
@
1
Communication Message
1
AlIP Performative

3.3.3.1 UML Models

The Agent Implementation discipline includes three UML Models whose aim anconciad
described in the following sub-sections.

3.3.3.1.1 Agent Structure definition

A series of class diagram(s), subdivided into two views, the multi-agent anddleajent one,
are used to describe the internal structure (in terms of classes and metlaggsite®involved in
the process.
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In multi-agent Structure Definition the attention is focused on generateattite of the system
(agents their knowledge and their tasks).
In Single Agent Structure Definition the attention is focused on each agent andritalistructure

(attributes and methods).

Moreover this phase influences and is influenced by the next phase , the Agenvieha

PASSI Description with SPEM

Description.
<<Agent>>
SensorReader
activeGrid : Grid SsAgent>>
“ TLPlanner
— | i bot : RobotPosition
_—|[¥ResponderGrid() =~ Karo
) /// ®setup() ~_ @robotEng : Eng
() o | [ &activeGrid : Grid
«path : Path
«envMatrix : EnvironmentMatrix
<<Agent>> . -
; FirstLocalization()
Environment
engControIIer_ _ ®S| Listener()
wrobot : RobotPosition _— |BBMyGridlnitiator()
@robotEng : Eng e ¥MyPositionnitiator()
. ®Planner()

Mover() $SettingParameters()
$MyPositionResponder() $TLDeadlockinform()
$O0dometrylLocalizer()

SSetParameters()
$FirstLocalization()
Ssetup()
SvisionLocalizer()
Agent Behavior
(from JADE) (from JADE)
/
<<Agent>> <<Task>>
engController <<Task>> MyPositionResponder

EZmyName : String = engController

&Jeng : Eng

OdometryLocalizer

®engController()
E¥setup()

¥0dometryLocalizer()
Faction()

3.3.3.1.2 Agent Behaviour Description

Also in this phase we subdivide the diagrams into two views, the single and the multi one.
Activity diagrams or statecharts are used to describe the behaviour of indagemd) showing the
flow of events between and within both the main agent classes and their inres, ¢tagsrms of
methods invocation and messages exchanged.

#¥MyPositionResponder()
SprepareResponse()
SprepareResultNotification()
Saction()

SonEnd()

<<Task>>
Mover

FMover()
Faction()
Fmowve()
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Besides in Single-Agent Behaviour Description we can use the represemtatconsider most

appropriate , flow chart, state diagrams or semi-formal text descriptions

TLPlanner.MyPosition|Initiator

LPlanner.MyPositionInitiator:
action

message(

handleAgree

TLPlanner.MyPositionlnitiat 05
mﬁa

LPlanner.MyPositionlnitiator
handleNot Understood essa

TLPlanner.MyPositionInitiator.
handleRefuse

handleFailure

TLPlanner.MyPositionlInitiator:

Reques|

TLPlanner.MyPositionlnitiato
handlelnform

(
<

il

t, re

ge(Request, notUn

message(Request, refu

PASSI Description with SPEM

engController.MyPositionResponder

engController.MyPositionResponde

&, robot Position) ofEnd

—

engController.MyPositionResponde
action

Request, agree, )

engController.MyPositionResponder:
tood, ) prepareResponse

. engController.MyPositionResponder:
message(Request, failure/) prepareResultNotification

J

defaultTransit

e(Request, inform, robotPosition)

on

TLPlanner.Planner

TLPIlanner.Planner:
action

TLPlanner.Planner. >
X

refreshEnvironmentMatri

TLPlanner.Planner.
buildPolarHistogram
TLPlanner.Planner.
buildBinaryHistogram
TLPlanner.Planne
. buildOpeningList
TLPlanner.Planner.
calcRotParameters
TLPlanner.Planner:
distance
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3.4 The Code phase

ﬁ Code

* Agent Designer

* Programmer

3) Document Code()

3 Describe Pattern Reused Code()

¥ Complete Code()

Reuse
Guideline

MABD

11}

Reusable
parts of code

PASSI Description with SPEM

The Code discipline involves two different process roles, five work products (threenuidéls
and two text documents) and one guidance.

The process to be performed in this phase is described in the following Figure 106npased of
two sub-phase level work definitions (Code Reuse and Code Completion) and sevedaaiate
products (UML models and text documents)
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Code
Code Reuse Completion ™\

| N

|
| 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 activities as describedeEiflis figure also
describes the actors (process roles) involved in this portion of the process. The fioacesll be
described in following sub-sections.
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Code Reuse

2 )

Describe pattern
reused code

),

Document
code

<<perform>>

Code Completion

<<perform>>

2

Complete code

Programmer

<<perform>>

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

Here is a summary

of this phase activities:

PASSI Description with SPEM

Agent Designer

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 Processro

les involved

Two roles are involved in this discipline: the Agent designer and the Programmg@aréhe
described in the following subsection.

3.4.1.1 Agent Des

1. Describe pattern reused code. It consists in trying to reuse predefiresdpaftagents and

tasks.

igner

'm)

2. Document code. The documentation of the previous step with MABD and SASD diagrams.
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3.4.1.2 Programmer

PASSI Description with SPEM

1. Complete code. The completion of methods’ body yielded to this 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

Reusable code’s
pieces

~
Document Code SO
~ j
B

Design diagrams
(MABD,SASD)

3.4.2.2 Code Completion
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* Programmer

Complete code Sa

3.4.3 UML Models

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

3.4.3.1 Code Reuse

In this phase, we try to reuse existing patterns of agents and tasks lookingaahsidgtailing the
library of patterns.

Patterns are not only pieces of code but also pieces of design (of agents anbabs&g)tie
reused to implement new systems.

In this phase we have therefore produced a series of pieces of reusable codalthairaented
with their MABD and SASD diagrams. In the former we describe the behaviour patieen
through the sequence of events and implemented methods whilst in the latter wethastarals
description of the pattern in the form of a class or a group of classes (for examggent main
class together with its tasks).

We have found that in our applications and with our specific implementation environri&ht (F

OS and Jade), the most useful patterns are those that could be classifiecesonpatterns. This

is due to the specific structure of FIPA-compliant platforms that delegsecific task for each
specific communication. Each time an agent needs to use a protocol, the relatedgs&ttman be
easily reused and only the part of the code devoted to the information treatnessitaszs
modification.

The repository of patterns is described as reported below:

Name The name of the pattern

Classification The classification of the pattern according to the following
criteria and related categories:
« Application context: Action, Behaviour, Component &

and

Service pattern
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PASSI Description with SPEM

* Functionality: Access to local resource, Communicatjon,

Elaboration, Mobility

Intent A description of what the pattern does and its rationale| and
intent

Motivation A scenario that illustrates a design problem and how the agents
and their tasks in the pattern solve the problem.

Pre-conditions The initial situation in which the pattern can be applied.

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 agent and its
tasks (usually done with a class diagram)
Participants A description of the agents involved in the pattern and their

roles

Collaborations

A (graphical) representation of the collaborations of the agents

involved in the pattern (if any)

Implementation availability

Availability of the implementation code for the FIPA-OS/JADE

platforms. Availability of the UML diagrams of the soluti
(XMI) for importing them in the existing system design

DN

I mplementation description

Comments on the most significant code fragments to illustrate

the pattern implementation in the specific agent platforms

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 programmer completes the code ofitatiapstarting
from the design, the skeleton produced and the patterns reused.

3.5 The Deployment phase
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ﬁ DEPLOYMENT

PASSI Description with SPEM

Agent Designer

X
Do

escribe Deployment Configuration()

" Fm
|
Deployment
Configuration
diagram

F&

Deployment
diagram Guideline

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

guidance .

The process to be performed in this phase is described in the following Figure 1@nipsed of
one sub-phase level work definition (Deployment Configuration) and one related worktgeoduc

UML model).

s

s
s
s

R.D. diagrams

R

Deployment -
Configuration >~ _

Deployment
Configuration
diagram

Figure 12. The Deployment phase described in terms of work definitions (sub-phases) and work products
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The unique sub-phases is composed of one activity as described in Figure 13. Thisl$mur
describes the actor (process role) involved in this portion of the process. The floovcesal 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 designer that is described wiltveifig
subsection.
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3.5.1.1 Agent Designer

It consists in the allocation of agents to the available process units, this sndesibzibing
hardware requirements for agents’ deployment in the different computatiorsaldedihing
conditions for agents’ movements and requirements related to agents’ comionrmpeadts.

3.5.2 Details on Deployment sub-phases

3.5.2.1 Describe Deployment Configuration
* Agent Designer

R.D. diagrams ~

Describe

Deployment AN 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 whose aim and notation are degttied i
following sub-sections.

3.5.4.1 Deployment Configuration

This phase has been thought to comply with the requirements of detailing the agetitsigivsi
distributed systems or more generally in mobile-agents’ contexts.

The Deployment Configuration diagram illustrates the location of the agentsdtiesging units
where they live), their movement and their communication support. The standard UML natation i
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useful for representing processing units (by boxes), agents (by components) el ivddit is
not supported by UML is the representation of the agent’s mobility, which we have doreabyg
of a syntax extension consisting of a dashed line with a “move to” stereotype..

<<network>
Sitel Site
A:scooter — =+ 7 move—to A:scooter
|
|
|
<<network>} :communicate

]

Server Eg

<<network>>

C:central

In this diagram is also possible to specify the hardware devices used gt @ensors and
effectors) and the modes of communication among agents in different elabarateng
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4 Work Products Dependencies

This diagram describes the dependencies among the different workproductstadfoeinhe
Communication Ontology diagram depends on the Domain Ontology diagram since during the
communications parameters specification it is necessary to know the ontologytidéconcepts,

actions, predicates) defined in the previous phase.
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5 MAS Meta-Model

FIPA-Platform Agent

Service

“Name : String

FIPA-Platform Task|

PASSI Description with SPEM

Performative

1 0.~ 1
1 1. 1
Agent Role 11 Task 1 AP
“Name : String - - -
. - : - B - : >
-Knowledge : Ontology|*® Name : String Name : String Name : String
a4 oad o~ |1 -Initiator/ Participant 1.
Communication
Name Message
-Exchanged Kno : Ontology -Comm_act : Performative|
+ 7 |-content Language
o Ontology
o..” o.* LEC 1.* ? ? ?
Resource Non Funct. Req.| [Requirement Scenario Concept Action Predicate
“Name : String CAct
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