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Motivations ]

11010101

1 Based upon the BDI model

[ Stress aspects such as mental states like beliefs,
desires and intentions

A Lack of industry ready tools for design and
development of MAS

= Strong tie-up with specific methodologies

= Cover only a subset of development phases
= Simple prototypes

= Very limited assistance
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PRACTIONIST Suite

PRACTIONIST Studio

PRACTIONIST Modelling Editors

PRACTIONIST
Code Generator

I |
| Eclipse :
- - 4
PRACTIONIST Methodology PRACTIONIST Runtime & Framewaork
Development Process PAIT PAM
PAML PRACTIONIST Packages
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| UML | i* notation | | Java || Prolog |
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PRACTIONIST Suite
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PRACTIONIST Studio

PRACTIONIST Modelling Editors

PRACTIONIST
Code Generator

PRACTIONIST Methodology

PRACTIONIST Runtime & Framework

Development Process

PAIT PAM

PRACTIONIST Packages
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PRACTIcal reasONINng sySTem

Bulilt-in services
1 Belief logic

[ Deliberation

mechanisms
 Means-ends reasoning
[ Planning

 Plan executions

Main features
1 Goal model
4 Plan library
1 Perceptors

] Effectors

] Belief base
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PRACTIONIST Suite

PRACTIONIST Studio
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PRACTIONIST
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PANL .

Semi-formal visual modelling language for specifying, modelling
and documenting BDI multi-agent systems, designed using the
development methodology defined within the PRACTIcal
reasONIng sySTem (PRACTIONIST)

PAML
Metamodel

A

AML Metamodel

AML
UI\?I(;rPAr\(I\)Afll_IeS < AML Kernel Notation
o UML2.0 . Main features:
\ Superstructure

I ks et = Contains general meta-classes to

* |ncludes meta-classes specific to

model intentional components of
BDI agents

PRACTIONIST-based systems
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é; ENGINEERING

PAML - Packages

[ 1 R
<=metamodel=» <«metamodel ==
LML AL
[N A
\ /

\ | /
<«<metamodels=
PAML
|
Kemel
tental
Attitudes  f=— — — —
e |
| 7 |
[ 1
Planming | BDIEntities
|
|
¥ |
| ]
| Interactions
o an
]

Requirements

Kernel package (artifacts,
agents and their components)

Mental Attitudes package
(intentional attitudes such as
beliefs, goals and plans)

BDIEntities package
(artifacts and agents)

Interactions package
(perceptors, perceptions,
effectors and actions)

Planning package
(plan body activities)

Requirements package
(I* notation)
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PRACTIONIST Studio (PS) ]

 Main goals

= Support (/) the development methodology of the
framework, (/) and the graphic modelling of the main
abstractions characterizing the PRACTIONIST agent

= Support the realization of agent-based applications
according to PRACTIONIST model, from design to the
code generation

U Implementation
= Developed in Java (cross-platform)
= Built using the Eclipse support
= [mplementation of the PAML
1 Release-build policies
= Open source

= Eclipse plugins or standalone RPC m

PRACTIONIST



PS — Developed editors ]

d UMLZ2 based
= (Class editor

= (Use Case editor

d 1* based
» Strategic Dependency (SD) editor
» Strategic Rationale (SR) editor

d PRACTIONIST specific
= Goal editor
= Domain editor
= Plan editor

o]
W 100} » Plan Body editor

R8T G

11030703 . , ,
101 mm‘i’ﬂ = Effector/Action — Perceptor/Perception editor

1011009100 .

10110071101 = Agent editor

1810010101

1101gi010
NI 170 PRACTIONIST
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PS — Editors Common Infrastructure || NGB

4 Integrated development using the PS-Project
1 Common editing facilities

d Unified underlying model

 Model View

O Entity reuse in several views of the system

4 Validation check

 Automatic code generation facility
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PS — Main GUI

A MO2ZL - PRACTIONIST Studio - example. beld - PRACTIONIST Studio

File Edit Mavigate Search Project Diagram  Window Help

i [=<> iy t ‘9_ o iEms ol ok w
3 i [ : Ol | 1 = r
: : . | — = Wi o9~ 5. - | 0% |»
i | 9 MOZL - PRACTIONIST Studio |
[# Package Explarer 52 =0 ﬁ example.bold 22 = [
@ Bgs ¥ — Palette —  »
Select
= S PS_Example h
G s ] class1 % Zoam
B JRE System Library [jre1.5.0_04] =2 Note 2
E‘ practionist. jar - CHPRACTIONIST_Skudic | Elements -»
& jade jar - C\PRACTIONIST_Studiolplugi Q Class
= AgentComponentsyiew Interface
= ClassView 1 Packags
= Requisuiteiew = E .
. numeration
= UseCaseView E Class2: E Class3
DataType
=~ Connections *
# Association -
D/Aggregation -
Composition -
[il 1l | [l] / Comp
— _# Generalization
ﬁ Model View &2 lOutIine| = = ‘g, Realization
ﬁ i " Dependency

= B3 <Package defaultPackage
: E < Class> Classl
E < Class> Classz

o A eneralization: Class
Q <Class> Class3
: /d <izeneralization Class1
<Profile= PS_Profile

£ Association Class

=] properties 23 lProbIems | Error L0g|

CEEREL

Appearance
Rulers & Grid Property
Advanced = BilikUML
Mame
Wisibility
Wiew

walue

U= defaultPackage
Public

\ ENGINEERING
INGEGNERIA
= INFORMATICA

PRACTIONIST
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PS — Project

= |

[ Package Explorer 2 - =
G ~
P = & P5_Example
&
: : B, JRE Svyskem Library [jrel.5.0_04]
#. practionist.jar - CHPRACTIONIST Studic
!.,7' jade.jar - CHPRACTIONIST _Studioiphugi
= AgentComponentsyiew

2% rnodel.prk
= Class'-.ﬂew

i
[ 2 o AR

=% FequiSuiteifisw
@ Ramodel, early
= [ UseCaseview
E UMLrnodel url

Custom Eclipse Project supporting the right organization of
diagrams and source code

Automatic creation of the sections regarding the different phases of
the methodology

src folder containing the generated source code of the agents
iInvolved in the designed system
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— —— #% Model View 52 Outline =
e 4% =-F
gm : - B3 izPackage > defaultPackage
’.:':.f;, Q <C|ass = Classl
i“::“ ! = E «iClass = Classz
%1 : A <Generalization Class1

= Q <C|lass = Class3
/ﬂ <Generalization= Class1
o <Profile = P5_Profile

PS — Model View _

U Centralized view for the model underlying a structured phase of

the methodology
O Used to start the drag and drop feature

[ Used to start the “Delete from View” e “Delete from Model”

actions
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d PRACTIONIST Stock Trading System

 System (with a high complexity) supporting stock

markets’ operations and decisions

1 Other existing agent-based systems in critical

fields such as financial and stock trading
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PS - Strategic Dependency Editor

Select

s
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!1
5
.

13, Zoom
I, Marguee
= Mote: -

: == Elements >
. Actor

[ HardGoal

0 SoftGoal

<> Task

[ Resource

(= Links *
= Dependency Link
== wihy Link

=H> And Decomposition

—{> Or Decomposition
£ Contribution

—= Means Ends

=t Task Decomposition
= Dependencies »
@5 HardGoal Dep.

&= SoftGoal Dep,

@ Task Dep.

[ Resource Dep,

il

£l i |
1 1 e =y ™
Problems | Javadoc | Declaration | 3 Modelview 2 Nl
s Trading volume
= BE Close stock price
4T Retrieve stocks raw information

@ =13

; . ¥ahoo

(=[] High stack price

D Retrieve stacks raw information

|

= B8 Low stock price
- <D Refrieve stocks raw information
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PS - Agent Editor
)
— Palette —— r
skt
[+, Zoom
HoldingStocksManager Analyst ¥
[=3 MNote -
& & | Nodes -+
A ! S . E—— i £ Agent
| wsnCials | fsocialy | El tndividual Artefact
_informatiunRetrievaE Profile | ] social Artefact
| | [ il [ Resource Arkefact
e = Lirks *
/" Communication
/" dutefact Usage
fesocials| | «wsocials |
Partfolio StockInformer
Trader Advizor
Problems ! Javadoc ! Declaration | D Modelview 5 AR FETTO
= S PModel |
{9 Agent Action ClosePriceListRequestaction =
G Agent Action GetClosePricelistAction _-_
8 Agent Action GetProfitTargebaction
9 Agent Action GetStoplossackion
@ Agent Action GetStopProfitAction
G Agent Action GetTolerancedction
| Agent Message Eee_AMSG
]'ﬂ]"'.l'ﬂﬂ[lﬂ! Agent Message Til AMSG
L Agent Message Ssss_AMSG
Iﬂj & BDI Agent Analyst
." P,, BDI Agent HoldingStacksManager ]|
ﬂ!‘ PRACTIONIST




']
]
= E y
e haleh ==,
- h. Select
predicars R gt 1, Zoom
MNewStockPriceReceived ® ManageRiskyStock &= Nate =
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= arrived: boolean . | pRSE T j @ toal 3
wcanstraints B Z: stock quantity or price is changed ) Predicate
. «SUCCess ;E&g__an[S_RBh_ﬁtiDns »
f Al «applicables <> risky stock managed | |/ Entailment
Managed «depends one | / Precondition
wslotss | ./DEDEH_denCV
= irvestor: String | els :/ Inconsistence
= stockMame: String «SLICCRSE» ® ManageHoldingStock, | = Holds »
' «Constraints /" #pplicable
C |
«depends on» Pl
mredicates «applicables / Success
MNewPlacedOrderReceived e
. st ® ManageProfitableStock
Bl uid: long i
= stockSymbal: String _ «applicable>
O operation: Sting = wrancels
=l quantity: int “ stock quantity or price is changed
B price: float | HlieCaEay '
«constraint & profitable stock managed
a1kl ||
Fd & -
-y - g i
o i T —
roblems  Jlava DC 2Claral |0n Odel v
'J;.L-,lf .|.. Phl Javadac | Declarat ﬁMdlv 52 . 8]
] i . Pred|cate Rule ~ |
I? i E Social Artefact InfarmationRetrisval
IE‘Tu | 'ﬁ ].L;I : E Social Arkefact ParkFolio
i E Social Artefact Profile
| :I ﬂm :r E Social Arkefact StockInformer
'r [] 'r Iﬂﬁl i ,-"' Goals Relation
/" tGoals Relation
TDT 'jﬂﬂ'? ,T i /" Goals Relation
rﬂf?m-" Iﬂ: /" Goals Relation
- i ,f" Goals Relation
I mfﬂ Im i _/" GGnals Relation GR_ManageProfitableStocks _ComputeProfit &
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PS - Plan editor

*Holdin

® ManageProfitableStock

ManageProF ﬂ:orNeWOrder

<<pract|ca s

«applicable» «meansEndss «meansEnds>
«invariants R RIS
«cancek: i
= Holding .
Z goal-=cancel() «applicables
| wslotss
ELICCRSE» & ud: long

| 2 goal-»succeed() «applicable» | & syrmbal: String

=1 quantity: int
«applicables | & price; float
7 = time: long
=l operation: String

~IManageRiskForNewOrdern «applicahles
«practicalk»

«applicables «constraints

winvariants 5 default
«cancebs
o wrmeansEndss
Fgo al->c ar‘lcel() «rneansEnds::
| «ELICCRSE»
* goal-»succeed() ® ManageRiskyStock

< |

it | ManageProF tForNeance

<<pract|ca|>>
«applicable»
«irariants

«canceks

2 goakFcancel()

WELICCESSHE

~» goal-»succeed()

IManageRiskFortewPrice
«practical» '
«applicables
wirreariants
«Cance i>>
Z5 goal-=cancel ()

fot= B mm ==
& goal =succeed()

) Perception

(&) Message Template

| = Connections »

= EI ]
Palette —  *

[é Select

'_+‘ Zoam

[=3 Mote -
l/:? Elements #
Plan !

(@) Goal
|2 Predicate

/" MeansEnds

/’ Hold - Applicable
/" Hold - Invatiant
/" Hold - Mairitain
/" Hold - Cancel
‘/ Hold - Success

i

| Problems | Javadoc | Declaration | $ ModelView M
| B & prodel

i 9 Agent Action ClosePricelistRequestaction
(:-) Agent Action GetClosePricelistaction

i (9 Agent Action GetProfitTargetAction

5 G} Agent Ackion GetStoplossaction

i:-} Agent Action GetStopProfitAction

! ‘E} Agent Action GetToleranceAction

i Agent Message Eee_AMSG

~[&] Agent Message Ti_amsG

I Agent Message Ssss_AMSG
F,, BDI Agent: Analyst

: fQD BDI Agent HoldingStocksManager

|

| £
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oy | 1%, Zoom

L ; (= GetStopProfitschion *

P | GetStopProft | ! | | [ Mote -

L k = «attributess 1 ]
|[E5Elements Ls
| ] Effector

| | e " |[dPerceptar

E GetClosePricelist 9 GetClosePriceListActon | | (T Action

| zattributess il | e Perception
| (= Connections »
eflectoes | N Eartor :/Perform

EGntDmﬁtTm}!’ri QGetDrDﬁtTarget&cﬁm | ~ Percert

(9 GetStopLossAction |
P e | attrbutess |
B | GetRiskParameters
(9 GetTolerancesdtion |
[ aattributess |

T T 7
Prohlems | Javadnr 1 Nerlaratinn | B Modeliew 770

: @ Agent Action GetStopProfitAction

C—} Agent Action GetTalerancedction

: E’j Agent Message Eee_AMSG

Bl rgent Message Ti_amsa

E Agent Message Ssss_AMSG

ﬂ BDI Agent Analyst

& BDI Agent HoldingStocksManager

3 BDI Perceptor ACLMessagePerceptor
3 BDI Perceptor MewClosePricePerceptor
3 BDI Perceptor MewPlacedOrderPerceptor
3 ECI Perceptor TimePerceptar

@ Generic Goal CompukePrafit

[l
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PS - Plan Body Editor

| T2 Gelect

[, Toom
| [= Note: -
| Elements *
R ) () Plan Start
arefrieves “#Plan End

RetrieveBelief | @) Flan Failure
(Fact :_Ngwﬁltq.clsPric.eRgc.ei\.{gql)' 7 Decision
|36 Merge
| [ Send Message
! @ Desire
| (@) Call Pperation
| (5 Effeect Action
| (B add Belief
| (&l Remove Belisf
! Retrieve Belief
| €5 Wait For Goal
| @ Wait For Message

stock price is not walid

«effects ' zeally
& GetStoplLoss @ TraceError() : void
(Action: GetStapLassAction]) [

weffects ' <add»

[
: | = Connections £ d
& GetTolerance AddBelief PR L
| " Control Flow

GetTolerancedction) (Fact

Tt

«desire s
%) DesireGoal | 'j

(50al: ComputeRisky

Problems I Javadoc : Declaration | B Madelview 52 N

; e Perception NewPerceptionfrrived fi ]

e Perception MewPlacedOrderMsg

6 Perception TimePerception
8 E Practionist Effectar GetClosePriceList
E Practionist Effector GetPrafitTarget
- E Practionist Effector GetRiskParameters
E Practionist Effector GetStopProfit

_| Practionist Plan ComputeRiskPlan

! Practionist Plan ComputestoplossPlan
| Practionist Plan ManageProfitForMewOrder

1011001101
| Practionist Plan ManageProfitForMewPrice

Iﬂ I [ Practionist Plan ManageRiskForhemworder
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PS — Agent Structure

mgmmm
. LT

HoldingStocksManager

A

wsocials
InformationRetrieval

Il Agent's Pro pe rties

Analyst

n

tesocial

| Profile

_hoices

ManageRiskyStock,
IUpdateMaonitoring3tockLisk
Computestoploss
CompukeRisk
ZompuktestopPrafit
omputePrafit
ManageProfitableStock,
ManageHolding3tock,
ZomputePrafitTarget

Edit

Remove

Up

Down

Feature

ManageRiskyStock,
IpdateMaonitoring3tockLisk
Computestoploss
CompukeRisk
ZompukestopPrafit
omputePrafit
ManageProfitableStock,
ManageHolding3tock,
ZomputePrafitTarget

| oK

J{
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i PS — Code generator ]
A E
"'F.;ﬂ 1t public class ACLMessagePerceptor extends AbstractPerceptor

::l I"_ "5 [ Package Explarer 23 = [l {
| F.Ii:l-. ¥ Bs&
| sy | & & FlEgmre

' r|-1, AR (g New ’ public Perception perceive()
| | .l .I|‘-||I 1 %&JRE Go Into
L o |' _5..':!-.-.- Ip E: ::da. Open in New Window {
e ._‘:‘_'ﬂ S ag  OpenTweHewdy  H // TODO:Insert your conditions here in order to return
(- & o o o B e // the perception
:l__ I'.‘:-I | % E Paste iy if(false)
1+ = ':I. | (= ped % Delete Delete
1 "'hk:' EB%e Buld Path ' {
b i -“i B ;fm: 2::2:';::: // TODO:Insert the Perception®s parameters here
.:-::i_ ;;Mode\\fieu:“mlmpmt”' return new ACLMessagePerception();
- ...:.I 7 Export... }
-."'-'i: = WQE;:ZZE& s return null;
I. oy “:!E} 5 ¥ Q;(;I Team 3 }
I 3: =B ;9 ;:Zz‘::fr\:li';h\_ocal History, ., ' }
L | J | .i oy MOZL Generation P A Clean Practionist Code
.il .:':i ';l::"]. Propetties Ab+Enker & Generate Practionist Code [%
i E v
kL ¥
1 B ¥ .
~/ . |Q Source code generation
R B of the designed system
i =
40010 from the developed
fipigigiiel  diagrams
11007 Q1 ] : f th
10110091 interfaces and extension
iofiogitgil  of the classes of the
1gtpoioig)  framework
1.[!1'1;{:1:;'1 w PRACTIONIST
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PS — Code generator

[ Package Explarer 23

= A PS_Examnle

<1

New
Go Into

Open in New Window
Open Type Hierarchy

=| Copy

| Paste

¥ Delete

Build Path
Source
Refactor

e %
§§ Model Yiew g Import...

&7 Export...

= B3 <Packa Q§' Refresh

Q «Cl

= Q «C|
/;7

= Q <Cl
/;7

<Py

Close Project

Team

Compare With

Restare from Local History, .
MOZL Generation

Properties

F4

ChHC

iy

Delete

3

Ale+3hift+3 ¥
Ale+3hift+T ¥

F5

Alt+Enter

3
3

P A Clean Practionist Code

& Generate Practionist Code

O Source code generation
of the designed system
from the developed
diagrams

O Implementation of the

interfaces and extension

of the classes of the
framework

A

public class ACLMessagePerceptor extends AbstractPerceptor

public class GetRiskParameters implements Effector

public Action perform(Action action)

{

//
if(action instanceof GetStopLossAction)

{
GetStoplLossAction getStoplLossAction =

: Auto-generated method stub

(GetStopLossAction) action;
// : Manage the action execution and its success condition
return getStoplLossAction;

}

if(action instanceof GetToleranceAction)
{
GetToleranceAction getToleranceAction =
(GetToleranceAction) action;
// : Manage the action execution and its success condition
return getToleranceAction;

}

return null;

PRACTIONIST
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PS — Code generator

[ Package Explarer 23

New
Go Into

B sre
+-E JRE
) pra
) jady
== Age

A
= B Eﬁlg:

- Paste

Open in New Window
Open Type Hierarchy

=| Copy

B &
= (= peq ¥ Delete
&

Build Path
Usg
Source
: < Refactor
o B
§§ Madel Yiew | =1 Import...
&7 Export...

= B3 <Packa Q§' Refresh
Q «C]  Close Project
= Q «C|
Team
A

i Q <l Compare With
Vi

<Py

Restare from Local History, .
MOZL Generation

Properties

F4

ChHC

iy

Delete

3
Alb+shife+3 ¥
Ale+Shife+T ¥

F5

3
3

3

Alt+Enter

& Clean Practionist Code

& Generate Practionist Code

O Source code generation
of the designed system
from the developed

diagrams

O Implementation of the

interfaces and extension

of the classes of the

framework

A

ég ENGII_NEEH}NG

public class ACLMessagePerceptor extends AbstractPerceptor

public class GetRiskParameters implements Effector

public Action perform(Action action)

{

public class GR_ManageRiskyStocks ComputeRisk
implements EntailmentRel

//
public Goal verifiesRel(SerializableGoal goall,

. Auto-generated stub

SerializableGoal goal?2)
{
if(goall instanceof ManageRiskyStock
&& goal2 instanceof ComputeRisk)
return new ComputeRisk();
return null;

DN

DN
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PS — Code generator

ENGINEERING

public class

protected void initialize(){

[ Package Explarer 23 =8
==
= AP e
[ grr|  New B
Bl JRE  Golnto
& pra
E‘ :jad Open in New Window
!
& A Open Type Hierarchy F4
B2 copy CHrleC
S Cla o
% % Paste iy
(= ped % Delete Delete
- B? Build Path 4
o7 source Aleashifes b
[(] = Refactor Ale+3hift+T ¥
r B
§§ Model Yiew g Import...
&7 Export...
= B3 <Packa " Refresh Fs
E «C]  Close Project
=] <l
E A Team 4
Z E <l Compare With 4
ya Restare from Local History, .

MOZL Generation P A Clean Practionist Code

& Generate Practionist Code
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Properties Alt+Enter

A

O Source code generation
of the designed system
from the developed
diagrams

O Implementation of the
interfaces and extension

}

}

addBeliefSet("'C:/PS_Example/pl/holdingStocksManager.pl'™)
// TODO:Remember to put the perceptor®s parameters here
addPerceptor(new ACLMessagePerceptor());

// TODO:Remember to put the effector®s parameters here
addeffector(new GetRiskParameters());

// TODO:Remember to put the goal"s parameters here

registerGoal (new ManageRiskyStock(), ")

// TODO:Remember to put the plan®s parameters here
addPlan(TopLevelPlan.class, "TopLevelPlan™);

// TODO:Remember to put your commit goal here
commit(new Start(null));
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MO2L — MOdelling TOOLs
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J MO2L Architecture
= Exploit Eclipse support
= Common infrastructure

4 BilikUML
» UML2 compliant

* To be improved with other diagrams
(especially sequence and activity)

d RequiSuite
* Requirements analysis tools
» Lack of use case description facilities
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Future works

11010101

 Other diagrams (with focus on interaction)
O Improve automatic code generation
 Reverse engineering

 Documentation management

1 More applications
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