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@ Self-Introduction

m Zhongzhi Shi is Professor at the Key Laboratory of Intelligent
Information Processing, Institute of Computing Technology,
Chinese Academy of Sciences, |EEE Senior member.

= He is Chair of WG 12.2 of IFIP. He also serves as Vice
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systems, Semantic Web, machine |earning and data mining.
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@ Outline
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= Agent Grid Intelligence Platform
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Agent Computing

Agent computing is particularly well suited to the
collaborative work. The agent-based computing
paradigm has following features:

Autonomy - agent operate without intervention;

e Social ability — agents interact each other using an
agent communication language;

e Goal driven — agent exhibit goal-directed behavior;

e Reactivity — agents perceive and respond to their
environment.
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Semantic Web

Semantic Web will
provide well-
defined meaning
which better
enabling
computers and
people to work in
collaboration
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@ Grid Computing

oFlexible, secure,
G RI D coordinated resource
Sl byl sharing among
' dynamic collections of
Individuals,
Institutions, and
resource

From “The Anatomy of the
Grid: Enabling Scalable
Virtual Organizations”

= Grid Forum
= Www.qgridforum.org
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Brain Meet Brawn

lan Foster, Nicolas R. Jennings, Carl Kasselman. Brain

Meet Brawn: Why Grid and Agents need each others.
AAMAS'04

The Grid community has historically focused on "'brawn"':
Infrastructure, tools, and applications for reliable and secure
resource sharing within dynamic and geographically distributed
virtual organizations.

The agents community has focused on ""brain®': autonomous
problem solvers that can act flexibly in uncertain and dynami
environments.
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, Research on MAS

1994: Multiagent Processing Environment MAPE

1996: Agent-based CSCW

1998: Common Agent Request Broker Architecture CARBA,
MAPE?2

2000: Multiagent Environment MAGE

2002: Agent Grid Intelligence Platform AGrIP

2003: Dynamic Description Logic DDL

2004: Visual Agent Developing Tool VAStudio

2005: Ontology-based Knowledge Management KMSphere
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@ Outline

= Agent Model

= Multiagent Environment— MAGE
= Agent Collaboration

= Agent Grid Intelligence Platform
= Applications

= Conclusions
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BDI Model

AGrIP-SELMAS Zhongzhi Shi




| @ Description Logic

= Concepts and Role
s [ box——Assertions
s Abox——Instance

= Reasoning mechanism in terms of Thox
and Abox
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Reasoning in DL

1) Subsumption

2) conslistency

3) satisfiability

4) Instance checking
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GO

TBox(Scheme)

Man = Human m Male S—
Happy-father = Human n J Has-child. Femalem ...

Abox(Data)

John: Happy-father
<John, Mary> : Has-child

2006-6-3



@Dynamic Description Logic

The primitive symbols

= Conceptname: C,C,, ..,;

= Rolename: R, R, ...;

= Individual constant: a, b,c, ...;

= Individual variable: x,vy,z, ...;

= Concept operation: —, M, 4, 3, V;

= Axiom operation: —, A\, -»V;

= Action: AL A, ...;

= Action constraction: ; (composition), U (alternation), *
(repeat), ? (test);

= Actionvariable: «,8, ...;

= Axiom variable: ¢, v, 7, ...;

= Statevariable: U, V, Y ooeh as Zhongzhi Shi 15



@ Dynamic Description Logic

Concepts In DDL are defined as the following:

= (1) Primitive concept P, top T and bottom L
are concepts.

= (2) =C, CrD, CuD are concepts.
= (3) dR.C, VR.C are concepts.
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@ Dynamic Description Logic

An action description is the form of
AXy0 X)) = (Pa, EQ)

where

(1) A is the action name.

(2) X4, ..., X, are individual variables, which denote the
objects the action operate on.

(3) P, Is the set of preconditions, which must be
satisfied before the action Is executed.

(4) E, Is the set of results, which denote the effects of
the action.
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T DDL Semantics

s Actions in DDL are defined as the
following:

= Atom action A(al, ..., an) Is action.

m If o and P are actions, then a:p, aUP,
oo * are actions;

= |If ¢ IS an assertion formula, then ¢ ?1Is
action.
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Metal State Model

Mental State: <K, 4, G, & 1>,
Where

- K belief

- A action

. G goal

- @ plan

- I Intention
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T: Ontology

S: Constrains

Belief

K=<1 S, B>

B: Current belief

2006-6-3
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Bellef Revision

AddBelie(F, B) {

F~ <« Extend(F),
Foreach e F” do

If - ¢ eBThen 8« 8- {- ¢};
B’ <« Extend(BU F);

If Consistent(B” ) Then Return 87 ;
Else{

Let { & ,— ¢} = ConflictSet(B” );
If ¢cB8Then Return 8 —{¢};

Else If - ¢ e3Then Return 8" — {—¢};
Else Return error;

¥

} 2006-6-3 AGrIP-SELMAS Zhongzhi Shi
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Let 4 be a set of actions, L be a set of assertions, G can be defined

recursively :
(1) AcG, A is basic action;
(2) If p €L, then achieve(p)eg;
(3) If peL, then p?eG;
(4) If 5, 5,€G;
then 6,;0,€G, 6,Ud,€G, 6,*€G;
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Static Plan

5 < @ | 4
0,€G, 0,€G, @E€L,

0, Rule header
0,: Rule body

@- Rule guard condition

go_floor(x)<=@At(elevator, y) | [y<x?;up(x) U y>x?;do
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7z Dynamic Plan

Plan(o, B) //Goa 6, B Current belief set
{
If perform action ¢ B~T? Then
{ Return B; Enqueue(ea, P); }
Else {
look for subgoals to reach goal ;

computing E_ and & for each subgoal;
computing the order of subgoals

select optimal subgoal plan;

sorting subgoals and form sequence ¢.,...

Forn=o,t0 ¢, do
B = Plan(r,B)

%006-6}-3 AGrIP-SELMAS Zhongzhi Shi
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Services

,;lg‘
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Emotion Agent
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Agent Architecture

Agent kernel

Function
Component
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Agent Life Cycle

Suspended
Wal Resumge Destroy
Suspend
Move
Invoke
Execugé
Create
Q>
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Outline

0
= Multiagent Environment— MAGE
= Agent Collaboration

= Agent Grid Intelligence Platform
= Applications

= Conclusions
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Multiagent Environment MAGE

- v

System Deployment

A

Agent Society

A

Agent Library

a

System Development

Behaviour Library

|

System Design

4

Requirement Analysis

—

MAGE

VAStudio

AUMP

Suppor

AGrIP-SELMAS Zhongzhi Shi
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@Multiagent System Design Procedure

Function
o Descripti@ Use Cases

vioael
Behavior
Description (State model ) ( Interactive >
— IVI odel
CReactlon Rule> w Plan Model
Model Viode
. Agent
— Descnptmn( Agent Model > ( Organization >
Viodel
Ontology
Descripti Ontology
viodel
Platform
I Descriptigplaﬁorm Model>
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association system

generalization

actor use case
<<extend>> <<include>>
----------------------- > R bk S
extend include system boundary
Systeml
UseCase3: DSSEXtend>>" yseCase2: ) |
Goa God Actorl

(
D
<

<<Include>>..-- Use Casel:

P

UseCased: ) | Actor2

J
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AUML—ACctIvity Diagram

@ <> output > > input

activity

(:goal) start end decision output event input event
activity

(condition) role

transition fork or join role

Symbolsin Activity Diagram

Rolel Role2

Conditioéll 1
Outputl % Inputl
( Activity2 (_Acli_/i 4 i
:Goall
v -
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AUML—Interactive Diagram

]

|

role

1 ! 1 | h
1 ! 1 1 ! 1 ! 1 ! 1 !
role lifeline and split and combination or split or combination xor split xor combination
I : I D com-act: content com-act: content > /
timelimit split thread asynchronous message synchronous message terminate of thread
—> —> —> —>
and split and combination or split or combination decision split decision combination
Rolel Role2 Role3

(
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AUML—State Diagram

event/action

o O

state initial state finial state transition

Eventl/actionl

Q- | Statel

Event2/action2 Event3/action3

Event4/action4
Statelj
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@AUM L —Reaction Diagram

Event List (B iE X EHR) _

Event Name Im Params | Out Params | Description

Eventl mt paraml Description of Eventl and paraml.
Action List (B JE X EI1EFR)

Action Name Im Params | Out Params | Description

Actionl int paraml Description of Actionl and paraml.
Eeaction Rule List (& M INF=)

Rule Name Event Action Description

Rulel Eventl Actionl Description of Rulel.
Reaction Rule Lib List (/&2 NI EE5=)

RuleLib Name Rules

ReactionRuleLibl | Rulel, Rule2,
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@ AUML—Inference Model

Fact Predication List (E3£ 1817 %)

Predication | Meammngs

Predication] | Meanings of Predication]

Rational Rule List (TEFE#NIF)

Rule Name Conditions | Conclusion | Description
Rulel Condition]l | Conclusionl | Description of Rulel.
Rational Rule Lib List (£ E=3%)
RuleLib Name | Rules
RationalRuleLibl | Rulel, Rule2,
2006-6-3 AGrIP-SELMAS Zhongzhi Shi
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@ AUML—Plan Model

Environment Predication List (M 55434 15 7] )

Predication Meanings

Predication] | Meanings of Predication]

Action Template List (Z{F 5 )

Action Template Name | Preconditions | Post Effects | Roles Description
Action] Condition] Effectl Rolel,Role2 | Description Action].
Action Lib (Z11EFE)
Action Templete | Role Agents
Action] Rolel Agentl,Agent2
Actionl Role2 Agentl
2006-6-3 AGrIP-SELMAS Zhongzhi Shi 38




UML—Agent Class Diagram

agent class activity
goal :Goall

role: model activity
ontology-class
reaction-rule-lib

action-lib
onal-ruleib rolel,role2
agent class association
Agent-classl Agent-class2
Goall / N\ Goal2
Rolel Activityl Roltzzl,Rol
Rolel: Activityl \ :Godl ) Activity1:
Ontology-classl Rolel Rale?
Activity2: Rolel
Rl
. Ontology-classl
Activity2 A
Action-libl
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ML—Organization Diagram

organization control benevolence dependency

control relationship

agent
benevolence dependency
agent peer
organization peer relationship benevolence relationship dependency relationship
Organizationl
Agent
control control
contr contral
benevolenc
Agent = Agent
2 5
peer L/Jendency
Agent Agent
3 4
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AUML—Ontology Diagram

name rolel association-name role2 multiplicityl multiplicity2
attrl: datatype multiplicityl  multiplicity2
attr2: datatype
ontology class association generalization aggregate
Classl Class2
rolel associationl role2
attrl. : attrl:
datatype 0.1 i * datatype
attr2: attr2: %}
dataty : datatype
i 1 *
Class3 Classb ClasA Classb
attrl. attrl: attrl: attrl:
datatype datatype datatype datatype
attr2: attr2: attr2: attr2:
datatype datatype datatype datatype
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UML—Platform Diagram

agent: agent pratform move
agentclass | | 1 - > clone
goall,goa2 move
A G >
agent agent platform communication agent movement agent clone

Agent Agent
platforml platfarm?
move
Agentl: |<--fp------o-1 --->|  Agentl:
Agentclassl Agentclassl
‘\
[ Goall ™ | TSeal ™~ Agent7:

></—> Agentclass2
Agent2.5: —] ~_|

Agentclassl —H—01 | Agent6:
| Agentclass2 Goal3
clone
- Goal2 TCPII
Goal3
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o~

AUMP —Source Code

Behawiour

action
done
onStart
onEnd
block,
restart

CompositeBehaviour sampleBehawiour

/ Ei\ CneShotBehaviour CyclicBehaviour

sequentialBehaviour | | FarallelBehawiour FakdBehawiaur
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Compare AUML with UML

M odel Element <]_-

Feature @ Classifi Relationship
Structural Featu Behavioral Feat Class - Associatio Generalizati
n

T T

on
Relatzonship
Attribut
© Operati on Method ﬂ ﬁ
Association
End
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Compare AUML with UML

Function
( Use Cases
Model

Behavior
C Activity ) CState Model)

IVIodel 0]

Agent
Ontology
(__ omolagy )

I

Platform
(PI atform M odel)

2006-6-3
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Agent Unified Modeling
Platform —AUMP

Project Edit Tools Window Help
|| m|D| 4| X|EE 22D

E- Use Case Model

- eUse Case Modell
=~ Behaviour todel

- Detector Status

- Detector Configure
- Statechan Model

 Readive Ruo Modc/ IR & Deployment Modell
-.Plan Modelt
' .. Inference Model1 E Agent Class MOdEIl
|| Bl System Structure Model
------ Organization Relatiol
- Deployment Modell i

= Agent Model Detector Status
; : Display Agent Status

o Acent Class Modell E
b Ontology Modell
Siver Detectorégent
\Pﬂ\ aaa: hoal
bhb : float

Detector Configure : Worker
_ Detector Status - Receiver

Detector Configure
: Complete Agent Configu

1T~

( Inference Modell > P —
C DI =
K 2 3

2 | 46
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irr Computation Model for Agent
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Common Object Request
Broker Architecture

2006-6-3 AGrIP-SELMAS Zhongzhi Shi



Common Agent Request
Broker Architecture
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@ VAStudio Architecture

R
N

Agent Society

I

Agents

N

Agent Library

2006-6-3

> ]

Behaviours ©
T 1
Editor \-/

Behaviour Library
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@ VAStudio Architecture

- . . N [ . h
VAStudio Design Platform VAStudio Develop Platform
( Design GUI ) ( Develop GUI )
Template Compositio\n _ )
[ Libraryj[ Agent J[ Clonej( FSM Edit ][Compllej[ Debugj[ Test j
( Process Design ) ( Process Design )
\§ T ) \_ AN )
4 . N e _
VAStudio Run Platform 4k Library
( Run Monitor ) \__Interface )
e A
Agent ADL/BDL Reasoner Process : WS
WorkList Loader Loader Entity \__Interface )
J
( MAGE ) | Ontology
L ) . Interface )
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Behavior Library

e Data Package
package iIntsci.ace.data

e Neural Network Package
package i1ntsci.ace.neural

« Learning Package
package i1ntsci.ace.learning

e Data Mining Package
package Intsci.ace.mining

e Language Processing Package
package intsci.ace.language
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Behavior Library

e (Graphic Package
package i1ntsci.ace.graphics
e Image Package
package 1intsci. ace . image
e Search Package
package Intsci.ace.search

e Expert System Package
package iIntsci.ace.expert

e Model Package
package i1ntsci.ace.model

e Decision Making Package
package i1ntsci.ace.decision
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.@ Screenshot of VAStudio

Z¥isual Agent Studio - ¥YAstudio Yer3.0.00

File Edit Search

Insert  wiews  Behaviour

Agent  Society Option

Tool=

Window  Help

_ O] x|

s @ 2 & & b

&,

o # BEehaviours
& DECueryEehay

!E DravwRectangleEehay
Cwa MvBehawviour

Eehaviour

@ @ vastudio Library
aﬂj Eehaviour Library
& sgert Library

Behaviour

b D M E

|/ CBQueryBehav_java

LU eI N LI . BT S I L I

H H H HE
Lo W Mo o= O

* Copyright o 2003 Key Lab of WP, hco Ctrl-Z
*E Kexueyuan South Road, Hai Dias Redo Al
*A.I.l rights resarved, o e
* WA Studio - Visus) MullibA gent Devs o SR
* rulti-ggent developrment srviro s Paste Chrl-n
ol 4 Delete Line ChrloD
x g : ; Select All Chrl- 2
import vastudio.spec.®;
ot java. appletApplet; &b Find & Replace  Cti-F
Ot javax. swing.™; Save Ctil-S
Tjava.awt.™;
t java. awl. Graphics; Cormpile
i java. il Close Alt-F

[ ]

E:“=spacahcomhstuvastudicobuildyclass>

Console
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urrent Windowy . DravwRectangleBehay
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sual Agent Studio --—-¥AStudio4.0

File Edlit

Wien

Agent Behaviour

VAStudio: Visual Agent Studio

Run Toolzs L g Te [ 3TT) Help

EEIE

HESEIREYE]

o[e

=
=

=8y meural

- CF model

ccoocooo0O

=]

-
-8 learning
— 2

.9
. a

expert
-8 graphics
ressoning

=]
=]

DECloseBehaw
DEConnectBehay
DEExecutescl Be
DEGetDataBehay
DEOpenTableBehs

BFAlgorithmBehay
MaivebayesBehawy

AzzocRuleBehay
RipperBehar
SvhiBehaw

AftReductBehay
DizcretizationBeha
MormalizationEeha
ReportBehaw
RipperTestBehav
RipperTrainBehaw
SWMTestBehay
SWhiTrainBehaw

DLReasonerBeha
FOPLReasonerBeh

1]

[ 1»

Library

Select agent
society

E@ocopyright 2005, Mailto: linfi@ics.ict ac.cn jiayji@ics ict ac.cn
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sual Agent Studio ———-¥AStudio4.0

File: Edlit wiEwny Lgent Behaviour Run Tools Windoww Help

HE IO EREILY

= 8 society? agent 4

L4

Agent Behaviour

o
=} my, it
E}ﬂ, ace
-3 data
= DEClo=eBehay
DEConnectBehaw
DEExecuteSicl B
= DEGetDataBehay
- O DEOpenTakleBehs
=L neural
o BPAlgorithmBelsy
@ MaivebayesBehay
=8 learning
----- = AsszocRuleBehay

..... O RipperBehay —
S'\-"MEleha»C:i
=8 I

AtReductBehaw
----- @ DiscretizationBeha
----- = MormalizetionBeha
----- 2 ReportBehaw

----- 2 RipperTestBehaw
FipperTrainGehaw
----- o SV MTestBehay
----- O SV MTrainBehay
[}--Q. expert

E}--Q, graphics

[—]---Ca ressoning

2 DLReasonerBeha
= FOPLReazonerBeh

-2, model

Select behavior from
behavior lib.

=
e

4]

Likarary

Ecopyright 2003, Mailto: linf@ics.ict.ac.cn jiayjii@ics.ict.ac.cn

[ [»
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Create Agent by VAStudio

_1o) x|

Fil= Edlit Sy Agent Behawiour Run Tools Wy oy Helgp

HEINERIESCIREY IR
EI[E society? agent :l' Agent1 |
= 3 default package r
z Agert1* =
= 9® v aStuio Template . | =
L—__}ﬁ BEehaviour Library]
=T intec
ER Eehaviour Information Parameters
=
r—'{} data This Behaviour aimed at dravwing cir [(---Please Select Parameter---1 "]
Tﬂ—'{} sxps cle.
Agent L e ——— | ~ 14 arap There are three parameters: Paramsters Type
- A ternplate behaviour to thepang | | |
= m intsci - —
B 27 parameter-2: coordin [=3 e
Elg'ﬁ ace . . arameters Description
L—__}% data enter of the circle;
DEClasebehay 31 parameter-3: Radius
DEConnectBehary B 15 learm ACLMessage:
DEExecuteScLEet TR ini .
B 5 miniry Action: INFROM c
DEGetDataBehaw T a,
DEOpenTableBeha £ r_l<> oy SIS R Ior
E - 5 neur (Case Sensitive)
I:—}--@. reural BT reas
s @ BPAlgorithmBehay - T societyl
2 MaivebayesBehaw Eﬂ---ﬁ Lacal Beh...
=g learning [ | T % sgent
----- 2 AsszocRuleBehaw T Application ..
----- O RipperBehaw
----- 0 EWMBehay
(=
----- < AttReductBehaw
----- @ DiscretizationBehal
----- = plormalizationBeha
----- 2 ReportEehayw
----- O RipperTestBehay 4] I [ »
----- @ RipperTrainBehaw v . .
SwMTestBehay all the behaviours that have been added to this agent |
4 : | =
Library Dresign Source
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sual Agent Studio --—-¥YAStudio4.0

et Behaviour Parameters x|

File Edlit s Agent Eehaviour Run

Elelele o= [s]c ‘

—_———— 3) parameter-3Radius of the circle, i |
El- [ socisty2 agent : Agentl
S 3 detaut package e rareced 7 &
] y| Content: "drave a circle [ | —
(Case Sensitive) - -
E}..." 1 The first parameter is X co. |60
2 The sencond is Y coordin... 80
3 Thethird is radius (nt) | 50| [ P (O E =R Parameters
(D) b aimed st drassing civ [(---Please Select Parameter---) ']
b JE— L e ——— | O nree parameters: Parameters Type
==, intsci - g
Elﬂ, ace FI I I Out bd]a\/l Or % parameters Description
=L data
- 0 DBECloseBehaw /
- O DEConnectBehay =} pararneters
- 0 DBEExecuteSclLEeh -
- O DEGetDataBehay = Contert: "dra
- O DEOpenTableEehs =} (Case Sensitive)
[—]---Q, reural =1 reas
- O BPalgorithmBehaw - T0% societyl
= MaivebayesBehaw =129 Local Beh...
O learning || ||| L 5 agent ..
----- = AssocRuleBehay T Application ..
----- O RipperBehaw
----- D SwhiBehaw
----- o AdReductBehaw
----- = DiscretizationBeha)
----- = mplormalizationSeha
----- O ReportBebhasw
----- o RipperTestBehay ERB | [»
----- O RipperTrainBehaw
_____ o SwhiTestBehay all the behaviours that have been added to this agent —
= | NPE -—l- . | = irt=ciace graphics Draw CircleBehasw =
1 Library Des=ign Source
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ual Agent Stud

File Eclit i Acyerit

Behawiour Run

Create Agent by VAStudio

Tools LTt Help

HEIEE

NEIIRENE]

()
WIS

B |

4

=8 society2 agent
EIEH- default packaoe
1
et LBehaviDur |
.
=B, intsci
£ i ace
=3 data
DEClozeBehayw
DEConnectBehaw
DEExecuteScl Be
DEGetDataBehaw
DECOpenTableBehs
= C8 neural
o BPAlgorithmBehaw
2 MaivebayesBehavy
= learning
----- = AszzocRuleBehay
----- 2 RipperBehay
----- 2 S hBehaw
= [=]
o AttReductBehaw
----- = DigcretizationBeha
----- = MormalizationSeha
----- 2 ReportBehay
----- 2 RipperTestBehay
----- 2 RipperTrainBehay
----- O EWMTestBehaw
a] [ [
Library

’ B

sgert! |

Agert]*

axacution modal is 54:il] seguentisl snd noe beksviowr scheduling

is mctiva pat. .

=
¥

¥

¥ This mathad cen ba usad Far ardingery steriup tesks such es.

¥ {hADFCAh S ragistratian, but is assantisl ta sdd st lasst =

¥ {cadaRakaviouwr {fcade> abjact ta the sgent, in arder Far it ta ha.
* ghla ta da snypihing .

* Bsee mege. core Agenit#sddFakaviowr (Fakaviow bl

¥

Bsee mege. care. haeksviauers Heksviouer.
protected woid setup () {//TASTUDIOAGENTEODEMARE satap.

tryi.
Cla=zs ¢ = Class. forHame [("intsci. ace. graphics. DrawCircleBehaw™) ;.
Clazs tmphgent = Class. forFame ("mage. core. Agent™) ;.
Class[] para = {tmphgent]:.
jawa. lang reflect. Constructor con = c. getComstructor (paral;.

mage. core. hgent[] 2= = {this};.

iz. setFarameter (0, ""+“E07) ;.
is. setParameter (1, ""+"507); . (-
is. setParameter (2, ""+“507) ;.
this. addBehaviour ((Behaviourlis);.
e
cateh (Exception el){.
e printStackIrace () ;.

[(Besion ] source |

@oopyright 2005, Mailto: linfi@ics .ict ac .cnh jiavjii@ics.ict.ac .cn

wastudio. spee. InterfaceSpec iz = [(wastudio. spec. InterfaceSpeclcon. mewInstance (as]) ;.

Build agent (code
generation)

)\

D&

2006-6-3

AGrIP-SELMAS Zhongzhi Shi

59



_. Build Multiagent System by
VAStudio

sual Agent Studio —---¥AaStudio4.0

_ 1o x|

File Edit ey Agent Eehawviour Fun Tool=s Waindowey Help
HENERER YOI EREIEY
= 8 auction.agent :rlni‘t.ﬂ-.gent |
Imitgert
SFveeme m(msle [mle|x|a] wm [a]w
T__l‘} Behaviour Likbrary M= R E IEI
=} 1% Local Library
1% netprotocal
=il Cthert netpmtucDI.Inﬂ:lrmSutartOfAuctiDnElehavl
oy - ] dleFProposeBeha
seBehay
-L Acent LEiehaviDur | - @ |nformStartOfLAuction
= o posaDshay (PROPOSE) (MOT-UNDERSTOOD)
E}ﬂ int=ci &= @
Elﬂ ace NNy Ee- @ AcceptProposeBeha L,
Ca clata \)/_\QI_HandJePrnpuseE!ehav netprotocol. HandledthervsgBe.
B meursl
E}Ca learning
i b O AssocRuleBeha
o SWMBehaw .
. © RipperBehav | Auction protocol
k- T ki | .
C3 expert using FSM
L4 graphics
i1 reasoning
- O rocdel —
= '3
4 S [Tw] 4| [ »
Likrary | -LDesign LSDurce
Ecopyright 2005, Maitta: linfi@ics.ict ac.ch jiayji@ics ict.ac.ch
'F_
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| Build Multiagent System by

VAStudio

¥isual Agent Studio --—-¥AStudiod.0

File Edlit ey A et Eehawiour Run  Tools W o Help

HEM R ESDREYERCIEY

= 2 auction.agert

: :r Irit 2 gert rReSAgenﬂ rResAgentz |
= HF detault package F

FesAgent] *

@  InitAgent

& F@DLocntl

E-Ressiiepewati =1 k=1 EX IR EY DR E N EETESTREY EY
@ ResAgent2 E- 175 Behaviour Library - el e ==
O = 1% Local Library
1% netprotocol S L
i@ HandleGthertsgBehy 4 netprotocol.JoinBehay {
(\‘ - @ HandlieProposeBeha L. L
: A : - @ ProposeBehay . (CEP)
]\Agem LBE!hEIVIDur | e @ Start ion
- ""' ______________
=, intsci 1 netprotocul.F‘jiposeElehav 3
E}ﬂ ace =
L data
- (g neural Seller and buyer (ACCEPTFROPOSAL) (REJECT-PROPOSAL)
EICE, learning .
L © AssocR usingclone N\ /oo A . — TR
fee @ EWMBeh _ tprutucol.AcceptF'ruposeEl._.rl Jnetprotocol RejectPropose.
Lo O RipperBel o L] L ~
B g miiming
Ca expert \.\__
Ea. graphics
F- L reasaning
Bt model —
= [ [ [»
< [ pfiEY k
Likwrary -L De=ign L Source
copyright 2005, Mailta: linfi@ics.ict.ac .cn jiayj@ics.ict .ac.ch
ol
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_. Build Multiagent System by
VAStudio

isual Agent Studio ——--¥AStudiod.0

File Edit ey Agent Behaviour Run Tools Wyl oney Helg

HENERR AR EREIEY
=k 2 auction agent :f mitagent | Ressgert! | Restgert2 |
=k 3 default package —
# Initigent InitAgent* = [=
@ Resfgenti [Ty . - | =
: ' uio Ternplate Library | = | | || — || | e | i || e || o || o | 7 | =
------ @ ResfAgent2 ﬁ E e LT L= + @ ﬁ IEI
= 1% Local Library
.. g
S J J :
HanclleCtherh Jnetprotocol informSta rtOfAuctiDnElehavrl
@ HandleProposeBel " Fa .
@ ProposeBehay
-L Agent L Behaviour | @ InformStartOf Auch |
—— © RejectPropossBet (FPROFOSEY (MOT-LIM RSTOOD
= m, intsci i@ JoinBsha :
E}ﬂ ace L@ AcceptProposeBe
G- L dhata netprotocal. HandleProposeBehav| netprotocol HandleOthertdsgB|l
=g neural -
] 5 v < I | ]
Library | -L Desighn LSDurce

Cornpile ok, no errors or Wagiggs!

— >
Compile to generate
the auction system

]\ Carnpile L Prormgpt L Console L Search
Eacopyright 2005, Maitta: linf@ics ict ac .ch jiayvjiddics ict ac.chn
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| Build Multiagent System by
' VAStudio

Yisual Agent Studio ———¥AStudiod.0 = II:II XI

File Edit ey Agent Eehawiour Fun Tool= Yindony Help

HEGERE YR EINCTEY
S [ oo | R | |
B & InitAgert InitAgent*

& <ii Deploy auction to run!

e ResMgent]
L@ ResAgent?

Please input the containter number used in your Agent

zociety, the default value is Main Containter:

rain Container: ams - ][

]\Agent L_E"ahah-'ﬁ:iur- |

=|| | BB} (NOT-UNDERSTOOD) I

i, W
-2l intsci Al Agents that canbe Al Agerts
=== ace ; ; : : ;
3 = added to this cortai... in this container
m- g data
-3 |
E Ed neura —
4] [[»]

Likrary

Compile ok, no errors ar wwarnings!

auction.agent InitLgent

Run the
auction
systemin
MAGE

auction.agent ResAgent

auction agent ResAgent B

4 [T»

| compie | prampt | conscle | Search |

ecopyright 2005, Mailto: linfi@ics.ict .ac .cn jiayjiic cancel
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| Build Multiagent System by
7cp \AStudio

¥ rMA@linfen:5689/MAGE - MAGE Remote Agent Management GUI

File Actions Tools Platforms Help

S O]9 S # II%'I

=

5

@ @ agentPlatforms
¢ & "linfen 5689/MAGE"
@ Em Main-Container :
auction.agent.ir -

|aucti0n.agentResAgent2

Class:

3 Mame:
dfi@linfen: 36389, &
RMa@Iinfen: 56{ /| Language:|
auction agent RjE — Qrent State

ams@linfen: 566
auction.agent.R|

Octi\re

Qspen.__

Display the
agent running
procedure

I

0r|tulngies:|

|aucti0n.agentResAgent2

| SeniRecewed mossayes || Pending inessages |

Time

Ferormative | EenderIRe-:eived

Content

% 2006-03-101___|REQUEST amsg@linfen:__. | {{action {age__.
@ 2006-03-101___|AGREE amsg@linfen:___ [{{action {(age___
‘5@ 2006-03-101___|[INFORM amsg@linfen:__. [{{done {actio__.
‘ﬁ 2006-03-101___|[INFORM auction_agent___|inform-start-___

) 2006-03-101___|CFP auction.agent.___| 2000

/\ 2006-03101___ | PROPOSE auction.agent.__|2789

}2005-03-10 1.

ACCEFT-PR._.

auction_agent___

accept-propo.__
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| Build Multiagent System by
7cp \AStudio

¥ rMA@linfen: 5689 /MAGE - MAGE Remote Agent Management GUI
File Actions Tools Platforms Help
|®"@”{""°"$‘%"ﬁi"@1 | (54 MAGE |
g @ AgentPlatforms :
@ B "infen 5609/MAG ¢
@ B Main-Caontaine| :
E auction.arc O - - - -
. Mame: |auct|un.agent.ln|t&gent Class: |auct|un.agent.ln|tAgent
£ o@linten:|
£ rRvagiineg Ly Hage: | Ontologies:|
D auction.ag :
E ams@linfe - Q““
E auction.ag T|me| Ferformative | SenderRecaiver | Content m
: & suspen... @l 200... | REQUEST ams@linfen: 56 8B9/MAGE: |({action__.
dﬁE 200 | AGREE ams@linfen: 5689MAGE  |{(action___
2000 |[INFORM ams@linfen:56839MAGE {(done [ ..
@ 200 [INFORM auction_agent ResAgent1 ___|infornn-___
Seller agent :
? 200 | CFP auction_agent ResAgent1___ | 2000
runnlng A 200 | PROPOSE auction.agent. ResAgent?. |27 89
dﬁE 200 | PROPOSE auction_.agent ResAgent1 | 2533
@ 200.._ | ACCEPT-PRO... |auction.agent. ResAgent?._ |accepi-__.
@ 200...  REJECT-PROP... |auction.agent. ResAgenti.. reject-p...
[
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Time Platform
Software %

N
MAGE @ w J
Directory Agent Agent W «~——— Librar

Facilitator Management | "
Function

System |
Compo

Message Transport System (MTS)

Message Transport System (MTS)

Other Agent Platforms




AgentCities

Aberdeen Nottj
Manchester s
Bath é B apest

London P B e ij i n !

Montpellier
\ @ A‘.&ndal

Lisbon

San Francisc
Palo Alto

Sydney»

Dunedin ‘
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AGE Com

parison

AgentBuilder Jack Zeus MAGE
Completeness: % K Kk Kk 1.0, 0.8 ¢ 1.8, 8. 8.
#
Analysis *okok
Complexity: Yk vk ok * Ak 28,00, 8. ¢ % %k k
Reusability * %k kK Yk k % %k kK
Completeness: Yk k * 2. 8.8. 8. Yk %k ok
Applicability: Yk K Yk K %k k ok
Design
Complexity: % %k %k k * &k * Kk
Reusability * %k Kk Yk K %k K
Completeness: 1.0 0.0 0 ¢ . 0. 0. 8. ¢ . 0. 0.0.8 ¢ Y %k ke
Applicability: * %k % %k Kk * %k %k kk
Development
Complexity: 2. 8. 8.8 * k 2. 8. 8.8 %k k
Reusability * %k 2.2.8.8.8.8.9 %k
Completeness: kK kK 2. 8. 8.8
Applicability: 0.8, 2. 0.8. 8¢ * %k
Deployment
Complexity: % % %k k * %k % %k kk
Reusability
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Outline

= Agent Collaboration

= Agent Grid Intelligence Platform
= Applications

= Conclusions
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iz Agent Collaboration

= ACL

= Working Flow
= Ontology-based Knowledge Management
= Policy Driven
= Planning
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@ Ontology

In philosophy, an ontology Is a theory about the
nature of existence.

An ontology Is a document or file that formally
defines the relations among terms.

An ontology Is a formal, explicit specification of a
shared conceptualization.

The most typical kind of ontology for the Web has a
taxonomy and a set of inference rules.
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Self-
desc

by Tim Berners-Lee

Data

Unicode

2006-6-3

Trust
Data Proof | ¢ = 10 Feb 2004
=
Logic % W3C
Va) .
Ontology vocabulary | Recommendation
on
a OWL
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Collaborative Architecture

Agent B
goal _ Owner
assignment compatible goals =
collaboration partners
has{1.n) p has(1,n)
Goal Template A4 =
Repository Goal lee——_—
Instance uses(1,n)
service
discovery uses(fL,n) Collaboration
Service
v -
—>)

Service

Collaboration <
Repository

. automated collaboration
Service

execution

Web
Service

Web
Service

KMSphere
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icp KMSphere




KMSphere

= M3 n s Mo
‘/—l—\ S pplication

Knowledge Distribution

W

Knowledge organization

I

Ontology Acquisition

File Image
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KMSphere

Application Level
- Lser

Grounding Level

. 1l -

R ™ Interpreter [ User [

Knowledge | Mapping Interfice
d.' _ Table
Domain Expert L:Fﬂ:‘;f?
A T g i
grnaniics
Learn Ontolosy from Text
DL Reasoner

file, Datubase, or some
other source data forimar

r
—_
e

| Knowledge Management Levy

Fomowledge
ng:'ncr:r

Chitodoary
Repository

76
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&3 <new>= KMSphere 3.1

File Eciit Project Help

O & = = B @&

[ Ae [ 0 o] 5] s [ AL [ Te | e | L] o €2

El b1 Thing :

Create Chjest

=1 | =1

Food

Dessert

0©066é

I
5
o

3
o

013

=3
=
:

= (T

|2 » - A Em e []

Create ontology
by hand

w4
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[ wine

Lakel

Mamespace
=clefault=

Comments
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k) food KMSphere 3.1 (http:/ Svewrwow3.0rg, 2001 S sw WebOnt Sguide-sec /Food)

File Edit Project Help
O = of @
(LA Ra]l B or] 52 e | A1 To| e | 2] & | @2 =]
C B

B

Create Object
=1
0]

IZ-ARelations

]

Froperies

[ er @ -, e e

| wrmws || xwms || s |

_ ol x|

tology
acquisition
from

S EE S IRFE ..

#4185 ¥ 2 CINER 2,
FERE:
ZIMER A LA RE
CIMNEMALADDRESS
CIMNEMATEL
CIMNEMAPOST

a3

#4018 EE # 45 ENTERTAIMMERNT
FERE:
ERTERTAIMMERTRAME
EMTERTAINMEMT ADDRESS
EMTERTAIMMERTTEL
EMTERTAIMMERTPOST

a3

#4018 EF ¥ 45 HOTEL
FERE:
HOTELRAME
HOTELADDRESS
HOTELTEL
HOTELPOST

a3

2 i i
A8 e g mE

B HOTELMAME
SRS S - O TEL ADDRES:!

iz v HOTELTEL

HOTELPOST
| | I [ KN |F |
[ e | [HoTELADDRESS | |

|
|string | | |

[ RO | ik |

FEHEERTERE ARAFTRFESEE ST

datab

mmerts

FEAEERE AN FA TS E EE S

[«

4]
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KMSphere Demo

food KMSphere 3.1 (http:/ e w3 .org/ 2001 /sw  WebOnk fguide-src /food )
File: Ediit Praoject Help

O = = o B B
[

[Pel B oo 52 | 3 | A0 [ To | A | 5| & [ €2

[~]

= e tane .
Create Okject Label

=1 . ]

=Tk E—

] File OntOI Ogy il "

ME| acquisition omments

s from text

B Pe

P>
Resticions

@ To

& | & =10l x| 2

| e Fil=  Help

o

w
n
=3
-
o

[D]=]=] Z

kame

0@

Topic

=3
=
:

o EleHE

=

|2 © -, Kemega| [l

|4
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KMSphere Demo

Edit
ontology

t) Profile KMSphere 3.1 (file: DY AGriphyKMSphereh examples ontology ' Profile.owl)

File Edit Project Help
O = + B @
(S P B oo [ 3 [ A ] Taf Ae | £ < [ @D

N

m W[5 ol Thing 4 o
h@ Process: ContralConstruct ’

Create Ghject @ Service: ServiceProfile

@ Process: Binding
----- @ Service: ServiceGrounding
COO( oy () Process: WalueOf amyURI anyURI|
1S-8 Relations @ Expresszion:LogicLanguage 1:Expression:expressionBody
(€} Expression:Expression sicpaiPesEiipien
..... @ Process Result q1iserviceMame \ i Expression:HIF-Expressian
..... (T ServiceParameter semwiceClass, SeniceProduct Exprassion: SWRL-Expre "
CE> @ bt fhnesns e darml .orglservicesiow - \ // I
Te1=4 i serwiceName i A
> @ e Ce s CHICEOCE] contaetiniorm azl.?,_l:'.ession:exp ressionBody  Expression:DRS-Expre
Py P | B ( ::l Process ProcessComponent 1
. e senviceCategony
Restictions @ Processz: Participarnt —
. . 1:ExpressioniexpressionLanguage
e @ Process ConditiohalEffect cecateg"r\'semiceparameter - - s M= Eupression:Expression
----- T ServiceCategory Expression:expressionLanguage ““"hasFracondition
=% = .Ca
Expressiﬁn:LogicLanguage

..... @ Process: ConditionalCOutput Semice:SemwiceProfile »7
----- @ it Sy isi edul~panddamitimeti
@ ----- @ itz S e o 3.orgd 20030 1 fswer 1@
@ Service: Service

@ it St e 3 or g 20030 1 Fseer @

\\‘ é i
Expression: [
hasResult ..cess:hasEffect / 1
. - 0
\ hasFarameter - o /
\ l:'mcess'mr:'-|-='—n:n:;ess:ifE:cnndition

)
@ = @ Process: Unordered
D
G

has_process

\
@ @ bt p A we . org 200320 1rsmrl#vrariable
T Frocess:Res FrocessitThen-Else :condition
S, ~
Operstors
" 2

computedinput uemice:SemiceMOdeP /

| 7]
\ ""‘-‘_‘_‘__ Process:hask © 0@ essFarameter

: T ® FlocesshasResultvwar
Pl | | » n:vn::ess:l::n:vmpn:nsiteProc:essﬂ . FProcessatomicProcess JIlr / f . i
——————— thlclpam_-._____/— Frocess:hasFarameter
¢ S
Procesz hasResultwar
Process: withOutput h,.
Process: hasEffect
ProcessinCondition

Process:hasParticipan} . rocess:Process " Fro

— -y —_

FrocesswithOutput E\{rocess:hasclient \

— fll 4 Froces
mf . ~_ ~~essthaslocal e

M. ™ Process:SimpleFrocess / FroecesEnams =l

1:Process:composedl:|f_'

> :
. ~rocess >
1 \ /P;W_;:chess rrocess:hasOutput
H

essComponent s:ControlConstruc

Process:perormeapy Frocess:L

! n
Process:Elindinn- FProcess:Perform o — F ||
FProcess:OutputBinding "3'0935- utpu =
|25 © - Kemees| =1 >
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ew>= KMSphere 3.1

File Edit Project Help

0 e o+ ® <
| 2 [ Pal i oo 32 | e ] A || Ta| Ae | & ] & [ €2 =]
------ (T Thing 4 . | =] Clazs Mame
g Z KMmMSphere Consistency Reasoner _||:|I_i| Thirica
Lakbel
LIRI:|D:\AGrip\.KMSphere'l.examples'lontology\pizza.DWI " | el
ar Text: Mamespace
ol
Commerts

Fun Reazoner

Reazoner Results:

Input file: file: Do rAGripiMS pherefexamples/ontology fpizza ol

o Species: DL

DL Expressivity: ALCFID)

Conzistent: Yes

Time: 8156 ms (Loading: 5578 Preprocessing: 0 Species Yalidation: 2344 Consistency: 31

o2
Ontology
(_ consistency
check

JJE D - A EE RS, 4] H
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KMSphere Demo

=10] x|
File Edlit Project
O = of 6
[ Fe ] D o] | 3] A | To
- m. 4 [a| Class Mame
> [Thirc |
Creabe Ohject Lak=l
] I |
Mamespace
[
oyl
15-8 Relations
:l Comments
iz-a | e
Properties
B P
P
Restrictions
L =
@| =
| o
GEery Results:
ey | Mest
Set Operators eSS SS—=———=—cccc==
@ @ tood: RoastBeef
food:Pork
@ O tood: weal
food: GarlickyRoast
Gperators food: BeefCurry
= = tood: Steak
" 25
g o - Kmea| [« B >
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#zr Semantic Web Services

" m Define exhaustive description frameworks for
describing Web Services and related aspects
(Web Service Description Ontologies)

= Support ontologies as underlying data model to
allow machine supported data interpretation
(Semantic Web aspect)

= Define semantically driven technologies for |
automation of the Web Service usage process &
(Web Service aspect)
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ServiceProfile

Presents _
‘hat it does)

ServiceGrounding
How to access it

ServiceModel
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L)

2006-6-3

OWL-S Context
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@Service Description Language SDLSIN

<asdl-descr>::=(ctype
.service-name name
:context context-name+
‘types (type-name = <modifier> type)+
isa name+
‘inputs (variable: <modifier> put-type-name)+
:outputs (variable: <modifier> put-type-name)+
‘input-constraints (constraint)+
:output-constrains (constraint)+
:lo-constrains (constraint)+
:concept-description (ontology-name = ontology-body)+
:state-language name
:concept-language name
-attributes (attributes-name : attributes-value)+
‘text-description name
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Policy Driven

p:< Strigger’ A’ Sgoal’ U >

Strigger: SET Of states for policy execution
A: set of actions
S,0a - SEt of goals

g
U: set of utility functions

Modeling
/ optimization \
v i Goal stat .
Action . Modeling [Feaaoalicy L. 7[9 ----- " ° T Utility
. p|ann| ng optimization )
policy policy
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#«p Action Policy

<ActionPolicy> :: =
<Name><Parent><Performative><Type><Subject>

<Object><Action><Precondition><Constrai ntL anauge>
<Duration><Priority>

= Access Control Policy
= Obligation Policy
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Action Policy

G: IF (RT > 100 msec) o
THEN (Increase CPUg by 5%) 5 w0} &
2 + CPUe + 5%
e | é“ CPUs + 5%
S: IF (RTg > 200 msec) s | © >
THEN (Increase CPUg by 5%)  § wo} ~
0]
5 CPUc + 5%
0 i L i i
Overlapping Action Policies 0 ‘é’;drejif’nsetfrﬂnz ng e
Conflict if CPU (almost) fully
utilized!
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xzz Goal Policy

<GoalPolicy>::=
<Name><Performative><Subject><Object><Precon
dition><Postcondition><ConstraintL anauge><Durat
lon><Priority>

( :name goalpolicyl

:performative “Achieve’

:subject ftpagent

:precondition between(clienthost, 192.168.0.0,
192.168.0.255)

:postcondition greater(bandwidth(clienthost), 1M)

)
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icp Optimization

<UtilityPolicy>::=
<Name><Performative><Subject><Object><Precon

dition><UtilityFunction><Constrai ntL anauge><Dur
ation><Priority>

(  :name utilitypolicyl
:performative “Optimize”

:subject httpagent
:utilityfunction f = le bandwidth(client,) + WZZ responsetime(client,)

91
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@ Plan Representation

A plan IT isatriple <SO, OO, CS>

SO: aset of action-steps,
OO: aset of ordering constraints on the actions in SO.

CS: aset of variable-binding constraints between the
variables of the action-stepsin SO and other
variables or constants.
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@Distri buted Multiagent Plan Algorithm

Distributed — MultiAgent — Plan(OPS, CaS, I,G)

Input: a set of action-templates OPS,
a set of capabilities of agents CaS ,
initial statel , and
goa G

Output: Plan I
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%istri buted Multiagent Plan Algorithm

€

Tmformmat~agentstthat T will start planning; andwart-fortherm—
finishing current actions and entering plan state.

2. Initialize: Build an empty plan ¥ =(S0,00,CS,CLS)wWhere
SO ={Init,Goal}, O0O=¢> CS=¢,CLS=¢ .Decomposegoal G
Into a set of sub-goalsgs through adding (g,Goal) tO GS
according to every literal g €G.
3. Invoke recursive function ¢ =Generate— Next — Step(¥, GS)

4. Taking effect: For each action executed by other agent, request
It to add the action. For each constraint related to the actions
executed by other agents, request it them to add the constraints.

5. Inform all agents the planning finishes, thus they can continue
their plans.

6. If the invoking succeeds, then return success, otherwise return

fault.
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Outline

s Agent Grid Intelligence Platform
= Applications
= Conclusions
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7z» Agent Grid

Applications POIET SR

Developing
Toolkits
Agent

Environment

Resource-specific implementations of basic services

Common

E.g., Transport protocols, name servers, differentiated services, CPU schedulers, public k
Resources g Sportp . > P 4

infrastructure, site accounting, directory service, OS bypass
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Agent Grid Intelligence Platform AGrIP
B | smu | cod |

[Tl

piag. | _bss | EB | EG

Information
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Data Mining Platform MSMiner
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CBR-Based Reserve Plan
Against Emergency
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#z Conclusions

= Proposed Agent Models

= MAGE Satisfies the Software Engineering
for Large Multiagent Systems

= Collaborative Working Agents on
Semantic Grid

= AGrIP is a Powerful Platform for
Constructing Large Complex Systems
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