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Overview: off Rule Responder (1)

RulerResponderis anr experimental
multi-agent systemifor collaborative; teams
and virtual communities on the Web

SUpperts rule-based collaboration between
the distributedmembers of such a virtual
Olidanization

Members ol each virtual erganization are
assisted by semi-automated rule-bhased
agents, Whichi use rules to describe the
decision and behavieral logic




Overview of Rule Respoender (1I)

Uses languages and engines off the
RuleML family: fior rtle; serialization,
pased on legic and XML

s Hormleg RuleMLts Reasening
m Reaction RUleML: Interaction

Implemented on topof a Mule-based
Service Oriented Architecture (SOA)




Personal Agents

A personal agent assistsia single persen
Of 2l erdanization, (Ssemi-alutonemeus|y)
actinglen his/her behalf

It contains al FOAE*-like fact, proefile plus
FOAF-extending rulesito encode: selected
knewledde of itsf human owWner

* The Friend of a Friend (FOAF) project:




Organizatienal Agents

AR organizational agenti represents goals

and strategies shared by each member: of
the organization

It contains rule sets that describe the

policies; regulations, eppertunities; ete. of
[tS; organization




External Agents

External agents exchange messades With
(the public interface of) erganizational
ddents, asking guUeries, receiving answers,
or interchanging complete rule sets

Endiusers, as external agents, employ:a
Web (HIEP) interfiace off Rule Respender
(currently”anr API-like Browser Interfiace)

Suppert for simultaneous external agents:
Currently, end users (B2C)
Ultimately, other ordganizations (B2B)




Rule Responder asia
Multi-Agent: Infrastructure

Realizes a System off OAs, PAs, and EAS
Built on the Mule ESB

ihe OAs and PAs are; realized each with
an instance ofi a Rule Engine

Combines the ideas of multi-agent:
systems; distributed rule management
systems, asiWell as service-oriented and
event=driven: architectures




Infrastructure - Overview

Use Case 4 Use Case 5

Browser (external Agent)

Web Browser

HTTP Web Farm

Reaction RuleML Message

Personal Agent 2

Rule Engine (OO jDrew)

Knowledge Base

(with translated and replicated
facts)

Personal Agent 1

Rule Engine (Prova)

Knowledge Base
(dynamic access to external
data sources)

Rule Engine (Prova)

Knowledge Base

RDF BibTex

Organizational Agent 4

™ Rule Engine (Prova)

Knowledge Base




Translation Between PAs' Native Languages
and OA's Interchange Language

Eachirule engine canuse:its ewni rule
language

Agentsi reguire an interchange languade so
that they’ canr understand’ each other

Rule Responder uses Reaction RuleMIt as its
Interchange langlage

Tiransiation Is dene; with an XSLTF stylesheet




Reaction RuleML

Reaction RuleML is a branchief the RuleMIt
family, that supports actions and evemts

Whenr tworadents need te: communicate,
eachethers: Reaction RuleML messages
are sent through the ESB

Carries RuleMIt gueries, answers, and rule
pases, to/from agents




Example Reaction RuleML Message

<RuleML xmlns="http://www.ruleml.org/0.91/xsd"
xmins:xsi="http://www.w3.0rg/2001/XMLSchema-instance"
xsi:schemal.ocation="http://www.ruleml.org/0.91/xsd
http://ibis.in.tum.de/research/ReactionRuleMLL/0. 2/rr.xsd*
xmins:rulemi2007="http://ibis.In.tum.de/projects/paw# ">
<Message mode—"outbound" directive="gquery-sync >
<oid> <Ind>RuleM|-2008</Ind> </oid>
<protocol> <Ind>esb</Ind> < [protocol>
<sender> <Ind>User</Ind> </sender>
<content>
<Atom>
<Rel>getContact</Rel>
<Ind>rulemi2008,_PanelChair</Ind>
<Ina>update</Ind>
<Var>Contact</Var>
</Atom>
< [content>
</Message>
< /RuleML>




Message, Perfiormatives

The attribute dr rect 1 ve="..."
corresponds toe the pragmatic perormative

SpEeciiy Mmessage; exchange/interaction
protecols

Rule Respender' Periormatives
s [N tradition off KQML and FIPA-ACL

s Currently’ Implemented: Query: andl Answer:

s Retract and' Updatel in collaboration with
RIE-PRD




Agent: Communication: Protocels

WSDIL-like protoecols
In-Only.

sl Messade s sent teradent; firemiagent,; then agent;
ExXecutes perfiormative

RequUest=Response

a| Periierms aboeve in=enly; themn adent; SEnds response
Pack te agent;,

Reguest-Response-Acknowledge

s Does Reguest-Response; then agent, sendsia
ESPORSE Pack teragent;

\Workflows

s Generalizes the above protocols te allow: arbitrary.
compositions of agent messages




Communication Middleware

Mule Enterprise Service Bus (ESB)

s Mule* Is used! to create communication; end
POINtS, atreachi persenal and erganizational
agdent off Rule Responder

s Mule; supportsi various: transport pretecols
(e.g. HTTP, IMS, SOAP)

s Rule Responder currently: uses HiiP and JMS
as transport protocols

* Mule — The open source SOA infrastructure:




Rule Engines

Prova: Prelog +' Java

OO0 jDREW: Object Oriented
javal Deductive; Reasoning Engine for the Web




Prova

Prova Is: mainly’ used terrealize the
Organizationall agents of Rule; Responder:

It implements Reaction RUleMIt fer agent
Interaction: (event-condition-action rules)




00 jDREW

OO jDREW IS Used! to realize the
personal agentsioff Rule Responder

It implements Hoernlog RUleMIL for agent:
ieasoning (IHoern Iegic rules)

SUPpPOrtS rules in tWo fermats:

s POSLL: Positional Slotted presentation syntax

s RuleML: XML interchange syntax
(can be generated from POSL)




Use, Case: Symposiumi Planner

RuleMI-=20xy: Symposia
= A organizational agent acts as the single
POINE off entry’ tor assist withi the symposium:

Currently, gquery answering about the symposium
Ultimately, preparingland runningl the sympositm

s/ Personall agentss have supported sympositm
chairsisince 2007 (deployedias in 2008)

Generall Chair, Programi Chair, Panel Chair,
Publicity: Chair, etc.




Online Use Case Demo

Rule Respender:

RuleML-2007/RuleML-2008 Symposia:

Persenallagents:
Supperting allfChairs

Organizational agent:
Supperting Symposium asia whole




Query: Delegation

Queny delegation ter persenall agents is
done by the ordanizational agent

llasks for the symposiUm! organization are
Manaded Vial a role assignment: matrix

Is defined here by an OWIL Lite Ontology.
(alternmatives: RDES; RuleML, ...)

Assigns (meta)topics te agents within: the
virtual organization: ... See next s/ae....




Role Assignment Ontology

Metatopics

General Chair

Program Chair

Challenge Chair

Publicity Chair

Panel Chair

Topics

Agents Sponsoring

General Chair Press Release

‘ Challenge
Program Chair ) :

\ i‘ Demos

'
Challenge Chair % \Y’

%
\‘ Panel

Publici Chair //\\“‘ Particiants

Registration

Panel Chair :
Visa Letter

Responsible Submissions

»
»

Accountable ‘ Presentations
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Multiple, Query: Answers by: PAS

SomMe; qUEries Nave more tham ene; answer

Tihe PA'willF'send the answers one at a
time to the OA (Interleaved backtracking
and! transmission)

When normere answers are computed, an
end-of-transmission Message IS Sent back

22




Shared Knowledge Between
Personal Agents

RUles can: be shared among persenal
adents

Rules thatiapply: to all PAs can be moyvead
Up: to the OA level

... see next sfide ...




Organizational Symposium
Agent Knowledge Base

CorSample PrevarlikerrtiexinrPOSIEsyniax)
storedi in the OA:

detContact(7tepic, 2request, ?contact) :-

Yoy Uses the topic andlrequest toraelegaterthie
elIoWING dUERA e appreprate PA

PERSON(
PEONLAEE, “OIE) ZutiE) ZEmall 7 ONE):




Personal Panel Chair Agent
Knoewledge Base

Vo Sample FOAE-lIke lacts Used by the @A FulEs
U6 Example fact stored inr the Panel Chalrs PA

PERSON(Zonn), PanelCnalls Piib;,

jonn@eEm rJJJ com, 1-555-355-3555
Uor Examplerfact storedinrthae Publicity/sChal=siPA
PERSON(INacy, PUBlICItYChalls PiiD;,
tiidCy@EMalltcom, L=444= 1'1'1' 1'1'1'1'
Uor Samplerdueny inrRuleMIt syntax:
.. See next slide ...




Sample Message to Organizationall Agent

<RuleML xmlns="http://www.ruleml.org/0.91/xsd"
xmins:xsi="http://www.w3.0rg/2001/XMLSchema-instance®
xsikschemallecation="http://www.ruleml.org/0.91/xsd
http://ibis.in.tum.de/research/ReactionRuleML/0. 2/rr.xsd"
xmins:rulemi2007="http://ibis.in.tum.de/projects/paw# ">
<Message mode="outbound™ directive="query-sync">
<oid>
<Ind>RuleML-2008</Ind>
</oid>
<pretocol>
<Ind>esb</Ind>
</protocol>
<sender>
<Ind>User</Ind> Query Selection: Panel Chair Contact
</sender>
<content>

<Atom>
<Rel>getContact</Rel>
<Ind>rulemi2008_PanelChair</Ind>
<Ind>update</Ind>
<Var>Contact</Var>

< [Atom>
</content>
</Message>
</RuleML>




Architecture - Execution

Use Case 4 Use Case 5

Browser (external Agent) Personal Agent 1

Web Browser Rule Engine (Prova)

HTTP Web Form
Knowledge Base

Reaction RuleML Message {dynamic access to external
data sources)

Personal Agent 2

RDF BibTex

Rule Engine (OO jDrew)

Knowledge Base Organizational Agent 4

(with translated and replicated -
facts) ™ Rule Engine (Prova)

: Knowledge Base
Rule Engine (Prova)

Knowledge Base




Architecture - Execution

Use Case 4 Use Case 5

Browser (external Agent) Personal Agent 1

Web Browser Rule Engine (Prova)

HTTP Web Form
Knowledge Base

Reaction RuleML Message {dynamic access to external
data sources)

Personal Agent 2

RDF BibTex

Rule Engine (OO jDrew)

Knowledge Base Organizational Agent 4

(with translated and replicated -
facts) ™ Rule Engine (Prova)

: Knowledge Base
Rule Engine (Prova)

Knowledge Base




Architecture - Execution

Use Case 4 Use Case 5

Browser (external Agent) Personal Agent 1

Web Browser Rule Engine (Prova)

HTTP Web Form
Knowledge Base

Reaction RuleML Message {dynamic access to external
data sources)

Personal Agent 2

RDF BibTex

Rule Engine (OO jDrew)

Knowledge Base Organizational Agent 4

(with translated and replicated -
facts) ™ Rule Engine (Prova)

: Knowledge Base
Rule Engine (Prova)

Knowledge Base




Architecture - Execution

Use Case 4 Use Case 5

Browser (external Agent) Personal Agent 1

Web Browser Rule Engine (Prova)

HTTP Web Form
Knowledge Base

Reaction RuleML Message {dynamic access to external
data sources)

Personal Agent 2

RDF BibTex

Rule Engine (OO jDrew)

Knowledge Base Organizational Agent 4

(with translated and replicated -
facts) ™ Rule Engine (Prova)

: Knowledge Base
Rule Engine (Prova)

Knowledge Base




Architecture - Execution

Use Case 4 Use Case 5

Browser (external Agent) Personal Agent 1

Web Browser Rule Engine (Prova)

HTTP Web Form
Knowledge Base

Reaction RuleML Message {dynamic access to external
data sources)

Personal Agent 2

RDF BibTex

Rule Engine (OO jDrew)

Knowledge Base Organizational Agent 4

(with translated and replicated -
facts) ™ Rule Engine (Prova)

: Knowledge Base
Rule Engine (Prova)

Knowledge Base




Latest News
Updated - June 20, 2065

Calls for lightning talks
highlight talks and Fast
abstracts opened.

read more news

The Symposium

e Who Wil &Attend

a

Highlights

[«

KEPHD!E SpEaRers
o Yenues

e BLsiness Buls Forum

Authors

o Dbjactives

o ToOpics

e Opan Calls

o RuleML-2008 Challenge
e Submission Guidelines
o Call for Papers (PDF)

o Important Dates

Organisation
o Organising Commities
& Program Committee

o Sponsorship

Rule Responder:
RuleML-2008 Experimental Demo

DEMO ARCHITECTURE DESCRIPTION INTENTION OMTOLOGY

Use this text form to send a query in Bezction BuleML format to the
Rulehil -2008 Organizational Agent:

ﬂm}pq:rulem12ﬁ5;¥"ﬂgép:fFibis.in.ﬁﬂﬁ.dé}hrnjeccafpau#"} ﬁﬂ
<HMeg=zage mode="outbound" directive="guery-syno's>
<oid>

< Ind>RuleflL=-2008«; Tnd>

<protocol>
<Ind>esh</ Ind>
</ protocols>
czender>
<Ind>User</ Ind:>
< menders>
<Eontents
< At oms
{Inﬁ}rulemlzDDE_PPP%{F}PEFPEEF{EInﬂb
<Ind-update</ Ind:>
“WarrContacc</ Vars
=/ Atom:
</ oontents>
</ Measaces

I_ Send Message J

Query Selection

Lise the drop down box to select which query you want o send to the
AulaMii -2008 Orgatizations! Agent:

| Publicity Chair Contact ~ |




=7xml wversion="1.0" encoding="UJTF-8" ?=
— =RuleML xmins="http:/ Mvwwwww.ruleml.org/0.91 2xsd" <xmins:xsi="http: / fwwww. w3 .org /2001 //MMLSchema-insta
— =Message mode="outbound" directive="answer" =
+ =oid=
+ <=protocol=
+ =sender=
— =—content>=
— =S tom =

=<Re|=person </Rel=

—Expr==

<Expr=

—Expr==

<Expr=

— =—Expr==
=<Fun=foafmame =,/FLmn=
— =—Expr==
=<Fun=FfirstName </Fun =
=Var=Nom@ma2 Title-/vVar=
=Ind=tracy =/Ind =
=/ Expr=
— =Expr=
Fun=lastMame </FLn =
=War==N@@a2_ Title /" Vvar=
=Ind=host </Tnd =
—/Expr=
=/ Expr=
=/ A tom=
=fcontent=
—/Message=
— =MMessage mode="outbound" directive="answer" =
+ =oid=
+ —protocol=
+ =sender=
— =—content>=
— =S Ttom =

=<Re|=person </Rel=

=—Expr=

<Expr=

=—Expr=

<Expr=

=—Expr=

=Fun=foafmame </Fun=-

— =—Expr==
=Fun=FirstMame </Fumn =
=Var=Nom@ma2 Title-/vVar=
=Ind=matthias </InNnd =

=/ Expr=

— <Expr>=
Fun=lastMame </FLn =
="Var=MNm@ma2_ Title-/"vVar=
=Ind=nickles < /Tnd =

= /Expr=
=/ Expr=
=/ M tom=
=fcontent=
—/Message=
=/RuleML =

R

R



Sample Message to Publicity: Chair Agent (T)

<content>

<Atom>
<Rel>sponsor</Rel>
<Expr>
<Fun>contact</Fun>

<Ind>Mark</Ind>
<Ind>JBoss</Ind>

</Expr>

<Ind type="integer*>500</Ind>

<Expr>
<Fun>results</Fun>
<Var>Level</Var>
<Var>Benefits</Var>
<Var>DeadlineResults</Var>

</Expr>

<Expr>
<Fun>performative</Fun>
<Var>Action</Var>

</Expr>

</Atom>
< /content>

Query Selection: Publicity Chair Sponsoring




- <content=
- =htom=
<Rel=sponsor</Fel>
- <Exprz
<Fun>=contact</Fun>
<Ind=Mark=/Ind=
<Ind=JBoss</Ind=
</Exprz
<Ind type="integer'"=500</Ind>
- <Exprz
<Funzresults</Fun:
<Ind=hbronze</Ind=>
- <Expr=
<Funzbenefits </Fun>
- <Exprz
<Fun=logo</Fun:

- <Expr=
<Fun=on</Fun:
<Ind=site</Ind>

< /Exprz=
</Exprz
- <Exprz
<Fun>acknowledgement</Fun>

- <Expr=
<Funzin</Fun>
<Ind>=proceedings<,/Ind>

< Exprz

</Exprz

</Expr=
- <Expr=
<Fun=onGoing</Funz
<Ind=deadline</Ind=
</Exprz
</Expr
- <Exprz
<Fun>performative</Funz=
<Ind=email</Ind=
</BExpr=
<fAtomz
</fcontent >



Sample Message, to Publicity: Chair Agent (1I)

<content>

<Atom>
<Rel>sponsor</Rel>
<Expr>
<Fun>contact</Fun>

<Ind>Mary</Ind>
<Ind>Super</Ind>

</Expr>

<Ind type="integer*>5000</Ind>

<Expr>
<Fun>results</Fun>
<Var>Level</Var>
<Var>Benefits</Var>
<Var>DeadlineResults</Var>

</Expr>

<Expr>
<Fun>performative</Fun>
<Var>Action</Var>

</Expr>

</Atom>
< /content>

Query Selection: Publicity Chair Sponsoring (edit)




- <content> - <Expr=

- <Atomz <Fun=in</Fun=
<Rel=sponsor</Rel=> <Ind>proceedings</Ind>
+ <Expr= < Expr=
<Ind tyvpe="Integer'>=5000</Ind> . z’g};’?;}
- <Expr= <Fun=option < /Fun

ZFunz=results < /Funz
< Ind=platinum-=/Ind:=

<% ar=Benefits< Mar>
<Ind=demo</Ind=

—- <Expr= < /Expr=
<Fun>benefits</Fun= ) {E:}{lfgibname{ﬂ:um:
<Expr= - <Expr=
<Expr= <Funzall</Fun=

<Funz=acknowledgement< /Fun> - <Expr=
~- <Expr= <Funzadwvance < /Fun=

ZFunz=in< /Funz=
<Ind=>proceedings=/Ind=
< /Exprz
< /Expr=
<Expr=
<Fun>option</Fun=
- <Expr=
<Funz=sponsor</Fun>
<Ind=student</Ind:>
< /Expr=
< /Exprz=
<Exprz=
<Fun=free</Fun=
<%ar>Benefits</\Var>
<Ind=registration</Ind:=

<Ind=publicity</Ind>=
< /Expr
< /Expr=
< /Expr=
- <Expr=
<Fun=distribution </Fun=
- <Expr=
<Fun=brochures < /Fun>=
- =<ExHpr=
<Funzall</Fun=
<Ind=participants</Ind>
< fExprz
< /Expr=
</Expr=
< /Expr=
- =<Expr=
<Fun>=onkoing</Fun>
<Ind>deadline < /Ind=

- <Expr= < /Exprz=
<Funzamount< /Fun= < /Expr=
<Ind>2</Ind=> - <Expr> _
< /Expr= <Fun>=performative </Fun>
P <Indz=phone</Tnd=
< /Exprz= < /Expro
- <EHpr= </Atom=
<Fun=logo</Fun= < fcontent =



Conclusion (T)

Rule Respender'was implemented & tested

fOr Various, Use cases ( )
and depleyed for RuleM[-2005

Its' erganizational agents delegate; external
gueries to tepic-assigned personalifagents

It couples rule engines &
Via Mule middieware and XML

Interchange format




Conclusion (IT)

Without a Reaction Rule Dialect, RIE coula
Mot be Used fior behavioral Responder: 10gic

Current system Is retsanle on all levels:
Symposium| Planmner, Rule Responder;
POSL., RuleMIE, OOHDPREW. Preva, Mule

RuleML Tiechn. Group; with
and

Looking| for more: partner engines: (mainly
) for use case, €.d. on

/
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Future Work (1)

Communication Between Personal Agent and Expert
Owner

s e PA at some; peint may: need to interact with i1ts
EXPERL OWNEN

x [he formal interaction between: PAs and! their
owners is email (SMIiP)

s [he interactionrlanguagde; off these emalls Is Reaction
RuleMIt

Query Decomposition

s Each premise off a rule can be delegated to different
PAs, followed by Integration 40




Future Work (1T)

Centralized, Hierarchicalf (Pistributed), and
Netwoerked (Distributed) Query: AnNSWerng

Centralized anadi Distributed Knowledge
Malntenance

s HowW! tor keep your ruless ipdated
Distributed: Fault Tolerance

s Alternative agents when ami adent stops
WOrking

Communication Overhead vs. Centralized
Processing




