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Motivation

Main deficits of activity-centered business process languages
(e.g. BPEL, XPDL, BPML)

Limited support for descriptions of complex declarative rule logic, e.g. restrictions, decision logic,
transformations

Activity-centered; not event-centered
Intermediate Reactions, Compensations, Exceptions Human interactions, Peoplelinks, Partnerlinks

Rule-based Approach

Compact declarative representation of rules
Clear semantics (e.g. logic programming)
Different rule types: derivation rules, reaction rules, normative rules
High expressiveness, e.g. for business rules, contract rules, workflow-style reaction rules
Dynamic extensibility and adaptation of rule bases

Efficient generic interpreters
Rule engines supporting rule chaining and execution of large rule sets

Automated conflict detection and resolution

But:

Modularization of rules for business process specification and integration with local entities
(services, human interaction points, partnerlinks)

Local rule execution state, specific and intern of the current process instance

Orchestration vs. Choreography

N
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Rule Responder Archifé‘ﬁtu r:; m——

Computational independent model (CIM) with rules,
processes, conversational flows (e.g. in a natural or visual
language)

Platform independent model (PIM) which represents the
rules, events and ontologies in a common (standardized)
Interchange format (e.g. a markup language)

Platform specific model (PSM) which encodes the rule
statements in the language of a specific execution
environment (e.g. a rule engine / inference service or
compiled code)

Biotec
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Reaction RuleML

Platform Independent

Rule Interchange Format

http://ibis.in.tum.de/research/ReactionRuleML/




RuleML as Common Rule Interchange. '

Rule Markup and Modeling Initiative (RuleML) (www.ruleml.orq)

Standardization effort for a rule markup and modelling language, tools and
applications

RuleML is the de facto open language standard for rule interchange/
rule markup on the Web

Reaction RuleML (http://ibis.in.tum.de/research/ReactionRuleML/)
Language family for reaction rules and complex event messaging / processing

RuleML
A A\ 4 \ 4 VL
Derivation Reaction Integrity Transformation
N Rules || _Rules | | f Constraints || _ Rules |

RuleML

Translators
Homogeneous Approac

Reaction RuleML

Integrity
RuleVIL
Derivation RuleML
Biotec
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Scope of Reaction RuleML

Reaction RuleML

Active Databases

S—

ransient Events

[ ECA Paradigm

[ Global Active Rules

[ Trigger (EA Rules)

[ Complex Event Algebra

Production Rule
Systems

' Implicit Sequence of
Knowledge Updates
' CARules

Rule-Based Event Notification
Systems / Distributed Complex
Event Processing

F Evont | Aotinn Moccanae |
Event/ Action Messages

- Inbound / Qutbound

- Enterprise Service Bus
' (Agent) Conversation
- Protocols

- Performatives (e.g. FIPA ACL)

KR Event/ Action/
Transition [ Process
Logic Systems

|

Event/ Action Axioms
[ Reasoning on Effects /
Transitions

- fluents / states | processes

- akin to e.g. state machines,
petrinets or pi-calculus
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<Rule style="active" evaluation="strong">
<label> <!-- metadata --> </label>
<scope> <!-- scope --> </scope>
<qualification> <!-- qualifications --> </qualification>

<oid> <!-- object identifier --> </oid>

<on> <!-- event --> </on>

<if> <!-- condition --> </if>

<then> <!-- conclusion --> </then>
<do> <!-- action --> </do>

<after> <!-- postcondition --> </after>

<else> <lI-- else conclusion --> </else>

<elseDo> <!-- else/alternative action --> </elseDo>
<elseAfter> <!-- else postcondition --> </elseAfter>

</Rule>

I(‘WBi t
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Impl.: Messages in Reaction"RuleME=(R

<Message mode="‘outbound" directive="ACL:inform'>
<oid> <!-- conversation ID--> </oid>
<protocol> <!-- transport protocol --> </protocol>
<sender> <!-- sender agent/service --> </sender>
<content> <!-- message payload --> </content>

</Message>

@mode = inbound|outbound — attribute defining the type of a message
@directive — attribute defining the pragmatic context of the message, e.g. one
or more FIPA ACL performatives, KQML, OWL-QL, Standard Deontic Logic
norms, ...

< oid > — the conversation id used to distinguish multiple conversations and
conversation states

< protocol > — a transport protocol such as HTTP, JMS, SOAP, Jade,
Enterprise Service Bus (ESB) ...

< sender ><receiver > — the sender/receiver agent/service of the message

< content > — message payload transporting a RuleML / Reaction RuleML
guery, answer or rule base
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Example: R

<Message mode="‘outbound' directive="ACL:query-ref'>

<oid> <Ind>RuleML-2008</1Ind> </oid>
<protocol> <Ind>esb</Ind> </protocol> \\
<sender> <Ind>User</Ind> </sender> EIPA ACL directive
<content>

<Atom>

<Rel>getContact</Rel>
<Ind>Sponsoring</Ind>
<Var>Contact</Var>
</Atom>
</content>
</Message>

Event Message is local to the conversation state (oid) and
pragmatic context (directive)

7 Biotec
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Distributed Semantic Web Rule Engine
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Prova — Selected Expressive Featur

Backward-reasoning Derivation rules + ECA-style rules
Messaging Reaction Rules and Complex Event Processing

External Data and Object Integration + Query Built-Ins
Java Integration
XML Integration
SQL Integration
RDF Integration

External Type Systems: Order-Sorted Polymorphic Typed Logic

Java Class Hierarchies
Semantic Web Ontologies
Input/Output Mode Declarations
Module Import and Integration: Order Modularized Logic Programs
Meta Data Labels and Scopes (constructive views)
Integrity Constraints and Test Cases for Verification and Validation
Dynamic Transactional Updates

prrii/A
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Send a message

sendMsg(XID,Protocol,Agent,Performative,[Predicate|Args]|Context)

Receive a message

rcvMsg(XID,Protocol,Agent,Performative,[Predicate|Args]|Context)

Receive multiple messages

rcvMult(XID,Protocol,Agent,Performative,[Predicate|Args]|Context)

Description:
XID is the conversation identifier
Protocol: transport protocol e.g. self, jade, jms, esb
Agent: denotes the target or sender of the message
Performative: pragmatic context, e.g. FIPA ACL
[Predicate|Args] or Predicate(Arg,,..,Arg,): Message payload

N Biotec
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Example: Request — Response™ Flow with Delegation-(P$

% receive query and delegate 1t to another agent

rcvMsg(CID,esb, Requester, acl _query-ref, Query) :-
... (other goals) ...
sendMsg(Sub-CID,esb,Agent,acl _guery-ref, Query),
rcvMsg(Sub-CID,esb,Agent,acl _inform-ref, Answer),
... (other goals)...
sendMsg(CID,esb,Requester,acl_inform-ref,Answer).

% answers query '"Agent'

rcvMsg(XID, esb, From, Performative, [X]Args]):-
derive([X]Args]),
sendMsg(XID,esb,From, answer, [X]Args])-

Note: Local conversations (and sub-conversations) with local state
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Enterprise Service Bus




R

Mule Enterprise Service Bus™

[Mule Manager Mule ESB Open Source

Mule Services Message Platform and distributed
Object Broker
Mule Model Staged Event Driven Architecture
RBSLM Service RBSLM Service (SEDA)
PI"DVEI.r" o SYHC*E 5 Proval > 30 PI‘O'[OCO|S (\JMS, HTTP, SOAP
Contractlog |3 EBJz| ContractLog )
Engine o A E1 [ Engine
9 g 3 Synchronous and Asynchronous
Transiator Translator Communication
Enpoint
Iasg”m“” ] Complex Message-driven Event
H s Processing (CEP)

async .,.."“ \ async
]

| sync syncw
Another Mule or External
Prova/ContractLog Service /
Service Application

77 f‘f
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Examples




State machines based conversg_tqu‘gs;;_f--_-

T e

O | . 0 query_ref( Product) 1

roduct(Product,
[ product( %/ \%uct(ProduCt-_)]

2(yes) ‘ 2(no) ‘

entry/ “Buyer.agree(Product)
entry/ ~Buyer.inform_result(Product)

entry/ ~Buyer.refuse(Product)

request( Product,Pric% 4(refuse)
[ !Price>SellerPrice ] ‘ entry/ *Buyer.refuse(Product,Price ‘
: e )\@)

4(agree)

entry/ ~self.product(Product,SellerPrice)

[ Price>SellerPrice ]

entry/ ~Buyer.agree(Product,Price)
entry/ ~Buyer.inform_done(Product,Price)

18

directbuy_seller_1(XID,Protocol,From,Product) :-
product(Product]_ ),
sendMsg(XID,Protocol ,From,agree,Product,seller),
sendMsg(XID,Protocol ,From, inform_result,Product,seller),
directbuy seller_2(yes,XID,Protocol,From,Product).

directbuy seller_1(XID,Protocol,From,Product) :-
sendMsg(XID,Protocol ,From, refuse,Product,seller),
directbuy seller_2(no,XID,Protocol,From,Product).

directbuy seller_2(yes,XID,Protocol,From,Product) :-
e
rcvMsg(X1D,Protocol ,From,request, [Product,Price],buyer),
product(Product,SellerPrice),

directbuy seller_ 3(XID,Protocol,From,Product,Price,SellerPrice).

directbuy seller_2(no,XID,Protocol,From,Product).
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B Join_1

process_join() :-
1am(Me),
init_join(XiID,join_1,[c(),b(O)D,
fork_a b(Me,XID).

fork_a b(Me,XID) :-
rcvMsg(XID,self ,Me,reply,a(l)),
fork_c_d(Me,XID).

fork_a b(Me,XID) :-
rcvMsg(XID,self,Me,reply,b(1)),
join(Me,XID, join_1,b(1)).

fork_c_d(Me,XID) :-
rcvMsg(XID,self ,Me,reply,c(1)),
% Tell the join join_1 that a new pattern is ready
join(Me,XID, join_1,c(1)).

% The following rule is invoked by join once all the iInputs are assembled.

join_1(Me,XID, Inputs) :-
printin([""Joined for XID=",XID,"™ with inputs: ", Inputs]).

% Prints
% Joined for XID=agent@hostnameOOl with inputs [[b,1].,[c,1]]

otec
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Mobile Code

% Manager

upload_mobile_code(Remote,File) :
Writer = java.io.StringWriter(), % Opening a file fopen(File,Reader),

copy(Reader ,Writer),

Text = Writer.toString(),
SB = StringBuffer(Text),
sendMsg(X1D,esb,Remote,eval ,consult(SB)).

% Worker Service (Contractor)

rcvMsg(XID,esb,Sender,eval, [Predicate|Args]) :-derive([Predicate]Args]).

Manager

ILP Service / Contractor

@1 Announce task n H]
7 L
1 Submit bids n
[ ] %,
Award contract
1 1 ﬁ
%, ]
< End movte o Contract Net Protocol
End Nnd (maybe start a
new CNP as manager)
o % \_ ) T
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Conclusion

Blends and tightly combines the ideas of multi-agent systems,
distributed rule management systems, and service oriented and event
driven architectures

Applies distributed coordination mechanisms of rule-based complex
event processing and rule-based workflow like reaction rule patterns for
business process execution

Develops an effective methodology and an efficient infrastructure to
Interchange and reuse knowledge on the Web and communicate
contextual events and actions

Allows orchestration or choreography models

Demonstrates the interoperation of various distributed platform-specific
rule execution environments based on Reaction RuleML as a platform-
independent rule interchange format interchanged over an enterprise
service bus as transport middleware

Adds a Pragmatic Rule-based Layer (Pragmatic Web),

defines the rules for using information resources and ontologies to support human
agents in their decisions and react partially self-autonomously by means of automated
agents or services

Biotec
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Applications and Next Steps™

“'Rule Responder / Reaction RuleML

" Rule Responder: http://responder.ruleml.org/

" Reaction RuleML: http://ibis.in.tum.de/research/ReactionRuleML/

W Prova Agent Architecture: http://www.prova.ws/

“Prova Workflow Patterns: http://www.prova.ws/csp/?g=taxonomy/term/11
" Rule Based Service Level Agreements: http://ibis.in.tum.de/projects/rbsla/

" Projects

@WW3C Rule Interchange Format

@RuleML / Reaction RuleML Standardization Initiative

WEU Integrated Project about Complex Event Processing

" Rule Responder
¢ RBSLA (Rule Based Service Level Agreements)
¢ DILP (Distributed Inductive Logic Programming) for Mining Multi-Relation Data
¢ Pragmatic Agent Web — Virtual Organization
¢ W3C HCLS RuleResponder - eScience Service Infrastructure for HCLS
¢ Expert Finder — Semantic Web

prrii/A
Biotec
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http://responder.ruleml.org

I Rule Responder: & RuleML-based Pargamatic Agent Web - Use Cases - Mozilla Firefox

e [d Yew Hgory fodmaks Joos  Help

-5 @ TEb B e i et fpamudan-7007] [ ] (Gl ecrm.se
& cttoupach.dotcr &8 15 vouTuba - mrosdesst ..
* . | bHpoddY [ CSeMSC. [ UMWk | (Tatidedn. | [Clistoics .. [ Socelwsl. [ bt oust.. | WwOl-wi. [ oopREw  [Clonne-. [ cmerad..  @@Ruer_ G =
asss wy Gacreinge =
AR M ] SE CASES M@
Homi
Morsdey, 19 e 2007
Cverview
Fuzications
RuleML-2007 Rule Responder
Hiws
WSER MEIW Use this tes 2007 Respender
Voe Cases #mineiruleml200T= BTy S thiz, 1n, tum. de/ prOIECTa/ pavA > ~
Tools Message mode="outbound” difectives"queey™s
<oid»
Oowniload <IndsRuleRL=2007</ Tnd>
Project Managernent “fords
<protocol:
el <Indreabef Inds
RuleML </protocal>
uuuuuuu
Rbachion RuloML <Ind>user</Ind>
o < mendmes
o | <contents
0 [Drerw thtoms
<M lrgetContace </ Rely
<Ind>rulemlZ007_Challenge</ Ind»
[ TH———
aVarsContact/Var:
+f Atoms
</ eontent
/ Bessage: L
Description:
Fuile ML 2081 Bespioner Use Case
Rule Inerface Descriptions (Signatmes)
Cyous might comy ared st e el i the Rl Resgondes foemss
b - Aok [example]
b petCanbeck Topk, Taad, Cantac o) [examyile]
v i uthor. sttt
b st Subumisaion] [rzample]
b eccapled{Sabemizaion) [exampie]
b gpes =

Sourceforge SVN:

https://mandarax.svn.sourceforge.net/
svnroot/mandarax.

Sub-project "pragmatic-agent-web"
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