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Background: REWERSE NoE

Network of Excellence in the 6th Framework of the
European Commission (3.2004 - 2.2008)

“Reasoning on the Web with Rules and Semantics”
rule-based methods

one out of several NoEs (with different focuses) in the area
of the “Semantic Web”

about 30 research groups, 150 participating researchers

in 8 “Working Groups” I1-I5 (Rule Markup, Policies, Typing
& Composition, Querying, Dynamics), A1-A3 (Applications:
spatial/temporal, personalization, bioinformatics and 2
“Activities”: Education & Training, Technology Transfer

Working group I5: “Evolution and Reactivity”
(U.Nova de Lisboa , U Göttingen , LMU Munich, U Skövde) 2



Thesis:
There is not a single formalism/language for
describing and implementing behavior in the
Semantic Web.

Hypothesis:
Semantical approaches (i.e., not “programming”,
but based on an ontology of behavior) follow the
Event-Condition-Action paradigm.

Justi�cation:
We show that a general framework approach with
modular components covers many existing con-
cepts that will prove useful for behavior in the Se-
mantic Web.
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Cooperative Evolution of the Semantic Web

There are not only queries, but there are activities going on in
the Semantic Web:

Semantic Web as a base for processes

Business processes, designed and implemented in
participating nodes: banking, . . .

Prede�ned cooperation between nodes:
travel agencies, . . .

Ad-hoc rules designed by users

The less standardized the processes (e.g. human travel
organization), the higher the requirements on the Web
assistance and �exibility

) local behavior of nodes and cooperative behavior in “the
Web” 5



Adding Events and Actions to the Ontologies
Domain languages also describe behavior:

Domain Ontology

Events Concepts Actions
< trvl:canceled-�ight

�ight=“LH123” >

< trvl:reason> ...< /trvl:reason>

< /trvl:canceled-�ight >

< trvl:cancel-�ight
�ight=“AF456” >

< trvl:reason> ...< /trvl:reason>

< /trvl:cancel-�ight >

Classes Relationships Individuals

in�uence

raise

Ontology of behavior aspects

correlate and axiomatize actions, events and state

combine application-dependent semantics with generic
concepts/patterns of behavior



ECA Rules

“On Event check Condition and then do Action”

paradigm of Event-Driven Behavior,

modular, declarative speci�cation

sublanguages for specifying Events, Conditions, Actions

simple kind (database level): triggers

high level: Business Processes, described in terms of the
domain ontology
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Analysis of ECA Rule Components

“On Event check Condition and then do Action”

Rule Components:
Event

dynamic
Condition

static
Action

dynamic
event query test action

collect test act

Event: detect just the dynamic part of a situation,

Query: then obtain additional information by queries,

Test: then evaluate a boolean condition,

Action: then actually do something.

Component sublanguages: heterogeneous
8



Abstraction Levels and Types of Rules

Semantic
Level Events

Semantic
Level Actions

Integrated (RDF)
Level Events

Integrated (RDF)
Level Actions

Domain Ontology

Local (XML,SQL)
Level Events

Local (XML,SQL)
Level Actions

A
bstraction

ECA Business

ACE Mapping

localized ECA

ACE Mapping

ECE Deriv.

ECE Deriv. ACA Reduct.

ACA Reduct.

ECA triggers

database level:

actions=events

ECE Deriv. ACA Reduct.
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Local Behavior: Triggers on the RDF Level

react on events on the RDF data level

ON f INSERT|DELETE|UPDATEg OFproperty
[OF INSTANCE OFclass] .

ON f CREATE|UPDATE|DELETEg OF INSTANCE OFclass

ON NEW CLASS,

ON NEW PROPERTY [OF CLASSclass]

ECE derivation rules: derive events of the domain ontology

ON INSERT OF has professor OF department
% (comes with parameters $subject=dept,
% $property:=has professor and $object=prof )
% $university is a constant de�ned in the (local) database

RAISE EVENT
(professor hired($object, $subject, $university))

10



Rule Markup: ECA-ML
< !ELEMENT rule (event,query*,test?,action + ) >

< eca:rule rule­speci�c attributes >

< eca:event identi�cation of the language >

event speci�cation, probably binding variables
< /eca:event >

< eca:query identi�cation of the language > < !­­ there may be several queries ­­>

query speci�cation; using variables, binding others
< /eca:query >

< eca:test identi�cation of the language >

condition speci�cation, using variables
< /eca:test >

< eca:action identi�cation of the language > < !­­ there may be several actions ­­>

action speci�cation, using variables, probably binding lo cal ones
< /eca:action >

< /eca:rule >



Binding and Use of Variables in ECA Rules
action(X1; : : : ;Xn)  

event(X1; : : : ;Xk); query(X1; : : : ;Xk; : : :Xn); test(X1; : : : ;Xn)

< eca:event>

event component
binds X1; : : : ;Xn
< /eca:event>

)

< eca:query>

query component
over X1; : : : ;Xn; : : : ;Xk
join vars: X1; : : : ;Xn
binds Xn+ 1; : : : ;Xk
< /eca:query>

)
< eca:test>

over X1; : : : ;Xk
< /eca:test>

)

< eca:action>

action comp.
uses X1; : : : ;Xk
< /eca:action>

(Composite)
Event
Detection
Engine

Query Engine
Action/
Process
Engine

Semantic Web: Domain Brokers and Domain Nodes

register
event

comp.

upon
detection:
result
variables

send
query,

receive
result

send
action,
+ vars



Ontologies, Languages and Resources

Rule components, subexpressions etc. are resources

associated with languages corresponding to the ontologies
(event languages, action languages, (auxiliary languages),
domain languages)

each language is a resource, identi�ed by a URI.

DTD/XML Schema/RDF description of the language

Algebraic and auxiliary languages:

processing engines

Domain Languages:

Domain Nodes and Domain Broker Services
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Active Concepts Ontologies

Domains: atomic events, actions and static concepts

Event algebras: composite events (e.g. SNOOP)

Process algebras: Composite actions and processes (e.g.
CCS)

consist of composers/operators to de�ne composite
events/processes,

leaves of the terms are atomic domain-level events/actions,

as operator trees: “standard” XML markup of terms

RDF markup as languages,

every expression can be associated with its language.

) See concepts de�ned by these formal methods as de�ning
ontologies.



Embedding of Languages

ECA Language :
< event/ > < query/ > < test/ > < action/ >

ECA Language

Event
Language

Query
Language

Test
Language

Action
Language

Domain Languages

Languages for Application-Independent Domains

Atomic Events Literals Atomic Actions

Application-Domain Language

Atomic Events Literals Atomic Actions

embeds embeds embeds embeds

embeds embeds embeds embeds

talk about
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ECA Rule Ingredients

Ontology of behavior:

ECA rules

(composite) events

queries/conditions

(composite) actions

domain ontology

atomic events

atomic actions

individuals

Logical

Variables

Rules as tree structure patterns

Rules, components, expressions as resources

De�ne overall structure from domain
ontologies

extend
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Rule Markup: Example (Stripped)

< !ELEMENT rule (event,query*,test?,action + ) >

< eca:rule xmlns:travel=“http://www.travel.de”>

< eca:event xmlns:snoop=“http://www.snoop.org”>

< snoop:seq> < travel:delayed-�ight �ight=“ f $�ight g”/>

< travel:canceled-�ight �ight=“ f $�ight g”/> < /snoop:seq>

< /eca:event>

< eca:query>

< eca:variable name=“email”>

< eca:opaque lang=“http://www.w3.org/xpath”>

doc(“http://xml.lufthansa.de”)/�ights[code=“ f $�ight g”]/passenger/@e-mail
< /eca:opaque> < /eca:variable> < /eca:query>

< eca:action xmlns:smtp=“...”>

< smtp:send-mail to=“$email” text=“...”/>

< /eca:action>

< /eca:rule>



Example as RDF

//local/rules#delay­cancel eca:rule
rdf:type

condition action

//local/events#delay­cancel events:sequence

eca:event
eca:condition

eca:action

rdf:type

travel:delayed­flight travel:canceled­flight

1 2

eca:event

rdf:subclass

$flight

flight

travel:atomic­event

eca:atomic­event

rdf:type rdf:type

rdf:subclass

rdf:subclass
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Event Expressions: Languages

EventExpression

Atomic
Event

Description

Composite
Event

Speci�cation

Rule Model

Domain
Event

EventComposer

cardinality

Ontologies/Languages

Domain
Ontology

Atomic
Event

Description
Formalism

EventAlgebra

identifier

� � k

1..*

1describes

from

uses
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Atomic Event Speci�cations

Sample Event: < travel:canceled-�ight �ight=“LH123” >

< travel:reason>bad weather< /travel:reason>

< /travel:canceled-�ight >

Event expressions require an auxiliary formalism for specifying
relevant events:

type of event (“travel:canceled-�ight” ),

constraints (“must have a travel:reason subelement”),

extract data from events (“bind @�ight to variable �ight ”)

Sample: XML-QL-style matching
< atomic-event language=“match”>

< travel:canceled-�ight �ight=“ f $�ight g”>< travel:reason/>< /travel:canceled-�ight >

< /atomic-event>



Sample Markup (Event Component)

< eca:rule xmlns:travel=“...”>

< eca:variable name=“theSeq”>

< eca:event xmlns:snoop=“...”>

< snoop:sequence>

< snoop:atomic-event language=“match”>

< travel:delayed-�ight �ight=“ f $Flightg” minutes=“f $Minutesg”/>

< /snoop:atomic-event>

< snoop:atomic-event language=“match”>

< travel:canceled-�ight �ight=“ f $Flightg”/>

< /snoop:atomic-event>

< /snoop:sequence>

< /eca:event>

< /eca:variable>

:
< /eca:rule>

binds variables:

- Flight, Minutes: by matching

- theSeq is bound to the sequence of events

that matched the pattern

Sample Event:
< travel:canceled-�ight �ight=“LH123” >

< travel:reason>bad weather< /travel:reason>

< /travel:canceled-�ight >



Event Detection Communication

users,
clients

< eca:rule> ECA Engine
< eca:event>

composite event spec in event algebra CEL
< /eca:event>

:
< /eca:rule>

Composite Event Detection Service for CEL:
< cel:...> contains

atomic event spec in formalism AESL
< cel:...>

Event Sources,
Domain Brokers Atomic Event Matcher for formalism AESL

register
ECA rule

register composite
event spec

upon detection:
varbdgs as < log:answers>

register atomic event spec upon matching:
varbdgs as < log:answers>

events
22



Languages in the Action Component

Subexpressions: actions, events and queries

Process
Engine

Action Component
Language, e.g. CCS Composer

Event
Detector

Query
Engine

Domain
Broker

Domain
Nodes

Domain

Language

uri

Event
Language

Query/
Condition
Language

Atomic
Events Literals Atomic

Actions

embeds
1..*

*

embeds

*

*

uses

uses uses
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CCS Markup

<ccs:sequence> CCS subexpressions < /ccs:sequence>

<ccs:alternative> CCS subexpressions < /ccs:alternative>

<ccs:concurrent> CCS subexpressions < /ccs:concurrent>

<ccs:�xpoint variables=“X 1 X2 . . . Xn” index=“i” // “my” index
localvars=“...”> n subexpressions < /ccs:�xpoint >

<ccs:atomic-action> domain-level action < /ccs:atomic-action>

<ccs:event xmlns:ev-ns=“uri”>event expression < /ccs:event>

<ccs:query xmlns:q-ns=“uri”>query expression < /ccs:query>

<ccs:test xmlns:t-ns=“uri”> test expression < /ccs:test>

Embedding Mechanisms: Same as in ECA-ML

communication by logical variables

namespaces for identifying languages of subexpressions



ECA Architecture: Generic Request Handler

ECA Engine:
< rule >

< event xmlns:ev=“. . . ”/ > . . . < /event >

< query xmlns:ql=“. . . ”/ > . . . < /query >

< test xmlns:tst=“. . . ”/ > . . . < /test >

< action xmlns:act=“. . . ”/ > . . . < /action >

< /rule >

Generic
Request
Handler

Component Language Services

E � � � E Q � � � Q A � � � A

travel: banking: � � � uni:

Domain Services

LH SNCF � � �

Individual Services

! component,
input var.bdgs

 resulting
variable bdgs
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Communication of Variable Bindings

Sample XML markup for communication of a query and
variable bindings:

< eca:query xmlns:ql=“ url ”
rule=“ rule-id ” component=“ component-id ” >

< !-- query component -- >

< eca:query >

< log:variable-bindings >

< log:tuple >

< log:variable name=“ name ” ref=“ URI”/ >

< log:variable name=“ name ” > any value < /log:variable >

:
< /log:tuple >

< log:tuple > . . . < /log:tuple >

:
< log:tuple > . . . < /log:tuple >

< /log:variable-bindings >
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Summary

describe events and actions of an application within its
RDF/OWL model

languages of different expressiveness/complexity available

architecture: functionality provided by specialized nodes

Local: JENA node extended with RDF triggers

Global: ECA rules

components

application-level atomic events and atomic actions

speci�c languages (event algebras, process algebras)

opaque (= non-markup, program code) allowed

Communication: events, event broker services, registration

Identi�cation of services via namespaces 27
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