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Configuration languages

➔ Means to manage the variability of a software 
system, for example:
– Product models for software product lines

– Configuration files for software frameworks

➔ Can be defined in a variety of ways:
– Grammar

– XML schema

– Meta-model
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Configuration language example

Package as web applet, web 
start application or MIDlet

Include Jabber network 
protocol support using the 
default (java.net) or J2ME 

networking stack

Include an AWT, Swing or 
LCDUI user interface

Code generator uses Java 1 
or Java 2 collection types
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Interaction constraints vs. 
contextual constraints (1)

➔ Generally, configuration constraints are interaction 
constraints, for example:
– “When including Jabber network support, one must 

choose exactly one networking stack”

– “One must choose at least one user interface”

➔ Some constraints have their cause in the context, 
however:
– “When choosing to package as a MIDlet, one must 

choose the LCDUI user interface”
– This constraint is caused by the fact that there is no 

operating context that supports AWT/Swing and MIDlets
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Interaction constraints vs. 
contextual constraints (2)

➔ Interaction constraints are well-supported, and can 
be defined:
– As part of the language's syntax, or

– Separately, using a constraint language

➔ Expressing contextual constraints using standard 
methods gives rise to problems:
– Constraints are expressed in terms provided by the 

configuration language
– The context is not part of the language vocabulary

– As a result, the context remains implicit
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Contextual constraint fragility (1)

➔ Constraints that leave their context implicit are 
fragile: context evolves => constraint invalid?
– “When choosing to package as a MIDlet, one must 

choose the LCDUI user interface”

– Context evolves: new Java runtime comes along that 
supports MIDlets and AWT

– The initial constraint no longer makes sense
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Contextual constraint fragility (2)

➔ Context must be explicit in contextual constraints!
– “MIDlet packaging requires an MIDP Java runtime”

– “The LCDUI user interface requires the Java runtime to 
provide the javax.microedition.lcdui API”

– “The AWT user interface requires the Java runtime to 
provide the java.awt API”
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Explicit context models

➔ Provides vocabulary for expressing:
– Contextual constraints in a configuration language

– Context instances in which our system must operate

➔ Expressed as an OWL DL ontology
– Ontologies have proven to be a suitable format for 

describing the concepts that can occur in the context
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Context ontology

Context
vocabulary
ontology

Java
vocabulary
ontology

JDK 1.1
vocabulary
ontology

J2SE 1.2
vocabulary
ontology

J2ME PP 1.0
vocabulary
ontology

Contextual
constraint
ontology

Context
instance
ontology
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Context vocabulary ontology

Platform
Software

Hardware

Virtual 
Machine

isa
providesFeature*

Library

Feature

isa
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Java vocabulary ontology

Platform
Software

Hardware

Virtual 
Machine

isa
providesFeature*

Library

Feature

isa
JavaVMJavaLibrary

isa

isa
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J2ME PP vocabulary ontology

Platform
Software

Hardware

Virtual 
Machine

isa
providesFeature*

Library

Feature

isa
JavaVMJavaLibrary

isa

isa

J2me-pp-1_0ClassLibrary

JavaUtilLibraryJavaxMicroeditionIoLibrary

midp:JavaUtilLibrarymidp:JavaxMicroeditionIoLibrary

isa

isa isa

isa
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J2ME PP vocabulary ontology

Platform
Software

Hardware

Virtual 
Machine

isa
providesFeature*

Library

Feature

isa
JavaVMJavaLibrary

isa

isa

J2me-pp-1_0ClassLibrary

JavaUtilLibraryJavaxMicroeditionIoLibrary

midp:JavaUtilLibrarymidp:JavaxMicroeditionIoLibrary

isa

isa isa

isa

“isa” relationship signifies subsumption:

JavaUtilLibrary = Class of libraries that 
implement the java.util API

Each library that implements java.util from 
PP is also a library that implements  java.util 
from MIDP
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Context instances

io

zaurusSL-C1000

Platform

platform:providesFeature

j2me-pp-1_0:J2me-pp-1_0ClassLibrary

zaurusClassLibrary

io
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Contextual constraints

Platform

JavaUtilPlatform

≡  ∃ providesFeature midp:JavaUtilLibrary

isa
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Contextual constraints

Platform

JavaUtilPlatform

≡  ∃ providesFeature midp:JavaUtilLibrary

isa

io

zaurusSL-C1000

providesFeature

j2me-pp-1_0:J2me-pp-1_0ClassLibrary

io

zaurusClassLibrary

midp:JavaUtilLibrary

isa

io = inferred
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Contextual constraints

Platform

JavaUtilPlatform

≡  ∃ providesFeature midp:JavaUtilLibrary

isa

io

zaurusSL-C1000

providesFeature

j2me-pp-1_0:J2me-pp-1_0ClassLibrary

io

zaurusClassLibrary

midp:JavaUtilLibrary

isa

This is how we determine 
satisfaction of contextual 
constraints

io = inferred
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Contextual constraints

Platform

JavaUtilPlatform

≡  ∃ providesFeature midp:JavaUtilLibrary

Java2UtilPlatform

≡  ∃ providesFeature pp:JavaUtilLibrary

isa
pp:JavaUtilLibrary

midp:JavaUtilLibrary

isa
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Contextual constraints

isa = inferred

Platform

JavaUtilPlatform

≡  ∃ providesFeature midp:JavaUtilLibrary

Java2UtilPlatform

≡  ∃ providesFeature pp:JavaUtilLibrary

isa
pp:JavaUtilLibrary

midp:JavaUtilLibrary

isa
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Contextual constraints

isa = inferred

Platform

JavaUtilPlatform

≡  ∃ providesFeature midp:JavaUtilLibrary

Java2UtilPlatform

≡  ∃ providesFeature pp:JavaUtilLibrary

isa
pp:JavaUtilLibrary

midp:JavaUtilLibrary

isa

This is how we determine 
which contextual constraint 
is more specific
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Integrating contextual constraints in 
a configuration language
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Conclusions

➔ Contextual constraints are fragile when expressed as 
an interaction constraint

➔ Explicit context ontology reduces fragility of context 
constraints

➔ Context constraints can be used in the configuration 
process:
– Eliminate invalid options for a given context

– Optimisation for most-specific configuration option

➔ OWL DL reasoning performance is sufficient
– Even for certain run-time configuration scenarios
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