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Abstract
If design patterns are reusable design solutions to recurring design problems, they
are not reusable in terms of code. Programmers need to implement them again and
again when developing new applications. The challenge of this thesis was to bring
design patterns to a higher degree of reusability: transform design patterns into
reusable components that programmers could use and reuse without recoding the
same functionalities anew for each new development.

The contributions of this thesis do not only target program implementers.
They should also be useful to program designers, library developers, and
programming language designers. Indeed, the transformation of patterns into
components, which I call “componentization”, revealed that the traditional
architecture of some design patterns was not optimal. Rethinking the design yielded
solutions that are easier to use, easier to extend, and covering a wider range of
application problems. Besides, considering programming language extensions
permitted to find better solutions in some cases.

This thesis reviews all patterns described in Design Patterns by level of
componentizability (possibility to transform a design pattern into a reusable
component) and describes the corresponding software component whenever
applicable. It uses Meyer’s definition of component: a reusable software element,
typically some library classes, usually in source form (not binary form), which
differs from Szyperski’s view of components. The reusable components (the Pattern
Library) are written in Eiffel because the language offers several object-oriented
mechanisms that were useful for the pattern componentization: genericity
(constrained and unconstrained), multiple inheritance, agents. The support for
Design by Contract™ was also a key to the success of this work. However, the
approach is not bound to Eiffel. It would be easy to develop the Pattern Library in
another programming language on condition that this language provides the object-
oriented mechanisms needed for the componentization process. Chapter 22 gives a
few examples going in that direction, using Java and C# as examples.

Around 65% of the patterns described in Design Patterns could be turned into
reusable components. For example, the componentization of the Observer pattern
resulted in the Event Library, which covers both the Observer pattern and the
general idea of publish-subscribe and event-driven development. The Visitor pattern
resulted in a Visitor Library, which simplifies the implementation of the double-
dispatch mechanism by using the Eiffel agent mechanism. (It could also be achieved
through reflection in other languages although it would not be type-safe anymore.)

The first mention of 
the word “compo-
nentization” was in 
[Arnout 2003b].

[Gamma 1995].
“componentization” 
is defined on page 26.

[Meyer 1997].

[Szyperski 1998].

See [Dubois 1999] 
and chapter 25 of 
[Meyer 200?b] about 
agents.

See chapter 6 for a 
complete description 
of the patterns’ com-
ponentizability and 
the corresponding 
pattern componentiz-
ability classification.



ABSTRACT8
Among the remaining 35% of patterns that are not componentizable, less than
10% could not been improved at all because they rely on context-dependent
information. It is the case of the Facade and Interpreter design patterns.

For the other 25% that are not componentizable, it is possible to write
skeleton classes, and sometimes even provide a method to fill in these classes. One
of the concrete outcomes of this thesis is a tool called Pattern Wizard, which
generates these skeleton classes automatically. Chapter 21 presents the design and
implementation of the wizard, and explains when and how to use it.

See “Conventions”,  
page 14 for a defini-
tion of “componen-
tizable patterns” and 
“non-componentiz-
able patterns”.



Résumé
Si les patrons de conception sont des solutions réutilisables — au niveau design —
à des problèmes de conception récurrents, ils ne sont pas réutilisables au point de
vue code. Les programmeurs doivent les réimplanter à chaque nouveau
développement. Le défi de cette thèse était d’apporter un nouveau degré de
réutilisabilité: transformer les patrons de conception en composants réutilisables que
les programmeurs peuvent utiliser et réutiliser sans avoir à réécrire les mêmes
fonctionnalités à chaque nouveau développement.

Les contributions de cette thèse ne sont pas simplement destinées aux
programmeurs. Elles devraient également être utiles aux concepteurs d’applications,
aux développeurs de bibliothèques logicielles et aux concepteurs de langages de
programmation. En effet, la transformation de patrons en composants a montré que
l’architecture traditionnelle de certains patrons de conception n’était pas optimale.
Repenser la conception a permis d’obtenir des solutions plus faciles a utiliser, plus
faciles à étendre et couvrant un plus grand nombre de problèmes. Par ailleurs, le fait
de considérer des extensions du langage de programmation a permis de trouver de
meilleures solutions dans certains cas.

Cette thèse examine les patrons de conception décrits dans le livre Design
Patterns en suivant leur niveau de “componentizabilité” (possibilité de transformer
un patron de conception en composant réutilisable), et décrit le composant logiciel
correspondant chaque fois que cela est possible. La définition de composant utilisée
est celle de Bertrand Meyer : un composant est un élément logiciel réutilisable,
typiquement un ensemble de classes de bibliothèque, habituellement sous forme de
code souce (non sous forme binaire), ce qui diffère de l’idée de composant selon
Szyperski. Les composants réutilisables sont écrits en Eiffel parce que le langage
offre plusieurs mécanismes à objets qui se sont avérés utiles pour la transformation
de patrons de conception en composants : généricité (contrainte ou non contrainte),
héritage multiple, agents. Le support pour la conception par contrats (Design by
Contract™) contribua aussi largement au succès de ce travail. Toutefois, l’approche
ne se limite pas à Eiffel. Il serait facile de développer une “bibliothèque de patrons
de conception” dans un autre langage de programmation à condition que ce langage
fournisse les mécanismes à objets nécessaires à la transformation de patrons en
composants. Le chapitre 22 donne quelques exemples allant dans cette direction,
utilisant Java et C# en exemples.

[Gamma 1995].
“componentization” 
est défini page 26.

[Meyer 1997].

[Szyperski 1998].

Voir [Dubois 1999] et 
le chapitre 25 de 
[Meyer 200?b] à pro-
pos des agents.



RÉSUMÉ10
Environ 65% des patrons de conception décrits dans le livre Design Patterns
ont pu être transformés en composants réutilisables. Par exemple, la transformation
du patron de conception Observer a abouti à une bibliothèque nommée Event
Library couvrant non seulement le patron Observer mais aussi l’idée générale de
développement géré par événements. Le patron de conception Visitor a abouti à une
bibliothèque (Visitor Library) simplifiant l’implantation du mécanisme de “double-
dispatch” en utilisant le mécanisme Eiffel des agents. (Ce comportement pourrait
s’obtenir par la réflexion dans d’autres langages de programmation bien que la
sécurité des types ne serait plus garantie.)

Parmi les 35% de patrons de conception restants, moins de 10% n’ont pu être
améliorés du tout car ils reposent sur des informations dépendant du contexte. C’est
le cas des patrons Facade et Interpreter.

Pour les autres 25% qui ne peuvent être transformés en composants
réutilisables, il est possible d’écrire des classes “squelettes” et parfois même de
fournir une méthode pour compléter ces classes. L’un des résultats concrets de cette
thèse est un outil nommé Pattern Wizard générant ces squelettes de classes
automatiquement. Le chapitre 21 présente la conception et l’implantation de l’outil,
et explique quand et comment l’utiliser.

Voir chapitre 6 pour 
une description com-
plète de la compo-
nentisabilité des 
patrons de concep-
tion et la classifica-
tion de 
componentisabilité 
des patrons de con-
ception correspon-
dante.


	Short contents
	Short contents 1
	Acknowledgments 3
	Preface 5
	Abstract 7
	Résumé 9
	Introduction 11
	Contents 15
	PART A: Overview 23
	1 Main contributions 25

	PART B: Design patterns are good, components are better 29
	2 The benefits of reuse 31
	3 Design patterns 39
	4 Previous work 47
	5 Turning patterns into components: A preview 65
	6 Pattern componentizability classification 85

	PART C: Componentizable patterns 95
	7 Observer and Mediator 97
	8 Abstract Factory and Factory Method 117
	9 Visitor 131
	10 Composite 147
	11 Flyweight 161
	12 Command and Chain of Responsibility 187
	13 Builder, Proxy and State 207
	14 Strategy 233
	15 Memento 243

	PART D: Non-componentizable patterns 253
	16 Decorator and Adapter 255
	17 Template Method and Bridge 275
	18 Singleton 289
	19 Iterator 305
	20 Facade and Interpreter 313

	PART E: Applications 321
	21 Pattern Wizard 323

	PART F: Assessment and future work 341
	22 Limitations of the approach 343
	23 More steps towards quality components 353


	Conclusion 369
	PART G: Appendices 371

	A Eiffel: The Essentials 373
	B Glossary 397
	C Bibliography 403
	Index 417
	Curriculum vitae 423

	Acknowledgments
	Preface
	Abstract
	Résumé
	Introduction
	The benefits of reuse
	Design patterns: Idea, benefits, and limitations
	Design patterns are good, components are better
	Organization of the thesis
	Conventions

	Contents
	Short contents 1
	Acknowledgments 3
	Preface 5
	Abstract 7
	Résumé 9
	Introduction 11
	Contents 15
	PART A: Overview 23
	1 Main contributions 25
	1.1 New pattern classification 25
	1.2 Pattern Library 26
	1.3 Pattern Wizard 27
	1.4 Chapter summary 28


	PART B: Design patterns are good, components are better 29
	2 The benefits of reuse 31
	2.1 Software reuse 31
	2.2 Expected benefits 35
	2.3 Contracts and reuse 36
	2.4 Chapter summary 38

	3 Design patterns 39
	3.1 Overview 39
	3.2 The benefits 43
	3.3 The limits 44
	3.4 Chapter summary 46

	4 Previous work 47
	4.1 Extensions and refinements of patterns 47
	4.2 Aspect implementation 59
	4.3 Language support 62
	4.4 Chapter summary 62

	5 Turning patterns into components: A preview 65
	5.1 A built-in pattern: Prototype 65
	5.2 A componentizable pattern: Visitor 68
	5.3 A non-componentizable pattern: Decorator 74
	5.4 Chapter summary 83

	6 Pattern componentizability classification 85
	6.1 Componentizability criteria 85
	6.2 Componentization statistics 86
	6.3 Detailed classification 87
	6.4 Role of specific language and library mechanisms 90
	6.5 Chapter summary 94


	PART C: Componentizable patterns 95
	7 Observer and Mediator 97
	7.1 Observer pattern 97
	7.2 Mediator pattern 106
	7.3 Chapter summary 116

	8 Abstract Factory and Factory Method 117
	8.1 Abstract Factory pattern 117
	8.2 Factory Library 119
	8.3 Abstract Factory vs. Factory Library 125
	8.4 Factory Method pattern 128
	8.5 Chapter summary 130

	9 Visitor 131
	9.1 Visitor pattern 131
	9.2 Towards the Visitor Library 133
	9.3 Gobo Eiffel Lint with the Visitor Library 138
	9.4 Componentization outcome 144
	9.5 Chapter summary 144

	10 Composite 147
	10.1 Composite pattern 147
	10.2 Composite Library 150
	10.3 Componentization outcome 160
	10.4 Chapter summary 160

	11 Flyweight 161
	11.1 Flyweight pattern 161
	11.2 Flyweight Library 169
	11.3 Componentization outcome 184
	11.4 Chapter summary 185

	12 Command and Chain of Responsibility 187
	12.1 Command pattern 187
	12.2 Command Library 190
	12.3 Chain of Responsibility pattern 200
	12.4 Chain of Responsibility Library 202
	12.5 Chapter summary 206

	13 Builder, Proxy and State 207
	13.1 Builder pattern 207
	13.2 Proxy pattern 217
	13.3 State pattern 224
	13.4 Chapter summary 230

	14 Strategy 233
	14.1 Strategy pattern 233
	14.2 Strategy Library 235
	14.3 Componentization outcome 241
	14.4 Chapter summary 241

	15 Memento 243
	15.1 Memento pattern 243
	15.2 Towards a reusable Memento Library 246
	15.3 Componentization outcome 251
	15.4 Chapter summary 251


	PART D: Non-componentizable patterns 253
	16 Decorator and Adapter 255
	16.1 Decorator pattern 255
	16.2 Adapter pattern 259
	16.3 A reusable Adapter Library? 264
	16.4 Chapter summary 273

	17 Template Method and Bridge 275
	17.1 Template Method pattern 275
	17.2 Bridge pattern 278
	17.3 Chapter summary 286

	18 Singleton 289
	18.1 Singleton pattern 289
	18.2 Once creation procedures 299
	18.3 Frozen classes 300
	18.4 Componentization outcome 302
	18.5 Chapter summary 303

	19 Iterator 305
	19.1 Iterator pattern 305
	19.2 Iterators in Eiffel structure libraries 306
	19.3 Book library example 308
	19.4 Language support? 309
	19.5 Componentization outcome 311
	19.6 Chapter summary 311

	20 Facade and Interpreter 313
	20.1 Facade pattern 313
	20.2 Interpreter pattern 316
	20.3 Chapter summary 319


	PART E: Applications 321
	21 Pattern Wizard 323
	21.1 Why an automatic code generation tool? 323
	21.2 Tutorial 324
	21.3 Design and implementation 330
	21.4 Related work 338
	21.5 Chapter summary 339


	PART F: Assessment and future work 341
	22 Limitations of the approach 343
	22.1 One pattern, several implementations 343
	22.2 Language dependency 345
	22.3 Componentizability vs. usefulness 351
	22.4 Chapter summary 351

	23 More steps towards quality components 353
	23.1 More patterns, more components 353
	23.2 Contracts for non-Eiffel components 354
	23.3 Quality through contract-based testing 360
	23.4 Chapter summary 367



	Conclusion 369
	PART G: Appendices 371

	A Eiffel: The Essentials 373
	A.1 Setting up the vocabulary 373
	A.2 The basics of Eiffel by example 375
	A.3 More advanced Eiffel mechanisms 381
	A.4 Towards an Eiffel standard 390
	A.5 Business Object Notation (BON) 394

	B Glossary 397
	C Bibliography 403
	Index 417
	Curriculum vitae 423

	PART A: Overview
	1 Main contributions
	1.1 New pattern classification
	1.2 Pattern Library
	1.3 Pattern Wizard
	1.4 Chapter summary

	PART B: Design patterns are good, components are better
	2 The benefits of reuse
	2.1 Software reuse
	The goal: software quality
	The notion of component

	2.2 Expected benefits
	Benefits for the users
	Benefits for the suppliers

	2.3 Contracts and reuse
	Reuse: a demanding activity
	Use contracts
	Avoid “reusemania”
	Design reuse

	2.4 Chapter summary

	3 Design patterns
	3.1 Overview
	Definition
	A repertoire of 23 patterns
	More design patterns

	3.2 The benefits
	A repository of knowledge
	Better software design
	A common vocabulary

	3.3 The limits
	No reusable solution
	A step backward from reuse
	Software reuse vs. design reuse

	3.4 Chapter summary

	4 Previous work
	4.1 Extensions and refinements of patterns
	Seven State variants
	Adaptative Strategy
	From Visitor to Walkabout and Runabout
	Observer in Smalltalk

	4.2 Aspect implementation
	Aspects in a nutshell
	Aspect implementation of the GoF patterns
	Strengths and weaknesses

	4.3 Language support
	4.4 Chapter summary

	5 Turning patterns into components: A preview
	5.1 A built-in pattern: Prototype
	Pattern description
	Book library example

	5.2 A componentizable pattern: Visitor
	Pattern description
	New approach
	Visitor Library

	5.3 A non-componentizable pattern: Decorator
	Pattern description
	Fruitless attempts at componentizability
	Skeleton classes

	5.4 Chapter summary

	6 Pattern componentizability classification
	6.1 Componentizability criteria
	6.2 Componentization statistics
	6.3 Detailed classification
	6.4 Role of specific language and library mechanisms
	6.5 Chapter summary

	PART C: Componentizable patterns
	7 Observer and Mediator
	7.1 Observer pattern
	Pattern description
	Book library example using the Observer pattern
	Drawbacks of the Observer pattern
	Event Library
	Book library example using the Event Library
	Componentization outcome

	7.2 Mediator pattern
	Pattern description
	Mediator Library
	Book library example using the Mediator Library
	Componentization outcome

	7.3 Chapter summary

	8 Abstract Factory and Factory Method
	8.1 Abstract Factory pattern
	Pattern description
	Flaws of the approach

	8.2 Factory Library
	A first attempt: with unconstrained genericity and object cloning
	Another try: with constrained genericity
	The final version: with unconstrained genericity and agents

	8.3 Abstract Factory vs. Factory Library
	With the Abstract Factory
	With the Factory Library
	Abstract Factory vs. Factory Library: Strengths and weaknesses
	Componentization outcome

	8.4 Factory Method pattern
	Pattern description
	Drawbacks
	An impression of “déjà vu”

	8.5 Chapter summary

	9 Visitor
	9.1 Visitor pattern
	Pattern description
	Drawbacks
	Related approaches

	9.2 Towards the Visitor Library
	First attempt: Reflection
	Another try: Linear traversal of actions
	Final version: With a topological sort of actions and a cache

	9.3 Gobo Eiffel Lint with the Visitor Library
	Case study
	Benchmarks

	9.4 Componentization outcome
	9.5 Chapter summary

	10 Composite
	10.1 Composite pattern
	Pattern description
	Implementation
	Flaws of the approach

	10.2 Composite Library
	Transparency version
	Safety version
	Composite pattern vs. Composite Library

	10.3 Componentization outcome
	10.4 Chapter summary

	11 Flyweight
	11.1 Flyweight pattern
	Pattern description
	Implementation
	Flaws of the approach

	11.2 Flyweight Library
	Library structure
	Library classes
	Flyweight pattern vs. Flyweight Library

	11.3 Componentization outcome
	11.4 Chapter summary

	12 Command and Chain of Responsibility
	12.1 Command pattern
	Pattern description
	Implementation

	12.2 Command Library
	Commands executed by the history
	Commands executing themselves
	Componentization outcome

	12.3 Chain of Responsibility pattern
	Pattern description
	Pattern implementation

	12.4 Chain of Responsibility Library
	Componentization outcome

	12.5 Chapter summary

	13 Builder, Proxy and State
	13.1 Builder pattern
	Pattern description
	A Builder Library?
	Componentization outcome

	13.2 Proxy pattern
	Pattern description
	A reusable library?
	Proxy pattern vs. Proxy Library
	Componentization outcome

	13.3 State pattern
	Pattern description
	Towards a State Library
	Language support
	Componentization outcome

	13.4 Chapter summary

	14 Strategy
	14.1 Strategy pattern
	14.2 Strategy Library
	With constrained genericity
	With agents
	Componentizability vs. faithfulness

	14.3 Componentization outcome
	14.4 Chapter summary

	15 Memento
	15.1 Memento pattern
	Pattern description
	Usefulness of non-conforming inheritance
	Implementation issues

	15.2 Towards a reusable Memento Library
	First step: Simplifying the pattern implementation
	Second step: Componentizing the pattern implementation
	Componentizability vs. usefulness

	15.3 Componentization outcome
	15.4 Chapter summary

	PART D: Non-componentizable patterns
	16 Decorator and Adapter
	16.1 Decorator pattern
	With additional attributes
	With additional behavior
	Componentization outcome

	16.2 Adapter pattern
	Pattern description
	Class adapter
	Object adapter

	16.3 A reusable Adapter Library?
	Object adapter
	Class adapter
	Intelligent generation of skeleton classes

	16.4 Chapter summary

	17 Template Method and Bridge
	17.1 Template Method pattern
	Pattern description
	A reusable Template Method Library?

	17.2 Bridge pattern
	Pattern description
	Original pattern
	Common variation
	Using non-conforming inheritance
	Client vs. inheritance
	A reusable bridge library?

	17.3 Chapter summary

	18 Singleton
	18.1 Singleton pattern
	Pattern description
	How to get a Singleton in Eiffel
	The Design Patterns and Contracts approach
	Singleton skeleton
	Tentative correction: Singleton with creation control
	The Gobo Eiffel singleton example
	Other tentative implementations
	A Singleton in Eiffel: impossible?

	18.2 Once creation procedures
	Rationale
	Open issues and limitations

	18.3 Frozen classes
	Rationale
	Singleton implementation using frozen classes
	Pros and cons of introducing frozen classes

	18.4 Componentization outcome
	18.5 Chapter summary

	19 Iterator
	19.1 Iterator pattern
	19.2 Iterators in Eiffel structure libraries
	19.3 Book library example
	19.4 Language support?
	The C# approach
	The Sather approach

	19.5 Componentization outcome
	19.6 Chapter summary

	20 Facade and Interpreter
	20.1 Facade pattern
	Pattern description
	Implementation
	Componentization outcome

	20.2 Interpreter pattern
	Pattern description
	Componentization outcome

	20.3 Chapter summary

	PART E: Applications
	21 Pattern Wizard
	21.1 Why an automatic code generation tool?
	21.2 Tutorial
	Example of the Decorator pattern
	Other supported patterns

	21.3 Design and implementation
	Objectives
	Overall architecture
	Graphical User Interface
	Model
	Generation
	Limitations

	21.4 Related work
	21.5 Chapter summary

	PART F: Assessment and future work
	22 Limitations of the approach
	22.1 One pattern, several implementations
	“Multiform libraries”
	Non-comprehensive libraries

	22.2 Language dependency
	22.3 Componentizability vs. usefulness
	22.4 Chapter summary

	23 More steps towards quality components
	23.1 More patterns, more components
	23.2 Contracts for non-Eiffel components
	Closet Contract Conjecture
	Automatic contract extraction
	Adding contracts a posteriori

	23.3 Quality through contract-based testing
	Objectives
	Architecture of the tool
	Gathering system information
	Defining the test scenario
	Generating a test executable
	Outputting test results
	Storing results into a database
	Limitations

	23.4 Chapter summary

	Conclusion
	PART G: Appendices
	A Eiffel: The Essentials
	A.1 Setting up the vocabulary
	Structure of an Eiffel program
	Classes
	Design principles
	Types

	A.2 The basics of Eiffel by example
	Structure of a class
	Book example
	Design by Contract™

	A.3 More advanced Eiffel mechanisms
	Book library example
	Inheritance
	Genericity
	Agents

	A.4 Towards an Eiffel standard
	ECMA standardization
	New mechanisms

	A.5 Business Object Notation (BON)
	The method
	Notation


	B Glossary
	C Bibliography
	Index
	Curriculum vitae


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.000 842.000]
>> setpagedevice




