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Generic Architecture Framework

I Framework for Connector-Component Architectures
I Generic w. r. t.

I Specification / Modeling Techniques
I Transformations / Refinements
I Embeddings / Inclusions

I Existing Instantiations (FESCA 2004):
I Petri Nets
I CCS Process Algebra

I New Instantiation:
I Object-Oriented Specifications / UML Models
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Structure of Components and Connectors

Component as Computation Unit
I Exports specify Provisions
I Body specifies Realization
I Connected by Transformations Bod

Exp1 Exp2

Connector as Coordination Unit
I Imports specify Requirements
I Body specifies Coordination
I Connected by Embeddings Imp2Imp1

Bod



Object-Oriented
Connector-
Component

Architectures

Ehrig, Braatz et al.

Generic
Architecture
Framework
Connector-Component
Architectures

Composition by Extension

Architecture Semantics

Instantiation to
UML
Class Diagrams

Sequence Diagrams and
State Machines

Conclusion

Connector-Component Architectures

Architecture Diagrams:
I Components and Connectors
I Transformations from Imports to Exports

Imp1 Imp3Imp21 Imp22

Bod12 Bod23

Exp3

Bod1 Bod2 Bod3

Exp22Exp21Exp1
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Example Package Architecture

<<transform>> <<transform>>

<<embed>> <<embed>>

SrvSrc
<<connector>>

BodSrvSrc

ImpServer
<<import>>

ImpDataSource
<<import>>

<<body>>

<<transform>> <<transform>>

Metadata
<<component>>

ExpDataSource
<<export>> <<export>>

DataModel

BodMetadata

Ontology

<<body>>

ExpMetadata
<<transform>>

BodServer

Server
<<component>>

<<export>>
ExpServer

HTTPServer

<<body>>
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Parallel Extension Property

Requirement by the Generic Framework:

Family of Embeddings

and

Family of Consistent
Transformations

⇒ Extension of
Transformations along
Embeddings SpecSpec1

SpecN

SpecSpec1

SpecN
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Composition of Components

Connector
combining
Components

Composed
Body by Parallel
Extension

Connected
Parts Removed

Composition of
Transformation
and Embedding

Bod1 Bod2

Exp22Exp11

Bod12

Bod12

Imp2Imp1

Bod12

Exp12 Exp21

⇒ Single Composed Component
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Composition of Components

Connector
combining
Components

Composed
Body by Parallel
Extension

Connected
Parts Removed

Composition of
Transformation
and Embedding

Exp22Exp11

Bod12

⇒ Single Composed Component
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Composition of the Example

<<embed>>

BodMetadata

DataModel

<<transform>>

<<body>>

Ontology

ExpMetadata
<<export>>

<<transform>>

<<embed>> DataModel OntologyHTTPServer

<<body>>
BodSrvMD

<<transform>><<transform>>

<<connector>>
SrvSrc

<<embed>><<embed>>

<<import>>
ImpDataSource

<<import>>
ImpServer

<<body>>
BodSrvSrc

<<export>>

MetadataServer

BodServer

<<transform>>

<<component>>

<<export>>
ExpServer

HTTPServer

<<body>>

<<transform>>

<<component>>

ExpDataSource
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Composition of the Example

<<transform>>

<<component>>
ComposSrvMD

ExpMetadata
<<export>>

DataModel OntologyHTTPServer

<<body>>
BodSrvMD
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Architecture Semantics / Main Results

Valid for all Instantiations of the Framework
(Only dependent on Parallel Extension Property)

I Semantics of Architectures:
Single Component derived by Iterated Composition

I Connectors gradually removed by Composition
⇒ Iterated Composition terminates
⇒ Existence of Semantics

I Compatibility/Associativity of Composition
⇒ Local Confluence of Composition
⇒ Uniqueness of Semantics
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Semantics of Example Architecture

ManDat

<<embed>><<embed>>

<<export>>
ExpMetadata

<<transform>>

<<transform>><<transform>>

FileManager

<<body>>

<<transform>>

ExpManager
<<export>>

<<component>>
Manager

BodManager

<<import>>
ImpMetadata

<<import>>
ImpManager

<<body>>
BodManDat

<<connector>>

<<transform>> <<transform>>

<<transform>>

BodServer

Server
<<component>>

<<export>>
ExpServer

HTTPServer

<<body>>

<<embed>> <<embed>>

SrvSrc
<<connector>>

BodSrvSrc
<<body>>

ImpServer
<<import>>

ImpDataSource
<<import>>

<<transform>>

Metadata
<<component>>

ExpDataSource
<<export>>

BodMetadata
<<body>>

DataModel Ontology
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Semantics of Example Architecture

ComposAll
<<body>>
BodAll

FileManager

<<component>>

HTTPServer OntologyDataModel
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Instantiation to UML

Instantiations of Architecture Framework must provide:
I Class of Specifications
⇒ Packages containing UML Diagrams

I Transformations and Embeddings
⇒ Refinements and Inclusions of UML Diagrams

I Consistency of Transformations and Embeddings
⇒ Parallel Extension Property
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Embeddings of Class Diagrams

I Identification of Classes to be realized in different
Components

I No Renamings – just Inclusions

serialize(): String

<<import>>
ImpDataSource

getByURI(uri: String): Resource

DataSourceImpl

<<embed>>

ResourceImpl

<<import>>
<<embed>>

source

getByURI(uri: String): Resource

DataServer

ImpServer

serialize(): String

<<interface>>
Resource

<<interface>>
DataSource

SrvSrc
<<connector>>

serialize(): String

<<interface>>
Resource

<<interface>>
DataSource

DataSourceImpl

BodSrvSrc
<<body>>

getByURI(uri: String): Resource

source

getByURI(uri: String): Resource

DataServer

serialize(): String

ResourceImpl
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Transformations of Class Diagrams

I Realization of Classes by Addition of Methods and
Properties

I Renamings possible (except Interfaces)

type
0..1

topics
0..*

serialize(): String
Association Topic

1
parent

associations
0..*

getByURI(uri: String): Topic
TopicMap

BodMetadata
<<body>>

<<transform>>

Topic

Metadata
<<component>>

ExpDataSource
<<export>>

serialize(): StringgetByURI(uri: String): Topic

TopicMap

<<transform>>

<<transform>>

BodServer
<<body>>

getByURI(uri: String): Resource serialize(): String

<<interface>>
Resource

<<interface>>
DataSourcesource

Request Response

uri: String statusCode: Integer
entityBody: String

get(req: Request): Response

HTTPServer

DataSource Resource
<<interface>>

<<transform>>

ExpServer
<<export>>

<<component>>

HTTPServer

Server

source

getByURI(uri: String): Resource serialize(): String

<<interface>>

ResourceImpl

serialize(): String

ImpDataSource
<<import>>

getByURI(uri: String): Resource

DataSourceImpl
source

DataSource

<<import>>
ImpServer

<<interface>>
Resource

getByURI(uri: String): Resource

<<interface>>

serialize(): String

DataServer
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Extension Property for Class Diagrams

I Consistency:
I Boundary of Embeddings preserved
I Common Parts transformed identically

I Extension by Transformations in larger Context

DataSource

getByURI(uri: String): Resource serialize(): String

<<interface>>
Resource

<<interface>>source
DataServer

DataSourceImpl

getByURI(uri: String): Resource serialize(): String

ResourceImpl

BodSrvSrc
<<body>>
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Extension Property for Class Diagrams

I Consistency:
I Boundary of Embeddings preserved
I Common Parts transformed identically

I Extension by Transformations in larger Context

BodSrvMD
<<body>>

TopicMap
getByURI(uri: String): Topic

0..*
associations

parent
1

TopicAssociation
serialize(): String

0..*
topics

0..1
type

Response

statusCode: Integer
entityBody: String

Request

uri: String

get(req: Request): Response

HTTPServer DataSource

getByURI(uri: String): Resource serialize(): String

<<interface>>
Resource

<<interface>>source
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Sequence Diagrams

I Considering Sets of Scenarios
I Embeddings:

I Inclusion of each Scenario in the Source into some
Scenario of the Target

I Transformations:
I Translation of Names according to Class Diagram

Transformation
I Refinement of Lifelines by Sets of Lifelines

(Decomposition)
I Refinement of Messages by (Sub-)Scenarios

I Consistency of Transformations and Embeddings:
I Boundary of Embeddings preserved
I Common Parts transformed identically

⇒ Extension of Sequence Diagram Transformations
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State Machines

I Considering State Machines assigned to Classes or
Methods

I Embeddings:
I Inclusion of State Machines, such that visible Traces

are preserved
I Transformations:

I Translation of Names according to Class Diagram
Transformation

I States may be renamed and given Substructure
I Possible Traces enhanced

I Consistency of Transformations and Embeddings:
I Boundary of Embeddings preserved
I Common Parts transformed identically

⇒ Extension of State Machine Transformations
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Conclusion

Summary:
I Theoretical Framework based on Parallel Extension

Property
I New Application of Architecture Framework to UML

(FESCA 2004: Instantiations to CCS and Petri Nets)
I Universal Connectors for Common Architecture

Styles
Future Work:

I Transformation/Refinement Concept for Further
Techniques

I Application of Graph Transformation to UML



Object-Oriented
Connector-
Component

Architectures

Ehrig, Braatz et al.

Generic
Architecture
Framework
Connector-Component
Architectures

Composition by Extension

Architecture Semantics

Instantiation to
UML
Class Diagrams

Sequence Diagrams and
State Machines

Conclusion

Thank You!
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