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Goals

« What is to be achieved?

- Basic understanding of Generative Programming (GP)
- Based on first impressions and discussion you should be
able to judge what you can benefit from GP
+ How can it be achieved?
— Overview of the most important steps of GP
— Demonstration of tools
— Presentation of case studies
— Discussion in the plenum
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Maintenance &
Legacy Systems
+ Long lifetime of software systems (sometimes 20 years

and more)

« Software must be continuously adapted to new and
changing requirements

+ Maintenance of legacy systems absorbs development
capacity to a high degree

+ Software systems of today are the legacy of tomorrow!

© 1999 - 2003 by U. Eisenecker, K. Czarnecki, S.Helsen

Example "Object Technology"

* Theory

— Productivity and quality should increase thanks to reuse
* Reality

— Classes are too small as units of reuse

- Frameworks are sufficiently large as units of reuse, but
frameworks from different vendors do not integrate well

— Design patterns are pieces of reusable knowledge, but they
do not exist as executable code
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How To Order Systems?

+ By Components + By Specification
— Downward arrow on top - Acat
- Large triangle below with its — Sitting upright

90° angle at the lower left point ~ Waiving its tail

® ©
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From Order To Product

Creating the order
e Expert language ’
e Form, catalogue

e By example Processing the order
e Completion
¢ Validation
¢ Construction rules

: Optimization
Product generation © P
e Assembling elementary,
reusable components
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Generative Programming ...

... Is a software engineering paradigm based on
modeling software system families such that, given a
particular requirements specification, a highly
customized and optimized intermediate or end-product
can be automatically manufactured on demand from
elementary, reusable implementation components by
means of configuration knowledge
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Two Processes

* Domain Engineering

— Analysis: Domain scoping and defining a set of reusable, configurable
requirements for the systems in the domain

— Design: Developing a common architecture for the systems in the domain
and devising a production plan

- Implementation: Implementing the reusable assets, for example, reusable
components, domain-specific languages, generators, a reuse
infrastructure, and a production process

+ Application Engineering

— Producing concrete systems using the reusable assets developed during
Domain Engineering.
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Implementation Infrastructure and Test

Product
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ystem Family

Architecture
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Language(s)
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I Static nﬁguration
I Separate preprocessing step

I Separate preprocessing step
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space, configuration knowledge, and solution space
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by John Hall (after 25 years
of unsuccessful attempts!)
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adapting components
and manual assembly
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car body transmission m trailer coupling

automatic electric gasoline

variability!
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To Compare: A UML Class Diagram

\

e . _ _-| manual
 transmission ==  altemative k7
car body transmission ~| automatic

0..1
3 => pulls
trailer [0.17 P
~ transmission  transmission  transmission i
gasoline car hybrid car

gasoline engine electric engine

Variability is implemented using concrete mechanisms, e.g.

inheritance, aggregation, associations, and parameterization
41
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Feature Combinations

The feature diagram contains
2 (transmission)

x3 (engine)

X2 (trailer coupling)

= 12 combinations

Constraint (to be documented separately): electric
engine requires automatic transmission

® i.c., we have 8 valid combinations

42
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Equivalence Categories

+ What constitutes an equivalence category?
- Features that are mapped to concrete components
— Single mandatory leave
— Single optional leave
— Inclusive-or group
— Exclusive-or group
+ Dependency analysis is performed on implementation
components

* Results of dependency analysis are depicted on the
level of equivalence categories
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45
Equivalence Categories
' '

[ ]
car body transmission engine trailer coupling

Engine:

automatic manual electro gasoline

Transmission: gasoline

automatic electro

manual hybrid
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GenVoca Layered Architecture

CarBody: CarBody[TransmissionWithEngine]

52

Dependgncy Layered architecture
analysis
Car Car: car )
Trailer Coupling :_Tr_aﬂeg coupling: trailercoupling. _ _ _ _ _ _ ________ s )
Car Body ‘ Car body: car body )
Trans;ission Transmission: automatic | manual )
Engine Engine: gasoline | electro | hybrid
5, /. Config: engine, transmission, car body, car )
3 Propagating the ]
; Configuration repository configuration repository
§ Home Page of the GenVoca Project,
: www.cs.utexas.edu/users/schwartz 51
Car: Car[CarBodyWithOptTC]
CarBodyWithOptTC: TrailerCoupling[CompleteCarBody] |
CompleteCarBody
CompleteCarBody: CarBody[TransmissionWithEngine]
TransmissionWithEngine: ManualTransmission[Engine] |
AutomaticTransmission[Engine]
Engine: GasolineEngine[Config] |
ElectricEngine[Config] |
HybridEngine[Config]
5 Config
; Engine: GasolineEngine | ElectricEngine |
< HybridEngine
g Transmission: ManualTransmission[Engine] |
g AutomaticTransmission[Engine]
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pedef CarBody<Transmission> CarBody;
typedef TrallerCoupllng<CarBody> TrailerCoupling;
typedef Car< TrailerCoupling > Car;
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five-speed manual
four-speed automatic

trailer coupling

® standard equipment
Q options available for a surcharge
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enum Options { none, trailerCoupling };
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and manual assembly
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production process
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www.softwaregenerators.com
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€y can't be descripea using a singie class only
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— Priority (how important is the feature?)
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described by the feature set
{C,f1,12,f3,f4}

82

© 1999 - 2003 by U. Eisenecker,




{C,f1,13}, {C,f2}, {C,f1,12},
{C,f1,3.12)
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{C,f1,15}, {C,f2,{3},
{C,f2,14}, {C,f2,f5}
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Inclusive-Or Features

* Any non-empty subset from a

set of optional features can
be part of a concept instance
description if the parent node
is also part of it

Edges pointing to inclusive-or
features of one set are
connected by a filled arc

The diagram denotes 21
different concept instances

85
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Open/Closed Features

[ElementTyp]

* An open feature is expected

to be refined with further
subfeatures

In a feature diagram,
brackets [] are used to
indicate openness

We can also show selected
examples of subfeatures (not
part of the formal notation)
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AmiEddi-XML 1.3

GUl-based tool for interactively editing feature models
Feature models and feature diagrams are part of a
repository

— The repository is stored in XML format

Each feature model is associated with a meta-model for
additional information

— The meta-model can be edited

— This way it is possible to capture additional information

— Some information can also be visualized in a feature diagram

101
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AmiEddi-XML 1.3

Developers
— Mario Selbig, feature model editor

— Frank Blinn, configurable meta-model,
www.informatik.fh-kl.de/~eisenecker/studentwork/dt_blinn.pdf

- Markus Lang, XML repository

Development of XML repository was funded by Delta
Software Technology GmbH, www.d-s-t-g.com

Free download from www.generative-programming.org

102
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New Requirements ...

... emerged from applying feature modeling and
AmiEddi in real-world projects

Modularization of complex feature diagrams
Flexible cardinalities of features and groups
Extending the meta-model by the user

Specialization of feature diagrams and creating system
configurations

— Assigning values to features during specialization

=> Integrating feature modeling, meta-modeling, and
specialization of feature diagrams as well as creating
system configurations

105
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Captain Feature

« Captain Feature is the successor of AmiEddi-XML and meets the
afore-mentioned requirements

+ Joint work with DaimlerChrysler Research Ulm

+ Development

— Thomas Bednasch: Konzept und Implementierung eines konfigurierbaren
Metamodells fiir die Merkmalmodellierung,
www.informatik.fh-kl.de/~eisenecker/studentwork/dt_bednasch.pdf

— Markus Lang
— Henrik Becker
— James Markle
+ Recently Captain Feature became an open source project
— https://sourceforge.net/projects/captainfeature/

106




— feature cardinalities

=
2
g
8
w
S
El
2
g
2
e
©

concept node (representative)
— During specialization a value can be assigned to it
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[ Name | | Premature | | Description |

[nt | [string | [Fioat | [Bool | |Pointer |
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FeatureNode

Cardinality

113

Cardinality

Minimum | | Maximum | | Featurenode
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Minimum | | Maximum | | Cardinality |
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R}
.

| Divisiona | | DivisionB | | DivisionC

it | [string | [Float| |Bool| [Pointer |
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group f4/f5
- Exclusive-or
group f6/f7 118
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www.informatik.fh-kl.de/~eisenecker/studentwork/dt_bednasch.pdf
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1974 Minsky: A Framework for
Representing Knowledge

Eisenecker, Emrich, Endler, Schlee: Emerging Product Line
Implementation Technologies: C++, Frames, and Generating
Graphical User Interfaces, www.polite-project.org 130
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CarBody

GasalineEngine

HybridEngine

+name : Stiing

+engine : String
+iransmission : String
+irailerCoupling : Sting
+assembleEngined
+assemble Transmission)
+assemble TrailerCoupling]

+createCan

ElestroEngine

TrailerCoupling

Transaission

AutomaticTransmizsion

ManualTransmission
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.Iénd Function
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else cerr << "Invalid engine specification: " << engine.c_str() << endI;

Components.push_back("\n\n");

149
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Components.push_back("\n\n");
Components.push_back(TrailerCoupling());

else cerr << "Invalid option specification: " << options.c_str() << endl;
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Frames and DSLs

The previous examples don't apply special DSLs

Embedded text-based DSLs can be implemented using
frames and functions only

Mostly an analyzed specification will be passed as
parameter to a frame processor

- Text file containing keyword parameters

— Text file containing position-based parameters

— XML file

Usually a separate program, e.g. a GUI-based dialog, is

applied to create such a specification 55
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Frame-Based Architectures

The architecture of the previous examples is aligned to
that of the car generator implemented in C++
- Implementation components are strictly separated from
configuration generator
- Larger configurations result in a complex code, which is
difficult to maintain
Frame instances usually conform to a tree or a directed
acyclic graph
— They exhibit a structure with a striking resemblance to feature
diagrams

=>»Idea: adopt the structure of the feature diagram as frame-

based architecture!
156




Feature Diagram-Based Specification

+ Comprises either

- an entire feature diagram, whereby selected features are
weighed with 1 (or true) and rejected features with 0 (or
false), ora

— Configuration of a feature model containing no more
variability

* In both cases an XML-based solution is well-suited

157

“Intelligent Frames”

+ The appropriate (sub-) tree is passed as argument to a
frame instance

The frame instance knows the relevant configuration
information to parameterize its slots

* If required, new frame instances will be created, and the
appropriate (sub-) tree will be passed to them

In contrast to the previously demonstrated localization
in a single generator the configuration knowledge is
now distributed among many frame instances

158
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architecture is no longer required for - Architecture
implementation +  Frames parameterized from outside

Interesting experience with tree/DAG «  Self.configuring (“intelligent’)
like architectures that parallelize the frames 159

feature graph

i
>
z
g
&
@
8
°

resources, help texts,

documents, etc. 160
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Download

ANGIE Generation Now!, www.angie.d-s-t-g.com
XFramer, www.geocities.com/mslerm/xframer
FPL, http.//sourceforge.net/projects/fpl

FrameProcessor,
http.//sourceforge.net/projects/frameprocessor

Netron Fusion, www.netron.com/products/fusion
(product information only, no trial or public domain
version)

XVCL processor, http://sourceforge.net/projects/fxvcl/
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can pbe retargeted to airrerent platiorms

+ Not the only reason why MDA might be of interest to you...
169
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require different markup
— Similar to compiler pragmas
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Source: Kleppe et al 2003

your customer
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+elements

TextNode

o.n
{ordered}

Element

@name ; String

Atribute

grralue : Sting

RootNode

grdoeumentMame ; Shing
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The Role of UML in MDA

* MDA does not require UML
— New modeling languages can be defined using MOF

* Applications of UML in MDA
- General-purpose modeling language
— Basis for extension and reuse

— A way to provide concrete graphical syntax with tool support
today (will loose importance in the long run)

183
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Approaches to Defining Modeling
Languages in MDA

+ Lightweight UML extension
— Extend UML through a profile
— Appropriate for languages that are very close to UML
— Extension stays within the UML semantics
*+ Heavyweight UML extension
— Extend the UML metamodel directly through MOF mechanisms
+ E.g., by defining new subclasses in the metamodel)
— Most appropriate if a significant extension necessary and/or only some
parts of a metamodel need to be reused
* Create a new MOF metamodel

— Appropriate for languages that are completely different from UML
+ May still reuse some parts of UML model per copy&paste

184
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Faper
AzzociateEditor +name : Sting

+name : String

+accaptStatus ;| AcceptStatus




AssociataEditor Paper

me : int -name : String
-papers : Set -acceptStatus | AcceptStatus
+getName) : String -associgteEditor | AszociateEditor

+zetMamelname: String)

+getPapers(): Set
+getHams) : String

+zethamegname:String)

+gethceptStatus() | AcceptStatus
+zettcoeptStatus] acee ptStatus AcceptStatus)
+getfesaciateE diton) : AssociateEditor

+zettszoci gteEditor(associateE ditorAss oci ateE ditor)

+zetP apers(papers:Sef)

g
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Transformation @
Language
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Simplified MOF Meta-model of UML

+elementType P +ype Typed

1 +name : String 1 s |*rame :String

ciation
Fedumne 1

— o [Fuibily : visbilitykdng

DataType 1
-

? jﬁ w

‘ | | AssociationEnd

Operation

Set Adribute Reference b arameter +lowuer : Integer
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+name : Sting +upper : Integer

0. +retum TypelD.1] : String

X Fi - i

+ Notes:
- In the actual UML meta-model
* many more classes and associations
+ many OCL constraints to refine semantics
~ PIM/PSM UML-diagrams: pretty-printed versions of instances of this meta-model.1gg
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Transformation in Natural Language

+ For each class in PIM, we have a class in PSM with the same
name

+ For each public attribute attrName in a PIM-class, we have
the following features in the associated PIM-class:
— A private attribute with name attrName

— A public operation with name getattrName, no parameters, and the
type of the PIM-attribute as return type

— A public operation with name setattrName, no return type, and one
parameter of the name attrName with a type equal to the type of the
PIM-attribute.

+ FEtc.

= Natural language is obviously non-executable ...
200
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name = gettATTRNAME

retumType = ATTRTYPE

Classifier
name = ATTRTYPE

rame = ATTRN.
[visibility = "Public”
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e = TowarCLASSHANER)]
L 1

Gporation
mm:;:"cmssm“ﬂ lname = gel+CLASSNANET

Attribute ketumType = CLASSNAME!
name = lower(CLASSNAMET)
sibity = "Private”

= lower[CLASSNANEZ
isibility = "Private” Operation

ame = selt CLASSHANIET
elumType = CLASSNAME?) slumType

Parameter

ame = lower{CLASSNANE )
L ]

UPPERI< 1 and UPPER2=<1
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patterns
- Tune transformations for intended target context
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Current focus of
Model Driven Architecture

»
>

Technical variability
(distribution, data-base connection, GUI, ...)

©1999 - 2003 by U. Eisenecker, K.

213

— 100% traceability from specification to implementation
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+ Specific industries may develop their own standards in the long run
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Further Readings — Books

Frankel. “Model Driven Architecture: Applying MDA to Enterprise
Computing.” Wiley, 2003

Kleppe, Warmer, & Bast. MDA Explained: The Model Driven
Architecture--Practice and Promise. Addison-Wesley, 2003

Hubert. “Convergent Architecture: Building Model Driven J2EE
Systems with UML.” Wiley 2001

Grose, Doney, & Brodsky. Mastering XMI: Java Programming
with XMI, XML, and UML. Wiley, 2002

Czarnecki & Eisenecker, “Generative Programming: Methods,
Tools, and Applications.” Addison-Wesley, 2000

Greenfield, “Model-Driven Development: Automating Component
Design, Implementation, and Assembly.” Wiley, upcoming
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Further Readings — Online

MDA Guide

- www.omg.com/mda

DSTC MOF Pages

— http://www.dstc.edu.au/Research/Projects/MOF/
Online collection of metamodels

— http://mdr.netbeans.org/metamodels.html
Tool website

- www.codegeneration.org

Open source MOF repositories

- http://mdr.netbeans.org

- http://nsuml.sourceforge.net/

220







Thank You For Your Attention ...

Generative
Programming
Methods,

”‘ Tools, and
’ }’{ Applications

4
42,

Krzysztof Czarnecki y 4
Ulrich W, Eisenecker

.. And Watch Out For These Cats!22
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