MODEL DRIVEN
SOFTWARE
DEVELOPMENT

A PRACTICAL APPROACH

JEPPE CRAMON - TIGERTEAM APS

DANSK IT’S JAVA COMPETENCE NETWORK - 24TH OF FEBRUARY 2009




WHAT IS MDSD?

It’s about using models to:

e Simplify reality
. A simplification of reality using a language with a well defined syntax and semantics

e Raise the level of abstraction

. Using different models on different levels

e Improve communication

e Different models for different audiences (Business, Analysis, Design, Implementation)

e Automate the development of software

. Automate design patterns

o Executable model transformations
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TWO TYPES OF MODELS

Textual
and

Visual
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TEXTUAL MODELS
DOMAIN SPECIFIC LANGUAGES (DSL)

External DSL ' s:

Cascading Style Sheets (CSS):

table {
poRder-collapse: separate;
empty-cells: show

}

|k

list-style-type: none;

ISine=herghvt: 150%;

list-style-image:
url(../images/arrowSmall.gif);

Regular Expressions:
NA[0-91{12}(?:[0-91{3})?$

Internal DSL's:

TigerView:
(JSP replacement that is specialized for working with the Stripes Web framework)

stripesForm(CustomerActionBean.class,
errors(),
stripesHidden(bind().getCustomer()),
table(
tbody(
tr(
td("Name:"),
ta(
stripes TextInput(bind().getCustomer().getName()))
)
),
tr(
td("Birthday:"),
to(
stripes TextInput(bind().getCustomer().getBirthDay())
)
)
)
),
stripesSubmilt(
foActionBean(CustomerActionBean.class).save(),
value("Gem")
),
stripesSubmit(
foActionBean(CustomerActionBean.class).cancel(),
value("Cancel")

)
ji
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UML

VISUAL MODELS

class Customer/

EmailAddress

PhoneNumber

Address

Race
- name: Stnng

- saddress: Stinng
- prefermad: boolean
- ype: String
N
0.
CustomerName
Customer
- firstNamea: Stnng B -
- lastName: Stnng Hizstorys «Uniquex
_ 0.1 «FISory» 0.1
- middieNames: Stnng - ustomerid: Strng
- nickName: Strng
-o'.\'ﬂe'. 0.1
SpecieRelation
description: String «Historys
- 0.
|
' Animal
- I nima
Specie |
]
- name: String <. animslld: String
1 0-71.  nickName: Str
o”o -

i

DanishAddress

InternationalAddress
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VISUAL MODELS
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Source: http: / /www.bpmn.org /Documents /Introduction to BPMN.pdf
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VISUAL MODELS

MetaEdit+ Visual Domain Specific Models

E Application: Conference registration, November 18, 2007, 13:07
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. > Graph Edt Yew Types Format Hep
WS +DB © | NUD L | o< | 8uid Chac Code M YDB v ¢/@adDd X

X Julujj=jmi=}=lol= gl O w3 - 4 e GEEEEGEEEL R T

- @ st - -
o _Start Asking a pas.
5 5 Feem 1GUERY PASSWORD TEXT)
‘ Sarov whoppes bt Working \ -
— Shoppng st c" Fasswerd TEEE
¢ C'cd" C:"d 1_’ L=t ._._> Shopping list application S, —D
Your name? Invoice Salact operation AD_WELCOME_TEXT] 'DIIIWI'::I":. Frrye—
Conference (o] N\ Abe O Lemox Viescomeg dne PROUPL ASSWO Remcve ten
registration bl | [ gy S ‘ e
Welcome Askng & password LSK NEK RSK
Corrmaton — — — — Remcye tem
TmedMeszagetiox qK A
Changes mot saved ok [
Reg.sfr on [tem removed Y oL f::‘ h_":‘:l,'o?[.,,q
Shocpn 1 sockcazen ~Sesect operation R
Pr am text = ’f*"i’ﬂ" ) W/ST SELECT OPERATIOM Boery
[Please choose o ngwnede WM > ?
Tu 10 -‘5 combo “H_| Reference Stored kal 81, darenyyyy Are you sure
-~ 1 Stores 2 Yy FROMPT_SURE_TEXT
Registration Program Tu 11:35 combo Ryl 2 Bl
Program SIEBEELELBENS " Ladd new Remove ibem normetion
Unregester = J8 Sound s s | [ ms
eg ::9"“"“;8 o 3| Changes ot awed ) > | Lsk NSK | | RSK
<Par mads, «Payment s
sonNa " Serple [M5_RO_SAVING_TEXT) LSK NSK RSK No i.
Viebomng fune - - Y ~. [TEOw exley
rote y ‘ {“—» —> @) - Y
Ogen  Ngw [FCAOS — Vorking
< > [SK_OPEN [ W] Closing o @'
Cose “VGD‘."{ Vo Ceae_tune mpd) Item removed
| Graph type | Mobde Apphcaso Shopping kat
Fopram Regstration made | Model narse Sreppng kst [rORI_SHOPPWGLIST. TEXT]
ﬁ E'\:'frmor' R 122000 1365 uew mom iat e
| Dusplay Primary Bere: N |[FORI_SHOPEMGUST TEXT
| Ul categery U2 Quanity 2 pes S——
2 5 et
f N Bere Butter Cuantty
@ o wwe ssmfonm o ‘t‘-} Guantty. 1 pes <
. Sexie
‘ Accept changes LSK | | msK RSK ‘!G:Pc.'_f
JOUERY ACCEPT TEXT)
v Qumry ?
Accept changes
SMS Cancellation Quit @ [PROMET_SURE_TEXT)
+3585556548608 > sent ﬁ 9
Cancel_registration o
-------------------------------------------------------------------------------- Cance -
v ase
v
< > = 3 |l& >
" Active: None : Nore Gnd: 100210 $ Show 100%
Active: Nooe Subgraph(s): Nooe Grid: 10810 Hsw Oson | © 0% v @ | e - o CSo= |6 20 SO

torsdag den 2. juli 2009



Pro

Con

TEXTUAL VS. VISUAL

MODELS

Textual Model

® Very Expressive
® Allow configuration by exception

® Good for sharing within teams

® Poor at “visualizing” relationships
and flows

Visual Model

® Good for visualizing relationships
and flows

e Can be made very expressive using
proper visual models (rules out UML)

® Very good for defining Domain
models

® Poor at sharing for teams (requires
less granularity and more complexity
for easier sharing)

e UML is poor at creating domain
languages (even with UML profiles)
because of the limited visual styles and
lack of language capabilities (OCL is a
poor substitute)
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BEHIND MODELS
META MODELS

e A Model/Language is typically defined using
a Meta Model (aka. a Model of a Model)

e 2 different kinds of Meta Models
* Linguistic Meta Model
* Defines the Abstract Syntax
* Ontological Meta Model

e Defines the Semantics

* A Meta Model is defined using a Meta-Meta
Model (e.g. using MOF)
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ABSTRACT SYNTAX

Defines the Concepts of a language
and their relationship

E.q. A Student is an instance of an Entity
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CONCRETE SYNTAX

e Defines the physical appearance of a language
 For Textual languages:
e Defines how to form sentences
o FE.q. Statement, Expression, Identifier, etc.
e For Visual/Graphical languages:

e Defines the graphical appearance of the
language concepts and how they may be
combined into a model
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SEMANTICS

Describes the meaning of
A sentence in a textual model
Or

An element in a visual model

E.q. Student is also an instance of Person

Can be:
* Defined using Meta Models

¢ Derived from runtime behavior
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MODEL TRANSFORMATIONS

The process of transforming
from one Model (adhering to a Meta Model)

to anOther M()del (adhering to another Meta Model)

E.q. from a UML model to a Java model
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CODE GENERATION

The process of transforming a Model into source
code in some target language (e.g. Java)
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MDSD USING TIGERMDSD

TigerMDSD is a lean MDSD Java framework
which supports:

e Parsing an UML model into an in-memory
UML Model

e Transforming the UML model to one or
more Models (e.g. a Java Model)

e Generating code for these Models to a target
language using a Template language of
choice

torsdag den 2. juli 2009



MDSD EXAMPLES:

e SOA Example:

e UML Class diagram of a Service
Model to WSDL documents and XML
Schema

e Java/JEE Example:

e UML Class diagram of a Domain
Model to a JPA /Hibernate Entity
Model




EXAMPLE:
JPA ENTITY MODEL

Process:

1. Model the domain entities using a UML Class
Diagram

2. Export the UML model to XMI

3. Parse the XMI model into an in-memory UML
model

4. Transform the in-memory UML Model to an in-
memory Java Model

5. Generate Java code from the in-memory Java
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MODEL THE ENTITIES
USING A UML CLASS

class Customer/

EmailAddress

String

o
o
3
i
n
n

o -

o W
o
L
[0
3
N

type: String

000%an

~

CustomerName
= +nams
- nrstiName:. o _"\g N
- lastName: Stnng 0.1
- mddieNamsas: Sinng
- nickNames: Stnng

«History» 0.1

PhoneNumber

rea: int
ountryCode: in

S a2 MmO w
]
[0
- |

Address

0.
Customer
- customerid: String

SpecieRelation

description: Stning

o

Y

°o'.~.-"1-‘:" 0..1

«History»

Animal

DanishAddress

InternationalAddress
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EXPORT THE UML MODEL
TO XMI

TigerMDSD currently supports:
e MagicDraw 15.x and 16.x

e In MagicDraw the MDZIP model file contains the XMI file, so
there’s no need for exporting here.

 Enterprise Architect 7.x

e In Enterprise Architect you have to Export using the “Export
Package” dialog

(Project > Import/Export > Export Package to XMI)
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PARSE THE XMI| MODEL INTO AN

IN-MEMORY UML MODEL

XmiReader reader = new EAXmiReader();
XmiReader reader = new MagicDrawXmiReader();

MetaModel metaModel = reader.read(this.getClass().getResource("/model.xml"));

class Conceptual meta model /

MetaModel

A

Metalnterface

MetaPackage

MetaClazz

MetaOperation

+parameaters

MetaParameter

3”-

+returmnParameater

1 +type

0.1

- buiitin: boolkean

1 +type

{1

>

1

MetaAssociationClazz

N

MetaEnumeration

.| MetaProperty

+ownadProperty 1

MetaAssociation
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TRANSFORM THE IN-MEMORY UML MODEL TO AN
IN-MEMORY JAVA MODEL

In TigerMDSD the specialized JavaGenerator
performs the UML Model to Java Model
transformation according to these rules:

Meta Type Resulting Java Model
MetaPackage JavaPackage
MetaClazz Clazz
MetaAssociationClazz Clazz
MetaEnumeration Enumeration
Metalnterface Interface
Property
MetaProperty (Composed of a Field, GetterMethod and
SetterMethod)
MetaOperation Method

JavaGenerator javaGenerator = new_JavaGenerator();

List<ClazzOrInterface> allGeneratedClazzes = javaGenerator.execute(metaModel, codeWriter);
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MODEL

class Java Model /

AnnotationAttribute

Code Snippet JavaElement
0.
Parameter Field JavaComposite .
g—
JavaModel
Property
Annotation Method JavaPackage ClazzOrinterface Type
e
AN
~
Constructor GetterMethod SetterMethod Clazz Interface
Enumeration AnnotationDefinition
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TRANSFORMATION
EXTENSION

The JavaGenerator employs an event
driven generator pattern, which through
GeneratorEventListeners allows easy
specialization of the core Transformation.
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GENERATOR EVENTS

class dk.tigerteam.mdsd.generator.event /’

GeneratorEvent

AN

ClazzEvent EnumeratorEvent PropertyEvent InterfaceEvent

1

AssociationEvent

/N

SimplePropertyEvent

MethodEvent

OneToOneAssociationEvent ManyToOneAssociationEvent OneToManyAssociationEvent

ManyToManyAssociationEvent
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GENERATOR EVENT

LISTENERS

class Generator Event Listeners /

winterfacexs
GeneratorEventlistener

'

'

‘

generationCommenced() : void
generstionComplete(List<CiszzOrinterfsce=) : void
hsndle(GenerstorEvent) - boolesn

BidirectionalGeneratorEventListener

PropertySugarMethodsEventListener

/ ' Y -~ -
s | “ N - -
’f : \l. \\\. el

s - -
s ' ' 4
¢ : ".\ |

s -
) , . MetaTypeJavaDocListener :
¢ | ]
s | 1 :
/ \
IS . ) \ I
4 BuiltinTypesListener \ :
\
v I
\ I
. I
\\ |
« :
! I
> I
. . I
SerialVersionUIDGenerator |
I
I
I
I
I
I
I
I
I
«winterfaces I
DeferredEventHandler :
i N I
+ execute() - void I
+ getDescrption() - Stnng :
g ———— 7| DeferredGeneraterListener2DeferredEventHandlerAdapter

winterface marker intarfaces
DeferredGeneratorEventlistener il
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Jll = ATE SPECIE
Handles everything related to E Makes all OneToMany and
L l S : ) x T E N ManyToMa “~tiang ordered by

@Column—@1- Q n, @JoinTable,

Helper Listener which
will allow OneToOne,
ManyToOne, OneToMany and

If an association has

stereotype <<NotNull>> then ey Adds a (or reuses an existing) \

this Listener applies the Hibernate \{ Hibernate @Table annotation with a
Validator @NotNull attribute | “comment” attribute that contains  rdColumnsListener = ManyToMany property Getter
O\ T
Allows customization of Hibernate v S
Batch-Size og SubSelect Fetch i ates
tion

on Properties

optimizations through Tagged Values |
A General purpose JPA field based annotation

handler

Supports:

9 o All common JPA mappings: OneToOne, OneToMany, ManyToOne, ManyToMany

® Mapped super classes

® Varying Inheritapce*

e Cardinali¥

° Ea =
o/

Generates @

HibernateF

used Inheritance strategy into consideration)

G ’ sandard IPA Generates a complete and automated Integration test,
.ener‘a . arT e Persistence.xm which test the persistence of each Entity while adhering to
file with all Entity classes i . . . . :

Pro| cardinality constraints (required and optional properties), which

are read at runtime through the RuntimeMetaData provided

through the RuntimeMetaDataGenerator (not shown)

rride for Hibernate)

/
DrmXmliGenerator Per
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GENERATOR EVENT
LISTENER EXAMPLE

public class HibernateDeleteOrphanListener extends BaselpaGeneratorEventListener {
@Jverride
protected boolean handleOneToManyOwnerOfAssociation(OneToManyAssociationEvent event) {

1f (isDeleteOrphanCandidate(event)) {
event.getProperty().getField().addAnnotations(new Annotation(Cascade.class).addAnnotationAttribute("value", CascadeType.DELETE_ORPHAN));

// Remove the Set collection method since it allows for situations where Hibernate fails, if you overwrite its internal

// collection wrapper
event.getProperty().setSetterMethod(null);
i

return true;

1

protected boolean isDeleteOrphanCandidate(OneToManyAssociationEvent event) {
1f (event.getMetaProperty().isOwnerOfAssociation() && !event.getMetaProperty().getAssociation().isBidirectional()
&& l!event.getMetaProperty().getAssociation().isSelfReferencing()) {
// Check the clazz of the opposite property to see what kind of associations it has
for (MetaProperty subMetaProperty : event.getMetaProperty().getType().getProperties()) {
1f (subMetaProperty.isPartInAnAssociation()) {
if (subMetaProperty.isOwnerOfAssociation()) {
// One-To-One are always good for owning associations, so is Many-to-One, but if we meet a ManyToMany or a OneToMany we ignore them
// as a candidate for delete orphan
1f (subMetaProperty.getAssociationType() == AssociationType.ManyToMany
| | subMetaProperty.getAssociationType() == AssociationType.OneToMany) {
return false;

i
} else if (subMetaProperty.getAssociation().isBidirectional()){

// The type of the our sub property is not an owning association and we have
// a java association in both directions (bidirectional), which hibernate doesn't handle

return false;

}

}
}

return true;

}

return false;

}
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JAVAGENERATOR EXAMPLE
CONFIGURED USING JAVA

JavaGenerator javaGenerator = new JavaGenerator();
javaGenerator.addEventListeners(new BuiltInTypesListener() {
@0verride
protected void resolveBuiltInTypes(Type type) {
1f (type.getName().equalsIgnoreCase("DateTime")) {
type.setWrappedlavaClass(DateTime.class);
} else {
super.resolveBuiltInTypes(type);

¥
ki
s
javaGenerator.addEventListeners(new JPAGeneratorEventListener()
.setShouldMakeBaseClazzesMappedSuperClassesIfPossible(true)
.setShouldGeneratePresentFieldInEmbeddables(false)
.setDefaultToLazyFetchingForAllAssociations(true)
D;
javaGenerator.addEventListeners(new JPANamedTablesAndColumnsListener());
javaGenerator.addEventListeners(new BidirectionalGeneratorEventListener());
javaGenerator.addEventListeners(new HibernateAssociationUnproxylListener());
javaGenerator.addEventListeners(new SerialVersionUIDGeneratorListener());
javaGenerator.addEventListeners(new PropertySugarMethodsEventListener());
javaGenerator.addEventListeners(new MetaTypelavaDocListener());
javaGenerator.addEventListeners(new HibernateIndexinglListener());
javaGenerator.addEventListeners(new HibernateDeleteOrphanListener());
javaGenerator.addEventListeners(new HibernateValidatorNotNullListener());
javaGenerator.setCreateExtensionClazzes(true);
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JAVAGENERATOR EXAMPLE
CONFIGURED USING YAML

Example of a
Simple Java POJO
(Plain Old Java
Object) generation
from a MagicDraw
diagram:

# Setup

E xmiModelPath: model/DomainModel.mdzip

y um|Tool: MagicDraw

E basePackageName: dk.tigerteam.portal.model

' generateExtensionClasses: false

» sourceCodeFormatting:

implementation: dk.tigerteam.mdsd.generator.JalopyFormattingCodeWriter
excludeFormattingForPackages:

- dk.tigerteam.portal. model.meta

» # Paths

) .

+ generateBaseClassesToPath: src/main/generated
' generatelnterfacesToPath: src/main/generated

-name: DateTime
iavalype: org.joda.time.DateTime

# Extensions
eventlisteners:
- dk.tigerteam.mdsd.generator.bidirectional.BidirectionalGeneratorEventListener
- dk.tigerteam.mdsd.generator.extension.SerialVersionUIDGeneratorlistener
- dk.tigerteam.mdsd.generator.extension.PropertySugarMethodsEventListener
- dk.tigerteam.mdsd.generator.extension.MetaTypeJavaDoclistener
- dk.tigerteam.mdsd.generator.extension.SerializablePojolistener

# Create Runtime Meta Model

1
1
1
1
1
1
1
1
1
L]
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
L]
1
1
1
1
1
1
mapUmlPropertyTypes: :
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
createRuntimeMetaModel: :

1

1

1

packageName: dk.tigerteam.portal.model.meta
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Generation strateg Model transformation Divide and Conquer

Template based

100% Generated code (Active generator) Unmodifiable

Don't check into Version Control

Should be in a separate directory (/src-gen, /src-test, etc.)

Should be marked as generated

Generate once (Passive Generator Can be checked in

Must be clearly marked

Generate code
Protected reglons Results in merge conflicts

Partial classes Code generated partial class

Developers partial class

Code integration
Three Level inheritance Abstract Framework base class

Abstract Code generated class

Integrate with build Support for Maven

Concrete class

Use a Code Formatter

Allow for Package rewriting

Developer Guide Use compiler

Use Recipe framework
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3 LEVEL INHERITANCE
AKA. EXTENSION CLASSES

sssssssssssssssss 7
What we model: —le
<
lllllllllll inheritance ;\/7
What we generate: —
tionql
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CODE GENERATION

WITH FORMATTING AND PACKAGE REWRITING

String[] excludeFormattingForPackages = {"dk.tigerteam.example.model"};
String generateClazzesAndBaseClazzesToDirectory = "src/main/generated";
String generateExtension(ClazzesToDirectory = "src/main/generated-extensions"”;
String generateTest(ClazzesToDirectory = "src/test/generated";

String generatelnterfacesToDirectory = "src/main/generated"”;

XmiReader reader = new EAXmiReader();
MetaModel metaModel = reader.read(this.getClass().getResource("/model.xml"));

JavaCodeWriter codeWriter = new JalopyFormattingCodeWriter(generateClazzesAndBaseClazzesToDirectory,
generateExtensionClazzesToDirectory,
generateTestClazzesToDirectory,
generatelnterfacesToDirectory,

new PackageRewriter() {
public String rewrite(String fqcn) {
1f (fqcn.startsWith("model")) {
fgcn = "dk.tigerteam.example.'

+ fqcn;

}

return fqcn;

}

}, excludeFormattingForPackages);

JavaGenerator javaGenerator = new JavadGenerator();
javaGenerator.addEventListeners(new BidirectionalGeneratorEventListener());

javaGenerator.addEventListeners(new HibernateValidatorNotNullListener());
javaGenerator.setCreateExtensionClazzes(true):

List<ClazzOrInterface> allGeneratedClazzes = javaGenerator.execute(metaModel, codeWriter);:

OrmXmlGenerator ormXmlGenerator = new OrmXmlGenerator();
Document ormXmlDocument = ormXmlGenerator.generate(allGeneratedClazzes);
JDomWriter.writeCormXmlDocument, generateClazzesAndBase(ClazzesToDirectory + File.separator + "META-INF"

i O B XNl
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MORE LIVE CODE
EXAMPLES




THANK YOU FOR YOUR
ATTENTION

JEPPE@TIGERTEAM.DK




