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Chapter 1. Introduction
1.1. Introduction

Mod4j (Modeling for Java) is an open source DSL -based environment for developing administrative
enterprise applications. It uses a collection of DSL’s to model different parts of the architecture,
combined with manually written code. Currently Mod4j consists of four DSLs. the Business Do-
main DSL, Service DSL, Data Contract DSL and Presentation DSL. The modeling environment is
seamlessly integrated into the Eclipse IDE which gives the devel opers one environment where they
can easily switch back- and forth between models and code. The different DSL’s used in Mod4j can
be used independently, but if they are used in collaboration they will be fully validated with each
other. Apart from integration in the Eclipse IDE, Mod4j also supports the use of Maven. That is, us-
ing the DSL models as the source, the complete code generation process can be run automatically on
abuild server without the need for Eclipse. Thisis amust for professional development and fits well
in current ways of working.

This document is the user guide for Mod4j. Chapter 1, Introduction describes the guiding principles
that are used within Mod4j. Section XXX describes Chapter 2, Mod4j Principles and Patterns, de-
scribe the different DSL's of Mod4j.




Chapter 2. Mod4j Principles and
Patterns

2.1. Principles

2.1.1.

2.1.2.

It is important to understand the principles behind the mod4j project. These principles have guided
how the DSL's are designed and how they should be used.

Code Generation Principles

Code generation has been around for a long time. Mod4j takes in account many of the lessons
learned. The following principles are guiding the Mod4j development.

» Generated code must be clear and readable. Using Mod4j should not be a lifetime commit-

ment. Therefore the source code must be at least as good as handwritten code. This alows
projects to continue development with the generated code instead of the DSL models. Note that
this surely isn't the recommended way, but we like the freedom this gives.

Another reason for generating clear and readable code is that we do not have debuggers at the
model level. Thiswould be great, but the tools to develop model-level debuggers are not available
(vet, we hope). Therefore code needs to be debugged at the source code level and having readable
generated code really helps.

The third reason for generating clear code is that we do not generate everything. We support a
mixed-mode development where devel opers write both models and code to extend the generated
code. It is easier to extend generated cod when thisis readable.

e Generated code is strictly separated from handwritten code, in other words the model is al-

ways leading and code is always regenerated from the model whenever the model changes.

To ensure that generated code never needs to be overwritten the generated code is designed and
generated with so-called extension points. These extension points are the only places where hand-
written code may be placed. In most cases an extension point is in a file separate from the gener-
ated code. To help the developer a first empty extension point file is usually created. Extension
points are regenerated as long as no handwritten code has been added. Once handwritten code has
been added an extension point is not regenerated anymore.

* Mod4j supportsincremental code generation. Code is generated on a per model file basis. Ef-

fectively whenever amodel file is saved the code for this model file is generated automatically in
the background. There is no need for a separate code generation step. This code generation step
uses the standard Eclipse build structure. If the option 'build automatically' is set code generation
will take place automatically. If afull build is requested all code will be regenerated. This allows
Eclipse users to work with models in the same way as with source code (i.e. Java classfiles).

» Automatic builds through Maven. Mod4j includes a Maven plugin that support the code gener-

ation process in batch mode. Thisis used to run automatics builds based on the models. Thereis
no need to checkin generated source code, just as there is no need to checkin compiled Java
classes.

Modeling Principles

Modeling in Mod4j is guided by a set of principles:

» The goal of a modél is to generate code. Thus, everything in a model is used in some way to

generate code. We don't do modeling for the sake of modeling.
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* Model and code live side by side. That is, we do not focus on 100 percent code generation. In-
stead we focus on modeling aspects from which as much code as possible can be generated. At
the same time we keep using code for aspects that are as much work in code as they are in a mod-
el. Given the time constraints that we all have, we start with the modeling concepts that give the
best ratio of model-to-code.

» DSL"sand DSL models areindependent of each other. They may reference through soft refer-
ences, but are never hard-linked to each other. This alows both DSL models and DSL s to be de-
veloped separately. It aso alows version and multi-user management by common tools as CVS
or subversion.

* DSL Modelsare and remain small. We do not need to handle huge models because models are
aways divided into small, independent parts which we call DSL models. The relationship
between those DSL models is done by symbolic integration of the models. See the section on
Crosx.

2.2. Code Generation Patterns

2.2.1.

The code generated by mod4j is designed to be extensible by handwritten code. This provides the
developer with maximum flexibility. These so-called extension points are designed in such a way
that a developer never needs to overwrite generated code, he always extends it. This ensures that
code can always be regenerated keeping the model as the source for development during the lifetime
of an application.

This section describes code generation patterns that are used in the various code generators.

Generation Gap Pattern

The Generation Gap pattern is described a ht-
tp://www.research.ibm.com/designpatterns/pubs/gg.html by John Vlissides. The main asopects of
this pattern are:

2.2.1.1. Intent

The intent of the pattern is to be able to modify or extend generated code just once no matter how
many timesit is regenerated.

2.2.1.2. Motivation

Having a computer generate code for you is usually preferable to writing it yourself, provided the
code it generates is * correct, * efficient enough, * functionally complete, and * maintainable. The
problem istwofold:

 handwritten code may get lost when re-generating code from a model

 generated code may sometimes not do exactly what is needed

2.2.1.3. Solution

Separate the handwritten and generated code in separate classes / files. Generate an abstract base
class that contains all code that is generated. Generate an empty subclass in a separate file. In this
way the generator may aways regenerate the base class with all generated code, while it will never
regenerate the subclass file with handwritten code.

The handwritten subclassfile is used for two purposes:

 Extend the generated code in the base class with things that cannot be generated from the model.

3
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In this case the base class usually defines something like an abstract method such that this must
be defined in the handwritten file

» Overwrite amethod in the generated base class. This allows a developer to overrule the generated
code. The system depends to a great extent on assumptions about the generated code. Therefore
the developer should be intimately aware of the consequences and only use this in exceptional
cases.

The generation gap pattern is used at several places within Mod4j. It is awell known pattern in Java
code generation and allows for a clear separation of generated and handwritten code. Code genera-
tion for a Java class or java interface is done in two parts. An abstract base class is generated which
contains al the generated code. An empty concrete subclass is generated, in which handwritten code
should added.

The generator will always regenerate the abstract base class. The generator will only generate the
empty subclassiif it has not been manually changed. In this way handwritten code is never overwrit-
ten by the code generator.

The solution is shown in Figure 2.1, “ Generation Gap Pattern applies to Java Classes’.

Figure 2.1. Generation Gap Pattern appliesto Java Classes

Contains all
generated code

Empty class in which all ‘

z=ghstract==
BaseClass

handwritten code is added,
acts as extension point

<< gxfension point==
EmptySubClass _|

Only generated if it is
not manually changed

For Spring configuration files the generatuion gap pattern looks slightly different because we cannot
use inheritance. Instead we generate two confuguratioon files, one which has al generated
infQormation, one which is used to contain handwritten configuratioin information. A third config-
uration file glues both of these together by referring to both of them. This is shown in figure Fig-
ure 2.2, “Generation Gap pattern applied to Spring Configuration files’

Figure 2.2. Generation Gap pattern applied to Spring Configuration files
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Empty configuration file inwhich
handwritten configuration is added

Caontains all generated
canfiguration infarmation

<=configuration== <=configuration=:=
applicationContextBase.xml applicationContext.xml

1]

{ﬁconfiguration#
beanRefContext.xml

Configuration file referencing bath the
generated and the extension paint

There are afew properties of this solution that we need to be aware of:

1. The empty subclass isn't completely empty. It needs to include the public constructors from the
base class with a calls to super(). This means that whenever the generated constructors change,
the constructors in the subclass will be outdated.

2. When the abstract base class is not generated anymore, the empty subclass will become superflu-
ous. It refers to a non-existing base class. The java compiler will flag this as an error, and the de-
veloper needs to remove the subclass by hand.




Chapter 3. The Mod4j Eclipse
environment

3.1. Mod4j Project

3.1.1.

3.1.2.

3.1.3.

3.1.4.

3.1.5.

Mod4j models reside within an Eclipse Mod4j project. A Mod4j project has several characteristics.
First of all, such a project has a Mod4j nature, which tells Eclipse that this project contains Mod4j
DSL models. This nature triggers the Eclipse build system to run on the model units in this project.
Mod4j model files must reside in a Mod4j project

Mod4j New Project Wizard

To create a Mod4j project you can use the Mod4j Wizard. You can find this under the menu option
File ==> New ==> Project ... ==> Mod4j ==> Mod4j Project. You can then define the project
name and the project location. Within a Mod4j project the folder src/model is special. All Mod4j
models must reside within this folder. The default structure below this folder is to make sub folders
for business domain models, data contract models and service models.

Mod4j New Model Wizard

Once e Mod4j project has been created you can create a new Mod4j model through the menu option
New ==> Other... ==> Mod4j ==> Mod4j <DSL name> Model File. Make sure you create the
model filesinside the src/model folder, or they will beignored.

Mod4j Model Editors

Once a Mod4j model is created it can be opened in the special model editor by double clicking it.
The model editors use syntax highlighting for keywords, where the color of the keywords matches
the color of the layer in the architectural overview. Each editors has a different keyword color. This
helps you to quickly know which type of model you are editing.

The model editors also have code completion, which is of course triggered by tye default Eclipse
key combination Ctrl-SPACE. Errors in the models are displayed in the Eclipse Problem View,
thus working as expected in Eclipse.

Mod4j FileTracker View

For each model unit code is generated in a number of different files that may reside inside different
foldersin projects. It is rather cumbersome to navigate through the different projects to find the files
that are generated. the FileTracker view, which can be shown by the menu option Window ==>
Show View ==> Other ==> Mod4j ==> Mod4j FileTracker. The FileTracker view shows a tree
with al model files. Under each model file the list of files generated from the specific model is
shown. A generated fiole may be shown with a small G in the right lower corner, which indicates
thatb this is a generate3d file that will always be overwritten. Files without the G are extension
points and may be changed by hand. As lomng as these files are not chnaged by hand they will be
rfegenerated. When such afile is changed, manually the Mod4j builder will recognize this and will
not ovverwrite such afile.

Double clicking on the model file or on a generated will directly open the file, provided that the
project in which the file resides is available as an Eclipse project in your workspace. For new
projects you first need to import the different projects as described in Chapter 4, Mod4j Code Gen-
eration.

Mod4j CrossX View




The Mod4j Eclipse environment

As described in Chapter 5, CrossX, the connection between the different models in different filesis
supported by the CrossX component. To view the contents of the CrossX broker you can select
Window ==> Show View ==> Other ==> Mod4j ==> CrossX. For normal usage of Mod4j, the
CrossX View is not needed. Irt becomes useful when you are developing your own DSL and need to
check whether the right symbols are exported to CrossX from your DSL.

Double clicking on the model file will directly open the file, provided that the project in which the
file residesis available as an Eclipse project in your workspace. For new proejcts you need to import
the different projects as described in Chapter 4, Mod4j Code Generation.




Chapter 4. Mod4] Code Generation

4.1. Structure of Generated Code

Code generation in Mod4j follows a well-defined structure, which is derived from the layers in the
application architecture.

From the various modelsin Mod4j code is generated to so-called modules. Each module represents a
layer of the architecture.The names of the modules are derived from the application name. For ex-
ample, if the application name is RecordShop the modules used in Mod4j are:

* RecordsShop-dsiModels: this is the project that contains all of the the Mod4j models., No code is
generated into this project.

* RecordShop-domain: this project contains code for the domain layer of the architecture. Code is
generated from the business domain DSL.

» RecordShop-data; this project contains code for the data layer of the architecture. Code is gener-
ated from the business domain DSL.

» RecordShop-business: this project contains code for the business layer of the architecture. Code is
generated from the service DSL.

* RecordShop-service: this project contains code for the service layer of the architecture. Code is
generated from the data contract and service DSLs.

 RecordShop-presentation: this project contains code for the presentation layer of the architecture.
Code is generated from the presentation DSL. Note that the presentation DSL is not part of the
1.0.0 release of Mod4j.

Each modules is a Maven module and includes a Maven pom.xml file that describes the build struc-
ture of the module. The location of the modules is defined in the Mod4j.properties files which is de-
scribed in Section 4.2, “ Tuning the Code Generation Properties™.

The structure of the modulkes in the filesystem is important, because all of the modules need to use
the same parent pom.xml file. The stuctureis asfollows:

mai n- f ol der

pom xm -- the parent pomfor all nodul es

Recor dShop- dsl Model s
pom xm

Recor dShop- donai n
pom xmi

Recor dShop- dat a
pom xmi

Recor dShop- busi ness
pom xni

Recor dShop- servi ce
pom xm

Recor dShop- present ati on
pom xm

The project can be built by running maven (mvn clean install) in the main-folder.

To work with the generated modules in Eclipse Mod4j uses the Eclipse plugin Q4E. The gde plugin
allows an Eclipse user to import maven projects as Eclipse rpojects. It takes care of keeping all Ec-
lipse settings in sync with the pom.xml file. The getting started guide om the Mod4j project site de-
scribes how to isntall g4e and how to run maven on a newly created project.
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Warning

Within Eclipse the default location of projectsis directly in the workspace folder. The coin-
sequence of this is that the parent pom for a Mod4j project will reside in the workspace
foOlder. This becomes a problem when you are working with more than one Mod4j project.
The parent pom for each of the Mod4j projects will have the same location. To avoid these
promblems, we advise to create Mod4j projects outside the Eclipse workspace.

4.2. Tuning the Code Generation Properties

Inside the src/model folder of the Mod4j project a file named mod4j.properties is generated by the
new mod4j project wizard. This files contains a number of properties that can be used to tune the
Mod4j code generation. Thisfile has a number of sections which are explained below.

Application properties
Default encoding for generated XML files
fil eEncodi ng=UTF- 8

The name of the application

appl i cat i onName=Recor dShop

The version of the application, thisis used by Maven

appl i cati onVer si on=1. 0- SNAPSHOT
The main location of the project, this has only be t3esteed wth the value "..", be awars of any other
value you use.

appl i cati onPat h=. .

The name of the root package for the generated code.

r oot Package=or g. conpany. r ecor dshop
The folder where Java sources are (re)generated. Files generated in this folder are always regener-
ated, thus they shuld never be changed by hand. Aslo, there is no need to checkin these generated
filesin SVN or other version control system. The files are regenerated anyway by both the Eclispe
and the Maven buidelr.

srcGenPat h=gener at ed- sour ces
The folder where resources are (re)generated. This has the same function as the srcGenPath, but for
non Javafiles.

r esour ceGenPat h=gener at ed- r esour ces

The folder where Java extension points are generated. These are the Java files where code may be
added by hand. Any file changed after generation will not be regenerated. From this folder all manu-
ally chnaged files need to checked in, unchanged files should not be checked in.

srcManPat h=sr ¢/ mai n/ j ava




Mod4j Code Generation

The folder where non-Java extension points are generated. Works identically to srcManPath .

r esour ceManPat h=sr ¢/ mai n/ r esour ces

Dsl Models properties

The name of the module that contains the Mod4j models.

dsl Model sMbdul eNane=Recor dShop- dsl Model s

Domain module properties

The name of the module that contains the code for the domain layer.

domai nMbdul eNane=Recor dShop- donai n

The name of the root package for this module

domai nRoot Package=or g. conpany. r ecor dshop. donai n

Data module properties

The name of the module that contains the code for the data layer.

dat aMbdul eNane=Recor dShop- dat a

The name of the root package for this module

dat aRoot Package=or g. conpany. r ecor dshop. dat a
Indicated whether a new database schema should be created. The value create that a new database
schema is always created. The value update means that only changes in the database schema are

generated.
hi ber nat e. hbn2ddl . aut o=updat e

The Hibernate mapping strategy for inheritance. There are two possible values.

#hi ber nat e- mappi ng. i nheritance. strategy=[tabl e. per.concrete.class|table.p
hi ber nat e- mappi ng. i nheritance. strategy=tabl e. per.concrete. cl ass

The name of the class that generates the id for objects. Vaue native indicated that the id generator
of the underlying database is used.

hi ber nat e- mappi ng. cl ass. i d. generator. cl ass=nati ve

Business module properties

The name of the module that contains the code for the business layer.

busi nessModul eNanme=Recor dShop- busi ness

The name of the root package for this module.

10



Mod4j Code Generation

busi nessRoot Package=or g. conpany. r ecor dshop. busi ness

Service module properties

The name of the module that contains the code for the service layer.

servi ceModul eName=Recor dShop- servi ce

The name of the root package for this module.

ser Vi ceRoot Package=or g. conmpany. r ecor dshop. servi ce

Presentation module properties

The name of the module that contains the code for the presentation layer

present ati onMbdul eNane=Recor dShop- present ati on

The name of the root package for this module.

pr esent at i onRoot Package=or g. conpany. r ecor dshop. present ati on

11



Chapter 5. CrossX

Each model file is edited and processed seperately. However information from one model file is of-
ten needed in another model file. To support the inter model referencing and validation we de-
veloped a speciifc component called CrossX. CrossX acts as a symbol table for model information.
Each model exports symbolic information about a subset of its model elements to CrossX. Whenev-
er areference to amodel element in another model is neede thisislooked up in CrossX.

CrossX isintegrated into the Mod4j Eclipse builder. When the CrossX builder is called on a model
fileit will extract the CrossX information from the model file. Thisinformation is stored in memory
in the CrossX broker. It keeps track of which resource information has come from. If a model file
changes, the information from that model files is replaced by the newly exported information.

The CrossX information is also stored in a .crossx file. These files are used to initialize the CrossX
broker at Eclipse startup, to ensure that not all models need to be processed again.

The CrossX View can be used to examine the contents of the CrosssX broker inside Eclipse. If it
shows empty you need to rebuild your project (see issues below) CrossX will only process projects
that have a Mod4j nature.

Users of Mod4j will ususally not need to do anything wth CroissX, it quietly does its work in the
background. For developers of CrossX it isimprtant to understand the inner working, which will be
described in the developer guide.
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Chapter 6. Business Domain DSL
Reference

This chapter provides a description of all the concepts in the Business Domain DSL. Each concept is
described by a definition which explains the business meaning of the concept, and a description of
the code generated for the concept.

The Business Domain DSL isintended to be used for modeling the domain model of an application.
De Business Domain model consists of all domain classes, as understood by the business expert.
Technical aspects do not belong in Business Domain models.

Figure6.1. Business Domain DSL generation for each Domain Class

BusinessClass Person[ ... ]

Domain | Data |
Generated Generatad
1
Pers onlmpIB as e.java ‘ PersonDaoBase java
A

Pers onExample.java ‘

Pers onDaolmplB as e.java Pers on.hbmcml

PersonDao.java I ‘

Pers on.java ] f
PersonDaclmpl.java

Fxtansion Points Extension Paints

Asyou can seein the figure, eight files are generated for each domain class. At the domain level the
generation gap pattern is used to generate two files. At the datalayer a Dao class aways has a separ-
ate interface. To allow manual additions, a double generation gap pattern is used where both the in-
terface and the class can be extended. Next to the Java files a Hibernate mapping file is generated
containing the mapping for the specified class.

To support the Hibernate query by example functionality the PersonExample class is generated. The
Person.java class has its validation turned on, even when the constructor is called. This supports the
rule in the application architecture that an object must always be valid. For the query by example
functionality the example object does not need to be avalid domain object. The purpose of the Per-
sonExmplejava class is to turn off the validation in the constructor,. This example class is only to
be used for the query by example functionality.

For a business rule two files, foOllowing the generation gap pattern are generated. Thisis shown in
figure Figure 6.2, “Business Domain DSL generation for a Business Domain model.”.

Figure 6.2. Business Domain DSL generation for a Business Domain model.
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Rules [ RuleName; ]

Domain |

Generated

RuleMamelmpIB as e.jau:lj

RuleName.java ‘

Extension Points

For the model as awhole, several files are generated as well, independent of the number of business
classesin the model. Thisis shown in the following figure.

Figure 6.3. Business Domain DSL generation for a Business Domain model.

DomainModel Customers

Domain | Data |
Generated J IGenerated

pom.xml J poem.xml

GenericEnumUserTyp e.java

applicationContextBase xml ‘

heanR efContext.xml ‘ I

ap plicationContext.xml

Extenson Points Extension Points

The remainder of this chapter describes the concepts as they are defined in the language and how
they can be used to specify a business domain model.

6.1. Domain Class
6.1.1. Definition

cl ass Person |
/1 properties go here ...
/1 rules go here ...

14



Business Domain DSL Reference

A Domain Class describes something that has a specific meaning in the business domain being
modeled. In the system being modeled instances of domain classes will be created.

A domain class has properties (also called attributesin e.g. UML) of different types.

A domain class also contains business rules, that specify the conditions that an instance of the class
needs to conform to.

6.1.2. Generated code

For adomain class code is generated for both the domain and the data layer of the architecture.

6.1.2.1. Domain Layer

In the domain layer code is generated according to the generation gap pattern (Section 2.2.1,
“Generation Gap Pattern”). For each domain class two Java classes are generated. The first Java
classis an abstract base class containing all generated code for the domain class. All code generated
for properties, associations and validation of attribute constraints and business rules is placed inside
this class.

The second class generated is an empty (except for constructors calling super () ) class which sub-
classes the first class. This empty class is what we call an extension point file, where manual code
may be added. This extension class is generated once and not overwritten, which ensures that all
handwritten code is maintained at all times.

Figure 6.4. Generation Gap pattern applied to the Domain L ayer

Contains all j
enerated code
<=zgbstract== J

PersonimplBase

Empty class in which all J

handwritten code is added

Person

Cnly generated if it is
not manually changed

6.1.2.2. Data Layer

In the data layer a number of filesis generated.

* A hibernate mapping file is generated for each domain class.
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» Spring configuration files are generated (beanRefContext.xml and applicationContextbase.xml)
for the application as awhole. This is done using the spring variant of the generation gap pattern
as described in Section 2.2.1, “ Generation Gap Pattern”

» A Dao (Data Access Object) is generated. The dao normally consists of one interface and an im-
plementing class. To get a clean separation of generated and handwritten code both of these use
the generation gap pattern. The result for a class called Person is shown in figure Figure 6.5,
“Generation Gap pattern applied to the Data Layer”. Note that this is another instance of the gen-
eration gap pattern as described in Section 2.2.1, “ Generation Gap Pattern”.

Figure 6.5. Generation Gap pattern applied to the Data L ayer

Empty interface inwhich aditional
method can be added by hand

Contains all generated
interface methods

z<zinterface== <<zinteface==
PersonDacBase Q PersonDao

<<abstract=> {|— PersonDaolmpl
PersonDaolmplBase v

Empty class inwhich
handwritten code is added

iContains all
generated code

6.2. Inheritance

cl ass Customer inherits Person |
/! additional attributes go here ...
/] additional rules go here ...

A domain Class may inherit from another domain class. All attributes, associations and rules
defined for the class from which it inherits are applicable to the subclass as well.

A domain class may inherit from one class at most, multiple inheritance is not supported.

6.2.1. Generated code

For inheritance domain class code is generated for both the domain and the data layer of the archi-
tecture.

6.2.1.1. Domain Layer

In the domain code is generated to ensure that inheritance is part of the Java class structure as well.
That is, inheritance is mapped onto the Java extends .
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6.2.1.2. Data Layer

In the data layer code is generated in the hibernate mapping files using the hibernate support for in-
heritance.

In the Dao package, a regular Dao Java file is generated. There is no inheritance relationship
between the class and its superclass in the Dao code. The Dao files contains methods for accesing
the database as shown below.

public interface CustomerDaoBase {
Customer retrieve(Long id);
Cust omer add( Cust omer object);
Cust omer updat e( Cust omer obj ect);
voi d del et e(Cust onmer object);
Li st<Customer> listAl();
} Li st <Cust oner > fi ndByExanpl e( Cust orrer Exanpl e exanpl e);

The generated code includes full Javadoc, which has been left out in the above example to save
space.

6.3. Attributes
6.3.1. Definition

Attributes are part of a domain class and defined within the scope of their class. The example class
person looks as follows.

cl ass Person [
string nane; default "the default nane"
m nl ength 3 naxlength 10
regexp "~ A-Za-z0-9. %-]+@A-Za-z0-9.-]1+\\.[A-Za-z]{2, 4} %"

nul | abl e ;
i nteger nunber O Ears; /1 optional constraints
dat eti me birthdate; /1 optional constraints
deci mal | ength; /1 optional constraints
"Description of the isMvale attribute"
bool ean isMal e; /1 optional constraints

/1 rules go here ...

An attribute describes a characteristic of a domain class. Attributes always has a defined type, which
can be integer, string, decimal, boolean, datetime or an enumeration defined in the domain model.

Each attribute can have a description, which is placed directly before the attribute definition within
double quotes. In the example only isMale has a description.

For each attribute additional constraints can be specified. In th above example minlength, maxlength
and regexp are such constraints. For each attribute type the possible constraints are defined in the
following sections.

Each instance of a domain class has its own values for each attribute. These values always need to
conform to al the rules specified for the domain class.

6.3.2. Generated code

For an attribute code is generated for both the domain and the data layer of the architecture.

As described before code is generated in the domain layer according to the generation gap pattern.
For each domain class an abstract base class is generated. This abstract bases class contains a field
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for each attribute and getter and setter methods to access the attribute.
The description of an attribute is used to generate Javadoc comments in the code for the attribute.

If the there are constraints specified for the attribute in the model, validators for the attribute are also
generated. Code is also generated to automatically call these validators whenever the value of the at-
tribute has changed, e.g. when calling the setter method. Whenever an attempts is made to change
the value of a attribute that will break a constraint, a BusinessRulevalidation exception is thrown
and the value of the attribute is not changed.

If an attribute is not nullable and has no default value (see next sections for an explanation of nul-
lable and default value), the attribute is added as a parameter to the constructor of the class. This en-
sures that an object of this class will always be correct.

6.3.2.1. String Attribute

A string attribute is completely denoted as shown below. Note that all constraints (after st ri ng
nane) are optional.

"A readabl e description of this attribute
string nane
default "the default nane"
m nl ength 3
maxl ength 10
relgiaxgI "N A-Za-z0-9. _%-]+@A-Za-z0-9. -] H\\ . [A-Za-z] {2, 4} $"
nul | abl e ;

Each string attribute has a number of optional properties,. The order of the properties is fixed as
shown above. These properties act as constraints on the value of the attribute and are explained be-

low..

default Defines the default value of this attribute. This value is assigned
when the object is being created. The value may be changed
later onin the objects lifetime.

minlength Defines the minimal number of characters of this attributes
value.

max|enght Defined the maximum number of characters of this attributes
value. The value of maxlength must always be higher or equal to
value of minlength..

regexp Defines the format of the attributes value through a regular ex-
pression. The syntax of the regular expression is defined by the
Javaregular expressions.

nullable The nullable property specifies that this attribute does not have

to have avalue. If nullable is not specified, the attribute must al-
ways have a defined value..

6.3.2.1.1. Generated code

A String attribute is implemented by a Java Sring field. Apart from the generic code generated for
each property no additional code is generated for a string attribute.

6.3.2.2. Boolean Attribute

A boolean attribute is completely denoted as shown below

"A readabl e description of this attribute"
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bool ean fi xed
default "true"
nul | abl e ;

Each attribute can have a description, which is places directly before the attribute definition. Each
boolean attribute has a number of optional properties, as shown above. The order of the propertiesis
fixed. These properties act as constraints on the value of the attribute and are explained below..

default Defines the default value of this attribute. This value is assigned
when the object is being created. The value may change later on
in the Objects lifetime.

nullable The nullable property specifies that this attribute does not have
to have avalue. If nullable is no specified, the attribute must al-
ways have adefined value.

6.3.2.2.1. Generated code

A boolean attribute is implemented by a java Boolean field. If the boollean attribute is not nullable
the getter and setters use a Java boolean, if the attribute is nullable the getter and setters use a
Boolean.

6.3.2.3. Integer Attribute

An integer attribute is completely defined as shown below

"A readabl e description of this attribute"
i nteger nunber O St eps

default 12

nmn4

max 32

nul | abl e ;

A integer attribute has a number of optional properties, as shown above. The order of the properties
isfixed. These properties act as constraints on the value of the attribute and are explained below..

default Defines the default value of this attribute. This value is assigned
when the object is being created. The value may change later on
in the Objects lifetime. If the min and/or max properties are spe-
cified the default value must conform to these properties.

min Defines the minimal value of this attribute.

max Defines the maximum value of this attribute. The value of max
must always be greater or equal to the value of min.

nullable The nullable property specifies that this attribute does not have
to have avalue. If nullable is no specified, the attribute must al-
ways have a defined value.

6.3.2.3.1. Generated code

An integer attribute is implemented by a java Integer field. If the attribute is not nullable the getter
and setters use a Javaint, if the attribute is nullable the getter and setters use an Integer.

6.3.2.4. Decimal Attribute

An decimal attribute is completely defined as shown below
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"A readabl e description of this attribute"
deci mal percentage

default 12

mn 4

max 32

nul | abl e ;

A decimal attribute has a number of optional properties, as shown above. The order of the properties
isfixed. These properties act as constraints on the value of the attribute and are explained below..

default Defines the default value of this attribute. This value is assigned
when the object is being created. The value may change later on
during the objects lifetime.

min Defines the minimal value of this attribute.

max Defines the maximum value of this attribute. The value of max
must always be greater or equal to the value of min.

nullable The nullable property specifies that this attribute does not have
to have avalue. If nullable is no specified, the attribute must al-
ways have adefined value.

6.3.2.4.1. Generated code

A decimal attribute is implemented by a java Float field. If the attribute is not nullable the getter
and setters use a Javafloat, if the attribute is nullable the getter and setters use a Float.

6.3.2.5. Datetime Attribute

A datetime attribute is completely defined as shown below

"The day on which it all started"
datetinme day started

default 4

nul | abl e ;

A datetime attribute has a number of optional properties, as shown above. The order of the proper-
ties is fixed. These properties act as constraints on the value of the attribute and are explained be-

low..

accuracy Defines the accuracy of the datetime attribute. The possible val-
ues are year, month, day, hour, minute, second, millisecond. In
the above exampl e the accuracy is defined as day.

default Defines the default value of this attribute.

nullable The nullable property specifies that this attribute does not have

to have avalue. If nullable is no specified, the attribute must al-
ways have a defined value.

6.3.2.5.1. Generated code

A datetime attribute is implemented by ajava org.joda.time.DateTime field.

6.4. Enumerations

An enumeration defines a data type which can be used as the type of an attribute of a domain class.
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The enumeration definition includes a list of all enumeration values. The example below shown an
enumeration definition.

"The severity |level of a custoner problent
enuner ati on SeveritylLevel |

Low = 1;
Mddle = 2;
Hi gh = 3;

The"= 1" defines the numeric value that is used for the enumeration literal in the code and the data-
base. Thisis mandatory, because it is often neccesary to retain previous values when you need to ad-
dress existing encoding schemes for enumerations, or when you are adding enumeration literals dur-
ing development.

Generated code

For en enumeration a Java enumtype is generated.

6.5. Business Rules

6.5.1.

A domain class may include business rules. Note that the concept of business rule here is limited. In
this context a business rule is a rule that should be true at al times for every object of the given do-
main class.

Other rules, for example one that trigger something when a certain condition is met, are not covered.

cl ass Sanpl ed ass |

/] attributes go here ...

/1 rules go here ...

rules |
"Afirst rule"
nmust BeVal i d;
"A second rule"
i sOriginal;
"a uni que rule"
uni que namesUni que [ firstnane, |astnanme ]

There are two types of business rules that can be model ed.

The first type of business rule has a name only in the model. The actual implementation of the rule
must be written in Java as an extension to the generated code. This type business rules are validated
in the order they were declared. So in the Sample class above, first the "mustBeValid" rule will be
validated and after that the "isOriginal” rule.

The second type of rule is a uniqueness rule, which is indicated by the unique keyword. A unique-
ness rule specifies that the combination of values of one or more attributes of the class must be
unique at all times. The names of the attributes are specified between brackets after the name of the
rule.

Generated code

For a business rule an abstract method with the name of the rule returning a boolean value is gener-
ated in the base class. This ensures that the developer must provide an implementation in the empty
subclass.

The first time the empty subclass is generated an empty method implementing the abstract method
from the base class is generated. This method returns true and contains a TODO comment to remind
the developer he needs to implement the rule.
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The handling of the rulesis completely generated. This means that the rule will be called and valid-
ated whenever the object changes. If the rule is broken, a BusinessClassException is created and
thrown. Developers do not need to handle these errors themselves.

See the generation gap pattern on how thisis done in the code

6.6. Associations

Thefinal part of adomain model defines all the relationships between the domain classes.

associ ati on Custoner custoner one <-> many Order orders ;

associ ati on Order or der one -> many OrderLine orderlLines ordered,;
associ ati on OrderLine orderline many -> one Record record ;

associ ation Record records many <-> many Arti st contributors ;

This example shows one bidirectional association, which uses the <-> syntax and one unidirectional
association using the -> syntax.

The qualifiers one and many denote the multiplicity of the association at the side of the object
closest toit.

The ordered keyword states that the association is ordered (not sorted!). The order edkeyword can
only occurr at the target (righthand side) of an association. This means that each element has an in-
dex in the relation to the source (left hand side) element. Ordered associations are currently restric-
ted to unidirectional associations only.

6.6.1. Generated code

Associations are a powerful mechanism and require careful handling in the code. For bidirectional
associations the generated code ensures that both sides will always be updates consistently whenev-
er one of the sidesis changed.

6.6.1.1. Generated Code for the Domain Layer

On the domain layer the code is generated in the Java base class to store the references to objects at
the opposite side of an association. For associations with multiplicity 0 or 1 thiswill be afield of the
type at the opposite side, for associations with multiplicity greater than 1 this will be afield of type
Set<opposite type>.

Next to these fields methods are generated to change these fields. For a single valued field asimple
setter and getter is generated.

For multivalued fields adding or deleting elements from the collection should always be done by the
object owning the collection. We cannot simply generate getter and setter methods, because changes
in the collection can be done without the object knowing it, and the object cannot guarantee consist-
ency with the opposite objects.

To resolve this problem we generate methods addTo..., removeFrom... for the collection in the own-
ing class. For the Customer class in the above example we generate the addToOrders() and remove-
fromOrders() methods. The getter methods returns an Unmodifiable collection to guard the client
from changing the collection.

For an ordered association a List is used instead of a Set, and additional addTo... and removeFrom...
methods are generated to allows additioOns and removal based on the index.

public abstract class Customrerlnpl Base {
/**

* orders: One 2 Many Bidirectional: The custoner has a nunber of orders
*/
private Set<Order> orders = new HashSet <Order>();

22



Business Domain DSL Reference

/z*@eturn orders (Set<Order>)
pu{::I ic Set<Order> getOrders()
| **
: | mpl enent s addi ng single element to a collection
pu{JI ic void addToOrders(Order el enent)
| **

* | nplenments renoval of a single elenent fromfeature
*

* @ar am el enent
*/
public void renmoveFronOrders(Order el enent)

To support the consistency of the two sides of an association we always have to update the other
side whenever something changes. We cannot ssmply call the other sides update methods, because
they will call their opposite side in turn and we end up in an infinite loop.

To solve this problem we use specia that are only used to update the opposite side. All the methods
are generated with 'z_internal' as prefix. These methods are public because they must be callable
from the opposite class. These methods should never be used for anything else.

public abstract class Customerlnpl Base {
/**

* This operation should NOT be used by clients. It inplements the correct
* addition of an elenment in an association.
*

* @ar am el enent
*
/
public void z_internal AddToorders(Order el ement) {
/**

* This operation should NOT be used by clients. It inplenments the correct

* renpval of an element in an associ ati on.
*

* @ar am el enent
*/
public void z_internal RenoveFronorders(COrder el enent)
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Reference

This chapter provides a description of all the concepts in the Data Contract DSL. Each concept is
described by a definition which explains the meaning of the concept, and a description of the code
generated for the concept.

7.1. Data Transfer Object (DTO)

The central concept in the Data Contract DSL is the Data Transfer Object, or DTO. A DTO isa
value object that carries data only. The purpose of aDTO isto be able to send data to back and forth
to and from clients.

Clients communicate with domain objects through services. The services and the service methods
are defined by using the Service DSL. The DTO objects define the in- and out parameters for the
service methods.

There are severa types of DTOs. A customDto isa DTO that may have any attributes. A Business-
ClassDto represents the data of a domain object as defined in the Business Domain DSL. A ListDto
defines a collection of other DTOs. All these variants are described in detail below.

7.2. Custom Dto

7.2.1.

1.2.2.

custom Exanmpl eDt o |
string descri ption;
i nteger anount;
dateti me deliverydate;
decimal price;
"Description of the isCk attribute"
bool ean isCk;

A custom dto has attributes of different types, corresponding to the types of attributes in the busi-
ness domain DSL.

Attributes

DTO Attributes are part of a DTO and defined within the scope of their DTO. The example custom
DTO personDto looks as follows.

An attribute describes afield of a data transfer object. Attributes always have a defined type, which
can be integer, string, decimal, boolean or datetime.

Each attribute may have a description, which is placed directly before the attribute definition within
double quotes. In the example only isOk has a description.

Contrary to domain classes in the Business Domain DSL, attributes of a DTO have no constraints
associated with it.

Generated code

For a custom dto a Java class is generated which contains the attributes as protected fields with get-
ters and setters.

Thefields in data transfer objects are aways nullable, therefore the field types in the generated code
are always real objects. This meansthat Integer, Float, Boolean are used as field types for the attrib-
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utes of type integer, decimal and boolean.

The description of an attribute is used to generate Javadoc comments in the code for the attribute.

7.3. Class Dto

A class DTO isa DTO that represents the data of a domain class from the Business Domain DSL.
As a consequence, the attributes that are allowed within a class dto must map 1-to-1 to attributes of
the corresponding domain class.

from Recor dShopDomai nMbdel i nmport Customer ;

class Sinpl eCustonerDto represents Custoner |
/] attributes go here
]

A class dto always declares the domain class that it represents as its base class. This domain class
must be defined in a Business Domain model. To ensure that the domain classisin scope it must be
imported first from its business domain model. Import statements are always at the top of a data
contract model.

class Sinpl eCustonerDto represents Custoner |
name;
nunber O Ear s;
bi rt hdat e;
| engt h;
"Description of the isMale attribute"
i sMal e;

Attributes of a class dto must have the same names as attributes in the represented domain class. Not
every attribute has to be there, allowing a class dto to contain a subset of attributes from the domain
classit represents.

The type of the attributes is derived from the type of the corresponding attribute in the domain class
in the business domain model. Therefore it is not specified in the data contract model.

cl ass Sinpl eCustonerDto represents Custoner |
/1 attributes go here

references |
orders as O der Nunber AndDat eLi st ;
]

A domain class may take part is associations as defined in the business domain model. A class dto
may represent such an association as well. There are restrictions on represented associations. The
main restriction is that only one side of an association is represented as a reference. A Dto does not
support bi-directional associations.

The references are contained in the references block. The same rule that applied to attributes also
applies to associations. Only associations that are defined in the business domain model may be
used. The name to be used is the role name of the opposite class in the association definition.

The type of areference must conform to the type defined in the association in the business domain
model. There are two possibilities.

The association has multiplicity of maximum one. In this case the type of the reference must be a
class dto based on the domain class in the association.

If the association has a multiplicity larger than one, the type must be a ListDto that contains a class
dto that represents the domain class in the association.
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If you need a BusinessClassDto that represents all attributes from a BusinessClass, the following
shorthand will achieve this. It will by default add all attributes to the class dto.

class Full CustonmerDto represents Custoner

Using this shorthand only the attributes of the represented domain class are added, not the associ-
ations.

7.3.1. Generated code

For a class dto several files are generated.

First of all there is a straightforward Java class representing the attributes and references defined in
theclassdto.

Secondly a Trandator class is generated. This class contains two transdator methods to translate the

class dto to a domain class and vice versa. For example for the class dto Full CustomerDto the fol-
lowing two translator methods are generated.

public synchronized Custoner fronDto(final Full CustonerDto source,
Custoner target) throws Transl ator Exceptio

public synchroni zed Ful |l CustonerDto toDto(final Customer source);

In the fromDto() method the FullCustomerDto object must represent a valid domain object, other-
wise a Translator Exception is thrown.

7.4. List Dto

A List DTO defines alist of other DTO objects.

list CustomerlList contains Full CustonerbDto ;

This example shows the ListDto named CustomerList which contains objects of type Full Customer-
Dto.

7.4.1. Generated code

For a ListDto no specific classes are generated.

At all placeswhereaListDtoisusedin any DSL modd , the Java List classis used in the code.

7.5. Enumeration Dto

An enumeration defines a data type which can be used as the type of an attribute of a business class.
The EnumerationDto definition includes a list of al enumeration values. As with the Business-
ClassDto, this dto is connected to an Enumeration in the business class model. The example below
shown an enumeration definition.

enuner ati on SeveritylLevel Dto represents SecuritylLevel Enum |
The SecurityLevelEnum must be defined in a Business Class model and imported defines the nu-

meric value that is used for the enumeration literal in the code and the database. Thisis optional, but
useful when you need to address existing encoding schemes for enumerations.
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7.5.1. Generated code

For an enumeration dto a Java enum class is generated. Also, a trandator calss is generated with
method to trand ate the enumeration dto to its domain enumeration and vice versa.
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This chapter provides a description of all the concepts in the Service DSL. Each concept is de-
scribed by a definition which explains the meaning of the concept, and a description of the code
generated for the concept.

The central concept in the Service DSL is the Service Method. A service method used DTOs,
defined in a Data Contract Model (see chapter on Data Contract DSL).

8.1. Service

A service model defines a service, which may include service methods. There are multiple types of
service methods which are described in the following sections.

service Orders ;

/1 methods go here

8.1.1. Generated code

For a service two Java classes are generated. One service class in the service layer, which contains
all the service methods define in the service model. In the business layer a corresponding class is
generated, which includes the same method.

The class at the service layer uses DTO types as its parameters, thus making its interface compl etely
independent of the domain layer. The class at the business layer uses domain types. Typically the
implementation of a service method in the service layer tranglates its arguments to domain objects,
then calls the corresponding business layer method and translates the result back to DTO objects.

The generation of these service classes uses the generation gap pattern as described in Section 2.2.1,
“Generation Gap Pattern”. This allows the devel oper to add manual code when thisis needed.

For the service and business layers in the architecture Spring configuration files are generated. This
is done using the generation gap pattern as described in Figure 2.2, “ Generation Gap pattern applied
to Spring Configuration files’.

8.2. Service Method

A service method is method that is defined in the service model, but will be implemented by hand.
A method is defined by the keyword "method", followed by the name of the method. A method may
have zero or more input parameters and zero or one output parameter.

net hod addToOrders in [ OrderDto order;
Si npl eCust oner Dt 0 cust oner
out OrderDto;

8.2.1. Generated code

For a service method code is generated for service layer in the architecture. A service method results
in the generation of a corresponding Java method inside the service class.

As there is no knowledge of the functionality of a custom method, the implementation of a custom
method must nbe done by hand. The generation gap pattern is used on the service class to introduce
an extension point where this can be done.
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8.3. CRUD: Create, Read, Update, Delete ser-
vice methods

In a layered architecture certain types of service methods often occur in applications. Methods for
creating, reading, updating and deleting (CRUD) business abjects are often needed.

For this purpose the service DSL includes special methods which are indicated by their respective
keywords.

from Recor dShopDat aCont ract i nport Sinpl eCust oner Dt o;

create createCustomer for SinpleCustonerDto ;
read r eadCust omer for SinpleCustonmerDto ;
updat e updat eCustoner for SinpleCustonmerDto ;
del et e del et eCustomer for SinpleCustonmerDto ;

Because the Dto is defined in a data contract model it needs to be imported first. As these methods
are used for defining CRUD functionality for business objects the DTO used must be a class dto.

If you need al of the CRUD methods, you can use a shortcut to specify all four methods as follows:
from Recor dShopDat aCont ract i nmport Sinpl eCustonerDto ;
crud Sinpl eCustonerDto ;

In this case the names of the crud methods are derived from the name of the Dto and the domain
classit represents. In the above example the names will be createCustomer, readAsS mpleCustomer-
Dto, updateCustomer, and deleteCustomer. The read method has a slightly unappealing name, but
that's for a reason. If multiple CRUD's are defined with different Dto's representing the same do-
main class the name readCustomer would become ambiguous. The create, delete and uopdate meth-
ods have the SmpleCustomer Dto as one of their parameters and having these with different Dto's of
the same type will result in correctly working overloading. The read method nly has the id (of type
long) as parameter and cannot be overloaded.

8.3.1. Generated code

The CRUD methods have clearly defined meaning and are connected with the domain class they
work on through the class dto used. This allows the code generator to generate the full implementa-
tion of these methods on both the service and the business layer.

8.3.1.1. Service Layer

Within the service calss of the service model the rcrud methods are generated with the correct para-
meters and returnm values. For the example above thiswill be

/**
* Create a new Si npl eCust oner Dt o.
*
*  @ar am obj ect
* The Sinpl eCustonmerDio to create.
* @eturn the SinpleCustonmerDto created, possibly nodified during creation.
*/

public Sinpl eCustonerDto createCustoner(Sinpl eCustonerDto object);

/**

* Read an existing SinpleCustonerDto.
*  @ar am obj ect
The id of the SinpleCustonerDto to read.
@eturn
/

* % X

29



Service DSL Reference

public Sinmpl eCustonerDto readCustoner(Long id);
/**

* Update an existing SinpleCustonerDto.
*

*  @ar am obj ect
* The Si npl eCustonerDto containing the nodifications for the corres
* @eturn the SinpleCustonerDto updated, possibly nodified during update.

/

*

publ i c Sinpl eCust oner Dt o updat eCust oner ( Si npl eCust oner Dt 0o obj ect) ;

/**

* Del ete an existing SinpleCustonerDto

* @aramid

* The id of the SinpleCustonmerDto to del ete.
*/

public void del et eCust oner (Si npl eCust oner Dt 0 obj ect);

Additionally a full implementation of the crud methods is generated. In this implementation the Dto
parameters are first translated into domain objects, using the translator methods that have been gen-
erated by the data contract DSL. Then the service method on the business layer is called with the do-
main object as its argument. The result of the business layer service cal is then transformed back in-
to a Dto and returned.

The actual crud functionality is performed at the business layer, see next section.

8.3.1.2. Business Layer

In the business layer amethod is generated for a crud method which implements the functionality by
calling the appropriate method on the Dao in the data layer.

8.4. ListAll and Find Methods
8.4.1. Definition

A listall method allows you to get a list of all objects of a certain type. Be carefull when using this
method, it may result in very long lists..

listall allOrders for OrderDto

The above listall method defines a service method named allOrdersthat will get a list of all Order
objets represented as OrderDto objects.

find findOders for O derDto;

The above find method defines a service method that will find all Order objects that ook like the
OrderDto parameter. Thisis afind by example method. The resutl is aList of OrderDto objects that
correspons to the parameter.

8.4.2. Generated code

For both the listall and find methods a method in both the service layer and the business layer is
generated. As these methods deal directly with domain classes the functionality is fully generated.

8.5. Reference methods
8.5.1. Definition
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8.5.2.

Service DSL Reference

A reference method allows you to handle changing links between objects. The links between objects
are defined in de business class DSL as associations. A reference method can only be defined for a
DTO that represents a business class. There are severa types of reference methods. The add method
allows adds an object to an association, the remove removes an object from an association.

for SinpleCustonerDto reference orders add OrderDto ;

The above add reference method defines a service method that will add an Order object, represented
by an OrderDto, to a Customer object, represented as a SimpleCustomerDto.

for SinpleCustonmerDto reference orders renove O derDto;

The above remove reference method defines a service method that will remove an Order object, rep-
resented by an OrderDto, from a Customer object, represented as a SimpleCustomerDto.

for SinpleCustomerDto reference orders get ListOrderDto;

The above get reference method defines a service method that will get a collection of all Order ob-
jects, represented by an ListOrderDto, of a Customer object, represented as a SimpleCustomerDto.

Generated code

For reference methods a method in both the service layer and the business layer is generated. As
these methods deal directly with domain classes the functionality is fully generated.
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