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Domain-Specific Language Engineering

Specifically

e Design and implementation of a domain-specific language for
building web applications

Generally

o A systematic approach to designing domain-specific languages?
QOutline

e 0: The domain-specific language engineering experiment

e 1: Capturing programming patterns

e 2: Scrap your boilertemplate

e 3: More Sugar, please!
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Domain-Specific Language Engineering
(Introduction)



Domain-Specific Languages: The Momentum

Many approaches
e Domain-specific languages
e Model-driven architecture
e Software factories
e Language workbenches

e Intentional programming
One goal

e Programming at higher-level of abstraction
e by capturing domain knowledge in language + generator
e Reduce effort of software development and maintenance

e by an order of magnitude



Terminology

Domain

e specialized area of software development

e technical domain (e.g. database management)

e application / business domain (e.g. insurance)
Domain-specific language (DSL)

e alanguage: a set of well-formed sentences

e concrete syntax may be textual or visual

e has an abstract syntax

e domain-specific: special features / assumptions for domain

Model
e DSL ‘program’
Generator

e translates models to implementations in a general-purpose
language (GPL)



Domain-Specific Languages: The Challenge

Design and implementation

e Designing domain-specific languages systematically

e How do you come up with a new DSL?

e |s there a systematic approach?

e How to keep the implementation small and maintainable?
Evolution

o Keep DSL in synch with technology, domain, requirements

e How to make generators portable?

e How to migrate models when DSL is adapted?

Project: Model-Driven Software Evolution

e Domain: enterprise software



My DSL Design Experience

SDF2: syntax definition

Incremental improvements to an existing language
Well developed theory, (some) local expertise
Parser implemented in plain C

Stratego: program transformation

Nix:

New language

Based on six years experience with term rewriting in ASF+SDF
Inspired by strategies in ELAN

ATerms for term representation and garbage collection

Theory on term rewriting not really helpful

software deployment

New language, inspired by lazy functional programming and
Research languages for software build management

Using ATerm library for term representation

Hardly any theory on software deployment

Developed by Eelco Dolstra



Some Observations

Domain should be well understood (by someone)

e designing a DSL not a good method for exploring new domain

e purpose of DSL is to make development more productive
Basic technology should be available

e libraries, frameworks, development experience, code base
Abstraction gap

e considerable gain in abstraction should be possible
Common themes

e concise core language capturing essence of domain

o extended with syntactic sugar and desugaring transformations



An Experiment: WebDSLs

Experiment

o Take a new domain: web applications
Develop a DSL (set of DSLs) for this domain

Observe elements for a standard process

(Repeat in the future for other domains)
Experience with domain

e Using webapplications: extensive
e Implementation

HTML, CSS

Maintenance of several wiki-based sites (since 20007)
Tweaking TWiki (Perl)

Few experiments with servlets

e In summary: minimal experience



Fixing Some Variables

Contributions of this tutorial

e Experience report
e Introduction to Stratego/XT from an application perspective
o Ideas for systematic DSL development

You should not expect comparisons of

e Techniques and tools for DSL definition
e Visual vs textual languages

e Web programming languages and technologies

Discussions about these topics welcome (off-line)
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Domain Analysis



Web Applications

Scope: what types of web applications?
e Content-management system
o Wiki-like
e editable via browser
e Rich domain model

e instead of generic text
e objects in domain classes
e generic queries, aggregations, etc.

e Example: web site of a research group
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The Software Engineering Research Group

Mission

Software engineering is concemed with methods and teshniques for
building high quality software systems. This not enly includes software
construction, but also requirements analysis, design, system integration,
testing, deployment, and making changes to scftware systems after
their first release.

The mission of the Delft Scftware Engineering Research Group is

. to develop a deep understanding of how peaple build and evolve

software systems;

to develop novel methads, techniques and tools that advance the

way in which software is built and adjusted; and

. to offer students an education that prepares them to take a
leading role in complex software development projects.

™

Research at the Delft Software Engineering Research Group is centered
around two themes, software evolution and embedded software, which
are studied seperately as well as in combination in two laboratories:

Conferences.

PEPMOT
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2008
Index  The Software Evolution Research Laboratory (SWERL), and :
Search  The Embedded Software Laboratory (ESL)
Changes [ amhive
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Preseniatians by Arfan van G mund
. and A van Deurssn during the.

depandabls systems track a the
Peter Kluit was elected Computer Science Teacher of the Year

2006/2007. The election was organised by the study sceiety Christian
Huygens httpi/ch.tudelft.nl/index.php. 20070520

[ s
Alibesbah and So0ueT Tool Demo
Arie van Deursen appointed jury member for the Dutch finals of the oy Merius M in a [CSE 2007
Imagine Cup in Amsterdam on June 6th, 2007.

Buich ICT D iz cangress.

2007-04-20

2007.08-20
2007-04-16 MoDSE workshop at TUD
Paper: | ing Execution Traces Using Massive Sequence and .
Circular Bundle Views by Bas C et al. accepted by
- Visitors
Conference on Pregram G The paper

proposes to gain an understanding of software behavior by means of a

scalable trace vi ion technique. See the ExTraVis homepage for 20070316 Fank To =
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2006-10-15
Eeloo Visser, formerly at Utrecht University, has been appointed
associate professor. He will be continting his work on program

transformation and generation and lead the MoDSE and TFA projects.

Martin Bravenboer jcins him, for the time being as guest PhD student
from Utrecht University.

2006-10-01

Andy Zaidman appinted postdoc in the Reconstructor Project.

Recent Publications

2007
o A.van Deursen and E. Visser and J. Warmer (2007). Model-Driven Software Evolution: A
Research Agenda. In Dalila Tamzalit (Eds.). Proceedings fst Intemational Werkshap on
Model-Driven Software Evolution (MoDSE), pp. 41-48. University of Nantes. [BibTex]

o Magiel Bruntink and Arie van Deursen and Maja dHondt and Tom Tounwe (2007). Simple
crosscutting concerns are not so simple: analysing variability in large-scale idioms-based
Implementations. In Brian Barry and Oege de Moor (Eds.). Proceedings of the 6th Intemational H
Conference on Aspect-Oriented Software Development, (AOSD), pp. 198-211. AGM. [BibTeX]

o B. Graaf and A. van Deursen (2007). M Checking of
Specifications. In Joao M. Femnandes and Ricardo J. Machade and Ridha Khedri and Siobhan
Clarke (Eds.). Proceedings Fourth Intemational Workshop on Model-based Methodologies for
Pervasive and Embedded Software (MOMPES 2007), pp. 115-126. IEEE Computer Sccisty.
[BibTeX

+ B. Graaf and A. van Deursen (2007). of p L £
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Domain Analysis: Deductive vs Inductive

Deductive (top-down)

e Analyze the problem domain
e Define abstract requirements
e Useful/necessary for new domains

e Risk: may be difficult to implement
Inductive (bottom-up)

e Look at existing applications / frameworks in the domain

e Find common programming patterns

Define abstractions that capture these patterns

Risk: abstractions too close to existing practice

Solution: iterative abstraction



Technology: Deductive vs Inductive

Deductive (top-down)

e Start with requirements obtained from domain analysis

e Match to existing technology and/or build your own
components

e Advantage: perfect fit for requirements
e Risk: poor reuse, lot of effort, solution incompatible with
mainstream technology
Inductive (bottom-up)

e What technology (libraries, frameworks) is available?
e How is this technology typically used?
e e.g. ORM frameworks abstract from DBMS

e Incremental introduction of abstractions

e Abstract from boilerplate in use of frameworks
e Quick turn-around time for abstractions:
e Implementation technique is clear



My Technology Stack

| chose the Java route (or it chose me)

Java: programming

Servlets: handling web requests
JSP: simple presentation layer

SQL: database management

JDBC: database connection
Hibernate: object-relational mapping
JSF: better presentation layer

EJB3:

Seam: integration framework



Universe of Virtual machines

Many alternatives available
e PHP, Ruby/Rails, .Net, ...
Thousands of virtual machines
e each combination of languages, libraries, frameworks
constitutes a virtual machine to target in software development

e each enterprise system/application we develop may require a
different combination

e similar to situation in embedded systems, where the
peculiarities of different hardware architectures have to be
dealt with

e if we're developing the essence of an enterprise system, can we
abstract from the details of the different virtual machines?
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Capturing Common Programming Patterns



Architecture of Seam/JSF Web Application

Tiers
o Presentation layer
e Java Server Faces (JSF)
e Session beans
e Java objects that connect presentation and domain objects
e Domain objects

e store persistent data
e correspond to 'real-world' concepts

And
e A bit of configuration (XML)



Architecture of Seam/JSF Web Application
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Programming Pattern: Entity Class

Java persistence
e Java 5 annotations for declaration of object-relational mapping
e Vendor independent interface

e Hibernate provides implementation and special purpose
annotations

e Entity class corresponds to table in database
Class annotated with @Entity, empty constructor

@Entity
public class Publication {

public Publication () { }

// properties



Programming Pattern: Entity Class / Identifier

Entities have an identifier as primary key

@Id 0GeneratedValue
private Long id;

public Long getId() {
return id;

}

private void setId(Long id) {
this.id = id;
}



Programming Pattern: Entity Class / Value Type Property

Properties represent data (columns in database)
private String title;

public String getTitle() {
return title;

}

public void setTitle(String title) {
this.title = title;
}



Programming Pattern: Entity Class (continued)

Properties referring to other entities require annotations

OManyToOne

@JoinColumn(name = "PublicationAuthor")

@Cascade ({
CascadeType.PERSIST,
CascadeType.SAVE_UPDATE,
CascadeType.MERGE

1))

private Person author = new Person();

public Person getAuthor() {
return author;

}

public void setAuthor (Person author) {
this.author = author;

3



A Domain Model DSL

The essence of an entity class is simple

e class name

e list of properties, i.e., (name, type) pairs

Example

Publication {

title : String
author : Person
year : Int
abstract : String
pdf : String
}
Person {
fullname : String
email : String

homepage : String
}



Domain Model: Implementation

Implementing a DSL

e Definition of concrete syntax
e Parser
e Definition of abstract syntax

e Transformation of models to Java code
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Domain Model: Implementation
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Domain Model: Implementation

Implementing a DSL
e Definition of concrete syntax
e using the syntax definition formalism SDF
e Parser
e generate from syntax definition
e Definition of abstract syntax
e generate from syntax definition
e Transformation of models to Java code

e implement using term rewrite rules
e use concrete syntax of target language to make rules readable



Domain Model: Syntax Definition in SDF

module DomainModel
exports
lexical syntax
[a-zA-Z] [a-zA-Z0-9\_1% -> Id

[0-9]+ -> Int
Il\llll “’[\Il\n]* Il\llll _> Strlng
[\ \t\n\r] -> LAYQUT

"//" ~“[\n\rl* [\n\r] -> LAYOUT

context-free syntax

Entity -> Definition
Id "{" Property* "}" -> Entity {cons("Entity")}
Id ":" Sort -> Property  {cons("Property")}

I4 -> Sort {cons("SimpleSort")}



Domain Model: Abstract Syntax Definition

Generate abstract syntax definition from syntax definition

signature
constructors
SimpleSort : Id -> Sort
Property : Id * Sort -> Property
Entity : Id * List(Property) -> Entity

: Entity -> Definition
String -> Id

sdf2rtg -i DomainModel.def -m DomainModel -o DomainModel.rtg
rtg2sig -i DomainModel.rtg -o DomainModel.str --module DomainModel



Domain Model: Parsing

Generate parser from syntax definition

sdf2table -i DomainModel.def -o DomainModel.tbl -m DomainModel

Parsing gives abstract syntax terms

input: text

Person {
fullname : String
email : String

homepage : String
X

output: term

Entity("Person",
[ Property("fullname", SimpleSort("String"))
, Property("email", SimpleSort ("String"))
, Property("homepage", SimpleSort("String"))
]

)

sglri -p DomainModel.tbl -i publication.dom | pp-aterm



Domain Model: Code Generation — Programs are models

Concrete syntax

CEntity

public class Publication {
public Publication () { }

}

Abstract syntax

ClassDec(
ClassDecHead (
[MarkerAnno (TypeName (Id ("Entity"))), Public()]
, Id("Publication")
, None(), None(), None()),
ClassBody(
[ConstrDec(
ConstrDecHead ([Public ()] ,None() ,Id("Publication"),[],None()),
ConstrBody (None (), [1))
D



Domain Model: Code Generation by Term Rewriting

entity-to-class :
Entity(x, propx) ->

ClassDec(
ClassDecHead (
[MarkerAnno (TypeName (Id("Entity"))), Public()]
, Id(x)
, None(), None(), None()),
ClassBody(
[ConstrDec(

ConstrDecHead ([Public()] ,None(),Id(x),[],None()),
ConstrBody(None(), [1))
1



Domain Model: Code Generation with Concrete Syntax

Use concrete syntax of Java in transformation rules

entity-to-class :

I[ x_Class { propx } 1| ->

I
@Entity
public class x_Class {

public x_Class () { %}

}

11

Properties

e code fragment is parsed (syntax check)
e transformation produces term representation, not text

e generated code can easily be further transformed



Domain Model: Code Generation for Entity

entity-to-class :
[ x_Class { propx } 1| ->
Il
Q@Entity public class x_Class {
public x_Class () { }

@Id OCGeneratedValue private Long id;

public Long getId() {
return id;

}

private void setId(Long id) {
this.id = id;

}

“xcbd*
}
11

where cbd* := <mapconcat (property-to-gettersetter)> prop*



Domain Model: Code Generation for Value Property

property-to-gettersetter :
[ x_prop : s 1| ->
Il

private t x_prop;

public t x_get() {
return title;

}

public void x_set(t x) {
this.x = x;

X
11
where t := <builtin-java-type> s
; X_get := <property-getter> x_prop
; X_set := <property-setter> x_prop

builtin-java-type :
SimpleSort ("String") -> typell[ String ]|



Domain Model: Code Generation for Entity Property

property-to-property-code(|x_Class)
[ x_prop : s 1| ->
I
OManyToOne
Q@Cascade ({CascadeType.PERSIST,
CascadeType.SAVE_UPDATE,
CascadeType.MERGE})
private t x_prop;

public t x_get() { return x_prop; }

public void x_set(t x_prop) { this.x_prop = x_prop; }

11

where t := <defined-java-type> s
; X_Prop := <capitalize-string> x_prop
; Xx_get := <property-getter> x_prop
; X_set := <property-setter> x_prop

; columnname := <concat—strings>[X_Class, x_Prop]



Domain Model: Code Generation / Declaring Entities

Propagate declared entities

declare-entity =
?|[ x_Class { prop* } 11|
; rules(
defined-java-type :
SimpleSort (x_Class) -> typel[ x_Class ]|

Dynamic rewrite rules

e add new rewrite rules at run-time

rules inherit variable bindings from their definition context

e propagate context-sensitive information

e.g., the Java type for a declared entity



Domain Model: Code Generator

Composing a code generator

webdsl-generator =
xtc-io-wrap(webdsl-options,
parse-webdsl
; alltd(declare-entity)
; collect(entity-to-class)
; output-generated-files

)

What it does

e invoke parser to read input
e define dynamic rules for all declared entities
e generate java code for each entity declaration

e pretty-print each generated class to separate file



Capturing Programming Patterns: The Recipe

Recipe

e Find reoccurring programming patterns
e Factor out the repetitive code

e Turn parameters into DSL constructs

Repetitive code fragments become rhs of rewrite rule



Part IV

Capturing More Programming Patterns



CRUD Userinterface

File Edit View Go Favorites Toolz| File Edit View Go Favorites Tools Help

Fullname |Eelco Visser Fullname Eelco Visser

Email visser@acm.org Email visser@acm.org

Homepage|http://'www.eelcovisser.net| Homepage http:/fwww. eelcovisser,net

Photo /img/eelcovisser.jpg Photo imgleelcovisser |pg

Address Address

CS:TiIFEBt gj:flweﬂ 4 Street Mekelweg 4

Pr::ne +:1 (015) 27 87088 ity Peft

e PYT— Phone [+31 (015) 27 87088

T user EelcoVisser | =

Save
Done 1 @ | Done (=]
Person { Address { User {

fullname String street : String username : String
email String city : String password : String
homepage : String phone : String person : Person
photo String } }
address Address
user : User



Architecture of Seam/JSF Web Application

leditPerson.seam editPerson.xhtml EditPersonBean.java

EntityManager em;

public void save(){ ...}

T



Java Server Faces: viewPerson ml

<h1> <h:outputText value="#{viewPerson.person.fullname}"/> </h1>

<table>

<tr> <td> <h:outputText
<td> <h:outputText
</td> </tr>

<tr> <td> <h:outputText

<tr> <td> <h:outputText
<td> <h:outputText
</td> </tr>

<tr> <td> <h:outputText
<td>

value="Fullname"/> </td>
value="#{viewPerson.person.fullname}"/>
value="Address"/> </td> <td> </td> </tr>

value="Street"/> </td>
value="#{viewPerson.person.address.street}"/>

value="User"/> </td>

<s:link view="/viewUser.xhtml"
value="#{viewPerson.person.user.name}"
propagation="none">
<f:param name="user" value="#{viewPerson.person.user.id}"/>

</s:1link>
</table>



Generating JSF Pages: Entities

entity-to-xhtml-viewEntity :
|[ x_Class { props } 1| ->
%>
<h1>
<h:outputText value="<}=x_Class}%> #{</=x_class’>.name}"/>
</h1>
<table>
<%= rows ::i¥ >
</table>
<h
where x_class := <decapitalize-string> x_Class
; rows := <map(row-in-view-form(|x_class)> props



Generating JSF Pages: Properties (1)

row-in-view-form(|x_class)
prop@| [ x_prop : s 1| ->

%>
<tr>
<td> <h:outputText value="<Y=x_prop}\>"/> </td>
<td> <)%= input %> </td>
</tr>
<h

where input := <property-to-view-component(|x_class)> prop



Generating JSF Pages: Properties (2)

Output of property

property-to-view-component (|x_class)
[ x_prop : String 1| ->
%>
<h:outputText value="#{<Y%=x_class’>.<V)=x_prop/k>}"/>
<h

Input of property

property-to-edit-component (|x_component)
|[ x_prop : String 1| ->
%>
<h:inputText value="#{<J=x_component’>.<)=x_prop/>}"/>
<h



Seam Session Beans: ViewPersonBean java

Seam component can be approached directly from JSF page

@Stateful // can keep state between requests
@Name ("viewPerson'") // component name
public class ViewPersonBean

implements ViewPersonBeanInterface

{

@Destroy @Remove // required for stateful beans
public void destroy() { }
3



Seam Session Beans: ViewPersonBean java

Necessary services are obtained by injection

QLogger
private Log log;
// generating log messages

@PersistenceContext (type = EXTENDED)
private EntityManager em;
// interface to the database

@In

private FacesMessages facesMessages;
// generating screen messages

No need to pass parameters or use factories



Seam Session Beans: ViewPersonBean java

Domain object made available to JSF via property

private Person person;
public void setPerson(Person person) { this.person = person;}
public Person getPerson() { return person; }

Identity of object is passed to page via request paramater

O@RequestParameter ("person")
private Long personld;

Initialization of object based on parameter identifier

OCreate @Begin
public void initialize() {
if (personld == null) {
person = new Person();
} else {
person = em.find(Person.class, personld);
}
}



Generating Session Beans

Replacing names in boilerplate code

entity-to-session-bean :
I[ x_Class { propx } 1| ->
I
@Stateful
@Name ("~viewX")
public class x_ViewBean implements x_ViewBeanInterface

{

@Destroy 