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Abstract: We present the generator framework WASL, which supports model-driven development of web applications. It
enables the modeling of data, navigation, business logic, and presentation logic. WASL supports the MDA by
providing transformation definitions from a computation-independent model (CIM) to a platform-independent
model (PIM) and then to a platform-specific model (PSM). An important aspect of our approach is that we
provide a separate DSL for each target platform in order to separate concerns between PIM and PSM and to
be able to address platform-specific aspects. Currently, the frequently used platforms Java, PHP, and Python
are supported.

1 INTRODUCTION steps to source code. Therefore technologies such
as domain-specific modeling languages (DSL), code
With the rise of the World Wide Web (WWW) in the generators, and model-to-model transformation def-
past fifteen years the environment for software ap- initions are used (Stahl et al., 2006). The Ob-
plications as well as for software development has ject Management Group (OMG) envisioned with the
changed fundamentally. Along with the WWW, new model-driven architecture (MDA) a standardization
forms of feature-rich web applications have emerged of MDSD in which models are distinguished to be
becoming a ubiquitous part of business and everydaycomputation independent (CIM), platform indepen-
life. But the continuous usage of increasingly com- dent (PIM) or platform-specific (PSM) (Miller and
plex and widespread web applications induces de- Mukerji, 2003). The Unified Modeling Language
mands for security, reliability and availability. Recent (UML), the meta-object facility (MOF) and transfor-
analysis has shown that often those goals are unrealimation languages such as QVT are centerpieces for
ized. Inthe last years a large portion of cybercrime at- the MDA approach. As with MDSD source code is
tacks on computer systems could be conducted evenmostly created automatically, the mentioned typical
by basic SQL injection attacks (Maple et al., 2010), security vulnerabilities can be avoided by using high
taking advantage of poor coding practice in applica- quality code generators.
tions and leading to substantial losses of sensitive data  This paper introduces an MDSD generator frame-
(O’Dell, 2009). work that enables the automatic generation of typical
As a result of the continuing software crisis in data-oriented web applications (Figure 1). The gen-
the web context, the discipline of web engineering erator framework realizes the MDA vision by sup-
has emerged from traditional software engineering. porting CIM, PIM and PSM modeling and by pro-
Web engineering is intended to provide web develop- viding modeling languages and transformation defi-
ers with a sound methodology, a disciplined and re- nitions for the target web platforms Java EE, PHP,
peatable process, better development tools, and a seand Python. Thereby it is shown that multiple web
of good guidelines for developing web applications platforms with heterogeneous characteristics can be
(Ginige and Murugesan, 2001). covered by one single MDSD generator framework.
In the field of web engineering the model-driven Part of the framework is a family of domain-specific
software development (MDSD) is gaining ground. modeling languages consisting of the five languages
Roughly, the idea of MDSD is to develop software on WASL Data, WASL Abstract, WASL JavaEE, WASL
a raised level of abstraction by automatically trans- Php and WASL Python covering the different abstrac-
forming models of software systems in one or more tion layers and target platforms.
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Figure 1: Representative GUI of a generated web application

The rest of the paper is structured as follows. In models describing user interaction (Koch, 2001; Koch
Section 2 related work in the field of model-driven et al., 2008). Further development of the method cov-
web_engineering is discussed. Then in Section 3, ers modeling rich internet applications (RIA) (Koch
metamodels of the modeling languages WASL Data, et al., 2009) and the application of UWE for MDSD
WASL Generic and partly WASL Php are introduced. (Kraus et al., 2007; Kroiss and Koch, 2009).
Section 4 describes an exemplary transformation def-  The Web Modeling Language (WebML) is a
inition for model-to-model transformations. In Sec- domain-specific modeling language suited for data-
tion 5, we conclude and point out future work. oriented web applications that provides-language el-

ements for data, navigation, presentation and user
modeling (Cerietal., 2002). In WebML data-oriented
functionality is represented on a high level of ab-
2 RELATED WORK straction by so-called units. In addition to a CASE
tool for creating WebML models further efforts have
There exist several methods and languages for webpeen made for supporting MDSD with the specifi-
engineering, which differ w.r.t. the level of abstrac- cation of an UML-based metamodel (Moreno et al.,
tion and notation. These approaches have in com-2007; Moreno et al., 2006) as well as by a domain-
mon, that they capture the hypertextual character of specific MOF-compatible metamodel (Schauerhuber
web applications. According to the separation of con- et al., 2007).
cerns, web applications are commonly represented  The \Web Application Extension (WAE) is a
and structured by data, navigation, and presentationp|atform-near modeling language based on UML,
models (Schwinger and Koch, 2006). Some of the whose metamodel is specified as an UML profile
approaches offer a modeling language, others a lan-(Conallen, 2002; Conallen, 1999). WAE provides lan-
guage based metamodel plus a process model formingyyage elements for modeling content and presentation
a complete method. Most of them provide a code gen- models in which navigation structures are specified
erator for generating source code from models, thus impilicitly in the form of pages and links in the pre-
implementing the idea of model-driven web engineer- sentation model.
ing.

The Object Oriented WWeb Solutions (OOWS)
method is a modification of th@0O-method (Pastor
etal., 2001) and provides language elements formod—3 WASL LANGUAGE FAMILY
eling data, navigation and presentation aspects of web
applications (Fons et al., 2003). It follows the MDSD Despite conjoint commitment (Vallecillo et al., 2007),
approach by generating source code from conceptualMDSD and generally web engineering is not estab-
models through intermediate models and transforma-lished in the different web development communities
tion definitions. widely, yet. From the authors’ experience this is due

UML-based Web Engineering (UWE) is a method  to following factors.
for the development of web applications that coversa  Recent approaches for modeling web applications
process model and a modeling language in the form are typically using the profile mechanism of UML or
of UML profiles. UWE supports data, navigation and a single DSL. However in contrast to classical soft-
presentation models of web applications as well as ware engineering, using UML for web engineering
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leads to mapping defects. UML is not suited well 3.1 WASL Framework
for representing concepts such as configuration files,
relational schemata, web service definitions, GUl en- The Web Application Specification Language
gine templates, and notation format such as YAML (WASL) family is a set of semi formal modeling
(Ben-Kik et al., 2009). Programming languages and languages for the model-driven development of
frameworks provided for web development are so di- data-oriented web applications. All languages are
verse that one single modeling language just can-interconnected by transformation definitions, which
not cover all of them. Object-oriented programming support the transformation of platform-independent
(OOP) languages (e.g. Java) differ fundamentally WASL models to platform-specific WASL models
from script languages such as PHP that are widely and from platform-specific WASL models to source
used in web development, allowing procedural pro- code (Figure 2).
gramming without object-orientation at all. In con- The WASL language family is an implementation
trast others are utilizing high-level frameworks (e.g. of the MDA envisioned by the OMG, which classi-
Ruby on Rails) that use configuration files exten- fies models as CIM, PIM and PSM (Miller and Muk-
sively. This leads to modeling defects when pursu- erji, 2003). As a common metamodeling language
ing the goal of PSMs that are intended to representthe OMG proposes the meta-object facility (MOF),
the implementation as close as possible. The ab-for which an implementation exists with the Eclipse
straction from target platform concepts leads to a flat Modeling Framework (EMF) and its meta metamodel
learning curve for new users of those generators asEcore that slightly differs from MOF in some de-
they have to understand which source code fragmentstails (Gerber and Raymond, 2003). All WASL lan-
are generated from which model elements. Further-guages are based on the Ecore meta metamodel
more the missing concepts hardly can be added tobecause it provides large tool support through the
UML through the lightweight extension mechanism Eclipse Modeling Framework (EMF), several model-
of UML by profiles, stereotypes and tagged values be- to-model transformation languages, code generators
cause UML does not offer elements whose semantic and standardized file formats such as XMl. In the fol-
is generic enough to justify a specialization. Heavy- lowing we assume some familiarity with those promi-
weight UML extensions are not considered to be ap- nent MDSD technologies, particularly with Ecore.
plicable because of missing tool support. In WASL, the web application development pro-
Besides appropriate modeling languages anothercess starts by creating a conceptual data model, which
requirement for an establishment of model-driven represents the structure of the domain as a CIM. For
web engineering is that implementations of MDSD this step the modeling languages ERM, UML, or
generators can be downloaded on the internet and in-WASL Data can be used. As WASL Data (Sec. 3.2) is
tegrated into current web development frameworks. the source language for further transformations, mod-
However until now this is not the case with the de- els written in ERM or UML have to be transformed
scribed prominent web engineering tools and genera-to WASL Data models first. This is achieved with a
tors. transformation definition written in the standardized
The MDSD generator presented in this paper con- transformation language QVT Operational (QVTO).
tributes to the field of model-driven web engineer- A redundant implementation based on QVT Rela-
ing as it (1) targets multiple relevant and widely used tional (QVTR) has not proved to be applicable be-
web platforms by one generator framework, (2) pro- cause of performance problems.
vides a close representation of those platforms by  PIM layer models are specified with the semi for-
multiple platform-specific DSLs, (3) supports CIM, mal modeling language WASL Generic (Sec. 3.3),
PIM, and PSM modeling, and (4) uses standardized which offers language elements for modeling the data
meta metamodels, transformation languages and codestructure, navigation structure, business logic, and
generator frameworks. Additionally (5) all platform- presentation structure of a web application. WASL
specific modeling languages are derived from their Generic models can be generated from WASL Data
corresponding target platforms and are themselvesmodels based on a QVTO transformation definition.
used as the source for deriving higher-level platform- In the transformation step, the data model is copied
independent modeling languages. This guaranteesfrom the WASL Data model to the WASL Generic
that CIM and PIM models always can be transformed model as both languages represent data models in the
to source code through underlying PSM models. same way. Additionally the contents of the naviga-
tion, business logic, and presentation models are gen-
erated from the contents of the WASL Data model au-
tomatically. The generated business logic and presen-
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Figure 2: WASL MDSD framework.

tation aspects represent the functionality of the
web application for create, read, update and delete
(CRUD) operations on the entities described in the

data model. The generated WASL Generic model o

serves as an initial point for modifications on the gen-
erated model elements and for enrichments by adding
new model elements for additional functionality.

In contrast to the PIM language WASL Generic,
platform-specific implementation details are mod-
eled with the three semi-formal modeling languages
WASL Php (Sec. 3.4), WASL Python and WASL
JavaEE, covering the three widely established target
platforms PHP, Python and Java EE. WASL Generic
models can be transformed to models written in these
three languages by three QVTO transformation defi-
nitions, which map the WASL Generic PIM concepts
to detailed technical PSM realizations. Finally the
transformation from the PSM level to the source code
level is implemented with three individual code gen-
erators based on the openArchitectureWare (0AW)
code generator framework and its transformation lan-
guages Xpand and Xtend.

As mentioned, because there is only a small over-
lap between domain concepts covered by UML and
those within the target web platforms, custom DSLs
are favored instead of cutting UML down into needed
parts. However a transformation definition exists be-
tween UML and WASL Data providing a bridge be-
tween both worlds. The use of intermediate WASL
languages for modeling platform-specific details of-
fers multiple advantages:

1. The complexity of bridging the gap between the
PIM and the final source code is shifted from the

ditions can be checked as part of the model-to-
model transformation such that the code generator
can focus on creating source code exclusively.

Due to the extraction of condition checks, the
code generator engine needs only a minimal fea-
ture set. This allows the generator engine to be
exchanged against most other Ecore-based code
generator frameworks.

. Itis considered reasonable to represent the imple-

mentation directly as a model on the lowest level
of the MDSD stack. By using intermediate WASL
languages these PSM aspects do not pollute the
more abstract language WASL Generic, which is
intended to conceal those platform-specific de-
tails.

. PSM languages have proven to be a good foun-

dation for developing the PIM language WASL
Generic as they offer a structured reference the
PIM can be built against. This allows a bottom-
up research process developing WASL Generic as
an abstraction from the platform-specific WASL
languages which by that are a co-product on the
search for an optimal PIM language for web ap-
plications.

. The consistency of a PSM can be checked more

easily than the consistency of generated source
code with standard check frameworks such as
OCL or 0AW Check. This is due to the fact, that a
consistency check on the source code level intro-
duces the need for a adaptable parser which is not
available for every target programming language.

In the following, the metamodels of WASL Data

source code generator to the model transforma- and WASL Generic are detailed. Subsequently a rep-
tion engine. The advantage is that QVTO offers resentative subset of the metamodel of WASL Php is
type safety on the source model as well as target described for illustrating the platform-specific char-
model in contrast to code generator frameworks acter of the PSM modeling languages WASL JavaEE,
such as openArchitectureWare, which only ensure WASL Php and WASL Python. As the metamodels
type safety on the source model. Also precon- of WASL PSM languages are substantially larger and
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more complex than WASL Data and WASL Generic Property instance. The UML approach has the ad-

only a subset is covered in this paper. vantage of higher flexibility as the language can be
configured while modeling by modifying the primi-
3.2 WASL Data tive type system. The downside of the approach is the

ambiguity of primitive types that leads to the prob-
lem that primitive types can only be identified through
textual comparison by their name. Thus they can-
not not be transformed type-safely in a type-to-type-
mapping. Because of this issue the approach of using
an enumeration of fixed primitive types is chosen for
WASL Data.

WASL Data is a semiformal modeling language for
CIM modeling in the WASL generator framework and
offers language elements for representing the struc-
tural domain aspects of a web application in the form
of a data model.

The metamodel of WASL Data (Eigure 3) resem- Each Entity is contained in &ackage which it-
bles the UML metamodel for class diagrams and gen- self can be nested into a super package. This allows

erally offers language elements for specifying pack- structuringEntitiesin a hierarchy grouped by domain

aged entity types, type_d properties and aSSOCiatic’nsconcepts. Assaciations betweRdferenceProperties
between these properties. The central language ele

¢ Entit i fity ¢ f th ‘are modeled by the metamodel elem@ssociation,
:nelnd Nt )_/re%retzsen ﬁ.an er;]' y ypg ob 'I? CF:EC:tleqp- which provides bidirectional navigable relationships
Ua e, VISR g v e Tam g TR € betweenProperties. An association can reference the
EReferencgenerah_zatmn for defining the_ Super " sameEntity or two differentEntities, such that the
of ag il A W.'th e EReferenspe_aallzatlons guestion arises where to store the association instance
for multiple opposite subtypes. An entity can possess

properties, which are subdivided intalueProperties in the model. Similarly to UML anAssociation in-
, : el ¥ ) ) ith-
andRefehEeEobed 6= T Enbedty b fopésiyla stance can be contained in aPgckage instance wit

| : lecti f both o it out any restriction regarding the packages, which are
OWS merging collections ot botAroperty types into a containing theEntity instances referenced by ths-
single collection. This is important for specifying an

ordered set of properties mixed BéferenceProper- sociation.

ties andValueProperties, which for instance is repre- .

sented in the resulting web application as an ordered3-3  WASL Generic

list of input fields and selection boxes contained in a

HTML form. WASL Generic is a platform-independent semi-
Each ValueProperty is typed with a value formal modeling language, which offers language

from the EEnumPrimitiveDataTypes, which is a elements for modeling data structures, navigational

list of all provided platform-independent primi- structures, presentation structures, and business logic

tive data types. For example the tyfeimitive- inducing a separation of concerns following the

DataType: : Unsignedinteger can be assigned to\sal- Model-View-Controller (MVC) pattern (Reenskaug,

ueProperty instance namedge for modeling the age  1979). The language elements for the data model

of a person. Using an enumeration of fixed primi- comply with WASL Data such that WASL Generic

tive types offers the advantage of type-specific and can be interpreted as an extension of WASL Data.

type-safe mappings in subsequent model-to-model-  The language elements for the navigational model

transformations. E. g. it can be specified that both are contained in the EPackagavigation (Figure 3)

the primitive PIM typednteger andUnsignedi nteger and represent the web application’s navigation struc-
should be transformed to the PSM primitive SQL type ture in the form of a directed graph. Web applications
BIGINT. consist of pages or respectively views between which

In WASL Data in contrast to ERM entities can be the user interactively can navigate with the browser
packaged and properties are typed with a preset prim-e.g. by clicking links and buttons. In WASL Generic,
itive type system. In contrast to the UML metamodel, the termNode is defined as a part of a web appli-
the WASL Data metamodel is reduced to a minimal cation covering delimited specific functionality, ad-
feature set and provides special EAttributes for some dressed by a unique URL and navigable by the user
metamodel elements such as tiaity’s nameProp- with the browser’s controls such as back and forth
erties. Additionally in UML the primitive types are  buttons as well as bookmarks. NormallyNade cor-
not preset by the metamodel but are specified on theresponds to a single web page; however other imple-
model layer with instances of the metamodel element mentations with multiple pages are possible as long as
PrimitiveType (OMG, 2007). With this approach a only one URL is presented to the user for these pages.
ValueProperty instance would be typed by assigning Also platform-specific technologies such as AJAX al-
one of thosePrimitiveType instances to thé/alue- low the content of a web page to be replaced after
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Figure 3: Metamodel of WASL Data and WASL Generic.
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initially rendering it within the browser, leading to a two URLs is made (Zucker, 2007). The separation of
multi-page approach based on a single page and URL.navigation and (AJAX-based) presentation in WASL

The navigation path between twsodes is ex- Generic assures that web applications derived from
pressed by d.ink, which corresponds to a directed WASL Generic do not suffer typical AJAX symptoms
edge of the page graph and is imp|emented p|atf0rm_ such as a missing browser hiStOfy, broken back and
Speciﬁca”y e.g. by a hypertext anchor or a HTML forward buttons and indistingUiShable URLs prOthlt-
form’s action attribute. EacMode is contained in  ing the bookmarking of specific parts of the web ap-
a NodeGroup, which itself can be nested in a super Plication.

NodeGroup thus forming a hierarchy dflodeGroups. Current web engineering research addresses is-
Usually the structure of the hierarchy is structured sues of modeling process-oriented web applications
along the functional areas of the modeled web appli- (Brambilla et al., 2006). An advantage of WASL
cation. Generic in separatiniodes from LogicTuples orig-

The menu structure of the web application is mod- inaFes from the fact, that _complex process-oriented
eled without using.inks with the purpose to reduce |09ic can be modeled byogicTuples separately from
the number of links in the navigation model and thus the node-based navigation model. Thereby process-
to reduce the complexity. Modeling the menu struc- ©riénted web applications can be modeled based on a
ture in the navigation model by links with a number C€hain ofLogicTuples, which for example can rely on
of n nodes would lead to a number & iinks as for web service calls and interacting with each other. The
each node a link to all nodes would have to be added. USEr can interact with the process by respediog
This does not comply with the requirement of clar- CTuPl€s, addressed biodesand presented byiews.
ity a model should satisfy. Also typically the menu
of a web application is visualized and implemented 3.4 ~WASL Php
separately from the rest of the page contents (Figure

1), such that a separated representation in the modelrne metamodel of WASL Php for the scripting lan-

simplifies the implementation of transformation defi- 4yage PHP is organized according to the specific lan-
nitions. Corresponding thiodeGroups, the menucan  gyage features of PHP and provides language ele-

be structured hierarchically bylenuFolders. ments for modeling entity classes and data access ob-
In WASL Generic, standard business logic pat- jects (DAO) for a object-relational mapping (ORM)
terns are represented separately fromNoee con- framework such as Doctrine. For describing the

cept as specializations of the metamodel elerhegt platform-specific character of WASL Php a subset of
icTuple. A LogicTuple is assigned to d&Node and the metamodel of WASL Php is detailed in this sec-
aggregates the information, whi®fode operates on  tion. The full metamodel as well as all other WASL
which Entity and should be visualized by whi&hew. metamodels can be found in (Wolffgang, 2009).
The approach is flexible as additional business logic  The main container of a WASL Php model is the
types can be appended to the metamodel of WASL EClassPhpModel that contains the class model, a
Generic as additional specializations of the element page model and a relational schema (Figure 4). With
LogicTuple. the Doctrine ORM framework a relational schema is
The business logic is represented to the user byrepresented by a set of PHP classes, which map the
one or moreviews allowing to model simple CRUD  schema metadata for the database tables managed by
operations as well as for example more complex Doctrine. These classes and database tables can be
multi-page wizards. In contrast tdodes, multiple generated by Doctrine automatically from an YAML
Views owned by ond_ogicTuple must not be distin-  schema file. Metamodel elements for describing such
guishable for the user by individual URLs and as a schema are provided with the EPackalgetrine
described thus do not have to be navigable by the and its EClas$chema. An YAML Schema contains
browser’s back and forward buttons or bookmarks. Models that represent database tables &whnec-
As navigation and presentation structure are sepa-tionsthat can be associatedNodelsto specify, how
rated from each other and AJAX functionality is rep- Doctrine should access the database. With the option
resented only in the views of the presentation model, detect relations Doctrine can be instructed to guess
the page-driven paradigm typical for web applications relationships between Models based on Models’ col-
is ensured. AJAX introduces the problem that the umn names.
functionality of the browser's page-driven URL ad- As described aModel is implemented by a PHP
dressing mechanism is broken due to the fact, thatentity class as well as a database table and can con-
with AJAX the page content is just replaced and no tain multiple Columns for representing value prop-
transition between two web pages distinguishable by erties, multipleRelations for referencing otheMod-
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Figure 4: Subset of the metamodel of WASL Php.

els, a databas€onnection and multipleOptions for by Doctrine. Such an approach has the problem, that
charset and collate settings. A value attribute is ex- (1) in the model other PHP classes cannot reference
pressed as a singl€olumn correspondingly to the  methods of the model classes as they do not exist in
elementValueProperty of WASL Generic. In con-  the model, (2) the build process is split into two gener-
trast, corresponding toReferenceProperty an associ-  ator steps and (3) the external generator process can-
ation between a Model A and a Model B is expressed not be customized.

through aColumn owned by A plus delation owned

by B referencing th&olumn in A. EachColumn can

be marked as a primary key, whose value can be gen-4 TRANSFORMATION

erated automatically when inserting a new row. The
;?ilum?giT/gT%z gifrg;p%idsiﬁlgegéetﬂefrggqcttr?r?e%Egﬂ-m As described the transformation d_efinitions of the
mentation each relation references its local column aswo.?é gege)r(ator dfrellzr_neworlg ar$h|m$ Iﬁme:nted n
well as a key column of the referenced model. With Q and Xpand (Figure 2). € Toflowing ex-

) : S ample is intended to illustrate how the plattform-
the EAttributeforeigntype the cardinality of the rela- . .
tion is specified, allowing the combinatio®se: One, independent language elemeiattity from WASL

Manv:One. OneM ndManv:-Manv. In th Generic can be transformed with QVTO to the low-
any-one, Une: viany andviany. vial y € Case avel WASL Php language elemekitodel represent-
of a relation with a cardinality oflany: Many a cross

tableModel has to be added, which is referenced by ing a Doctrine ORM model element. The generated

. elements conform to the typical doctrine YAML file
]Eg?;go associated Models through the ERefereece ot anq represent the low-level concepts of doc-

trine in the MDSD modeling environment.

For eachModel the correspondin@octrineClass , .
can be specified additionally. WASL Php offers an mapp|(ing %SEFI C éﬁ%&i é@%gé;g??g%de”
explicit approach of modeling and generating both . PHP: : doct ri ne: : Mbdel {
the low-level database YAML schema file as well as  nane : = sel f. nane. first ToUpper () ;
the high-level Doctrine model classes for reasons of col ums : = sel f. get Val ueProperties()
(1) complete explication, (2) integration into the build ->sel ect (upper = 1).map toCol um()
process and (3) controlling how the generated source - >asSequence() .
code should look. Another approach not chosen in ::2: ggf?‘;'&{/i g:t)le; ?ngfgg?ﬁer;esf )1) o
WASL would be to model just the YAML schema file, t 0Col um()) - >gsOrderedSet() \upper = 5).map
to generate it with the MDA generator workflow and ¢ atjons : = sel f. get Ref erencgproperti es()
separately to generate the Doctrine PHP classes based - >select(p | p.upper = 1).map

on the YAML file with the generator script provided t oRel at i on(nodel ) - >asOr der edSet () ;
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