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In recent years a large number of Model-Driven Welettgpment approaches have been designed and
are being applied with success in real environmerdsveder, as new ones are frequently emerging in
this changing time, authors have to change and uglgate constantly and, consequently; development
teams do not know which is the most suitable for thEroause in many cases it depends on their
project scope. Furthermore, approaches are usualBaapg with different concepts and terminologies
in many cases, although all lack the use of standardspeaudical experience. Thus, the need of
managing quality in this type of approach arises edery This paper suggests a characterization of
these methodologies in order to use this informatiothfe quality management of Model-Driven Web
development methodologies for authors and developteamis alike. In addition, an experimental
study in order to analyse and evaluate a Model-Drivéeb development methodology (the NDT
methodology) has been carried out within a specifidweontext.
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1 Introduction

Web development is currently an important taskatetinto account since Web applications are
becoming more developed every day. In this conféx¢, Model-Driven Engineering (MDE) paradigm
plays a key role because it aims to increase tlrrrea company derives from its software
development effort basically by using models anmatic transformations. In this regard, the Object
Management Group (OMG) has introduced Model Drivechitecture (MDA) which is an approach
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for achieving the concept of platform independeacel models may have the quality of being
independent from any technological platform. MDEaisparadigm that will change the way an
organization designs and develops software by a@pgran application’s business logic from the
infrastructure on which it runs. MDE principles &ming used to successfully address the constrnyctio
evolution and adaptation of Web applications.

The growing interest in the Internet has led torttaking of a large number of proposals [39;
23] which offer a frame of reference for the Webviemmment. MDWE (Model-Driven Web
Engineering) is the application of the Model-Drivgaradigm to the domain of Web software
development, where it is particularly helpful doethe continuous evolution of Web technologies and
platforms. Different concerns of Web applicatiomse aaptured by using separate models i.e. for the
content, navigation, process and presentation coscéVNhereas code comprises Web pages,
configuration data for Web frameworks as well aaditional code, models are integrated and
transformed into code [11].

During the last years, the Web engineering commguhiis proposed several different
methodologies for Modeling Web applications witlifefient concepts and definitions such as UWE
(UML-based Web Engineering) [23], WebML (The Web déting Language)[8], OOH4RIA[25],
RUX-Method [33] or NDT (Navigational Development Teiques) [11] methodology among others.
There is no standard consensus among them, bukérnahe use of standards and scarcity of both
practical experience and tool support. In fact, revmethodology has a set of advantages and
disadvantages [39] that depends on the use-comtgxbject scope.

Besides, given the large number of approaches &lgjld is not only necessary to evaluate
the quality of the existing methodologies, but alsdind out how it can be improved so that authors
and development teams can be provided with helpfofrmation. The first point to consider is the
authors’ view; they need to analyze, control, eatduand improve MDWE approaches. The other
point of view to take into account is developmezans’, who need to compare MDWE approaches
(depending on project use-context or project scapdecide on the most suitable one for them.

Surveys and comparative studies [27, 39, 12, 3itlodle that there are serious gaps. Today
most approaches are not agreed in all their asdectastance: meta-models and models are differen
transformations are implemented in different waysme MDWE approaches cover all levels of
abstractions (CIM, PIM, SPM, and code) and othetg same of them, they use different tools and
each MDWE approach is carried out in a differenywa

Then, some of these approaches involve most oftheds of abstraction and they even have
tools that support the automation of transformationdevelopment processes. However, there is no
control on what these approaches offer to developiteams. In addition, in most cases it depends on
the project scope and use-context and, in the d¢&dhis situation, an important need to assess the
quality of existing MDWE approaches arises. Depaient teams that have to improve web systems
do not know how they can take advantage of thepeoaphes and how they can be helped in their
particular context. The diversity features withiretdesign of these approaches confirm the global
heterogeneity associated with specific aspectsleas processed by each approach. These limitations
and problem of description not only entail underdtag the proposed value, but also require an
objective criterion for the improvement or the pb#ity of unifying criteria when designing new
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approaches in the future. It is known that "you'ttenprove what you can't measure”, which means
that context has to be described in order for ibdomeasured and controlled. Thus, by measuring the
environment, you can control and better it becgaseknow what it needs to be improved.

This paper is organized as follows: In Section 3labal analysis of the situation together
with the related works and discussions about theeiss presented. Section 3 presents conceptsasuch
the elements for describing the MDWE methodologieder consideration. In Section 4, the way of
analyzing the methodologies in terms of their props and using checklists for this purpose is
described. In Section 5, in order to illustratesttévaluation process, a Model-Driven Web
development methodology is evaluated to discover dtate of completeness of the methodology.
Finally, a set of conclusions, contributions andgible future work are stated in Section 6.

2 Related Worksand Discussion

As far as standard methods for the measuremenegsare concerned, the ISO/IEC 15939:2007
[17] defines a measurement process applicable ftiva@ engineering and management disciplines.
Firstly, the process is described through a modathv defines the activities of the measurement
process that are required to adequately specify measurement information is required. Secondly, i
shows how the measures and analysis results habe tpplied, and finally, it examines how to
determine if the analysis results are valid. Theasneement process is flexible, tailorable, and
adaptable to the needs of different developmemisedSO/IEC 15939:2007 identifies a process which
supports the definition of a suitable set of meesthat addresses specific Properties. It detemtiee
activities and tasks that are necessary to suadlssfentify, define, select, apply and improve
measurement within an overall project or organiwatl measurement structure. It also provides
definitions for measurement terms commonly usetliwithe system and software industries.

ISO/IEC 25040:2011 [18] contains requirements @mbmmendations for the evaluation of
software product quality and clarifies the genezahcepts. It provides a process description for
evaluating software product quality and statesrdgglirements for the application of this processe T
evaluation process can be used for different p@pasd approaches. The process can be used for the
evaluation of the quality of pre-developed softwatemmercial-off-the-shelf software or custom
software and can be used during or after the dpusdat process. They describe neither methods for
evaluating software production processes nor mathiod cost prediction (software product quality
measurements may, of course, be used for botheskthburposes). However, these standard models
are difficult to implement. The main weakness ainstard models lies in that they are unable to
explain how they are to be implemented. That islo#s not detail what Property you have to use or
what is the most appropriate one, nor how to gralpe Properties for higher-level Properties or twvha
the thresholds for each Property are.

In order to define metrics, GQM (Goal Question M9tf3,4] is an approach to guide the
definition of metrics. It is typically described the open literature in terms of a six-step process
where the first three steps deal with using busimeals to drive the identification of the right nies
and the last three with gathering the measurematat ahd making effective use of the measurement
results to drive decision making and improvememts. far as measurement and evaluation is
concerned, Garcia et al. [14] proposes an apprtaanable the management of software process
measurement. The evaluation of software procdasses/es the measurement of a great diversity of
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entities, from the models of the process of prgject resources and the products obtained. The
proposal allows the integrated management of thesarement of these kinds of entities.

There are also several proposals for the medridsindicators domain in the literature, one of
them is [1] where a set of design metrics propdee@dssessing the size and structural complexity of
navigational models is discussed. Becker and ®[&hpropose the INCAMI framework, which is an
organizational purpose-oriented measurement antlai@n framework that enables consistently
saving not only meta-data of metrics and indicabarsalso values (data sets) for concrete realdvorl
measurement and evaluation projects. The INCAMI &aork is made up of five main conceptual
components namely, the requirement, measurememt, emaluation of projects definition; the
nonfunctional requirements definition and spectfm® the measurement design and execution; the
evaluation design and execution and the conclusiadsecommendation.

In the MDE (Model-Driven Engineering) domain, sorstudies of Mohagheghi [26]
discussed the Characteristics of MDE that are itapbdrwhen building quality, and it stated that the
quality of models is affected by the quality offdient Features such as modeling languages, tools,
Modeling processes, the knowledge and experiencéewvélopment teams/authors and the quality
assurance techniques applied. In this sense, & ¥ée€b methodology Features has to be described in
order to carry out a quality evaluation of thegeety of methodologies.

Nowadays, producing faster and cheaper softwategbfer quality is critical in the software
industry and the use of a MDWE methodology andhftsience on the final product quality is an issue
that must be acknowledged. The use of a methogdlaged on MDE is essential to achieve this aim.
Up to now, the main criticism of the quality assesat process has little evidence drawn from
stakeholders as to whether MDE meets the procé®nee model to ensure product quality.

Maibaum and Wassying [24] commented that qualitgeasments should be based on
circumstantial evidence inferred from the procdsasfact, the standardization of processes ensures
consistency in their output, which may even intitinalize the creation of bad products. In summary
a standard process does not necessarily conclutieavgjuality product [32]. Therefore, it is not wnl
essential to describe the methods or processesthfoniologies, but also to describe the product and
define the relationships among all methods and eagtiuct’s properties in the results. In this paper
Web methodologies are described, considering tloegss as activities, artifacts used during the
activities and techniques. So in future papersptioeuct’s properties have to be described andectla
to the methods of methodologies.

In order to evaluate quality, according to Cacherale [6], it is necessary to count on
instruments that are based on clear definitionse ©hthese instruments is a quality model. It is
defined in ISO as the set of characteristics atatiomships among them, which provides the basis fo
specifying quality requirements and evaluating ifyial here are some models in the literature such a
the WQM model (Web Quality Model) [7]. This moded introduced and distinguishes three
dimensions related to Web features, lifecycle psses and quality features including the most
relevant Web metrics using the framework, whicbléssified.

Therefore, to carry out quality management, it ésessary to define a quality model that
identifies the set of characteristics and relatigps among them. .Giving a definition of all these
elements is not an easy task and some authorstduame a strategy to identify quality management



F.J. Domingue-Mayo, M.J. Escalona, M. Mejias, M. Ross and G. $&apl133

targets. Besides, a problem may arise if the qualitdel is not clearly designed or defined, sinezeh
is no goal to achieve.

In previous papers, a set of quality charactegstied an evaluation process for them is proposed
[10]. Further, a framework (QUEF) to analyze, eatduand improve quality of MDWE approaches is
proposed [9] to cover a complete life cycle for theality model. Consequently, to define a quality
model to make these approaches in real contexte mffective and efficient becomes essential, as
well as to achieve suitable tools to analyze, eateland plan the improvement of MDWE approaches
automatically based on the quality model lifecydanagement. In addition, it is important for aughor
to weight all these elements (properties, qualitgracteristics and influences among them) in ctaler
give development teams what actually matters tmthe
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Figure 1 Conceptual scheme representing the goalsaohieved with QUEF for Model-Driven Web developinen
methodologies

QUEF can be used by authors to analyze, evaluatiérot and increase the quality of MDWE
approaches and improve their design and resultsaddition, this framework can be used by
development teams to identify the most suitablefonéhem and decide which one will be used.

As shown in figure 1, the framework will be usednfi two points of view: authors’, who
need to analyze, control, evaluate and improve MDMUfroaches and development teams’, who need
to compare MDWE approaches (depending on projettegts) to decide on the most suitable one for
them. These objectives are detailed in the folhgwsections. With QUEF we can get quality
management in a systematic way, automating thetguahnagement for this type of approach and
any entity in order to reduce costs and time andrawve quality within the quality management
process.

The main difference from other frameworks is thme tuality management is focused on the
quality model life cycle as shown in figure 2. Thieans that it comprises several phases which
include different objectives and artifacts. Theabmentioned phases are the Quality Model Strategy
phase, the Quality Model Design phase, the Qualitdel Operation phase, the Quality Model
Transition phase and the Quality Continual Improvetmghase. Each one of them has a specific
objective:
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Figure 2 Quality Management based on the qualityehlife cycle [9]

* Quality Model Strategy phase: This phase is aesjiatactive that focuses on the definition of a
strategy for the quality management. The past,piflesent and future view elements of the
quality model in the domain under study are fundaaleto achieve effective and efficient
quality management.

* Quality Model Design phase: This phase is whergytradity model is finally designed in terms
of all strategic actives in the previous phasesTduality model is the model used in the next
phase for operating for the quality management.

* Quality Model Operation phase: In this phase thaliumodel is used to carry out the Quality
management. The Analysis and Evaluation manageprecesses are performed within this
phase.

* Quality Model Transition phase: If the domain ontaxt is changed because of the appearance
of new trends, then this phase describes the pesdbat carry out the changes in the quality
model but without affecting the Operation phase.

* Quality Continual Improvement phase: This phasegper$ all processes to improve quality of
all processes in the life cycle and also the quatibdel.

The main difference is that the framework defindieacycle for the quality model, which is
the focus ofthe quality management and all phasmslve around it. For an effective and
efficient quality management itis essential toabbsh the domain under study. This is important
not only for the quality management of these kirafs methodologies but to be applied to any



F.J. Domingue-Mayo, M.J. Escalona, M. Mejias, M. Ross and G. 8&apl135

context or domain. For instance, even in develogingeb Application (a product) it is important to
consider what type of product is concerned. ltaisthe same to develop an application or producafo
bank to whom security stands as a quality charatteimperative, as to develop a search engine
which the usability or performance is crucial. $ogeneral approach for MDE is not enough for
solving the problem of the quality management fdb\WE methodologies. The purpose of QUEF is
not only to assure a clear strategy for the quatignagement but, in addition, continuous automatic
quality improvement by means of generating chetkland documentation, as well as automatic
evaluations and plans in order to control and imerguality and thus, automatically, reduce effoid a
time.

All elements of the quality model are explainedhaligh in this paper we focus on properties
of MDWE methodologies (classified by features anl-features). Once this quality model metamodel
is explained, we pass onto Section 4, where somaulas are defined for the analysis and the
evaluation processes, and which shows the resfiltheocharacterization of these methodologies.
Section 5 illustrates a evaluation process for a@&i®riven Web development methodology which is
evaluated to find the state of completeness ofritethodology and improve its weaknesses.

3 Conceptsin use

In 1ISO 15939 [17], the measurement information nadastitutes a structure linking information
needs to the relevant entities and attributes atem. Entities include processes, products, piojec
and resources. The measurement information modstrides how the relevant attributes are
quantified and transformed into indicators thatvie the basis for decision-making. The selection o
definition of appropriate measures to address &orriration need begins with a measurable concept:
an idea of which measurable attributes are rekateah information need and how they are relateé. Th
measurement planner defines measurement consthattessociate these attributes with a specified
information need. This measurement information rhddentifies basic terms and concepts. The
measurement information model helps determine thasarement planner needs to specify during
measurement planning, performance and evaluation.

The entity in our quality model represents a MDWipr@ach that has to be characterized by
measuring its attributes. An entity may have onmore interesting properties to meet the informmtio
needs. In practice, an entity can be classifienl imbre than one of the above categories.

In this paper, a quality model consists of a setlefents and the relationship among them, which
lays the foundations for quality management. Thalifumodel may be defined as “conformance to
requirements” and/or “fithess of use”. This quatitpdel contains:

« Properties, that is, the descriptive environmenttiich the quality management is going to be
performed and the needs offered by authors to dpuent teams of MDWE approaches.

e Quality characteristics are those quality aspehet @uthors of MDWE approaches must
ensure in the set of properties offered to devetgrteams[10]

In simple terms, all authors must be well awarepofperties (they are the description of
approaches and development teams’ needs and etipestid be covered), quality characteristics to
be assured and the impact on quality charactesjsttcategic quality management and the contributio
of this strategy towards achieving the goal.
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Figure 3 shows the relationship [2] between theliyumeasure elements and the software
quality measures, and between the software qual@asures and the quality characteristics and
subcharacteristics. In metrology, these would gpoed to base measures and derived measures,
respectively. It can be observed that these megspeeticularly derived measures, are specifically
defined to measure the sub-characteristics of nateand external quality or the characteristics of
quality in use. None of these is directly relatedtte software quality top level (which is itsetbken
down into three models, then into sixteen chareties and finally, into a large number of sub-
characteristics)

E Properties ! Quality characteristics i
i i ;
! i :
i " i
[ Feature ] ! Quality Characteristic ]
i (FT-<Level 0>) E [ (QC-<Level 0> 1
1 " i
: 1 H 1 :
' : : :
: - " 1.% ;
i i ‘
p Sub-Feature 1% i: 1* Quality Sub- i
| (FT-<Level 1>) T Characteristic (QC- )
1 " <Level 1>) ;
i 1 " i
! i :
1 1% 1 ! 1
| = i :
i Property " ;
i " i
i " i
i { ; " 1
[ Z} % i :
| Derived Property Base Property i i .
i i 1
1 I |
H

Figure 4 quality model metamodel for MDWE approaches
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The following definitions come from ISO standard software measurement process, ISO
15939 [17], which is itself based on the definisoim ISO International Vocabulary of Basic and
General Terms in Metrology [19]. Further, in ISO939 [17], the type of measurement method
depends on the nature of the operations used totifuan attribute. Two types of method may be
distinguished:

e Subjective — quantification involving human judgrhen

» Objective — quantification based on numerical rude@sh as counting. These rules may be
implemented via human or automated means.

Figure 4 shows the specific proposed metamodeMBWE approaches. Different levels
for properties and quality characteristics are &ixd below:

» Feature (FT-<Level 0>): It is a general concepteA of properties, but a higher-level concept
of an approach, that broadly describes it. They bgyfor example, the software development
process, MDE aspects, Web Modeling aspects, togbmt, experience of an approach or
quality assurance techniques, among others. A Fehais a set of Sub-Features.

e Sub-Feature (FT-<Level 1>): It is a specific cortcep set of properties, but a lower-level
concept of an approach. For example, the MDE Feahay have some Sub-Features such as,
Language Definition, Transformations and Trace Gaimn. It is used to categorize the
approach properties in two levels (Feature and Badiure).

» Property: It should indicate the degree to whichub-Feature is measured. A property is used
for describing and analyzing Sub-Features. In tashygoperties, the aim is to look for a series
of qualitative and quantitative properties basedhmir nature, although it might be interesting
to have standard properties on MDWE that wouldsoepehow, centralized. In the literature,
numerous references to metrics can be found, hawstendardization has yet to be carried
out. Furthermore, the metrics used must be valilatesoretically or empirically. The
theoretical validation helps know when and how pipla metrics and the empirical validation
intends to prove the practical application of theposed properties.

A base property may be defined as a measure theides the degree of implementation of a
need to be covered, whereas a derived propertybmalefined as a property that is composed of a set
of base properties or derived properties. MDWE aggphes will be evaluated in this way so most of
the methods are going to be subjective since thiegive human judgment. With regard to properties,
it must be mentioned that a Property describes aAM#Dapproach element, therefore it could be
considered a simple metric that indicates the sthtee implementation of this element. Measurement
is the act of determining a measure. The IEEE Stah@lossary of Software Engineering Terms [16]
defines metrics as "a quantitative measure of #mgrek to which a system, component, or process
possesses a given attribute".

Apart from that, as explained in Dominguez-Mayo Adt [10], quality characteristics
(hierarchically structured by Quality Characteristidor QC-<Level 0>) and Quality Sub-
Characteristics (or QC-<Level 1>)) are quality aspetwgether with those properties that authorehav
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to assure to development teams. For instance, ancaissurance could be Usability, Functionality,
Maintainability, Reliability and Portability.

As shown in figure 4, authors should define reladidetween these properties and quality
characteristics in order to identify how each Selatbre is influenced by each Quality Sub-
Characteristic. These association links would represhe dependencies between properties and
quality characteristics. They would show qualityactteristics affected by Sub-Features or areas of
the approach that will be significantly affecteftthie approach changes.

Association links may be based on proven and realdrexperience. The impact of each
Sub-Feature on Quality Sub-Characteristics must drotistrated and the requirements must be
determined by real case studies applied to a nuaibeal projects. This should be supplemented by
references to published literature. A weight isdusedefine the importance of a property in theueal
of a Sub-Feature. This description or checklistlzalp authors discover tradeoffs and weak? poihts o
a MDWE approach. For instance, Web Modeling is deed as a Feature that has different Sub-
Features. These Sub-Features could be Web Concéjgtuels, Development Process and some Web
conceptual levels such as, Content Modeling, Ptaden Modeling or Navigation Modeling, among
others. In addition, Usability can be describedaa@uality Characteristic that has different Quality
Sub-Characteristics, such as Learnability, Undedsthitity or Attractiveness, among others. Then,
depending on experiments and real-world experieswae aforementioned Sub-Features could be
associated with previously mentioned Quality Subs&timristics. For example, Presentation
Modeling could be related to Attractiveness ane, tise of a standard like UML for modeling web
applications is a property influencing Usabilityhel relationships between properties and quality
characteristics can be defined in terms of devetyrteams and authors’ knowledge and experience.

Those quality characteristics and properties caneweuated as elements of a MDWE
approach from either a general or a specific gyl For that reason, there are two levels ofigua
characteristics and properties which have, in timeen divided into two levels: firstly, Quality
Characteristics and Sub-Characteristics for qualitgracteristics and, secondly Features and Sub-
Features for properties. In the same way, authougdchave different viewpoints on the influence of
properties on quality characteristics.

Thus, a generic and basic metamodel, which categgpithe concepts of this domain in a
generic and easy way, is proposed. In this sehgeptesent proposal consists in capturing these
properties by means of checklists. Checklists, whintlude the common elements of all these
approaches, have been defined. As analyzed bedos®t of properties (organized in two levels,
Features and Sub-Features) that lays the basispecifying the checklists to analyze MDWE
approaches, are described and explained. For ttas$s, a Systematic Literature Review (SLR)
process dealing with the observation of trends t@atinology on the rise has been carried out. This
SLR is further explained in next sections. In additi development teams have to identify the
importance of these elements considering the remmvénsertion of more quality characteristics,
depending on the current scope captured. Thenpapdecision Making (GDM) is performed [13] as
a decision-making problem for reaching a consensiglv. The idea consists in facilitating a
consensual reaching process when evaluating prepert
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4  Characterization of Model-Driven Web Engineering development approaches

The main purpose of the characterization is to ble & analyse and identify tradeoffs and
sensitive points of the approach studied. The aito evaluate and determine which properties need t
be improved on a MDWE approach. In order to camy the analysis and evaluation of MDWE
approaches, the framework would use the checkledslts with the implemented properties. The
checklists have been drawn from a thorough sysiensitidy of the literature and state-of-the-art
of current domains. Checklists are a complete datsani of all properties that a MDWE approach can
implement. Authors have to identify these needs &émcus them on MDWE approaches quality
enhancement. They have to become observers aad testlevelopment teams in order to offer them a
more effective and efficient framework.

The value of every Feature and Sub-Feature is goihg calculated in terms of its individual
importance. A weighted average formula that takés account the proportional relevance of each
component, rather than treating it equally is dedirby default in order to calculate the values of
Feature and Sub-Features. This is a first apprtatie results, but it is possible to use more rteu
formulas which have already been described initeeature. So, If a stakeholder considers thatindur
the quality analysis of MDWE approaches within theialuation, all properties are important, thes th
completeness of these approaches will be evaludtaever, development teams have to determine
which of these properties are more suitable ta theeds and based on that decision, they have to
choose which methods better match their interests.

Descriptive statistics can be helpful when desogliertain characteristics of a product and a
process [34, 20]. The most important descriptiagisiics are measures of central tendency sudheas t
mean, measures of variability such as the standawihtion and range, and measures of the data
distribution. In this case, descriptive statistiosdescribe properties and quality characteristica
MDWE approach can be used. The arithmetic avexagithe mean, is a statistic formula that measures
the central tendency of a set of data; knowingctivgral point of a set of data is highly importarad.
compute the mean, it is simply necessary to sunthallobservations and divide them by the total
number of observations. Different points of viewaofapproach can be obtained.

The weighted arithmetic mean (or weighted averigya¥ed, when trying to combine average
values from samples of the same population witfedéht sample sizes. In this application, the sempl
sizes represent a measure for the reliability dfiémce some respective values have on the mean.
Authors and development teams can obtain a speaiiit general knowledge of the approach
environment for Sub-Features and Features diréatiy the results. Therefore, the result would be a
report with the conclusions of the evaluation. tuld provide an assessment report of the approach
and it may even be used to compare other MDWE agprevaluations. The formulas for analyzing
the approach are described below in formula (9)af@ (3).

It is specifically interesting to obtain a relativalue for MDWE approaches in order to

compare these types of approaches. The global piep&alue I’|: can also be obtained considering

the weight and value of each Feature, as showarinula (1). Wherew_ represents the weight for

indicating how each Feature vallugl influences the global properties valﬁe . The weights may be
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different for each author or development team amag nbe customized. m represents the number of

Features associated with the global propertiese'vaw.

= = (Formula 1)

. r|: : Global properties value
* W, : Feature weight for the Feature i.
* I :Feature value for the Feature i.

Quality of approaches [10] in turn depends on sé&eetures of properties, such as the MDE,
the knowledge of MDWE approach development tearhs, Web Modeling, the customization
Modeling, the maturity of a MDWE approach and thmoltsupport used for Modeling and
transformations. Development teams and authors nofagproach apply the available Modeling
languages, tools and processes and develop maadd lon their knowledge of the problem and their
experience. Besides, a Sub-Feature could influenEeadure differently and properties could also
influence Sub-Features in a different way.

For Feature values the formula is formula (Wfij represents the weight indicating how

each Sub-Feature valu'é;ij influences the associated Featerpelz . The Weighthij may be also
customized by authors and development teams. ¥jnallstands for the number of Sub-Features

associated with the Featur¢i , as shown in formula (2).

j=n
e == (Formula2)
n
. r;:i : Feature value i.
. Wfi = Sub-Feature weight for the Feature i.

. rfij :Sub-Feature value for the Feature i.

Finally, for Sub-Feature values, a Sub-FeatureelgllL]J is calculated as:
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t
ZWka r”i‘,jk

— k=1
rf -

[ t

(Formula 3)

. rfij : Sub-Feature value j for the Feature i.

. W"\ K Property weight for the property k, sub-Featunad Feature i.

. rm e Property value for the property k, sub-Featuaad Feature i.

where Wm ik represents the weight indicating how each propatye rm i influences the Sub-
Featurerfij associated. The weights may be different for eathca or development team and may be

customized. t represents the number of propertissciated with the Sub-Feature vaﬁﬁ .

4.1 ldentification of properties

The definition of properties involves a large iaitieffort. Furthermore, in this approach, the
description domain is built by conducting an idit@description of the domain according to the
information gathered from different experts, authand development teams of MDWE approaches
and by carrying out a Systematic Literature Revi8WR) process. Then, it is important to distinguish
concepts such as problem analysis and decisionagdkr they are completely different. The SLR
process must be firstly performed in order to detee the initial description of the domain. Aftaat,
the information gathered in that process may beemséd to decision-making process.

In order to get a common description of these @itigs, a consensus reaching process has to
be defined. Group Decision-Making (GDM) methods #re central axis of other papers [13] to
customize a set of weight values related to pragmras well as quality characteristics of appreach
in terms of the importance given. With this methad,onsensual decision for the weight values of the
quality model elements can be reached. SimilarlgDM method should be defined in the future to
agree on the description of properties.

In table 1 a pattern is defined to build each Featall fields are relevant, but the version
field is really significant, for some informatioa heeded to control the current state of the craskl
based on the quality model. Since technology isstaonly changing and evolving, authors and
development teams of MDWE approaches have to aomtisly update this first proposed quality
model for MDWE approaches. In other words, it ispartant to take into account that this first
identification is just a first base to start evdilng MDWE approaches quality. It must be assured th
when analyzing several MDWE approaches, the armaligsiperformed with the same version of
checklists.
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Table 1. Pattern to describe the Features

FT-<ID>

Name

Description

Version

Sub-Features

<id value>

<Feature name>

<Feature description>

<version number>

¢ SF-<ID>:
Feature name>

<Sub-

» FT<ID>: It represents an identification code foe fheature.

* Name: It refers to the name of the Feature.

» Description: It provides a brief description of fheature.

« Version: It consists in a number given to contha version of the Feature.

« Sub-Features: It refers to the set of Sub-Featlmging to the Feature. Each line consists of

the identification value and the Sub-Feature name.

The pattern for defining each Sub-Feature is desdrin Table 2.

Table 2. Pattern to describe the Sub-Features

SF-<ID>

Name

Description

Properties

<id value>

<Sub-Feature name>

<Sub-Feature description>

* PD-<ID>:<Property name>

« SF<ID>: It represents an identification code far Bub-Feature.

* Name: It refers to the name of the Sub-Feature.

« Description: It provides a brief description of theb-Feature.

« Properties: It refers to the set of properties bgilog to the Sub-Feature. Each line consists of

the identification value and the property name.

Additionally, the pattern for defining the scaleRibperties is described in Table 3:

Table 3. Pattern to define the scale of a Property

SC-<ID> Type Range Rangetype Value
<id value> | <Quantitative or|{ <Range of possible <Range type> <Normalized quantitative value>
Qualitative> values>

e SC<ID>: It represents an identification code for $ale type.

« Type: Itis the scale type that can be either Qtative or Qualitative.

« Range: Itis used for defining the possible valdahis scale.

* Range type: It is the element type of the Range galue

« Value: It is a normalized quantitative value imterof range.
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In order to define properties, the pattern deteimgithe checklists of Properties is described
together with the elements in Table 4, where eaobesty entity is explained as a regular expression
and “+” indicates that there is one or more of pineceding elements and “|’represents the operator

“or”.

Table 4. Pattern to define the checklists of Properti

o PB-<ID> <Property description> <Reference to Scale
% <Property name> Value>
z PD-<ID> PB-<ID> <Property description>| <Reference to Scaje
A %‘ <Property name> <Property name> Value>
Yy e PD-<ID>
oo <Property name>

e PD-<ID>: It is a derived property. It consists afeoor more base properties. The ID is an
identification code for the property. It has alseamne and a version number

e <Property name>, {PB<ID> | PD<ID>}+

« PB-<ID>: Itis a base property. It includes a diggimn defining the property and a reference to
the scale value used for measuring the descripti®roperty name>, <Property Description>,
<Reference to Scale Value>

0 <Property name>: It is the name of the property.

0 <Property Description>: It is a sentence that qamstwhether an approach has an
element or not.

0 <Reference to Scale Value>: It is the identificaticode for the scale value. It is
possible to have more than one reference for & s@dilie in this field, for example, one
reference to indicate a quantitative value andtarobne to indicate a qualitative value.
This happens because it could be necessary taabedicquantitative value and the way
it has been supported by a qualitative value.

4.2 Systematic Literature Review process for progert

One of the most important tasks to describe theipenvironment is to clearly delimit the scope
of the Features, Sub-Features and properties abagipes that are relevant for the study. This is
obtained through the SLR (Systematic Literature Reyigrocess [21, 22]. A problem regarding this
survey is how to describe each Feature, Sub-Feanaeproperty of approaches in a homogeneous
way and how to compare them. This description isiébin the next section where different patterns
for Features, Sub-Features and properties areadefin

As introduced, Features, Sub-Features and propéctiéescribe approaches should fulfill and
must be consistent with the work of this surveyimgrove the analysis of MDWE approaches based
on a characterization of MDWE approaches (its attar&zation). Thus, following the terminology
described in previous sections for a particularettgyment of this review, Context, Objectives,
Methods and Results are defined:

« Context: It is the systematic or even automatic yammslof MDWE approaches according to a
characterization of this kind of approach. To imyaothe analysis of approaches using
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checklists could be a solution. This study is fecuien MDWE approaches. The use of these
checklists makes the analysis and the evaluati@appfoaches easier.

« Objectives: After defining the context, the objees of this overview have to be defined. They
can be categorized into in four groups:

0 The ones dealing with identifying comparative stsdithat have been proposed to
address the analysis of MDWE approaches.

0 Those that analyze if they offer a set of suitatharacterization that can be used to
analyze MDWE approaches.

0 The ones that identify the gaps in current research

0 Those that propose future work dealing with the parative studies of MDWE
approaches.

* Methods: The search strategy for the review wageced on three lines:

o It was primarily directed towards finding publishetirveys that compare MDWE
approaches. Some previous surveys were found R713 37]. This search started
with the concepts included in these papers and #reranalysis of which of them
covered this domain was carried out. The proposetyof Schwinger et al. was a good
basis for this framework, but not enough becauiseisha static study and we not only
want to evaluate proposals, but carrying out a deteuality management about this
domain in future. In addition, in a good stratethe properties that are shown in the
study are not enough since in a quality continuoysovement past, present and future
trends have to be considered. All this favors adgmodel design in order to conduct a
quality management, but based on a quality contisiimprovement.

0 After that, a Web-search was performed to find oteéevant and new concepts related
to these properties. Several sets of keywords weeel by combining the concepts of
this study such as: “Model-Driven Engineering, Wdldeling, Model-Driven Web
Engineering”, “Navigation Modeling” or “Content Molifleg”, among others. These sets
were used both in specialized search engines agereral ones. The search engines
were: Google, Google Scholar, Scoupus, EI Compentieix,Web of Knowledge,
IEEEXplore, ACM Digital Library and CiteSeerX

0 The last step consisted in looking at referencempgrs taken from previous reviews.

« Results: The final result of searching an initiaketgption of MDWE approaches properties
(including all the references from previous compi@easurveys and approaches found) was
translated into the analysis of various MDWE apphes.

4.3 Initial description of properties

Relating to the results obtained in the SLR procas®t of Features, Sub-Features and properties
identifying MDWE properties, has been identifiethssified and described regarding work and the
current literature. A SLR process aims at providingexhaustive summary of the relevant literature to
a research question; which are the entities inebimea MDWE approach that best describes it? The
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first step of the SLR process consisted in a thdnolitgrature search, for example, in electronic
resources such as Google Scholar, Web of SciermencDirect, PubMed and Public Library of
Science. The SLR process intends to provide a ddtailmmary of literature relevant to this research
question. Next, the titles and the abstracts ofideatified articles were checked for eligibilitné to
improve the search. Third, a list of appraisaleciit was applied to the selected articles. Theserier
had to do with the methodological quality of theidsés, relevance and credibility that could be
implicit to the results. The Feature pattern tabith their specific values for this domain is delsed

in Table 5. Web Modeling, MDE, Experience and T8olpport Features are described in the table
together with their Sub-Features.

Table 5. Features

FT -<ID> Name Description Version Sub-Features

1 Web Modeling It describes the speciti2.1 * SF-<11>: Web Conceptual Levels
MDWE aspects. It covers e SF-<12>: Interfaces
aspects such as evaluating the « SF-<13>: Development Process
Web application developme t ¢ SF-<14>: Content Mode"ng
process, specific conceptual + SF-<15>: Presentation Modeling
levels for this domain and « SF-<16>: Navigation Modeling

levels of abstraction whic
have been defined in th
approach. The MDE Featur
is more general than this one.

e SF-<17>: Business Modeling

[

©

2 MDE It describes the MDE aspecis2.1 e SF-<21>: Levels of Abstraction
as the Modeling language » SF-<22>: Standard Definition
definition used, such as their » SF-<23>: Model-Based Testing
suitability for the MDWE « SF-<24>:Transformations
domain, complexity « SE-<25>:Traces

transformations, traces, test
cases, and rule generation
models as a prerequisite far
successfully employing MDIE
in the style of the MDA of the
OMG.
3 Experience It describes the state of being.1 e SF-<31>: Topicality
mature in a methodolog « SF-<32>: Modeling Examples
building process by authors. « SF-<33>: Application in Real
For example, it deals with the World Projects
year of introduction of the « SF-<34>: Publications
approach, ~ number o + SF-<35>: External Web Referencds

Modeling examples o]
number of applications in
Real-World projects.

4 Tool Support It is used for specifying2.1 e SF-<41>: Creation, edition ang
whether it provides or not & composition tool support
tool support such as e SF-<42>: Analysis Tool support
creation tool, edition tool o * SF-<43>: Transformation Too
other different tools it support
supports. * SF-<44>: Code generation an

specific platform tool support
» SF-<45>: Trace Tool support
» SF-<46>: Teamwork tool support

The Sub-Feature pattern table of FT-<1>: Web MaodelFeature with their values is
described in Table 6 together with properties.
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Table 6. Sub-Features (of the Feature FT-<1>: Webéd\liog)

SF-<ID> Name Description Properties
11 Web It describes which Web conceptual levels and PD-<111>: Content (Content Model
Conceptual which levels of abstraction are considered by PD-<112>: Presentation
Levels an approach. (Presentation Model)
* PD-<113>: Navigation (Navigation|
Model)
e PD-<114>:  Business (Procesp
Model, Development Team Model apd
Context Model)
12 Interfaces It describes how the interrelationshipsoam| « PD-<121>: Interface specification
the Web conceptual levels are modeled.
13 Develo pment It describes the development process andPD-<131>: Development
Process whether it is defined or not in the approach.
14 Content This Web Conceptual Level is described for PD-<141>: CIM
Modeling each level of abstraction, but it focuses on the pPD-<142>: PIM
content aspects. « PD-<143>: PSM
15 Presentation This Web Conceptual Level is described for PD-<151>: CIM
Modeling each level of abstraction, but it focuses on the PD-<152>: PIM
presentation aspects. « PD-<153>: PSM
16 Navigation This Web Conceptual Level is described for PD-<161>: CIM
Modeling each level of abstraction, but it focuses on the PD-<162>: PIM
navigation aspects. « PD-<163>: PSM
17 Business This Web Conceptual Level is described for PD-<171>: CIM
Modeling each level of abstraction and it is used t6 PD-<172>: PIM
describe the context, the development teamnpp-<173>: PSM
and the business process of a Web application.

The Sub-Feature pattern table of FT-<2>: MDE Featuith their
Table 7 together with properties.

values is described in

Table 7. Sub-Features (of the Feature FT-<2>: MDE)

SF-<ID> Name Description Properties
21 Levels of{ It describes properties to indicate the Levet PD-<211>: CIM
Abstraction of Abstraction (CIM, PIM, PSM and Code)s PD-<212>: PIM
which are used in the approach e PD-<213>: PSM
* PD-<214>: Code
22 Standard Definition! It describes properties for definimlgether{ « PD-<221>: Metamodel, Schemd,
is made with standards notations or is notGrammar or Ontology
made. This Sub-Feature is for thes PD-<222>: Model or Visual Syntax
evaluation of whether a web modelling
language has been defined explicitly {in
terms of a metamodel (including UML
profiles), a grammar, a semantic
description in terms of semantic web
technologies, or if such a definition is
absent
23 Model-Based It describes properties for describinge PD-<231>: Metamodel, Schemd,
Testing whether a Model-Based Testing is definedsrammar or Ontology for Test Cases
for the approach + PD-<232>: Model or Visual Synta
for Test Cases
* PD-<233>: Transformations fo
Model-Based Testing
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24 Transformations The Transformations Sub-Feature is frith PD-<241>: Transformation Types
evaluation of whether approaches might PD-<242>: Model-Driven Reversd
support or not support various types dfEngineering or Synchronization
model transformations. For example, an
approach might support transformations
between platform-independent  models
(PIM2PIM), and transformations between
platform-independent and platform-specitic
models  (PIM2PSM), transformations
between platform-specific models and cdde
(PSM2Code)
25 Traces The Traces Sub-Feature evaluates if @PD-<251>: Trace Generation
generation of traces has been defined fromLanguage

transformations or between modelss PD-<252>: Horizontal Trace
Regarding MDE, the traceability Generation

mechanism links elements of different pp-<253>: Vertical Trace
models in order to specify elements uséfueneration

in generating others. Those links can also

be used to analyze impacts of model

evolutions onto other models in the
transformation chain

The Sub-Feature pattern table of FT-<3>: Experidfegture with their values is described in
Table 8 together with properties.

Table 8. Sub-Features (of the Feature FT-<3>: Hapee)
SF-<ID> Name Description Properties
31 Topicality The Topicality Sub-Feature is the year :of PD-<311>:Years of Experience
introduction of the approach and other issues
related with the time under development.
32 Modeling The Modeling Examples Sub-Feature is the PD-<321>: Experience in Examples
Examples number of different and existing modelling
examples and their depth which would also{be
of interest. Such a depth measure couldbe
composed of the number of modeling concepts
used, i.e. the number of content classes, nodes,

links, etc
33 Application in! The Application in Real-World Projects Sup- PD-<331>: Experience in Projects
Real-World Feature describes the employment |in
Projects designing real-world applications and number

of organizations which are currently using the
approach or an adaptation of it. This criterio
evaluates whether real-world application
exist or do not exist.
34 Publications The Publications Sub-Feature describes |tRePD-<341>: Experience in
number of publications in different conferencePublications

proceedings, journals, books, etc
35 External Web; The External Web References Sub-FeatukePD-<3511>: Number of external wep
References describes the number of external webreferences on Google

references which may be used for future PD-<3512>: Number of external we
development teams of the approach. Fokeferences on Google Scholar
example it could be the number of references

showed by a google search

n S

=
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The Sub-Feature pattern table of FT-<4>: Tool Suppeature with their values is described
in Table 9 together with properties.

Table 10 describes a scale property with two tygfeglues, qualitative and quantitative, as
an example.

Table 9. Sub-Features (of the Feature FT-<4>: Tapp8rt)

SF-<ID> Name Description Properties
41 Creation, The Creation, Edition and Compositiane PD-<411>: Creation, edition and
edition andi{ Tool Support Sub-Feature is to descripecomposition of Models
composition properties for analyzing the aspects of{ & PD-<412>: Creation, editon and
tool support tool support used to the creation, editioncomposition of Models for Testing
and composition of metamodels and models pp-<413>:  Pattern design Tool fo
Models
42 Analysis  Tool; The Analysis Tool Support Sub-Feature PD-<421>: Analysis of Models
support describes properties for analyzing thes PD-<422>: Transformation Rules
features of an analysis tool support used; t0 pp-<423>: Model-Based Testing
analyze  models, metamodels  and pp-<424>: Trace
transformations « PD-<425>: Metrics
43 Transformation ;| The Transformation Tool Support Sup-< PD-<431>: Transformation Types
Tool support Feature specifies properties for analyzing PD-<432>: Model-Driven  Reversd
the aspects of a transformation tool supporiEngineering or Synchronization
used to define transformations between
models
44 Code The Code Generation and Specific Platfofra PD-<441>: Language or Platform
generation and; Tool  Support  Sub-Feature  specify models and code generation
specific properties used to analyze the value and PD-<442>: Data Persistence models arld
platform  tool | features related to a tool support for code generation
support generating code « PD-<443>: Web services, BPEL anf
Mashups models and code generation
* PD-<444>: Models and Code for Testin
¢ PD-<445>: Web 2.0 and Rich Interngt
Application models and code generation
* PD-<453>: Web 3.0 and Semantic W¢b
models and code generation
45 Trace Tool{ The Trace Tool Support Sub-Feature PD-<451>: Trace Generation Tool
support describes properties for analyzing the value PD-<452>: Horizontal Trace
and features of a trace tool support whichiisGeneration Tool
used for tracing between models and pp-<453>: Vertical Trace Generatio
metamodels Tool
46 Team work tooli The Team Work Tool Support Sub-Feature PD-<461>: Team work
support describes properties for analyzing the value
and features of a Team work tool suppgrt.
This tool is used for improving the work in
a team
Table 10. Property scale
SC-<ID> Type Range Rangetype Value
1 Qualitative {Not Supported, Partly STRING {0, 1/2, 1}
Supported, Supported}
2 Quantitative {0 - 5} INTEGER Value in the Range
MAX value in the Range




F.J. Domingue-Mayo, M.J. Escalona, M. Mejias, M. Ross and G. §t&apl149

4.4 The Checklists

Table 11 Checklist for the SF-<14>: Content Modglin

MB-<1211> | It determines a well-defined technique, process atitheir used for capturing ValueOf(
CIM- content requirements SC-<1>)
Requirement
s Capture
MB-<1212> | In CIM level of Abstraction for defining and Modegjthe Content it uses standaydvalueOf(
CIM- diagrams based on UML, UML stereotypes for the spedlNieb concepts of SC-<1>)
Content BPMN for the Business Process Diagram specificatiom @ class diagrams,
Requirement | object diagram, or other type of standard very close t
s Definition
é MB-<1212> | It determines a well-defined technique, process anthetrtused for validating ValueOf(
v, CIM- content requirements SC-<1>)
- Requirement
S O «i | s Validation
MB-<1421> | In PIM level of Abstraction for Modeling the Conteittuses standard diagransValueOf(
PIM- based on UML, UML stereotypes for the specific Webcepts or BPMN for the SC-<1>)
Content Business Process Diagram specification
Analysis
MD-<1422> | MB-<14221> It provides users with a proven catalogue of archeetyyalueOf(
PIM — | Catalog of patterns | patterns: high-value model components that can be easig-<1>)
é Design incorporated into UML and BPMN models.
Avi Pattern  for | MB-<14222> It uses the content model in a MVC (Model-View-ValueOf(
L = _, | Content MVC pattern Controller Pattern) architectural pattern. SC-<1>)
S & «i | Models
MB-<1421> | In PSM the level of Abstraction for Modeling the Gemt uses standard diagrams/alueOf(
PSM — | based on UML, UML stereotypes for the specific Webcepts or BPMN for the SC-<1>)
Content Business Process Diagram specification.
Design
MD-<1422> | MB-<14221> It supports technology such as Ruby on Rails, StrifalueOf(
PSM - Technology Spring, JSF, or other language or Platform to detlign; SC-<1>)
Technology content model in a MVC (Model-View-Controller Pattgr:
and Specific architectural pattern
Platforms MB-<14222> Number of languages or platforms which can be used WalueOf(
Languages ort design the content model such as Ruby on Rails (Rub$C-<2>)
Platforms Ajax Framework , Struts (Java /J2EE), Spring (Java
[J2EE), JSF (Java /J2EE), Catalyst (Perl), Web2py
(Python), KumbiaPHP (PHP), MonoRail (.NET), Spring
.NET ((NET) or ASP .NET (.NET) (HTML).
PD-<1433> | PB-<14331> It supports Modeling of database schema design {aWdlueOf(
PSM - Data} Modeling of { automatic generation of scripts such as DB2, MS SQ&C-<1>)
Persistence | database Server, MySQL or Oracle, for example.
PB-<14332> Number of software which can be used to design th&alueOf(
Platforms object-relational mapping such as Hibernate, OpenJP8C-<2>)
ADO .NET Entity Framework, TopLink, JPA;
EclipseLink.
PB-<1424> | It supports Rich Internet application framework (éample AJAX or GWT) fori ValueOf(
PSM - Web | scripting which (according to W3C) can make Web pagese dynamic. For SC-<1>)
2.0 and Richi example, without reloading a new version of a p&gaay allow modifications to;
Internet the content of that page, or allow content to bideddo or sent from that page. The
Applications | former has been called DHTML (Dynamic HTML), and thegter AJAX
&! (Asynchronous JavaScript and XML).
s PB-<1425> | It supports semantic Web technology such as Resourceifigst Framework; ValueOf(
L PSM -Web! (RDF), a variety of data interchange formats (&R@F/XML, N3, Turtle, N-{ SC-<1>)
@ 3.0 and| Triples), and notations such as RDF Schema (RDFS) lamdWeb Ontology;
v, Semantic Language (OWL), all of which are intended to previd formal description o
l Web concepts, terms, and relationships within a giveowkaedge domain. (W3G
= recommendation)
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It has already been mentioned that checklists agptify strengths and weakenesses of
MDWE approaches. Besides, checklists are powerfifihets to assure quality and they can be used to
analyze and control the state of MDWE approachesis€@guently, authors of approaches can use
these checklists as mechanisms to analyze andotondr state of their MDWE approaches. Besides
that, they can also be used to indicate what asigeghportant within a domain. Furthermore,
development teams can also use them as a mech&mipgint out what they really matter. These
checklists can be defined in terms of the propediescription already established.

For length reasons, this paper does not show alCtiecklists to analyze the methodology.
The checklist Table of SF-<14>: Content Modeling-fedture is described in Table 11 as an example
of metrics definition for a sub-feature.

5 Exampleapplication: studying a visual description of NDT methodology

NDT (Navigational Development Techniques) is a mdtiogical approach oriented to Web
Engineering. In the last few years, several Welr@gpghes were defined; OOHDM, UWE, WebML,
RUX-Method or OOH4RIA, are only some examples. Howgeemparative studies conclude that
these approaches mainly focus on the analysis esidrdphases and there is an important gap in Web
requirements treatment. NDT tries to fill this ga@pus, it deals with the requirements and the amly
phases. Nowadays, NDT has evolved in the entergrns@ronment and it covers the complete life
cycle of a software project. With the use of NDT#8UNDT offers tool support for each phase of the
life cycle.

The entire proposed approach has been appliedthoNDT methodology. For length
reasons, this paper does not show all the Checktiatshave been used to analyze the methodology.
We have analyzed the methodology considering th&®raperties are equally important. Thus, the
completeness of NDT is examined in order to idgrttie weaknesses of the methodology. However,
these Properties are the Properties that includg afdMDWE existing methodologies. For this reason
and because of the immaturity of the domain untledyswe have considered each and every one of
these Properties.

5.1 Analyzing the Web Modeling Feature ChecklisNiDT methodology

The Web Modeling Feature Checklist has been appliedDT methodology in order to analyze
the Web Modeling domain aspects of the methodolddgvertheless, to restrict the length of the
content of this paper, only the Content Modeling -Febture of the Web Modeling Feature is
described in Table 12, as an example of the arsalysil its later evaluation. This Sub-Feature table
one of the Checklists which describe the Web Modekeature in a MDWE methodology. In the
example, the Checklist has values for NDT methodolog

In Fig. 5, every Sub-Feature values for NDT methoglp for the Web Modeling Features is
shown in the chart. In this figure, the grey liepresents Sub-Feature values for an ideal methgylolo
and the black one represents Sub-Feature valu@Xdormethodology.
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Table 12 Filling Checklist for the SF-<14>: Contéfddeling

PB-<1411> | It determines a well-defined technique, process atifa@rused for capturing Supported

CIM- content requirements

Requirement

s Capture

PB-<1412> | In CIM level of Abstraction for defining and Modeginthe Content it uses Supported
CIM- standard diagrams based on UML, UML stereotypes forsghexific Web

Content concepts or BPMN for the Business Process Diagram sqaimf such as class

Requirement | diagrams, object diagram, or other type of standasely close to it.
s Definition

A PB-<1413> | It defines a well-defined technique, process andaattifised validating content Supported
A CIM- requirements
Vs Requirement
E 5 d| s validation
PB-<1421> | In PIM level of Abstraction for Modeling the Contehuses standard diagramsSupported
PIM- based on UML, UML stereotypes for the specific Webaepts or BPMN fori
Content the Business Process Diagram specification
Analysis
PD-<1422> | PB-<14221> It provides development teams with a proven catalog&ipported
PIM — | Catalog of patterns | of archetype patterns: high-value model components
A Design that can be easily incorporated into UML and BPNN
S Pattern  for models.
V s Content PB-<14222> It uses the content model in a MVC (Model-View-Supported
Ex X] Models MVC pattern Controller Pattern) architectural pattern
PB-<1431> | In PSM level of Abstraction for Modeling the Conténtises standard diagramisSupported
PSM — | based on UML, UML stereotypes for the specific Webaepts or BPMN fo
Content the Business Process Diagram specification
Design
PD-<1432> | PB-<14321> It supports technology such as Ruby on Rails, StriRartly
PSM - i Technology Spring, JSF, or other language or Platform to detsign Supported
Technology content model in a MVC (Model-View-Controllgr
and Specific Pattern) architectural pattern.
Platforms PB-<14322> Number of languages or platforms which can be used 1o
Languages or design the content model such as Ruby on Rails (Ruby)
Platforms Ajax Framework , Struts (Java /J2EE), Spring (Java
1J2EE), JSF (Java /J2EE), Catalyst (Perl), Web2py
(Python), KumbiaPHP (PHP), MonoRail (.NET),
Spring .NET (.NET) or ASP .NET (.NET) (HTML)
PD-<1433> | PB-<14331> It supports Modeling of database schema design {aRdrtly
PSM - Data} Modeling of | automatic generation of scripts such as DB2, MS SC&upported
Persistence | database Server, MySOL or Oracle, for example.
PB-<14332> Number of software which can be used to designitie
Platforms object-relational mapping such as Hibernate, OpenJPA
ADO .NET Entity Framework, TopLink, JPA,
EclipseLink.

PB-<1424> | It supports Rich Internet application framework (Extample AJAX or GWT); Not

PSM - Web| for scripting which (according to W3C) can make Welggs more dynamic. Supported
2.0 and Richj For example, without reloading a new version of aepag may allow
Internet modifications to the content of that page, or almtent to be added to or sent
Applications | from that page. The former has been called DHTML @yit HTML), and the
latter AJAX (Asynchronous JavaScript and XML).

PT-<143>

PSM

2.1

PB-<1425> | It supports semantic Web technology such as Resourceip&stiFramework! Not

PSM -Web!{ (RDF), a variety of data interchange formats (e.gFRMIL, N3, Turtle, N- | Supported
3.0 and| Triples), and notations such as RDF Schema (RDFS)tlemdVeb Ontology:
Semantic Language (OWL), all of which are intended to previa formal description o
Web concepts, terms, and relationships within a giveaowkedge domain. (W3(
recommendation)
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=—4=NDT == Ideal Methodology
Web Conceptual
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Figure 5 Web Modeling Sub-Features values

The formula 3 was applied by using the Checklisbrimfation. In this analysis, the weight
value for each Property is going to be considerpdhlly important. In fact, each weight value isot f
each Property in order to calculate the Sub-Feataires.

Table 13 Values for calculating the SF-<14>: CohMadeling in terms of Checklists

PT-<141>CIM 2.1 PB-<1411> CIM-Requirements Capture 1
PB-<1412> CIM- Content Requirements Definition 1
PB-<1412> CIM- Requirements Validation 1
PT-<142>PIM 2.1 PB-<1421> PIM- Content Analysis 1
PD-<1422> PIM- Design Pattern for PB-<14221> Catalogue af 1
Content Models patterns
PB-<14222> MVC pattern 1
PT-<143> PSM 2.1 PB-<1431> PSM- Content Design 1
PD-<1432> PSM- Technology and PB-<14321> Technology 1/2
Specific Platforms PB-<14322> Languages Orl/5
Platforms
PD-<1433> PSM- Data Persistence PB-<14331> Modeling of 1/2
database
PB-<14332> Platforms 1
PB-<1434> PSM- Web 2.0 and Rich Internet Appligagio 0
PB-<1435> PSM-Web 3.0 and Semantic Web 0
2/3

As far as applying formulas is concerned, the teédlie for each Sub-Feature is the sum of
Property values associated to the Sub-Featurejadivby the number of total Properties in the Sub-
Feature considered, as it is indicated in the féan2u For qualitative value, and as it is definedhe
scale SC-<1>, the Property value in the example ikit is a Supported, 1/2 of the arithmetic mesin
supported elements out of the total elements, i ftartly supported, and O if it is not supportkd.
case we have a quantitative value, as it is definestale SC-<2>, the value is out of the range max
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value defined in the scale. The total value fer @ontent Modeling Sub-Feature is 2/3, as it iswsho
in Table 15.

As regards the results, in the chart, the NDT ndtlagy has the best scores for the
Development Process and the Web Conceptual Levelgertheless, it may improve the Navigations
Feature Modeling, Business Modeling and Content FedWodeling Sub-Features. Therefore, the
Presentation Modeling is a Web conceptual Levektvithis methodology lacks. So, the approach the
author has to improve this Sub-Feature in the &utAinother Sub-Feature which may be improved is
the interfaces, which this methodology also lacks.

This analysis can help identify what the Featured &ub-Features to be improved in a
methodology are. Attending to the information obéai in the Checklists, we recommend the authors
to improve the Presentation Modeling Sub-Featluneesit has no models for defining either PIM or
PSM levels of abstraction. Besides, it could bevaht that the models provided by the methodology
in the future would be standard diagrams based M Or UML stereotypes for the specific Web
concepts. Thus, development teams would be alseided with a proven catalogue of archetype
patterns in order to be helped to design the ptaten.

As regards the Business Modeling Sub-Feature, ifdvioe appropriate that the methodology
may offer in the future the Business Process Executanguage (BPEL), the short version of Web
Services Business Process Execution Language (WS-BRMBIich is a standard executable language
for specifying interactions with Web Services. Iddaion, it would also be relevant that the
methodology may provide technologies for the usmashups (a way to create new Web applications
by combining existing Web resources by using dath\Web APIs) such as consumer mashups, data
mashups or business mashups.

Furthermore, and with regards to interface Subtieathe methodology should define more
mechanisms used to specify the interfaces amoiferelift conceptual levels with a standard language
as OCL, QVT or ATL.

In general, and in order to improve the Web Modglireature in NDT, we suggest to
improve the PSM level of abstraction, consequentiyne platforms can be used to design every
conceptual model such as for example Ruby on RailbyRW#jax Framework, Struts (Java /J2EE),
Spring (Java /J2EE), JSF (Java /J2EE) or ASP .NRET). In order to improve the methodology, we
also recommend the implementation of the Rich IreteApplications and Semantic Web aspects.

With regards to the other Features, as is showkign6, for the MDE Feature (Fig. 6 - A),
NDT methodology may improve on Standard Definitiamd transformation Sub-Feature. Standard
Definition would improve, if NDT methodology impleamts the standard BPMN 1.2 and 2.0 for the
definition of business processes. That is, it waualbrove in the transformation Sub-Feature, if it
provides mapping functions or transformations sash CIM2CIM, PIM2PIM, PIM2Code and
PSM2Code. Furthermore, it should also provide a lsymization method or a reverse engineering
technique between transformations such as PSM2RtMCade2PIM.

The NDT methodology does not offer a separate mmdalescribing the transformation such
as a separate Platform-Description Model, whicHatbe very useful.
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It is a methodology with good scores in Traces, dlewf Abstraction and Model-Based
Testing Sub-Feature values. According to the Exper Sub-Feature, it is a methodology that lacks in
experience if compared to other older proposals, dgample, UWE, WebML or OOHDM
methodologies. To sum up, NDT methodology has forawve in the external Web references and the
number of publications (Fig. 6 - B).

—4—NDT —#&—Ideal Methodology —4—NDT —=—Ideal Methodology

Levels of Abstraction A Topicality B
. 1

External Web

Standard Definition
References

odelling Examples

Application in Real-

Transformations odel-Based Testing ” World Projects

—4=NDT ~—@=Ideal Methodology

Creation, edition and C
composition tool
support
1
75
T k tool .
eamwork foo [ - 33 nalysis tool support
support - /s

# | Transformations tool

Trace tool support’ support

Code generation and
specific platform

Figure 6 MDE (A), Experience (B) and Tool Supp@} Sub-Features values

As for the Tool support Feature (Fig. 6 - C), NDTthoelology is supported by a complete
tool. Enterprise Architect is a tool which suppottee majority of aspects considered in the
methodology. However, NDT methodology may improyedfically for the Transformations and
code generation and specific platform Sub-Feaifline.aspects that should be implemented in order to
generate automatic code when using the methododwgythe Web services, BPEL and Mashups
models, code generation for Web Rich Internet Agpiicn models and code generation for Semantic
Web models.
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5.2 Global results of Features

The results for the Sub-Features of NDT have ayrdmdn shown in previous sections. Nevertheless,
a general view of NDT can also be shown. Fig. &rsfthe methodology results in terms of Features.
The black line represents Feature values on NDThodeogy and the grey one stands for Feature
values for an ideal approach, depending on theuFestunder consideration. In this case, the total
value for each Feature is the sum of the Sub-Featlues associated to the Feature (which has been
obtained by the formula 2.

Table 14 Values for calculating the FT-<1>:Web Mautgin terms of the Sub-Features

SF-<ID> Name Values
SF-<11> Web Conceptual Levels 1
SF-<12> Interfaces 2/3
SF-<13> Development Process 1
SF-<14> Content Modeling 2/3
SF-<15> Presentation Modeling 1/2
SF-<16> Navigation Modeling 5/7
SF-<17> Business Modeling 6/7
3/4

Table 15 Values for calculating the Feature values.

FT -<ID> Feature name Values

FT-<1> Web Modeling 3/4
FT-<2> MDE 718
FT-<3> Experience 1/4
FT-<4> Tool Support 7/8

=—4=NDT —#—Ideal Methodology

MDE

ebModelling

Maturity

Figure 7 Features values

The NDT methodology has better results in the MidiE Tool Support Feature and a lower
value in the Experience Feature. The Web Modeliegtlire has also a significant value.
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6 Conclusionsand Future Work

In this paper, a meta-model has been defined basd80 quality standards in order to be used
with QUEF which is a framework for the quality mgeament of MDWE methodologies. Besides, a set
of patterns to instantiate the quality model hasnbgroposed in order to make easier the instamtiati
of the proposed quality model. Furthermore, thesitemns were used to suggest a characterization of
MDWE methodologies in order to use this information the analysis and evaluation of MDWE
methodologies. The study focuses on describingd?ties (hierarchical by Features and Sub-Features)
for MDWE methodologies.

In QUEF, at the beginning of the Quality Model 8tgy and Design phases, it is important to
generally define all development teams’ needs. Giliche development teams’ needs are customized
then, in turn, they are defined within a qualitydeb During the Quality Model Operation phase both
development teams and authors, can analyze, caritbevaluate the quality of their approaches, as
shown in the sample application included in thipgraSo, a quality model has been defined for these
Properties and a set of Checklists has been deddriterms of this quality model. Features and Sub-
Features are described in order to show a comeiketeaple of Properties.

We are currently working on the analysis and ev@uneof other MDWE methodologies and
even the experimentation for the validation of éh€soperties. So, contacts with authors of differen
MDWE methodologies have been established to analpzdeevaluate their approaches. The idea is to
get valuable feedback on the Checklists concernimtgrstandability as well as acceptance. Besides,
The filled Checklists from the development teamstredf approaches could be an interesting data
source for comparing different approaches as weltletermining the current state-of-the-art of the
whole MDWE field.

The use of a methodology or standard model proeassires consistency in their output,
although it does not guarantee a product qualitys Tact may even institutionalize the creatiorbafl
products. Therefore, in the future, the productpBrties in the results have to be taken into adcoun
and related to the methodology Properties becaustaralard process does not necessarily conclude
with a quality product. In this sense, it is neeeggo describe the product and define relationsragm
the methodology Properties and the product Praseiti the results. In fact, the product Properties
which are obtained by means of the methodology havee also considered and related to the
methodology Properties, since it is necessary tmkwhat methodology Properties influence product
Properties. This is due to the fact that the usa wiethodology does not ensure a quality produrdt, b
the uniformity of results. Thus, product Properties/e to be related to methodology Properties in
future works.

One of the limitations is that the proposal workthvpeople and this is a difficult aspect to
take into consideration because people have toeagmea lot of concepts. Each one has different
experiences and points of view. Besides, the domaMDWE methodologies is currently immature
and these methodologies have different metamodwidgels, transformations, tools support that work
in a different way and some other aspects thatcatesing different situations that render some
consideration. Take, for example, development teatms do not know how to make use of these
approaches let alone know how these approachebetarthem and which approach is more suitable
for them; for that matter, and yet, they are thénmtarget of design of the desired methodology. In
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addition, the diversity in some features of theigle®sf these approaches reflects that authorsesfeth
approaches do not share the same vision or pumosse. So, this methodologies depends on the

project context in which they are going to be udgt convergence towards a standardization of these

methods together with a consensus within a quatiijmagement and common quality model would
result in that both, authors and development teaneke use of and design these methodologies
effectively and efficiently.

Cooperation among authors has to lead to the deteofi needs. Authors have to provide

development teams with the Properties that theyd reeed they have to guarantee the Quality
Characteristics that development teams are demantimgs, authors would win in effectiveness and
efficiency in the design of their methodologies.sTtvould be possible because both, development

teams and authors, would have a common strategysdme objectives as well as purposes and the

same design of the model to be achieved. At theesane, and due to their shared knowledge, authors
would have a clearer idea as to what should beggthim the quality model. So, this approach would
be used not only for Analysis and Evaluation butdeyelopment teams of different methodologies.
Development teams will have the chance to compathadologies and authors, on their part, will
have the chance to control and improve the dedigimear methodologies.
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