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ABSTRACT

The number and complexity of Web applications whaoh part of
Business Intelligence (Bl) applications had growpanentially
in recent years. The amount of data used in thegkcations has
consequently also grown. Managing data with an#ebée level
of quality is paramount to success in any orgaiurat business
process. In order to raise and maintain the adedeeagls of Data
Quality (DQ) it is indispensable for Web applicaisoto be able to
satisfy specific DQ requirements. In order to aehi¢his goal,
DQ requirements should be captured and introduced the
development process together with the other softwar
requirements needed in the applications. Howewethe field of
Web application development, and to the best ofkmawledge,
no proposals exist with regard to the way in whiohmanage
specific DQ software requirements. This paper aersi the
MDA (Model Driven Architectureapproach and, principally, the
benefits provided by Model Driven Web EngineeridPDWE) in
order to put forward a proposal for two artifacthese two
artifacts are a metamodel and a UML profile for thenagement
of Data Quality Software Requirements for Web Aggiions
(DQ_WebRE
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1. INTRODUCTION

Many companies currently manage a large amount hefr t
business intelligence data through Web applicatidie use of
these applications has created new ways for eigespto benefit
from the vast potential of client relationships,ieth has never
previously been exploited [1]. However, problemaissd by
inadequate levels of quality in the data which fahrough these
Web applications arise more commonly than expe¢&d3].
Batini et al. in [4] mention some examples of camnsituations
in which Information Systems that use data wittdeguate levels
of quality have negatively affected the work ofpdoyees, and
consequently the organization’s performance.
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It can be proven that these problems provoke diffekinds of
damage within organizations [5-9]. This damageramtformed
into higher and higher costs in both economical soclal terms
[10-12], but it is only when organizations becomeage of the
situation that they are willing to eradicate thisdof problems.

As a first possible solution, organization consitter adoption of
specific Data Quality Software (e.g. data cleansing
standardization, matching, merging, enrichment addta
profiling), as proposed in [13]. Although useflijg can only be
used as apgost-morterhisolution, and does not avoid problems in
the long term since an Information System is cartirsly living
[14]. In addition, this solution is not focused specific users
data quality requirements. This implies that somiad kof
customization of the Information System aimed a&vpnting DQ
problems is necessary.

We shall commence by briefly describing the concefptdata
quality. The most widely accepted definition of ttegm Data
Quality is based on Deming'dithess for usg[15]. This signifies
that a user can only assess the level of quality s#t of data for a
particular task to be executed in a specific cant@ecording to a
set of criteria, thus determining whether or natsth data can be
used for that purpose [16]. It is essential to poirt here that this
set of criteria is typically denominated as a DQddib A DQ
Model is composed of several DQ dimensions or charatics.
A user would therefore desire that a set of dataldveomply
with the requirements specified by a DQ Model, nlgmeéth a
DQ Requirement.

In order to obtain a better understanding of thecept of DQ
requirement, we decided to use the definition coined in [14]:
“the specification of a set of dimensions or chagastics of DQ
that a set of data should meet for a specific f@esiormed by a
determined usér Our objective is to help to identify those DQ
Requirements which will be translated into spediiQ software
requirements. The latter will be introduced in daeliest stages of
Web application development, thus complementingShéware
Requirements Specification. The researching questas how to
introduce the specific DQ requirements into theedigyment of
Web applications. In order to seek an answer ® dhestion, we
have deliberated the possibility of considering gearadigm of
Model Driven Web Engineering DWE) as a suitable layout to
support the solution. MDWE proposes representimyepts by
supporting the development process by means of af seodels,
transformations and relations between models, wiketts to
agile developments and assures consistency betwedals [17].



Much research in MDWE is principally concerned withe
analysis and design phases. In this respect, @iffdanguages,
methods and tools for Web modeling have been pexpeasd
released, almost all of which offer specific pramssto support
the systematic and semiautomatic development ofsethe
applications. This therefore makes MDWE a goodtis@rpoint
for the insertion of new features, such as DQ isshtoreover, as
previously stated, there are no works that paytialbver the
various corresponding issues related to the managieof DQ
software requirements at the moment of modelingdaaloping
Web applications, as is concluded in [14]. The lack
methodologies and proposals for these DQ softwegeirement
specification initiatives leads to the need to sider such
requirements throughout the software developmeotqss, and
in a more specific sense, in the initial requiretaespecification
phase [18]. More precisely, the main contributidntlds work
towards both the area of Requirements Engineerind
MDWE is the proposal of an extended metamodel ardivih
profile which will allow developers to incorporasspects of DQ
software requirements. These artifacts will peld@ issues to be
introduced into the various diagrams (use caseaatidity), thus
collaborating in the design ofbata Quality-aware Web
applications

The remainder of the paper is structured as foll®ection Two
provides a brief description of the model’s foualas on DQ, on
Web Engineering and on the metamod®epRE. The extended
metamodel with DQ and the proposed UML profile for
specification and modeling of Data Quality softwegquirements

(DQ_WebRE are introduced in Section Three. Section Four

shows an illustrated example using B®_ WebREprofile, and
finally, some conclusions and future work are pnéseé in
Section Five.

2. RELATED WORK
2.1 Data Quality

Various definitions of the concept of Data Qualéyist [19].
However, most authors agree that a piece of detaah adequate
level of quality if it is valid for the purpose which a user wishes
to put it as regards a particular task in an sgecibntext [16].
One of the most interesting strategies for the ysfdDQ for a
specific context is to divide it into smaller piscknown aglata
quality dimension§20].

Amongst the various data quality models consideedtandards,
we have considered that of ISO/IEC 25012 [21] for @®search,
since it is the “de jure” model. It provides a D&aality model

for data managed in information systems, and censififteen

dimensions or characteristics which are groupddgroups:

- Inherent this refers to the extent to which quality
characteristics of data have the intrinsic potértbasatisfy
stated and implied needs when data is used undeifisp
conditions.

- System dependenthis refers to the extent to which data
quality is obtained and preserved within a compustatem
when data is used under specified conditions.

Table 1 shows the definitions for each of the dgtality

dimensions proposed by the ISO/IEC 25012 stand2tdl [t is

worth mentioning that these dimensions or chareties should
be reinterpreted and redefined to better repreésantto measure
the level of data quality of a piece of data incmtext. These
dimensions or characteristics should be consideveten

specifying a data quality requirement. More impotiia a

reinterpretation of the definition provided in Tabl must be
carried out in order to customize the idea of dpiality to the
user’s perception of it.

Table 1. Data Quality dimensions proposed by 1SO/IEC 25012 standard.

Dimension |

Description

Inherent

Accurac
Y context of use.

The degree to which data have attributes that ctyreepresent the true value of the intendedtaite of a concept or event in a specific

Completeness context of use.

The degree to which subject data associated wieméty have values for all expected attributes iaalated entity instances in a specific

guality in a specific context of use.

Consistenc The degree to which datave attributes that are free from contradiction andcaneerent with other data in a specific contextis#
Credibility The degree to which datave attributes hat are regarded as true and believable by usersjecific context of us
Currentnes The degree to which datave attributes that are of the right age in a specifiotext of ust
Inherent and system dependent
Accessibility The _degre_e to which data can b(_e acgessed in disp=Emitext of use, particularly by people who neegporting technology or special
configuration because of some disabi
Compliance The degree to which data have attributes that adtvestandards, conventions or regulations in fareé similar rules relating to data

Confidentiality context of use

The degree to which data have attributes that enthat they are only accessible and interpretaplauthorized users in a specific

The degree to which data have attributes that eaprbcessed and provide the expected levels obipesthce by using the appropriate

Efficiency : "
amounts and types of resources in a specific coofaxse.
Precision The degree to which data have attrihtht@isare exact or that provide discrimination ispacific context of use.
Traceability The degree to which data have attributes that geoain audit trail of access to the data and ofchaypges made to the data in a spec|

context of use.

ific

Understandability

The degree to which data have attributes that enald be read and interpreted by users, andgeessed in appropriate languagg
symbols and units in a specific context of use.

bS,

System dependent

Availability

The degree to which data have attrédmithat enable them to be retrieved by authorisedstand/or applications in a specific context.

Portability

The degree to which data have attributes that erthlbim to be installed, replaced or moved fromsyséem to another while preservi
the existing quality in a specific context of use.

«Q

Recoverability

The degree to which data have attributes that ertabm to maintain and preserve a specified leveperations and quality, even in th

o

event of failure, in a specific contextuse




2.2 Web Engineering and MDWE

We analyzed different methodologies supporting iregquents
analysis and design phases and found the followimgposals:
NDT [17], UWE [22], WebML [23], WebRE [24], and W&

[25]. A comparative study of these methodologieshswn in
[26]. This last study principally shows the typdsrequirements
managed by each proposal, along with the technigsed and
the extent of detail of each proposal in termshefrtdevelopment
process.

All of these methodologies are principally focused how to
identify and define the functional aspects, relatethe semantics
of models, oriented towards capturing the relev@operties of
this type of Web applications. However, none ofstheroposals
includes the quality characteristics of the datd th managed and
stored by these applications. Only a few of theppeals, such as
those in [17, 23, 24], mention certain specific omfation
objectives that should be considered when desig@ing/eb
application. However, they neither explore theirdst in greater
depth, nor do they consider any requirements ocifipations of
DQ characteristics.

It is worth highlighting that the key concepts mged in the
WebRE metamodel were defined by taking as a basis the
similarities of all methods and proposals reviewgdhe authors
and summarized in [24WWebREuses the power of metamodeling
to merge different approaches. It also defines afiedn
metamodel, in accordance with certain OMG standarth as
MDA [27], UML [28], OCL [29], QVT[30].

The metamodel proposed by Escalona and Koch in fp2dhits
the principal elements for Web requirements to lmeleled in a
UML class diagram. The metaclasses represent ctmeéfhout
any information about their representation; they grouped in
two packages according to the structure of UMMeEDRE
Structuré and “WebRE Behavidr

The functionality of a Web system, described in théebRE
Behaviof' package, is modeled by means of a set of inst@ante
two types of specific use casedldvigation” and ‘WebProcess
and specific activities such asBrowse”, “Search” and
“UserTransaction”

Table 2. Elements of WebRE metamodel.

Element Description

WebUser Represents any user who interacts with \ted
application

Navigation Represents a specific use case whidhdes a set o
“Browsé type activities that theNebUserwill be
able to perform to reach a target node.

WebProcess Models the main functionalities (nonnhlisiness
proces$ of the Web application. It represents another
use case which can be refined by differBnowse
SearchandUserTransactiortype activities.

Browse Represents a normal browse activity in fistes; it
can be improved by Searcl activity.

Search It has a set of parameters, which allonougefine
gueries on the data storage i@cdhtent metaclass.
The results will be shown in the target node.

UserTransac- | Represents complex activities that can be exprefsed

tion in terms of transactions initiated by us

Node Represents a point of navigation at which uker
can find information. Each instance of a Browse
activity starts in a node (source) and finishes|in
another node (target). The Nodes are shown to| the
users as pages.

Content Represents where the different piecesfofrimation
are storec

WebUI Represents the concept of Web p

3. AMETAMODEL AND PROFILE OF DQ
SOFTWARE REQUIREMENTSFOR WEB

APPLICATIONS

After carrying out an in-depth analysis of the eliéint Web
Engineering proposals, and given their features,deeided to
take that proposed by Escalona and Koch [24] aasés Hor our
work, since it satisfies one of the key requirersefdr our

research: its compatibility with “de jure” standardscalona and
Koch’s proposal presents a metamodel with whichefresent
concepts and relationships of Web Requirements rieeging.

This metamodel is used as a basis for defining 4 \pkbfile for

Web RequirementdNebRE [24].

Having shown the main characteristics and elemaftghe
WebREmetamodel in Section 2.2, in this section we dbscour

The “WebREStructure” package contains the metaclasses used to Proposal. One of the most important motivationhe work is to

describe the structural elements of a Web apptinatNode
ContentandWeb User InterfacéWebU). A brief description of
each element is shown in Table 2.

The UML profile for Web requirements engineeringafies how
the concepts of the WebRE metamodel relate to amd a
represented in the standard UML using stereotypes a
constraints [24].

One of the main advantages of this metamodel isitha very
flexible: it allows the easy inclusion of new elart® It will thus
enable us to add new elements with which to mattag®Q, in
order to specify and model the DQ software requéas in a
particular way, and to relate these new DQ elemémtgeach
element listed in the profile, e.g. use casa&'gbProcesy, or
specific activities like UserTransactioh

provide the analysts and designers of Web appdicativith the
artifacts needed to specify and describe certain $9Qware
requirements in a clear and intuitive manner.

We therefore intend to extend Escalona and Kocléammodel
for the integration of those elements which ares@ered to be
essential for the specification of DQ software ieguents.
Having conducted a systematic review on the maapgsals for
the specification and modeling of DQ requiremeptesented in
[31], we decided to incorporate the following kelersents
(namelystereotypewhich were principally inferreffom [32-34]

(see Figure 1):

- For the Behavior Package: InformationCasg
“DQ_Requiremeiit “DQ_Req_Specificatidn and
“Add_DQ_Metadatg

- For the Structure Package: DQ_Metadatd and

“DQ_Validator'.



Bearing the objective of modeling DQ Requirementsind, we
have introduced these new elements, which allowt wheser may
require to control the level of quality of the datsed in a Web
Application to be modeled. In order to make our rapph
operative, we have also implemented a UML profie Web
application requirements which has been extendeth wdata

commercial tool Enterprise Architect to implemeihte t new
profile and to later manage the corresponding diagr On the
left-hand side of the tool (see Figure 3) we caseoke a special
“toolboX with its own elements defined in thBQ_WebRE
profile. The specification of each new stereotypealéscribed in

Table 3.

quality issues Q_WebRE (see Figure 2). We have used the

‘WebRE Behavior |

WebUser

Mavigation

D0_Req_Specification

DO_Requirement

WebREStructure |

MNode
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+cantent
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InformationCase

1®
+pm ;\ 1=

ot

T WebUI

DOQ_Validator
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Search

UserTransaction

[rdd_DO_Metzdat=

Figure 1. Extended metamode with DQ elements.

Table 3. Stereotypes specification for DQ softwar e requirementsin DQ_WebRE profile.

Name

Base
Class

Description

Constraints

Tagged Values

Infor mationCase

UseCase

The IC, unlike normal use cases, has the main iomaof

representing use cases that manage and store tae
involved with the functionalities of theWebProcess

type. These data will be subject to the speg
requirements of data qualiypQ_Requirementthat are
associated with them; we consider that the besttovligk

them is through a relationship of the¢lude’ type, thus
allowing then satisfy such DQ requiremer

da

i Must be related to at
east one element of
“WebProcesstype.

o

None.

DQ_Requirement

UseCase

This represents a specific use case which is nagess
model the DQ requirementDQ dimensions that are
related to thethformationCaskuse cases.

Must be related to
(“include’) at least one
element of type
“Information Casé

None.

DQ_Req_Specification

Element

Abstract class that represents a particular elen
(“Requiremerittype). It will be used to specify each of th
DQ requirements added through requirements diagian
detail

hent
e
ns

ID: Integer.
Text: String.

Add_DQ_Metadata

Activity

This represents a particular activity which is tedato the
different “UserTransactioh activities. This metaclass i
responsible for validating and adding the operatiand
information associated with each of the attribu
(DQ_metadatpa belonging to the DQ_Metadatd or

“DQ_Validatot metaclasses.

5

Not mandatory.
tes

None.

DQ_Metadata

Class

This represents a structural element of a Web catjpin,
and the DQ metadata will be managed and stored
These sets of metadata are associated Witmtent
elements. It will thus be possible to specify vasidDQ
requirements Q dimensions directly linked to datal
stored in the elements of thEdntent type.

ere

Not mandatory.

DQ_metadata:
set(String)

DQ_Validator

Class

This represents a structural element. This metaeldsbe
responsible for managing different DQ operationerither

Not mandatory.

to validate or restricWebU| elements

None.
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Figure 2. DQ_WEebRE profile.

4. EXAMPLE OF APPLICATION

In this section we shall demonstrate how to usepwaposal by
means of an example. As developers, we are intetest

highlighting how to capture the main functionaktief the system,
in addition to the principal data quality requirertefor the data
used in the execution of the software that will iempent the
desired functionalities.

Bearing in mind the focus of the Unified Developmé&rocess
(UDP) [35], the Analysts will first model the sysi&s principal
use cases, and then, by means of activity diagrattsmpt to
provide a more detailed description of each use whentified.

The example describes a typical business processthe
reservation and payment of tickets for particulaneerts and
events, using a Web application. The flow of evaesitdescribed
as follows: The client will first be able to browsiee available
events; however, in order to make a reservatidme siust be
registered and log in into the system. Once logged/he can
select the event and verify its availability andstcdf the client
agrees with these data, s/he can proceed by entgpecific data

to make the reservation. S/he must then providenpay for the
ticket, and the system will send him/her the eteutr ticket by
email. To satisfy this functional requirement, tlamalysts
introduce the use casé/lake ticket reservatidh Some data that
will be used in this use case afdevoice_numberID_client,
Client, Address Cost etc. (see comment attached to claswice
andReservationi Figure 4).

Once the data has been identified, the next stép éapture and
introduce the data quality requirements. It is knothat if the
specific functionality defined by this use casddssucceed, the
data used must be reliable, accurate, complete@nfitiential.

In our context, a piece of data can be said torbdilnle when it
has been provided by an authorized user. At thistpave do not
wish to argue whether a user is or is not authdrizet us simply
suppose that we have a database containing salghorized

users. We must model a query to this databasenmbst also bear
in mind that the intention is to warranty a specifatabase.

We would like to make readers aware that we arerésted in
enabling the system to be responsible for warrgntimat data
which will have the best levels of quality for thepecified



dimensions. This signifies that the analyst musbifuce the new
requirements (probably functional requirements) itite systems
with the objective of executing new functionalities order to
obtain this warranty. The analysts are therefoowiged with the
DQ_WebRBprofile to model these new requirements (see Eigur
3). They are then encouraged to define the correipg
functionalities to satisfy the perception of theadquality for each
of the application’ users.

Returning to our example, if we wish to verify tbeedibility of
the data, the execution of aB®_Requirement- “[Credibility]

Check if data have been provided by an authorizea unust be
executed.

In addition, in order to ensure the level of accyraf a piece of
data, the use case named “<<DQ_Requirement>> [Acglr
Check if the incoming data satisfy a specific staddformat
should be executed to ensure that the data marfatifld this
DQ requirement.

The Analysts will similarly be able to guaranteee tlevel of
confidentiality of data, through the use case named
“<<DQ_Requirement>> [Confidentiality]Check data is only
shown to an allowed userFinally, the analyst will be able to
guarantee this DQ requirement by means of a use camed
“<<DQ_Requirement>> [CompletenessTheck that all data
introduced is complete

I=I DQWebRE Profile
Add_DQ_Metadata

Browse

il @ @

Contents
DO Metadata of
DG Reqg_Specification
D Requirement

D Validatar

aWebProcesss
Make ticket
reservation

InformationCase Weh user

Mavigation
Mode

i QO M g [ W

ol @ @ Qo

Search
UserTransaction
WebProcess
WebUL
WebUser

Common
2B AE
FORR v |

B

o O B

aWebProcesss
Login/Register of
User

Database

Figure 3. Use cases diagram specifying DQ requirements.

It is also possible to model the correspondingvigtidiagram by
making use of the stereotyped elements definedeéméew profile
(see Figure 4). In this figure, the diagram showe main
activities carried out in order to describe th®lake ticket
reservatiori use case.

In this activity diagram (Figure 4), the Analystdivbe able to
model the specific activities to meet the DQ sofeva
requirements, and these activities will be relateddifferent
elements which are specific to the development oWab
application. These specific DQ activities are dedifrom the DQ
software requirements that each user defines od#ta that will
be managed in ea¢hformationCase

In this example, theVerify and add Confidentiality metadata
activity will verify and add Confidentiality metatia

(“Available_td and “Security_level). These metadata will be
stored in an instance of thBQ_Metadata”class, and thus fulfill

the DQ requirement dZonfidentiality

The “Verify Accuracy of dataactivity will be responsible for
adding the specific operations (as part of thenitidn of the
corresponding instance of @Q_Validator class specifically

aimed at satisfying this requirement) in order terify the
Accuracy of the data managed in th&¢bpage of reservatichs
element (ofWebUI type). The Verify Completeness of data
activity will similarly be in charge of adding tlspecific functions
in order to verify the Completeness of the dataaged in each
element that appears in thé&/ebpage of payméerf WebUItype.

Finally, the *Verify Credibility of dat& activity will be
responsible for managing and adding the DQ metadata
(“Client_valid and “Card_valid’) stored in an instance of the
“DQ_Metadatd class, in order to guarantee the DQ requirement
of Credibility, and will be related to the Invoice data (of
“Content type).

5. CONCLUSIONS AND FUTURE WORK

In the last decade, the amount and complexity ofbWe
applications whose aim is to satisfy diverse bussrrocesses has
grown dramatically. It is paramount that these wapiplications
will be able to provide data with appropriate qualevels. In
order to achieve this goal, we consider that Wepliegtions
should implement certain kinds of artifacts to pdevthem with
data quality awareness. This could be achievedaptucing some



kinds of data quality requirements that will beetatranslated into
the software requirements of the application. Umioately, none
of the existing Web development methodologies iteluhe
management of DQ software requirements. A correstagement
of DQ requirements would help developers to angitgghe needs
of users who require data for their tasks, in otdezliminate or at
least minimize the possible problems caused byeigaadte levels
of quality in the data used. When executing softwasers would
therefore benefit from a higher level of trust heit tasks and
processes, both internal (within the same orgaoizatand
external (business processes) with other compamnieélients.

In order to solve these DQ problems, and taking MhBA
approach [36] as a basis, we present an extendednoéel and a
UML profile (DQ_WebRE with which to permit DQ software
requirements to be captured in Web applicationse THVL
profile proposed will allow us to introduce and rebdhe key

concepts of data quality from the initial stagetted development
process, thus allowing developers to be awareeD) software
requirements that need to be implemented for eaghtibnality

(use cases) that the Web application provides.

As part of our future work, and taking the MDA Pess as a
guideline, we plan the incorporation of mechanidowised on
the design stage, in order to translate the DQirepents into the
corresponding design elements. We consider thaexaellent
option would be to use transformation rules andlément them
by employing theQVT (Query/View/Transformation) language
[30]. We will thus be able to design models anddpice code in a
semiautomatic manner, with the eventual objectivdeveloping
Web applications more quickly and, in turn, ensgirihe quality
of the data that they manage.
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Figure 4. Activity diagram with DQ management.
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