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Abstract. Each application domain has its specific visiondafa quality as
well as a suite of (generally ad hoc) solutionsstve quality problems.
However, there is an increasing interest in reusinglity knowledge and
measurement methods. In this paper we presentadatatplatform devoted to
quality measurement. This platform is a foundatma more complete toolset,
named Qbox, defined in the Quadris project. Outf@ien is based on a quality
metamodel which is a refinement of the Goal-Queshitetric and DWQ
quality models. Specifically, this paper proposg¢snodeling general quality
concepts and behaviors, (ii) implementing reusai#@surement methods, and
(iii) specializing concepts and methods for specifuality goals. The Qbox-
Foundation provides an extensible collection of sedle measurement
methods, supports their instantiation and autonthtss execution.

1 Introduction

Each application domain has its specific visiondata quality as well as a suite of
(generally ad hoc) solutions to solve quality pewbs (Berty, 2004). However, there is
increasing interest in reusing quality knowledgel ameasurement methods (Green, 2007)
(Missier et al., 2003).

The quality of products and processes is traditipressessed in a top-down way. The
Goal-Question-Metric (GQM) paradigm proposes thabstraction levels: (i) at conceptual
level, high-level quality goals are defined for guots and processes, (ii) at operational level,
a set of questions characterize the way to assgscdic goal, and (iii) at quantitative level,
a set of quality measures is associated with eaelstmpn in order to answer it. Information
quality can also be analyzed under this paradidgm;DWQ quality model is an extended
reuse of the GQM model in the context of data wawemg (Vassiliadis et al., 2000). In the
context of the Quadris project, this latter modes bheen refined and adapted to a large class
of applications (Akoka et al., 2007).

In this paper we present Qbox-Foundation, a metagkttform for quality assessment
which aids in the definition of high-level qualigoals and the specialization of typical
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measurement methods according to quality goals. @am contributions are: (a) an
improvement of the Quadris metamodel for understendand reasoning with quality
concepts, (b) an extensible collection of reusgpiality metrics and measurement methods,
(c) an interactive environment for instantiatincaltity metrics and measurement methods in
order to fit specific goals and questions, and &djriendly interface for executing the
specialized measurement methods and analyzingsesul

Qbox-Foundation aims to provide generic conceptspncesses which can be extended
and refined to be adapted to specific quality deniapplications. Although the definition of
goals and questions is highly business-orientedcandequently it is not easy to reuse it in
other application domains, the measurement phagqaitis parametric and reusable metrics
and measurement methods can be abstracted.

The specialization mechanism is based on an eklensatalog of quality metrics and
parametric measurement methods. For example, aalgngpose metric that measutes
amount of syntactic errors in a datyrnan be instantiated by specifying the types of
syntactic errors to check for (which may be verf§edént if we consider addresses, personal
names or dates). Analogously, general purpose mistltan be instantiated by setting
appropriate parameters. Our proposal is based e thctivities: (i) modeling general
quality concepts and behaviors, (i) implementingusable parametric measurement
methods, and (iii) specializing concepts and methém specific quality goals. Qbox-
Foundation already provides an extensible collecta§ quality concepts and reusable
measurement methods. Then, quality analysts doneed to implement measurement
methods but to instantiate them with the appropnEtrameters. This considerably increases
reuse in quality assessment applications.

The interactive environment of Qbox-Foundation ddsiness managers in the definition
of quality goals, their decomposition in a set akestions and the association of questions
with information system objects and quality coneepQuality analysts also use this
environment in order to instantiate quality metrimsd methods. Once the assessment
application is configured by instantiating all #yepropriate methods, Qbox-Foundation runs
measurement tasks and provides support to multitdinaal analysis of the obtained
measures. Specifically, Qbox-Foundation keeps tiest®f quality values, storing them in a
multi-dimensional way, which allows the comparisaindifferent assessment strategies, the
discovery of quality trends, the exploration ofeirtependencies among quality dimensions
and the management of quality evolution.

The remaining of the paper is organized as folloBsction 2 presents the quality
assessment metamodel and Section 3 illustrataagtantiation mechanism for a case study.
Section 4 describes Qbox-Foundation functionaliiesl provides implementation details.
Finally, Section 5 presents our conclusions andréuvorks.

2 Quality Assessment Metamodel

As mentioned before, our quality assessment metamda result of successive
refinements of the Goal-Question-Metric (GQM) pagad (Basili et al., 1994), done in
DWQ (Vassiliadis et al., 2000) and Quadris (Akokal, 2007) projects. Figure 1 gives a
synthesized picture of this metamodel.
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Fig. 1— Quality assessment metamodel

The first bloc of this quality metamodel constitute library of abstract data types which

will be
metam

used to characterize specific quality godlee main abstractions of this part of the

odel are:

Quality dimensionsTraditionally, information quality is charactegid via multiple
dimensions, which help to rank data (e.g. freshressuracy, completeness) or the
processes that manipulate this data (e.g. resptmse reliability, security). A
dimension captures a high-level facet of quality.
Quality factors A factor represents a particular aspect of aityudimension, for
example, data accuracy involves semantic correstr@mtactic correctness and
precision of data (Peralta, 2006). There might beesal factors for the same
dimension; each factor best suites a particulabolpro or type of system.
Quality metrics A metric is an instrument used to measure a icegaality factor,
for example the percentage of system data thathmetd-world data is a metric for
semantic correctness. There might be several radtiiche same quality factor.
Quality methodsA method is a process that implements a qualigtrim Two
types of methods are defined: fileasurement methqdshich compute the quality
of an object by directly measuring it (e.g. cougtihe number of null values in a
tuple), and (ii)aggregation methodswvhich compute the quality of a composed
object by aggregating quality values of object pgetg. computing precision of a
table by averaging the precision of its tuples)efBhmight be several methods to
implement the same metric.
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This library of abstractions is extensible, in #ense that new concepts can be added in
order to manage more quality aspects. In additioa,library is general enough to manage
different application domains. In order to adapgligy concepts to specific application
scenarios, we need to instantiate them taking auoount the particularities of specific
quality questions. First of all, quality factors ynae specialized in order to best suit a quality
guestion (e.g. syntactic correctnesaddressés Then, quality metrics and methods of such
factor may be specialized in order to access theesponding IS object (e.g. checking for
specific syntactic errors that commonly appearddrass data). Th&pplied factor Applied
metricandApplied methodlasses represent instantiated quality concepts.

The second bloc of the metamodel deals with quadibals. More specifically, it
represents the GQM approach with a specific refem@nof the metric level considering the
abstraction introduced in the previous bloc. Howewe still consider the model defined at
three levels:

- Goal level: A goal represents a high-level quatiged. An example of a goal may
be “reducing the number of returns in customer shaboals are related to specific
business objects (e.g. customers) in a particulgirenment (e.g. mail delivery) or
business process (e.g. improve application perfocela Complex goals may be
decomposed into subgoals.

- Question level: A question represents the ultimafenement/decomposition of a
goal or subgoal. A refinement corresponds to atipred the corresponding quality
assessment can be characterized by a unique qizadity. The set of questions and
their corresponding quality factors, related t@acific quality goal, implement the
way this goal should be performed. Goal questiarsthie objects subject to
measurement (e.g. customer addresses) with respacelected quality aspect (e.g.
syntactic correctness) and determine their quéddsn the selected viewpoint (e.g.
marketing manager). An example of question assettitd the previous goal may
be “reducing syntactic errors in customer addrésses

- Metric level: In our approach, this level is actyalefined into three sublevels,
associated to the hierarchy of abstraction giveth@nfirst bloc of the metamodel:
quality factor sublevel, quality metric subleveldaguality value sublevel. Given a
quality question, the answer to this question inee by choosing a quality factor
which best characterizes the question, a metrichvis appropriate to measure this
factor and a method of measurement of this metric.

These three levels allow specifying a quality goéth respect to two dimensions: the
generic quality concepts (bloc 1 of the metamodal) the information system object types
(bloc 3 of the metamodel).

The third bloc of the metamodel refers to the infation system model and to the
processes which operate on the instances of thileimBach object type, being either a data
or a process, is called a measurable (or measwoigdyt if it is subject to a qualitative
evaluation within a quality goal. The details o timformation system model and processes
are out of the scope of this paper.

The fourth bloc of the metamodel deals with measergs. Given the definition of a
quality goal, at any moment there will be a neecvaluate the quality questions and to
analyze the obtained values in the perspectivenpsave the quality of the measured objects.
Each goal measurement is callednaasurement scenariand is composed of the set of
values respectively associated to the set of questilefining the quality goal. Results of
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successive quality scenarios is calleduality history it serves to analyze behaviors and
trends of the measured objects. Generally, imprevenactions are taken based on this
analysis. Improvement actions definition is outh® scope of this paper.

3 Instantiation of the Metamodel with a Case Study

In this section we show the usage-aspects of Qlomxdration following a simple
academic case study. The analyzed application sorels to an information system that
handles information about students at a unive(&tgheverry et al., 2007). We distinguish 4
different actors using Qbox-Foundation:

- Quality management experiResponsible for the definition and maintenancthef

library of quality concepts (bloc 1 of the qualihetamodel),

- Business manageResponsible for the definition of quality goalsdaguestions as

well as their association with quality factors d8dbject types (first part of bloc 2)
- IS administrator Responsible for assuring the access to IS ob{blis 3),
- Quality analyst Responsible for the specialization of metrics anethods, the
execution of methods and the analysis of resulesté trends, etc.) (last part of
bloc 2 and bloc 4).

In order to help quality management experts, weeheplemented an initial library of
guality methods. Table 2 lists some examples othodd, corresponding to data accuracy
metrics. Definitions of the accuracy dimension féstors and metrics have been taken from
(Peralta, 2006); they are summarized in Table 1.

Accuracy: It is concerned with the correctness and precisiith which real world data of
interest to an application domain is representezhimformation system

| Semantic correctness It describes how well data represent states ofgheworld
Semantic correctness| A Boolean indicating whether a system datum cowadp

Boolean to real-world
Semantic correctness| A degree indicating the impression/confidence omtiver a
degree system datum corresponds to real-world

Semantic correctness|
deviation

The semantic distance between a system datum and it

correspondent datum in real-world

(7))

yntactic correctness

It expresses the degree to which data is free ofasyic
errors such as misspellings and format discordances

Syntactic correctness
Boolean

A Boolean indicating whether a system datum satsfi
syntactical rules

Syntactci correctness
deviation

The syntactic distance between a system datum and

reference one considered as syntactically correct

| Precision It concerns the level of detail of data represéotat
Scale The precision associated to the measuremalet s
Standard error The standard deviation of a setezfsurements
Granularity The number of attributes used to regmea single concept

Tab. 1- Accuracy factors and metrics
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Method (and metric)

Description

Parameters

CheckReferential
(sem. corr. Boolean)

Checks if a given datum
corresponds to an entity (given i
key) by looking in a referential.

-<key, attribute> to check
-Referential table
-Comparison function
(equality, similarity, ...)

0

CheckRule Checks if a given datum satisfies -Attribute to check
(synt. corr. Boolean) a format rule. -Format rule
CheckDictionary Checks if a given datum is presgntAttribute to check
(synt. corr. Boolean) in a dictionary. -Dictionary
. Computes the distance between|aAttribute to check
ComputeDistance . - .
given datum and the most similar -Dictionary

(synt. corr. deviation)

datum contained in a dictionary.

-Distance function

ComputePrecisionLevel
(granularity)

Returns a precision level (in
certain scale) according to the
number of null values of an

-Set of attributes to check
-Precision scale

entity.

Tab. 2— Some measurement methods for accuracy metrics

Business managerdefine quality goals and decompose them into ao$eguality
questions, setting the concerned IS objects andats®ciated quality factors. Table 3
illustrates the decomposition of a given goal iateet of questions and their association with
IS objects and quality factors. Quality factors setected from the library of factor types and
possibly renamed or adapted (e.g. changing de&xr)ph order to better fit the question.

Goal: Improve the quality of students location data (ghoomber, address, etc)
Question IS objects Quality factor
1 | Are students’ addresses the correct ones? Studetdiess Sem. corr.
2 | Are the students’ addresses correctly written?  &itisl address Synt. corr.
3 | Are the students’ telephones valid ones? Studégigphone| Synt. corr.
4 | Do we have precise students’ addresses? Studelo'sss Precision

5 | Are students’ addresses up to date? Student’s s&ldr¢ Currency

6 | Do we have all students’ addresses? Student's seldr¢ Coverage

Tab. 3— Decomposition of a quality goal and associatidth IS objects and a quality factor

For each quality question,caality analystwho should have a good understanding of the
application domain, the underlying IS and the dudibrary, chooses appropriate metrics
and methods and instantiates them to the qualiégtipn. For metrics, instantiation consists
in selecting a metric type and (possibly) adapttaghame, description and units in order to
better fit the quality question. For methods, instion consists in choosing a method type
and setting its parameters (e.g. set the format ofithe CheckRule method). If the analyst
doesn't find any suitable method type in the ligrdre may define a new method (possibly
modifying and existing one) and add it to the IigraTable 4 shows some examples of
applied metrics and methods for some of the questd Table 3.



L. Etcheverry et al.

Question | Metric Method Instantiated parameters
Address sem. .| <student’s id, student’s address>;
1 CheckReferential . . . . . .
corr. Boolean university administrative DB; equality

Address synt.

2 CheckDictionary | student’s street; street dictionary
corr. Boolean

2 Address §ypt. ComputeDistance stqdent s. str.eet; street dictionary;
corr. deviation string-edit-distance

2 Address synt. CheckRule student’s address; {street standard
corr. Boolean format}

.. | {student’s street, door number and
4 | Address ComputePrecision 1. 11 it none is null, 0.8 if only

granularity Level door number is null...}

Tab. 4— Instantiation of metrics and methods for somaituquestions

The instantiation of factors and metrics (renamémgl adapting descriptions) facilitate
the search of similar factors/metrics and theirseefor new questions. For example, the
factor of question 2 (see Table 3) may be caliddress syntactical correctnessater,
somebody needing quality metrics and methods ieram analyze teacher’s addresses may
reuse it, and possibly refine its metrics and mashd\n already instantiated method (e.g.
CheckRule) may be directly used or may be furtipecglized defining a new method (e.g.
changing the format rule in order to include &filon information in addresses of external
teachers). Furthermore, success stories of othplicapon domains can be adapted for
specific applications.

4 Qbox-Foundation Design and Implementation

Qbox-Foundation was implemented as a Java webcaipl, with user interfaces for
managing the different entities of the metamodel erecuting measurement methods. Its
main functionalities include:
- Management of an extensible library of dimensiaetdr, metric and method types.
There are methods for retrieving and editing cote@pd incorporating new ones.
We have chosen a tree-like structure to show thiierination to the user (see
bottom panel of Figure 2). We provide an interféoe developing new methods
(descriptions and code) or defining methods thable external routines.

- Definition and storage of user’'s quality goals apestions. We provide methods
for defining and editing quality goals and deconipgghem into quality questions.
A drag-and-drop interface allows browsing amongbfects and associating them
with questions. This association allows tracking thfluence of IS objects quality
with respect to specific questions. Analogouslyaliy factors can be instantiated
and associated to questions in a drag-and-drop Way.interface (Figure 2) is the
starting point for configuring a new quality-assaest application in the Qbox-
Foundation.

- Association of quality metrics and measurement odghwith quality questions.
The configuration of a quality assessment-applicatiinishes by choosing the
appropriate metrics and methods and instantiatiegitaccording to the question. Is
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in this step when the quality analyst actually detees what is going to be
measured. To this end, a drag-and-drop interfaziétédes the browsing among the
library of quality concepts and the parameterizatid methods. New metrics and
methods can be easily defined, either by modifyéxésting ones or by defining
them from scratch.

- Execution of measurement methods for individual d§ects (or all objects)
involved in a given quality goal, and persistencgnagement of the obtained
quality values. Specifically, Qbox-Foundation kebepsories of quality values.

- Show results, allowing the visualization of trerad®d correlations. Quality values
are stored in a multi-dimensional way, which allothe comparison of different
assessment strategies, the discovery of qualitydsreand the exploration of
interdependencies among quality factors. The seoraf historical values also
allows exploring which measurement methods are qéttd for each situation and
managing quality evolution.

The following screenshot illustrates the Qbox-Fatiah interface (see Figure 2). The
tree in the upper left corner shows the definedsgaad questions (those of Table 3), and for
each question the associated quality factor. Tke in the upper right corner allows
browsing among IS objects (in this example the lada that represents students). Finally,
the tree in the lower part of the screen showslittrary of quality concepts, allowing
browsing and choosing appropriate factors, meaies methods.

"[‘—_-j Qbox Step 3: Information system objects Manage associations with IS objects

ERES] Gosls and guestions e[ |2 Data source 1
& [ Goall:Improve the quality of students location data (i.e. phone, address, etc.) 3= Students dats base
© O question1: Are students’ addresses the correct ones? @ | |3 students table
ol :r:"" Semantic correctness factor |5 student id attribute

e O qQuestion2: Are the students’ addresses correctly written? Student name attribute
O ‘“ Question3: Are the students’s phones valid ones? A Student address attribute
O ‘:" Questiond: Do we have precise students’ addresses? ©{ [ Phones table
@] ’ Question5: Are students” addresses up to date?
O ‘_’ Questions: Do we have all students’ addresses?

e | 3 qQuality framework
& | [® Accuracy dimension
& | |3 Semantic correctness factor
&{ 3 semantic correctness boolean metric: Measures if data is semantically correct data
w1 Check referential method
[ [ semantic correctness ratio metric: Measures the percentage of semantically correct data in the system
[¥ Semantic correcness degree metric: Captures the impression or confidence of how correct is data
Uniqueness boolean metric: Measures if data satisfies uniqueness
Referential boolean metric; Measures if data in a set satisfies referential constraints with another set
Rule satisfaction boolean metric: Measures if data satisfies constraints specified as rules
|7 Semantic correctness deviation metric: Measures the semantic distance between a system datum and its real-world correspon
@[3 Syntactic correctness factor
=] }_’ Consistency factor
©-[ |2 precision factor
| ] " Consistency dimension
[SEMIES| Freshness dimension
& |2 Timeliness factor
@[ |3 currency factor

Fig. 2— Qbox-Foundation interface
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The implementation of Qbox-Foundation is based tot$ framework and uses JPivot
and Mondrian for analysis of results. Deploymentswarried out with a Tomcat JSP
container, a Mondrian OLAP server and a Postgre B8MS.

Figure 3 shows the architecture of the tool. TheaD&ccess Layer encapsulates the
access to IS objects and implements persistencéianestns over the Qbox-Foundation
Respository. The Logic layer contains the impleragoh of the measurement methods and
the analysis component. The Presentation Layempeimented as jsp files and uses the
JPivot component in order to show the measurenesoits.

PRESENTATION JSP, Struts Framework,
Jpivot component

| Locic

Analysis Measurement|
component Methods

DATA ACCESS
Data access layer (DAO)
e R =
Qbox repository DBASE1 DBASE2

Fig. 3— Qbox-Foundation architecture

5 Conclusions

In this paper, we presented the Qbox-Foundatiorchvig a platform devoted to quality
management of information systems. The Qbox-Foumuas the basement of the Qbox
toolkit proposed in the Quadris project in ordestmpport quality applications development
and to handle multiple quality factors analysise T@box-Foundation implements a quality
metamodel and a library of measurements methods ofiedls multiple operations for
executing these methods, achieving the derivedegaland providing multidimensional
support for organizing and browsing these valudge metamodel supported by the Qbox-
Foundation is a refinement of the Quadris metam@desented in (Akoka et al., 2007).
Further work will focus on the multidimensional &ss and on studying correlations
between quality factors through measurements addairom real application datasets. The
ultimate goal is to derive from this study a cdiies of quality patterns which can be used
for quality assessment of different application dams.
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Résumé

Chaque domaine d’application a des visions spémBgde la qualité de I'information
ainsi que des batteries de méthodes (généralerdemb@ pour résoudre des problémes de
qualité. Cependant, les organisations ont un intéréissant pour la réutilisation des
techniques et des méthodes de mesure de la qudités cet article, nous présentons une
plateforme de méta données dédiée a la mesure dealéé. Cette plateforme est une
fondation pour une boite a outil plus complexe, na@e Qbox, définie dans le projet
Quadris. Notre plateforme est basée sur un mét@lmatt qualité, qui est un affinage des
modeles de qualité de GQM (Goal-Question-MetricleDWQ (Data Warehouse Quality).
En particulier, nous proposons de : (1) modélissr doncepts généraux de la qualité, (2)
implémenter des méthodes de mesure réutilisablg8)espécialiser les concepts et les
méthodes par rapport a des buts de qualité spéedfigQbox-Foundation fournit une
collection extensible de méthodes de mesures isalties, supporte leur instanciation et
automatise leur exécution.
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