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1 Introduction

QBox-Foundation [4] is a quality management plaifarhich consists in a generic meta-model that
allows users to define their quality goals, qualietrics and a set of appropriate measurement
methods. However, some experiments revealed sanittions in this platform: incompleteness of
quality methods and lack of connectivity to intdgriunctionalities of existing tools.

In addition, a large amount of tools has been impleted in order to deal with data quality in
information systems. They support many types of daturces (relational databases, XML files, text
files, etc) and provide different kinds of functédiies (measurement, analysis, improvement, etc).
Datacleaner [5] and Talend Open Profiler [10] anms examples of such tools.

Service-oriented architecture (SOA) presents amogg for building distributed systems that deliver
application functionality as services. SOAs provany benefits to organizations like allowing them
to leverage existing assets and composing newcsargut of existing ones. In this way SOAs help
organizations to reduce cost and increase reuse.

In this report, a new approach for the QBox platfas presented which, taking advantage of service-
oriented mechanisms, addresses the limitationseo@QBox-Foundation platform.

The remaining of this report is organized as foowgection 2 presents an overview of Qbox-

Foundation. In section 3 various open source daadity tools are described and compared. Section 4
describes service-oriented architecture and the B&tices technology as a way to implement it.

Section 5 introduces the new service-oriented amprdor the QBox platform. Section 6 presents the
development of a prototype for this new approadhalfy, Section 7 presents conclusions and future
work.
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2 QBox Foundation Overview

Qbox-Foundation [4] is a metadata platform for gualssessment based on the Goal-Question-Metric
(GQM) paradigm [1]. It proposes analyzing qualitytiree abstraction levels: (i) at conceptual level
identifying high-level quality goals, (i) at opdi@nal level, enouncing a set of questions that
characterize the way to assess each goal, andaiiuantitative level, defining a set of quality
measures that quantify the way to answer to eaéstiqun and a set of measurement methods for
computing them.

2.1 General Description

The heart of Qbox-Foundation is a quality assessmmeia-model, which allows understanding and
reasoning with quality concepts. It is the res@isuccessive refinements of the GQM paradigm, done
in DWQ [2] and Quadris [3] projects. Figure 1gigesynthesized picture of this meta-model.
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Figure 1 - Quality Assessment Metamodel
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The central bloc of this quality meta-model (blogcdeals with quality goals following the GQM
approach. Quality goals represent high-level qualg#eds (e.g. “reducing the number of returns in
customer mails”). Quality questions represent finement/decomposition of a goal, reaching an
operational form (an example of question for thevimus goal is “which is the amount of syntactic
errors in customer addresses?”). The answer to aityjuguestion is defined by choosing and
specializing a quality factor which best charaz&sithe question (e.g. syntactic correctness) af se
quality metrics which are appropriate to measure féictor (e.g. the percentage of data satisfying a
syntax rule) and a set of methods of measuremethimetric. Quality factors, metrics and methods
are chosen from a library of generic quality cotisdploc 1 of the meta-model) and adapted to goal
characteristics (e.g. checking for specific syritagtrors that commonly appear in address data).

The first bloc of the meta-model constitutes areegible library of abstract data types which wél b
used to characterize specific quality goals. Thennabstractions are: quality dimensions which
capture a high-level facet of data quality, qualégtors which represent particular aspects ofityual
dimensions, quality metrics which are the instruteamsed to measure quality factors and quality
methods which are processes that implements atyjuaditric.

-5-
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The third bloc of the meta-model refers to the ninfation system (IS) model and to the processes
which operate on the instances of this model. Edgject type, being either a datum or a process, is
called a measurable object if it is subject to alitptive evaluation within a quality goal.

The fourth bloc of the meta-model deals with qyatiteasurements. Given the definition of a quality
goal, at any moment there will be a need to evaltls quality questions and to analyze the obtained
values in order to improve the quality of the meaduobjects. Measurement values represents the
result of executing a measurement method (for ewalg a quality goal), for a measurable objecy at
given instant or during a period of time. Resuftsuccessive quality measurements serve to analyze
behaviors and trends of the measured objects. @gneémprovement actions are taken based on this
analysis. A deeper description of the meta-modelbsafound in [4].

Qbox-Foundation was implemented as a Java webcaipli, with user interfaces for managing the
different entities of the meta-model and executmgasurement methods. Its main functionalities
include: management of an extensible catalog oflityueoncepts (dimensions, factors, metrics),
management of an extensible library of methodscfijetons and code), definition and storage of
user's quality goals and questions, associationquoélity goals to IS objects, selection and
specialization of quality factors, selection anédglization of quality metrics, selection and bt

of measurement methods, execution of measuremetiiods and visualization of measurement
results.

2.2 QBox-Foundation Limitations

Even though various experiments have shown thevaete and the usefulness of the QBox-
Foundation, they have also revealed some limitatadrthis first version of the QBox: incompleteness
of quality methods and lack of connectivity to omate functionalities of existing tools. These
limitations can be seen as a problem of scalabtjityen that developing quality methods is time and
money consuming, and although many tools in theketgsrovide generic quality methods, they do
not interoperate with each other and they do natesa common quality model.
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3 Data Quality Tools

A large amount of tools has been implemented ireoitd deal with data quality problems in
information systems. In this section, various os®urce data quality tools are described and

compared according to, among others, the functitiemlthey provide and the data source types they
support.

3.1 DataCleaner Project

DataCleaner [5] is an open source project, concewith creating a data quality solution for busses
and organizations wishing to measure and increaseytiality of their data. DataCleaner provides

functionalities for profiling, validating and conmjirag data. Figure 2 shows the main user interfdce o
the DataCleaner tool.

{13 Select a DataCl_eaneg'task.- (o

.'- {

i

Welcome to DataCleaner, What do you want to do?

o= Profile
-M- Gain insight into the structure and content of your
| data. With a data profile you will know where to

improve quality.

Validate
Create validation rules and testthem on your data to
ensure the continous integrity of your data's quality.

Compare
[ g Compare columns, tables and schemas with each

others! Find out if what you think is consistent really

Cmeohert .l 5]

... oryou can load your profiling orvalidation
wark fram a saved file.

=

=
=]

Figure 2 - DataCleaner User Interface

The profiling functionalities are grouped in prefl Some examples of the built-in profiles and its
functionalities are: standard measures profilelds and lowest values, number of null values, row
count), string analysis profile (word count, pettegje of lowercase and uppercase chars, percerftage o
non letter chars) and number analysis profile (meggometric mean, standard deviation, sum,
variance). Regarding validation, DataCleaner presitlinctionalities to perform validations based on
dictionaries, regular expressions, range of valresJavaScript programs. It is important to nos th
although the tool provides a build-in number of duonalities, it also gives the mechanisms to
incorporate new functionalities in the form of newofiles and validation rules. Figure 3 shows the
results of running the standard measures profigmine columns of a table named “CUSTOMERS".
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Profile results for CUSTOMERS

()

Standard measures

CUSTOMERNUMBER ~ CUSTOMERNAME ~ ADDRESSLIMEL ~ ADDRESSLIMEZ COUMTRY
Row count 122 122 122 122 122

Null values i 0 i % 109 i
Empty values 1 0 0 0 1]
Highest value 436 giftsbymail.co.uk Akergatan 24 Suite 750 UsA
Lowest value 103 AMNG Resellers 1 rue Alsace-Lor... Ind Floor Australia

Figure 3 - Standard Measures Results

The DataCleaner solution is structured in threennmodules. The DataCleaner Core module is the
core library of DataCleaner and includes classes rapthods that provide a framework for data
quality. The DataCleaner Gui module is a Swing badandalone desktop application which relies on
the DataCleaner Core module to offer user oriefuedtionalities. Finally, the DataCleaner Monitor
module, still in an early stage, is a Web basediegin for monitoring and scheduling continuous
data quality efforts based on rules created in dbsktop application. Additionally DataCleaner
depends heavily on a component named MetaModekhwvhiovides a common domain model for
structures and querying of data stores.

Finally, in a more technical aspect, the DataClean@ is implemented with the Java programming

language, so it is platform independent and canamralmost any operating system with a Java
Runtime Environment (JRE). The tool supports maypes of data sources like files in different

formats (csv, xml, txt) and relational databases JDBC. Table 1 presents a summary of the main
DataCleaner characteristics.

Programming Last version -
Language Release Date

T Java 1.4 - 21/09/2008

Functionalities Data Sources License

JDBC, csy, Excel| Open Source
OpenOffice DBs, XML Apache License

Calculus

Table 1 - Summary of DataCleaner characteristics

3.2 Aggregate Profiler

Aggregate Profiler [6] is an open source Data Qualnd Data Profiling tool, which supports RDBMS
(oracle, MySQL, MS Access and SQL Server), Flagg;ilXML and XLS file formats for analysis.
This tool can be used for profiing of data, qualdheck (and correction), and analysis of data
(statistical analysis, charts). Additionally, itncpaerform cardinality checks between different ¢abl
within one data source. Finally, Aggregate Proféan also be used for random generation of data,
populating database values, looking into databas¢adata, fetching and storing data from/to
databases.

Figure 4 shows the main user interface of the Agajie Profiler tool and Table 2 presents a summary
of its main characteristics.
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Figure 4 - Aggregate Profiler User Interface

. i . Programming Last version -
Functionalities Data Sources License Language Release Date
Calculus and Oracle, Access, MySQLl Open Source i
Correction and MS SQL (via ODBC) | (GNU or LGPL) | J&v@ 4.10 - 18/07/200¢

Table 2 - Summary of Aggregate Profiler characteriscs

3.3 Open Data Quality Project

The Open Data Quality [7] project is a Sub-compor@nMural [8] community that provides an
alternative to closed-source data management ptadlice project provides the capability to match,
standardize, analyze, and cleanse data from varsmusces. It supports pluggable rules and
standardization algorithms to allow support for néwcales and vertical market applications.
Additionally it supports pluggable matching algbnits for customized match logic and a high degree
of flexibility through configuration. Figure 5 shewhe main user interface of the Open Data Quality
tool.

mastey index @ Sun
datamanager il
Dashboard Duplicate Records Record Details Assumed
Matches
Transactions Reporis Source Record Audit Log
MasterindexTest =
First Name
Last Name
SSN
MasterindexTest.Address =
Address Line1
City
et lear

! m 3

Figure 5 - Open Data Quality User Interface
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Table 3 presents a summary of the main Open Daddit)tool characteristics.

Functionalities Data Sources License

Programming Last version -
Language Release Date

Code Generatio
(calculus and
correction)

I . Java (NetBeans
Various through Open Open Source .
Data Integrator Project [9] CDDL plugins), Code réul - 12/12/2008

generation in Java

Table 3 - Summary of Open Data Quality characterists

3.4 Talend Open Profiler

Talend Open Profiler [10] is a data profiler thdlows business users or data management staff to
define a set of indicators for each data elemeaitrieeds to be analyzed or monitored. The indisator
that can be set with Talend Open Profiler include:

Simple statistics

They provide statistics on the number of recordlinfain certain categories, including the

number of rows, the number of null values, the neindistinct and unique values, the number
of duplicates, or the number of blank fields.

Text statistics

They analyze the characteristics of text fieldgluding minimum, maximum and average
length.

Summary statistics

They perform statistical analysis on numeric deteluding the computation of the mean, the
average, the inner quartile range, and the dedmif ranges.

Advanced statistics

They determine the mode and builds frequency tables

Additionally, Talend Open Profiler provides a usaterface which presents a series of tables and
graphs that display the results of the profilingdach data element and each indicator selectgdre-i

6 shows and example of a Talend Open Profiler GeaghTable 4 presents a summary of the main
Talend Open Profiler characteristics.

Walue
(]

Simple Statistics

W Row Count ™ MNull Count  Distinct Count W Unigue Count

Duplicate Count ™ Blank Count

Figure 6 — Example of a Talend Open Profiler Graph

Functionalities Data Sources License

Programming Last version -
Language Release Date

Calculus PostgreSQL, SQLServer

DB2, MySQL, Oracle, Open Source 1 Java (Eclipsg 1.1.4 -

‘GPL plugins) 27/02/2009

Probably more via JDBC.

Table 4 - Summary of Talend Open Profiler characteistics

-10 -
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3.5 Power MatchMaker

Power Matchmaker is a tool created by data warehdasigners which contains many features geared
for anyone dealing with information systems. Faaraple, it provides functionalities to transform and
cleanse data, validate and correct address infmmaaccepts user-defined data matching criteria,
merge duplicate records and their related datddwross-reference tables to link source systems'
identifiers (Primary Keys) to the target databagentifiers. Additionally, it provides an intuitive
interface for match verification, which allows usssnfirmation of duplicates through the online
verification facility. It also allows the Backup ahpacted records prior to data merging and runs
against the entire database to perform initial déanup, or incorporated into the data load praces
Finally, the Power MatchMaker tool works with mdsttabase platforms.

= B8 NEW MUNGE FTOCess L
(¥l ga_metodo_adapt

¥l Munge Results

[#-{g ) Lower Case

[=+{_| Merge Rules

) Validation Status ! et
-~ Run Merge Engine -
-t o Audit InFormation
Limpieza
[=pg | New Project 2
[=+{__| Munge Processes
;‘} Mew Munge Process 1
[#-lwtt aa metodo adapt

Figure 7 - Power MatchMaker User Interface

Functionalities Data Sources License Programming Last version -
Language Release Date
Calculus and Open Source 0.94 -
Correction JDBC GPL Java 08/08/2008

Table 5 - Summary of Power MatchMaker characteristts

3.6 Summary

Table 6 presents a summary of the characteristitsedools reviewed in the previous sub-sections.

Proarammin Last version
Tool Functionalities Data Sources License 9 9 - Release
Language
Date
Data Caleulus JDBC, CSV, Excel, Opi” ggﬁéce T e 1.4-
Cleaner OpenOffice DBs, XML P 21/09/2008
License
Aggregate| Calculus and |Oracle, Access, MySQL ar gp(eC;nNiog:ce ) Java 4.10 -
Profiler Correction MS SQL (via ODBC) LGPL) 18/07/2008
Open Datg C(()éiaelcilelzjr;e;igon Various through Open Dat@pen Source|- J?Xaiézlftgﬁgzs réul —
Quality . Integrator Project [9] CDDL plugins), - 12/12/2008
correction) generation in Java
Talend DB2, MySQL, Oracle, ) , _
Open Calculus PostgreSQL, SQLServer Opeggfurce Javie:J(IiEncé;pse 273(')12'/42009
Profiler Probably more via JDBC, biug
Power
Calculus and Open Source |- 0.9.4 -
Mateh 1 Correction JDBC GPL Java 08/08/2008

Table 6 - Summary of Data Quality Tools Characteritcs

-11 -
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Although, there are nowadays many other commeatidlopen source data quality tools, the previous
sections show that considering only a small amo@ithem, many heterogeneities arise. For example,
the tools differ among each other in the types afadsources they support and the kinds of
functionalities they provide. Additionally each tfese tools is generally a stand-alone and user
oriented application, which does not provide inpen@tion mechanisms with other tools. Furthermore,
they manage different quality concepts, at differabstraction levels, expressed with ad-hoc
terminology. These heterogeneities constitute alpno for the quality analyst who may require using
functionalities provided by more than one tool adowy to specific needs.

-12 -
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4 SOA and Web Services

Service-oriented architecture (SOA) presents amoggi for building distributed systems that deliver
application functionality as services. Nowadays,bV&ervices constitute a well suitable technology
for implementing a SOA. In this section, the SOfpm@ach and the Web Service technology are
described [12][13][14].

4.1 Service Oriented Architectures

SOA presents an approach for building distributgstesns that deliver application functionality as
services to either end-user applications or otleevices. The collaborations in a service-oriented
architecture follow the “find, bind and invoke” jpaligm where a service consumer performs dynamic
service location by querying the service registiggording to specific requirements. If the service
found, the registry provides the consumer withitfterface contract and the endpoint address for the
service. Figure 8 presents the collaborations antlem@ntities in a service-oriented architecture.

Service
Diescripfion

Sernvice
Registry

Fin-d// \\ Publish

/
Senvice Bind and Invak
Caonsumer —
Diescription

Figure 8 - Collaborations in a SOA

A service consumer is an application, a softwarelut®or another service that requires a service. It
initiates the enquiry of the service in the registsinds to the service over a transport, and ebescu
the service function. The service consumer exedtieservice according to the interface contract. A
service provider is a network-addressable entiy #tcepts and executes requests from consumers. It
publishes its services and interface contract ¢osrvice registry so that the service consumer can
discover and access the service. Finally, a semggestry is the enabler for service discovery. It
contains a repository of available services anowallfor the lookup of service provider interfaces t
interested service consumers.

In a SOA, services map to business functions. Eactice has a well-defined interface that allows it
to be published, discovered and invoked. An enigzpran choose to publish its services externally t
business partners or internally within the orgatiira A service can also be composed from other
services. Services are self-contained, modular samport interoperability. Additionally, they are
loosely coupled and location-transparent.

SOAs can provide several benefits to help orgaioizatto deal with their current two fundamental
concerns: the ability to change quickly and thedrteereduce costs.

First, SOAs allow organizations to leverage exgstassets providing a layer of abstraction that
enables an organization to continue leveragingnitestment in IT by wrapping these existing assets
as services that provide business functions. WitniisOA, the integration point is the service
specification and not the implementation, providingthis way implementation transparency and
minimizing the impact when infrastructure and inmp@ntation changes occur.

-13 -
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Additionally, SOAs provides a more responsive astdr time-to-market. The ability to compose new
services out of existing ones provides a distinttaatage to an organization that has to be agile to
respond to demanding business needs. This lea@pith development of new business services and
allows an organization to respond quickly to changed reduce the time-to-market.

SOAs also help to reduce cost and increase reivas that with core business services exposed in a
loosely coupled manner, they can be more easilg asel combined based on business needs. This
clearly means less duplication of resources, moterpial for reuse, and lower costs.

4.2 Web Services

The W3C’'s Web Services Architecture Working Gro@d][defines a Web service as a software
application identified by a URI, whose interfacesl &indings are capable of being defined, described
and discovered as XML artifacts. A Web service sufgpdirect interactions with other software
agents using XML-based messages exchanged vianéteased protocols. Basic Web services
combine the power of two ubiquitous technologiebtLX the universal data description language; and
the HTTP transport protocol widely supported bywser and Web servers.

The Web Service technology is based on three fuedtahstandards: Simple Object Access Protocol
(SOAP) [15], Web Service Description Language (W$H6] and Universal Description Discovery
and Integration (UDDI) [17]. Other Web service stards are built on these basic standards to provide
higher-level functions and quality of service. Exdes of these standards are WS-Security [18], WS-
ReliableMessaging [19] and WS-AtomicTransactior][20

The following sub-sections briefly describe theethbasic Web Services standards.

4.2.1 SOAP

SOAP is an XML-based format for constructing messain a transport independent way and a
standard on how the message should be handled. $@&PBages consist of an envelope containing a
header and a body. This format also defines a nmeina known as SOAP faults, for indicating and
communicating problems that occurred while procestiie message.

The headers section of a SOAP message is extemsillean contain many different headers defined
by different schemas. The extra headers can be tosedodify the behavior of the middleware
infrastructure. For example, the headers can irclafibrmation about transactions that can be used t
ensure that actions performed by the service coesamd service provider are coordinated.

The body section contains the content of the SOARsage. This data is specified in the WSDL
describing the Web service. It is common to tallwdhSOAP in combination with the transport
protocol used to communicate the SOAP messageexaonple, SOAP being transported using HTTP
is referred to as SOAP over HTTP.

4.2.2 WSDL

WSDL is an XML-based interface definition languathat separates function from implementation
and enables design by contract as recommended By WSDL descriptions contain a port type (the
functional and data description of the operatidmst tare available in a Web service), a binding
(providing instructions for interacting with the Weervice through specific protocols, such as SOAP
over HTTP), and a port (providing a specific addrédwough which a Web service can be invoked
using a specific protocol binding). It is commom these three aspects to be defined in three depara
WSDL files, each importing the others.

The value of WSDL is that it enables developmemistcand middleware for any platform and
language to understand service operations and atieoc mechanisms. As with SOAP, the WSDL
specification is extensible and provides for addiil aspects of service interactions to be spekifie
such as security and transactions.

-14 -
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4.2.3 UDDI

UDDI is a standard for registering and searchind wervices within directories. First, a service

provider uses UDDI to store the publisher, seruigsscription, location of the service, and the
interfaces to access the service. Using these atemés well as registry-specific service

categorizations) consumers of web services camlséar services. Then a consumer can use UDDI to
locate an appropriate service. Finally, the consware connect to and use the service.

The UDDI standard defines interfaces to a directbat are themselves web services described by a
WSDL. The original UDDI classification was based @tJ.S. government taxonomy of businesses.
However, recent versions of the UDDI specificati@ve added support for custom taxonomies.

4.3 Implementing a SOA with Web Services

Web services are a technology that is well suitedifplementing a SOA. As described in the
previous section, Web services are self-descriamymodular applications that expose business logic
as services that can be published, discoveredinanded over the Internet. Based on XML standards,
Web services can be developed as loosely couplglicaiion components using any programming
language, any protocol, or any platform. This featiés the delivery of business applications as a
service accessible to anyone, anytime, at anyitwgaind using any platform.

However, it is important to point out that Web seeg are not the only technology that can be used t
implement a SOA. Additionally, Web services haverbesed to implement architectures that are not
necessarily service-oriented.

-15 -
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5 QBox-Services Platform

As described in section 2, the QBox Foundation f@lat has some scalability problems:
incompleteness of quality methods and lack of cotiviey to integrate functionalities of existing
tools. In this section, a new approach for the QBlatform is presented which, taking advantage of
service-oriented mechanisms, addresses these msble

5.1 General Description

The new Qbox-Services platform conserves all thectionalities of QBox-Foundation, except the
measurement methods which have been externalizedraces, as shown in Figure 9. This allows

reusability of existing quality tools, making QB&ervices open to the integration of any user-ddfine
or market-supplied tool.

BLOC3 BLOC2 BLOC1
MEASURED OBJECTS QUALITY GOALS QUALITY ABSTRACTIONS
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Figure 9 - Quality Assessment Meta-Model

The platform consists of three main components edalQbox-Foundation, QMediator and
QManagement. These components, and other impactantepts involved in the architecture, are
sketched in Figure 10.
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Figure 10 - Qde Service Architecture

The QBox-Foundation component inherits the functiibies to define quality goals and refine and
specialize quality metrics according to these goBEisough these functionalities a quality expert ca
derive, from the generic quality meta-model, a eatized Quality Model (PQM), i.e. a refined set of
quality factors and metrics that correspond to sigeguality goals and refer to specific IS objects
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As a result, a PQM embeds specific quality requaets that can be answered by executing
appropriate quality services. Quality services nmay of three types: measurement services that
compute quality metrics; analysis services thatlyaeaa set of measures and calculate complex
indicators and improvement services that perforta dpdates in order to improve quality. Examples
of those types of services are the calculationhef percentage of null values, the analysis of
growing/decreasing tendencies in data freshnesthanelimination of duplicate tuples, respectively.

The QMediator component provides functionalities fonding appropriate services for these
requirements, enabling their execution and retgrnireir results. To this end, it accesses a service
registry that contains abstract service descriptimmd access patterns of available quality servikes
set of adapters implement these access patternsinanéle the quality services encapsulating
technological details. QMediator acts as a medibtween quality requirements expressed in the
PQM (e.g. the need to assess the metrics of a giwah) and the available quality services (esphcial
those calculating such metrics).

The QManagement component executes required quaityices for specific goals and provides an
interface for analyzing results. Quality serviceaynbe periodically executed, may be punctually
invoked by a user or may be triggered by anothevice (e.g. an analysis service that needs
comparing some non-available measures). Resulysinas carried out by evaluating quality queries,
called Qolap queries, defined over the PQM. QMamege includes a decision-support interface that
allows browsing in the star-like quality model apasing quality queries. If some of the necessary
measures are not available, the correspondingcesrmay be executed in order to obtain them.

5.2 Mediation of Quality Services

QMediator acts as a mediator between quality requénts expressed in terms of the PQM and
quality services listed in a service registry. Tinectionalities of quality tools are described asteact
quality services and a delegation mechanism bindsalstract quality service to a specific
implementation in a given external quality tool.

A quality service as an implementation of a qualitinctionality that can be either custom
implemented within an organization, or providedaxyernal quality tools. An abstract quality service
is the description of the quality functionality pided by a quality service. This description inasd
the quality concepts it addresses (dimensionspfaeind metrics), the type of functionality it pides
(measurement, analysis or improvement) and theosteaplS object type (tables, XML files, etc).

An access pattern specifies the interface of atradisquality service, that is, the way the servge
invoked, its input and output parameters as weltsasxception handling. An adapter implements an
access pattern for a given quality service, progjdihe means for invoking a quality service and
making transparent tool-specific technological ieta

The service registry provides the mechanisms ferpghblication and discovery of abstract quality
services according to specific quality requiremeRts each abstract quality service, it also stdses
access patterns and the way to invoke the adapiergding access to the functionalities of quality
tools.

The main responsibility of QMediator is, given sompaality requirements, find and execute the
quality services that best match these requirem@wotshis end, QMediator has to find in the registr
the abstract quality services which declare fitfilthe given quality requirements, select theralost
quality services to use, get the corresponding sscpatterns from the service registry, delegate the
invocation of the quality services to the adapwmponents, and finally consolidate the result of
quality services invocations in a unified resulgufe 11shows a simplified sequence diagram of this
process.
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Figure 11 - Execution of a Quality Requirement

In this way, the library of measurement methodst thsed to belong to the Qbox-Foundation
component, is replaced by a collection of qualgyvies that may be provided by external quality
tools.
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6 QBox-Services Prototype

This section describes the development of a prpetwhich implements the QBox-Services
architecture. The prototype is composed of twonnmmabdules: QBox Services Core and Quality
Services. Additionally, it relies on the QBox Foatidn API, Apache juddi [22] and JBoss WS
components [23]. Figure 12 shows a deployment diagsf the implemented prototype.

Application Server (JBoss AS)
Application Server (JBoss AS)
juddi
QboxFoundation API
JBossWS
QboxServices
QualityServices

Figure 12 - QBox-Services Deployment Diagram

In the following sub-sections the prototype maindues are described.

6.1 Quality Services

The prototype includes quality services provided thg DataCleaner Project. Additionally, it
integrates custom-developed quality services thateraging the DataCleaner quality services,
implemented the calculus of some quality metrics.

6.1.1 DataCleaner Quality Services

As described in section 3.1, the DataCleaner Prpjewvides methods for profiling and validatingaat
taken from various types of data sources. In otdeintegrate the DataCleaner methods in the
prototype, adapters were implemented in the Jasgr@amming language and exposed via the Web
Service technology. As shown in Figure 13, givea thodular design of the DataCleaner tool, the
developed adapters rely on the logic implementeithéenDataCleaner Core module, in the same way
the DataCleaner Gui module does.

DataCleaner Gui DataCleaner Adapter

v \

DataCleaner Core

Figure 13 - Adapters accessing DataCleaner Logic

The adapters were implemented using the Java pnogireg language, exposed via the Web Services
technology using the JAX-WS [25] implementation\pded by the JBoss Web Service (JBossWS)
component, and deployed in a JBoss ApplicationeSd24].
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Although the DataCleaner projects supports a waahge of data sources, the methods included in the
prototype works over relational databases accesgedDBC Therefore, these methods need to
receive, as input parameters, all the required tatallow DataCleaner to connect to databases

through JDBC [26]. Table 7 presents and

descrited DBC required parameters.

Parameter Name Description Example

driver Full qualified name of the jdbc driver orggpgresql.Driver
connectionstring Connection string to access thabdae jdbc:postgresql://localhost:5432/my
schema Schema public

username Username to access the database postgres

password Password associated to the username rgeostg

Table 7 - JDBC Parameters

Table 8 presents the description and required peteasifor one of the DataCleaner quality service,
and Table 9 presents a summary of the DataCleag#oats included in the prototype.

Name | getEmptyValues Description | It returns the number of empty values in the speti€olumn.
Parameters
Name Type Direction Description
JDBC PARAMETERS N/A IN JDBC parameters as speciiiediable 7.
tablename String IN Table name
columnname String IN Column name
emptyvalues Long ouT Number of empty values inghecified column

Table 8 - getEmptyValues Quality Service

DataCleaner Categorization

Name

Standard Measures

getEmptyValues
getHighestValue
getLowestValue
getNullValues
getRowCount

Number Analysis

getGeometricMean
getHighestValue
getLowestValue
getMean
getStandardDeviation
getSum

getVariance

String Analysis

getCharCount
getLowercaseChars
getMaxChars
getMaxWords
getMinChars
getMinWords
getNonLetterChars
getUppercaseChars
getWordCount

Validation

getDictionaryValidation
getJavascriptValidation
getNotNullValidation
getRangeValidation
getRegularExpressionValidation

Table 9 - Summary of DataCleaner Methods includecdhi the prototype
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6.1.2 Custom Quality Services

In order to include in the prototype quality seescwhich implemented some specific metrics, a
number of custom quality services were developdak gustom quality services were implemented
using the Java programming language and leverapmdunctionality provided by the Datacleaner
quality services. They were also exposed via theb \Bervices technology using the JAX-WS
implementation provided by the JBossWS componert,deployed in a JBoss Application Server.

As an example, Table 10 presents the descripti@hraquired parameters for one of the custom
quality services.

It returns a value between 0 and 1, which reprebenpercentage
Name | getEmptyValues| Description | of syntactically correct values in the column addog to the
specified dictionary.

Parameters
Name Type Direction Description

JDBC_PARAMETERS N/A IN JDBC parameters as speciiiediable 1.

Tablename String IN Table name

Columnname String IN Column name

Dictionarypath String IN Dictionary path

syntacticcorrectnessratio Double ouT Value betw@eamd 1, representing the percentage
of syntactically correct values in the column
according to the specified dictionary.

Table 10 - getSyntacticCorrectnessRatioDictionary Qality Service

Table 11 presents a summary of the Custom Quadityi@s included in the prototype and the metric
they implement.

Metric Name
getSyntacticCorrectnessRatioDictionary
getSyntacticCorrectnessRatioRegexp
DensityRatio getDensityRatio

RelationintegrityRatio getRelationIntegrityRatio

SyntacticCorrectnessRatio

Table 11 - Summary of Custom Quality Services

6.2 Services Registry

The prototype leverages the Apache juddi projechasmplementation of a UDDI registry. In order
to run the prototype some data have to be incliéte UDDI registry.

First, as shown in Table 12, two service provideese published in the UDDI registry: Datacleaner
and QBoxFoundation.

Name Description

DataCleaner is an Open Source application for lgngfivalidating and
comparing data.

QboxFoundation is a metadata platform for qualiggessment based on the
Goal-Question-Metric (GQM) paradigm.

DataCleaner

QBoxFoundation

Table 12 - Registered Services Providers
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Additionally, in order to classify and describe fngblished services in the registry, accordinghi® t
functionality they provide, three taxonomies wettblshed. Table 13 presents and describes these
taxonomies.

Name
gbox-org:quality:indicator

Description
Taxonomy to represendlgty indicators.

gbox-org:quality:operation| Taxonomy to represergdligy operations.

gbox-org:object:type Taxonomy to represent measeaifiject types.

Table 13 - Registered Taxonomies for Categorizing @@lity Services

Finally, some of the quality services describecpiavious sections were published in the registry.
Table 14 presents these quality services along itaitblassification according to the taxonomied tha
were published in the registry.

Provider Name Indicator Operation | Object Type

SyntacticCorrectnessRatioDicSyntacticCorrectn
; . calculus column
tionary essRatio

QBox Foundation SyntacticCorrectnessRatioR38yntac'gicCorrectn calculus column
gexp essRatio
DensityRatio DensityRatio calculus column
RelationIntegrityRatio DensityRatio calculus column
NullValues calculus column
RowCount calculus table

DataCleaner DictionaryValidation calculus column
JavascriptValidation calculus column
RegularExpressionValidatiorn calculus column

Table 14 - Registered Quality Services and its Cajerization

6.3 QBox Services Core

The main component developed for the QBox-Servimesotype is the QBox-Service component
which in turn is split in a set of more specificngmonents. These sub-components are presented in
Figure 14 along with the dependency relationshipsrag them.

QBoxWeb
QualityManagement

T

|

|

|
N

QBoxFoundation

RegistryService -

UDDIRegistryService

Figure 14 - QBox Services Components
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The Registry Servicecomponent encapsulates the access to a servgisgyespecifically the UDDI
Service Registry component implements the accetsgetiuddi service registry.

The Quality Mediator component provides an interface for finding appedp services for specific
quality requirements. This component relies on Ragistry Service component to find the quality
services which fulfill these requirements, and dlseess pattern and adapters to access these service
The Quality Mediator component delegates to th@ia the invocation of the quality services.

TheQuality Management component receives quality requirements in teriibe@PQM and, relying
on the QBox Foundation API and the Quality Mediatomponents, transforms these personalized
requirements in specific quality requirements.

Finally, theQBox Web component is a Java Web Application which, relyimghe Quality Mediator
component and in the Quality Manager componengwallthe search and invocation of quality
services registered in the service registry.

Figure 15 presents the QBox Web user interfacelwpiovides functionalities for searching, viewing
the details and invoking services in the registgoading to specific calculus requirements.

Quality Services Search

Basic Search Search By Goals

Select a customized metric... Select an operation...
Calculus -
=2 Improve clients data
= are address correctly spelled?
Syntactic correctness ratio
Clear Selection ] l Clear Results ] l Search Services

Search Results

Service Key Service Name Service Provider

09E44FF0-E4A4-11DD- : : 3EACGH2F0-E4A3-11DD-
BFFO-FB8D592FDFEs  SYntacticCorrectnessRatio  ~o-n - —arioonror View Details

Figure 15 - QBox Web User Interface
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7 Conclusions and Future Work

Although QBox-Foundation constitutes a relevant asdful platform to deal with data quality in
information systems, some experiments revealeddtrans which lead to scalability problems. In this
report, a new approach for the QBox platform isspreed which, taking advantage of service oriented
mechanisms, addresses the scalability problemsabiows the reuse of existing quality tools. This
new approach also allows interoperation between-deined quality methods and external quality
tools, giving the user the possibility to acceskrger set of quality functionalities and reducing
implementation efforts.

The new platform conserves the facilities for defgnand personalizing a quality model according to
user quality goals and the underlying IS. The QBowndation component was modified for
decoupling methods management functionalities, ctlirg its focus to the management of the
personalized quality model. A new QMediator compuneas developed which, using Web Service
technologies, manages a dynamic library of qualitgls (catalogued in a service registry) and
provides functionalities for finding quality serei& according to quality requirements. Adapters for
several tools were also developed and registerdthanservice registry. Finally, a QManagement
component was also developed which receives qualgyirements in terms of the PQM and, relying
on the QBox Foundation and the Quality Mediator ponents, transforms these personalized
requirements in specific quality requirements.

Further work can focus on the formalism for expirggsjuality queries and experimentation in various
application domains.
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