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Motivation

¢ Each application domain has its specific vision of data
quality as well as a suite of (generally ad hoc) so  lutions
to solve quality problems

¢ Even so, there is increasing interest in reusing qu ality
knowledge and calculation methods

-> Need of
— Modeling general quality concepts and behaviors
— Implementing reusable measurement methods
— Specializing concepts and methods for specific applications
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Goal-question-metric (GQM)

¢ Quality is assessed in a top-down way
¢ GQM proposes three abstraction levels:

— Conceptual level: GOALS Business-oriented
= Express high-level quality goals Difficult to reuse
= E.g. reduce the number of returned mails

— Operational level: QUESTIONS
= Characterize the way to assess a specific goal
= E.g. which is the amount of syntactic errors in customer addresses?

— Quantitative level: METRICS
= Constitute a quantitative way of answering a specific question
= E.g. the ratio of addresses not complying a street dictionary

Quite parametric
Possible to reuse
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Objectives of Qbox-Foundation

¢ Provide a framework for understanding quality
concepts and reasoning with quality goals

¢ Support the definition of appropriate quality metri CcS
according to user’s quality goals and questions

¢ Support the reuse of metrics and their measurement
methods

¢ Provide an interactive environment for executing
measurement methods and analyzing results
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Overview of our approach

Three main activities:
1- Modeling general quality concepts and behaviors
2- Implementing reusable parametric measurement methods
3- Specializing concepts and methods for specific quality goals

¢ Qbox-Foundation already provides:
— An extensible collection of quality concepts
— An extensible collection of parametric measurement methods

¢ Quality analyst sets parameters instead of
implementing new methods
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Quality Assessment Metamodel
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Examples of instantiation

Syntactic correctness
+ Question: Address syntactic correctness

— Are the students’ addresses correctly written?

Metrics Methods
Syntactic correctness Boolean | CheckRule
Address format completion - student’s address attributes

- address standard format

Syntactic correctness Boolean | CheckDictionary
Address syntax existence - student’s street attribute
- street dictionary

Syntactic correctness ComputeDistance
deviation - student’s street attribute
Address syntax deviation - street dictionary

- string-edit-distance
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Qbox-Foundation prototype

¢ Functional requirements:

— Management of an extensible catalog of quality concepts
(dimensions, factors, metrics)

— Management of an extensible library of methods (descriptions and
code)

— Definition and storage of user’s quality goals and questions

— Browsing among IS objects and its association to quality questions

— Assaociation of quality questions with quality factors, allowing the
specialization of factors

— Association of quality metrics and methods to those factors,
allowing the specialization of metrics and methods.

— Execute methods for individual IS objects (or a whole goal)
obtaining quality values for those objects

— Show results, allowing the visualization of trends and correlations
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Motivation Metamodel Prototype

- Definition and maintenance of the

Acto rs library of quality concepts
(dimensions, factors, metrics, methods)
BLOC3 IS expert BLOC 2 Quality management
MEASURED OBJECTS & QUALIN? ERALS ) expert
1 Business
Measurable expert BEE ‘
" abiect B QUALITY ABSTRACTIONS
- Definition of quality goals and

questions
- Association with quality
factors and IS objects

- Definition of IS
- Access to IS objects
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- Specialization of metrics and methods
- Execution of methods
- Analysis of results
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Using Qbox-Foundation

Defining quality goals and questions

rEg Step 1: Goals and questions Manage data quality goals and questions

© | [= Goall:Improve the quality of dlients location data (i.e. phone, address, etc.)
O[_ Questionl: Are the client's addresses up to date?
O[_ Question2: Are the dient's addresses correctly written?
O[_ Question3: Are the dient's phones valid?
OI* Questiond: Do we have the number and street number in every address?
1] l_ Goal2: Reduce costs caused by former clients mail

Insert new goal Goal [New item
Insert new quUEsBion o eqtion New item

Delete item
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Using Qbox-Foundation

Associating quality factors and IS objects

rEg Qbox Step 3: Information system objects Manage associations with IS objects

& | |2 Goall:Improve the quality of clients location data (i.e. phone, address, etc.)
@] If' Questionl: Are the client's addresses up to date?
@[ Question2: Are the dlient's addresses correctly written?
7 Question3: Are the dlient's phones valid?
Questiond: Do we have the number and street number in every address?
1] [_ Goal2: Reduce costs caused by former clients mail

& |[2 Quality framework
[} ._,B Accuracy dimension

. Consistency factor
17 Precision factor
(| |7 Semantic correctness factor
) [_ Consistency dimension
& | |2 Freshness dimension
17 Timeliness factor
1] |7 Currency factor

Done
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Quality

Using Qbox-Foundation e

Browsing and configuring measurement scenarios

FEE Qbox Step 3: Information system objects Manage associations with 1S objects

[} \_.B Data source 1

2| |2 Goalil:Improve the quality of clients location data (i.e. phone, address, etc.)
Q If Questionl: Are the client's addresses up to date?
2 @[5 Question2: Are the dient's addresses correctly written?
{0l [_’ Syntactic correctness factor
Ol

Question3: Are the client's phones valid?
1] [7 Goal2: Reduce costs caused by former clients mail

Questiond: Do we have the number and street number in every address?

& |EB quality framework
e |2 Accuracy dimension
[+ \_.h Semantic correctness factor
2| |5 syntactic correctness factor
| Syntactic correctness boolean metric: Measures if data is sintactically correct data
Syntactic correctness ratio: Measures the percentage of syntactically correct data in the system

5] Consistency factor
|3 Precision factor
Consistency dimension

Conclusions

Metamodel Prototype SE
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Editing and executing instantiated methods

@ Quality measurement and edit
Goal Question Factor Metric Method 15 Object
. ) . Check street

Eg:gamﬂgﬁEepﬂila_lllatyaﬁdieszm Question2; Are the client's addresses  Syntactic fsﬁtaichﬁfass name in street Clients.address
ete.) " " correctly written? correctness factor boolean metric dictionary, if

present correct.

Check street
Goal1l:Improve the quality of dients - 5 Syntactic name in street
location data {i.e. phone, address, ?;?::EC%“.’_QEH?E BEaidpese E;T;c;cass s correctness dictionary, Clients.address
etc.) : deviation metric measure syntactic

distance
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" Syntactic correctness deviation metric: Measures the syntactic distance between a system datum and a reference one con
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Quality

Using Qbox-Foundation e

Visualizing results for analyzing tendencies (on going work)
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Quality

Using Qbox-Foundation e

Visualizing results for selecting appropriate metrics or
methods (on going work)
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Quality

Using Qbox-Foundation e

Visualizing results for analyzing correlations among
factors or metrics (on going work)
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A three-layers web application

‘PRESENTATlON‘ JSP, Struts Framework,
’ Jpivot component

| LoGic |

Analysis Measurement
component Methods

| DATA ACCESS |

|

Data access layer (DAO)

DBASE1 DBASE2

Qbox repository

Deployment :
Tomcat JSP container, Mondrian OLAP server, PostgreSQ L RDBMS
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Experimentation

¢ Two training applications:

— Facultad de Ingenieria, Universidad de Uruguay
= Domain: Student’s data and their activities
= Implementation of measurement methods
= Abstraction of the parameterization approach

— Crédit Agricole Uruguay
= Domain: Customers data and accounts
= Instantiation of metrics and methods
= Implementation of a large collection of methods

¢ Next applications to test:
— EDF Clamart
= Domain: Customers data and electricity consumption
— Institut Pasteur de Montevideo
= Domain: Biological experiments (micro-array) data
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Conclusions

¢ Qbox-Foundation: a platform for quality management

— Implements an extensible library of quality concepts and
measurements methods

— Allows the definition of quality goals and questions
Provides mechanisms for instantiating measurement methods
Supports the execution these methods

Offers multidimensional support for organizing and browsing quality
values

¢ The tool was instantiated for some applications:

— Definition of factors and metrics for some quality dimensions
(freshness, accuracy, consistency, completeness, uniqueness)

— Implementation of some measurement methods
— Definition of some quality goals and questions
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Future work

¢ Implementing further functionalities

¢ Further applications are planed:
— Validating the instantiation of previously defined methods
— Enriching libraries
— Collecting quality values from real application datasets

¢ This development constitutes a first step for explo rng:
— Interdependencies among quality dimensions
— Quality patterns
— Quality improvement techniques
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Métamodele de la qualiteé
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QUALITY GOALS
Quality
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BLOC 1
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1

1.%

Quality
question

Aggregation Measurement
Method Method
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Examples of quality abstractions

¢ Dimension:

— Data Accuracy : It is concerned with the correctness and precision with
which data is represented in an information system

¢ Factor:

— Syntactic Correctness : It expresses the degree to which data is free of
syntactic errors such as misspellings and format discordances

¢ Metrics:

— Synt. Corr. Boolean : A Boolean indicating whether a system datum
satisfies syntactical rules. (E.g. a telephone number is correct or not)

— Synt. Corr. Deviation : The syntactic distance between a system datum
and a reference one considered as syntactically correct (E.g. Parris / Prss)

¢ Methods:
— CheckRule : Checks if a given datum satisfies a format rule.
— CheckDictionary : Checks if a given datum is present in a dictionary.

— ComputeDistance : Computes the distance between a given datum and
the most similar datum contained in a dictionary.
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Examples of instantiation

Syntactic correctness
+ Question: Address syntactic correctness

— Are the students’ addresses correctly written?

Metrics Methods
Syntactic correctness Boolean | CheckRule
Address format completion - student’s address attributes

- address standard format
Syntactic correctness Boolean | CheckDictionary
Address syntax existence - student’s street attribute
- street dictionary

Syntactic correctness ComputeDistance
deviation - student’s street attribute
Address syntax deviation - street dictionary

- string-edit-distance
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Examples of

¢ Goal 1:

address, etc.)

instantiation

— Improve the quality of students location data (phone number,

Questions IS objects Quality factors
1| Are students’ addresses the correct ones? | Student’s address | Semantic correct.
2| Are the students’ addresses correctly Student’s address | Syntactic correct.
written?
3| Are the students’ telephones valid ones? | Student’s phone Syntactic correct.
4| Do we have precise students’ addresses? | Student’s address | Precision
5| Are students’ addresses up to date? Student’s address | Currency
6 | Do we have all students’ addresses? Student’s address | Coverage
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Intrinsic

Accessibility <

Contextual

Representational
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Multitude of quality factors

Accuracy Precision, Correction, level of detail.

oo, Objectivity, Non ambiguity, Factuality,

Objectivity — " Impartiality...

Credibility———— Credibility, Confidence...
.~ Reputation...

Reputation System availability, source availability,

Transaction availability, Ease of use,
Access Localization, Assistance...

Security —— Security, Privileges...
Pertinence, Relevance, Utility...
Pertinence/ Importance, Added value, Contents...

Added Valu% Currency, Age, Volatility...

Fresh Density, Coverage, Suffisance...
reshness /Volume, Data quantity...
Completeness / Interpretation, Modifiability,
Data quantity g?easseonqg?iljeﬁ .'.I"raceab|l|ty, Appearance,
. Comprehension, Readability,
Interpretation Clearness, Signification, Provider,

Comprehension”  Comparability...
; __— Minimality, Unigueness, Concise
Concise repr. representation...

Consistent repr.—s Consistency, Format, Syntax, Alias,
e ontuol o e Oon
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Difficulty of quality evaluation

¢ Open domain: multitude of criteria, multitude of perceptions

¢ Disparate state of the art, ranging from empiric es  timation
methods to formal and complex evaluation models

¢ Data quality may rarely be evaluated ‘de visu’,
— Either we characterize the processes that produce data
— Or we analyze the correlations among data

¢ Quality evaluation tools are:

— Either embedded into IS (compilation, execution, correction)
= Automatic decisions / actions

— Or external to IS (observation, inspection, diagnosis)
= Aid to the designer
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Two main approaches

¢ Data-oriented approach:
— Data inspection (detection of anomalies)
— Data cleaning (corrective actions)

¢ Process-oriented approach:
— Analysis of activities and detection of critical paths
— System improvement (evolution, maintenance)

¢ Both approaches may be combined but in practice the
are rarely considered together:
— Complexity of systems
— Cost vs. immediate needs
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Examples of data anomalies

Contradiction

Inconsistency

SSN Name Age Sex Address Tel

O

EElELE
s Lo 4o

Duplicates  Format Typo Null values
Typing errors
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More examples (operation semantics)
AR um [GoTer

azur a
blue__
verm |ioh Inconsistency
bl ue

red
green

*
. U - Source 2

AODNDNPREPPE

Sourcel
1 azur a 1 bl ue
2 vernilioh 2 bl ue
4 green 3 red
4 gr een
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More examples (operation semantics)

sk e

4 |40 | gree+ -|

- color - Source 2

Source 1
1 azur a 10 bl ue
2 vernilioh 20 bl ue
4 green 30 red
40 green
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