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Abstract: Any organization that needs to satisfy their bass objectives and uses data to implement ordaniza
nal processes, must have knowledge of how thesesdditsfy the preset quality requirements. Thegairements
are expressed by means of certain data qualityrdimes. In some contexts, models and methodolagiemata
quality assessment require of mechanisms to coatrdimonitor the level of quality of data. Propgsenmethodo-
logy with a qualitative diagnosis of the data giyalimensions and using data profiling techniguesneasure
some of these dimensions, will have a significamact on the processes of appropriate use of ttae fhe main
contribution of this paper is a methodology thatesses the data quality, by diagnosing its dimessibrough
surveys and data profiling techniques. The paper ptesents the results obtained in a real casdg,stthich ser-
ved to validate the methodology.
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INTRODUCTION

During decades, data management has acquired éngreignificance in companies, because data con-
stitute the blood of the organization, and withth@m, corporations cannot align with their orgatiizra

al strategy [7]. In 2002, only in the United Staté#\merica, the annual expenditure of poor dataligu

for enterprises was six billion dollars, accordtogestimations of TDWI (The Data Warehouse Instifut
[20]. Because electronic data are so pervasive, @lality (hereafter DQ) plays a critical role Ihkausi-
ness and governmental applications [1] and ité®gaized as a relevant performance issue of operati
processes [3]. Companies that decide to implemamiptex information systems such as Decision Sup-
port System (DSS), Executive Support Systems (EB3nterprise Resource Planning (ERP), among
others, should understand that the success of Hysgems also depends largely on their data. Adogrd
to ISO / IEC 25012, DQ is defined afé degree to which the characteristics of the datsuggested
conditions and needs when used under specific tondl' [9].

Therefore, before any operation, it is importanassess the suitability degree of the use of datalvied

in the task, according to the context in which they. Data profiling is one of the techniques thelps
diagnose the DQ in specific contexts, which is ‘tbata analysis systems to understand its content,
structure, quality and dependenci¢4]. Indeed, doing data profiling and monitoritige defects of data,
are useful activities for assessing DQ in specifiotexts.
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Although, nowadays there exists some models, metbgiges and tools to carry out the data profiling
processes, in our context, it is possible to fioothe needs such as: assessment of some characsenfsti
DQ using techniques and tools of data profilindjrdiéion of roles and responsibilities for the DQre
trol, organization of the process through the usartifacts and documents and the frequent reppitn
the organization of the DQ diagnosis, dependingiser types and level securities, in order to ingolv
and engage members and roles that interacts vétettata.

This paper is organized in five main sections. iBadl describes existing methodologies for DQ coht
and assessment, and data profiling models thag¢rilyrexists. Section Il presents CALYDAT, the pro
posed methodology and a description of their chliarstics, principles, scope, processes, activiied
people in charge. Section IV presents the obtaiaedlts from applying the proposed methodology in a
real context. Finally, Section V presents the cosidns and the main intentions for future work.

BACKGROUND

Methodologies for DQ assessment
Many authors have made contributions for DQ. Séw@rthese have offered the most relevant categori-
zations of DQ dimensions, such as in [10, 14, 1722, 25] This research was based on the data quality
characteristics introduced in ISO/IEC 25012, whach: accuracy, completeness, consistency, cragibili
timeliness, accessibility, compliance, confidentiyalefficiency, traceability, portability, undeestdabil-
ity, availability and recoverability [9].
For making a comparative study of existing methodigls for DQ assessment, we consider several as-
pects, including: dimensions used, cost and typésia and information systems involved. The method
ologies for DQ assessment and improvement have dlassified in four categories [1]:
-complete methodologieshich providesupport to both the assessment and improvement phas-
es, and address both technical and economic issues;
-audit methodologiesvhich focus on the assessment phase and proviitedisupport to the
improvement phase;
-operational methodologiesyhich focus on the technical issues of both thesssenand im-
provement phases, but do not address economicsissue
-economic related methodologieghich focus on the evaluation of costs.

This research is based on audit methodologies. Sdrtieese methodologies are AIMQ [13], CIHI [26],
AMEQ [20] and IQM [5]:

AIMQ Methodology: A Methodology for Information Quality Assessm@3): It is the only method-
ology of information quality based on benchmarkiligdraws heavily on the PSP/IQ model (Table 1),
which classifies the DQ dimensions according toitlierest and priority of users and administrators.
AIMQ has four classifications for DQ: comprehensivéiabde, useful and usable, into which DQ di-
mensions fall. It uses questionnaires for the ifieation and diagnosis of both DQ dimensions and
measures of information quality.

Conforms to specifications Meets or exceeds thetans
er expectations
Product Quality Sound information Useful information
Service Quality Dependable information Usable information

Table 1. The PSP/IQ model.

CIHI methodologyCanadian Institute for Health Informatidas]): CIHI focus on the control of DQ of
data stored in the Canadian Institute of Healtlorimftion, specifically in the monitoring of the &jz
heterogeneity and quality of the stored data. Qatdity evaluation is based on a four-level hienaral

model. At the first level, 86 basic quality criterare defined. These criteria are aggregated bysnaela
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algorithms of composition into 24 quality charaidtics at the second hierarchical level, and finall
these are aggregated into five DQ dimensions athiing level. Finally, the five dimensions are aggg-

ted into one overall database evaluation at thetidavel.

IQM methodology Ipformation Quality Measuremef]): IQM conceived the provision of a quality
framework adapted to the Web data. Among its esitbesides of the quality criteria, it has the $aotd
techniques used to measure the DQ. The resultalfiaion is the most important outputs, which is a
valuable guide for selecting and customizatiorheftbols used by web administrators for creatingn-m
aging websites. IQM describes the following mairagds: assessment planning, assessment configura-
tion, Measurement and follow-up activities, where most important processes are: the diagnoshseof t
data, the requirements analysis and evaluationeoDQ.

AMEQ methodology Activity-based Measuring and Evaluating of Prodimdbrmation Quality[19]):
AMEQ provide a rigorous basis for Product Informationa{iiy assessment and improvement in com-
pliance with organizational goals. The methodolizgspecific for the evaluation of DQ in manufactyi
companies, where product information representsnéi@ component of operational databases. In manu-
facturing companies, the association between ptadémrmation and production processes is straight-
forward and relatively standard across companigsAlMEQ has five phases. The first one assesses the
cultural preparation of the organization. The secone focuses on all information related to thedpod

by process modeling and identification of critieaeas. One of the outputs of this phase is a mufdel
measurement techniques. The third phase focuséseamplementation of all activities and techniques
for the measurement and evaluation. During thetfiophase the causes of DQ problems that have been
detected after diagnosis of the dimensions wilinvestigated. The last one is responsible for nooimig

and improving the quality of product informatiohrdugh mechanisms of accountability of the procgesse
and data.

After studying the characteristics of these aud#thodologies, we consider that they are very useful
depending on its features and goals. However, dogpmwith some aspects like: the focus on the busi-
ness processes of the organization, the definitfonles and responsibilities, the use of artifdotsdoc-
ument the process and the inclusion of data pngfilechniques for the DQ evaluation; we concluds, th
except AMEQ that utilizes the organizational pr@essin its process modeling, the rest of the method
ogies are not based on business processes. Thegtdwse roles and responsibilities in its phases an
activities, they do not include data profiling te@ues for the DQ evaluation and only CIHI has dl-we
defined documentation process.

Data profiling models, techniques and tools

Several data profiling methods and techniques edsuribute to the necessary assessment for the DQ
control, where the fundamental approach is perfdrorethe data collections. The DQ dimensions more
widely used to assess DQ are: correctness, complgteand accuracy. One of the models availablg toda
is [4], which consists of one or more inputs ofedahd metadata, the application of research teabsjq
and as outputs, corrected metadata and informeglated with data, as shown in Figure 1.
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Fig. 1. Data profiling model of [4]

Oracle Corporation, a company that has developggsem for profile data, is oriented to the thotoug
investigation and close monitoring of its qualityp]. With a tool name®racle Data Profiling the user
has the possibility to discover and infer ruleseohen data, and monitor their quality over time. As
shown in Figure 2, the inputs and outputs are defined, where data and metadata that were profiled

can be profiled again.

. Metadata
Oracle Data Profiling
#Integration with Oracle Data Quality
Data with
ba #Sernvices of monitoring, reporting and alerts Data with
problems pa

#Data rules analysis

#Documentation system problems

#Natural Drill Down Data
Metadata without DQ
#Analysis of keys and relations problems

»Entities analysis

~~—

Fig. 2. Data profiling techniques and process of Bl

Microsoft offers a tool named Data Quality Servie®@98 [11], with techniques and mechanism of data
profiling, such as: candidates keys profiling, eotuprofiling, data profiling using patterns, furtstal
dependences profiling, and inclusion values prafifil1].
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Fig. 3. Data profiling model of [11]

The Embarcadero Company is noted for its softwasigh: ER/Studio Through itsCA ERwin Data
Profiler tool, the user can combine the analysis and tkeerdadeling in a practical way. In its own mod-
el highlights four key activities: analysis colummtegration with data models, the discovery ofskend
Extended Analysis of attributes [6].

Informatica Corporation [27], with its tool namé&dformatica PowerCenteran enterprise platform that
offers access, research, data profiling and ddegiation from any data source, and any formas &
very important tool for data profiing and diagnsesthe DQ. As shown in Figure 4nformatica
PowerCentemhas five subsystems: Access, Discovery, Cleammegration and Delivery [23].

~ b Acoess} ;Dlscovel} ;Cleamng} ‘Jniegraho} ;Dellvery}

——————————————————————————————————————————————————————————————————————————————————————

scovering | Cleaningand Implantation |
pro]et:l \ monitoring Validation
i

---------------------------------------------------------------------------------------
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Type Discovering iCnmentAna\ysis E Structure Analysis i Monitoring

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Roles Analyst | Datasteward | ETL Developer | IT Operations |

Fig. 4. Subsystems, levels, roles, activities, atethniques
of data profiling of Informatica Power Center

CALYDAT: A METHODOLOGY FOR DATA QUALITY CONTROL

ANALYSIS AND EVALUATION BASED ON DATA PROFILING TEC HNIQUES
The contribution of this paper is a methodologgaatrol, analyze and evaluating of DQ through tke u
of data profiling techniques and diagnosis of th@ &itributes. It consists of three phases, easthath
contains processes, activities, artifacts, peaplehiarge and tools. It is named B&ethodology for the
Control, AnaLYsis arD EvaluATion of Data Quality based on Data Profiling Techuneg(CALYDAT).
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Scope of CALYDAT

CALYDAT guides to the establishment of the conwblDQ, based on the diagnosis of DQ dimensions
and processes related with data profiling of retal databases, wheuctivities, techniques and
mechanisms are involved, as a guide for its impteateon.

Unlike the others audit methodologies; CALYDAT iased on business processes of the organization,
besides it defines roles and responsibilities fdretter organization of the execution of its phased
activities. CALYDAT also proposes well-defined &atits that help for documenting the implementation
of the methodology, and it includes an added vale:using of the results of data profiling teclugs

for the DQ evaluation.

Fundamentals of CALYDAT
CALYDAT is based on the following pillars:

- ltis focused on the DQ control of each organizagiobusiness procesis main objective is to
implement a DQ monitoring system of the organizaigrocess analyzed, and if a DQ problem
raises, enable the possibility of detecting wheouowd, the area, database or information sys-
tem where the problems happened, and who are tiEepim charge.

- Implication of roles that manage datht is based on committing all the roles involvieddata
management, which are in charge for monitoringamtiolling the data quality.

- lterative and incrementalOnce a CALYDAT development cycle is completedshibuld be exe-
cuted again so that each iteration will cover eafcthe organizational processes involved in ac-
cess, control and management of data in the orgtoiz

Representation of CALYDAT
CALYDAT is based on three phases: Analysis, Eviuay Transition, as shown in the figure 5:

CALYDAT.1. Analysis CALYDAT.Z. Evaluation CALYDAT.3. Transition

Fig. 5: Phases representation of CALYDAT.

The following subsections provide details of eank of the phases of the methodology:

CALYDAT.1. Analysis

At this phase, the current status of a particutganizational process is studied, this impliesatetinto
account the types of existing users, the data tygetabase administrators, etc., for preparing the
infrastructure for the application of data profijitechniques and for the survey of diagnostic of DQ
dimensions. In new iterations new organizationaicpsses will be diagnosed. Table 2 shows their
characteristics:
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Input Products Description of the organizational process
Output Products Identified information, selected dimensions for B@ evaluation.
Activities 1.1. Diagnosis, 1.2. Election of Requirements .

Methods, techniques and tools| Expert judgment, brainstorming, artifact for theaBmosis of organizational process
(pleaseseeartifacts presented iAppendix A’
Roles Business analyst, DQ analyst

Tab. 2: Phase of analysis.

In this phase, the activities are:

CALYDAT.1.1. Diagnosis

It must be executed to get a first assessmenteofirent status of the selected organizationalgases.
For doing so, it is necessary to take into acctmtdatabases used by the selected organizatiomal p
cesses, the user types and the existing roledyples and formats of data handled by the orgaoizati
and database administrators. As input of this #gtiaspects related with the diagnostic procesailsh
be provided, and as output, the identified infoioratelated with the organization are to be gemetat
CALYDAT.1.2. Election of the Requirements

The DQ dimensions selected will be involved in #drdire cycle of execution of the methodology for
each one of the selected organizational proceAseasput of this activity, some aspects of the diagjic
process must be provided, and as output, the iibtthe selected DQ dimensions should be generated.
CALYDAT.2. Evaluation

In this phase, an evaluation of the level of D@ o€lational database should be performed. Thisies\p
the use of some techniques like structure profjlirejational profiling, data rules profiling andeth
implementation of surveys for the diagnosis of D@ehsions Table 3 shows their characteristics:

Input Products Result of the diagnosis of organizational procdasa source, metadata source
Output Products Data profiled, metadata profiled, result of thevsyrfor the diagnostic of DQ dimensions
Activities 2.1. Structure profiling, 2.2. Relational profiling.3. Data rule profiling, 2.4.

Conductions of aurveyfor the diagnostic of DQ dimensic
Methods, techniques and| Profiling of table structures, and its functionapendences, data rules profiling,

tools questionnaire of the survey for the diagnostic §f @imensions (see Appendix B),
data profiling tools
Roles Business analyst, DQ analyst, database administiddtabase designer

Table 3: Phase of evaluation.

To achieve the goals of this phase, the team stexddute the following activities:

CALYDAT 2.1. Structure profiling
It consists of thoroughly investigate each onehef tolumns and rows of tables in the source systems
applying a set of techniques to calculate stasifficformation and metadata. The most significa@ D
dimensions are completeness, accuracy and precidgmput of this activity, services of data acges
profiled and not-profiled data and metadata shbelgrovided, and as output, artifacts, data prbféed
metadata profiled are to be generated.
Property profiling: It refers to applying profiling techniques to deténe table properties, such as
number and percent of null values, unique, dupigablanks, data types, minimum and maximum size of
characters, maximum and minimum values and domameng others.
- Regular expressions profilinglt refers to applying pre-defined regular expressito identify
matches with the values of the attributes. Youdsfine new expressions or use existing ones.
- Language profiling: Getting profiles of natural language terms andjlexge elements stored as
data, is very complex during the data profilingqass. In this case, the domain plays an impor-
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tant role in defining the dominant values in a aaoh) and defining which values are written or
spoken like a specific values (Matching Writing aMidtching Sound respectively). For this,
regular expressions or SQL statements and stomag@ures or functions can be used. A reposi-
tory of terms can also be used to store the letienowels of the alphabet and verify matches
with the values of the columns.

CALYDAT 2.2. Relational profiling

The main aim of this activity is to determine pbssirelationships and functional dependencies betwe
tables or business objects, and discovering priraady/foreign keys. With this activity it is possitio
evaluate the degree of consistency. According fo tHe DQ dimension consistency refers to the
violation of semantic rules defined on a data @asticular data set. In this case it will be prdilthe
violations of integrity constraints, specificallyter-relational constraints. As input, the servioéslata
access, data and metadata profiled and unprofiedoabe provided; and as output, artifacts, pryimar
keys, foreign keys, relationships between entdies the relational matrix should be generated.

For this case, several rules, SQL statements aadntiaing techniques can be applied [24], for exiamp
association rules [24], to find dependency pergggacf some attributes related to others, andfthds
possible foreign keys.

Business analyst, DQ analyst, database designeusmithe following techniques and tools to achieve
their objectives:

- Analysis of primary keylt is used to determine those values in thelatteis that are unique and
are candidates for primary keys.

- Analysis of foreign keyt is used to determine those attributes thatHhasen detected from the
rules of inclusion and the relational matrix. Ties@ciations identified can be used to predict be-
havior, and to reveal correlations and occurrerdes/ents [24]. To evaluate the rules, the sup-
port is used. As shown below, Equation 1.1 indigdtee number of cases covered by the rule,
and confidence; Equation 1.2 indicates the numbe&aloes of one item that belongs to another
item; and Equation 1.3, referred to the confidefaadicates the number of cases correctly pre-
dicted by the rule. Confidence is expressed asatie between the number of cases in which the
rule is met and the number of cases in which itiappbecause the premises are satisfied.

If we consider the following item | = {A, B, C, [E} where A, B, C, D, E are attributes of a
particular database:

Support (A) = P(A) Equation. 1.1

Support (A€ B) = P (AC B) Equation. 1.2

Confidence (AC B) =P (B | A) = P (AC B) Equation. 1.3
P (A)
Where P(A) is the total value of the attribute Ald?(AE B), the number of values of attribute
A that belongs to attribute B, where B can be regggbaConfidence is the ratio between both.
This will determine the confidence of each of thiilautes related with the rest, identifying the
higher value, which constitute potential foreiglyke
- Relational Matrix specificationTechnique that uses a two dimensional array teadénigh lev-
els of confidence from the result of applying thées of inclusion, and thus identify possible re-
lationships between attributes. The intersectiotwaf attributes corresponds to a functional de-
pendency between them, being represented by a hbxawercentage value. This value is the
confidence that exists between the two attribud@sexample of a relational matrix is shown in
Table 4, where the highlighted values representdtgest confidences (86.3, 90.5, 91.2, 76.1,
100, 79.5, 90.2, 94.1, 100, 100 and 78.4), ancefber, possible relationships between the at-
tributes (A, B), (A, C), (B, H), (C, A), (E, C), (F), (E, G), (F, E), (F, G), (G, E) and (H, D); re
spectively.
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As tools, any of the data profiling tools preseritedection 2.2 could be proposed.

= LN N =R NN

Table 4: Example of relational matrix.

CALYDAT 2.3. Data rules profiling.
Activity aimed to the researching, discovering,ifigaition and validation of data rules. It helpssimecify
the degree of conformity, which determines whetther data has attributes that adhere to standards,
conventions or regulations and similar rules ratatio DQ in a specific context of use [11]. As ihpf
this activity, services of data access, data anthdag¢a profiled and unprofiled, and as outputfauts
and data rules.
Business analyst and DQ analyst could use thewoilptechniques and tools get the specified results:
- Analysis of default data ruleBased on existing data rules in information systemin data-
bases of the organization, are checked to see ifaults match with what is expected of them.
- Discovery of data rulesThese rules are conditions that may involve anmare columns. They
generally use conditionals like (if, then, <,>, =).
As tools we propose the data profiling tools tmapliement data rules profiling.

CALYDAT 2.4. Conduction of a Survey for the diagnosic of DQ evaluation.

The survey is a system for collecting informationdescribe, compare and explain knowledge, attgude
and behavior [12]. In this process a qualitativegdiostic of DQ is performed from the applicatiorthod
survey. As input of this activity, the result olganizational analysis is to be provided, and apuiuthe
result of the survey of DQ dimensions should baelpoed. With the aim of improving the diagnosis and
evaluation of DQ, there are five types of usera/@m the survey is proposed. Table 5 shows some ex-
amples of types of users:

User types Examples of user types

Data user Database administrators, database deve]dprL specialists, etc.

Requirement user Requirement analysts, requirespetialists, etc.

Technology user Network administrators, server aihtrators, IT specialists , etc.

Business user Business analysts, executives, lEadanagers, customers, area and department diecto
final user, etc

Interface user Web programmers, designers, adsarkkting specialists, etc.

Table 5: User types and examples of user types.
Business analyst, DQ analyst and database adraitoistcan use the following techniques and tooladbieve
their objectives:

- Conducting of survey for the diagnostic of DQ disiens This method is based on the DQ
characteristics provided by the ISO/IEC 25012htiidd be conducted periodically to the mem-
bers of the organization that interact and manage thvolved in the organizational process,
with questions related to each of these DQ dimessiso as to provide a qualitative and quanti-
tative value of the level of quality of the datesedswithin the organization. The Details on the
survey can be seen in Appendix B. As proposed tdoésdata profiling ones and the question-
naire can be suggested.
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3.1.1 CALYDAT.3. Transition

In this phase the organizational process analyzedanitored, continuing to the analysis. It shoodd
reported the status of the DQ, to all roles and besinvolved in the organizational business preacks
implements activities related to the process of imong and alerting DQ. Table 6 shows their
characteristics:

Input Products Result of the survey for the diagnostic of DQ disiens.
Output Products Artifacts, notifications and alerts.
Activities 3.1. Monitoring and control
Methods, techniques and| Notification, and alerts of DQ
tools
Roles DQ analyst

Table 6: Phase of transition.

CALYDAT 3.1. Monitoring and control

The goal of this activity is to notify and alertesus related with the detection of poor DQ in ahthe

selected business processes of the organizatia@ p&bple in charge should ensure the beginning for

repeating the phase of analysis in a new orgapizaltiprocess. As input, the result of the surveydie

agnostic the DQ dimensions should be entered, araligput, the specification of the artifacts, rioéf

tions and alerts should be generated.

DQ analyst can uses the following technique antstimachieve their objectives:

- Execution of the monitoring and alel©ALYDAT proposes the implementation of a reporting

solution, for the notification of the DQ dimensicassessment to members and roles related with
the organizational process, about the current distgimof DQ in that process.

RESULTS

In order to test the applicability of CALYDAT in eal environment, we used the methodology in an
organization with well-defined business proces&sicretely, CALYDAT was applied to one business
process hamed Control of mobile devices, wherends objective is to manage each mobile device in
the agricultural fields where these mobiles wotg,éxact location, if they are stopped or movirg, t
fuel consumed, the kilometers traveled, etc. Okthiresults are to be presented in this section.

We decided to apply CALYDAT to this scenario be@ws its own characteristics, for example, the
organization has well-defined business procestedata are stored in relational databases, ibs$siple

to apply data profiling techniques for evaluatihg DQ, also because it is a well-defined and coxple
organizational process where it is recommendabde ube of artifacts that guide and document the
application of CALYDAT. This experience involved ethexecution of techniques and activities of
CALYDAT and the application of the survey (see fleetion CALYDAT 2.4. Survey) for the diagnostics
of DQ dimensions.

Firstly, the members that will play the role of 2@alysts were identified; they would be the pedple
charge for the application of CALYDAT. DQ analystsd managers planned jointly the execution of the
phases of the methodology, ensuring the availghiitresources for the corresponding iterations in
periodical application of CALYDAT to other busingscesses of the organization.

Let's explain the application of each phase of CAIAT to the business process Control of mobile
devices. For carrying out the phase ©GALYDAT.1. Analysis, the activity of Diagnostic was
performed, where the concepts and features of tisenéss process were identified, using the artifact
Diagnosis of organizational process (see Appendix A
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CALYDAT 2.4. Conduction of a Survey for the diagtioof DQ dimensions

Activities Selected DQ
dimensions
CALYDAT 2.1. Structure profiling Accuracy

CALYDAT 2.1. Structure profiling

CALYDAT 2.4. Conduction of a Survey for the diagtioof DQ dimensions

Completeness

CALYDAT 2.2. Relational profiling

CALYDAT 2.4. Conduction of a Survey for the diagtio®of DQ dimensiong

Consistency

CALYDAT 2.4. Conduction of a Survey for the diagtio®of DQ dimensiong

Credibility

CALYDAT 2.4. Conduction of a Survey for the diagtioof DQ dimensionsg

Currentness

CALYDAT 2.4. Conduction of a Survey for the diagtioof DQ dimensions

Accessibility

CALYDAT 2.3. Data rules profilin

CALYDAT 2.4. Conduction of a Survey for the diagnostic of DQ ension¢

Compliance

CALYDAT 2.4. Conduction of a Survey for the diagtio®f DQ dimensiong

Confidentiality

CALYDAT 2.4. Conduction of a Survey for the diagtioof DQ dimensions Efficiency
CALYDAT 2.1. Structure profiling Precision
CALYDAT 2.4. Conduction of a Survey for the diagtioof DQ dimensions

CALYDAT 2.4. Conduction of a Survey for the diagtioof DQ dimensions Traceability
CALYDAT 2.4. Conduction of a Survey for the diagtioof DQ dimensions Understandability
CALYDAT 2.4. Conduction of a Survey for the diagtioof DQ dimensions Availability
CALYDAT 2.4. Conduction of a Survey for the diagtioof DQ dimensions Portability

CALYDAT 2.4. Conduction of a Survey for the diagtioof DQ dimensions

Recoverability

Table 7: Selected dimensions for the application GFALYDAT.

In addition, the dimensions that will be involvadthe DQ evaluation were selected, as shown in the
Table 7, where théctivities column refer to the activities of the phase of GAIAT.2. Evaluation,
where the DQ dimensions selected will be evaluaed, theSelected DQ dimensiorm®lumn refers to

the DQ dimensions that will be evaluated in eadlvities:

During the phase o€ALYDAT.2. Evaluation, taking into account that the business procesthef
control of mobile devices and its data sourcessapeed in a relational database, we performed the
activity of profiling structure, where highlighteéte attributeperation_date mobile_state year, and
crop_cycle (as shown in Table 8), which presented DQ probjguasticularly with the completeness
dimension. For example the attributiate_operation presented 17.5% of null values, the attribute

mobile_state 6.5% of null values and the attribytear, a minimum value of 1278.
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Attribute Entity Description of the attribute in t he data model

operation_date | operation Attribute that stores the date of the operatiorfquared by
the mobile device

mobile_state mobile Attribute that stores the state of the mobile devicthe
mobile entity

Year operation Attribute that stores the year that the operatias per-
formed

crop_cycle crop Attribute that stores the number of cycles of ancadfural
crop determined

state_code mobile Attribute that stores the state code in the maodmiltty.

state_id state Attribute that stores the identifier of the statfishe mobile
in the state enti

device_id device Attribute that stores the identifier of the tracking ice

Table 8: Attributes susceptible to receive a datampfiling analysis of the control of mobile devices

After checking the degree of completeness, checkiall values for each row are complete or nbg t
result obtained is shown in Table 9, by each ofhtities in the database (see figure 6 and Taljle 1

Busines: entities Percentage of the evaluation result of completene
mobile 23 rows with incomplete values, 312 rowsoital: 92,62 %
crop 7 rows with incomplete values, 215 rows iatd®6,74 %
device 49 rows with incomplete values, 378 rowtial: 87,04%
state 4 rows with incomplete values, 37 rows talt@9,19 %
operation 18 rows with incomplete values, 193 raw®tal: 90,67 %
Table 9: Verification of the degree of completeness
device
-irdevice_id

“description
1 ¥ name

mobile operation

~ description

state code | . N
& 'mobile_state “name )
Uplaces -{operatmn_date
Bidevice id (FK) < year

Limaobile_id (FK)

!

crop
& crop_id state
. o= » crop_cydle & state_id
““name 40 state
% mobile_id (FK)

Fig. 6. Entity-Relation model of the control of molie devices.

Entity Description of the entity in the data model

Mobile Entity that stores mobile devices: such as tragtousks, jeeps, etc
Crop Entity that stores agricultural crops whereked the mobile devices
Device Entity that stores the tracking devices carriednopiles

State Entity that stores the state of mobile device

Operatiol Entity that stores the operations of mobile de\

Table 10: Profiled entities of the control of mobi devices.
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After the phase of CALYDAT.1. Analysis, specificalin the activity of diagnosis, it was noted that
entities should not have rows with incomplete vaJuecause in other processes it performed pegeenta
calculations using these values, so that at le@strow with incomplete values in some of thesetiesti
represents a negative impact to the DQ dimensi@omipleteness.

In the activity of CALYDAT 2.2. Relational profiligy, after the processing, two attributes were detect
as potentially relatable (state_code and stateseie, Table 8) between two unrelated entities (mahite
state, see Figure 6 and Table 10) with a 98.4%ofidence (see the section CALYDAT 2.2. Relational
profiling, specifically the technique Analysis adréign key). This helped to discover a violation of
referential integrity, specifically in the dimensioonsistency.

Based on predefined business rules and in orddiagnose the DQ dimension of compliance of the
organizational process analyzed, it was found #Humhe rules were not complied with, such as the
attribute values crop_cycle which must be in thegeabetween 1 and 100, and were found values such
as 134, 121, 106 and 189. Also that the attribeigcg _id must be unique, and was found the val@ 00
repeated twice, and the value 014 repeated thmeestiln crop_cycle, attribute with data type varcha
were found 7 strings, and according to businessrahould store only numeric values.

During the activity of CALYDAT 2.4. Survey, it waapplied the questionnaire (see Appendix B).
Candidates to participate in the survey were chésen members who work directly with the analyzed
business process. The members are the databasenisitators and workers of the technology
department, related to the business process ofataitmobile devices. In total there were 12 mersbe
three (3) database administrators, four (4) netvemikinistrators, two (2) server administrators, @he
security specialist, the manager and the vice-mamaigtechnology. The result of the survey is shawn
Table 11. The average column corresponds to theageevalues for each dimension of all applied
surveys, and it is a value ranged between 0 and 5.

According with the context where data are usedhis case data are used for storing and managing
information related with the exactly location of bile devices, so the values of Table 11 become
relevant. The highest percentage values, corresptmdQ dimensions which quality is adequate.
Conversely, the lower percentages are the DQ diimesisvith data quality problems. As result, the
critical dimensions that need an urgent attentien eompliance, precision and recoverability.

Dimensions -

&

g

< o
Accuracy 4,12 82,4
Completenes 4,37 87,4
Consistency 4,10 82
Credibility 3,7¢ 75,¢
Currentness 4,05 | 81
Accessibility 4,17 83,4
Compliance 2,21 44,2
Confidentiality 3,7¢ 75,€
Efficiency 4,19 83,8
Precisiol 2,92 58,4
Traceability 3,75 75
Understandability 4,56 91,2
Availability 3,98 79,6
Portability 4,46 89,2
Recoverabilit 2,7: 54,€

Table 11: Results of the survey for the diagnostic
of DQ dimensions of the process analyzed.
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During the execution of the phase@ALYDAT.3. Transition , we proposed the creation of a web site
in the organization, with the corresponding levefsaccess, and based on the types of users. The
notification of the diagnosis of DQ dimensions ddobe weekly. It was advised to the managers that
they should select the data profiling tool, acaogdio their needs and possibilities, and repeastineey
frequently, including others business process efattyanization.

CONCLUSIONS

This main contribution of this paper is CALYDAT, methodology for the analysis, control and
evaluation of DQ, through data profiling techniquesl the application of surveys for the diagnosfic
DQ dimensions, to various types of users. Its apgibn in a real environment was satisfactory and
provided the expected results, giving to the marsagemd members involved in the organizational
process of control of mobile devices, a quantitatwd qualitative evaluation of DQ. The type ofruse
plays a fundamental role, which offers the positjbib detect more effectively the DQ problems, dxhs

on the role to which is directed the survey. Axaesh methods during the process of developing the
methodology, we used theoretical and empirical oa$h[28], including the method of survey. We
empirically obtained the DQ dimensions used in CHBIAT, the types of users to which the
guestionnaire should be applied, the roles andorespilities defined and the output products of the
analysis phase. For the success of CALYDAT, it wasessary to consider the systemic method as a
combined and integrated system of all phases aiidtis, with an iterative and incremental appitoac
Finally, the survey plays a key role for the evélhraof the DQ in CALYDAT.

In the future, we intend to develop a tool thatmans the application of CALYDAT. This tool will va
functionalities that allow execute data profilingchniques, and mechanisms for diagnosis the DQ
dimensions: Accuracy, Completeness and Precision.
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APPENDICES
Appendix A

Diagnosis of organizational process
Deliverable

<Organization name>

<Organizational process name>
<Version>

Version control

Date Version Description Author
dd/mm/yy> <X.X> <Details> <Name>
Introduction

Purpose

[Define the main objective for the evaluation anaghosis of organizational process.]

Scope

[It specifies which business processes and DQ dsinar shall apply. In this case the artifact foe th
diagnosis of organizational process will integratéh the survey for the Diagnosis of the DQ dimen-

sions.]

References

[List of referenced documents]
Code Title

[1] Documen 1
[2] Documen 2
Glossary

[In the glossary specifies a group of basic terhrest are managed for the diagnosis of organizational
process.]

Description of the diagnosis application

[It describes the implementation strategy for thegdosis of the organizational process.]

Summary of the diagnosis in the business process:

[Summary of the results of the diagnosis of orgatinal process.]

Analysis of significant results:

[Analysis of the most relevant results obtainethia diagnosis and a summary of the main factors to
consider.]

Conclusions

[Conclusions of the diagnosis of the organizatiopadcess.]
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Appendix B

Survey for the diagnostic of DQ dimensions

Deliverable

<Organization name>

<Organizational process name>

Introduction

This survey is defined for the investigation and tiorrect diagnosis of the DQ dimensions, where the
participation of roles and members who interact asel the data is very important. Below are a number
of aspects which should be marked with an X theieah the scale that is considered appropriate to
characterize the current state of data quality dsimns. In case of indecision or ignorance in apeat,
please do not make any X in the corresponding &spee collection is a term used in the survey for
referring to data or data set that will be analylzg@ach of the dimensions.

General aspects:
Line/Area/Group where it belongs:

Role played:

Alternatives to respond to an aspect are listedvizel

Nomencla- A B C D E

ture

Qualitative Yes, Yes, but not | Little Very little, al- | No, none
equivalenc quite enoug| most hon
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Survey: Diagnostic of DQ dimensions
Taking into account the following initial requiremnts:

The business area to diagnose:
The business concept to diagnose:
The source, data source or agent in charge (perssystem) to enter data:

The data or the data set that must be evaluated:

In the range of time: From:

(day/montiwyeTo:

(day/month/year)

A

B

Cc

D

Accuracy

Does the collection have the value andattiaal character
istics expected?

Completeness

Is the collection completed and halkeabxpected values?

Consistency

Is the collection free of inconsisteactontradictions in
relation to other dati

Credibility Does the collection have adequate credibility aidpility?
Currentness Do you think the collection is updatétl respect to the
specified time range or with respect to the curtieng”:
Accessibility Can be the collection properly managed througbccess
Compliance Does the collection comply with busiresss or re-

strictions’

Confidentiality

Does the collection have the appiatie confidentiality and
security’

Efficiency Does the collection have the expectegle of efficiency
and performance

Precision Does the collection have the adequatgracg and preci-
sion?

Traceability Is the access to the collection beindited by traces or
tracks?

Understandabil{ Is the collection understandable and interpretbilesers?

ity

Availability Can the collection be properly retrexy by authorized users
or applications

Portability Will maintain the collection its qualitf is moved from one

system to anothe

Recoverability

Will maintain the collection its ditg despite occurrences

of failures’
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