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Abstract— In a knowledge-based society, transforming data
into information and knowledge to support the deci®n-

making process is a crucial success factor for althe

organizations. In this context, one mission of Softare

Engineering is to produce systems able to processarde

volumes of data, transform them into relevant knowédge and
deliver them to customers, so they can make rightetisions at
the right time. However, companies still face failres in

determining the process model used in their Knowlegke

Discovery in Databases and Business Intelligencegjects. This

article introduces the AgileKDD, an agile and disglined

process for developing systems capable of discovayi the

knowledge hidden in databases, built on top of théDpen

Unified Process. A case study shows that AgileKDDan guide

projects whose goal is to develop Knowledge Discayein

Databases and Business Intelligence applicationgjcreasing

success factor as well as customer satisfaction.

Keywords — Business Intelligence; Knowledge Disagvin
Databases; Agile Software Development; Software d&ss.

l. INTRODUCTION

In 1996, the Organization for Economic Cooperatiod
Development (OECD) redefined
economies as: “economies which are directly basedhe
production,
information” [1]. In knowledge-based economies, thabal
competition is increasingly based on the abilityramsform
data into information and knowledge in an effectivay.

Knowledge is equated with the traditional factor§ o
raw materials, energyd a

production - land, capital,
manpower - in the process of wealth creation. Tiiasa,
information and knowledge constitute key assets dtbr
organizations working in this economic model.

Knowledge management, Data Mining,

Business Intelligence (Bl) are key concepts in awkedge-
based economy. Bl applications have vital importafar
many organizations and can help them manage, deasid
communicate their intangible assets such as infiiomand

knowledge, improving their performance. For insgnc

Continental Airlines’ investments in Bl have a Retwon
Investment (ROI) of 1000%, attributed to increasextnue
and reduced costs [2].

However, companies still face problems in deterngni

the process model used to develop KDD and Bl aatpdios.
As business
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uncertain, the traditional static, bureaucratic dmehvy
processes may nhot be able to deal with them. Recent
researches have demonstrated that waterfall lifesyand
traditional software development processes are
successful in Bl because they are unable to fotlgnamic
requirement changes in a rapidly evolving environir8].
As software process is mandatory for KDD and BI
development, one possible solution is to use de agbcess,
which is typically characterized by flexibility, agtability,
face-to-face communication and knowledge sharing.

This article discusses the importance of using gite a
software process in KDD and Bl applications develept.
Thus, the main objective of this paper is to presen
AgileKDD, an agile process able to guide the KD &1
applications development in a manner compatiblé e
current ever-changing requirement environments. fiée
sections of this article are organized as follo®sction 2
describes Bl and Knowledge Discovery in Databases a
techniques for transforming raw data into informatiand
knowledge. The 3rd section presents the agile sofw
development processes. Section 4 presents thekAilean
agile KDD and BI process model built on top of bpen
Unified Process. Section 5 presents related woitkallly,
USection 6 presents the conclusions.

not

TRANSFORMINGDATA INTO INFORMATION AND
KNOWLEDGE

The raw data evolve into information and knowledge
they receive degrees of association and meaningTl@
knowledge gained from the interpretation of datad an
information drives the knower to action, so knovwgeds an
important asset for organizations that operateniomikedge-
based economies and markets. Bl, as well as KDB thea
goal of transforming raw data into information and
knowledge, in order to support the decision makiragess.

A. Knowledge Discovery in Databases

Knowledge Discovery in Databases is a nontrivial
process of identifying valid, novel, potentiallyefisl, and
understandable patterns in data [5]. The discovered
knowledge must be correct, understandable by hwmsars
and also interesting, useful or new. In additiohg t
knowledge discovery method must be efficient, genand
flexible (easily changeable).

Data Mining (DM) is the main activity of KDD and
consists of applying algorithms to extract modelpatterns

om data [5]. Data Mining is the process of sesghfor
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relationships and distinct patterns that exist atadets but
are hidden among the large amount of data. Its igino
transform data apparently devoid of connection retevant
information for decision making and results evatratDM
is used to find information without a prior formtitan of
hypotheses and search for something
transforming meaningless data into valuable strateg
knowledge. DM tasks and tools include data clas#ifin,
neural networks, clustering, regression analysistetation
and predictive analysis. DM applications are cheraed
by the ability to deal with the explosion of businalata and
accelerated market changes. These characteristingde
powerful tools for decision makers. Such tools banused
by business users to analyze huge amount of daafterns
and discover trends [1].

Human-Centered
1386
[Brachman & Anand, 1996;
Genosio & Dussauchoy, 2004)

(Debuss ol &l 2001)

The KDD systematization effort has resulted in et
of process models, including the KDD Process [5] e
Cross-Industry Standard Process for Data MiningI8ER
DM) [6], which are the most widely used in KDD peofs,
the most frequently cited and supported by toolese two

non-intuitiveprocesses are considered tefacto standards in the KDD

area. Several other process models were derived KDD
Process and CRISP-DM. Figure 1 shows the evolwfd’
KDD/BI process models and methodologies. KDD Prsces
can be pointed out as the initial approach, andSPRDM as
the central approach of the evolution diagram Mast of
the approaches are based on these process models.
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Figure 1. Evolution of KDD/BI process models (Source: Adaphexan [7])

The KDD process models created between 1993 and

2008 were discussed in detail in a survey by [8] #ren
categorized by [7] into three groups:

KDD related approaches — KDD Process (1993)
Human-Centered (1996); 5A’'s (1996);66(1996);

Cabena et al. (1997); Two Crowns (1998); and

Anand & Buchner (1998).

CRISP-DM related approaches CRISP-DM

(2000); Cios et al. (2000); RAMSYS (2001); DIME

(2002); Marban et al. (2007); and the CRISP-DM

2.0 initiative (not concluded).

Other approaches — KDD Roadmap (2001).
Sometime later [9] continued the older surveys doye

[8] and [7], and proposed a different categorizatio the

KDD process models:

Traditional approach — Starting with KDD Process,

data processing, data mining, model evaluation, and
deployment.

Ontology-based approach — This approach is the
combination of ontology engineering and traditional
approach.

Web-based approach — This approach is similar to
the traditional approach, but it has some stepiesd
with web log data analysis.

Agile-based approach — Integrates agile processes
and methodologies with traditional approaches. The
process models in this category are Adaptive
Software Development — Data Mining (ASD-DM)
Process Model [10] and Adaptive Software
Development — Business Intelligence (ASD-BI)
Process Model [1].

Thus, the knowledge discovery process models are

many other process models used the same sequentealolving from traditional to agile processes, betmymore
steps: business understanding, data understandingglaptive, flexible and human-centered. However,sahe
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processes still lack software engineering capaslisuch as
requirements management, project management angeha
management.

B. Business Intelligence

Business Intelligence assists in extracting infdroma
from the available data and using it as knowledge i
developing innovative business strategies. Bl isicbrella
term that combines architecture, tools,
applications, practices, and processes to orgamizgrate
and explore information, with the goal of develapin
understanding and knowledge, which can producetirbe
decision making process. Moreover, Bl is an Infdfoma
Technology (IT) framework vital for many organizais,
especially those which have extremely large amooindsta,

databases,

Many companies still develop KDD and BI applicaton
without the guidance of a software process, butamag
software project, KDD and BI projects need a sofeva
process to succeed [16]. Also, the dynamic busines
requirements, the needs of quick ROl and fluid
communication between stakeholders and the teantoled
agile process as one possible solution [3].

lll.  AGILE SOFTWARE ENGINEERING PROCESSES

A software process provides an ordered sequence of
activities related to the specification, design and
implementation as well as validation and deploymeft
software products, transforming user expectationt i
software solutions [17]. According to Pressman [l
software processes set the context in which teahnic

which can help organizations manage, develop anghethods are applied, the work artifacts (modelspdents,

communicate their assets such as information and/lealge
[2]. According to Mariscal et al. [7], Bl is a bbaategory
of applications and technologies for gathering,ristp
analyzing, and providing access to data to helgrprise

data, reports, forms) are produced, the milestoass
established, quality is assured and changes aragadn

The traditional software development processes are
characterized by rigid mechanisms with a heavy

users make better business decisions, and DM s afpcumentation process, which make it difficult ttapt to a

important component of Bl.

The number of BI projects has grown rapidly worldevi
according to Gartner Group annual reports. Bl hesnbon
the list of the top ten priorities in IT since 2086d was at
the top of this list for four consecutive yeargnfr 2006 to
2009. In a broader sense, companies understandthbat
information and knowledge provided by Bl applicacare
essential to increase the efficiency and effectgsnsupport
competitiveness and innovation. Thus, investmaenits data
mining Bl applications grew by 4.8% from 2005 tcd08Gand
by 11.2% from 2007 to 2008 [7], [11], [12]. Contiriel
Airlines’ success case is the most expressive ebeanfpBl
profitability. In 2006, the overall ROI of Bl pregts in that
company was 1000% [2], [13] and in 2008 that itit@also
reported very positive results [14].

However, not all KDD and BI results are positive.
Regardless of the priority and budgets growth heeitll the
projects results were delivered [7]. Further, ttersgning of
international financial crisis has led to signifitacuts in IT
budgets from 2008 on. In addition, many Bl projeletsl
failed to achieve their goals or were canceled ledahey
were unable to follow the dynamic requirement clegnip
rapidly evolving environments. Because of this,|&t the
top of the list of priorities in IT and, in 2010 cGrR011,
dropped to the fifth position. Technologies withgtnér
productivity, lower risk and faster return on inveent were
priorized instead [12], [15].

high-speed, ever-changing environment [19]. Re$easc
have suggested that the complex, uncertain andahiest
environment is pushing developers to adopt agitecesses
rather than traditional software processes. Thayrclthat

agile approach is the answer to the software eegimg

chaotic situation, in which projects are exceedhsjr time

and budget limits, requirements are not fulfillechda
consequently, leading to unsatisfied customers [20]

The Manifesto for Agile Software Development [21]
defines the values introduced by the agile software
processes: individuals and interactions over psEesnd
tools; working software over comprehensive documatén;
customer collaboration over contract negotiatiomd a
responding to change over following a plan. Ultiehat by
following these values, software development besolass
formal, more dynamic, and more customer-focusedseBa
on these values, agile processes are people-atiantthave
the customer satisfaction as the highest priolitpugh the
early and continuous delivery of functioning softev§20].
Also, the response to all types of changes andd flui
communication between all projects participantsobsz top
priorities. In agile development, the main workguwot is the
increment of functioning software, delivered to tustomer
within the fixed timeframes. Agile approaches assthfit
when requirements are uncertain or volatile; tlis bappen
due to business dynamics and rapidly evolving ntarkeis
too difficult to practice traditional plan-orientesbftware

processing applications, the Extraction, Transfdiona
Loading (ETL) and data integration processes, tt@aD
Warehouse (DW) as well as the Data Marts, Bl t@wid
analytic applications. The raw data are loaded B[y E
processes into DW and data marts. During loadimg BTL
processes also perform cleaning, completion, chore@nd
integration of data. The DW and data marts are éxpfored
by the user utilizing On-line Analytical Processi(@LAP)
tools and data mining [2].
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A. Unified Process and Open Unified Process

The Unified Process (UP) [22] is based on the
Incremental Model [18], focuses on architecture andse
cases driven. Based on the use cases model, thesiana
design and implementation models are created tzeethe
use cases. The UP is focused on architecture, arts by
the definition of an application skeleton (the detture),
which evolves gradually over development. The URI$®
an iterative and incremental process because @rofén
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approach of partitioning the work into smaller pmrs or The OpenUP phases are inception, elaboration,
mini-projects. In  UP, the architecture provides theconstruction and transition. In inception phase pheduct
framework to guide the system development intattens, vision is specified. The product architecture idirgl in
while the use cases define the targets and leadvdhnie of  elaboration phase. The result of construction is a
each iteration. demonstrable or deliverable product version, deggday the
Open Unified Process (OpenUP) is a variation ofUe  customer at the end of the transition phase. ThenOp
that applies agile, iterative and incremental apphes disciplines are requirements, architecture, devetq,
within a structured lifecycle. OpenUP embracesagpratic, testing, project management, and configuration emehge
agile philosophy that focuses on the collaboratigture of management.
software development. It is a low-ceremony prodkat can Again, the development of KDD and BI solutions must
be extended to address a broad variety of projpetst[23]. be guided by a software process. Therefore, itaadatory
OpenUP has compliance with the Manifesto for Agileto define processes that address aspects of KDCgsBivell
Software Development, is minimal, complete andmsitde. as the software engineering process disciplinespsah
Moreover, it increases collaboration and continuoudunction is to order the software development. Bg bther
communication between project participants, moranth hand, waterfall lifecycles and traditional processge not
formalities and comprehensive documentation [24]. successful in Bl because they are unable to follow
The OpenUP process is divided into three layersftiar  requirements in ever-changing environments [3].ddeone
phases and six disciplines. The process appliensivte possible solution is to use an agile process, wisitypically
collaboration as the system is incrementally dgyedoby a  characterized by flexibility, adaptability, commaoaiion and
committed, self-organized team. OpenUP layers ar&nowledge sharing.
illustrated by Figure 2. They are [23]:
* Project Lifecycle — structures the software project V. AGILEKDD
into four phases: Inception, Elaboration, AgileKDD is an agile and disciplined process foe th
Construction and Transition. A project plan definesdevelopment of KDD and Bl applications. CRISP-DMdan
the lifecycle and results in a released application ~ KDD Process provide the capabilities related tovedge
« Iteration Lifecycle — OpenUP divides the projedbin discovering. OpenUP provides to AgileKDD the lifets
iterations: planned, time-boxed intervals typically phases and disciplines, which are requirementhjtacture,
measured in weeks. lterations focus the team odevelopment, test, project management and changes
delivering incremental value to stakeholders in amanagement. OpenUP also adds the agile software
predictable manner. OpenUP applies an iteratiomlevelopment core values and principles, withoutngiwup
lifecycle that structures how micro-increments arethe management disciplines. The personal effort aon
applied to deliver stable, cohesive builds of theAgileKDD project is organized in micro-incremeniBhey
system that incrementally progresses towards thespresent small work units that produce measursteles in
iteration objectives. the project progress, usually measured in days.prboeess
« Micro-increment — personal effort on an OpenUPapplies intensive collaboration between the actssthe
project is organized in micro-increments. Thesesystem is built incrementally. These micro-incretaen
micro-increments provide an extremely shortprovide extremely short cycles of continuous feettbto
feedback loop that drives adaptive decisions withindentify and resolve problems before they beconneatls to
each iteration. the projects.
ps,::..aﬁ AgileKDD divides the projects in iterations withxéd
time boxes, usually measured in weeks. The iteratitrive
the team to deliver incremental value to stakehslde a

-
IVICTOANCTEMENtS

Days

Wom*"em predictable manner. Iteration plan defines what tnies
delivered during the iteration and the result deaonstrable
(el I or deliverable piece of the KDD or Bl solution. The

Lifagyata AgileKDD lifecycle provides stakeholders and projezam
Weekst) | S8 P visibility and decision points at various milestspantil a

e~ working application is fully delivered to stakehetd. Figure
3 presents an overview of AgileKDD, highlighting fthases
and activities.

The Inception phase has the aim of developing an
understanding of the application domain and theveeit
prior knowledge and identifying the goal of the @bject
from the customer’'s viewpoint. In this phase thejgut
vision and plans are defined and agreed by alleptoj
participants. Also, in inception the target datg se subset
of variables or data samples, is selected. The leune
discovery processes will be performed on the satetdrget
data set.

Iteration
Plan

Figure 2. OpenUP layers and lifecycles (Source: [23])
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The Elaboration phase is responsible by the system®early and continuous delivery of results to thetauers.

architecture, the data preprocessing and modeDeafa

cleaning removes noise, collects the necessarynirafion to

model and decides on strategies for handling nusdisa
fields. Data quality is a critical success factor &ny KDD

or Bl project, so it is verified prior to the DW élata marts
modeling.

DM results in first iteration were delivered two ntbs after
the project kickoff. The second iteration deliveréue
performance indicators as a dashboard and theithnation
deployed the OLAP reports, graphs, aadhoc exploration
of the DW.

The case study showed that AgileKDD was able tdeyui

Once DW and data marts are modeled, ETL processése KDD and Bl application development and helped t

are built to extract, integrate, transform and ldael selected
target data into DW and data marts. Thus, the ddtéing
techniques that best fit to the data are seleatddapplied to
the information stored in data marts.

Inception

[t o}
e Ry

Elaboration Construction Transition

&) &h

e b

.\‘ /' Liecycle /‘ Lifegyole: Initial /" Product
Objective Awmchitectare Operaticnal Release
PaEaN Miestona s Milastone iy Capability iy Milstone
=S = Eey  tiksoe S
Inception Elaboration Construction Transtion
leration(s) lteration|s) Iterationis) lteration{s)
inception . Elaboration ﬁ&aﬁh‘fumo> Transition
I . I I ’ I .
Business Data ¢leaning ETL Deployment
Understanding and
preprocessing
[ I [ [
Identify project Data reduction Data mining Interpreting
vision and prejection mined patterns
[ I I [
Select target Define Create OLAP Acting on the
data set architecture repeorts and discovered
charts knowledge
[ [ [ [
Plan project or Yerify data Integrate data Project
iteration quality and Retrospective
applications
[
Model DW and Verification
DM and validation

Figure 3. Initial AgileKDD lifecycle

Data mining tools search for meaningful patterndata,
including association rules, decision trees andtels. The
team can significantly aid the data mining method b
correctly performing the preceding steps. The OlAports
and charts as well as the dashboards are builtaw aser
data exploration. The verification and validatioctities
guarantee that the data was extracted, loaded racegsed
correctly, according to business objectives.

In Transition phase the deployment of both softwaare
knowledge takes place, the discovered knowledge
discussed and interpreted by human beings, actioas
created and the retrospective discusses lessamg thaing
the project to promote continuous process improveme
Interpreting mined patterns involve visualizatiow astorage
of the extracted knowledge into knowledge basesjroply
documenting and reporting it to interested parti€his
activity also includes checking for and resolvingtemtial
conflicts with previously believed knowledge. The
AgileKDD process can involve significant iteration,
interaction and can contain loops between any twases.

A. Case study and process refinement

AgileKDD has been validated by a case study irani
gas field. The process was applied to a KDD angrBject
that dealt with Reservoir Evaluation data and afédr the
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anticipate the project ROI. Moreover, the procesasw
refined after the project retrospective. The refidgileKDD

lifecycle is represented by Figure 4.
r=

o4

Project t

Lifecycle o

Knowledge
interpretation

Deployment

Verification
and
validation

T3 Acting on the
discovered
knowledge

c3

Create OLAP
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charts
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I

Retrospective
T4
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Changes
and
configra
tion
manage
ment
15 Ia

13

et
Figure 4. Refined AgileKDD lifecycle after case study

As data quality is a critical success factor foy a3l
project, the verify data quality activity was movémm
Elaboration to Inception phase because its resflitences
the project management. Then, data quality is ieerifn
Inception phase to indicate the project feasibgitg quality
constraints. Project management activity consistshigh
level project planning, risks management and gamere
concerns. Changes and configuration managemenmitadsi
igelated to the version control of all the projectifacts,
including documentation, sources and binaries.

Under the architectural point of view, the Data Bs
Architecture [25] fits perfectly in agile approach this
architecture, the data marts are built incrementat
response to iteration requirements. The Data aigaand
preprocessing and Data reduction and projectioivites
defined in Elaboration phase were performed asqie#TL
activity in Construction phase. Since they are viids
related to the transformation of the data, the Ipéste to
them is ETL activity.

All the documentation artifacts needed to develog
three iterations were composed by the vision docuiraad
the data models of operational sources and DW.€eTheas
no need to use cases and additional diagrams.

The data mining results verification against the
operational data sources was crucial for the kndgde

—
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discovered acceptance by business experts. The pubef V. RELATED WORK
using operational data gave no room for questiortirg There are not many works related to agile software

correctness of DM methods and tools used. Th :
documentation of the discovered knowledge in antedric %rocesses appropriate to the development of KDD fnd

X - e applications. The main work that applies agile
presentation was sufficient to support communlcam_)th methodologies to Bl is [1]. Alnoukari [19] discusse
knowledge users. No other form of knowledge represn Business Intelligence and Agile Methodologies for

andRstora}ge of vtvas rre]quired. direcil frected th . knowledge-based organizations in a cross-disciglina

equirements ~changes drectly —ariecte € prpjecépproach. Alnoukari [26] introduces Adaptive Softeva

planning, but did not harm the product ObJeCtIVesDeveIopment — Business Intelligence (ASD-BI), a BI

achlleve.ment' because they were discovered earlyebet process model based on Adaptive Software Developmen

project iterations. agile methodology. Likewise, Alnoukari et al. [10¢fined

B. AgileKDD disciplines Adaptive Software Deve!opment — Data Mining (ASD-DM
The refined AgileKDD disciplines are the same OfProcess Model. The main difference between thikvand

. ; ; these is the fact that AgileKDD is a process, not a
OpenUP: requirements, architecture, developmenst, te ; ! !
project management and configuration and Changeg1ethodology. As a process, AgileKDD defines whadto

management. Table | shows the AgileKDD disciplirtbgjr g]ri[gsgs hgrv(\)’pgose%o g/DItDrlisn\(/jvo?ll %z\;ﬂgg”?ﬁg& (ﬁxélsﬁos,mthe
purposes and suggested work products. activities, inputs and outputs regarding agile Kbd Bl

application development. Moreover, AgileKDD congin

TABLE . REFINED AGILEKDD DISCIPLINES TOPITIE ‘ )
management disciplines like project, changes and
Discipline Purpose Work products requirements management, which were inherited from
Elicit, analyze, specify, Vision document. OpenUP. Even in an agile process like AgileKDD,
Requirements validate and manage thelnitial project management is a crucial success factor for anywaodt
requirements  for  the glossary. projects.
system being developed. | Prototypes. Three surveys about data mining and knowledge
) . Software architecture . . .
Architecture | Define an architecture for o oo discovery process models and methodologies areistied
the system components. | Ju™ v S models. and compared by [7], [8] and [9]. All the processdels and
Design and implement a Software methodologies presented by these works focus oa dat
technical solution adherent components. mining and knowledge discovery, and don't consider
Development to the architecture that Integrated software i
s th - s |i 9 . databases like DW and data marts nor Bl and OLASPBA
mee’s e requirements. | increment. is more comprehensive than data mining, this woduses
Validate system maturity .
through  the  design, 1an and  tes on an agile process modeled to address both KDDBind
Test implementation, execution Procedure. software projects, in an adaptable, flexible ansteyatic
- Test record.
and evaluation of tests. manner.
Instruct, assist and suppart
Proi the team, helping them to Project plan. VI. CONCLUSION
roject ; . s .
deal with risks and Feasibility and risk .
management | o ocles  faced wheh evaluation. A software process is mqndatory for KDD and BI
building software. developments; however traditional software develepm
o Controlling  changes in processes are not successful in KDD and Bl bedhayeare
gﬁgf'gur?;:g:ge 2;2fgﬁ:2hize§”esygl'330n OE Work items list unable to fulfill dynamic requirement changes in erer-
management | the set of artifacts that changing environment. Agile processes fit in KDDOdJ &l
make a software system. better than traditional processes because they are

characterized by flexibility, adaptability, commaoaiion and
knowledge sharing.

This work presented AgileKDD, a KDD and BI process
based on KDD Process, CRISP-DM and Open Unified
Process. AgileKDD has been validated by a caseystnd
results indicate that software development orgaioizs may
apply AgileKDD in KDD and BI applications project§he
process bring benefits as more customer satisfatiimugh
early and continuous delivery of functioning softejabetter
communication between team members and reducing
projects failures risks.

The main contribution of AgileKDD is its ability tguide
the BI solutions development according to the peast
present in agile software development processeisegD
can increase the projects success factor and cestom
satisfaction through the early and continuous eéejivof

a. All the work products are optional. Only the essary artifacts must be produced.

During a full project cycle, most of the requirerteen
discipline effort is concentrated in the Inceptjmase. The
architecture is the main discipline during the Biabion
phase. In the same phase, the development is iiitens
from the definition of the system architecture aodtinues
as the main discipline of Construction phase. Bséstoccur
mainly in verification and validation activity ofdDstruction
phase. The project management discipline is coretewt
predominantly in the Inception phase. The configareand
change management has greater prevalence in loceptd
Transition phases. Each discipline can be relaiea $et of
work products created during the process phasesrding
to the project needs.
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functioning software and useful knowledge. The pssccan
be used to guide BI applications projects in sdenaof
continuous requirements evolving and early ROI need

Future work can validate AgileKDD by case studies i

different areas and investigate the need of stotimg
knowledge discovered into ontology or knowledgeslas
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