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Abstract— In a knowledge-based society, transforming data dynamic and uncertain, the traditional static, buoatic
into information and knowledge to support the decion-  and heavy processes may not be able to deal wiéin.th
making process is a crucial success factor for althe  Recent researches have demonstrated that watiéeijtles
organizations. In this sense, the mission of Softw&@ and traditional software development processes rae
Engineering is to build systems able to process lge volumes of  gyccessful in Bl because they are unable to foltbe
data, transform them into relevant knowledge and diver dynamic requirement changes in a rapidly evolving
them to customers to enable them to make the righdecisions  anvironment [3]. As a software process is mandafory
at the right time. However, companies still fail 0 determine a - b and BI development, one possible solution isige an
process model to be used in their Knowledge Discayein e nrocess, which is typically characterizedfiyibility,
Databases and Business Intelligence projects. Thiarticle adaptability, face-to-face communication and knaigke
introduces the AgileKDD, an agile and disciplined pcess for sharing !

developing systems capable of discovering the knaedge . . . .
hidden in databases, built on top of the Open Uniéid Process, This article presents AgileKDD, an agile software

KDD Process and CRISP-DM. A case study shows that Process designed to guide the KDD and BI applioatio

AgileKDD can increase the success factor of projestwhose ~ development in a manner suitable for the currergr-ev
goal is to develop Knowledge Discovery in Databaseend  Changing requirement environments. The next sestane
Business Intelligence applications. organized as follows: Section 2 describes the fgales for
transforming raw data into information and knowled@he

Keywords — Knowledge Discovery in Databases; Busine Section 3 presents the agile software developnrexepses.

Intelligence; Agile Software Development; SoftwaPeocess. Section 4 presents the AgileKDD and a case study
implemented to verify the AgileKDD applicability. hEn,
. INTRODUCTION Section 5 presents related work, and, finally, iBactt

o . . resents the conclusion and future work.
The Organization for Economic Cooperation andp

Development (OECD) defined knowledge-based ecoromie ||,  TRANSFORMINGDATA INTO INFORMATION AND
as: “economies which are directly based on the ymtoh, K NOWLEDGE

distribution and use of knowledge and informati¢]. In
knowledge-based economies, the global competition i

becoming increasingly based on the ability to tieims data knowledge gained from the interpretation of datad an

into information and knowledge in an effective way.. ; : !
Knowledge is equated with the traditional factor$ O!nformatlon drives the knower to action, so knowgeds an

production - land, capital, raw materials, energyd a important asset for organizations that operateniomitedge-
manpower - in the processy of wealth creation Thasa based economies and markets. Bl, as well as KDB thea

information and knowledge constitute key assets dtbr goal Oft ;[kr]anjfor_mmg ra\{(v_ data into knowledge in esrdo
organizations working in this economic model. Support the decision-maxing process.

Knowledge Management, Data Mining (DM), A, Knowledge Discovery in Databases
Knowledge Discovery in Databases (KDD) and, more KDD is a nontrivial process of identifying validpwel,

generally, Business Intelligence (BI) are key cqssn a otentially useful and understandable patterns dta d5].

!mowledge-based economy. Bl applications - have VitafFhe discovered knowledge must be correct, undetatde
importance for many organizations and can help therBy human users and also interesting, useful or rew.

_m?naget., develé)pk andl S dhare .the|r |ptantg;r:b!e as?ets as addition, the knowledge discovery method must fieieft,
Information and knowledge, improving their periormoa. generic and flexible (easily changeable).

For instance, investments made by Continental #gdiin Bl The KDD systematization effort has resulted in detg
had a Return on Investment (ROI) of 1000% due ¢ceimsed of process models, including the KDD Process [5] tre

revarl)lﬁe?lgtrj rf:rlricz(:]igzs;?ilﬁgce roblems in deterntir Cross-Industry Standard Process for Data MiningI8ER
’d | tp b d t P devel KDD ny d B M) [6]. They are the most widely used in KDD prafe
process mode' 1o be USed fo develop an nd the most frequently cited and supported bystobthese

applications. As business requirements become MO0 processes are considered tleefacto standards in the

Raw data evolve into information and knowledgehesy t
receive degrees of association, context and meg#jnghe
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KDD area. Several other process models were defiosal

The number of Bl projects has grown rapidly worldevi

them. Figure 1 shows the evolution of 14 DM processccording to Gartner Group annual reports. Bl hesnbon

models and methodologies. KDD Process can be gbmte

the list of the top ten priorities in IT since 208Bd was at

as the initial approach and CRISP-DM as the centrahe top of this list for four consecutive yearsnfr 2006 to

approach of the evolution diagram [7]. Most of firecess
models are based on them.
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Figure 1. Evolution of data mining process models (Sourch: [7

2009. In a broader sense, companies have undetstaioithe
information and knowledge provided by Bl applicasoare
essential to increase their effectiveness, support
competitiveness and innovation. Thus, investmertts data
mining Bl applications grew by 4.8% from 2005 td8tand
by 11.2% from 2007 to 2008 [7] [11].

However, not all KDD and BI results are positive.
Regardless of the priority and budgets growth heeitll the
projects results were delivered [7] [12]. Many Bbjects
had failed to achieve their goals or were cancélechuse
they were unable to follow the dynamic requiren@renges
in rapidly evolving environments. Bl left the toptbe list of
priorities in IT and, in 2010 and 2011, droppedhe fifth
position. Technologies with higher productivitywer risk
and faster ROI were prioritized instead [13].

Moreover, many companies still develop Bl applicasi
without the guidance of a software process. Assitware
projects, Bl projects need a software process tiwemd.
Also, the dynamic business requirements, the nekfister
ROI and fluid communication between stakeholders the

The KDD process models created between 1993 anam led to agile process as one possible solution.

2008 were discussed in detail in a survey by Kurgad
Musilek [8] and then categorized by Mariscal, Martand
Fernandez [7] into three groups: (1) KDD
approaches; (2) CRISP-DM related approaches; (BerOt
approaches.

related

. 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 developnan

Sometime later Alnoukari and El Sheikh [9] contidue software products, transforming user expectationto i
the older surveys done by Kurgan and Musilek [8H an software solutions [14]. According to Pressman [ltf

Mariscal, Marban and Fernandez [7], and proposed
different categorization to the KDD process mod€lE}
Traditional approach; (2) Ontology-based approa(3);

8oftware processes set the context in which teahnic
methods are applied, the work artifacts (modelsudwents,
data, reports, forms) are produced, the milestoaes

Web-based approach; (4) Agile-based approach, whichstablished, quality is assured and changes aragedn

integrates agile processes and methodologies raitlitibnal
approaches. The main process models in this cateayer
Adaptive Software Development — Data Mining (ASD-PM

The traditional software development processes are
characterized by rigid mechanisms with a heavy
documentation process, which make it difficult tapt to a

[10] and Adaptive Software Development — Businessigh-speed, ever-changing environment [16]. Agiipraach

Intelligence (ASD-BI) [1].

is one answer to the software engineering chadtiat®on,

Thus, the knowledge discovery process models arg which projects are exceeding their time and letidignits,

evolving from traditional to agile processes, beitmrmore
adaptive, flexible and human-centered [9]. Howetrerse
processes still lack software engineering capéslisuch as
requirements management, project management angeha
management.

B. BusinessIntelligence

Business Intelligence is an Information Technolddy)
framework vital for many organizations, especiahose
which have extremely large amounts of data, whah leelp
organizations manage, develop and communicate dhséts

requirements are not fulfilled and, consequentyading to
unsatisfied customers [17].

The Manifesto for Agile Software Development [18]
defines the values introduced by the agile software
processes. Based on these values, agile processgsople-
oriented and have the customer satisfaction ashitjieest
priority through the early and continuous deliveof
functioning software. Agile approaches are bestwiiten
requirements are uncertain or volatile; this cgopea due to
business dynamics and rapidly evolving marketss Itoo
difficult to practice traditional plan-oriented $wofre

Mariscal, Marban and Fernandez [7], Bl is a broatkgory
of applications and technologies for gathering,risty
analyzing and providing access to data to helprernse
users make better business decisions.

Copyright (c) IARIA, 2012.  ISBN: 978-1-61208-227-1

Open Unified Process (OpenUP) is a variation of the
Unified Process (UP) [19] that applies agile, itee and
incremental approaches within a structured lifegycl
OpenUP is a low-ceremony process that can be extletad
address a broad variety of project types [20]. Qfernas
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compliance with the Manifesto for
Development, is minimal,

Moreover, it

Agile Software the project artifacts, including documentation, rees and
complete and extensiblebinaries.
increases collaboration and continuous

The Elaboration (E) phase is responsible for ttstesy’s

communication between project participants, moranth architecture and design, data modeling and apjgitat

formalities and comprehensive documentation [21].

The development of Bl solutions must be guided by a Once data structures are modeled, the Construct (C)

software process. Therefore, it is mandatory toindef
processes that address aspects of KDD and Bl, lhasvine

disciplines introduced by the software engineenimgcess

models. By the other hand, traditional processes reot

successful in BI
requirements in ever-changing environments [3].ddeone
possible solution is to use an agile process, wisitypically
characterized by flexibility, adaptability, commaoaiion and
knowledge sharing.

IV. AGILEKDD

integration.

phase starts with Extract-Transform-Load (ETL) \atti
ETL routines are built to extract, clean, integratansform
and load the selected target data into databadss, BTL

perform data cleaning to removes noise and decide o
because they are unable to follovstrategies for handling missing data fields. Thihe DM

techniques that best fit to the data are selectdcapplied to
the information. DM tools search for meaningfultpats in
data, including association rules, decision trewes @usters.
The team can significantly aid the DM method byrectly
performing the preceding steps. The reports, chantd
dashboards are built to allow user information ascd&he

AgileKDD is an agile and disciplined process foe th Verification and validation activities guarante@ttthe data
development of KDD and BI solutions. CRISP-DM andWwas extracted, loaded and processed correctlyrdiogoto

KDD Process provide to AgileKDD the activities tteld to
knowledge discovering. OpenUP provides the lifeeythe
phases and the disciplines, which are
architecture, development, test, project managenaerut
changes management. OpenUP also adds the agileasoft
development core values and principles, withoutngiwup
the management disciplines. The personal effort aon
AgileKDD project is organized in micro-incremenighey
represent small work units that produce measursteles in
the project progress. The process applies

incrementally. These micro-increments provide ewtly
short cycles of continuous feedback to identify aesbolve
problems before they become threats to the projects
AgileKDD divides the projects in planned iterationigh
fixed time boxes, usually measured in weeks. Témtions
drive the team to deliver incremental value to stelfders in
a predictable manner. lteration plan defines whastnbe
delivered during the iteration and the result ¢eeonstrable

or deliverable piece of the KDD or Bl solution. The

AgileKDD lifecycle provides stakeholders and projezam
visibility and decision points at various milestspeintil a
working application is fully delivered to stakehetd. Figure
2 presents an overview of AgileKDD, highlighting jthases
and activities.

requirementt

intensiv
collaboration between the actors as the systemuit b

business objectives.

’ Deliverables

Deployment c4

= T1
Project

Lifecycle i

Knowledge
interpretation
Verification
T3 Acting on the and c3
discovered validation
knowledge
Create OLAP
reports and

Retrospective charts C2

T4

Data
mining

aet éi
(lmgs\‘ ETL
1 §°° 8 E

Identify Q'
project vision \Q&

goals

Business
understanding 2

E3
Integrate
data and
applications

Iz Select target
dataset Model

DWand DM &7

Verify
3 data quality Define
architecture

El

Changes
Project
Manage
ment  manage
o ment
15 I6

and
configura
tion

Figure 2. AgileKDD phases and lifecycle.

In Transition (T) phase the deployment of bothsafe

The Inception (I) phase has the aim of developing aand knowledge takes place, the knowledge is irgéedr

understanding of the application domain and theveeit
prior knowledge and identifying the goal of the j@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 ee subset
of variables and data samples, is selected. Thevlkdge
discovery processes will be performed on the setetarget
data set. The data quality is a critical succes®fdor any
Bl project, so it is verified in Inception phaseinbdlicate the
project feasibility and quality constraints.
management activity consists on high level projahning
and governance concerns.
management activity is related to the version cbraf all

Copyright (c) IARIA, 2012.  ISBN: 978-1-61208-227-1

Changes and configuratiggquirements,

actions are created and the retrospective discusssens
learnt during the project to promote continuous cpss
improvement. Interpreting mined patterns
visualization and storage of the extracted knowdedgo
knowledge bases, or simply documenting and reppitito
interested parties. This activity also includes ckiveg for
and resolving potential conflicts with previouslglieved
knowledge. The AgileKDD process can involve sigrafit
iteration, interaction and can contain loops betwemy

Prdjec phases.

AgileKDD disciplines are the same of OpenUP:
architecture, development, test, eptoj

management and configuration and changes management
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Table | shows the AgileKDD disciplines, their puses and
suggested work products.

During a full project cycle, most of the requirertgen
discipline effort is concentrated in the inceptigimase. The
architecture is the main discipline during the efalion
phase. In the same phase, the development is ifitens
from the definition of the system architecture aodtinues
as the main discipline of construction phase. HBststoccur
mainly in verification and validation activity obaostruction
phase. The project management discipline is coreteqit
predominantly in the inception phase. The confijanaand
change management has greater prevalence in ioceptd
transition phases. Each discipline can be related $et of

iteration to the transition phase of the last tiera
performed. At the end of the case study, it wadiedrthat
some adjustments were needed in the process tovwms
fithess for Bl and KDD systems projects. The obatons
and identified adjustments needs helped to imprthe
process final version.

V. RELATED WORK

The main work that applies agile methodologies BICK
and Bl is [1]. Alnoukari [16] discusses Bl and Amil
Methodologies for knowledge-based organizations ain
cross-disciplinary approach. Alnoukari [22] intregs
Adaptive Software Development — Business Intellaggen

work products created during the process phases. (ASD-BI), a knowledge discovery process model based

Adaptive Software Development agile methodology.

TABLE 1. AGILEKDD DISCIPLINES Likewise, Alnoukari, Alzoabi and Hanna [10] defined
Discipline Purpose Work producté Adaptive Software Deve!opment — Data Mining (ASD-DM
— - — Process Model. The main difference between thikvamd
Elicit, analyze, specify, Vision document.

these is the fact that AgileKDD is a software pes;eanot a

Requi validate and manage thelnitial project ) .

equirements requirements  for  the glossary. _methodology. As a process, AgileKDD defines whatlto
system being developed. | Prototypes. instead how to do KDD and Bl development. Also, the

Architect Define an architecture for ioftW_art? architecture  process proposed by this work defines lifecyclelesio

FCNIECIUre | the system components. D?/\S/C;’F])dloDnl\'/l models activities, inputs and outputs regarding agile Kabd Bl
Design and implement & Software application development. Moreover, the process ekdilD

technical solution adherent components. contains management disciplines like project, ckangnd

Development | ™o architecture  that Integrated  softwara requirements management, which were inherited from
meets the requirements. | increment. OpenUP.
Validate system maturity , o4 eq Three surveys about DM and knowledge discovery
Test through  the  design, ooy re. process models and methodologies are discussed and
|mplementat|on, executio . z z
and evaluation of tests. | 1€t record. compared by Mariscal, Marban and Fernandez [7]g&mur
Instruct, assist and suppart and Musilek [8] and Alnoukari and El Sheikh [9].]1Ahe
Project the team, helping them to Project plan. _ process models and methodolqgles presented by\m_ﬁfke
management | d€8l  with  risks — and Feasibility and risk focus on DM and knowledge discovery, and do nosicter
Eﬁﬁé?ﬁleioﬂvaiﬁid when evaluation. other BI components. As Bl is more comprehensivan th
Comroﬂmg chahges - data mining, this work focuses on an agile progmesleled
Configuration | artifacts, ~ ensuring  a to address both KDD and Bl software projects, in an
and  change synchronized evolution of Work items list. adaptable, flexible and systematic manner.
management | the set of artifacts that The objective of this work was building a software

make a software system.

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

process capable of guiding KDD and BI projectsninagile

and adaptive way. The cornerstone of this work \mas
software process, the OpenUP, created from the UP,
inheriting the maturity of this process in an agifgroach.
Existing works relied on brand new agile methodiEsg
which lack of software engineering capabilities avete not
scientifically proved yet.

VI.

A software process is mandatory for KDD and BI
evelopment. However, traditional software develeptn
rocesses are not successful in KDD and Bl becheseare

AgileKDD applicability has been verified by a cagtady
in oil and gas area. The process was applied t®B Knd
Bl project that deals with Reservoir Evaluation adand
afforded the early delivery of DM results two maostifter
the project kickoff.

The first iteration was dedicated exclusively tce th
project inception. This phase aimed to identify greduct
requirements, to the communication with customeojeot

Rl

CONCLUSION AND FUTURE WORK

management, configuration and change managemeset
second iteration aimed to delivery data mining lteselated  |,,5ple to follow the dynamic requirement changesatin
to Reservoir Evaluation (RA) data. The third iterataimed o6 changing environment. Agile processes fit BCKand
to calcula}te the RA performance |nd_|cato'rs an;jepnethem Bl better than traditional processes because they a
to users in dashboards. The .fourth iteration almedgllyer characterized by flexibility, adaptability, commaoaiion and
the online analytical processing (OLAP) features)uding knowledge sharing.
reports, graphs, andad hoc exploration of the data This work presented AgileKDD, a KDD and BI process
warehouse. . i based on the Open Unified Process. AgileKDD apbliita

It was observed that AgileKDD process was ableuid® 55 peen verified by a case study and the resulisaite that
the product development since the beginning ofrtbeption ¢ fvare development organizations may apply AdieK
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in implementing knowledge discovery projects. Thecpss
brought such benefits as more customer satisfatti@ugh
early and continuous delivery of functioning softeyebetter

communication between team members and reducedcproj

failure risks.

The main contribution of AgileKDD is its ability tguide
the BI solutions development according to the pcast
present in agile software development processeisegD

Knowledge-Based Organizations: Cross-Disciplinary
Applications. IGI Global, 2012. pp. 72-100.

[10] M. Alnoukari, Z. Alzoabi, and S. Hanna, “Applyinglaptive
software development (ASD) agile modeling on p
data mining applications: ASD-DM Methodology” IEEE
Proceedings of International Symposium of Information
Technology, 2008, pp. 1083-1087.

[11] M. McDonald, M. Blosch, T. Jaffarian, L. Mok, and S
Stevens, “Growing It's Contribution: The 2006 Cigexda”.

can increase the projects success factor and cestom  Gartner Group, 2006.

satisfaction. The process can be used to guiden8IKDD
applications projects in scenarios of continuouglirements
evolving and early ROI need.

[12] Gartner Group, “Gartner says more than 50 percéntata
warehouse projects will have limited acceptancewitr be
failures through 2007". 2005. Available:
http://www.gartner.com/it/page.jsp?id=492112 [eted:

Future work can validate AgileKDD by more case Out., 2012].

studies in different areas and improve its capi#slito store
the knowledge discovered in ontology bases or kedgé
bases.
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