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Abstract. Both the number and complexity of Data Mining projects has in
creased in late years. Unfortunately, nowadays thereadioitmal process model
for this kind of projects, or existing approaches are nditrig complete enough.
In some sense, present situation is comparable to thattiwa@f that led to 'soft-
ware crisis’ in latest 60’s. Software Engineering maturasdal on process models
and methodologies. Data Mining’s evolution is being patdth that in Software
Engineering. The research work described in this papemgsempa Process Model
for Data Mining Projects based on the study of current Safwengineering
Process Models (IEEE Std 1074 and ISO 12207) and the mosDegadVlining
Methodology CRISP-DM (considered as a “facto” standard)assic references.

1 Introduction

In its early days, software development focused on cregiiogramming languages
and algorithms that were capable of solving almost any proltype. The evolution
of hardware, continuous project planning delays, low potiity, heavy maintenance
expenses, and failure to meet user expectations had led@8/tb3hesoftware crisis
[1].This crisis was caused by the fact that there were no &methods and method-
ologies, support tools or proper development project memegnt. The software com-
munity realized what the problem was and decided to borr@asdrom other fields
of engineering. This was the origin of software enginee(f8g). As of then process
models and methodologies for developing software projeegsn to materialize.

Software developmentimproved considerably as a resulisofiew methodologies.
This solved some its earlier problems, and little by litttdtware development grew
to be a branch of engineering. This shift means that projestagement and quality
assurance problems are being solved. Additionally, it isihg to increase productivity
and improve software maintenance.

The history of knowledge discovery in databases (KDD), noaitn as Data Min-
ing (DM), is not much different. In the early 90s, when the Kpibcessing term was
first coined [2], there was a rush to develop DM algorithmsere capable of solving
all problems of searching for knowledge in data. Apart froeveloping algorithms,
tools were also developed to simplify the application of DMaoaithms. From the
viewpoint of DM process models, the year 2000 marked the imgsbrtant milestone.
CRISP-DM CRoss-Industry Standard Process for [}8] was published.
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While it is true that the number of applied projects in the DMais expanding
rapidly, neither all the project results are in use [4—6]dmall projects end successfully
[7,8]. The failure rate is actually as high as 60% [9]. CRISBM-is the most commonly
used methodology for developing DM projects as a “factohdsad.

Are we at the same point as SE was in 19687? Certainly not, bdiowet appear to
be on a par yet either. Looking at the KDD process and how iphagressed, we find
that there is some parallelism with the advancement of ssétwFrom this viewpoint,
DM project development is defining development method@sdo be able to cope
with the new project types, domains and applications thgdmizations have to come to
terms with. Nowadays, SE pay special attention to orgaioizal, management or other
parallel activities not directly related to developmentisas project completeness and
quality assurance. CRISP-DM has not yet been sized for tlhsks, as it is very much
focused on pure development activities and tasks.

This paper is moved by the idea that DM problems are takinghendimensions
of an engineering problem. Hence, the processes to be dmfilmuld include all the
activities and tasks required in an engineering procesks tiat CRISP-DM might not
cover. The proposal is inspired by the work done in SE derik@u other branches of
engineering. It borrows ideas to establish a comprehepsaeess model for DM that
improves and adds to CRISP-DM. Further research will be eg¢ol define method-
ologies and life cycles, but the basis of a well-defined pseeeodel will be there.

2 Data Mining Process Models

There is some confusion about the terminology differerhhag use to refer to process
and methodology.

A process model is defined as the set of tasks to be performaeltlop a partic-
ular element, as well as the elements that are produced imtask (outputs) and the
elements that are necessary to do a task (inputs) [10]. Thleofja process model is to
make the process repeatable, manageable and measurdi@eite to get metrics).

Methodology can be defined as the instance of a process ninaddldth lists tasks,
inputs and outputs and specifies how to do the tasks [10].sTask performed using
techniques that stipulate how they should be done. Aftexctiely a technique to do the
specified tasks, tools can be used to improve task perforenanc

Finally, the life cycle determines the order in which eactivéty is to be done [11].
A life cycle model is the description of the different waysdaveloping a project.

From the viewpoint of the above definitions, what do we havBM? Does DM
have process models and/or methodologies? The KDD prot2Hsds a process model
component because it establishes all the steps to be talkdevédop a DM project,
but it is not a methodology because its definition does nobsehow to do each of
the proposed tasks. It is also a life cycle. Like the KDD pes;elwo Crows [13] is
a process model and waterfall life cycle. At no point doeseit @ut how to do the
established DM project development tasks. SEMMA [14] isrttethodology that SAS
proposed for developing DM products. Although it is a mettiody, it is based on the
technical part of the project only. Like the above approacls&MMA also sets out a
waterfall life cycle, as the projectis developed througthwend. 5 A's [15] is a process
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model that proposes the tasks that should be performed &bapea DM project and was
one of CRISP-DM's forerunners. Therefore, their philospghthe same: it proposes
the tasks but at no point suggests how they should be pertoritee life cycle is
similar to the one proposed in CRISP-DM. Data Mining IndiasEngineering [16] is
a methodology because it specifies how to perform the tastétevtelop a DM project
in the field of industrial engineering. It is an instance oflSR-DM, which makes it a
methodology, and it shares CRISP-DM’s associated lifeecy€inally, CRISP-DM [3]
states which tasks have to be carried out to successfullpletena DM project, making
it a process model. Itis also a waterfall life cycle. CRISRtBIso has a methodological
component, as it gives recommendations on how to do soms. tblkvever, it just
proposes other tasks, giving no guidance about how to do.tfiéerefore, we class
CRISP-DM as a process model.

3 Software Engineering Process Models

The SE panoramai is quite a lot clearer, and there are twoastdblished process mod-
els: IEEE 1074 [17] and ISO 12207 [18] . In the following, wdlwinalyze both pro-
cesses in some detail and propose a generic joint processl.mds joint model will
then be used for comparison with and, if necessary, to exfren@RISP-DM.

3.1 IEEE STD 1074

The IEEE Std 1074 [17] specifies the processes for develagiidigmaintaining soft-
ware. IEEE Std 1074 neither defines nor prescribes a paatitifd cycle. Each organi-
zation using the standard should instantiate the activ#jgecified in the standard within
its own development process.Next, the key processes défileid process model will
be described. Theoftware life cycle selection procestentifies and selects a life cy-
cle for the software under construction. Ti®@ject management processa® the set
of processes that establish the project structure, andiowie and manage project re-
sources throughout the software life cydievelopment-oriented processsart with
the identification of a need for automation. With the supmdrthe integral process
activities and under the project management plan, the dewednt processes produce
software (code and documentation) from the statement afidgee. Finally, the activi-
ties for installing, operating, supporting, maintaininglaetiring the software product
should be performeditegral processeare necessary to successfully complete the soft-
ware project activities. They are enacted at the same tirtteeasoftware development-
oriented activities and include activities that are noated to development. They are
used to assure the completeness and quality of the projectidns.

3.2 IS0 12207

ISO 12207 divides the activities that can be carried outrdutie software life cycle
into primary processes, supporting processes and orgamabprocesses.

Theprimary life cycle processesmre a compendium of processes that serve the pri-
mary parties throughout the software life cycle. A primaaytp is the party that starts
or enacts software development, operation or maintenance.
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Thesupporting life cycle processesipport other processes as an integral part with
a distinct purpose and contribute to the success and quélite software project. The
supporting processes are divided into subprocesses, whitlbe used in other pro-
cesses defined by ISO 12207. The supporting processes dratissveral points of the
life cycle and can be enacted by the organization that uses.tiihe organization that
uses and enacts a supporting process manages that propesgeet level as per the
management process, establishes an infrastructure fprdlcess as per the infrastruc-
ture process and drives the process at the organizatiomdlde per the improvement
process.

Theorganizational life cycle processase used by an organization to perform orga-
nizational functions, such as management, personneingaar process improvement.
These processes help to establish, implement and imprdivease process, achieving
a more effective organization. They tend to be enacted atdihgorate level and are
outside the scope of specific projects and contracts.

3.3 Unification of IEEE STD 1074 and I1SO 12207

Having reviewed IEEE Std 1074 and ISO 12207, the goal is tttajoint process
model that is as generic as possible to then try to use it asia toa defining a process
model against which to compare CRISP-DM.

If we compare both models, clearly most of the processesgsexpin IEEE Std
1074 match up with ISO 12207 processes and vice versa. Tojgiit grocess model
we have merged IEEE Std 1074 and 1SO 12207 processes. Thespraglection crite-
rion was to select the most thoroughly defined IEEE Std 10@48@ 12207 processes
and try not to merge processes from different groups in @ffeprocess models. Ac-
cording to this criterion, we selected IEEE Std 1074 as ashasiits processes are more
detailed. Additionally, we added the ISO 1228dquisitionandsupply processede-
cause |IEEE Std 1074 states that ISO 12207 acquisition andysppocesses should be
used [17]if it is necessary to acquire or supply software.

Figure 1 shows the joint process model developed after stgdiEE Std 1074 and
ISO 12207 according to the above criteria. Figure 1 also stibes details of the major
process groups, the activities they each involve accorttirige selected standard for
that process group. In the next section we will analyse whicthe above activities
CRISP-DM includes and which it does not in order to try to 8@lprocess model for
DM projects.

4 SE process model vs. CRISP-DM

This section presents a comparison between CRISP-DM anpbititeprocess model
discussed in section 3.3. This comparison should identifgt6E model elements are
applicable to DM projects and are not covered by CRISP-DMs Way we will be able
to build a process model for DM projects based on fairly ma&iE process models.

Note that the correspondence between CRISP-DM and SE prouwedel elements
is not exact. In some cases, the elements are equivaletitebteéchniques are different,
whereas, in others, the elements have the same goal but pleniented completely
differently.
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PROCESS ACTIVITY PROCESS ACTIVITY

Acquisition Design Perform architectural design

Supply Design data base

Software life cycle selection | Identify available software life cycles Design interface
Select software life cycle Perform detailed design

Project management processes [ i Create executable code

Tnitiation Create software life cycle process Create operating d
Allocate project resources Perform integration
Perform estimations Post-Development
Define metrics Installation Distribute software

Project monitoring and control | Manage risks Install software
Manage the project Accept software in operational environment
Retain records Operation and support Operate the system
Identify software life cycle process improvement needs Provide technical asistanse and consulting
Collect and analyze metric data Maintain support request log

Project planning Plan Maintenance Identify software improvement needs
Plan configuration Implement problem reporting method

Plan system transition
Plan installation

Plan documentation
Plan training

Plan project

Plan
Development-oriented processes

Pre-development
Concept exploration Identify ideas or needs

Maintenance support request log
Notify user

Conduct parallel operations
Retire system

Integral processes
Evaluation Conduct reviews

Create traceability matrix

Conduct audits

Develop test procedures

Create test data

Execute test

Report evaluation results

Software configuration Develop configuration identification
Perform configuration control
Perform status

Formulate potential approaches
Conduct feasibility studies

Refine and finalize the idea or need
System allocation ‘Analyze functions

Decompose system requirements
Develop system architecture

Software importation Identify imported software D
Evaluate software import sources Produce and distibute
Define software import method — n
Training Develop training materials

Import software

Validate the training program
Implement the training program

Development
Requirements [ Define and develop software requirements
| Define interface requirements
| Priorizate and integrate software requirements

Fig. 1. Joint process model

4.1 Life cycle selection process

The purpose of the set of processes for selecting the lifle ¢idfe cycle selectionin
projects is taselect a life cycldor the project that is to be developed. Based on the type
of product to be developed and the project requiremengsyitle models are identified
and analysed and a model that provides proper support fartject is selected. This
set of processes also extends to third party softaacgiisitionandsupply These two
processes cover all the tasks related to supply or acaquisitanagement. CRISP-DM
does not include any of thecquisitionor supplyprocesses at all. DM project devel-
opment experience suggests that acquisition and suppbegses may be considered
necessary and third parties engaged to develop or create Ddélsfor projects of
some size or complexity. Developers undertaking a DM ptaso need tselect a
life cycle and this depends on the type of project to be developed.cyitéee models
are used for software development because not all projestscual, neither do all de-
velopers and clients have the same needs. This also appli¥d projects, as a typical
client segmentation, is quite a different kettle of fish frpradicting aircraft faultsLife
cycle selections not an easy task, as you have to take into account the ptgeein
terms of complexity, experience in the problem domain, Kieoge of the data that are
being analysed, variability, and data expiration. Theamfthe life cycle selection pro-
cess is considered useful for DM projects. However, DM prdjée cycles will have to
be defined, as no thorough studies on possible cycles forruke variables or criteria
that distinguish one life cycle from another have yet beerdcoted.
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4.2 Project management processes

The set of processes defined here establish the projectwstuand coordinate and
manage project resources. The projaitation process defines the activities for creat-
ing and updating the project development or maintenancastrficture Project plan-
ning covers all the processes related to planning project manageactivities, includ-
ing contingency planning. Tharoject monitoring and control processalyses techni-
cal, economic, operational, and timetable risks in ordédémtify potential problems,
and establish the steps for their management. AdditioriaByso covers subprocesses
related to project metric management.

Project management processes are evidently also necegisanywe undertake a
DM project. The tasks that are to be performed need to be pthrand there should
be a contingency plan because of the high risk involved in Dijgets. Also it is
necessary to analyse project costs, benefits and ROI. Lgeakithe tasks covered by
the CRISP-DM stages, however, only in tesiness understanding (Blighase do we
find tasks that are related to project management.idiéetify major iterationgask
is comparable to map activities for the selected life cyeleept that the DM project
iterations are only roughly outlined as there are no definigdit2 cycles. Additionally,
the philosophy behind thexperience documentatidask is the same as théentify
software life cycle process improvement ne€ISP-DM’sinventory of resourcessk
accounts for resources allocation, although its tendesryidentify what resources are
available rather than allocating resources throughouptbgct. CRISP-DM does not
cover this issue.

The other tasks proposed by CRISP-DM directly match up with $E process
model tasks. And all the tasks that do not appear in CRISP-B&ansidered neces-
sary in a DM project. However, CRISP-DM’s biggest snag imtgnof project manage-
ment is related to metric®gfine metrics, retain records, collect and analyze mefrics
For the most part, this can be attributed to the field’s immigturhere is a need to de-
fine DM metrics in order to establish costs and deviationsughout project execution.
The other major omission is the evaluation componBfdrf evaluations CRISP-DM
does have a results evaluation stage, but what we are refeorhere is process evalu-
ation as a whole. Configuration managemeiat configuration managemeraims to
manage versions, changes and modifications of each prégacept. CRISP-DM does
not cover DM project configuration management, but we belidat, because of the
size of current projects and the teams of human resourcddngotogether on such
projects, it should. Different people generate multiplesians of models, initial data
sets, documents, etc., in a project. Therefore, if they atewell located and managed,
it is very difficult to go back to earlier versions, should therent versions not be valid,
and there is a risk of confusing models, data and documenttdr different versions.

Additionally, any DM project should include tasks for maimagthe transfer and
use of the resultdlan system transition, plan installatipriasks that CRISP-DM does
not cover either. Finally, the other major oversight, frmfiprocess immaturity, is the
documentation tasklan documentation Reports are generated in all stages, but there
is no task aimed at planning what this documentation shoailikb to conform to thor-
ough standards. This would improve documentation evanatnd review and facilitate
work on process improvement.
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4.3 Development-oriented processes

Software development-oriented processes start with thatification of a need to au-
tomate some tasks for performance using a complden(ify ideas or needsWith

the support of thentegral processactivities and subject to the project management
plan Plan project managementhe development processpsoduce the software. Fi-
nally, activities for installinglfistallation), operating Qperation and suppoytsupport-

ing (Operation and suppoyt maintaining Maintenancgand retiring Retirementthe
software product should be performed. They are subdividirpire-developmente-
velopmentindpost-developmemtrocesses. DM projects start with the need to gather
knowledge from an organization’s data to help in businesstm-making, knowledge
that can be used directly or can be integrated into the orgéion’s systems. This is
the most mature set of processes at present, as all thengXistethodologies” for DM
project development focus primarily on this part. As for 8t&se processes can also be
divided intopre-developmentevelopmerdandpost-developmerstages.

Pre-developmentare related to everything that you have to do before youtstéild

the system, such @sncept exploratior system allocation requiremenfheconcept
explorationprocess includes identifying an idea or neket(itify ideas or need$or the
system to be developed, and the formulatiBartnulate potential approachgsvalu-
ation (Conduct feasibility studi@¢@nd refinement of potential solutions at system level
(Refine and finalize the idea or nge®nce the system limits have been established,
a statement of need is generated for the system to be dedeldpes statement of
need starts up th&ystem allocatioprocess and/aequirementprocess and feeds the
project managemergrocesses. The statement of need is as necessary in DMtgrojec
as in any other project; it is a starting point for project elepment as it provides an
understanding of the problem to be solved. Because of itetitapce, CRISP-DM al-
ready accounts for this process. However, it is spread adifierent stages and always
in thebusiness understandirsgage at the start of the project. Téaftware importation
process is related to the reuse of existing software. Indise of software, this process
provides the means required to identify what requiremenfmrted software can sat-
isfy and evaluate the software to be used. Software doesjriniple, not need to be
imported in a DM project, because a DM project gathers kndgéeand does not de-
velop software. Its equivalent in a DM project would be to oriexisting DM models
that are useful for the current project. For example, onalymactice is to have a client
clustering and use that clustering in the ongoing projeciassify clients. Therefore,

a process that manages the importation of DM models for udeiongoing project is
also required.

Development is responsible for building the software or gathering krexge in the
case of DM projects. There is no exact match between the alavant processes in
DM projects and SE projects, as the ends are completelyreliffeDM projects aim

to gather knowledge, whereas SE projects target softwarstie@tion. Even so, they
share the same phasesquirementglefinition, solutiondesignand solution develop-
ment (mplementatioh The requirements stage bears most resemblance, as its aim
to gather the client needs and describe these needs ingalaetims for the design-
ers and/or implementerg§sess situation and Determine DM ggalss for software,
DM'’s design stage has to design the software support for dettee the available data
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will ultimately be analysed on the software support. Howgtlee key SE design task,
which is “perform architectural design,”has no direct equivalent in DM. As already
mentioned, the goal of SE design is to translate specificatamd requirements into
a preliminary design of the solution (i.e, object-orientisign). Therefore, perhaps
the best thing would be to equate this task to the early detisiade on what DM
paradigms (clustering, classification, etc.), are to béard to achieve th®M Goals
This would fit in with the lateimplementatiorphase, where the modelling technique
will be selected $elect modeling technigufor each goal. There is no direct mapping
between the implementation stages, as the goal they pwsliféarent. This is the best
researched stage of DM, on which all the proposed “methajiedd focus. The imple-
mentation stage would be equivalent to gathering and ainglyse data available for
the project, the creation of new data from what are alreadilable, tailoring for DM
algorithms and the creation of DM models, all of which areared by CRISP-DM.

Post-development processesire the processes that are enacted after the software has
been built. Thenstallationprocess implies the transportation and installation ofsaa sy
tem from the development environment to the operating enwirent. Theoperation
and supportprocess involves system operation by the user. Suppordesl techni-
cal assistance, user queries and support request entrg supiport request log. This
process can start up tineaintenancerocess that provides feedback information to the
software life cycle and leads to changes. Finally, the eatgnt process is thetire-
mentof an existing system by withdrawing it from operation. TheWwledge gathered

in DM projects should be passed on to the user and instaltedreas pure knowledge
or integrated into the client organization’s software sysfor use. Th@peration and
supportprocess is necessary to validate the results and how thegtarpreted by the
client in a real environment in the same way asrientenancg@rocess is required to
update models obtained or to discover which of the gathenedvledge is erroneous
or invalid when new data are entered. This can lead to bagttrg in the global pro-
cess in order to select new attributes or techniques notidenesl before. As regards
retirement DM models also have a period of validity, as if the data pesfithange, the
models will also change and will no longer be valid. CRISP-D&fther satisfactorily
nor completely covers any of the above processes, despitdrtiportance.

4.4 Integral processes

Integral processeare necessary to successfully complete the project. Theegrarcted
simultaneously to development processes and includeitagithat are unrelated to
development. They are used to assure the completeness alitgl giithe project func-
tions. Theevaluationprocesses are used to discover defects in the product oein th
process used to develop the project. This process covergettiermance of all the
verification tasks to assure that all the requirements aisfisd. Theconfiguration
managemerprocess identifies the structure of a system at a given tirtteeitife cycle
(called system configuration). Its goal is to control systdranges and maintain system
coherence and traceability. On the other handdihmumentation developmegmtocess

is the set of activities that produce, distribute and méaintae documents developers
and users require. Finally, theaining process includes the development of training
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programs for staff and clients and the preparation of propéring materials. Theoc-
umentation developmeptocess for DM projects will be almost the same as for SE, but
changes should be made to how éwaluationprocess is done. Thmnfiguration man-
agemenprocess is an especially important CRISP-DM omission, attioreed earlier.
This process is considered absolutely necessary, becaese more people developing
a DM project generate a great many versions of input datagfa@d documents, etc.
If these versions are not properly organized by means of goradtion management,
it is very difficult to return to previous models if it is nesasy. We believe that any
new DM process model should account for thening process, making a distinction
between data miner training and user training. To be ablegeat the process enacted
in the project or properly interpret the results when nevadescome available, users
sometimes need to be trained in DM.

5 A process model for Data Mining engineering

Having compared CRISP-DM with a SE process model, we findrttaaty of the pro-
cesses defined in SE and that are very important for devej@pin type of DM engi-
neering project are missing from CRISP-DM. What we propsde take the tasks and
processes that CRISP-DM includes and organize them by ggesesimilar to those
covered in SE and add what we consider to be key developmtvitias. The activ-
ities missing from CRISP-DM are primarilgroject managemenirocessesntegral
processes andrganizationalprocesses. Figure 2 shows an overview of the proposed
process modé] including subprocesse€DD processs the core ofievelopment

ORGANIZATIONAL PROCESSES

Improvement ‘ ‘ Infrastructure ‘ ‘ Training
PROJECT MANAGEMENT DEVELOPMENT
PROCESSES PROCESSES INTEGRAL
Pre-Development processes PROCESSES
Life cycle selection Concept System
exploration allocation
Business Knowlege Evaluation
modelling importation
Acquisition
Development proc - -
[ Requirements processes | Configuration
Supply KDD Process management
Data selection Preprocess ‘
- Data | [ DataMining |
Initiation transformation | [Result analysis Documentation

Post-Development processes
Operation and
support
processes

Project planning

Installation

User training

Project monitoring

Reti t
and control etiremen

Maintenance

Fig. 2. Data Mining engineering process model

% This work was conducted as part of the CYCIT-funded projectfiN2004-05873.
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6 Conclusions

After analysing SE standards, we developed a joint modelweaused to compare
SE and DM procedures process by process and activity byitgctiihis comparison
highlighted that CRISP-DM either fails to address many sasffated to management,
organization and project quality at all or, at least, in eglodetail to be able to deal
with the complexity of projects now under development. Engojects tend to involve
not only the study of large volumes of data but also the mamagéand organization
of large interdisciplinary human teams. As a result, we pesgl a process model for
DM engineering that covers those aspects, making a digtmbetween what is a pro-
cess model from what is a methodology and life cycle. The gsed process model
includes all the activities covered in CRISP-DM, but sprearbss process groups ac-
cording to more comprehensive and advanced standards dfea bstablished branch
of engineering with over 40 years of experience: SE. The isd@t complete, as this
paper merely states the need for the subprocesses andadigiibei activities set out in
IEEE Std 1074 or ISO 12207 but missing in CRISP-DM.
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