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Abstract. The correct and complete requisites specification is a key factor to
the success for any project. Data Mining (DM) projects constitute decision-
making support systems, and therefore the traditional Requirements
Engineering techniques cannot be directly applied to them. This on-going
rescarch work presents an overview of the main models of the Requirements
Engineering (RE) processes, and the most broadly used techniques in the
development of the different phases involved in a RE model. Then the key
issues that should be considered in the application of these techniques in
Requirements Engineering processes for Data Mining projects are discussed.
Also a proposition is done on how to structure the requirements in Data Mining
projects from three different perspectives, in each one of them the type of
information that should be captured is detailed, in order to particularly specify
the requirements of DM projects, and generally in the decision-making support
systems.

Keywords: Data Mining, Requirements Engineering Techniques, Requirements
Elicitation.

1 Introduction

During the last years, a large number of Data Mining projects have been developed
and it is expected that in the next decade this quantity will increase to 300%, as
estimated in a report from GartnerGroup [6]. However, the execution of this type of
projects faces serious problems, for example, they are never finished, or they are out
of date or they are out of budget [23]. These problems are similar to those presented
in the development of software applications [22], in what was named “software
crisis”, which was solved with the development of the Software Engineering
discipline. In the Data Mining area, as a way of facing the generated problems, mainly
due to a lack of standard or methodological guidelines for their development, a group
of European companies which are pioneers in this type of projects (Teradata, SPSS,
Daimler-Chrysler and OHRA), proposed in 1999 a reference guideline named CRISP-
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DM (Cross-Industry Standard Process for Data Mining) [5], that establishes a
procedure for the systematic development of this type of projects. CRISP-DM is not
the only guideline that has been proposed. Also, there are others, proprietary or open,
like the one developed by SAS company, named SEMMA (Sample, Explore, Modify,
Model, Assess) [19], DMAMC [10] or the 5 A's [16]. A survey developed by
kdnuggets.com [12] shows that CRISP-DM is the most used one.

However, all the proposed methodologies for Data Mining projects development,
lack of methods or techniques that allow us to appropriately educe the project
requirements. More concretely, a mature process does not exist yet, that can !)e seen
as a solid methodology. Although CRISP-DM establishes a group of activities that
should be executed in the project, it does not establish with which techniques or
models should be implemented.

In this paper, an overview of the Requirements Engineering (RE) processes and the
main techniques used in each phase of the process is done, and a discussion of the
main issues to be considered before adopting them in the construction process of the
requirements document in a Data Mining project.

2 Models for the Requirements Engineering (RE) Process

Currently, Requirements Engineering is a technique used by many specialists for the
construction of the Requirements Document, which should be the starting point for
the correct design and implementation of a system, no matter its nature.

In the RE process, certain fundamental activities can be identified that should be
developed to build a document for specifying the requirements. These activities are:
requirement elicitation, analysis, specification and validation, and they serve as the
foundation in the proposal of different models.

In [8] a model of the RE process is proposed, based on the activities of elicitation,
specification and validation, as represented in Figure 1. The main elements of the
outlined diagram shown in Figure 1 are briefly described in [2]:

o Elicitation: 1t is the process of acquiring the relevant knowledge, necessary to
produce the requirements model in a problem domain, by means of the
communication with clients, users of the system, and those involved with the
project. After having obtained an initial group of requirements, they should be
analyzed and represented in a technical language, in order to avoid inconsistencies
and ambiguities.

o Specification: The elicitation process provides the entrance for the requirements
specification process. The product is a specification model, or the models
corresponding to different points of view. These models formalize the group
knowledge or of the people involved in the project. The requirements specification
also has a double purpose: on one hand, it serves as an agreement among the group
involved in the project, for the problem to be solved, and on the other hand, it
serves as a model for continuing with the following step.

¢ Validation: The validation is the activity that checks if the requirements
specification is done according to the clients expectations. In this stage, it takes
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place the integration and final validation of what was done in the previous stages,
giving as final result the Requirements Document.
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Fig. 1. General diagram of the Requirements Engineering Process

Sommerville [22] proposes another model for the Requirements Engineering process
which is represented in Figure 2.

Feasibility Elicitation and Analysis
Study of Requirements
Requirements
Feasibility Specification
Report
szzs Requirements
Validation

Requirements
Definition

Requirements "—_—,
Document |«

Fig. 2. The Process of Requirements Engineering

This process model incorporates a feasibility study as the first stage in the process,
which represents a first approximation that receives as input, a brief description of the
system to be developed and how this will be used by the organization. The objective
of the feasibility study is to target aspects related to technical and economical
feasibility of the project development, under the consideration that the project
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contributes to the organizational goals, and the way that the new system may be
integrated to the existing systems.

When we already have the required information, we Proceed to elabomte. the
feasibility report. This report should include recommendations of \_vhen to continue
with the project development, changes in the scope, budget, scheduling of the system

development, and additional high level requirements.

A
Informal
Spegdification
Planning/
Extraction Analysis
Dedsion
Point
\ »
Reguirement N
Document and ,. _ Accepted
Validation ¢ Starting " Requirements
Report Point
Validation Specification
Preliminary
y Report

Fig. 3. Spiral Model of the RE process

A third model that we can analyze, is the one named “spiral model” [14], represented
in Figure 3. The use of a spiral in this model is appropriate to represent that the
different activities that constitute the model are repetitive activities, until the final
acceptance decision of the specification requirements document is taken. In this sense,
it is important to highlight that the process can be influenced by certain external
factors that can bring us to an anticipating ending of the process.

Summarizing, it can be said that there does not exist a unique model that one can
apply to all the requirements administration processes, since the facts and objectives
of the organizations are different, and so are the type of projects or systems to be
developed (operational or not operational).

3 Requirements Engineering Techniques

Independently of which RE process is used, the development of each phase is
supported by a set of techniques which have been proposed and applied along time
([2], [4]). It follows a representative, although not exhaustive, review of the RE
techniques most commonly used.



Requirements Engineering Techs: Considerations for their Adoption in Data Mining Projects 83
3.1 Brainstorming [1]

This technique is broadly used in different areas and it is basically based in the project
team creativity stimulation. All the people involved should contribute with ideas
which should not be assessed until the end of the process, when there are no more’
contributions [7]. The technique allows us to generate different problem views
mainly at the beginning of the requirements phase, where the problem points of vieu;
are diffuse. This technique is usually developed in four phases [18]: the meeting or
session preparation; the generation phase in which there is a freely contribution to all
the ideas related to the topic; the consolidation phase, where all the relevant ideas are
identified and organized; and the documentation phase, that contains the main aspects
said and the conclusions.

3.2 Interviews and Questionnaires

This technique [13] is based on a series of questions to people or groups that are
potential users of the system, carried out by the professional in charge of the
requirements. The goal is to collect the more information as possible, which should
not necessarily lead to a probable solution of the problem. Typically the questions are
at a high level and the success of the use of this technique depends fundamentally in
the interviewer's ability to get good answers and to interpret them correctly. In this
technique one can identify three phases [17]: interviews preparation, the carry out of
them, and the analysis of the data.

3.3 JAD (Joint Application Development)

JAD was developed by IBM in 1977, and is based on the following principles [18]:
the groups’ dynamics, the use of audiovisual help, the organized and rational process
(meetings are developed during two to four days) and the documentation philosophy
(in the meetings one works directly on the documents that are generated). This
technique can be divided into two parts: the JAD/Plan whose purpose is to elicit and
specify requirements, and the JAD/Design, in which the system design is approached.
Its development is done in five phases: the project definition, the investigation, the
preparation, the JAD session, and the final documentation.

3.4 Prototypes

Technique commonly used in the systems development. It allows the developer to
build a model of the system that must be developed in the future [14]. The model is a
simulation of the probable system, and subsequently is utilized by the end user. This
technique allows getting the required information feedback so as to assess whether the
system designed based in the requirements, allows the user to carry out its work in an
efficient and effective way.
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3.5 Hierarchical Analysis Process

The Hierarchical Analysis Process has as a fundamental objective,. to sol\(e
quantitative problems, in order to facilitate analytic thought and metrics. This
technique is divided into a series of tasks, such as:

Finding the requirements that will be prioritized.

Combining the requirements in rows and columns of a matrix.
Doing comparisons of the requirements in the matrix.

Adding the columns.

Normalizing the sum of the rows.

Calculating the averages.

These steps can be applied easily to a small quantity of requirements, nevertheless,
for a large volume this technique is not the most adequate one.

3.6 Use Cases

This technique is based on the definition of certain functionalities that are expected
from a system and that allow it to interact with something or someone. These
functionalities are called use cases. A use case can be defined as: “a textual narrative
description of the processes of a business or system” [15], in which the system is
considered a black box and from which the actors obtain answers [4]. As actors, will
be understood the people or other systems that interact with the system whose
requisites are being described [20]. [Initially, this technique was proposed in [11].
From this publication, the most recognized specialists in Object-oriented methods
have agreed in considering the wse cases as an excellent way of specifying the
external behavior of a system. Due to this, the notation of the use cases was
incorporated to the standard language of modeling UML (Unified Modeling
Language) [3].

4  Considerations to Apply RE Techniques in DM Projects

The establishment of the requirements in a Data Mining project constitutes a
fundamental task in order to specify and validate the services that the system should
provide, as well as the restrictions with which the work itself should be developed.
This process is essential, because the most common and costly errors that have to be
corrected are a result of an inadequate Requirements Engineering process. Previously
to the requirements specification is necessary to consider the following aspects:

i) To identify and know the objectives of the business (business model). Any Data
Mining project should have as a final objective the generation of some type of benefit
for the organization, either improving the efficiency of the business processes or
discovering new sources of improvement.

ii) To identify the problem domain. In this context, the identification of the problem
domain will allow to specify the area in which the Data Mining project will take
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place. Asan example, a general classification of problems types that a Data Mining
project allows us to face are the following:

1.

Mafkeling. : It coqsiders getting the greater quantity of related information to the
business clients in order to establish potential clients, to determine who will
buy, when and where, to improve the relationship with the clients, etc. That is,

the result of t!1e Data Mining project should allow planning in the best way the
future marketing campaigns of the company.

. Market basket. 1t considers the determination of product purchase patterns in

the ret_ail area. These.pattel:ns may trigger the initiation of guided promotion
campaigns, new phy§|cal disposition of the items, multi-item pack offerings,
offerings and promotions considering time patterns (e.g., day of the week), etc.

. Risks reduction. In this case, Data Mining will allow an automatic evaluation of

risks, base on previous experiences.

. Frauds detection. Users will be able to obtain models that would allow

discovering possible frauds in base to anomalous behaviors detection models.

. Quality control. 1t considers the definition of models that will allow the precise

and anticipated detection of faulty products.

iii) To map the business problem into a Data Mining problem. After identifying the
domain of the problem, it should be mapped into a Data Mining problem, that is, it
should be considered that each type of application of Data Mining is related to one or
more type of tasks. The main types of Data Mining tasks are:

1.

Association. 1t is basically used to discover relations among attributes. That is,
the idea is to discover rules that identify behavior patterns, and it is largely used
in the market basket domain.

. Time Sequences. It is similar to the association task, but in this task the time

variable is incorporated.

. Classification. This task uses a collection of data to develop a model that will

be used to classify new unseen data. The predicted variable is a nominal one.

. Regression. This task is similar to classification, but in this case the predictive

variable can take possible unlimited numeric values.

. Clustering. This task is utilized in typical segmentation applications, and

consists in a division of the data into collections of related data or groups, in
which the data in each identified group are similar, i.e., they share a number of
similar characteristics.

iv) To define the generic components that a Data Mining requirement should
consider, such as:

1.

Data component. This component should respond to the question on what data
and with what structure (model of data) they are needed, in function of the
algorithmic technique that will support the application of the Data Mining task.

. Interface component. 1t should answer the question about the format in which

will be visualized or presented the project results.

. Usability and correctness component. It considers the way in which the project

results should contribute to the business and user objectives, and the degree of
accuracy that will provide the model.
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4. Understandability Component. 1t considers the way in which the Data Mining

model can be understood and will allow justifying the achieved results.

5. Resources Component.

It should consider the available resources for the
project, such as personnel (e.g., business expert, data expert, Data Mining team,

technical aid), and hardware and software platforms.

6. Not functional components. They are reutilization requirements, development
environments, results availability and quality (delivery times), security and

legislation.

5 A Model of the RE Process for Data Mining Projects

Based on the considerations mentioned before, now is the turn of applying a RE
model to construct the requisite document. Determining the needs for the project
development is a complex process, and there doesn’t exist unique and standard
techniques that provide a framework for development that guarantees good results.
Considering that a Data Mining project is essentially a decision support system, in
which is important the adequate problem domain understanding, the construction of
the business and data models, and the basic elements seen in the RE processes
mentioned before, it is proposed a RE process model for data mining projects which is

shown in Figure 4.

Phase_1 Busi

Understanding

v Y
Busi
Ph 2 ;;s ;3:5 Data Model
ase_.

Requirement

Fhace 8 | eraion

Phase_4

Requirement
Document

Fig. 4. RE Model Process proponed for Data Mining Projects.

This model is structured in the sequence of phases that should be carried out in order
to generate the requisite document. The first phase, business understanding, considers
the knowledge of the problem domain, the contexts, the organizational structure, the
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decision-making levels, and the own vocabulary of the business domain. In the
second phase, the business decisional model and the data model are built »;/hich are
the input necessary to tasks to be performed in the third phase (re,quirements
elicitation, analysis, specification, and validation). The fourth and final phase
corresponds to the construction of the requisite document.

The selection of RE techniques to use for the execution of each phase of the RE
proposed model, and the success of the results reached will depend finally on the
clients/users, and on the development team and its experience in similar projects.

6 Structuring Data Mining Requirements

Data Mining projects involve different stakeholders, who express the purpose of the
project, indicate the direction of the activities, and define the expectations in terms of
information goals for the organization, in a similar way to the development of a
project based on data analysis, such as a Data Warehouse system [21]. Therefore, the
requisites generation in Data Mining projects should consider different perspectives,
corresponding to different stakeholders, each one associated to different abstraction
levels in the organization. Thus, we can distinguish three levels of abstraction in the
generation of requisites for Data Mining: business point of view, user perspective, and
technical staff (development team) view.

From the business point of view, the requisites of Data Mining should consider the
identification of at least the following information:

o Business goals

o Business opportunities

o Business necessities to be satisfied

o Stakeholders and the generated value for them

o Criteria to decide to start / non-start the project

o Problem domain background

e An appropriate business case to illustrate the project impact

From the user perspective, we should be able to identify and describe the tasks that
the user should be able to perform or improve using the project results. Among other
information, the user requirements should consider:

o The user specific goals

o Business questions that may be answered with the project

o The process and business rules related to the user requirements
o The opportunities to improve certain business processes

o The way that the results should be used (user case)

o The way that the results should be tested (test case)

o The user profiles associated to the project results.

From the development people side (data miners), the requisites must have enough
information about the specific tasks to be performed by them, the data sources, as
well as the results attributes or characteristics. The technical requisites must be
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explicitly linked to business and user goals, specified before. Technical requisites

should consider mainly:

RE Techniques Business Requirements
Business Models Business Goals
Legacy Systems Business Necessities
Reports & Publications Business Opportunilies
Expert Consulting _—————‘-] 1 Protiorn bankggound
External Sources Business Case
Questionaries Criteria to Start/No-Start

In Situ Observations

il

User Requirements

RE Techniques
User Profiles
Interviews & Questionaries Usef Goals y
JAD Techniques Business Questions
Use Cases Business Processes
Brainstorming Business Rules
Conceptual Maps Improvement Oportunities
Critical Factor Analysis Use Case
Test Case
< Development
RE Techniques Requirements
Use Cases Functional Requirements
Prototypes Interface Requirements
Workflow Model Requirements
Hierchical Analysis Functional “_‘ but
Database Diagrams Interface Attributes
Model Diagrams Model Attributes

Fig. 5. Requisites structure for Data Mining and the corresponding RE techniques

a)

b)

d)

e)

Functional Requirements, which considers the tasks specification as extraction,
loading, integration, cleansing and data transformation, as well as the
identification of the type of task, data exploration, model generation to be carried
out, and the process and results documentation.

Interface Requirements, that considers the characteristics specification of the
interfaces to be developed during the project, such as database, software, and
hardware interface

Model Requirements, which considers the identification of the type of model, its
characteristics of understandability, ways to evaluate correctness and consistency
of the generated model.

Functional attributes, that considers the definition of operational attributes, of
performance, and of security of necessary tasks to be carried out by the
development team of the project.

Interface attributes, that considers the definition of usability conditions and of
form of the different interfaces required in the project.
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f) Model attributes, that considers the establishment of criteria to generate the
models and to evaluate its validity and acceptance.

Thus, we can summarize the different perspectives of the stakeholders involved in the
definition of a requirement, to define a format for requirements acquisition in Data
Mining projects, and identify associated RE techniques for each different vision or
stakeholder perspective, as shown in Figure 5.

6 Conclusions

A Data Mining project has an exploratory nature, of decisional type and not of
operational type that seeks to contribute value to the business through its data.
Normally, the decision making processes are not well structured, with the consequent
and inherent difficulty for modeling them. A Data Mining project is essentially
approached to the comprehension and exploration of data and therefore, the
requirements should be focused in determining the way the data influence in making
decisions or in which way they impact in the decisions that are taken. Thus, to
establish a unique criterion for the selection of the most appropriate techniques for its
application in the different phases of the Requirements Engineering process is
somewhat complex.

Our proposal constitutes a first step in order to establish a process model for the
requirements definition in this type of project, under the consideration, that the
different development processes models for Data Mining projects, such as CRISP-
DM [5], SEMMA [19] or DMAMC [10], in spite of the fact that they present the
requirements capture like a task to be performed, they do not indicate how to carry
out this task, what techniques to utilize, neither the formats for the outputs that are
proposed. Further work needs to be done in order to evaluate whether the proposed
techniques are appropriate and useful to capture requisites in Data Mining projects.

The application of RE techniques in the proposed model should probable consider
adaptations, and other aspects such as learning facility, cost, quality, completeness,
time restrictions for its applicability, available personnel, etc. :

Finally, we consider that it doesn’t exist a valid and unique .Regmremen.ts
Management process and technique that can be applied in all the organizations and in
all type of projects. Each organization should select or de\{elop its process, in
agreement with the type of product to be generated, to the organ.lzatlona] cult}xre, and
the level of experience and ability of the people invo!ved in the Requirements
Engineering process. Nevertheless, the identification of dnfferc?nt perspectives of the
same problem (obtaining of requirements in a Data Mining project) seek§ to structure
the process of RE, such that particular techniques can be applied to each
perspective/stakeholder identified. ) 1k

The next steps in this research work consider a detailed and formal fiescrlptlon of
the process here proposed the definition of criteria to evaluate the t.szectweness of the
proposed model, and its application to real Data Mining projects, in order to validate
the model. This will allow us to illustrate, to refine, and to validate the proposed

structure of Data Mining requirements.
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