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Abstract

Several surveys indicate that a signi cant percentage of déa warehouses fail to
meet business objectives or are outright failures. One of th reasons for this is that
requirement analysis is typically overlooked in real projets. In this paper we propose
GRAnND, a goal-oriented approach to requirement analysis fo data warehouses based
on the Tropos methodology. Two di erent perspectives are irtegrated for requirement
analysis: organizational modeling, centered on stakehokts, and decisional modeling,
focused on decision makers. Our approach can be employed Wwih both a demand-

driven and a mixed supply/demand-driven design framework.

1 Introduction

Data warehouse (DW) projects are inherently risky. In con r mation of this, several surveys
indicate that a signi cant percentage of data warehouse prgects fail to meet business
objectives or are outright failures. The reasons for a failue are often related to how the
organization reacts to the project or to the low quality of data, but in several cases they
may be traced back to how the design process was conducted. |marticular, a common
design-related reason for failure is that requirement anajsis is typically overlooked in DW

projects, mainly since [1]:

Warehousing projects are long-term ones, and it is very di cult to anticipate future

requirements, so only a few requirements can be stated fromhe beginning.



Information requirements for DW applications are dicult t o specify since decision
processes are exibly structured, poorly shared across lge organizations, jealously
guarded by managers, and unstable in time to keep pace with @lving business

processes.

Requirements for decision making often refer to informatim that does not exist in the
required form, and must be derived from data sources by integating, transforming,

and cleaning them.

Most methodologies for DW design claim there must be a phaseetlicated to analyzing
the business requirements (e.g., [2, 3, 4, 5]), still theresino consensus on what relevance
and temporal priority should be assigned to it. Indeed, the proaches to DW design are

usually classi ed in two categories [1]:

Supply-driven (also called data-driven) approaches design the DW starting from a
detailed analysis of the data sources [6, 7, 8]. User requimeents impact on design by
allowing the designer to select which chunks of data are relant for the decision mak-
ing process and by determining their structuring accordingto the multidimensional

model.

Demand-driven (or requirement-driven) approaches start from determining the in-
formation requirements of business users [9, 10]. The probin of mapping these
requirements onto the available data sources is faced onlg posteriori, by designing

proper ETL routines.

While supply-driven approaches somehow simplify the desig of ETL, since each data in
the DW corresponds to one or more attributes of the sources,ttey give user requirements a
secondary role in determining the information contents foranalysis, and give the designer
little support in identifying facts, dimensions, and measues. Conversely, demand-driven
approaches bring requirements to the foreground, thus enging that the DW will be

tightly tailored to the users' needs, but require a larger e ort when designing ETL.



Supply-driven approaches are feasible when all of the folleing are true: (1) detailed
knowledge of data sources is availabla priori or easily achievable; (2) the source schemata
exhibit a good degree of normalization; (3) the complexity d source schemata is not too
high. In practice, when the chosen architecture for the DW rdies on areconciled level
(or operational data store) these requirements are largelysatis ed: in fact, normalization
and detailed knowledge are guaranteed by the source integtian process. The same holds,
thanks to a careful source recognition activity, in the frequent case when the source is a
single relational database, well-designed and not very laye. In a supply-driven approach,
conceptual design is heavily rooted on source schemata andam be largely automated
(e.g. see [7]). Our on-the- eld experience shows that requément analysis can then be
carried out informally, based on simple requirement glossaes (such as in [11]) rather than
on formal diagrams. On the other hand, such an informal apprach is unsuitable for a
demand-driven framework, that asks for a more structured aml comprehensive technigue.

In this paper we propose GRAND (Goal-oriented Requirement Analysis for Data ware-
houses), a goal-oriented technique for requirement analys in DWs based on the Tropos

methodology [12]. GRAND can be employed:

within a demand-driven framework, that is the only alternative whenever a deep
analysis of data sources is unfeasible, or data sources région legacy systems whose
inspection and normalization is not recommendable. In thiscase, conceptual design

will be directly based on requirements.

within a mixed supply/demand-driven framework. In this case, requirement analysis
and source inspection are carried out in parallel; conceptal design is still carried
out in a semi-automated way, like in the supply-driven framework, but leaning on
user requirements to reduce its complexity. The mixed fram&ork is recommendable
when source schemata are well-known but their size and comgkity are substantial.
In fact, the cost for a more careful and formal analysis of regirement is balanced

by the quickening of conceptual design.



GRAND adopts two dierent perspectives for requirement analysis: organizational
modeling centered on stakeholders, andlecisional modeling focused on decision makers.
Decisional modeling is directly related to the information needs of decision makers; with
reference to the terminology introduced in [1], it achievesto be analysis. On the other
hand, organizational modeling is aimed atas is analysis; it has a primary role in enabling
identi cation of facts and in supporting the supply-driven component of the approach.
The diagrams produced, that relate enterprise goals to fat, dimensions, and measures,
are then used during conceptual design: within a demand-dvien design framework, the
requirements are translated into a conceptual schema to be apped on data sourcesa
posteriori; within a mixed framework, while the data sources are still plored to shape
hierarchies, user requirements play a fundamental role in estricting the area of interest
for analysis and in determining facts, dimensions, and meases.

The paper is structured as follows. In Section 2 we summarizéhe most relevant
literature related to requirement analysis in DW design. Setion 3 illustrates the technique
we propose for requirement analysis by discussing organitianal and decisional modeling.
Section 4 shows how our technique results in conceptual degi within both demand-
driven and mixed design frameworks. Section 5 introduces th prototype supporting our

approach. Finally, Section 6 draws the conclusions.

2 Related Literature

In the eld of DW design, it is necessary to distinguish between supply- and demand-driven
approaches. The prototypical supply-driven approach dats back to 1992, when Inmon
claimed that the development of DWs is data-driven, as opposd to the requirement-
driven development of operational systems [13]. Other suply-driven approaches were
proposed in [6], [7], and [8], where conceptual design of thBW is rooted in the schema
of operational sources and is carried out starting, respedtely, from the identi cation of

measures, from the selection of facts, and from a classi céin of the operational entities.

Also the comprehensive design method described in [4] learm a conceptual model; a



mixed approach to conceptual design is recommended, but naifther details are given.

In demand-driven approaches, collecting user requiremestis given more relevance.
The approach described in [14] shares some similarities Witours, since it is based on the
i* framework. However, requirements are directly used to buil a conceptual model in a
fully demand-driven perspective, without any feedback fran the data sources. Besides,
organizational modeling is not supported. In [1], a wish-Ist for DW design methodologies
is proposed, and a multi-stage technigue for requirement aalysis is outlined. Here, two
di erent phases are interlaced: as is analysis aimed at analyzing and describing the
actual information supply, and to be analysis aimed at analyzing the information demand
and matching it with the supply. In [9], a goal-oriented approach based on thegoal-
decision-information model is proposed. Though this approach shares some simiides
with ours, it mainly focuses on requirement analysis and dog not show how to move from
requirements to design. A process-oriented approach is psented in [10], where three
di erent perspectives at increasing levels of detail, eactassociated to a speci ¢ requirement
template, are used. Though the authors recommend to iteratrely and incrementally
gather requirements with use cases, a few details are givemd no examples are provided,
S0 a comparison is very hard. A comprehensive framework forequirement management,
based on the Unied Process, is proposed in [5]; though therés a strong emphasis on
documenting the project through document templates nothing is said about how to model
requirements.

In [15], a goal-oriented method to support the identi cation and design of DWs is
presented. This approach can be regarded, like ours, as midedemand/supply driven.
The main di erence is that organizational modeling is not supported and that requirement
analysis starts from the goals of decision makers. Goals arenalyzed separately using
abstractions sheets, and general considerations about hothey relate to the organization
activities are given in natural language. Conversely, in ounapproach an explicit goal model
of the organization is given and the analysis of decision mads' goals is directly related

to such a model. Moreover, in our goal analysis, goals are demposed in subgoals and



speci ¢ relationships between goals are speci ed. Anotheimportant di erence with our
approach, is that we support early requirements analysis [&, 17] that allows for modeling
and analyzing processes that involve multiple participans (both humans and software
systems) and the intentions that these processes are suppad to ful ll. By so doing, one
can relate the functional and non-functional requirementsof the system-to-be to relevant
stakeholders and their intentions.

An interesting case-based comparison of supply- and demandriven approaches can be
found in [18]. Remarkably, it is concluded that data-oriented and goal-oriented techniques
are complementary, and may be used in parallel to achieve opnhal design.

Finally, it is worth to mention that a few CASE tools for DW des ign have been im-
plemented, either from software vendors or as research proypes. In ADAPT [19] and in
GOLD [20] the conceptual schema for the DW is directly drawn ty the designer, thus a
demand-driven approach is implied { though no active suppot for requirement analysis
is given. Conversely, in WAND [21] the conceptual schema isesmi-automatically derived

from the source schemata, thus implementingde factoa supply-driven approach.

3 Requirement Analysis with GRAnD

Tropos [12, 22] is an agent-oriented software development athodology, based on the*
conceptual framework [17], where the concepts aiigent goal and related mentalistic no-
tions are used to support all software development phasestdm early requirement analysis
to implementation. Tropos di ers from other goal-oriented methodologies since it moves
the notions of agent and goal to the early stages of software elelopment. During early
requirement analysis, the requirements engineer identi & the domain stakeholders and
models them as social actors, who depend on one another for ge to be ful lled, tasks
to be performed, and resources to be furnished. Through thesdependencies, one can
answerwhy questions, besidesvhat and how, regarding system functionality. Answers to
why questions ultimately link system functionality to stakeholder needs, preferences, and

objectives.



The Tropos methodology has been successfully applied in derent domains. In the
following we summarize the part of the Tropos notation that can be used in the DW

context:

Actors. An actor represents an enterprise stakeholder. More presely, it can model
a physical or softwareagent (e.g., Mr. Brown), a role, meant as an abstract char-
acterization of the behavior one or more agents take in a spéc context (e.g., sale
analyst), or a position, i.e. a set of roles generally played by a single agent (e.qg.,

marketing manager). Graphically, actors are represented ¥ circles.

Dependencies A dependency represents an \agreement" between two actorsone
depending on the other to respect the agreement. The agreemecan be a goal to
be fullled, a task to be performed, or a resource to be deliveed. In our context,

the main interest is on goals that are represented as ovals.

Actor diagram. It is a graph of actors related by dependencies, used to mot@ow

actors depend on each other.

Rationale diagram. It is used to represent the logical foundations that rule the
relationships between actors. It appears as a balloon withi which goals of a spe-
ci ¢ actor are analyzed and dependencies with other actors @ established. Goals
are decomposed into subgoals, with either AND (all subgoalsnust be achieved) or
OR (any of the subgoals must be achieved) semantics, possibkpecifying the posi-
tive/negative contributions of subgoals to goals. The intuitive meaning of a positive
(negative) contribution is that the satisfaction of a goal encourages (discourages) the
satisfaction of another goal. Notations + and ++ ({ and { {) sp ecify the di erent

strength of the contribution.

When analyzing user requirements for DWSs, two perspectiveshould be taken into
account. Firstly, it is important to model and analyze the or ganizational setting in which
the DW will operate (organizational modeling; this includes designing the actor diagram

as well as the rationale diagrams for each stakeholder. Sewdly, in order to capture the
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functional and non-functional requirements of the DW, we need to design rationale dia-
grams for the decision makers, who are the main actors in theekisional processdecisional
modeling).

In the following subsections these two perspectives are desbed in detail, together
with the analysis phases they encompass, with reference taal case study, the BI-BANK
project, developed at the University of Trento in collaboration with DeltaDator S.p.a.. BI-
BANK is a project for developing a Banking Business Intelligence System able to support
the decisional process with a set of basic banking analysesor simplicity, in this paper
we only focus on analysis of banking transaction.

As concerns notation, using Tropos in the DW context requires some new concepts to

be introduced:

Facts. In organizational modeling, a fact models a set of events tat happen when a
goal is achieved. In decisional modeling, a fact is more pragly meant as a possible
focus of analysis related to an analysis goal. Graphicallyfacts are represented as

rectangles connected to a goal.

Attributes. They are elds whose value is provided when a fact is recordito ful ll

a goal. They are denoted as small diamonds connected to goals

Dimensions. A dimension is a fact property that describes a possible cadinate of
analysis, i.e. a possible perspective for looking at the fado ful Il an analysis goal.

Dimension are represented as small circles connected to dea

Measures A measure is a numerical property of a fact that describes a gantitative
aspect that is relevant for decision making. Graphically, measures are represented

as small squares connected to goals.

The graphical notation is summarized in Table 1.



Table 1: Notation for actor and rationale diagrams

Symbol Meaning
Q actor
@ goal
( dependency
I:l fact

AND

AND decomposition

OR decomposition
attribute

dimension

D—O—O—%B>@

measure

3.1 Organizational Modeling

Organizational modeling consists of three di erent phases (i) goal analysis in which actor
and rationale diagrams are produced; (ii)fact analysis in which rationale diagrams are
extended with facts; and (iii) attribute analysis, in which rationale diagrams are further
extended with attributes. Each phase is a di erent iterative process taking in input the

diagrams produced by the previous one.

3.1.1 Goal Analysis

The rst step for goal analysis is to represent the relevant sakeholders for the organiza-
tion and their dependencies by means of an actor diagram, in tich actors can represent
agents, roles, or positions within the organization. This sarts with a very high-level
analysis aimed at expressing the responsibilities and retenships involving the di erent
components (e.g., departments) of an organization. Then, he analysis proceeds in more
detail by decomposing the high-level actors in sub-actors€.g., the divisions of a depart-

ment) and ending up with the identi cation of the agent(s) wh o is responsible for each



single activity. The analysis is conducted by interviewing the stakeholders and producing
a documentation organized in a number of templates. Three derent type of templates

are provided:

main actor, where the main actors of the analyzed environment are idented to-
gether with their strategic objectives and goals. A table ofthe form (Actor,Objectives)

is used to collect the information.

sub-actor, where each main actor is decomposed into a number of sub-aws (in-
cluding roles, positions, and agents). For each main actora table of the form

(Sub-actor,Type,Goals) is used to collect the information.

dependencieswhere all the dependencies among actors are identi ed andralyzed.

A table of the form (Depender, Dependee, Goal) is used to collect the information.

The second step consists in analyzing goals of each actor inore detail to produce
a rationale diagram for each actor. Goals are AND-decomposkand contribution links
between goals are discovered. See for instance [23, 24] fatails on how goal analysis can
be carried out. Goal analysis ends when all the relevant goal of each actor have been
analyzed and all the dependencies between actors are establed. As for the rst step, also
here the information are collected and organized using a pde ned template. For each
actor, we mainly use a table of the form(Goal, Sub-goal, InContrib, OutContrib) ,
where InContrib is the list of goals that contribute to the satisfaction of the goal and
OutContrib is the list of goals that receive a contribution from the satisfaction of the goal.

Note that analyzing the dependencies is important since it dows new goals to be
discovered for each actor, and in general it explains the resons behind some of the goals
thus leading to a comprehensive view and model of the organdtion. The analysis, of
course, is limited to some areas of the organization, thus etuding some aspects that are
not considered to be relevant for the design of the DW. It is responsibility of the analyst to
decide what has to be included and what not; however, we emplsize that it is necessary

to include in the model the external actors (e.g., clients ofthe bank) who do not belong
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use Bank
/G/ service
Bank Client

Figure 1: An actor diagram for the BI-BANK case study
to the organization but still play a crucial role in its activ ities.

Example 1 Figure 1 shows a partial actor diagram for the BI-BANK case study. The
Client depends on theBank for achieving the goaluse Bank serviceand on the ATM for
the goaluse ATM. Moreover, the Bank depends on theATM actor for the goal supply ATM.
Figure 2 presents a part of the rationale diagram for theBank actor focusing on the goal
of managing transactions. The goalmanage a/c transactionss decomposed intomanage
debit transactionsand manage credit transactionsand in turn manage debit transactions
is decomposed intomanage permanent paymen@nd manage occasional paymentdNew
dependencies may be discovered at this point, for exampleetiClient depends on theBank

to manage transaction 2

3.1.2 Fact Analysis

The objective of fact analysis is to identify all the relevart facts for the organization. The
analyst navigates the rationale diagram of each actor and ebends it by associating goals
with facts that model the set of events to be recorded when gda are achieved. Here the
information are collected using two di erent type of templates. The rst one is a simple
table that describes each single fact(Fact, Description) , and the second a table in
which each goal is associated with a number of fact§Goal, Facts) . Fact analysis is
carried out according to a top-down approach, in fact the andyst starts by identifying
relevant facts from the top goals of each actor and then moveslown towards the leaf
goals. Usually, facts associated to leaf goals are not cowmlgred.

The structure of the rationale diagrams induces some relevat relationships between

facts. In particular, when a goal is decomposed in subgoalsll the facts related to the
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Figure 2: Rationale diagram for the Bank actor from the organizational perspective

subgoals become subfacts of the fact associated to the goaAs we will see in Section
4.1.3, these induced relationships are useful for de ninghe nal conceptual schema for

the DW..

3.1.3 Attribute Analysis

Attribute analysis is aimed at identifying all the attribut es that are given a value when
facts are recorded. Starting from the extended rationale dagrams produced in the previous
phase, the analyst explores all the subgraphs to associateogls with the attributes they
use. Note that, in this phase, the attributes are identi ed without specifying their possible
role as dimensions or measures; from the organizational pat of view, attributes are simply
data associated to goals. To collect information for attribute analysis, the analyst uses a

table of the form (Attribute, Goal, Fact)

Example 2 Figure 3 shows an extended rationale diagram for th8ank actor, still focus-
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Figure 3. Extended rationale diagram for the Bank actor from the organizational perspec-
tive

ing on goal manage transactionsFirst, the fact transactionis associated to the main goal
manage transactionghe fact debit transactionto the goalmanage debit transactionsand so
on. Then, by analyzing the subgraph of the goahanage ATM withdrawalghat fact ATM
withdrawal is associated with, we introduce attributescurrency date, card numbey amount,

etc. 2

3.2 Decisional Modeling

After organizational modeling, the methodology proposes aecond type of analysis focused
on the goals of decision makers, i.e., the actors that play th most relevant role in the
decisional process. Here the analysis is substantially derent from the organizational
analysis since the main objective is not to model the organiation as it is, but rather to

model how the DW can support the decisional process of the oanization. Basically, we
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focus on the requirements of the DW from the perspective of tke decision makers. The
organizational model is extremely important in this phase s$nce it actively supports the
analyst during the identi cation of the facts to be associated with the decision makers'
goals.

Firstly, all the decision makers are identi ed; then, for each of them, four steps are car-
ried out: (i) goal analysis that produces rationale diagrams; (ii) fact analysis that extends
them with facts; (iii) dimension analysis that further extends them with dimensions; and

(iv) measure analysis that further extends them with measures.

3.2.1 Goal Analysis

As for organizational modeling, goal analysis starts by anlyzing the actor diagram for

the decision makers. Decision makers are identi ed and infal dependencies between them
are established. The goals associated to each decision malae then decomposed and
analyzed in detail, to produce a set of rationale diagrams. ®als may be completely
di erent from those analyzed during organizational modeling, indeed they are part of the
decision process and might be not included in the operative cess of the organization.
The same templates used for organizational modeling are udehere to collect and organize

information about goal analysis.

Example 3 Figure 4 shows a rationale diagram for decision makef~inancial Promoter
focusing on the goal of analyzing transactions. The goahnalyze transactiongs OR-
decomposed intcanalyze debit transactionand analyze ATM withdrawalswhich in turn are
further decomposed. So, for instance, the goanalyze debit transactions OR-decomposed

into analyze total amountand analyze number of transactions 2

3.2.2 Fact Analysis

Like for organizational modeling, rationale diagrams are &tended by identifying facts and
associating them to the goals of decision makers. Facts areogsible objects of analysis, and

correspond to business events that dynamically happen witm the enterprise. Facts are
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Figure 4. Rationale diagram for the Financial Promoterdecision maker from the decisional
perspective

normally imported from the extended rationale diagrams produced during organizational
modeling. Indeed, very often the goals of decision makers arrelated to the information
produced in the operational process, so the facts associatdo the organization activities
are fundamental for ful lling the decision makers' goals. In some cases, the analyst can

also introduce some new facts by directly analyzing the desion maker rationale diagrams.

3.2.3 Dimension Analysis

In this phase, each fact is related to the dimensions that deision makers consider necessary
in order to satisfy their decisional goals. Dimensions aredenti ed by analyzing the leaf
goals of the rationale diagram of the decision makers and theelevant facts associated
to the upper level goals. Here, analysis requires a strong faraction with the decision
makers in order to capture the possible perspective of anabis. To support analysis we
propose a template based on two dierent tables, the rst capturing the relationship
between goals, facts, and dimensiongGoal, Fact, Dimensions) , the second describing

dimensions(Dimension, Description)

3.2.4 Measure Analysis

Finally, the analyst associates a set of measures to each fapreviously identi ed. Even

here, analysis is carried out by analyzing the leaf goals andhe facts associated to the
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Figure 5: Extended rationale diagram for the Financial Promoterdecision maker from the
decisional perspective

upper-level goals, and requires a strong interaction with he decision makers.

Example 4 In Figure 5 the analyst associates facttransaction identi ed during organi-

zational modeling (see Figure 3), to the goaknalyze transactions Then, dimensions are
connected to the goals associated to the fact; for instancelimensions account numberand
month are associated to goahnalyze total amount Finally, two measures are identi ed for

goal analyze total amount total amount and average amount 2

4 From Requirement Analysis to Conceptual Design

The organizational model produced by requirement analysigepresents the main data on
which the enterprise operation is based, thus it compriseshiie most relevant attributes that
are part of the source database. On the other hand, the decishal model describes the
decision makers' needs, thus summarizing the role playedniglossary-based requirement
analysis, by the glossaries of facts, dimensions, and meass and by the preliminary
workload. In this section we explain how these diagram are wed for conceptual design

within, respectively, a mixed and a demand-driven framewok.
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4.1 Mixed Design Framework

The mixed framework joins the facilities of supply-driven gpoproaches with the guaran-
tees of demand-driven ones. In fact, the requirements derad during organizational and
decisional modeling are matched with the schema of the souecdatabase to generate
the conceptual schema for the DW. Three phases are involvedi) requirement mapping

where facts, dimensions, and measures identi ed during désional modeling are mapped
onto entities in the source schema; (ii)hierarchy construction, where a basic conceptual
schema is generated by navigating the source schema; andi)ire nement, where the basic

conceptual schema is edited to fully meet the user' expectabns.

4.1.1 Requirement Mapping

During this phase the facts, dimensions, and measures inctled in the extended rationale
diagrams produced by decisional modeling are mapped, whengossible, onto the source

schema. More precisely:

1. Assuming that sources are modeled by a relational schemdhe facts of decisional

modeling are mapped onto relations.

2. As to dimensions and measures, mapping is achieved by ugjrthe attributes rep-
resented during organizational modeling as a bridge. In fag each such attribute
is mapped to a physical attribute in the source schema on the me hand, and to a

dimension or a measure in the decisional model on the other.

3. As to the attributes in the organizational model that were not mapped to dimensions
or measures in the decisional model, they are mapped nonetless on the source
schema; as we will see in Subsection 4.1.2, this may be usefalprovide the designer

with an additional choice of dimensions and measures for théact.

Example 5 In our case study, as shown in Figure 6, factATM withdrawal is mapped to
someWITHDRAWALS table in the source schema. Then, attributecard numberassociated

to goal record withdrawal card numben the organizational model is mapped to dimension
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Figure 6: Mapping from the decisional model (left) to the souce schema (right) passing
through the organizational model (center)

card numberassociated to the analysis goalanalyze withdrawals amourand analyze number
of withdrawalsin the decisional model; the same attributecard numbermight for instance
correspond, on the source schema, to an attributeardNumberwithin the WITHDRAWALS
table. Similarly, attribute amountof goal record withdrawal amountorresponds to measure
total amount of the analysis goalanalyze withdrawals amourdnd to an attribute amount
on the WITHDRAWALS table. An example of an attribute in the organizational modethat
cannot be mapped to the decisional model but should nevertbes be mapped to the source

schema isdestination a/g associated to goalrecord transfer dest. a/c 2

Interestingly, if the names in the extended rationale diagams are chosen by the analyst
consistently with those in the source schema, this phase cahe partially automated. In
particular, if the source schema was actually obtained by nomalizing and integrating
di erent sources { which very often is the case, especially Wwen complex cleaning and
transformation procedures are necessary to improve data lity { its name space is largely
under the designer's control. Otherwise a Thesaurus must béuilt, as suggested in [15], in

order to establish the mappings between the organizationamodel and the source schemata.

4.1.2 Hierarchy Construction

This phase implements the supply-driven part of GRAND. For each fact identi ed during

decisional modeling and successfully mapped onto a relatioF in the source schema, the
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many-to-one associations expressed in the source schema foreign keys are iteratively

navigated, starting from F, to build the attribute hierarchies and create a basic concetual

schema, e.g. in the form of afact schema Fact schemata are the conceptual artifacts
provided by the Dimensional Fact Model, proposed in [7] as a pport for conceptual

design of DWs. Note that any other conceptual model for multdimensional databases
could be equivalently adopted.

This phase can be largely automated, as discussed in [7] whean algorithm is proposed
that create attribute hierarchies from the source schema. e underlying idea is that, given
a relation, a functional dependency { i.e., a many-to-one asociation { holds between its
primary key and each of its attributes, including foreign keys. Since a foreign key maps
on the primary key of another relation, that in turn function ally determines each of its
attributes, a tree of attributes related by functional dependencies { in the terminology of
multidimensional modeling, a hierarchy { can easily be buit by recursively navigating the
source schema. In the following, considering that functioml dependencies are transitive,
we will say that a many-to-one path exists from a relation R to any attribute a in the
schema if the primary key of R (transitively) functionally determines a.

Remarkably, while in the supply-driven approach describedn [7] navigation is \blind",
meaning that all the attributes connected to the fact F by a many-to-one path are reached
and included in hierarchies, here navigation is actively based by the user requirements.

In fact:

1. Every dimensiond associated to a goal related toF and successfully mapped from the
decisional model to the source (see Section 4.1.1) is incled in the conceptual schema,
and the full hierarchy rooted in d is generated by navigation. If the path from F to d
is not many-to-one but many-to-many, d is modeled as amultiple dimension [25]; this

means that multiple values of d can be related to a single instance of the fack.

2. Every measurem associated to a goal related toF and successfully mapped from the
decisional model to the source is included in the conceptuatchema, provided that a

many-to-one path exists fromF to m, and no hierarchy is generated for it.
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3. For each attribute a in the organizational model that could be mapped onto the souce

schema but not onto the decisional model, the designer has dirent choices:

3.1 Decide thata is not interesting for analysis and ignore it.

3.2 Decide thata may be interesting for analysis of some facF, in which case it should
be included in the conceptual schema fol=. The designer also has to choose the
primary role of a:

3.2.1 The role may be that of a dimension, in which case the flihierarchy rooted in
a is generated by navigation anda is labeled as \supplied" in the conceptual
schema. If the path from F to a is not many-to-one but many-to-many, a is
modeled as a multiple dimension.

3.2.2 The role may be that of a hierarchy attribute. In this case, if a has not
already been reached by navigation of the source schema starg from some
dimension (see point 1.), the designer selects one of the aibutes in the path
from F to a as a new dimensiond, and labelsd as \supplied".

3.2.3 The role may be that of a measure, provided that a many-0-one path exists
from F to a. Even in this case,a is labeled as \supplied" in the conceptual

schema.

4. Among the dimensions and measures associated to a goalatdd to F on the decisional
model, those for which no mapping on the source schema couldelfound are nevertheless

included in the conceptual schema for and labeled as \demanded".

5. All the attributes in the source schema that were not mappel and were not reached by
navigation of many-to-one associations starting from a dinension are not included in

the conceptual schema for.

Remarkably, the basic conceptual schemata generated hereay be considerably sim-
pler and smaller than those generated in [7]. Besides, while [7] the designer is asked
for identifying facts, dimensions, and measures directly o the source schema, here such

identi cation is driven by the diagrams developed during requirement analysis. We also
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Figure 7: Preliminary fact schemata for facts ATM WITHDRAWALS and DEBIT TRANS-
ACTION in a mixed framework

note that the names used for measures in decisional diagrantsan give the designer pre-
cious suggestions regarding which aggregation operator® tuse: for instance, from Figure
5 we may presume that measureamountis to be aggregated through both the sum and

the average operators.

Example 6 The preliminary fact schemata obtained for factsATM WITHDRAWAL and
DEBIT TRANSACTION in the bank example are reported in Figure 7. Consistently wh
the Dimensional Fact Model, the fact is represented as a boxontaining the measures;
dimensions are circles connected to the fact; hierarchiesra represented as trees rooted
in dimensions. For fact ATM WITHDRAWAL, dimensions currency date card numbey
and a/c are derived from the decisional model, as well as measuresmimber of withdrawals
and amount The hierarchy rooted in a/c has been built by navigating the source schema.
Dimension internal/external has been added since, though the decisional model does not
represent it explicitly, the two separate subgoalanalyze internal ATM withdrawalgnd an-
alyze external ATM withdrawalsuggest that the user will ask for distinguishing between
these two types of withdrawal. Finally, measurevithdrawal costis labeled as \demanded"
since it appears as a measure associated to goahalyze external withdrawalbut not as
an available attribute on the organizational model. As to fat DEBIT TRANSACTION we
only remark that dimension destination a/cis labeled as \supplied" since it is present in
the organizational model but has not been indicated by de@is makers as a dimension in

the decisional model. 2
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4.1.3 Renement

This phase is aimed at rearranging the conceptual schemataniorder to better meet the

user's needs. The basic operations that can be carried out tthis purpose are:
1. Operations on facts

1.1 Fact merge Merging facts is bene cial when the user is often interestd in analyzing
them together since they can be seen as particular cases of aone general fact.
Two or more facts G; ::: G, can be merged into a single fact if they have a common
supergoalF in the decisional model. The resulting fact takes the name ofF and
has the union of the measures, dimensions, and hierarchie$ the G;'s. A dimension
that exists only within a subset of the G;'s is marked as optional in F, meaning

that it characterizes only a subset of the events modeled byéct F.

1.2 Fact split. A fact F may be split into n facts G1::: G, when most of its dimen-
sions and measures are related to speci ¢ subsets of event&ach resulting fact
G; includes only the dimensions and measures that better charderize it; each

dimension is accompanied by the corresponding hierarchy.
2. Operations on hierarchies

2.1 Attribute prune. An attribute a may be dropped from a hierarchy while preserving
the subtree rooted ina. This is useful when neithera nor its descendant attributes

are relevant for analysis.

2.2 Attribute graft. An attribute a may be dropped from a hierarchy while preserv-
ing the subtree rooted in a; the children attributes of a become children of the
parent attribute of a. This is useful whena is not interesting for analysis but its

descendants are.

2.3 Association adding A many-to-one association between attributesa and b may be
added to a hierarchy, which results in changing toa the parent of attribute b in

the tree representing the hierarchy [7]. Adding an associabn may be necessary in
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order to model some functional dependency that was not corretly captured in the

source schema.

2.4 Optionality. Optional attributes, i.e., attributes that have a value only for a sub-
set of instances of the hierarchy, should be detected and pperly marked on the

conceptual schema.
3. Operations on measures

3.1 Measure merge Two or more measures that only di er for their aggregation op-
erator may be uni ed, provided that the conceptual model adopted supports the

representation of di erent aggregation operators for the sme measure.

Note that, thanks to the labeling of dimensions carried out during hierarchy con-
struction, the decision makers and the designer are enabletb distinguish, on conceptual
schemata, what isneeded and availabldunlabeled dimensions/measures), what isneeded
but unavailable (dimensions/measures labeled as \demanded"), what isavailable but not
needed (dimensions/measures labeled as \supplied”). While the seond category may
drive the designers in enriching the source database or in cmidering new data sources,

the second may stimulate the decision makers to undertake ne directions of analysis.

Example 7 We assume that (1) users are not interested in the client gramlarity, so at-
tribute client is grafted; (2) the client address is not interesting, soaddressis pruned; (3)
measure withdrawal costcan be computed during ETL; (4) dimension destination a/c is
considered by users to be relevant for analysis. The two facATM WITHDRAWALS and
DEBIT TRANSACTION are merged into fact TRANSACTION that is the fact associated,
in the decisional model, to the common supergoal of subgoalmalyze debit transactions
and analyze ATM withdrawals In merging the facts, measuresnumber of withdrawalsand
number of debit transactiongonverge in measurenumber of transactions Measures total
amount and average amounfare merged into measureamount, to be aggregated by both
the sum and the average operators. Dimensiointernal/external is incorporated into di-

mension type (meaning that, among the values fortype, there also will be \internal ATM
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Figure 8: Fact schema for factTRANSACTION after re nement in a mixed framework

Figure 9: Preliminary fact schemata for facts ATM WITHDRAWAL and DEBIT TRANS-
ACTION in a demand-driven framework

withdrawal" and \external ATM withdrawal"). Dimension card numberis marked as op-
tional since a card number is de ned only for some types of trasactions; the same holds

for destination a/c The nal fact schema obtained is shown in Figure 8. 2

4.2 Demand-Driven Design Framework

Within a demand-driven framework, in the absence ofa priori knowledge of the source
schema, the building of hierarchies cannot be automated; th main assurance of a satisfac-
tory result is the skill and experience of the designer, and &r ability to fruitfully interact
with the domain experts to capture the existing dependencie between attributes.

The starting point is a set of preliminary conceptual schemaa obtained by associating
each fact from the decisional model with the corresponding tinensions and measures.
In the bank case, from the rationale diagram in Figure 5 we imnediately derive the
preliminary fact schemata in Figure 9.

The next step is related to the building of hierarchies: dierently from the case of
the mixed framework, where hierarchies are determined by nagating the source schema,
here they must be de ned manually by strictly interacting wi th business users. This
is undoubtedly the most di cult phase of the demand-driven approach; we suggest to

proceed for each fact- as follows:
1. Detect functional dependencies between dimensions & and represent them in the
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form of hierarchies.

2. If F is also represented on the organizational model, select dlhe attributes associ-
ated to the goals related toF on the organizational model. For each attribute a that
is not already present in the conceptual schema and is considled to be interesting

for analysis of F, understand its primary role:

2.1 The role may be that of a dimension, in which casea is included in the conceptual

schema and labeled as \supplied".

2.2 The role may be that of a hierarchy attribute. In this case the designer selects
one of the existing dimensionsd, and properly connectsa to the hierarchy rooted
in d.

2.3 The role may be that of a measure, in which casa is included in the conceptual

schema as a measure and labeled as \supplied".
3. Repeat step 2. for all the other attributes in the organizaional model.

4. Enrich hierarchies with other attributes possibly indicated by the user, labeled as

\demanded".

The issues to be faced afterwords are the same described fdret re nement phase in

the mixed framework.

Example 8 In fact ATM WITHDRAWAL, among all the attributes associated to goals
manage ATM external withdrawaland manage ATM internal withdrawal®n the organiza-
tional model, date is inserted as a supplied dimension. In factDEBIT TRANSACTION
attributes currency dateand card numberare inserted as supplied dimensions. Then, dur-
ing re nement, the functional dependency betweemate and month is detected, and the two
facts are merged as seen in the mixed framework to produce tli@ct schema in Figure 10.

2

This approach is, in our view, more di cult to pursue than the previous one. Never-

theless, it is the only alternative when a detailed analysisof data sources cannot be made
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Figure 10: Fact schema for fact TRANSACTION after re nement in a demand-driven
framework

(for instance when the DW is fed from an ERP system, whose logial schema is huge and
hardly understandable), or when the sources come from leggcsystems whose complexity

discourages recognition and normalization.

5 DW-Tool

GRAND is supported by a prototypical CASE tool named DW-Tool !, which has been

developed in Java and supports the analyst and the designemnithe following activities:

Collection of requirements During the interviews with the stakeholders, the analyst
organizes the information acquired by lling in the templat es introduced in Section

3.

Dictionary management The content of the templates is used by DW-Tool to gener-
ate a general dictionary from which the analyst can select ad see the description of
each single entity in the models. Figure 11 shows an examplehere the description

of a fact is provided.

Organizational modeling The content of the templates is also used to generate a
basic organizational model, including actor and rationalediagrams, that the analyst

can further rearrange to better meet the user's expectation(see Figure 12).

Decisional modeling After the basic rationale diagrams have been generated fro
the templates, the analyst can extend them with facts, dimersions, and measures,
typically by importing entities from the diagrams produced during organizational

modeling (Figure 13).

1See the Tropos web site (http://www.troposproject.org) fo r more details.
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Figure 11: Accessing the dictionary in DW-Tool

Conceptual design If the designer decides to follow a mixed approach, the sowe
schema is acquired via JDBC from the operational DBMS. As to equirement map-
ping, DW-Tool proposes a basic choice of mappings, derived lvere possible by
matching names in the diagrams. Hierarchy construction is @illy automated, and the

basic re nement operations are supported. On the other hand if a demand-driven
approach is undertaken, the attributes related to the fact in the organizational model
are imported, so that the designer can decide which role to ge them within the

conceptual model of the DW.

6 Conclusion

In this paper we have proposed a goal-oriented methodologyof requirement analysis in
DWs, which can be used within both a demand-driven and a mixedsupply/demand-driven
design framework. We believe that the adoption of our methoalogy can help the designer
to reduce the risk of project failure by ensuring that early requirements are properly taken
into account and formalized { which ensures a \good" design {and, at the same time,
that the resulting DW schemata are tightly rooted to the operational database { which
makes the design of ETL simpler.

The methodology was applied to the BI-BANK case study, a propct developed in

collaboration with a company based in Trento. The experiene with the company was
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Figure 12: Organizational modeling in DW-Tool

extremely useful for re ning and validating our approach. We received a positive feedback
about the methodology and, in particular, about the importance of deriving the require-
ments directly from the analysis of the stakeholders and ddsion makers goals. The case
study also supported us in investigating the scalability of our approach. With regard to
this, we veri ed that associating an actor diagram with several rational diagrams, one for
each actor, has a crucial role in dealing with complex appliation domains. In fact, detailed
requirement analysis is carried out on rationale diagramswhose complexity depends on
how articulated the decisional tasks of a single actor are (Wich is not directly related to
how large the application domain is). On the other hand, the ator diagram { on which
the size of the application domain, in terms of number of stalkeholders, directly impacts {

is drawn at a high level of abstraction, thus its complexity never becomes overwhelming.
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Figure 13: Importing facts for decisional modeling
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