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Abstract

Must of the daa warehowse profeces still faif
becawse the finel daty warehouse does nat properly
meel business goals, Designers start a data warehouse
praject with the concepual or logleal modeling of the
mudfidirensional schema, and unfortunately, not much
attention has been puid on the requirement analysis
phase. However, this phase is very imporiant, because
it can inchule the understanding of the business
context in which the dute warehouse is pretended 1o
work. This Is ¢ crucial issue, since the aim of data
warghonses is to provide enough information in a
suitable way to improve decision making and
accomplish with business goals. fn tis paper, we
propase an approach (o igke Info account husiness
conext and their business goals in data warehouse
reguirentent analysis phase. Flrst of all, we adapt i*
noletion lo model business envirorment and goals _for
data swarchouses requirement analysis, Ther, from i*
models, o multidimensional model which satisfies
business goals is obtained. To avold an arbitrary use
of our approach, we provide a set of guidelines to
correctly specify I* diugroms and transform them into
o multidimensional model. Finally, we apply our
approach to ¢ case study to show its benefit.

1. Introduction
Even though a decade later. dzila warehouses stili

pay a central role in current decision support systems,
since Lhey ore orienled to provide adequale information
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to improve the decision making process [4].
Nowadays, il is widely accepted that the basis for
designing the data warehouse repository is the
multidimensional modeling  [4,5,6,8). Conceptual
modzels have beer provided to be able to represent
main propertics of the multidimensional modeling that
satisty final user requirements [$,8). Nevertheless,
even though we use concepiual models, many data
warchouse projects still fail because traditionally not
much attention has been paid on the requircment
analysis phase, Therefore, the final data warchouss
may not retlect organization rceds and may not defiver
the expected support of the decision making process
[312]. This process is erucial in organizations, since
moking beller decisions allows them to improve
business processes by achieving business goals,
Morcaver, several studies have shown that more than
§0% of data warehouse projects fail to meet businiess
goals [12]. Often, business goals are ignored as a result
of pour communication between IT and business
professionals during requirement amalysis. Therefore,
it is obvious that an effort is needed to deveiop data
warehouses within a business context by incorporating
explicit understanding of the business into data
warehouse  requirement  analysis  using  some
organizational  modeling technique [19).  Then
desigaers will be able 1o develop data wareheuses that
provide organizations with the necessary information
to fulfill their business goals. A summary of main
henefits that organizations pretend to achieve with the
use of a data warchouse can be viewed in figure I,
These benefits can be achieved iFthe data watchouse is
understood within its business environment,

Thus, we present an approach for Including
business issues (i.e. business goals) in data warehouse
requirement analysis and then, transform requirements
in a multidimensional model that helps to fulfilt
business geals. Since the I* techniyue provides
understanding of the organizational eavironment and
goals in requirement analysis phase [19], we adapl i*
diagrams to requirement analysis in data warehouses.
We also structure business goals that datn warehouse
helps to  achieve into strategic, decision and
information poals. This allows developers 1o have a
better understanding of business and, then users can
cotnmunicate better their ideas. Finally, from these i
diagrams, we obfain a multidimensional conceptual
maodel which provides organization with the adequate
information to fulfill business goals, This model is
designed using our UML (Unifled Modeling
Language) profile [7,8,14]. Furthermore, we provide,
based on our experience in designing real world data
warehouses, a set of design puidelines to corractly
specify these i* diagrams and transform them into the
carresponding multidimensional model.

Mors and battet infetmallan
Balier dectslons
“lmprovem st of bushisss.
PIOG#ISHS

~Suppon For lha accompkshmenl
of siratagl husinass ohjecitve:

devaloping the data warehouse within a
business context (adapted from [1]).

The resl of this paper is structured as lollows.
Section 2 presenits the most relevant related work lor
requirement analysis in dala warehouses, Our approach
for requirement analysis and its guidelines for properly
specify the i* and multidimensional models zre
presented in section 3. We show the benefit of our
approach in section 4 by means of 2 little ense study,
Finally, in Section 5 we present our corclusions and
skelch some future warks,

2. Related Work

In this section, we will make a brief description of
the most relevant approaches for requirement analysis
in data warehouses, We want to point out that, most of
approaches have a main drawback: they are not part of
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a global methodology in which we ¢an directly obiain,
from the requirements, the corresponding conceptual
multidimensional schema that provides adequate
information to (U business gouls,

Bohnlein & al. [2] derive a data warchoose from
business process models. They point oul that it is
relevant 20 focus on gonls and strategies of the
company lor #n elficient decision muking, since this
information cannol be only extmcted by analyzing
vperational dnta sourves. Therefore, it is eru 10
situnte the data warchouse within a business context
and anafyze this comext. Muwsver, as Winter and
Stauch [17.18] point oul, only a detailed business
pracess onalysis is nol feasible because decision
processes consist ol tasks which are often unigue und
unstructured, and decision makers ofien refuse o
disclose their process in detail, Thus, they prosent o
methodology bascd on  determining  infermation
requirements which datn warehouse users need in
decision  processes, and  matching  information
requirements  with  actal  information  supply
{operational sources), beeause these seem 1o be more
siable, more  conervie,  und  beteer  aveessible.
Nevertheless, they do not use any nolution to represent
business goals and understand the business eontext in
which the dats warehouse works.

Schieter et al  {12] present s mothed,
easyREMOTEDWIE {uasy Requirements Maodeling
Technique lor Dala Warehouses), which considers dma
warehouse requirements rom  dillerent stakeholders
perspectives, according to several levels of abstraction.
They include an iiteresting business point of view 1o
represent business ehjectives and feeds.
Unlortunately, they do nol prosent u notaton o
guidelines to properly specity requircments.

Prakash et al. [11] also propose u Teguirenent
elicilation process lor datn warshouses grouping
requirements in several levels of absisaction, Their
process consists of identitying information thal support
decision making viz " information  seenmivs. The
process starts with the determination of the goals of an
arganization. Secondly, the decision making needs ars
specificd, and finally, the information needed 0 cover
these decisions is identified. In this process, they use a
Goal-Dceision-tnformation (GDI dingram. Althowgh
they show how to oblain the GDI diagram ang the
inlormation  seenarios, the  relationships  botween
information scenarios and requirements are g
properly specified. Muoreaver, they only represent
interaction between decision mukers and the data
warelsouse, and how 10 ohtain erpanization needs are
nol considered. Finally. they Iack in using guidelines 1
specify data warehouse requirements. '




{information needed by user is provided by the data
warehouse).

Although  SD madels  describe  business
environments and dependencies between the users and
the dala warehouse, only external relationships among
actors are showed. However, intentional constructs
within each actor slay hidden [20]. On the other hand,
the SR model provides a more detailed level of
modeling internad intentional relationships of each
actor, Intentional elements (goals, tasks, resources and
soflgoals) and their relationships (means-end and jask-
decomposition) are represenied,  Reparding  data
warehouses, we are interested in represent goals, lasks
and resvurces as intenlional elements. Following, we
explain how to build the SD and the SR models for
data warchouses.

3.3.2. Building the Strategic Dependency Mode!

Several guidelines o build the S model for data
warshouszs are given, These puidelings are based on
representing actors and dependencics between them.

Guideline 1. Discover business aciors. These actors
are decision makers (e.g. managers, lop executives...).
The data warehouse under construction is also
considered as an actor, We have 1o represent thess
acters in a 8D model.

Guideline 2. Determine strategic goals of organization
from decision makers. These gorls must be represented
by means of goal dependencies between every aclor
und the dala warchouse.

Guideling 3. [nformation required by decision makers
i5 represented a9 a resource dependency belween each
actor and the data warehouse, since this information is
provided by Lhe data warehouse.

3.3.3. Building the Strategic Ratienale Model

Cuidelines to build SR medel for data warelhouses
are piven, These guidelines arc based on representing
internal intentional clements and relationships. IHere,
we also speeily dependencizs between actors with a
more Jevel of detail.

Guideline 4. For each actor wha is a decistion maker,
intentional elements wre obtained {in this case, poals
and tasks). Several guidelines are given for abtaining
and representing them.

Guidcline 4.1, Refine maln strategic goals (obtained in
guideline 2), (ollowing a wp-down strategy in order Lo
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obuain possible strategic subgoals. We have Lo keep on
refining until oblaining decision goals. Stralegic and
decision goals are represented as goals. Relationships
between them are represented as means-end links,
since these links ace used to describe how goals are
achieved,

Guideline 4.2. Refine decision goals (oblaining
subgoals) until obtaining information goals (tap-down
strategy). Each of these goals fs represented g5 a goal,
Relationships between them are represented as means-
end links.

Guldeline 4.3, Each information geal previously
obtained is related to the analysis of some measure
used to achieve that goal. This analysis describes an
information requirement and il is represented as a lask,
Decision makers carry out this task in order to obtain
information from the data warchouse to achjeve
required information goals,

Guidellne 5. For the data warehouse actor, every task
and resovrce (and their relationships) needed in order
1o provide adequate information (according lo the
previous guideline) is represented.

Guideline 5.I. For each resource dependency
according to guidefine 3, providing the adequate
information is the objective for data warehause actor.
Then a goal is required 1o provide such information.

Guideline 5.2. Measures according to guideline 4.3,
must be represented. These measures are represented
as resources, However, if they are derived measures,
then they are presented as tasks In order to caloulate
them. Both, resources and tasks, are linked 10 main
goal with a means-end relationship. Mezasures needed
to calcuiate derived altributes are representzd as
resources (linked by means of a decomposition link to
its corresponding task).

Guldeline 5.3, Analysis of each measure must be
provided within a context, This is represented ag tasks.
Every task is related to main goal with a means-ends
relationship. Within context of analysis, there are
several leveis of aggregation 10 analyze measures.
These levels of aggregalion are tepresenied as
resources. These resources are linked o every task that
tepresents the context of analysis by means of a
decomposition link.

3.4. From i* Model to Multidimensional Model

We must be sure that ench of the tasks and
regources reflected in the 3D model for data warchouse
actor must be addressed by a multidimensional model.
‘T'his model must be useful to {ulfill business goals.

[n this paper we [loltow our UML prolile for the
congepteal desipn of <data warchouses following the
multidimensional  paradigm  [7,8,15, TFhe most
important feature of this paradigm is dividing data into
facts (composed of measures) and dimensions; to
provide dala on b suitable fevel of granularity,
hierarchies are defined on the dimensions. This profile
is defined by a set of stereotypes and tagged values tov
clegantly represent  these  main - multidimensional
propetties at the conceplual level using a UML class
diagram (see table 1). Due to lack of space we refer
reader to [7,8,15] for a further explanation,

Tabie 1. Main stereoiﬁea of tha UML Emﬂle.

Represent facts
Fact class isting of
measures
Represent dimensions
Dimension consisling of z Y

class dimension attributes
and hierarchy levels

Represent dinension

Bi I .
ase class hierarchy levels

Guideline 8, Luvels of apgrogation (i.c. buse classes)
are also specified Trom resources which represeat the
coniext ol analysis, We want to point oul that these
base classes have nol any altribute. due t the Fact that
these attributes stay in she operational sources. I this
paper, modeling  operational  sources s pol sl
considered, so entiching levels of hierchies with
attributes [rom operational sources will be considered
in a luture rescarch. §lowever, his model can be used
as a protetype in vrder o know if’ business poals vim
e achieved by information regquirements.

4. Case Study

The aim ol this section is Lo exemplily the usage ol
our requirement analysis approach. We have selected a
case study presented in Chapters 2 and 3 of Kimball's
book 16] 1o show how we can oblain requircments
within a business context.

Kimball’s retail case stwdy presents o ‘hriel’
deseription of the retail business which embraces both
retail sales end inventory. This retail business is
composed of several grocery stores spread over several
regions. In each store several progducts are sold. At the
grocery slors, managemenl i3 concerned with the
logistics of ordering, slocking, and selling producis
while maximizing profil. The prolit ulimately comes,
umong other things. allracting as many cuslomers as
possible in o highly competitive pricing cnvironment.
Thus, seme of (e most signilicant management

Following, we describe  several puidelines 10
specify a multidimensional class diagram by using our
UML profilc ]7.8,15] for the mulidimensional

deling a1 the | level. This conveptual
multidimensional schema s defined (rom i* models by
identifying fact and dimension classes with their
commesponding  base  classes  (l.e.  classification
hierarchies) from the SD model, ldentifying attributes
within fact and dimension classes should be completed
{rom operational sources.

The following guidefines are used 10 define a
multidimensienal class diagram from a 8D modei:

Guideline 6, Creale a fuct class {or each main goal in
the data warechouse actor. For each resource
representing a measure we creaie an atiribuie, For gach
task representing a derived measure we creale n
derived attribute.

Guideline 7. Resources that represent the cantext al’
analysis become dimension classes.
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Jecisions have w do with priciog and promotions used
to increase (he number vl customer, sinee they include
temporary price reductions in a grocery store. (e of
the most impaortant tasks ol managers is to determing
whether a promotion is clicetive or not, Therefore,
retail sales business process deals with analyzing what
quantity of products are selling I which swves on
what days under what premotional condilions,

In this case study, Kimball deals with several kinds
of inventory models ol a store. We are interested in the
inventory smapshal example, where the invenlory
levels are measured every day and ave placed
separate secords in Lhe dotabase. Main management
vbjective is muking decisions to eplimize inventory
levels in order to decrcuse inventory costs. These
deeisions are refated 1o make sure the right praduet s
in the right store al the right lime 10 minimize put-ol-
stocks (where the products is nol available on the shell
10 be suld) and reduce overall inventory carrving casls.
Se, the inventory mancgemenl needs the ahility o
analyze daily guantity-on-hand inventory levels by
product and store. [nventery manager is also coneerned
with measere the velocity of fnventory movemen




Guideline 7. Dimension closses are clicited from
resources which represent the contexs of analysis, In
this case, we have 1o create the following dimension
classes linked to “salas” facl class: “store”, “dale”,
“product”, and “promotion”, We have also have to link
“store®, ‘date”, and “product” Lo “inveniory” fact
class.

Guideline 8. Specify levels of apgregation by means
of resources which represent the context of anaiysis,
Levels of agprepation are defined with base classes.
They are a7l represenied in figurs 7,

i (8 Rueanour
Vi wonin '
! : (B7
cowrr (BT By prit
AT Tran

Figure 7. Multidimensional class diagram
created from the i* models,

Onge we have the multidimensiona? schema, if we
g0 back t the first main mformation requirement
above-describe: “analyzing what quantity of products
arc selling in which slores on what days under what
promotional conditions”, we can easfly see thal this
requirement can be amswered by navigating the
obtained mulidimensional schema of figure 7. In
conerele, the measure specified in he fact class comes
lrom the resource “quantity sold”, and the dimension
classes and base classes come from resources
“product”, “date”, “promotion”, and “store” (see figure
6). For an overview of what multidimensional
tlements are created to fulfill cach goal, sce table 2,

5. Conclusion and Future Work
In this paper, we have presented a requircment
analysis  approach  for tndersianding  the data

warehouse within its business context. Business goals
of organizations must be understood by designers to
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develop n data warehouse which properly support
expected decision meking and alfow organizations to
derive business value, In vrder to undersiand business
envirenment, we represent actors and business goals
which arc pretended 10 be tullilled with information
provided by a dala warehouse using i* technique, Fisst
of all, these actors, husiness goals, information and
their relationships are madeled in a SD model,
Secondly, we have siructured data warehouse poals
into strategic, decision and information goals. We have
built a SR. mode! to show these goals for cach actor. In
this SR madel, we also represent tasks and resources
that aclors need lo fulfil) goals, so we property
represent the information requirements needed 10
achieve all goals, Finally, we have shown how 1¢ build
a multidimensional schema from these i* models by
{ollowing our own approach lor the congeptual design
of data warehouses with UML.. This multidimensional
schema provides required information for felfilling
business goals. Moreover, we have also provided,
based on our expericnee in designing real world data
warehauses, 8 sel of guidelines to correctly specify i*
models, therehy avoiding an arbitrary use of them,

Immediate  planned  fulure  work  involves
formalizing oad crganizing proposed guidelines into a
process model, I is also planned to add quality
measures to these i* models to provide more objective
indicators of quality. Then, these measures must be
both formally and empirically validated. On the other
hand, a future inleresting experiment is focused on
analyzing the undersrandabifity of these diagrams with
stakeholders in real world data warehouse projects
(like in (13]). This experiment will aliow vs to validate
our approach. Furthermore, we plan to add soRgoals in
order to gather gecurity and quality constraints [9],
Furthermore, we alse consider adding the specification
of operational data soutces Lo Lhis approach ({by adding
them as actors in SK and SD models). This allows, us
to enrich levels of hierarchies (ic. base classes) with
altributes. Further Fulure works refer to provide an
overall methodology for data warehouse design
starting (rom the requirement analysis phase,
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