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Abstract. In the recent past, there has been an increasing
interest in multidimensiona databases (MDB) and On-line
Anayticd Processng (OLAP) scenarios. Severa
multidimensional models have been proposed in the last
days. However, very few works have been focused on the
area of multidimensional database nceptual modeling.
Moreover, they are dther conceptual extensions to the
classcd multidimensional model or trandations from
clasgcd database anceptua models (such as the Entity-
Relationship model). Nevertheless we take the wncepts
and baesic idess of the dasdcal multidimensional model
(dimensions and fads) to propase arevolutionary approach
based on the Objed Oriented (OO) Paradigm to MDB
conceptual modeling. Then, the basic dements of our
Objeda Oriented Multidimensional Model (OOMD) such as
dimension classes and fact classes are introduced. We then
present cube classes as the basic structure to alow a
subsequent analysis of the data stored in the system. We
fairly believe that the utilization of the OO Paradigm will
provide us a general conceptual model to MDB conceptual
modeling in a more flexible, natural and simple way than
the models proposed urtil now.

1 Introduction

Companies can adopt strategic dedsions that may suppose
a mmpetitive alvantage with resped to their competitors.
In this context, the concept of Data Warehouses (DW)
emerges in the decale of the ninety ([11], [12]) as an
integrated data wlledion of the company oriented to
dedsion making. The success of these DW is not only
demonstrated by the amount of commercial products that
have been emerging lately ([2], [18], [19]), but also in the
proliferation of reseach projedsand topics ([14], [21], [10]
and [20]). A more detailed on-line bibliography focused on
DW and OLAP technology can befound in[17].

However, the analyss of this historicd data (DW) is carried
out through ser fina tods that are based on OLAP
technologies [6]. The storage structures (derived from the
DW) used by these techniques are known with the name of
hipercubes or multidimensional fact tables. These structures
are suitable for this purpose since they represent in an
intuitive way the fadual dataaccordingto the daraderistics

(dimensions) that are considered relevant to the analysis. We
will i ntroduce a smple example to handle these concepts in
the following sedion.

Traditional database systems are inappropriate for
multidimensional analysis snce they are optimized for On-
line Transadional Processng (OLTP) in which an enormous
number of concurrent transadions containing rormally few
records are involved. Nevertheless OLAP techniques execute
few complex queries involving a huge number of records.
Current technology provides both OLAP servers and user
final todsfor the development of MDB. With referenceto the
OLAP serverswe can find either relational systems (ROLAP)
or multidimensional systems (MOLAP). A ROLAP system is
an extended relational system that maps operations on the
multidimensional data to standard relational operations
(SQL). On the other hand, the MOLAP systems dore and
manipulate data diredly in speda structures cadled
multidimensiona arrays.

Modeling Multidimensional Databases (related work)

In both systems, MDB are modeled depending strictly on the
corresponding implementation (ROLAP or MOLAP
systems). Some problems emerge from this form of
proceeding. Firdtly, it does nat exist a genera conceptua
model (independent of subseguent implementation detail s) to
MDB conceptua modding and vaid for a subsequent
implementation in any system. Secondly, the requirements
posed for a subsequent data analysis need take into
consideration tedious detail s of the data physicd organization
more than of its logicd aspects (as aso argued in [4]). We
consider that these and other subsequent problems will be
solved with the proposal of a genera conceptual model
independent of any subsequent implementation details.
Furthermore, we fairly believe that the goplication of the OO
Paradigm will provide us agenera conceptual model with the
total independence from physicd aspeds (as previousy
commented) to MDB conceptual modeling in a more natural
and smple manner than the models proposed urtil now.

The traditional model used for MDB modeling is the known
“sdar mode” ([2], [11] and [12]) and its variants
(“snowflake”, “fad congellation” and so on), mainly if a
subsequent  implementation is carried out in a ROLAP
system. This model consists of two kinds of relationa tables,
dimensional tables and fact tables. The previous ones contain
charaderigtics of the factual data and the latter ones contain
the fadual data itself (whose values are represented in some
attributes cdled measures or fact attributes). Data contained



in dimensiona tables present different levels of granularity in
most cases, which is not taken into accourt in the model due
to the fact that it only considers relationa tables. We believe
that this model is not suitable for MDB conceptual modeling
in the sense that it refers to relational tables while the MDB
modeling is being accomplished. However, our OOMD
approach defines abstrad objects without any reference to
tables or their subsequent implementation. Furthermore, we
define the aube & other collection of abstract objeds on
which a group o operations (defined/permitted on it) are
caried out to adlow a subsequent analysis of the data
contained in it. Moreover, aspecial relation is gpplied to these
objeds to express the granularity of data in the conceptual
model.

To our best knowledge, only three works focused on the
conceptua design of MDB have been presented urtil now. In
[7], the conceptual design is outlined from the schemes
provided by the ER model of the company OLTP systems.
Nevertheless the nature of DW makes necessary, in most
cases, to include datathat is not in the original OLTP systems
and therefore, it does not exist in the ER schemes. Moreover,
in this approad, facts and dimensions are defined from the
entiti es and relations of these schemes; i.e. only datais taken
into account. However, our approach provides a higher level
of abstradion since not only are the data static properties
(dataitself) considered, but also the dynamic ones (operations
to be gplied on data). Furthermore, we can find several
references such as [13] that consder the ER model
inappropriate for DW conceptual modeling.

Another proposal ([4]) extends a multidimensional model
(MD) proposed in [3] in which a declaratory query language
and the research of its expressvenesswere mainly introduced.
This extension of the MD defines a schema of MDB as a
schema of fad tables to provide a general design
methoddogy for MDB. This MD considers al the necessary
concepts for the conceptual design of MDB. However, we
consider that not only does it use the concept of tables in the
conceptual design phase, but it is aso closed to the dasscal
relational model (with the norma extensions to alow the
definition and subsequent multidimensiona data aayss).
We fairly believe in a more revolutionary proposa and a
higher level of abstradion in the design phase. According to
this, our OODM considers abstrad objeds and we do not take
any assumption neither about the logical model to be used nor
fad tables. Moreover, this higher level of abstraction will
alow us to define a cube class in which both static and
dynamic properties will be taken into account. As a
conseguence, we will achieve amore redtrictive way on a
subsequent data analysis phase.

In [15] we find the first OO approximation for the design of
MDB in the proposed Nested Multidimensional Data Model,
which is a @nceptual extenson to the classca
multi dimensional model to allow us to modd complex OLAP
scenarios. It introduces the concept of multidimensiona
objed to define the multidimensiona cube in which a group
of operations are defined on it to permit a subsequent data
analysis. This cube mnsists of dimensional and classification
atributes (for a previous classficaion of the dimensional
attributes) to express data feaures. Our approach only
considers dimension attributes on which an attribute roll-up
relation (ARR) is defined. We consider that this relation can

provide us a higher flexibility in the design phase in the sense
that new ARR's may be defined at any time without being
necessry to change the eisting ARR's. Nevertheless the
main contribution of [15] is to demonstrate that cube
gtructures are nested and therefore, their analysis can be
smplified. However, our OOMD introduces for first time in
this field the @ncept of classes to encapsulate data and
operations to apply on it, which provide us a higher level of
abstradion.

Multidimensional cubes can be seen as different classic
views of databases that users can have. According to [15],
we onsider that the definition of an abstrad entity (abstrad
objeds) to encgpsulate data that the cube contains as well
as the operations permitted on it in the design phase will
achieve acleaer design of MDB, higher design flexibili ty
and a better restriction during the data analysis phase.

On the other hand, several multidimensional models (formal
logicd models) have been proposed. However, they are
mainly guided to the study of OLAP query languages. A
common feaure to al of them is that they are guided to a
spedfic implementation and therefore, they are less sitable
to the conceptual design of MDB. In the rest of this sction,
we will make referenceto threemulti dimensional models that
we @nsider the most relevant ones presented urtil now.

In [1], a modd based on the notion of the multi dimensional
cube (whose first definition was introduced in [8]) and an
algebraic query language to allow analysis operations on this
cube are proposed. However, there are aspects that we
consider relevant in the design of MDB as the dimension
attribute dasdficaion herarchy that are considered using a
spedal operator in the query languege. However, in our
proposal, this relevant element is considered from the first
step in the conceptual design poviding the ARR on the
dimension attributes. Furthermore, the model proposed in [1]
is based on the idea of a subsequent mapping to the traditional
model adopting the presumption of a subsequent
implementation in arelationa system.

In [9], alogical model for MDB in which the cntents are
clealy separate of the structural aspeds is proposed. As
above-commented, we find basic dements in the design of
MDB as the aygregation levels of dimensions that are not
explicitly considered. Furthermore, this model is focused on
the development of a query language based on the structures
previousy defined. Finaly, we should say that the best
successof this modd is its complex mapping to the relational
model. On the other hand, in [16] a multidimensional model
(MDD) for OLAP tedhniques is proposed. In this moddl, a
guery language cdled "grouping agebra’ based on a basic
component cdled multidimensional cubeis developed.

In conclusion, no general conceptual model with a high level
of abdradion and independent of any subsequent
implementation, and consequently, suitable for the cnceptual
design of MDB has been proposed until now. However, the
current proposals are mnceptua extensions to the dasscd
multi dimensional model, trandations from clasgcd database
conceptual models such as the E-R model or mappings to the
relational model.



Paper layout. In next section, we introduce a simple example,
which will be used throughout the paper, to handle dl the
concepts and basic ideas of the classica multidimensiona
model. In the third section we present the basic definitions of
our proposa, i.e. the notion of fact classes and dimension
classes with an adequate domain definition. In the fourth
section we introduce the concept of cube class as an abstract
entity on which data (objects) and operations permitted on it
(them) are encapsulate to alow a subsequent data analysis.
Finaly, in the fifth section we present the conclusions and
future works that emerge from this first approach.
2 The classical multidimensional model
throughout an example

We wish to design a MDB for a company whose commercia
activity is devoted to the vehicle sales to different stores. We
wish to know details on the vehicle sales, concretely we wish
to analyze the sold units and which is the sales value.
Furthermore, we wish to know features of the store, vehicle
and date of the sales. Concretely, we wish to know of the
store its name, country, area, city and street where it is
located, of the vehicle its group, family and brand and of the
dateitsyear, semester, month, date and day of the week.

In figure 1 a multidimensional cube is presented to show the
general idea of the multidimensional data model. In each cell
of the cube, we will be able to store the concrete data of the
sales that are studied, i.e. the sold units and their values. This
particular data receives the name of fact attributes or
characteristics (or measures). On the other hand, it can be
observed that the cube has three sides (dimensions), one for
each feature that we wish to analyze, i.e. vehicle, store and
date. Finally, each dimenson consists of a number of
atributes (features) called dimension attributes that describe
each dimension in more detail (described in the previous

paragraph).

A last relevant feature of these cubes is the classification
hierarchy that is defined on the attributes adong each
dimension, which permits the values of these attributes to be
assembled (classified or aggregated). The oriented arrows in
figure 1 show the attribute classification hierarchy that has
been defined dong each dimension. This will alow us to
aggregate attribute values (roll-up operation) or to analyze
them in a larger detail level (drill-down). In our particular
example, we suppose that al the stores in our database are
located in Spain (Spain is divided into four areas, North,
South, East and West). Furthermore, we have currently
located sales in the cities of Alicante, Vaencia and Sevilla
By analyzing the sales with respect to the cities, we can
accomplish aroll-up operation aong the store dimension and
from the city attribute to the area one. Thus, we will obtain
the result that we have obtained sdes in the East area
(Alicante and Vaencia belong to the East area) and in the
South one (Sevilla belongs to the South area). This
classfication hierarchy could aso be written as
city>area>country. The reverse operation will be to
crumble those areas to obtain the concrete cities where we
have sold vehicles. Then, we will accomplish a drill-down
operation aong the store dimension and from the area
atribute to the city one. Thus, we will obtain the result that
the cities in the East area where we have sold vehicles are
Alicante and Vaencia

country
Store  aea
city
Vehicle
brand
family
group
>
day, month, semester, year
Date
Figure 1.

In addition to the operations roll-up and drill-down,
acording to [5] we @n dlice/dice (selection and projedion
along one or more dimensions) and pivoting (re-orienting
the multidimensional view of data). Other authors such as
[1] increase the number of operations to apply on the aube
(for example, they propcse operations to add and delete a
dimension on a cube).

3 Dimension class and fact class

In the red life there ae objeds that have @mmon
charaderistics. Following an OO Paradigm we will group
objedsin classes. These dasses will encapsulate both static
and dynamic properties of these objeds. For example, with
reference to stores, their static properties are that al of
them are locaed in a city and that a city belongs to a
concrete area and subsequently the store is placel in a
spedfic country (attributes and their attribute dasdfication
hierarchy). Dynamic properties are the operations that can
be acomplished on objeds to change their charaderistics
(for example to change the store locaion). However, we
know that in a mntext of MDB objeds (data) are static in
the sense that once they exist in our system they will not
modify their charaderistics (static properties) urtil they are
caried to an auxili ary store. Therefore, the two first adions
to apply on these objeds will beto creae and destroy them.

Foll owing the nomenclature of the multi dimensional model
and applying the OO paradigm, we will firstly distinguish
among dimension classes (DC) and fact classes (FC). DC
will contain dimension objects (DO) that provide
charaderistics of the fadual data, while FC will contain
fact objects (FO). The latter classes will be built from DC.
We will firstly introduce the necessary definitions to alow
us to define DC and FC (basic dements in our OOMD
model).

Definition 1 Let attributes (A) be an n-tuple (&, &,..., &)
where eab element (a) is afeaure that have the objeds of
a spedfic dass, i.e. this tuple dharaderizes the objeds of a
class

Definition 2 Let v; be the set of values or instances that can
be taken by an attribute a; 0 A following the definition of
Data Abstrad Type (DAT) of &

Note that we will firstly take into aceunt basic DAT's
such as dring, red, float, integer and so on with their
possble operations.



Definition 3 Let oy O A an attribute and vi be the set of
possble values (instances) to be taken by a;, we define the
domain functionas dom:a - v, where for a given attribute
a;, it will return asubset of values (v;' O v;) for g

Definition 4 Let A be aset of attributes being hold by the
objeds (elements) of a particular class, we say that the key
attribute (KA) is an attribute g; O A that defines univocdly
every objed of that particular class

Definition 5 Let A be aset of attributes being hold by a set
of dimension oljeds (DO), we define dimension atributes
(DA) as an-tuple (&, a,..., &, that charaderizes these DO,
where the KA of these DO isnat included in thistuple.

Definition 6 Let A’ O A be asubset of attributes, we define
an attribute roll-up relation (ARR) as an ntuple (&, &,...,
a,) where a partial order relation is defined, such that
a,58,<...<a, and that given two attributes a;,a; such that g <
a;, there is not any a, such that aisakseaé

Note that this relation can be gplied to any subset of A
(A’), even though the KA iswithin A’.

We can observe that this relation to allow us to define the
attribute dassificaion herarchy, i.e. a;2a,2...2a, (a1
rollsupto a,, a, rolls up to a; and so on, as commented in
the second sedion)

Definition 7 Let ARR be an attribute roll-up relation, we
define theroll-up damain functionas domroll-up:v;,a; - v,
to oktain the dtribute values acwrding to the dassification
hierarchy.

Conversely, we define the drill -down damain function as

domdrill -down:v;,a - v,

Definition 8 Let any kind of objed be, E is the set of
events (operations) to apply on these objeds. These
operations are “new” and “ delete” to crede and destroy
any objed respedively.

Definition 9 We define adimension class (DC) as a tuple
(A, ARR, E), where

« A=KA[ODA

* ARRis aposgble attribute roll-up relation defined
onA’, where A’ O A

« E isthe set of events allowed on the dass objeds,
i.e.“new” and“ delete”

Example We @ply these definitions to the example
presented in sedion 2. According to this, we will have three
dimension classes, the vehicle dimension class store
dimension class and date dimension class We now apply
the previous definitions to only one dimension class (the
store dasg. The reader can easily apply the definitions to
the rest of the dimension classes.

We will have astore dimension classas the tuple (A, ARR,
E) where,

e A=KA ODA, where,
¢ KA isthe store_code,
« DA=(store_name, courtry, area, City,
stred),

* ARR=(store_name, city, area, country)
¢ E=(new, delete)

We will then show some examples of how the domroll-up
and domdrill-down functions will operate to oltain
aggregated data, taking into acount the different values
that currently exist in the system (see the example in
sedion 2).

domroll-up: alicante area - East

domroll—up: sevilla,area - Soutf
domroll-up: Eastcountry - Spain

domroll —up: South,country - Spain
domdrill —down: Spainarea — East Soutt
domdrill —down: East city — alicantevalencie
domdrill - down: Southcity - sevilla

Note that these functions together with the definition of
ARR’s are necessary to expressthe granularity of data. The
following step is to huild the fact class (FC), which will
contain fact objeds (FO), from dimension classes. Before
the fact class definition we define the @ncept of fact
attributes or measures as foll ows:

Definition 10 Let A be aset of attributes and FO be aset of
fad objeds, we define measure or fact attributes (FA) as a
n-tuple (ay, &,..., &, that charaderize these FO, where the
KA of these FO is not included in this tuple. These ae the
emerging charaderistics that provide spedfic information
(fadual information)

Definition 11 Let DC;, DC,,...DC,, be n dimension classes,
a fact class(FC) from these n dimension classes is a tuple
(A, ARR, E), where

e A=KA OFA, where,
« KA isthekeyattribute for FO
* FA isthe set of fact attributes or measures

e ARR is a posshle attribute roll-up relation
defined on asubset of FA (FA’OFA).

¢ E isthe set of events alowed on FO, i.e. “ new’
and “ delete”

Example Following the same example, we will obtain the
sales fact classfrom the vehicle, store and date dimension
classesasthetuple (A, ARR, E) where:

e A=KA 0O FA, where,
« KA=sales code
¢ FA=(sales_number, value),

° ARR:()1
If ARR is an empty relation we will not apply the
functions domroll-up and domdrill-down on fact
classattributes (FA).

¢ E=(new, delete)

4  Cubeclasses
Once we have defined the different objed classes that we

will have in our system, we procee to the definition of the
cube dasses (CC) to permit a subsequent data analysis. The



CC can be mnsidered as the dassicd cube and the objeds
belonging to the CC as the data mntained in the cube on
which the analysis operations will be gplied.

Concerning the CC, their definitions are dways based on a
fact class and therefore, they will contain data from
dimension classes. This means that we nead n-dimension
clases and one fact class to huild this basic CC. With
reference to the operations permitted on the objeds of the
CC our approach is twofold. On the one hand, we have the
operations that can creae or destroy an objed of the dass
("new'/"delete"). On the other hand, those that permit
different analysis on the data contained in the CC.

Definition 12 Let DC,, DC,,...DC, be n dimension classes
and FC be afact classhbuilt from these n dimension classes,
we define acube dass(CC) as atuple (DC,FC,A,C,E,CE),
where

* DC isthe set of dimension classs that have been
used for constructing the fact class
* FCisthefact classfrom which the cube dasshas
been built
« A =KA O CFA O CDA where,
¢ KA isthe set of keyattributes of the FC.
¢ CFA isasubset of FA fromthe FC
e CDA isasubset of the DA from DCi

Note. By defining both dimension atributes and fact
attributes while constructing the CC, we use the
following format: class name.attribute_name to
adlow us to know which objed classes every
attribute belongs to.

e Cis a ondition n-tuple (a=vi, &=V,,..., 8;=Vy)
where g; are dimension attributes and v; the set of
values that must fulfill each attribute g to seled
the objeds that will integrate this CC.

Note. If g=g with v # v; both kinds of different
objeds will be seleded.

» Eisthe set of operations alowed on the objeds of
the CC, i.e. “new” and “ delete”.

e CE isthe set of events (operations) permitted on
the aube dass, i.e. operations that are gplied to
the set of al the cube objeds contained in the
class These operations acording to [1] and [5]
will alow the subsequent analysis of the data
contained in the cube adieving an intuitive
navigation on the abe dass.

Example Following the dass definition provided in the
previous wdion, we will show an example of a CC
construction. We wish to analyze the sold vehicle number
where the group of vehicle is “four wheds’ and the
store_country is“ Spain” grouped by the vehicle family and
brand and by the store area and name. According to this
spedficaion, we will construct the following cube dass

A CC on the sales fact classwill be the tuple (DC, FC, A,
C, E, CE), where

« DC = store dimension class vehicle dimension
class

*» FC = salesfact class

« A =KA 0O CFA O CDA where,
e KA =sales code

e CFA=(sales.number)

« CDA=(vehicle.group, vehicle.family,
vehicle.brand store.country, store.area,
store.name)

e C=(vehicle.group="four
store.courtry="Spain")
¢ E=(new, delete).
e CE will be the operations commented in the
previous definition

whed vehicles',

In Table 1., we show in a more intuitive way (the dasscd
multidimensional view of data) the result of the previous
example CC construction. The oondition C is printed in
bold letters, whereass the result of C (obeds
contained/seleded in this CC) is printed in normal font. On
the other hand, the atributes shown in this figure ae CFA
and CDA, i.e. the KA’s are not shown. Finaly, the name of
this cube dass(sales) isprinted in cursive.

Sdes Vehicle.group="4 whed vehicles’
trucks Cars
Man |BMW | OPEL | Renault
exst |Sala |10 20 23 52
Store. Cout[20 [30 25 74
COUU”Y: south | Vals |10 15 30 24
Spain Court [41 |21 18 27
Table 1.

5 Conclusions and future work

We have presented a first revolutionary OO approach to
MDB conceptual modeling. We have firstly defined the two
basic dements of our OOMD, i.e. dimension classes and
fact clases. We have then defined the cube dass (from
dimension and fact classes) to encgpsulate both data and
operations alowed on it, which will alow us to accomplish
a subseguent data analysis. From our point of view, the star
model only considers relational tables and therefore, basic
elements of MDB’s auch as the dassificaion hierarchy on
attributes along dimensions cannot be expressed. Our
approadh, however, provides mechanisms (ARR and
domain functions) to achieve thisissue.

This revolutionary approach provides a higher level of
abstradion (encgpsulates both data and operations in one
structure) than the models proposed until now as well as a
more restrictive way to a subsequent analysis of the data
contained in the cube. Unlike other models which are ather
extensions to the dasscd multidimensional model or
mappings from the dassicd database @nceptual models
(such as the ER model), our OOMD is an independent and
revolutionary approach sinceit does take into consideration
neither any of these asumptions nor any subsequent
implementation.

We ae aurrently extending the cube dassset of operations
to dlow us to acomplish a subsequent data analysis as
well as being able to construct a cube dasshierarchy, i.e.
being able to build a abe from others. We ae dso
extending the cube dassdefinition to alow usto define the
cube dassfrom n fact classs instead of only one. On the



other hand, we wish to provide arich conceptual model and
its graphical user interfaceto fadlit ate the definition of our
OOMD dtructures (to make the model more intuitive) as
well asto provide an easy set of point-and-click operations
to acomplish a subsequent data analysis. By finishing
these and ather extensions that are aurrently being caried
out, we wish to extend this conceptual model to a formal
logicd model. In conclusion, we fairly believe that this first
OOMD approach is a solid basis for solving the MDB
conceptual modeling problems derived from the ladk of a
forma and independent general conceptual model. Our
attempt is to provide a more intuitive axd complete
conceptual model than the “star model” providing the
necessary mechanisms to consider all relevant aspeds of
MDB’s.
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