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Data warehouse design based on UML language

Andrzej Barczak, Michat Wolski

Summary. Modern management in organizations of the 21stucgrare efficient and dynamic
decisions based on collected and well analyzed @htre are growing needs with regard of data
analysis related to multiplanar work in corporasidierce formation of new data warehouses
whose construction becomes more and more complekid paper we present one of the design
methodologies applying to the design of data warsbs. Transformations were particularly
emphasized that enable the application of UML mdelvolving Common Warehouse
Metamodel.
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1 Introduction

Almost worldwide works are underway to optimize afatilitate data
warehouse design. Contemporary times require nbt effective, but also very
quick, reliable solutions that are easy in operatf8]. In addition, continuous
changes in the organization and its environmentefaontinuous changes in the
structure of warehouses. Additionally, greated grahter needs with regard of data
analysis force formation of new data warehousesseltumnstruction becomes more
and more complex. It seems that key for the sucokdata warehouse design and
construction projects as well as data warehousexgghananagement is to use
a design approach so far used commonly in softeagineering. The application of
a verified methodology supporting software manuféng as well as visual
modeling techniques together with Common Warehdliseamodel (CWM) may be
very helpful in the process of manufacturing a detarehouse. One of such
methodologies commonly used in software engineesrigational Unified Process
(RUP) that is almost wholly connected with Unifidtbdeling Language (UML)
modeling language [4] CWM component.

2 UML language and its extensions
UML language is defined in a four layer architeetuffour levels of

abstraction) [6]. Different layers define elememistions and relationships between
the notions. Subsequent layers are more genergirasent as follows:
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* meta-metamodel layer (level M3) — most abstraatltev

« metamodel layer (level M2);

« model layer (level M1);

e user layer (level MO0).

UML language can be extended using stereotypesnmeuse extensions,
pack extensions by means of profiles as well agrdefeatures of model elements.

A stereotype defines type of the modeling elemendML. First, one should
define type of the modeling element by means déeestype, later one may use the
definition. To create a stereotype definition, slagpresenting a stereotype should
be presented, with dependence on another classseging type of the modeling
element, represented by the stereotype. We usavéey "stereotype” to refer to the
class representing the new type of the modelinmete as well as the relationship
[5]. "Metaclass" keyword defines the class reprasgnthe type of the modeling
element to which the stereotype shall apply. Nafree mew type should be included
within symbols <<>> or double square brackets lefmr over the model element
name.

"Property” is property of the model element. We itse define attributes
and rules of a particular type of the modeling edatnTo record properties we use
a list of comma separated text strings, in squaaekets under the model name or
after it. All properties may be presented in a catap or natural language. Text
string may be constraint or tag.

Tag is attribute of the model element and its valMé create the tag
definition when defining the stereotype. The regugdis the following: attribute
name, comma, attribute type. Tag defined for theemistereotype applies to all
model elements to which the stereotype is used.

Constraint is a rule that may e.g. indicate thednte complete a given
activity prior to the beginning of another oneislpresented as a text string that can
be written in OCL language (Object Constraint Laangg). Other ways of recording
constraints are: pseudocode as well as differeogrpmming languages (among
others c++, c#, java) [2].

A profile includes: definitions of tags and consits, definitions of
stereotypes. These elements are valid in a spectfmain or for a specified
purpose. A profile is presented as a package mavkidd "profile" key word.
Thanks to package structure, the diagram can liktasshow profile content.

3 Data warehouses

One of the first ones and a generally acceptabfinitien of a data
warehouse is the one presented by Bill Inmon in119ccording to it, a data
warehouse is a thematic, integrated, variablenie tiepository of non-volatile data,
designed to support decision-making processes [6].

A data warehouse is a separated central datab#setiog information used
to manage the organization. This database is eltom operational databases,
and its structure and the tools used to build @usth be optimized for analytic
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processing. In a warehouse, data are collectedatigabbtained from time to time
from systems operating on operational data.

Every correctly designed data warehouse shouldiston$ the following
elements [3]:

e tools for extraction, transformation and loading ddita (Extraction,

Transformation, Loading — ETL).

« data storage layer.

* layer serving user inquiries.

« tools offering a user's interface.

ETL is the process of selecting data from the smysource system) then
processing as well as loading of these data toraheaise. An example may be DTS
(Data Transformation Services) used in the MS SQ@v& environment, with
which data from any sources can be integrated [1].

Different kinds of data are stored in data warebeus

* elementary — copies of up-to-date source data esdjfiiom operational
databases and adequately processed,

* materialized aggregates — namely calculated vatdiesalculations, in
various perspectives (e.g. sum of sale valuesme tinits and territorial
distribution) and at various levels of aggregatieng. daily, monthly,
annual sums),

< historical — elementary data and/or aggregateseroimy the past,

* metadata — dictionary information, describing theucture of the data
warehouse and source databases from which datacapgred to the
warehouse and the way of calculating aggregatead dat

Data warehouse life cycle is normally as followg [2

» loading and consolidation — data are periodicalbded from operational
databases. During loading data are merged andastiimdd, this involves
i.e. conversion of data types and formats, traissiabf identifiers,
transformation to another data model,

e aggregation — straightaway at the time of loading soon after,
calculation is made of materialized aggregates,

< transfer to historical data — before new elementata version is loaded,
previous data must be saved as historical. Thep@réowever moved to
a separate archive, but are usually in the sans wlatehouse to ensure
a possibility to make efficient comparisons andetisections,

* removal — is not an operation typical of a wareleous performed rarely
or never. Removal is likely to occur when historidata are so old that
are no longer utilized or when warehouses are stnacted and change
their function.

Data warehouse properties distinguishing it frolreotdatabase solutions:

< multi-dimensional conceptual perspective,

* general multidimensionality,

e unrestricted operations across dimensions,

* unrestricted dimensions and levels of aggregation,
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» client-server architecture,

« operation of simultaneous access of many users,
* dynamic operation of rare matrices,

« availability,

¢ intuitive data handling interface,

» flexibility of generated reports,

e consistent reporting mechanism,

e transparency.

3.1 Logical datawarehouse model

Logical data warehouse model consists of the fatigwelements: fact,
dimension, attribute, measure.

Facts — analyzed variables.

Dimensions — variables permitting grouping of date, analyzed.

Attribute — basic model description unit, may detigre other attributes and
be determined itself. Attributes have a set of ptadgle values, e.g. attribute hour
may have values 11.

Measure — number value assigned to any fact (nummbeieces, value of
sales).

It can be presented in 2 basic diagrams: starlakd 6f snow.

Star scheme uses a table of facts surrounded Igstab dimensions. Table
of facts includes measurable facts connected bynsed keys with tables of
dimensions. Tables of dimensions include descrigtiaf dimensions.
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Fig. 1. Example of a logical data warehouse scheme (peddar the author)
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Flake of snow scheme varies from the star schemhan identifiers of
dimensions of the superior and subordinate level srcorded in tables of
dimensions. This solution facilitates operations seflection of data related to
dimensions as well as permits more precise capfutee attributes hierarchy [6].

Data warehouse architecture can be divided intdalf@wving kinds:

« centralized;

« layered;

» federational.

In the centralized architecture, data analyzethéncompany are stored in one
data warehouse.

The advantages of this solution are:

< simplified access to data as a result of theirdstegized model;

« construction as well as maintenance of such a wearshis much simpler

than that of a dispersed system

« it is the most appropriate form used in instituomhere operations are

centralized.

In the layered architecture, the global data waushois a real, physical
database. Global data warehouse is supplementesuliisequent levels of local,
thematic data warehouses.

Federational architecture contains logically honmegeis data that are
physically stored in other databases located eithene or few computer systems.
Each institution department contains local themateehouses. This enables local
analyzing at various levels of detail [4].

An important role in construction and operatioraafata warehouse is played
by metadata. They are stored in a separated basessato which is granted to all
other warehouse components. Metadata base mayirctmgollowing elements:

« information about data sought by users,

e data glossaries (definitions of databases as welledations between

elements),

< information about data transformation (performedmutransfer),

» stored metadata version numbers,

* names assigned to individual fields in the datapbase

< information about data flow,

» data use statistics (data profile),

e user rights.

3.2 Extension for data warehouses

To enable easy exchange of metadata between tolai$prms and data
warehouse respositories, in heterogenous scatergdonments, CWM (Common
Warehouse Metamodel) has been developed. CWM isdbas the following
standards prepared by OMG [8]:

e UML;
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 MOF (Meta Obiject Facility);
* XML.
MOF standard defines an expandable structure fionidg metadata models.
It also delivers software tools permitting storaged access to meta-data in
a repository.
XML permits exchange of data in the form of stad$ML files.
Key aspects of such architecture are:
» four-layer meta-model architecture used for megdaganipulation in
scattered repositories;
* representation of meta-models and models using Wbthtion;
» use of standard UML models to describe semantiabjsct analysis and
design models;
« application of MOF to define and manipulate metadeis using CORBA
interface (Common Object Request Broker Architez)ur
« use of XML for stream metadata replacement.

4  Datawarehouse design

XML is used for exchange of metadata (based on Ckivda-model) from
the data warehouse. CWM meta-model is describedyMOF model (Meta Object
Facility), which permits use of XML for:

« transformation of CWM meta-model to CWM DTD file;

« transfer of warehouse metadata instance (if memtcthieria of CWM

meta-model) to XML documents based on CWM DTD;

e transformation of CWM meta-model to an XML document

During use of all of the aforementioned guidelines can replace warehouse
metadata by means of XML.

4.1 Meta Object Facility

MOF is used to define metadata as well as to reptébese data as CORBA
objects. It supports these kinds of metadata that lme described using object-
oriented modeling techniques. Metadata can desenifyeaspect of the system as
well as contain other additional information. Th&eo limitation as to the degree
of detail or precision of description.

Model according to MOF is a collection of metadatageting the
requirements for structure and compliance (havbsiract syntax)

Metadata are a kind of information. If we describem by metadata, meta-
metadata will be created (according to MOF terndgy). The model containing
meta-metadata is called meta-model [9].

MOF meta-model defines many kinds of metadata,efbee a four-layer
architecture has been established (which | hawadyr mentioned in chapter "UML
Extensions") as shown in the table below.
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Table 1. Metadata architecture according to OMG [8]

Meta level MOF term Example
M3 meta-metamodel MOF model
M2 metamodel, meta-metadata UML Meta-model, CWM avieidel
M1 model, metadata UML models, CWM metadata
MO object, data data in warehouse, system models

MOF model may be treated as an abstract languagg fos description of
MOF meta-models. Three main elements of metadat@elimy supplied by MOF,
similar to UML elements, but more simplified aré&ass, association and package:

« Class can have attributes and operations on tweldewbject and class

level. Can multi-inherit after other classes.

e Associations permit binary connection of class anses. Every
association has two "ends", which may have diffesgmbols.

« Packages are a collection of associated classeaszodiations. Packages
may be generated by importing other packages oimbgritance after
them. Packages can also be nested.

Subsequent important elements of the MOF modekatsctions and data types:

« Restrictions are used for connecting meaning wigtns. Any language
can be used to record them.

« Data types enable use of types other than objestsaataibutes or
parameters.

Another important component of MOF is IDL Mappinghis is a set of
templates used to replace MOF metamodel into adS&@ORBA IDL interfaces.
IDL mapping is a very comprehensive issue. Inforamatmportant here, due to the
essence of the work, are:

e class in metamodel is shown as IDL interface, wisighports operations,

attributes and references defined in the meta-model

e association is shown as interface, supporting &stsmae inquiries;

e a package becomes an interface storing procedureslésses and
associations.

MOF is an OMG standard used to represent metamo@&i8vi metamodel

has been created on the basis of these standasds.résult, you can use XMl for
exchange of metadata from the warehouse (savetMM)C

4.2 Common War ehouse M etamodel

CWM is used to define metamodel of data warehoushitacture. It also
contains formal principles of modeling data waredeinstances. CWM metamodel
must be saved in MOF (exchange by CORBA or XMI). i@\Wheta-model contains
a package of an object model, based on UML metambdéhis case, UML Meta-
model has been deprived from aspects not conn&dgtbddata warehouses. CWM
meta-model is extension of an object model basedldih. Every meta-class in
CWM inherits after meta-class from the object motdWL notation is also used in
diagrams representing CWM meta-model.
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CWM uses XMI as the exchange mechanism. This m#sisyou may use
all XMI possibilities during transfer of warehouseta-data and CWM meta-model.
In addition, CWM does not need additional XMI e>diems.

Warehouse metadata may be recorded as XML documesityy the
principles of creating XMl documents.

CWM metamodel uses packages and hierarchy structarecontrol
complexity, facilitate understanding and re-usenig#nts of the model are contained
in the following packages [1]:

« Object Model Package

o Main package (core) — contains classes and assmsatorming the
core of CWM object model. They are used by all CVplskckages
together with object model packages;

o Behavioral packages — contain classes and assmddthat describe
behaviour of CWM objects. They provide the basis describing
calls for predefined behaviors;

o Linkages package — contains classes and assoesiatiescribing
associations between CWM objects;

o0 Instances package — includes classes and assosiagpresenting
instances of CWM classifiers;

e Basic Package

o Business information package — it contains classes associations
referring to business information describing eletaerf the model;

o Data types package — contains classes and aseasialescribing the
structure which should be used when creating nacgssta types;

o0 Expression packages — include classes and associaihowing
expression trees;

o Keys and indexes packages — they include classesvedls as
associations representing keys and indexes;

o Software distribution packages — contain classed associations
describing the way of distribution of software lretdata warehouse;

o Type mapping package — describes classes and atésosishowing
data types mapping between different systems;

e Source package

o Relational package — contains classes and assowmathaving
metadata with relational data;

0 Records package — presents classes and associagipresenting
meta-data about records;

o Multi-dimensional package — has classes and adsgmsadescribing
meta-data with multi-dimensional data;

o XML package — contains classes and associationsisganetadata
with XML data;

e Analysis package

o Transformation package - contains classes and iateos
representing meta-data with data transformatiofstoo

0 OLAP package (On Line Analytical Processing) — latasses and
associations showing metadata with decision masddpgort software;
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o Data mining package — describes classes and afisosieepresenting
meta-data with software for data mining;

o Information visualisation package — contains classed associations
that represent metadata with information visualiratools;

0 Business nomenclature package — classes and dsswiahowing
meta-data with business vocabulary;

* Management package

o Warehouse processes package — contains classeasandiations
representing metadata of the data warehouse pex;ess

o Warehouse operations package — presents classessandiations
describing metadata about the results of data wasshoperations

4.3 Multidimensionality

Multi-dimensional data warehouse is represented niylti-dimensional
CWM meta-model. It does not give full projection dll aspects of
multidimensionality, but gives a sound skeletonakhone can build upon with ease
according to one's own demands [2].

This multidimensionality is based on the followipgckages:

e org.omg::CWM::ObjectModel::Core

* org.omg CWM::ObjectModel::::Instance

Classes and associations of multi-dimensional meddel are presented on

(Fig. 2).
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Fig. 2. Multi-dimensional meta-model: Classes and associst has been prepared on the
basis of Common Warehouse Metamodel Specificati®h [
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The scheme contains all elements comprising a fdinttensional database.
The dimension represents physical dimension ofddtabase. The dimension may
have references to other dimensions, what perratebishment of complex multi-
dimensional structures. Multi-dimensional objegiresents the dimension attribute.
ElementsSet means a set of elements linked witldithension instance. The value
of ElementsSet means ElementValue.

5 Datawarehouse design based on RUP

Rational Unified Process is a complex methodolodyctv can be adapted
almost to every project. This goal is stimulateddagh tools as Rational Method
Composer [9]. The below presented short list ofivdaieis according to RUP
supporting formation of a data warehouse [2].

Requirements model:

< establishment of requirements type Use Event iruRé@gPro;

« making of association of descriptive models repogitwith graphic

models repository indicating a suitable packagduiting (in Rational
Rose);

< creation of diagram of cases of use by selectimgices from available

services earlier prepared in the descriptive model;

« adding actors as well as relations to the model;

» performance of model validation;

« development of main scenarios for all services \adl as selected

alternative scenarios) on sequence diagrams;

* sequence diagram transformation into a cooperdimgram;

Analysis model
» classes identification:
0 CRC cards;
o linguistic analysis;
0 expert methods;
« after the end of identification making of analysikobjects present in
scenarios;
« creation of class definitions;
» establishment of relationships between classes;
* making analysis of direct relationships for thesskes model by analysis
of cooperation diagrams (among others cross teakiiq
< definition of implementation for cases of use;
» transfer of implementation of cases of use to Lalgiew;
< transformation of the classes model into the aitalytlasses model;
o for each implementation of case of use, creation of
= VOPC diagram;
= limit classes (as many as actors using the se(uases of use));
= one control class;
= data classes
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0 supplementing definitions of classes and associapecifications;
* supplementing scenarios with new objects;

Design model

+ development of a data warehouse component (indgratis target
engine);

» establishment of working spaces (physical areawarehouse resource
allocation);

< hardening of data classes (only those that witkhesformed into tables);
« making of data model:
o indication of package including hardened classes;
o creation of warehouse scheme;
o transformation of classes into the data model;
0 building of data diagram
« assignment of working space to existing tables;
« generation of a data warehouse using advance angige
« making of necessary changes on the side of warehmdge;
code synchronization with the database model.

6 Summary

In this work, levels of abstraction of UML languagave been presented. An
analysis has been made of the mechanisms ensumg)g exchange of metadata
between tools, platforms as well as data warehogpesitories. typology has been
presented of data warehouse manufacturing proceasés processes of its
maintenance. A number of transformations have &ksen indicated that occur
across metamodels and meta-metamodels, due to whildta warehouse may be
presented on several levels of abstraction. Alregithese transformations is the
developed process of manufacturing a data warehoased on the known software
manufacturing process — RUP. To sum up, the prede@¥WM meta-model working
in heterogeneous environments along with UML anth vgarticipation of RUP
methodology is one of the most powerful solutioesnuitting efficient design and
construction of a data warehouse.
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