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Abstract. The quality of Data Warehouses is absolutely relevant for organizations
in the decision making process. The sooner we can deal with quality metrics (i.e.
conceptual modelling), the more willing we are in achieving a data warehouse
(DW) of a high quality. From our point of view, there is a lack of more objective
ndicators (metrics) to guide the designer in accomplishing an cutstanding model
that allows us to guarantee the quality of these data warchouses. However, in
some cases, the goals and purposes of the proposed metrics are nat very clear on
their own. Lately, quality indicators have been proposed to properly define the
goals of a measurement process and group quality measures in a coherent way. In
this paper, we present a framework to design metrics in which each metric is part
of a quality indicator we wish to measure. In this way, our method allows us to
define metrics (theoretically validated) that are valid and perfectly measure our
goals as they are defined together a set of well defined guality indicators.

Keywords: Quality indicators, guality metrics, conceptual modelling, data
warehouses, multidimensional modelling

1 Introduction

Data Warehouses (DWSs), which are the core of current decision support systems,
provide companies with many years of historical information for the decision making
process [10]. The term data warehouse is defined as “a subject-oriented, integrated,
time-variant, non-volatile collection of data supporting management’s decisions” [8]. A
i lack of quality in the data warehouse can be disastrous consequences from both a
technical and organizational point of view. Therefore, it is crucial for an organization to
guarantee the quality of the information contained in these DWs. The information
‘ quality of a DW is determined by (i) the quality of the DBMS (Database Management
System), (ii) the quality of the data models used in their design, (iii) the quality of the
data themselves contained in the data warehouse (see figure 1).

A Min Tjoa and J. Tryjillo (Eds.): DaWakK 2005, LNCS 3389, pp. 95- 104, 2003.
© Springer-Verlag Berlin Heidelberg 2005




|
i

96 G. Berenguer et al,

I INFORMATION QUALITY

PRESENTATION ouu,ln'l

DAFAWARENGUSE
GUALIEY

DEMS TATA MODEL natx F
QUALLTY QUALITY QUALITY

AN

CUNCEFTUAL LOGICAL MODEL PHYSICAL
MODEL QUALITY GUALITY MODEL QUALITY

Fig. 1, Quality of the information and the data warehouse

In order to guarantee the quality of the DBMS, we can use an International
Standard such as ISO/TEC 9126 {9] or one of the comparative studies of existing
products. The quality of the datawarehouse model also strongly influences
information quality. The model can be considered at three levels: conceptual, logical
and physical. Due to space constraints, we refer the reader to [1] for a deep
comparison of conceptual, logical and physical models proposed for data warehouses.
At the logical level several recommendations exist in order to create a good
dimensional data model [11] and in recent years we have proposed and validated both
theoretically and empirically several metrics that enable the evaluation of the
complexity of star models. At the physical model depends on each system and consist
of selecting the physical tables, indexes, data partitions, etc. [2] [11].

However, from our point of view, we claim that design guidelines or subjective
quality criteria are not enough to guarantee the quality of multidimensional models
for DWs. Therefore, we believe that a set of formal and quantitative measures should
be provided to reduce subjectivity and bias in evaluation, and guide the designer in his
work. However, we cannot assure that quality measures interpret a measurable
concept on their owa with guarantee, So, lately, quality indicators have been proposed
to define the concept to be measured and group the quality measures needed to
measure that indicator [7]. Otherwise, we may propose metrics that cannot measure
what they are defined for and they may overlap the measurable concept.

In this paper, we firstly propose a set of quality indicators to measure the quality of
conceptual schemas for DWs. Then, once these indicators clearly establish the set of
concepts to be measured, we define the set of the corresponding quality metrics that
will measure that indicator. On defining these indicators and quality metrics, we use
our conceptual modelling approach, based on the Unified Modelling Language
(UML), to properly accomplish the conceptual modelling of data warehouses [13]. In
this paper, we have focused in the first step of the conceptual modelling of DWs and
we will use the package diagrams to model complex and huge DWs thereby
facilitating their modelling and understanding [13}. Then, we use our quality
indicators and measures to an example to show the benefit of our proposal. Due to
space constraints, we cannot provide the theoretical validation we have accomplished
using both the (i) axiomatic approach and (ii) the measure theory.

The rest of the paper is structured as follow: section 2 presents the method we
follow for defining and obtaining correct qualily indicators and metrics, Section 3
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presents a summary of UML package diagrams we use in this paper for the
conceptual modelling of data warehouses. In Section 4, we define the proposed

- quality indicators and metrics and present some examples to show how to apply them.

Finally, section 5 draws conclusions and immediate future works arising from the
conclusions reached in this work.

2 A Method to Define Quality Indicators and Metrics

A measurable concept is an abstract relation between atiributes of one or more
entities, and a necessity of information. Some examples of measurable concepts are:
quality, reliability, accessibility and so on. Metrics cannot interpret on their own a
measurable concept, and therefore, it is essential to use quality indicators [7]. A
metric assess a characteristic of an object while an indicator will use one or more
metrics to measure something. Thus, indicators are the basis for (i) quantify
measurable concepts for a necessity of information, (ii) quantitative methods of
evaluation or prediction, and (jii) to provide information to take decisions.

The definition of quality indicators and metrics has to be accomplished in a
methodological way, which makes necessary to accomplish a set of stages to be able
to assure their liability. Next, we will present a modification of the methods proposed
in [5] to define quality metrics, and the method proposed in MML.C (Measure Model
Life Cycle) [6]; to allow us to incorporate the definition of quality indicators and
metrics in an overall approach.

This method can be structured into three main phases: (i) creating the indicator, (i1}
defining the required metrics for the indicator and (iii) applying these mefrics to
measure a conceptual schema. In the first phase, we have to find the main objective
that we pursue, and then, define the corresponding indicator 10 achieve that objective.
Next, in the second phase, we define the list of required metrics that will allow us to
measure the indicator. On creating a metric, we will firstly define it, and then, we
have to accomplish the theoretical and empirical validation [5]. At the end of this
paper, we will present a summary of the frameworks we use for the theoretical
validation of our metrics. :

To accomplish the empirical validation of metrics, we need to set a family of
experiments [5], from which we will obtain a set of thresholds that will be later
applied to the indicator algorithm. Once the metric has been properly defined, we pass
to the third phase by applying the obtained metrics to a conceptual schema. With the
valid metrics and the thresholds obtained from the empirical validation, we will define
the algorithm to measure the indicator. Finally, after analyzing the results obtained by
the indicator algorithm, we will store and communicate these resnlts.

2.1 Indicator Template

There are some organizations that do not achieve the expected benefits of applying
quality indicators due to the fact that these quality indicators have not been properly
specified or they are not properly interpreted [7]. Therefore, we will document the
specification of indicators, their interpretation and use as proposed in [7], in order to
avoid inconsistencies in their definitions.”
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Fig. 2. Method for defining quality indicators and metrics

The Software Engineering Institute (SET) has found that an indicator template can
help an organization to improve its sofiware measurement processes and
infrastructure [7]. In this work, authors describe a template that can be used to
precisely describe, document, and report who, what, when, where, why, and how to
define organization’s indicators. Moreover, they also describe the use of the indicator
template within the context of the Goal-Driven Software Measurement (GQ(IM)
methodology and the Capability Maturity Model Integration (CMMI) framewaork.

Therefore, due to the high importance of quality indicators in our proposal, in the
following, we will present the indicator template we have followed — proposed in
[7]. Thus, our indicator template consists of: -

Indicator objective: the objective or purpose of the indicator

Questions: the questions that the user of the indicator is trying to answer

Visual display: a graphical view of the indicator

Perspective or viewpoint: the description of the audience for whom the indicator

is intended

s Inputs: the list of the measures required to construct the indicator and its
definitions

e Algorithms: the description of the algorithm used to construct the indicator from
the measures

*  Agsumptions: the list of assumptions about the organization, its processes, life-
cycle model, and so on that are important conditions for collecting and using the
indicator.

® Data collection informartion: information pertaining to how, when, how often,
by whom, ete. the data elements required to construct the indicator are collected.

» Data reporting information: information on who is responsible for reporting the
data, to whom, and how often.

s Dara storage: information on storage, retrieval, and security of the data.

® Analysis and interpretation of results: information on how to analyze and

interpret as well as to not misinterpret the indicator.

At this point, we have stated the reason why we use quality indicaiors and the
corresponding template use to define them. Thus, in Table 1} we maich each relevant
step of our method (see Figure 2) with the corresponding indicator template issue.
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Table 1. Correspondence between our indicator template issues and method phases

99

Indicator Name / Title

Objective Indicator

Questions Indicator

Visual Display Communicate results
Inputs Create metrics

Data Collection Apply multidimensional model
Data Reporting Communicate results

Data Storage Store results

Algorithm Define algorithm indicator
Interpretation Store results

Analysis Analyze Data

3 Multidimensional Modelling with Package Diagrams of UML

In previous works, we have proposed a DW development method [12], based on the
Unified Modelling Ianguage (UML) and the Unified Process (UP), to properly
design all aspects of a DW. More specifically, we have dealt with the modelling of
different aspects of a DW by using the UML: MD modelling [13] (i.e. the aim of
this paper), modelling of the ETL processes, modelling data mappings between data
sources and targets [12], modelling physical aspects of DWs at the conceptual level
eic. In this section, we outline our approach of using UML package diagrams for
the conceptual modelling of large data warehouses [13], which is the approach in
which we based on in this paper for the definition of quality indicators and metrics.
Based on our experience in real-world cases, we have developed a set of design
guidelines for using UML packages in MD modelling. Our approach proposes the
use of UML packages in order to group classes together into higher level units
creating different levels of abstraction, and therefore, simplifying the final
multidimensional (MD) model. In this way, when modelling complex and large DW
sysiems, the designer is not restricted to use flat UML class diagrams. We refer to
[13] for a complete description of all design guidelines we have defined.

In Figure 3, we summarize the three main levels in which we structure the
conceptual modelling of large data warehouses. At level 1, we deline one package for
each different star schemal we consider in our design and we call them star package.
A dependency between two packages at this level represents that they share at least
one dimension or one fact. Then, at level 2 we define one package for each dimension
and fact considered in our design and we call them dimension package and fact
package, respectively. There is always a dependency between the fact package and
the dimension packages meaning that onme fact consists on the corresponding
dimensions. A dependency between two dimension packages means that they share at
least one classification hierarchy level. Finally, at level 3, we specify the whole
content of both dimension and fact packages. As seen in this Figure 3, at level 3, each

' Although star schema is a logical schema, we refer to star schema to the abstract definition of
one fact and several dimensions. :
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dimension package will contain. the definition of the corresponding dimension and
their classification hierarchy levels. We should notice that the dependencies between
packages allow us to define one element (package, fact or dimension) just once in our
design and then re-utilise it whenever convenient.

Level 1 Level 2 Level 3

Fig. 3. The three levels of our MD modelling approach with UML package diagrams

Our whole approach for the conceptual modelling of DWs has been specified by
means of a UML profile that contains the necessary sterectypes in order to carry out
conceptual modelling successfully. Due to space constraints, we refer the reader to
[13] for further details on the profile.

4 Quality Indicators and Metrics

Prior to the definition of an indicator we must clearly and precisely know the goal
of what we want to measure. The structural properties such as the structural
complexity of a schema have an impact on'its cognitive complexity [4] and on the
mental burden of the persons who have to deal with the artefact. High cognitive
complexity leads an artefact to reduce their understandability, analyzability and
modifiability. Leading to wndesirable external quality attributes [9] [4]. For this
reasomn, it is desirable that a schema has excellent structural properties to be able to
achieve good quality. In this paper, our goal will be to minimize the structural
. complexity of the conceptual schemas to guarantee their quality.

Once the main goal has been set, we have to define the corresponding indicator
to measure it. As in this paper, we work with levels 1 and 2 or our package diagram
proposal (see Figure 2), we need to define one indicator for each level. If we are
able to obtain the minimum structural complexity in both levels, we will therefore
obtain the minimum structural complexity in the final conceptual schema.

After having defined the indicators, we must establish the elements we need to
measure to further define the corresponding metrics to measure them:

Number of input and output relationships per package.

Number of input and output relationships between two packages

Number of outpus relationships of a package with regard to the total relationships
that exist on the model. '

Thus, we will proceed with the definition of the required metrics. These metrics
will be applied at level 1 (diagram) and 2 (package) of our approach (Figure 2).
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Table 2. Diagram level metrics

Metric Description
NP(S) MNumber of packages of the diagram 5
NRESL(S} Number of input and output relationships of the diagram level
NRESP(S) Number of input and output relationships between two packages
RESP(S) Ratio of input and output relationships per number of packages
RESP(8) = NERSI(S) / NP(8)

Table 3. Package level metrics

Metric Description
NRS(P)  Number of oniput relationships of a package P

RST(P) Ratio of output relatonships of a package P by the total relationships of this package
RST{P) = NRS(P)/ NRES1{S)

As one of the goals was to obtain the minimum complexity of diagrams at level
2, we define an indicator to measure the structural complexity of diagrams at this
level. On defining the indicator, the next step is to know what we need o measure:

Number of output relationships of a dimension package with regard to the iotal input
and output relationships of this package.

Number of input and output relationships between twe packages.

Number input and output relationships between two dimension packages by the
number of dimension packages that exits. -

In tables 4 and 3 we can find the metrics we have defined:

Table 4. Package level metrics

i Metric Description
b NREDP(P) Number of input relationships to a package dimension P
NRSDP(P) Number of cutput relationships of a package dimension P
i Ratia of relationships out of a dimension package P with regard to the total number
; RSDT(P) of input and output relationships to this package
RSDT(P) = NRSDP(P) / (NREDP(F) + NRSDF(F))

{
; Table 5. Diagram level metrics
i
|

Metric Description
{ NIDP(S)  Number of dimension packages imported from another diagrams
: NDDP($) Number of dimension packages defined in the diagram
!} NDP(S) Number total of packages of the diagram S NDP(S) = NIDP(S) + NDDP(S) + |
i

NRTDP(S) Number of inpns and output relationships between dimension packages
NRESDP(S) Number of inpui and output relationships berween two dimension packages
Ratio of input and output relationships between dimension packages by the number
RDP(S) of the dimension packages.
RDP(S) = NRTDP(8) / (NDP(S) -1)




102 G. Berenguer et al.

4.1 Example

In this seciion we apply the previously-defined metrics to an example. We have
applied our package diagram approach to a supply value chain example completely
developed in [13]. In Figure 4, we show the level 1 of the model that is composed

Dechivericzs. St

. 4 1 —
Frocess i Purcnase j( Maledals
Monitoring Star Orvers St Lz | nenioey Slar

ST
[Merudcunng | B-Inlllalmah'( Finisned Goods

Plars Slar 1._> Star .| iversory Star

Fig. 4. Level 1: different star schemas of the supply value chain example

Table 6. Level (level 1) package metrics Table 7. Metric NERSP?

Deliveries
Process Monitoring
Purchase Orders
Materials Inventory
Manufacturing Plans
Bill of Materials
Finished Inventory

Dchvenes - Process Monitoring
Deliveries — Purchase Orders
Deliveries — Materials Inventory
Purchase Qrders — Materials Inventory
Purchase OQrders — Process Monitoring
Purchase Orders — Manufacturing Plans
Purchase Qrders —RBill of materials
Purchase Orders — Finished Inventory
Manufacturing Pians — Bill of materials
Bill of materials — Finished inventory

b | i |t | e | | | | [ = | = |

|
Ship Maode: -Supplier Dimension
! Dimension
i
{ / x
1
Deal Dimension Deliverias Fact
=
A -)_1 |
T Time Dimeasion Planl
Bimension

Fig. 5. Level 2: Deliveries Star

+ =

2 Only represent the metrics that value NERSP is different zero.
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by seven packages that represent the different star schemas. Then, in Tables 6, 7
and 8 we present the obtained values for the proposed metrics.

In Figure 5, we show the content of the package Deliveries Star (level 2). Tables
9, 10 and 11 show the values for the proposed metrics.

The theoretical validation helps us to know when and how apply the metrics. There
are two main tendencies in metrics validation: the frameworks based on axiomatic
approaches {15] [3] and the ones based on the measurement theory [14][16]. We have
validated our metrics by using both frameworks. However, due to space constraints,
we cannot provide these theoretical validations in this paper.

Table 8. Level (level 1) diagram metrics Table 9. Metric NERSP®

RESP(S) 10/7
Table 10. Level (level 2) package metrics Table 11. Level (level 2) diagram
metrics
Ship ‘Mode 1 0 . NIDP 3 '
Deal 1 0 NDDP 2
Time 1 0 NDP 6
Plant 1 1 NRTDP 1
Supplier 2 ] RDP(S) 1/5

6 Conclusions

In this paper we have focused on the quality of the conceptual models of data
warehouses. We have mainly focused on those models that use UML packages to
model data warehouses. We have proposed a set of quality indicators and the metrics
on which they are based on in order to assure the quality of the data warehouses
conceptual models. These quality indicators have allowed us to clearly define
quantifiable elements in which we based on for measuring the quality of the models.
In order to obtain high confidence indicators, we have defined the metrics for each
indicator we have defined.

Those metrics have been theoretically validated using two formal frameworks,

~each of them representing a validating approach: axiomatic approaches and those

approaches based on measurement theory. This paper has presented the first steps in
obtaining a valid set of quality indicators. We are now focusing on develop the
empirical validation with the proposed indicators and metrics in order to obtain a
valid and useful set of quality indicators for data warchouse conceptual models.

5 Only represent the metrics that value NERSP is different zero.
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