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Abstract. The data integration (DI) process involves multiple users
with roles such as administrators, integrators and end-users, each of
whom may have requirements which have an impact on the overall qual-
ity of an integrated resource. Users’ requirements may conflict with each
other, and so a quality framework for the DI context has to be capable of
representing the variety of such requirements and provide mechanisms to
detect and resolve the possible inconsistencies between them. This paper
presents a framework for the specification of DI quality criteria and asso-
ciated users’ quality requirements. This is underpinned by a Description
Language formalisation with associated reasoning capabilities which en-
ables a DI setting to be tested to identify those elements inconsistent
with users’ requirements.
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1 Introduction

Historically and currently, data conforming to different formats are gath-
ered and organised by different parties. However, different users may need
to access such data sources according to their specific requirements. This
may require redefining data into different formats, combining relevant
data from different sources, and combining incomplete data sources in
order to form a more complete view. Combining and transforming data
from different data sources is a complex problem and is the aim of Data
Integration (DI). In the DI context, data conforming to different data
models can be transformed and accessed through a global schema using
mappings between this schema and the data sources. A typical DI setting
can therefore be represented as a triple (GS, LSs, M), where GS is the
global schema, LSs are the local (ie. data source) schemas and M are
the mappings between GS and the LSs.

Assessing the quality of a DI setting is a complex task. The data inte-
gration process may involve multiple users with different roles, and their
quality requirements may not be consistent, in the sense that the same
integrated resource cannot satisfy all requirements and, therefore, either
the integrated resource or the users’ requirements need to be modified.
A quality framework for the DI context has to be capable of representing
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these varieties and provide mechanisms to detect and resolve the possible
inconsistencies between the users’ quality requirements.

With the need for these capabilities in mind, we have developed a quality
framework supporting quality criteria such as completeness and consis-
tency, metrics for measuring the extent to which an integrated resource
satisfies the desired quality criteria, and the capability of representing the
quality requirements of different users. Our quality framework is under-
pinned by a Description Logic formalisation, and users’ quality require-
ments are specified as logic statements. This enables formal reasoning
to be applied to validate different users’ requirements, as specified from
their different quality perspectives. It also allows reasoning to be applied
to validate individual quality requirements with respect to the integrated
resource.

This paper is organised as follows. Section 2 briefly reviews research re-
lating to quality assessment in the DI context. In Section 3, we describe
our quality framework for DI and show how this framework is formally
represented in Description Logic. There follows an example relating to
the Higher Education domain to demonstrate how the quality of an in-
tegrated resource can be improved using our approach. Conclusions and
further work are discussed in Section 4.

2 Related Work

Previous research [1, 2] has indicated that users with different roles are
important in the DI context. Such roles include administrators, inte-
grators and end-users. Different users may define their own quality re-
quirements from their different perspectives. Therefore such requirements
need to be considered individually and also as a whole in assessing the
quality of an integrated resource. Although existing DI tools are designed
to assist in many integration tasks, DI is still a complex problem due to
the heterogeneity of the data sources and the variety of the users’ quality
requirements. None of the current DI tools supports quality management
functionality within the integration workflow, whereas in recent work we
propose such a DI architecture and methodology [3].

Recently, some research has proposed methods for detecting the DI qual-
ity or the correctness of a DI setting directly or indirectly. The work in [4]
defines several quality measurement methods in the DI context, relating
to the schema completeness, schema consistency and schema minimality
quality criteria. These methods are based on information extracted from
the schema metadata level, such as the proportion of the concepts in the
integration domain that are represented by the schemas. Other work [5]
has presented an approach for mapping selection based on the compari-
son of instances between the source schema and target schema extracted
via different mappings in a data exchange context. The approach in [6]
determines the quality of collaborative tasks, such as data integration,
with respect to the users’ quality requirements through users’ feedback;
this is in contrast to users’ quality requirements expressed as logic state-
ments over a quality hierarchy in our approach. While not motivated
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explicitly from a quality perspective, other techniques can be adopted
for measuring the quality of integrated resources. Such work includes
instance checking methods which may be used to validate and refine
mappings such as [7, 8], constraint validation such as [9, 10], and map-
ping cores to generate the minimum set of mappings with respect to
users’ queries [11].

3 Our Approach

We propose a Quality Framework for Data Integration (QFDI) that is
composed of four major parts, termed ITEM, METRIC, QUALITY CRI-
TERIA and USER, as illustrated in Figure 1.
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Fig. 1. The Quality Framework for Data Integration (QFDI)

ITEM contains the representations of knowledge extractable from the
elements comprising a DI setting. By ‘elements’ we mean the fundamen-
tal constituents of an integrated resource, including Data Item, Schema
Construct, Mapping and Assertion. Assertions are defined by integrators
so as to express domain-specific knowledge relating to an integrated re-
source. All of these are represented as sub-concepts of the Item concept.
Links exist between these sub-concepts, represented as the link property,
to represent how the extent of one concept relates to that of another.

In the METRIC part, different measurement methods (metrics) are rep-
resented by the Metric concept. Each metric is defined over instances of
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the Item concept in the ITEM part. The measurement results are stored
as the extent of the Metric concept.

QUALITY CRITERIA contains the representation of the quality hier-
archy as defined by the data integrator for a particular integrated re-
source. This hierarchy is built from two concepts, Criterion and Factor,
and the relationships between them, namely is_a and isAssociated With.
Each quality criterion can have many sub-criteria, linked by the is_a
property. Each quality factor is associated with one quality criterion, us-
ing the isAssociatedWith property. Each quality (sub-)criterion can be
associated with several quality factors. Each quality factor is associated
with a quality metric in the METRIC part using the has_metric property.
The Weight concept is associated with the Factor concept and indicates
the specific weight of each quality factor as defined by the users.

The contains_sat and contains_not_sat properties link the Factor concept
and the Item concept. These properties represent the DI elements that
satisfy and that do not satisfy a quality factor, respectively. These two
properties are disjoint.

USER contains the User concept. Users with different roles may have
different quality requirements. For example, end-users may have require-
ments regarding the amount of information returned from a DI setting,
whereas a data integrator may focus more on query performance require-
ments. Different user requirements are represented by the User@R (User
Quality Requirement) concept and they can be related by using the en-
tail property, meaning that if the integrated resource satisfies one user
requirement, the integrated resource also satisfies another user require-
ment that is entailed by the first one. The Profile concept represents the
overall quality of the integrated resource with respect to a specific user,
calculated as w1 Xr1+...+wn X7y, where r; and w; are the measurement
of a quality factor ¢ and its user-specified weight, respectively.

So far we have investigated three quality criteria in the context of data
integration: completeness, consistency and accuracy. Each criterion is
categorized into several sub-criteria, and quality factors and their mea-
surement methods are defined for each sub-criterion. We refer readers
to [3, 12] for details of these quality criteria, factors and measurement
methods. The quality criteria, factors and measurement methods that we
describe there are not exhaustive. They are indicators of what is possible
within our framework, and can be refined and extended in the future,
following validation with real-world case studies and users.

Example. To illustrate our approach to DI quality assessment and im-
provement, we now introduce a simple case study (see Figure 2) com-
posed of three data sources and a global schema. Database 1 (with
schema LS1) contains detailed descriptions of the degree programmes
and the staff of a university. Database 2 (LS2) contains detailed infor-
mation about the undergraduate and postgraduate programmes taken by
students who are enrolled on undergraduate courses. Database 3 (LS3)
contains detailed information of the postgraduate programmes. A ver-
sion of the global schema (GS) is created representing the head teachers
of all programmes.

As described previously, users can state various quality requirements on
an integrated resource based on their different perspectives. In our frame-
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GS

programme_head_teacher

PK |TID INTEGER

ProgrammeName | CHAR({10)

Description CHAR(10)
HeadName CHAR(10)
Level INTEGER
LS1 Ls2 Ls3
Educator fulltime_faculty_member teacher lecturer
PK |TID INTEGER PK | TID INTEGER PK | LD |INTEGER PK |TID |INTEGER
Office | CHAR(10) NAME | CHAR(10)
Name |CHAR(10) Office | CHAR{10)
undergraduate_programme postgraduate_programme
Programme PK |PID. INTEGER PK | PID INTEGER
PK |PID INTEGER PK | StartingVear INTEGER PK |StartingYear INTEGER
Programme_Name CHAR(50) ProgrammeHeadID | INTEGER ProgrammeHeadID | INTEGER
Programme_Description | CHAR(50)
Level INTEGER
Programme_Director INTEGER postgraduate_programme
PK | PID INTEGER
PK | StartingVear INTEGER
ProgrammeHeadID | INTEGER

Fig. 2. Example Schemas

work, users’ quality requirements are expressed as logic statements over
the required quality factors. In providing the reasoning capabilities re-
quired by the QFDI, we use a Description Logic language. Description
Logic (DL) is a family of formal knowledge representation languages
based on the notions of concepts and roles. DL is characterised by con-
structors that allow complex concepts and roles to be built from atomic
ones [13]. In particular, we adopt the SZ DL, which provides sufficient
expressive power for our reasoning purposes in the QFDI.

Terminology azioms are used to express the users’ quality requirements.
The terminology axioms we consider are inclusion, C' T D, and equality,
C = D, where C and D are concepts expressed in the syntax of the ST
DL. More complex assertions can be created from these two basic ones
plus negation.

Our quality framework is represented in the SZ DL, where each oval in
Figure 1 (except the USER part of the diagram) is represented as a DL
concept named by the text in the oval and each link is represented as a
role named by the name of the link. The DI elements are represented as
individuals of the Data Item, SchemaConstruct, Mapping and Assertion
concepts and are associated with quality factors via the contains_sat and
contains_not_sat roles. Users’ quality requirements are expressed as logic
statements using terminology assertions, as explained above.

To illustrate, consider the simple case study introduced earlier and the
following mapping that defines the T'ID and ProgrammeName at-
tributes of the table in the global schema GS as the union of three
conjunctive queries over the source schemas LS1, L.S2, L.S3:

3, j, k.GS :programme_head_teacher(t,n, i, j, k)

Jo,p,y. LS1: Educator(t,o,n) A LS2:undergraduate_programme(p,y, t)
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i, j, k.GS :programme_head_teacher(t,n, i, j, k) <

Jo,p,y. LS1: Educator(t,o,n) A LSz :postgraduate_programme(p,y,t) Ay > 1999
3, j, k.GS :programme_head_teacher(t,n, i, j, k)

Jo,p,y. LS1: Educator(t,o,n) A LSs:postgraduate_programme(p,y,t)

Satisfying Elements not-Satisfying Elements
{LS1-Educator, {LS1-fulltime_faculty_memeber,
LS, —tidEducator 3 LS, -NaMmeEducator; LS, —tidfulltime,faculty,memeber )

LSl —OfficeEducator7 LSl -NAMe fylitime_faculty_memeber,
LSy undergraduate_programme, |LS1_of ficefuiitime_faculty_-memeber,
LS5 _postgraduate_programme, LSy _Programme,
LSQ—pidundergraduate,Programme7 LSl —pidp'rogrammey

LS _pidpostgraduate_Programme, LS, _progrmamme_nameprogramme,
LSQ—yearundergraduate,Programme7 LS, 7p7aog7'ammefdeScriptionprogramme,
LSQ—yearpostg'raduate,P'rogTamme7 LSl —levelp'rogrammeq
LS>_phidundergraduate_programme, | LS1-programme_directorprogramme,
LS27phidpostgraduate,programme7 L327T6aCh37',

LS5 _postgraduate_programme, LSs lidreacher,
LSS—pidpostgraduate,Programme, L537L€Ctu7”€7",
LSS—yea"'postgraduate,Programme7 LS3—t7;dLectu7‘e'r}
LSS—phidpostgraduute,prog'ramme}

{LS2-undergraduate_programme, |{LS2_postgraduate_programme,
LSQ—pidunde'rgraduate,progv‘amme7 LSQ —pidpostgraduate,p'rogrammea
LS2—yearunderg'raduate,prog'ramme7 LSQ—yearpostg'raduate,programme7
LS2{Dhidundergraduate,programme7 LSQ—phidpostgraduate,programme}
LSs_postgraduate_programme,

LS37pidpostgraduate,prog'raxmme7

LSB{Uearpostgraduate,programme,

LSS—phidpostg'raduute,prog'rumme}

Table 1. An Example

Suppose we have two quality criteria, ¢ and cz2. ¢; is the schema com-
pleteness quality criterion and cz is the mapping consistency criterion. c;
is associated with a quality factor fi, which defines schema completeness
as the degree of coverage of local schema constructs that provide over-
lapping but possibly partially complete information for the same global
schema constructs. cz is associated with quality factor fo, which defines
mapping consistency as the proportion of local schema constraints that
are not violated by the new constraints introduced by the mappings. Ta-
ble 1 lists the DI elements of the previous example that satisfy and do
not satisfy quality factors f1 and fa.

Suppose now that there are three quality requirements issued by three
users, A, B and C as listed in in Table 2. We discuss next the reasoning
capability of our approach and how this can be used to determine the
consistency of these requirements and the DI elements that violate any
of them.

Given a quality hierarchy and logic statements representing different
users’ quality requirements, there are two validation steps in QFDI where
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reasoning can be applied. First, reasoning can be applied in order to vali-
date different users’ requirements, as specified from their different quality
perspectives. Second, reasoning can be applied in order to validate indi-
vidual quality requirements with respect to the integrated resource. In
the former case, inconsistent logic statements can be identified. In the
latter case, the DI elements that do not satisfy individual logic state-
ments can be discovered. When an inconsistency is discovered, the DI
elements relating to quality factors referenced in the logic statements
or the logic statements themselves may need to be modified in order to
resolve such inconsistencies.

.|Requirement Logic Statement in DL

The set of DI elements that sat-|Vcontains_sat™.{f2} C Veontains_sat™ .{f1}

isfy fo should be a subset of the
set of DI elements that satisfy f1

The set of DI elements that do|Vcontains_not_sat™.{f2} C Vcontains_not_sat™.{f1}

not satisfy fi should be a super-
set of the set of DI elements that
do not satisfy fa.

C.1

The set of DI elements that sat-|(Vcontains_sat™.{fi} M Vcontains_sat™.{f2}) =0

isfty fi should be disjoint from
the set of DI elements that sat-

isfy fo.

Table 2. Users’ Requirements Example

The former case uses TBox reasoning and the latter case uses ABox rea-
soning [13]. In our example (see Tables 1 and 2), inferring from the users’
logic statements first, without involving the DI elements (i.e., undertak-
ing TBox reasoning), we can discover that A.1 and C.1 are not consistent
since disjointness and subsumption cannot be satisfied by the same set
of DI elements. Therefore, either A.1 or C.1 has to be modified. Suppose
the data integrator removes C.1 and repeats the inference process. There
is now no conflict between the remaining logic statements (A.1 and B.1).
Next, for each remaining user requirement, we undertake reasoning again,
this time including the DI elements (i.e., undertaking ABox reason-
ing). We can discover that A.1 is satisfied but B.1 is not since a sub-
sumption relationship cannot exist between contains_not_sat™ .{f2} and
contains_not_sat™ .{f1}. Therefore, we know that the DI elements in
these two sets need to be modified. In our example, suppose the data
integrator modifies the mapping by removing the constraint y > 1999,
and this makes contains_not_sat™.{f2} empty. Both A.1 and B.1 are
then satisfied.

4 Concluding remarks

We have presented a quality framework that is able to capture users’
quality requirements in respect of integrated data resources. Our qual-
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ity framework is formally represented in Description Logic, and users’
quality requirements are expressed as logic statements over a variety of
quality factors. This allows reasoning to be applied in order to discover
inconsistencies between different user requirements using TBox reason-
ing. It also allows reasoning to be applied to validate the requirements
using ABox reasoning, so that DI elements that do not satisfy them can
be discovered. When an inconsistency is discovered, the DI elements re-
lating to quality factors referenced in the logic statements or the logic
statements themselves may be modified. The reasoning capabilities may
then be re-applied in order to iteratively improve the quality of the in-
tegrated resource.

Our quality framework and reasoning process forms part of the DI ar-
chitecture and methodology described in [3]. Our future work entails
completing the implementation of that architecture and evaluating our
approach and metrics with real-world case studies and users.
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