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Abstract

Modeling process is essencicd phase within information systems development and implemetation. This 
paper presents methods and techniques for analysis and evaluation o f  data model correctness. Recent 
methodologies and development results regarding automation o f  the process o f  model correctness 
analysis and relations with ontology tools has been presented.
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1. INTRODUCTION

Data model correctness is one aspect of data quality, as a general concept. The relevance of data 
quality in both organizational and decisional processes is recognized by several international 
institutions and organizations, which resulted in significant number of contributions to the research by 
database and information system communities.

There are many data quality tools developed in the research and commercial purpose. Many data 
quality software tools are advertised and used in various data-driven applications to improve the 
quality of data models and business processes.

Data modeling has different aspects o f quality regarding various data model types, as well as issues 
regarding process o f data model creation, evaluation and correction. Conceptual modeling is 
considered most difficult and error-prone, especially for novice designers. Therefore, many efforts are 
made to create rules and heuristics for error detection and consultative support to modeling process. 
Still, CASE tools are to be improved for support to error detection in semantic domain.

This paper presents a review of methods and technologies that are used for data model correctness 
analysis and evaluation. It also shows recent research and development efforts and results, including 
those made by authors, in automating the process of data model evaluation.

2. THEORETICAL BACKGROUND

Data models are usually created in the process of information systems development by using CASE 
tools that integrate business process modeling results to data modeling.

Data models are specific theoretically based specifications that are used for creation of real databases 
of information systems (Elmasri & Navathe, 2007). Data model is a formal abstraction through which 
the real world is mapped in the database (Ullman, Garcia -  Molina & Widom, 2002). Data model 
enables representation o f a real world system through a set o f data entities and their connections. They 
can be represented in various ways:

-  Diagram (schema) -  graphical representation, using specific set of symbols with methodology 
based meanings,
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-  Data dictionary representation -  where elements of data model are listed and textually 
described in non-structural or semi/structural way,

-  Formal languages representation, such as predicate logic calculus.

One of the fundamental principles of the database approach is that a database allows unified 
representation of all data managed in an organization. This is achieved only when methodologies are 
available to support integration across organizational and application boundaries.
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Fig. 1. Phases of database design. (Navathe et al., 1978)
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According to (Emer et a t, 2008) formal presentation of a data model could be represented as tuple S = 
(E, A, R, P), where:

-  E is a finite set of entities,

-  A is a finite set of attributes,

-  R is a finite set of constraints concerning domain, definition, relationship and semantics 
associated to the elements and attributes,

-  P is a finite set of association rules among elements, attributes and constraints.

The formal presentation of a conceptual data model (Kazi et al., 2010) is based on formal presentation 
shown in (Emer et al., 2008), but extended with one new element suitable for EER data model and it is 
represented as tuple S = (E, A, R, C, P) where:

-  E is a finite set of entities,

-  A is a finite set of attributes,

-  R is a finite set o f relationships,

-  C is a finite set of constraints concerning domain, definition, relationship cardinality, 
mandatory attributes and semantics associated to the elements and attributes,

-  P is a finite set of association rules among entities, attributes, relationships and constraints.

Methodologies for database design usually perform the design activity by separately producing several 
schemas, representing parts of the application, which are subsequently merged. Database schema 
integration is the activity o f integrating the schemas of existing or proposed databases into a global, 
unified schema, The aim o f research (Batini, Lenzerini & Navathe, 1986) is to provide first a unifying 
framework for the problem of schema integration.

3. RELATED WORK

3.1. Evaluation o f  data models

In paper (Yiicesan et al., 2002) authors outline practical techniques and guidelines for verifying and 
validating of models generally. They provide examples o f a number of typical situations where model 
developers may make inappropriate or inaccurate assumptions, and offer guidelines and techniques for 
carrying out verification and validation of models, in order to help avoiding major and serious 
modeling errors.

Quality of data model reflects quality of data in databases and business intelligence applications. 
Regarding data model quality, there are several approaches that deal with this problem during the 
process of data model creation, data model evaluation and data model correction. Data models that are 
included in quality evaluations include structured (ER, Relational, Object-Oriented) and semi­
structured (XML) data models, described at conceptual, logical or physical level (Batini, Lenzerini & 
Navathe, 1986).

In the field of evaluation issues in the process o f data model creation, some experimental research has 
been conducted regarding comparison o f ER and object oriented modeling (Shoval, 1997, De Lucia et 
al., 2009), where it has been shown the significance of ER modeling and its value comparing to object- 
oriented approach. It has been shown that ER modeling has some advantages to object-oriented 
approach.
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Data models could be evaluated from syntax and semantic aspect. The main difference between 
ontology and a database schema is that database schema is usually limited to describing a small subset 
of a mini-world from reality in order to store and manage data. An ontology attempts to describe part 
of reality or a domain o f interest as completely as possible. (Formica et al., 2006) Ontology, that more 
completely (Ullman et al., 2002) describes the knowledge for the specific problem domain, could be 
used for comparing with the designed data model, so data model will be evaluated from semantic 
aspect (Kazi et al 2010).

3.2. Conceptual modeling errors

After creating ER data models, CASE tools enable automatic transformation to relational data models, 
following well-defined rules. But, while transforming to relational model, they are not able to capture 
errors that lead to normalization problems (Bock, 1997), so it is necessary to take care of certain types 
of ER modeling errors, in aim to avoid future normal forms errors in relational data model.

Batra & Antony (2001) present conceptual modeling errors as human errors at three performance 
levels: skill-based, rule based and knowledge based. Special software prototype CODA was 
implemented for the purpose o f consulting support to conceptual database design to novice designers, 
and it has been shown (during experimental survey with students) that using this software enhance 
quality of data models. This software system includes heuristics and rules for recognition of typical 
errors in ER modeling during the process of data model creation, as well as support to further 
assistance toward solving these issues.

Skill-based errors in data modelling could be minimized by appropriate education process or training. 
Two main conceptual modeling training approaches have been compared in research (Batra et al., 
2004): rule-based and pattern-based approach. It has been experimentally shown that more complex 
tasks influence lower designer performance. It has also been shown that rule-based approach is not 
significantly superior to pattern-based approach generally, but rule based-approach for novice 
designers given the significantly better performance in two of three complexity levels.

3.3. Conceptual and relational model quality metrics

One way to enhance the capability of an information system is to consider its conceptual model quality 
as well as its functional behaviour. Conceptual model quality can be defined as a set of perceivable 
characteristics expressed with quantifiable parameters that may be objective and/or subjective. The 
aim of empirical investigation (Cherfi et al., 2007) is to evaluate and compare perceived and measured 
quality o f different conceptual model versions o f the same universe of discourse. This research 
describes:

a) a set of metrics (clarity, simplicity, expressiveness, minimality) applied to different versions of 
ER conceptual schemas,

b) a framework enabling a comprehensive comparison of the conceptual schemas,

c) an experimentation leading to the evaluation of the same schemas by information system 
stakeholders such as designers, end-users, and students,

d) a comparison o f the objective and subjective evaluations based on a sample o f about 120 
observations using different statistical methods.

According to results authors are able to identify quality criteria relevant to different groups of 
stakeholders, depending on several dimensions, such as their professional experience, and/or their 
specialization degree.
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Referential integrity is an essential global constraint in a relational database, that maintains it in a 
complete and consistent state. Ordonez & Garcia (2008) assume that the database may violate 
referential integrity and relations may be denormalized. They propose a set of quality metrics, defined 
at four granularity levels: database, relation, attribute and value, that measure referential completeness 
and consistency. Quality metrics are efficiently computed with standard SQL queries, that incorporate 
two query optimizations: left outer joins on foreign keys and early foreign key grouping. Experiments 
evaluate their proposed metrics and SQL query optimizations on real and synthetic databases, showing 
they can help in detecting and explaining referential errors.

3.2. Automating o f  data model evaluation

Research in the field of automating data models evaluation resulted in development of software 
prototypes that evaluate certain types o f data models.

Software prototype for conceptual data model (ER) model evaluation (Sugumaran & Storey, 2006) use 
domain ontology in creating conceptual ER data model, as well as evaluation of externally created ER 
data model.

According to the experimental research (Emer, Vergilio & Jino, 2008), testing o f relational database 
schema has been done with ADIA (Alternative Data Instance Analyses) system. This is a fault-based 
testing approach. The goal is to reveal constraint faults for schema elements, incorrect or absent 
restriction definitions. The data model is represented by a metamodel using UML notation. ADIA 
includes: Database instance alternatives, Original database instance with a simple modification, 
Queries, SQL statements automatically generated. The data model is represented by a meta-model M 
using UML notation Classes: Element, Attribute and Constraint.

In study (Formica & Missikoff, 2006) the problem of object oriented database (OODB) design is 
analysed, focusing in particular on the correctness of OODB schemas with IS-A hierarchies. Software 
prototype use object-oriented language elements for defining the physical structure o f database by 
using TQL.

In paper (Choppella et al., 2007) authors reported their experience with exploring the use o f PVS to 
formally specify and apply automated reasoning with ER data models. Working with a text-book 
example, they rely on PVS's theory interpretation mechanism to verify the correctness of the mapping 
across various levels o f abstraction. Entities and relationships are specified as user defined types, 
while constraints are expressed as axioms. They demonstrate how the correctness of the mapping from 
the abstract to a conceptual ER model and from the conceptual ER model to a schema model is 
formally established by using typechecking. The verification involves proving the type correctness 
conditions automatically generated by the PVS type checker. The proofs o f most of the type 
correctness conditions are fairly small (four steps or less). This holds out promise for complete 
automatic formal verification o f data models.

4. PROPOSED APPROACH

Authors propose system of integrated software tools (Fig.2.) that could automate the process of data 
model evaluation and therefore enhance quality of data models. The basis o f integration (Kazi et al. 
2010) relies on using XML as result form that some software tools produce.

This system is to be used in the process with following steps:

-  Creating axioms that describe general reasoning rules regarding specific type o f data model 
(EER, RM, OOM etc.). Axioms are reasoning rules that are applied from data model

8 I Published by Info Invest, Bulgaria, www.sciencebg.net



Journal of International Scientific Publications:

Materials, Methods & Technologies, Volume 6, Part 1
ISSN 1313-2539, Published at: http ://w w w .science-journals.eu

definitions and they are generally applicable to any data model that is to be evaluated. Axioms 
are used as general theoretical foundation of checking syntax part of quality o f data model.

-  Formalization o f data models, by using first order predicate logic calculus as a formal 
language.

-  Creating a system of axioms that will be merged with formally presented data models within 
the transformation tool, to be processed by an automated reasoning system. They are set of 
rules are to be applied over data model elements so the main conclusion could be made about 
data model quality. Axioms are used as reasoning rules that define the elements o f correctness 
of a data model.

-  Transformation of first order predicate calculus form of data model to a form that is suitable 
for processing in the selected system of automatic reasoning, i.e. to clauses in PROLOG.

-  Merging clauses regarding data model and reasoning rules to an input file for PROLOG.

-  Entering input file to automated reasoning system, setting queries and getting results.
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CASE tool 
Power DesignerBusiness process model, Data flow 

model, Data Dictionary

Domen ontology 
OWL, RDF

Data model 
EER, OOM, XML

Compatibility ?

Predicate calculus

Ontology mapping Data model formalization

Reasoning rules

Automated reasoning system - 
PROLOG

Data model evaluation

Fig. 2. Process of data model semantic evaluation (Kazi et al., 2010)
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5. RESULTS

Software tools, that present parts of the proposed system (Kazi et al., 2010) are:

-  CASE tool for data modeling, which saves result of modeling in output form of files that in
fact XML files that consist of parts of data model and its descriptions.

-  PROLOG - as an automated reasoning tool. Input data to PROLOG is file with extension 
PRO, which is in fact a specially formatted textual file

They have been empirically tested with data models that consist of several entities (Kazi et al, 2010).

Lor the purpose o f automated support to data model correctness analysis, authors developed software 
tool (Lig.3.) that enable importing model from CASE tool and evaluation of model according to 
previously defined rules (Kazi & Radulovic 2011).

XML file that represent model from CASE tool is converted to set of clauses and merged with 
evaluation rules so they all are unified as an input to PROLOG. Within PROLOG, all input is
processed according to questions regarding certain aspects of data model quality.

Data M odel V alidator 1 .0

D a ta  m odel:

<?xml version="1.0" encoding="UTF-8"?>
<?PowerDesigner Appl_ocale="Cpl 250"
ID=''{B1CCE918-97D4-46D9-A8DF-5BA8424535E6}" L a b ek "' Name="Test1'' 
0bjects="20" Symbols="4" Type="{1 E 597170-9350-11D1-AB3C-0020AF71E433}" 
signature-' 'CDM_DATA_M ODE L_XM L'1 version="10.0.0.1077"?>
<!-- p lease do not edit this file -->

<Model xmlns:a="attribute" xmlns:c="collection" xmlns:o="object">

<o:Root0bject ld="o1">

Entities: PERSON; CITY;

Attributes: FERS0NID; FIRSTNAME; LASTNAME;

Relationships: ILIVESIN; WASBORN;

Data types: I; VA20; D; I; VA20; VA30;

Attributes in entities: I PERS0 N(PERS0 NID);

Entities with ID attributes: PERSON; CITY;

M andatory attributes: PERSONID; FIRST NAM E; LAST NAM E;

ID attributes: IPERS0NID; P0STALC0DE;

Entities & relationships: CITY-LIVESIN-PERSON;

Relationship cardinality: | card! 1 -LIVESIN-cardOm; 

Dependent relationships: |

IS_A hierarchy: J 

R e a s o n in g  ru le s :

enthasatr:-ent(X),atrfy],p(X,V). 
entwithatr|X):-ent|X),atr|Y),p|XY). 
noatrinentjX): -ent|X),not entwithatrjX). 
atrbeltoent|X.Y):-ent|X),atr|Y],p|X.Y). 
enthasidatr:-ent|X),atr|Yl,ies(idatrl,p|X,Y),p|Y,idatr). 
entinrel: -ent|X),rel|Y),ent|Z),p|X,Y),p|Z,Y),not X=Z.

Bln®
resicaromj.
res(dependent).
res(inherit]..

res(va20).

res(va30).
p(personid, i).
p((irstname, va20].
p(lastname, va20).
p(adrress, i).
pfpostalcode, va20).
p| name, v a 3 0 1
p(person, personid).
p(person, firstname).
p(person, lastname).
p(person. adrress].
p(city, postalcode).
p(city, name).
p(person, idatr].
p(city. idatr).
p(personid, mandatory).
p| firstname, mandatory).
p(lastname, mandatory).
pi postalcode. mandatory).
pfname, mandatory).
p(city, livesin).
p(livesin, person).
p(city, wasborn).
p| wasborn, person).
p(card11, livesin).
p(livesin, cardOm).
p(card11, wasborn].
pi wasborn. cardOm).
p| personid. idatr).
p(postalcode, idatr).
enthasatr:-ent|X),atr|Y],p|X,Y).
entwithatr|X):-ent(X),atrfT'),p|X.Y).
noatrinent|X): -ent|X),not entwithatr|X).
atrbeltoent|X,Y):-ent|X),atr|Y],p|X,Y).
enthasidatr:-ent|X),atr|Y),ies(idatr],p|X,Y),p|Y,idatr).
entinrel: -ent|X).rel|Y).ent|Z).p|X.Y).p|Z.Y),not X^Z.
modelcorrect:-enthasatr,enthasidatr,entinrel.

v

Load Data Model

Add Reasoning Rules | 

Run Prolog

Change Language

Language 

O  Serbian 

®  English

Fig. 3. Software tool prototype for data model correctness analysis (Kazi and Radulovic, 2011)

After loading data model, each element o f model has been presented by clauses. Reasoning rules are 
also presented as clauses. They all are merged and after completion o f the list of clauses, PROLOG 
could be started. PROLOG gives answers to particular questions regarding certain element of the 
model.
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6. CONCLUSION

This paper presents theoretical survey and research results in the field of data model evaluation and 
analyses. There are several approaches that deal with this problem during the process of data model 
creation, data model evaluation and data model correction. Research in the field o f automating data 
models evaluation resulted in last few years with development of software prototypes that evaluate 
certain types of data models.

Research and development results of authors in the field of automation o f data modeling evaluation is 
presented as concept and software prototype. Further research is directed towards integrating with 
ontology tools that enable using ontologies for different knowledge areas that describes semantic 
aspect of business domain. Main research goal is to find a correlation and mapping between ontology 
and a formal logic language, i.e. transformation of ontology to a form that is appropriate for automated 
reasoning system input. This way ontologies could be used in conceptual model evaluation.
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