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Resumo

O progresso nas tecnologias da informação e de comunicação tornou disponível
uma grande quantidade de repositórios de dados, mas com uma grande heterogeneidade
semântica, o que dificulta a sua integração.  Ontologias têm sido usadas, dentre outras
coisas, para a definição e estruturação dos conceitos que definem os dados armazenados
em cada  repositório.  Por  isso,  um processo  que  tem sido  utilizado  para  resolver  o
problema da integração entre repositórios de dados é o alinhamento de ontologias, que
tenta descobrir  as correspondências existentes  entre  as entidades  de duas ontologias
distintas.  Existem várias  abordagens na  literatura  para o alinhamento  de  ontologias,
dentre as quais destacam-se  as que aplicam uma estratégia interativa, que considera a
participação de especialistas para melhorar a qualidade do alinhamento final.  Apesar
dos  avanços  nos  resultados  obtidos  na  literatura,  há  ainda  erros  recorrentes  nos
alinhamentos obtidos pelas propostas de alinhamento interativo de ontologias,  o que
pode  ser  comprovado  por  uma  iniciativa  de  avaliação  conduzida  anualmente  pela
comunidade científica (OAEI). A grande maioria das ferramentas de alinhamento busca
construir um conjunto de correspondências candidatas, dentre todas as correspondências
possíveis  entre  duas  ontologias,  para  ser  trabalhado  pela  abordagem.  Este  trabalho
propõe uma  abordagem interativa para o alinhamento de ontologias, chamada ALIN,
que modifica o conjunto de correspondências candidatas de maneira interativa, ou seja,
dependendo da interação com o especialista novas correspondências são escolhidas para
a sua apreciação enquanto outras são descartadas. A abordagem ALIN foi avaliada no
interactive track da OAEI 2016, com a utilização do conference dataset. Nos resultados
reportados pela iniciativa, ALIN obteve o primeiro lugar em termos de qualidade em
cenários interativos e sem erros do especialista, enquanto em cenários não interativos foi
destaque em termos de consistência.

������
������
 �$!�*�'���# 
-�
#��#$#%!�,4 
���!�)�-�=�,
-�
 #���,)#�->� !�4

�$!�*�'���#
!������!"#
-�
#��#$#%!�,:

vi



Abstract

The progress in information and communication technologies has made a large
number  of  data  repositories  available,  These  repositories,  however,  are  highly
heterogeneous, which makes integration difficult.  Ontologies have been used, among
other things, to  define and  structure the concepts that define the data stored in each
repository. Therefore, a process that has been used to solve the problem of integration
among  data  repositories  is  ontology  alignment  process,  which  tries  to  discover  the
correspondences  between  the  entities  of  two  different  ontologies.  There  are  several
approaches in the literature for the ontology alignment, among which we highlight the
ones  that  apply  an  interactive  strategy.  An  interactive  ontology  alignment  strategy
considers the participation of experts to improve the quality of the final result. Despite
the advances in the obtained results in the literature, there are still recurrent errors in the
results  of  the  state-of-the-art  proposals  as  stated by  the  most  recent  reports of  an
evaluation initiative conducted annually by the scientific community (OAEI).  Most of
the ontology alignment tools seeks to construct a set of candidate correspondences to be
worked  through  by  the  approach.  This  work  proposes  an  interactive  approach  for
ontology alignment, called ALIN, that modifies the set of candidate correspondences in
an  interactive  way,  that  is,  depending  on  the  interaction  with  the  expert,  new
correspondences are chosen for his appreciation while others are discarded. The ALIN
approach  was  evaluated  in  the  OAEI  2016  interactive  track,  using  the  conference
dataset. In the official reports from OAEI, ALIN obtained the first place in terms of
quality in the interactive scenario  and with no expert  mistakes, and was specifically
highlighted in terms of the consistency in the non-interactive scenarios.
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1. INTRODUCTION

This chapter provides an overview of the  thesis, presenting the motivation to

improve the ontology alignment process, as well as a brief description of the

concepts  needed  to  understand  the  proposed  solution.  The  hypothesis  that

guides the research and the methodology used to validate it are also presented

here.

���� ���������	
�	�
��������������	
��
��
�������


�����������	�
����������������������������	�����������������������������

����������������������
�������������������
��������
�������������
���������������

��������������	����������������������������������������������������������������������

���� ��������������� ����������������������������
� ������������������������

��
�������� �����
�������������������������������������  ����������	�������������

��� � �� � ��� � ��������� � ������ � ���������� � �� � ��� � ���� � �������� ����� � �������

�����
�������������� ������������ ���������������������������
������

�������������


������

�������������������������������
������������������������������!��������

���������������� ������� � ��� � �������� �"�� �����������#� �� � ��� � ��

����� � ������������

 ������	�������������

������������������������������������������������������

�������

�����������������������������$����������
�����������������������������������

��� � ��� � �� � ������������ � �� � �����	 � ���������� � �� � ������ � �
 � ���� �� � �� ������

����%�����������������&�����������������������������������������������������������

1



����������'��

(�� � ��������� �������� �������� � ���!� � �� � �������� � ��������������� � ��������

�������� ��
 ���

����� ����������� ����� �(����������� ���������� ����������� �� �����	�

����)��������������������������

��������� ���������������������������� ��������������������)����������	�

�������������
����� ��� ���������������������������	������������������������������
�

�������� ��� ������������������������������������������ ��*�� �The use of a domain

expert is not always possible, as it is an expensive, scarce and time-consuming resource.

But when it is possible to use it, this strategy has achieved superior results to automatic

(non-interactive) strategies	�������������������������
�������������������*�	�����������������
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��� ��������� ��������� ��������	 ��ut  keeping  the  number  of  interactions  at  a  level

compatible  with  other  tools� � (�� � �������� � �������� � ����/�0� �� �  � ���������� � �
�

������1���	����������������������������������	�������������
�������������1�������

��

�����������	�����������������������������	����������������������������������

�������������Meilicke [4],�������������������������1�����������������������

��������
������������ ���������������������� ���������������������������
�������
�

�������������������������To not work with all possible pairs of entities between two

ontologies,  the techniques select  a subset of this  total  set.  This subset  is  commonly

1 Available at http://oaei.ontologymatching.org/2016/results/interactive/index.html, last accessed  on 
Nov, 19, 2016.
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called set of candidate correspondences. ������ ������������	�����������������������
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The hypothesis guiding this research is stated as follows: 

IF expert's feedback (either direct or indirect) is used to classify all the set of

candidate correspondences and to modify it through correspondence anti-patterns and

retrieval  of  correspondences,   THEN the  quality of  the  
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�������� ��������� is increased,  keeping a reasonable number of interactions with the
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2 Available at http://oaei.ontologymatching.org/2016/results/interactive/, last accessed  on Dec, 19, 2016. 
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The ontology (O1) shown in  Figure 1 shows some of the concepts involved in
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the scope of a cultural product store.
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Figure 1: Ontology of a cultural product store
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Figure 2: Ontology of a book publisher

Figure 3: 

�����������	��
���������������������������������
�����������������������	����



;���������������;����;������������������������;��������������������������
�������������

����������������������������������������������
��������������������;��������;����������

����������
�����������
������������������ ������8�������������������
����������
�����
�

���� � �������4 � 
��� � ��� � ��� � ����� � ���������� � "+ � �� �+;# � ��� � �� � �� ��� � ������	 � ��

�������� ��; � �� ���������� �+��������	 � �������������� ������ ��������� ���"�������

����������������������������������������#�����������������������������������������
�

�;�

(�� � ������� � �
 � ��� ��������� ������� � �� � ����� � �� � �������� � "���� � � ��

���������	 ���� � �� � ��� � ������� � ���� �  � �������������� � ������ � ��� � �� � ����� � ���

��������������������������������#�� �� � �������	 � ��� ��������� ������� � �� � �!� � �����

������������������������	����������
����������������������

(�������������1�������
����������������������	�������������������������

����4�������������������� �2�������������������������������������������������

10
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that designates the name of the entities is considered an element of the set.  �������
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Before  explain the Jaro-Winkler Similarity Metric,  the Jaro Similarity Metric

will be explained. Jaro Similarity Metric formula can be seen in Formula 5.

(5) 

Where |x|  is the length of the first character string, |y| is the size of the second
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Figure 6: Jaro similarity metric for strings PAUL
and PUAL



character string, m is the number of characters in the two strings that appear in the same

order and t the  number of character inversions (transpositions), as we can see in the

Figures  6 and  7,  where  the  strings  PAUL and  PUAL,  and  the  strings  JONES  and

JOHNSON are compared. 

� Garo-Winkler similarity metric assumes that the beginning of the string has a

value greater than all its characters. It takes advantage of the Jaro metric and modifies it

by giving weight to the first p equal characters, being calculated as shown in Formula 6,

where p is the number of first equal characters (common prefix).

"7#�

The calculation of the Jaro-Winkler metric can be seen in Table 1.
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Figure 7: Jaro similarity metric for strings JONES
and JOHNSON
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The n-Gram similarity (or k-gram or q-gram) metric divides the strings to be

compared into small substrings of size n (in the case of ALIN, n = 3 , called trigrams).

As an example of the division of the strings we can see in the Table 2.

(7)

The formula of n-Gram similarity is shown in Formula 7, where A is the set of

trigrams of the first string and B is the set of trigrams of the second string.
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Table 1: Jaro-Winkler similarity metric examples

Table 2: Trigrams of strings
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To  talk about linguistic similarity metrics, some other related concepts such as

Probability of  Random Word Being an Instance  of  a  Concept  and Lowest  Common

Subsumer must be talked.
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Probability of Random Word Being an Instance of a Concept is calculated by the

number of words belonging to the concept c plus the number of all the words belonging

to the  concepts  that  are  ���������� divided by the total  of words  contained in  the

������������������� (eg. a thesaurus) used, the result is symbolized as P(c). 

In Figure  8, part  of  a  generalization  hierarchy of  a  hypothetical  thesaurus  is

shown.  A randomly chosen word has 39.5% of being in the  'entity' concept, or in the

concepts below it, as inanimate-object. 
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LCS (C1, C2) = lowest node in hierarchy that is a hypernym of C1 and C2. In 

the case of Figure 8, CLS (hill, coast) = geological-formation.
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(8) sim(C1,C2) = 2*N3/(N1+N2+2*N3) 
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Figure 8: Generalization hierarchy with probability of random word being 
an instance of a concept example
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The calculation of Jiang-Conrath similarity is shown in Formula 10.
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order to reduce the number of interactions with the expert.
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To exist this anti-pattern, there must be a restriction that a single entity does not

participate in two correspondences in the generated alignment.
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In order to exist this anti-pattern, there must be a restriction that no subclass can

be equivalent to its superclass, that is, the superclass must be able to instantiate some

object that can not be an instance of its subclass.
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3. THE ALIN APPROACH
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Some  of  these  techniques  have  already  been  used  individually  by  other

approaches. ALIN takes a step forward towards combining all of them.�
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Figure 13: Subsets of set of classified 
correspondences
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Figure 14: +�	�����������������'()���������
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Figure 15: Generate set of candidate correspondences
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Table 8: Set of candidate correspondences (above) and set of correspondences with semantically
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Figure 16: 8	������	��������������	������������� �
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Figure 17: Criterion number 4

Figure 18: Criterion number 5
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Figure 19: Classify ����
��	��������������	��������������������
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Table 12: Selecting correspondences for an interaction
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previously chosen.

If the Table 12 is the set of candidate correspondences, the first correspondence

selected to be part of the interaction will be that of id 14, since it is the one with the

highest confidence value (the sum of the similarity metrics). The next to be selected will

be the id 52, since it is next in order which has an equal entity (Chair) to an entity of the

first correspondence. The third and last will be that of id 94, since it is next in order

which  has  an  equal  entity  (Chairman)  to  an  entity  of  one  of  the  two  previous

correspondences.
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Table 13: Set of candidate correspondences (above) and set of classified correspondences
(below) before the classification of correspondence 23
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As part of the ALIN approach, the following techniques are used to generate and

modify the set of candidate correspondences and to classify the correspondences:

1 - Stable marriage with incomplete list with limited size to 1;

2 - Withdraw of correspondences with semantically different entity names;

3 - Automatic classification according to the maximum similarity premise;

4  -  Review of  automatic  classification  according to  the  maximum similarity

premise;

5 – Direct classification (Interaction with the expert);

6 – Indirect classification (Use of correspondence anti-patterns);

7  -  Retrieval  of  correspondences  between  relationships  (I����������� � �����

����������������#;

8 - Retrieval of correspondences between attributes (I���������������������������

������#;

9  -  Retrieval  of  correspondences  between  subclasses  of  the  set  of

correspondences with semantically different entity names (I���������������������������

������#�
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4 “Stanford CoreNLP”. Available at http://stanfordnlp.github.io/CoreNLP/ Last accessd on Sept, 15, 2016.

5 “String Similarity Metrics for Information Integration”. Available on http://www.coli.uni-
saarland.de/courses/LT1/2011/slides/stringmetrics.pdf. Last accessed on Apr, 19, 2016.

6 “WS4J”. Available at  https://code.google.com/archive/p/ws4j/ Last accessed on Apr, 11, 2016.

7 “Alignment API”. Available at http://alignapi.gforge.inria.fr/ Last accessed on Apr, 11, 2016.

8 Available at http://oaei.ontologymatching.org/2016/results/interactive/, last accessed  on Dec, 19, 2016. 
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Table 18: Comparison between matching executions T0 and T1
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��������aintaining a good recall. The precision in both executions is 1 because the only

way to  classify the candidate correspondences, up to now, is  the interation with the

expert, and it is assumed he not make mistakes.

The use of the weighted average for the calculation of the precision and recall of

the 21 conference dataset alignments, the weight being the cardinality of the reference

alignment, is the standard to OAEI. This standard is a good one, because if a simple

mean were used, a technique that would make a false positive correspondence become

true positive one would have much more weight on the final result in an alignment with

few correspondences than another technique that would do the same on a alignment

with more correspondences.
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Table 21 - Number of correspondences in some anti-pattern
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Figure 21: Percentage of correspondences in some anti-pattern
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The OAEI evaluation on the conference data track has two modes: there is a

non-interactive  execution  evaluation  of  the  tools,  where  participate  the  automatic

ontology matching tools, and there is the evaluation of interactive execution. Although

the main focus of ALIN was participation in interactive execution, it also participated in

non-interactive  evaluation  in  OAEI  2016 and  in  this  evaluation  was  computed  the

number of  logical inconsistencies generated by the tools and ALIN did very well, as can

be  seen  in  Table  26.  The  OAEI did  not  evaluate  the  logical inconsistencies  in  the

interactive execution, but because the ALIN send for evaluation by the expert (or with

the use of anti-patterns) all the correspondences of the set of candidate correspondences

and if you assume that the expert does not make mistakes, even in the interactive phase

the ALIN should not have generated many logical inconsistencies. 
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Table 26: Statistics of consistency
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=��6��� '� J '3 ��'3
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 =�6� '� �' �3- I��8

/��� '� �* �7I J�IL
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/��6�9�� '� - - -

/��6�/� '� 7 J� *�J7
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�����������������������	���������
������������������������������������
�������������

��������������������

(����'I ��� ������''�������������������
���������������������������������

+�,����������������
����������!��(����������������������������������������������0��

�������������
��������������������������������������������������������1��������	�����

��������
�1���������������������������1�������������'-�3�������������
�������������

���������������	�����������������
���

������1����������!������������������9�
����'-�3

�����������������������
�������������
�1������������/�0�������������������������������

���������
��������������1���	�������������������������������+�,����������������
�������

���!	���������������I����������������*��	��������������(����'I�

(����'I��������������
��������
�������������������������+�,�	�����������������

���������--.��
���������������������������������
������������	�����������/�0���!��


��������1�����	�����������������������������������������
������������������������������

(����
���	����������
��������
�����!��� �����
�� ���������
������������������������	�

����������������1���������������������!	����������������1��������������������������

��������������������������������� �����������	���������������������������/�0��������

���)�����������������������������������������������	�����������������(����'7	����

78	��������������������������
������/�0��
������
��������
����������������������
�����

65

Table 27: Comparison of OAEI interactive conference track participant tools
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Figure 22: Graphic comparing the performance of different tools
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Table 28: Comparison of ALIN with OAEI participating tools, interactive matching of the
conference dataset  with 90% hit rate
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Table 29: Comparison of ALIN with OAEI participating tools, interactive matching of the conference
dataset  with 80% hit rate
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Table 30:  Comparison of ALIN with OAEI participating tools, interactive matching of the
conference dataset  with 70% hit rate
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Figure 23: NI of the evaluation of the tools
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Figure 25: Precision of the evaluation of the tools
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Figure 24: True positives of the evaluation of the tools
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Figure 26: Recall of the evaluation of the tools
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Figure 27: F-measure of the evaluation of the tools

������/ �����/  ����/ �����/

�����

�����

�����

�����

�����

�����

�� ��

�� ��

-.���"��

1��	

123

3�
2��

4��

5��*��

���*627'

:���(���



��������������	
���	'
(����
���
������������
�	
��
�+%*
*	���������
+	�����


(���3


�/�0�����������������������������������������(��!��
�+�,��'-�7����������

���!�������������������������������������������	����������������������
�������

������������������������������
���������(����������������
�����������������������

��������������������� ����������L��������	 �������������� ���� ��/�0�������������

�������	���������������������������������	���������������������������������������	�

����!�����������������������������������
��������������������������������������������

�����������"�������������������������#	�����������/�0��������������������������������
�

��������������� � ������� � ��������� � �� � ��� � �������� � �
 � ��������������� � ��������

��������������(������������
���������!�������������(����*��

71

Table 31: Comparison of 2016 OAEI interactive anatomy track participant tools
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LogMap has participated in OAEI evaluations since 2011.

LogMap [26][32] is a highly scalable interactive ontology matching system with

built-in  features  of  logical  reasoning  and  diagnosis  and  repair  of  inconsistencies.

LogMap initially  selects  a  set  of  candidate  correspondences  with  a  high  degree  of

similarity, then correspondences that are semantically and structurally related to these

correspondences are added. After this step there is a new one in which correspondences

are drawn from the set of candidate correspondences if they are considered unreliable

according to lexical and semantic characteristics. The remaining correspondences of the

set  of  candidate  correspondences  are  presented  to  the  expert  in  order  of  highest

similarity value. Correspondences  that  have  an  entity  equal  to  or  conflict  with

correspondences classified by the expert as true are classified as false. The expert can

stop  the  interaction  at  any time,  with  the  remaining  correspondences  in  the  set  of

candidate correspondences automatically decided.
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Table 32: Interactivity characteristics of studied approaches
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Table 33: Interactivity characteristics of studied approaches
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