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MONOLINGUAL THESAURI MERGING

Marios M$ Sintichakis

Master of Science Thesis

Department of Computer Science

University of Crete

ABSTRACT

A thesaurus is a conceptual structure representing concepts from a particular domain

of discourse using a controlled vocabulary and three types of relationships between

concepts. equivalence2 hierarchical and associative relationships$ It has been proven

in practice that thesauri can play an essential role as parts of information retrieval

systems$ Yet2 the construction of thesauri is an exceptionally hard and time consum9

ing task$ Within the context of this thesis2 we deal with the problem of monolingual

thesauri merging as a means for thesauri construction and development$

The aim of thesauri merging is the integration of both vocabularies and relationships

of two or more thesauri2 so as to produce a new thesaurus which describes more

concepts than each one of the merging thesauri do$

We try to systematically address the problem. we introduce a set9theoretic frame9

work for the representation of thesauri and the relevant integrity constraints which

are independent of any implementation issues$ We decompose the merging process

in four phases namely pre9integration2 analysis2 con�ict detection and resolution and

integration$ Our attention is mainly focused to the phase of analysis which is aimed

at the detection of terms of the merging thesauri which ascribe the same concept$

In order to detect terms ascribing the same concept in di�erent thesauri2 we introduce

a model for the computation of conceptual distance between terms$ This model is

an adaptation of a more general model of analogical similarity and it is based on

the relationships between terms$ Moreover we combine conceptual term distances

with lexical similarity and equivalence relationships2 so as to reduce the size of the

term sets which should be considered$

The merging is a top9down procedure based on the topological sorting imposed by

xiii



the directed acyclic graph which is formed by the hierarchical relationships of the

merging thesauri$ This policy has the advantage that it tends to gradually improve

the accuracy of the conceptual distances computed at each level$ The mode of

operation can be either batch or interactive$

We have used the Telos data model of the Semantic Index System for the repre9

sentation2 storage and management of thesauri$ Using SIS as a platform2 we have

implemented a prototype of our method in C��$ We have conducted a merging

experiment trying to integrate two well9known thesauri. the XComputing Reviews

Classiqcation SystemY and the XLibrary of Congress Subject HeadingsY$ The qrst

results were quite encouraging and we believe that slight modiqcations can further

improve our method$

Supervisor. Panos Constantopoulos

Associate Professor of Computer Science

University of Crete
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��"/ "�# (c6�#�'4� "%# !�%# X� ��D/,�Y ��( X� ����/#�Y$ 
( ( ���0(�-& ;B 9

"4*(&  �4)& � �"(3#��# "�# ��!6�)"%# ;1�'/"%# �#/���)& �����,��4�&$ �(�

���/6 (�'� '(�  �3"�)�(� X����1(�/Y2 �7 �#����-*( ' "�>5 /��%# ��( �����,�9

�4� �(� "� X+ �,4#(�Y �/"( ��� 6 # �4# "�( 1� ;1�'�"� �#/���)& �����,��4�& "�

���4� 6 # ���1��4@��# ��=���5&$ � (��'�"(�/ ���" �-8�"� 6 40#��# �%& � 0��)

��=��3# *;1�'�"� �#/���)& �����,��4�&2 � �"(3#��# )'�#"(�/ "�# ��!6�A

"��& ZKri_H^2ZLKL_H^$
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�"�#  ����� ��"� �B���5'�1 ' "� ��!���'� "�& ;�03# �)& ��=��3#2 -#�

�-'� "� ���4� 6 # -0 ( ���B���*( * �� 4� ��4'��� "��&  � �#�"-&� �(1�'�# &

�����,��(��&2 � ��#!& ��� 4 &̀ #� �, 4� "�( 1� �"( '!#� B "(�/ ��!d�"� -0 (

�#��#%�(1 4 � �>4� "%# ��=��3# 1�# �#/���)�����,��4�& ZCLBD_E^2 ZPai_?^2

ZLKL_H^2 ZKri_H^$ �1!c� ����"(�� )'��� "�� ������'�"�&  4#�( ' �/�� ��(
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65D���  ����� ��!'� ��( �(� ��=���5& '-c� ' �-���& ZISO\]^2 ZISO\�^$ ��!

"�# /��� �� ��/ ,�4# "�( ���(�! #� ���T���c�' #�  #���(�c�' ��=���5& ���

-0��# ��"�D ��1 4 �# >/�"�"�2 ' D��! #� ��"�D �/c�' -#� #-� ��=��! �

���4�& 6(�(W�"(�/ �7 ���" � 4 "�# X-#%)Y "%# ��0(�3# ��=��3#$

�� ��!"��� ZISO\]^ ���-0 ( -#� G#��� ��! "5���& ��"�D �3# L!���& ��( "5���&

;B "4*%#M ��( ��#!# & L� �(��(8�5&M �(� "�# ;#6��8! "��& ' D��! "�# �#/9

�"�>� ��=��3#$ +(�(W�"(�/2 � ("���� 4 �#/���� '7 -#� '�#"-�� 6 6�'-#%#2  #3 �(

��=���4 ���" ��5# "� 6(�(W�"(�! (c65#�'� "%#  ##�(����(�3# B�'/"%# "%# �/ #̀

6 6�'-#%#$ �/"% ��7 ��"! "� ��48�2 � ;�03# �) #!& ;#!��� ��=��3#2  4#�( '(�

6(�6(���� � ���4� 1!0� -0 ( "�#  #���4�)"%# ��"�D �3# "��&2 ��( "�# �����%��

'(�& 6�'�& � ���4�  4#�(  �4)& ��=��!& U(��#���( 4 6���6� "��& � �(��(8�5& ��9

�/#%)& ���  (F��#"�( ��7 "� ZISO\]^$ �#� ������(�'-#� ���/6 (�'� ;�03# �)&
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�"� ���4:� ��"�& "�&  �����&2  1(/@��' "�# ���T/� (/ '�& 1�# B 64�)��(

�����4�)'(�& ' �!6�� ;�03# �)& '�#!��%<%# ��=��3# �( !��( "%# ���4%#  �9

,�/@�#"�( ' "�# 0��)'(�& ��(#�& ,�:��& ��3<�&$ ��(��-�# 1�# ���T/� (�

#7 �#"(' "%�4c�' "� ��!���'� ' ;1�'�"(�! "�!��2  (F���' -#� ���! ;#�9

��� %��"(�! '�#"-�� �(� "�# ���/1�)��=��3# ��( � �(��(83# �� ��(!"�"�& �7

-#� G#��� 1�(0 (%63# ��/> %#  #�'-�%)& ��=��3# �( ���4 & 0��:'���(�5#"�( %&

�/)�(� "�# ;�03# �)$

�����(�=' "� �����/#% 0��:'���(3#"�& "� �51�'� ��'�:����(��5 ��� "��(�9

8�5 LSemantic Index System2 SISM ��( "� '�#"-�� 6 6�'-#%# "�& ��3<�& Telos

ZMBJK_�^ "� ���4� ���1��4@ "�( ��7 "� SIS ZDKT_�^$ 
( �!��( �(� "��& ���4��& "�

SIS ���"('���� ��! /��� ;1�'�"�  4#�( �(  >�&.

?$ � ���/1�)��=��3# ' '��,� 6(�"5��  4#�( �(� ,�:��$

C$ �� SIS > � �#/ "�# "�05"�"� ��!��()& �#%13#  '���(�3# DBMS *�#�6��9

'(�-&  �%"�*(&� ��"/ '4� %& 65� "/> (& ' �-���& ZCD_�^$

E$ �� SIS (��#���( 4 !� & "(& ���6(����,-& ZMil_?^ 31 #� 0��:'���(�� 4 �(�

"�# 6(�0 4�()��=��3#$

H$ � ��� "-& � �(�"3*(& �(  '� (�4 & ��! "�# 0��)/��%# ;1�'/"%# *B 9

"(�-&  ���� &2 !�%& �(� ���/6 (�'� "�� ;1�'�"�& FrameKit� 1�#  �����

ZMR\\^ � "�� ;1�'�"�& Ingres 1�#  ����� ZCLBD_E^ 6 # �"�#  #����#"(�-&$

�  ����� ��"� ;# (d-� ( 1� ��!���'� "�& ;�03# �)& ��=��3# '(� #-� '-��6�

� ���4� 1��4@ "�( 1�# ��1���  �'�# 4� ��( "���)"�& )'�:����4�& "%# ;B "49
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( 6�'(�-& ��"�D �-&  #!& ��=���5  4#�( �( !��( ��( �( ;B "4*(& ' "�>5  ##�(3#

��� �#"(��� �̀ 5��# �( !��($ �"�#  #!"�"� ��"� �����:/@��' ' �(�/ ��7 "� 0���9

�"��(1(�/ "%# ��"�D �3# ��"3#2 64#�#"�& -',�)N � 4#� ���  4#�( )'�#"(�/ *

B-)' "�# ;�03# �)��=��3#$

����� �� �

�!"#$%&'() *&+,

��0#/ �( !��(  #!& ��=���52 ����#3#�#"�( *���5 � #(�-&2 )'�:����(�/;�� # 4&

��/*(&  ##�(3# "(& ���4 & �� �#�'/@��' ���������
 �� � 	facets
$ �/� !��& "��

��=���52 �� ��-� ( #7 �#�� ( *'4�2 � � �(<!" � & ��"����4 &2 ��/�'� ��� 64# (

�'- &̀ �����,��4� �(� "�# ��!1�)"�& -##�(�& ��� � �(��/, ($

	 -,"!.# "+, *&+,


��( �( ���4�( ���" ��5#"�( ��! � �(<!" � & ��! '4� �-> (&2 �-��#"�( '������ ����

	compound terms
 *�#"4� )' "��& �"��#
 ����
 �( ���4�( ���" ��5#"�( ��! '(�

'�#/0� �->�$ �#� )'�#"(�! �-'� "��  (F���# �( G#� "�( !��(  4#�( � G#"�>�

"��& � 6(/"�>� 6���6� "%# �-> %# ��� ���" ��5# "�# !�� ZSve\_^$ ��/�0��# 65�

���*��4*(& 1� �-'� "�& G#"�>�& "%# G#� "%# !�%#$

?$ (#����� )���*
 ��&!�
2 �(� ���/6 (�'� XDigital ComputersY$
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C$ +���,��)�'�����2 �(� ���/6 (�'� XComputers2 DigitalY$

�# ��( � ��3"� ������();#(1/"�( ZISO\]^  4#�( �(��#! #� 0��:'���( 4"�( ��( �

6 5" �� ' "�  �(0 4��'� �"( *'(� ��,���"(�/ "�>(#�'�'-#� ���/� )"%# !�%# "��

��=���5 B "(��4 !��( ��4D�#"�( �'�6���(�'-#�($ �(� ���/6 (�'�

$$$

XComputers2 DigitalY

XComputers2 MobileY

XComputers2 PersonalY

$$$

��"!& ��! "�# *(�/ ���/� )& "%# �-> %#2 � G#"�>� "%# G#� "%# !�%#  ��� /@ 9

"�( ��! "�# ;#"��"(�� ��"����4� "��&$ �#�& !��& '��� 4 #�  4#�( ��:�1(�!2 ��'�2

 �4��'�2  �4� "�2  �(� "(�� ,�/)� ���� "(�� ,�/)ZISO\]^$ 
( G#� "�( !��( ���9

,�#3& '��� 4 #7 �#����# '!#� 1(& 65� " � �"�4 & ;#"��"(�-& ��"����4 &$ �1!c

' ��(� ��! "(& 65� ��"-& ;#"��"(�-& ��"����4 & �7 ���6�� 4 -#�& !��&  ��� /@ (

"�# G#"�>� "��$ �(� ���/6 (�'� � 6(�6(���� "�& 6(�0 4�()& "%# �����,��(��3#

;1�'�"%# '��� 4 #7 ���6�� 4 1�# ����(��  4" ��! "�# !�� XInformation Systems

ManagementY  4" ��! "�# !�� XManagement of Information SystemsY$

�%/01234%' *&%3

�4#�( ;0#! ,�(#!' #� 1(& ,�:�-& ��3< & #� ��/�0��# �-> (& � ,�/*(& ' !'�(�

�������,4� ���/ 6(�,�� "(�-& )'�� &$ �(� ���/6 (�'� 1�# ����(��2 � �->�

XCranesY '��� 4 #� )'�4# ( "� ����4 � "� �#�J%"(�/ '�0�#�'�"�$ 
'�(� � �->�

XMercuryY '��� 4 #� )'�4# ( "� 1�(0 4� � "�# ���#�"�$ �-"�(�( !��( �#�'/@�#"�(

����)'(��42  #3 �( 6(�,�� "(�-& -##�( & ��� '��� 4 #� )'�4# ( -#�& ����)'(�!&

!��& �#�'/@�#"�( �'3#�' &$ ��/�0��# "� (& '�0�#(8�4 �(� "�# ���=,�#()"%#

�'3#�'%#  #!& ����)'(��5 !���$

?$ ��"� ���=,�#()' "�# ���/� )� #(�!" ��� !��� �(� ���/6 (�'�2 XMercury

LPlanetMY$

C$ ���##��5' #� ���=,�#()��! �/��(� � #(�!" �� -##�(� � "�# ��"����4� 1�#

���4� �#�� ( � !��&$ �(� ���/6 (�'� �# � ��=��!& ���-0 ( "�# �����,��4�

�"( � XMercuryY  4#�( ���#�"�&2 "!" 6 # ��/�0 ( �#/��� ��"�& ���=,�#()&

"�� �'3#�'��$

E$ ���=,�#()' "�# 0��)���� �
 ��$�����
 	Scope Note-SN
$ �(� ���/9

6 (�'�2 XMercury SN The qfth planet of the solar systemY$
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*(&� ' "�>5 "%# !�%# "��$ �5',%#� "!c' "� ��!"��� �(� "�# ���/#%)��=��3#

"�� ISO ZISO\]^2 !c��( ' /�� &  ���� & ZCLBD_E^2 ZMR\\^2 ZRM\_^2 ZRM\�^2

ZMil_?^2 ZSve\_^2 ZPai_?^ ��/�0��# "� (& "5��( ;B "4*%#. � �������.�������


	equivalence relationship
2 � ��������* ������	hierarchical relationship
 ��( �

��������%)���
 	associative relationship
$

�056"313780,!2'!)

� %��"(�/ 65� !��( ;#6-�#"�( ' '(� ;B-"()(c6�#�'4�& !"�# �#"(��� �̀ 5��#

"�# 46(� -##�(�$ �� ;#3#�'�  4#�( '(� ���:�� � �4�"%)2 %1!c!�%& �#�,-� ( �

Svenonius 1� ZSve\_^2 �4�� ����'�"(�/ ;#3#�'� ��/�0��# 1(& ,�:�-& ��3< &$

��"/ ;#-� (� '(� ;B-"()(c6�#�'4�& '��� 4 ' "�>5 /��%#2 #� ;#6- (  �4)&

ZISO\]^.

?$ ��# !�� ��� � �(��/, ( '(� ��/)�#"(� ('-#%# ��( "� '-�� ��"�& L���/6 (�'�

C$?M$

C$ +5� !���& ���  �,�/@��# -##�( & �( ���4 &  4#�( 6(�,�� "(�-& "('-& *'(�

��4'���$ �(� ���/6 (�'� XWetnessY ��( XDrynessY$

E$ +(�,�� "(�-& '��,-& ���,�&  #!& !���$ �(� ���/6 (�'� XRoumaniaY2 XRu9

maniaY2 XRomaniaY$

H$ ��4)'� ��( ��(#/ �#!'�"�$ �(� ���/6 (�'� XPolyethyleneY ��( XPolytheneY

��! -#� G#��� (c65#�'%# !�%#2 -#�&  �(�-� "�( %& �#"(��! �̀�& "�� ;#!��� ��(

0����"��4@ "�( %& 6!�('�& !��&  #3 �( ��!��(��( %& �6!�('�($ � ;B-"()(c6�#�9

'4�& ;#6- ( �/#"� -#� �6!�('� ��( -#� � � �(<!" ���& 6!�('��& !���&2 �#/���� ' 

"�# "5�� "�&$ ��/�0��# "� (& "5��( ;B "4*%# (c6�#�'4�&$

?$ ��B "4*(& (c6�#�'4�& ��� ;#6-��# -#� �6!�('� ��( "�# (c65#�'� 6!�('�

!��$ �(� ���/6 (�'�.

boats USE SHIPS$

C$ ��B "4*(& (c6�#�'4�& ��� ;#6-��# -#� �6!�('� ��( -#� G#��� (c65#�'%#

6!�('%# !�%#$ �(� ���/6 (�'�.

lifts USE ELEVATORS or LIFTING EQUIPMENT

�-�'� ��!
.

��+ �� ��� ��������)$relationship% ���� &
 �������� ��
  �
���
!���� /��!��
����" ��� �� ��� ��� ��)$relation% &
 �������� �� 0��*� ��� �������� � ��� ��	���
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E$ ��B "4*(& (c6�#�'4�& ��� ;#6-��# -#� G#� "� �6!�('� !�� ' "� ;#� "(�/

"�� ��� ��-� ( #�  4#�( 6!�('�( !��($ �(� ���/6 (�'�.

aircraft engines USE AIRCRACFS and ENGINES

��"� � '��,� ;B-"()& (c6�#�'4�&2 �#�'/@ "�( ;#"��"(�� ������#"���4�)

Lsyntactic factoringM$


( ;B "4*(& (c6�#�'4�&  4#�( � '�#�6(�!& "5��& ;B-"()& 1�# ���4� '��� 4 #�

�/� ( '-��& -#�& �6!�('�& !��&$ ��! "�# �� ��/ "�� �6!�('�� !��� � ;B-"()

;'���4@ "�( ' "� G'���� USE2  #3 ��! "�# �� ��/ "�� 6!�('�� !��� ' "� G'����

UF LUsed ForM$
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ROCKS

UF basalt

granite

slate

basalt

USE ROCKS

granite

USE ROCKS

slate

USE ROCKS
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( ;B "4*(& ( ���04�&  4#�( "� 0����"��(1(�! ��� > 0%�4@ ( -#� ��=��! ��!

-#� � >(�! � '(� �41� !�%# ZSve\_^ ��( � ��:�!& '�0�#(8!& 6!'�)& ��=��3#

ZISO\]^$ +5� !��( ��4D�#"�( *( ���0(�� ;B-"()!"�# � -#�& ��7 ��"�5& U

� ����������
 ���
 	broader term
 �#"(��� �̀ 5 ( '(� ��/)�#"(� ('-#%#2  #3 �

6 5" ��& U� ����������
 ���
 	narrower term
 -#� '-��& � ���G#��� � "'�'� "��

� #(�!" ��� !���$ � #(�/ '����5' #� ��5' �"( 65� !��( ;#6-�#"�( ' '(� ( ���0(��

;B-"()!"�# � -#�& ��/� "�( 1�# /��� ��"/ '4� -##�(�$ � ;B-"()( ���04�&

���6��3# "�( ��7 "�# �� ��/ "��  (6(�!" ��� !��� ' "� G'���� BT2  #3 ��7 "�#
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	 �stem%

A? �SSES �� SS $CARESSES �� CARESS%

AC �IES �� I $PONIES �� PONI%

AE �SS �� SS $USELESS �� USELESS%

AH �S �� e $COMPUTERS �� COMPUTER%

B? �EED2 Lm � �M �� EE $AGREED �� AGREE%

BC �ED2 L�v�M �� e $CONFLATED �� CONFLAT%

BE �ING2 L�v�M �� e $BALANCING �� BALANC%

C? �AT �� ATE $CONFLAT �� CONFLATE%

CC �BL �� BLE $ENABL �� ENABLE%

CE �IZ �� IZE $COMPUTERIZ �� COMPUTERIZE%

CH L�cc and not L�L or � S or � ZMM �� c $SHOPP �� SHOP%

C� Lm � ?M and � cvc and not L�W or �X or �YMM �� E $FIL �� FILE%

�=%$&!<6) *&+,

�#�& !��& t '��� 4 #� � %��� 4 %& -#� 6(�" "��'-#� G#��� �-> %# w ���  4#�(

�����-*(& ;'�!�%# '(�& ��,���"�� ¡$ �":�/� �->� w � t  4#�( '(� ���/� )



H� �������� �	 
�������

 �

�����

w � ��� ��� � � � � �lengthLwM$ � ������,�  #!& !��� t2 signatureLtM 6�'(���� 4"�( ��7

"�# ���!�(�'� H$C$
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� �signature%

input

t . �#�& !��& ��� ���(1/# "�( %& -#� G#��� �-> %#

S . �#� G#��� " "�(''-#%# �-> %# L�,�(��5#"�( ��! �/� !��M

output

s . � ������,� "�� t

begin

V��

foreach �->� w � t do

if w �� S then V�V � stemLwM

end

sortLV M

foreach �4@� w � V do

foreach j � Z?� lengthLwM^ do s�swj �� ���/� )

end

return s

end

�5',%#� ' "�# ���!�(�'� H$C2 '(� ������,� �(� "�# !�� t2 6�'(���� 4"�( ' "�#

�,�4� )" "�(''-#%# �-> %# ��7 ��"!#2 "�# �,�4� )��"���> %# ��7 "(& ��!��(� &

�-> (&2 "�# ��,���"(�� "�>(#!'�)"%# �(@3# ��� ����5�"��# ��( "-��&2 "�# ���/� )

"%# 0����"��%# �/� �->�& 1�# "�>(#�'�'-#� �������4� �(@3#$ �": >�� 4, "�( "�

��!���'� "�& G#"�>�& "%# !�%# �,�5 �# 65� !��( � �(-0��# "(& 46( & �-> (&2 "!" ��

-0��# "�# 46(� ������,� �# >/�"�"� ��7 "�# *(�/ "%# �-> %# *���-#� ��7 ��"�5&$
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�(� �/� ������,� s ' �/)"�# "5��
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i � ordLsiM LH$?M
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� �search%

input

x . +!�('�& !��&

� . ��� "��(� ������,3#

output

W . f�y . signatureLyM � signatureLxMg

var

V . �5#��� �#��#%�(13# !�%#

begin

W��

s� signatureLxM

V� lookupLx�HM

foreach �y � V do

loadL�yM �� ¢!�"%*"�# y ��7 "�# �/)

�j*	� Z
�
��'�
 II



HC �������� �	 
�������

 �

�����

if signatureLyM � s then W� W � f�yg

end

return W

end

5�3�� �-)�*�+�" �4�-�����"
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 �similar%

input

x . +!�('�& !��&

output

W . �� G#��� "%# !'�(%# !�%# ' "�# x LsimilarLxMM

var

V . �5#��� �#��#%�(13# !�%#

begin

V��� W��

foreach u . u � LT � P M � fxg and u�U � �x do

V�V � similarLuM

foreach �t � V do

if t �� T then

loadL�tM

foreach �y � t�Uand t�r � � do W� W � fL�yMg

else

W� W � f�tg

end

end

return W

end
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�LG�M � OL� log 
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� �G�%

input x

output G�LxM

begin

V� �� loadL�xM

L]M foreach �y � x�B do

L�M V�V � f�yg

L\M appendL�y�QM

end

while Q �� � do

�y� headLQM

loadL�yM

L?EM foreach �z � y�B and �z �� V do

L?HM V�V � f�zg

L?�M appendL�z�QM

end

end

return V

end


 ���!�(�'�& H$] � ���4�& ������4@ ( "� ���'!  (64� �)&�/� !��� ��� �#�� (N-#�

G#��� V�  � > ��/@ "�( �/� '4� ��7 "(& � ��'-& "�� ��/,�� ( ���0(�3# ;B "4*%#

' �4@� �/��(� x � V 2 '4� ,��/ ���(�3& U���''-& L?EM9L?]M$ �# 
 � jV j "!" �

���("�5' #�& 0�!#�& �(� "�# " �'�"(8! "�� �����4�'��  4#�(
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M LH$?�M
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input V

output LLxM��x � V

begin

foreach �x � V do

loadL�xM

outdegreeZx^�jx�Bj

spzdegreeZx^�?

if outdegreeZx^ � � then insertL�x�QM

end

while Q �� � do

�x�headLQM

L?EM foreach �y . �x � y�B do

L?HM outdegreeZy^�outdegreeZy^� ?

L?�M spzdegreeZy^�maxfspzdegreeZy^� ? � spzdegreeZx^g

L?]M if outdegreeZy^ � � then insertL�y�QM

end

end

end
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� �integrate%

input

�x��y. 
( �#��#%�(1-& "%# !�%# ���  #���(�5#"�(

z . 
 #-�& !��& ��� �� 6�'(������ 4

output

�z . 
 �#��#%�(1�& "�� !��� ��� ����5�" ( ��7 "�#  #���4�)

begin

�z� createLzM
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z�F� x�F � y�F

z�A� x�A � y�A

z�B� Lx�B � LG�LyM� y�BMM � Ly�B � LG�LxM� x�BMM

foreach u . �v � u�U and �v � f�x��yg do u�U� Lu�U � f�vgM � f�zg

return �z

end

�(� "� �!�� ��"!2 ��4# ��! �/�  #���4�)!�%# ��-� ( #�  �-�>��' �# �/��(� ��7

"(& LE$?M2 LE$CM �����(/@ "�($ � '(� "-"�(� � �4�"%)�� ��-� (  4" � ;�� ��('-#�

 #���4�)#� �����(,� 4 � #�  �(��� 4 � G�����)��( #�  �(0 (��� 4 >�#/ �  #�9

��4�)$ Oi Mili ��( Rada 1� /���� ZMR\\^ �(�� "�5# '(� ��������(8-#� ���("(��

 �4��)& ;����5*%# !�%&  46�' 1� � ,/��(� C$ � 6(�� '�& ������() 4#�(

#� '�#  �(0 (��5'  �4��);����5*%#$ �":*� �(�"3*(& ��� �/"( "-"�(�  4#�(

�����4"�"�2 � G�����)�� ��-� ( #�  �(��� 4 ��! "�#  �!�"� "�& 6(�6(����&$ �

 �(���� ��"� �����- ( ��7 "�# � ��4��A'�& �%& ��7 "�# 1(�'� ��� �( ;B "4*(&

�#"�#����5# ;�� ��('-# & B 6(�1(�-&  �(���-&2 6 # �� ��-� ( #� �#�6(�'��,3#�9

#"�( ' ��������(8-#� "�!��$

����9��,*#" ��*�(���*���" */� �������&:� ()�*�+/�� �1% �"( x� y

 4#�( 65� 6!�('�( !��( �( ���4�( ��!� ("�( #� ;�0%# ���5# ��( LLxM � LLyM$ �

;#���� LE$?M �����(/@ "�( �# ��( '!#� �# ��/�0 ( ( ���0(�! '�#��/"( y � x$ �#

-#� "-"�(� '�#��/"( ��/�0 (2"� '���& "�� ���,�#3& 6 # '��� 4 #� �� ���4# ( "�# "('�

k � LLyM � LLxM2 6(!"( "!" � ���'!&  (64� �)& "�� y �� �"�# ' ���5" ��& ��!

LLyM$ �# ' GkLyM ;'���4c�' "� G#��� "%# !�%# v �(� "��& ���4��& ��/�0 ( -#�

( ���0(�! '�#��/"( y� v '����& "� ���5 k2 "!" �  #���4�)"%# x ��( y �����(/@ (

"�# LE$?M �# ��( '!#� �# x � GkLyM$ 
 -� �0�& �����4�)& "�& LE$?M  4#�( �(�

�(��#�'(�!& �# 0��:'���(�c�' "� G#��� Gk �#"4 "�� G�2 �,�5 GkLxM � G�LxM

�(� �/� x2 ��7 "�# 1(�'� ���

G�LxM �
��
k��

GkLxM

���������� 

� �Gk%

input x� k

output GkLxM

begin

V� �

foreach �y � x�B do

V�V � f�yg

appendLL�y� ?M� QM
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end

while Q �� � do

L�y�mM� headLQM

if m � k then

loadL�yM

foreach �z � y�B and �z �� V do

V�V � f�zg

appendLL�z�m� ?M� QM

end

end

end

return V

end

����9��,*#" ���;�-<��0*#*�" */� )'+/�� �# �( 6!�('�( !��( x� y ��!� ("�(

#� ;�0%# ���5#2 � ;#���� LE$�M �����(/@ "�( �# ��( '!#� �# (B5 ( "���/0(1�# '4�

��7 "(& B-*(&.

G�LxM 
 y�A �� � LH$?CM

G�LyM 
 x�A �� � LH$?EM

S�LxM 
 y�A �� � LH$?HM

S�LyM 
 x�A �� � LH$?�M


 "�!��&  �-�0�� "%# LH$?CM ��( LH$?EM  4#�( ���,�#�&$ �1!c� -� �0�& "%# LH$?CM

��( LH$?�M '��� 4 #� �����:/@ ( ������'�"� �# "� G#���S�LxM ��( S�LyM  4#�( ���5

' �/��2 ��/�'� ��� '��� 4 #� ;'� 4 �# �( x ��( y  4#�( ��� "/ �J��/ 1�# ( ���04�

� #4� �)&$ � '(� "-"�(� � �4�"%)'����5' #�  �' "��� �"�5' "� � ��#!& �"(

�# �$0$2 � LH$?HM (B5 (2 "!" �� ��/�0 ( -#� '�#��/"( � #4� �)& w � x�w � y�A$

	����5'  ��'-#%& #� ������4c�' "� GL�w��L�x�LwM �#"4 "�� S�LxM$

;�? �  -4&�"���* 145$%��0* �����$%
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� �ThesauriMerging%

var

Q�� Q� . 
��-& 6(/B()&

W . 
��/ �#�'�#�& !�%# L�����( 4 "�# "������(�� 6(/B()M

M . 
��/ ���"�(� !"�"�& !�%# �(� ;�03# �)

L . ��4� 6� ( ���04�&

MT . ��"3,�( ;�03# �)&

begin

foreach �x . x � ��T and x�B � � do appendL�x�Q�M

§L� ?� Q�� �

while Q� �� � do

while Q� �� � do

�x�popLQ�M

if L�x� kM � W then

if k � ? � � then

updateLL�x� kM� L�x� k � ?M�WM

continue

else

removeLL�x� kM�WM

end

else

if jx�Bj � ? then insertLL�x� jx�Bj � ?M�WM

end

V� similarLxM

if V �� � then

qnd y � V . 	Lx� yM � minf	Lx� iM . �i � V g

if 	Lx� yM � MT then

insertLL�x��yM�maxfLLxM� LLyMgM�MM

else

foreach �i � x�B do appendL�i�Q�M

end

end

loop

L�x��y� lM�getminLMM

while not emptyLMM do

�z�integrateL�x��yM

6(-���J !� & "(&  ',�#4*(& "%# x� y ��7 "(& Q�� Q�
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TELL Individual Person

in S�Class

with attribute

name � Person�

age � Telos�string�

end

TELL Individual Employee

in S�Class

isA Person

with attribute

ssn � Telos�Integer�

end

TELL Individual E���

in Token� Employee

with name � 	Smith� John R
	

with age � ��

with ssn � ���
����

end
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