
�� � � � �� � �� � � �� �	 �� 
 � �

�
� �� � � ���� � �� 
 �

�� � � � ��� � � �� � � � ��

� � �  "! # #%$ $ $ &� �� � � � �� & � � � & �' � #(� 
� �� #

) ' 
* � $ ' �+ $ 
 �� �, * - � �* .� ' �* /0 
 1 �� � � � 
 1 �� � � 1 � 243 0 5 � 6 78 9

:;< =>? > =@A B C< ; C D @ = =E CF F = @G H =I CJ CF ; KG



LM � � 
 � � �N � � �O

P QR �  � �S 
 � 
* � � 
 ��

P � T � �S �U � �
 ' * � V

P � 
 �� � �S �U � �
 ' * � V

P � � � �� � ' S /  � ' � S ��

P 3 U  �� 
 � �* � � S � �� , S ��

:;< =>? > =@A B C< ; C D @ = =E CF F = @G H =I CJ CF ; KG



W X Y 	 �Z [ � �\ ] � � �^ �_ � � � ` M �� a

A tree patternA database instance

"New York"

City Country

Books

Address"SA"

"USA"

Book Book

Collection Editor

Title

"XML" "MK"

Editor

Name Name Company

Book

AddressName

EditorCollection

:;< =>? > =@A B C< ; C D @ = =E CF F = @G H =I CJ CF ; KG



� � 
 b � � 
 � � \ c aed [ [� �	 
Z � � � � �f c 
 � gih

P � � � / 
 �
 ' * � S j, �� T� �� �* �
 �� ! �U � � � � � � �� 
* -

k lm n lo opq rsut lv wpq ox yx nx z lpq z yx q { l

P R ' �
 1 � �
 ' * |' � �   � ' U 
 � � � � � � � �� 
* -! QR � / � � � � � � �� ' - �* �
 � T

k z {} lm x m p r } yq ~ y n l o l�q lo ~ v� q ~�q

k z {} lm x ~� y lq x � � ~� z ~ � yp ~q x � l � lm lq y z

k y ~ ~ � l� ~ vq ~ l�x { y m x y { } l z

:;< =>? > =@A B C< ; C D @ = =E CF F = @G H =I CJ CF ; KG



� � 
 b � � 
 � � \ d [ [� �	 
Z � � 
 � � b 
 � � �� � 	 �� 
 � �

P � �S �U � �
 ' * � � 
 * - S � j, �� T � ' / 
� � � �
 ' *

k { ~ m �t y l zt � lv z l y ~� l�x { y m x y {} l z

P � �S �U � / j, �� T� � � � � �' �  '� 
 �
 ' * ' | � �S �U � �
 ' * �

P �   � ' U 
 � � � � � � � �� �' � � �U � � � � � � �� �' � �

k lq t m lvx y l v l �x � lo sut lvp l z ��� ~� �

k l� {p lq y � w { ~ m �t y l l�x { y m x y { } l z y ~ lx {} ���

P � ' � S ! � � �, � * �� �� ��� �   � ' U 
 � � � � � � � �� �� 
 * � �* + � / ' � / ��

:;< =>? > =@A B C< ; C D @ = =E CF F = @G H =I CJ CF ; KG



c 
f c M �� a � �� �	 �� 
 � � _ h

P � ' / � � �* �� � S 
� � �
 ' * ! * ' / � � T  �� � ,  �� � T  �

P � � � | � ' / �0 �S � �
 ' * ! � �� ' 1 � S � � |* ' / � �* / � / - � �'  � � �* �

P 3 / - � � �* �� � S 
� � �
 ' * !  �� � / - �� � /� � / - �

P �, � �� � �� � ' � ' �
 ' * ! � , � �� � �� � /� � / - � $ 
 �� - � �* /  � � �* �

:;< =>? > =@A B C< ; C D @ = =E CF F = @G H =I CJ CF ; KG



Y 	 � Z [ � �\ � �� �	 � ` M �� 
 �_

Book

Editor

Name Address

Collection

Book

Name
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Name Address
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Address

Name Address
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Document Book

Editor
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Collection

Book

NameCollection

Editor

Approximate Matches

Subtree PromotionEdge Generalization

Original Query Node Generalization Leaf Node Deletion

Composition
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Book Collection
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Address

c (Book, Collection)
Editor

c (Book, Editor)
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d (Editor, Address)

A query evaluation plan

Collection Editor

Name Address

Book
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Document
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Name Address

Book

Collection

Address

Editor

Name
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promote subtree rooted at node Name

Book Collection

Editor
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Name

Encoding all Tree Pattern Relaxations
Document Collection

((NOT exists (d (Editor, Address))

Editor

Address

c (Document, Collection)
OR

   AND  d (Document, Collection))
((NOT  exists (c (Document, Collection))

c (Editor, Name)
OR
((NOT  exists (c (Editor, Name))
   AND  d (Editor, Name))
OR

   AND  d (Document, Name))
((NOT  exists (d (Editor, Name))

d (Editor, Address)
OR

   AND  d (Document, Address))

c (Document, Editor)
OR
((NOT  exists (c (Document, Editor))
   AND  d (Document, Editor))

:;< =>? > =@A B C< ; C D @ = =E CF F = @G H =I CJ CF ; KG



d _ _ 
 g � 
 � gª f �� �_ � �d [ [� �	 
Z �� � ��f c �_

P 3� � �* �
 � S |' � � �* + 
* - �   � ' U 
 � � � � � � � �� ��

k z { ~ v l­¬ m lx zt v l ~�¯® { � ~ z lq l z z±° y ~ ~ vp rpq x �st lv w

P ²� � $ �
 -� � � / �� � �  � � � �� * �

k � l�x { y ³ v l �x � lo ¤ � lp r } y z � p y} q ~ o l zx q o lo r l z

k ´ l�p n � l m l { }x q p zm y ~ v l � v l z lq y opµ lv lq y � v l� lv lq { l z

P � �' � � ' | �* �   � ' U 
 � � � � � � � ��

k zt m ~� l�x { yx q o v l �x � lo { ~q yvp nt yp ~q z

k v l �x � lo { ~q yvp nt yp ~q ¬ ¶ �v l �x �x yp ~q z lq { ~ o lo ¤

:;< =>? > =@A B C< ; C D @ = =E CF F = @G H =I CJ CF ; KG



Y 	 � Z [ � �\ � 
 g c � � ` � � � � � � � � �� � � � ` ª f �� �_

Book Book

Collection Editor

Country

Title
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score = 37
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(4, 0)
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score = 38

Maximum score = 45

A weighted tree patternA database instance
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d (Document, Name)

maxW used by Algorithm Thres

OR

Name
( 21 )

d (Editor, Name)

Collection

c (Editor, Name)
OR

(6, 0) (4, 0)

(3, 0)(8, 5)

(7, 1)

(6, 0)
(5, 0)

(4, 3)(2, 1)

Address

A weighted tree pattern

Maximum score = 45

d (Document, Editor)

c (Document, Collection)
OR

( 7 )

d (Editor, Address)
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d (Document, Address)

d (Document, Collection)

Editor

Document

c (Document, Editor)
OR

Address

Book

( 0 )

Editor
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( 40 )
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Name

( 38 ) ( 39 )

Collection
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