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The ProblemThe Problem



A Typical Web PageA Typical Web Page
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An Inside LookAn Inside Look

<bookinfo>

<book><title>O ne Fish T w � Fish</title>

<anam e>D r. S euss</anam e>

<discount>10 </discount>

<price>7.95 </price></book>

<book><title>G oodnigh
�

M oon</title>

<anam e>M argaret Brow n</anam e>

<price>10 .55 </price></book> ....

</bookinfo>



A QueryA Query

• Find titles and discounts of books by D r �

S euss that cos

�

less than $ 10.

H ow ??



Attempt 1: Search EngineAttempt 1: Search Engine

• N o “<” operator defined 

• Can’t specify that D r. S euss i � the author and $ 10 is the 

price

• Can’t specify that the price belongs 

��� the book

• Can’t specify desired output (i.e., titles, discounts)

This won’t 

work!



Attempt 2: Attempt 2: X Q ueryX Q uery

• D ifficult for naiv � users
• Requires know ledge of docum ent structure

• D ependent on docum ent structure

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

�� � � � ���
� � �� ! " #$ � % � ��
& � & � ' ( % � )� � * * +

� �, - � �
! � * � � �.

! �� � �� . � � � �� � �� ! � �� � �� .

! �� * �	 � � �. �� � �� * �	 � � � ! � �� * �	 � � �.

! � � * � � � .

This wil
/

work, but:



Attempt 3: SelectAttempt 3: Select-- ProjectProject

SELECT title, discount
FROM  “bib.xml”
WHERE anam

�

= ‘Dr. Seuss’ and
price < 10

Here is what we woul

�

like:

T his is possible if the relatio �

Book(title, anam e, price, discount)

can be generated from the docum ent



Our Goal Our Goal ––

Extract Relations fro X M LExtract Relations fro X M L

• S im ple language to define relatio � generators

• Relatio � generators should w ork correctly even 

if the structure of the document changes

• M issing inform ation should be handled 

gracefully, i.e., create relations w it

�

nul

�

values



Syntax of Relation GeneratorsSyntax of Relation Generators



The Elements of the SyntaxThe Elements of the Syntax

• Essentially, a relation generator is a list of tags, 

e.g., Book(title, anam e, price, discount) 

• M ore generally, w � can use X Path expressions, 

instead of tags

• A ny fragm ent of X Pat
�

can be used, provided 

that there is a PT im e test for checking w hether 

a given node satisfies a given path expressio �

• W e m ay also w ant to specify that som e of the 

tags should not get null values



The Formal SyntaxThe Formal Syntax

• Relatio � generators are built up fro
�

XPat

�

expressions, denoted by p, p �, p �, etc.

• A relation generator is a pair ∆∆∆∆=(P,k), w here 

– P is an m-tuple of XPat

�

expressions

– k≤m

•

�

m eans tha

�

the first k tag

� �

hould not get nu

	 	

values



The Semantics (Intuitively)The Semantics (Intuitively)

• T he result of applying a relatio � generator 

((p �,… ,p �), k) to a docum ent is � set of m-

tuples (n �,… ,n �) of nodes and null values �

such that 

– n � satisfies p � if n � is not the null value, i ≤ m

– n � is not the nul
�

value, for i ≤ k

– the nodes in (n 	,… ,n 
) are m eaningfull �

related



Semantics: The IntuitionSemantics: The Intuition



bookinfo

Just 
Lost

book

titleaname

aname

price

Mercy 
Meyer

Gina 
Meyer

$5.75

book

title
price

Brown 
Bear

$13.95

An Example Document, as a An Example Document, as a 
TreeTree

Document wit

�

information about two books

Tags are 
colored in blue

D ata i

�

colored in red



Goal: Pairs of related titles and pricesRelation Generator: 

((//title,//price),2)

bookinfo

Just 
Lost

book

titleaname
aname

price

Mercy 
Meyer Gina 

Meyer

$5.75

book

title
price

Brown 
Bear

$13.95

Applying a Relation Generato �Applying a Relation Generato �
w ith H um an Interventionw ith H um an Intervention

A s people, this is an easy

�

W e

• find the books

• create the tuples

Result:

• J ust Lost, $ 5.75      

• Brown Bear, $13.95



author

aname

Dr. 
Seuss

author

aname
book

M. Brown

Goodnight 
Moon

title

book

title
price

One Fish 
Two Fish

$12.50

book

title price

Cat in 
the Hat

$14.95

bookinfo

A Different DocumentA Different Document

Similar document, but the hierarchical 
structure is different from that of the 
previous document

Books are 
grouped by 

author



author

aname

Dr. 
Seuss

author

aname
book

M. Brown

Goodnight 
Moon

title

book

title
price

One Fish 
Two Fish

$12.50

book

title price

Cat in 
the Hat

$14.95

bookinfo

Applying a Relation Generato �Applying a Relation Generato �
w ith H um an Intervention (2)w ith H um an Intervention (2)

Remember: ((//title, //price),2)We find the tuples, even with this hierarchy



author

aname

Dr. 
Seuss

author

aname
book

M. Brown

Goodnight 
Moon

title

book

title
price

One Fish 
Two Fish

$12.50

book

title price

Cat in 
the Hat

$14.95

bookinfo

Answering a Query Answering a Query withoutwithout

H um an InterventionH um an Intervention

How can this be solved by a computer?W e need to find pairs of related title and price 
nodes. How??



Formal SemanticsFormal Semantics



Finding Related NodesFinding Related Nodes

• T he relationship tree of n � and n � i

�

the 

subtree T of the docum ent D , suc
�

that 

– T  i

�

rooted at the lowest common ancestor (lca) of

n � and n �, and 

– T  consists of the tw o paths from the lca to n � and n �

• W e say that n � and n � are interconnected if the 

relationship tree of n � and n � either

– does not contain tw 	 node




w ith the sam e label, or

– the only tw o distinct node




w ith the sam e label are n �

and n �



bookinfo

Just 
Lost

book

titleaname
aname

price

Mercy 
Meyer Gina 

Meyer

$5.75

book

title
price

Brown 
Bear

$13.95

Example 1Example 1

Consider a title node and a price node

The lowest 
comm on 

ancestor of 
the circled 

nodes

The 
relationship 
tree of the 
circled nodes

A book node  A book node

T he relationship tree has tw o nodes w ith the 
sam e label 

� N odes are not interconnected

Intuition: T he nodes belong t �

different book 

entities



bookinfo

Just 
Lost

book

titleaname
aname

price

Mercy 
Meyer Gina 

Meyer

$5.75

book

title
price

Brown 
Bear

$13.95

Example 2Example 2

Consider another pair of title an

�

price 
nodes

The lowest 
comm on 

ancestor of 
the circled 

nodes

The 
relationship 
tree of the 
circled nodes

T he relationship tree does not have tw �

nodes w ith the sam e label

� N odes are interconnected 

Intuition: T he nodes belong to the same

book entity



bookinfo

Just 
Lost

book

titleaname
aname

price

Mercy 
Meyer Gina 

Meyer

$5.75

book

title
price

Brown 
Bear

$13.95

Example 3Example 3

Consider a pair of anam e nodes

The lowest 
comm on 

ancestor of 
the circled 

nodes

The 
relationship 
tree of the 
circled nodes

T he relationship tree contains exactly tw �

nodes w ith the sam e label (i.e., the tw �

circled nodes)

� T he tw � nodes are interconnected 

Intuition: Although the two nodes represent 
different author names, they are 
meaningfull � related by virtue of belonging 
to the same book entity



Interconnection GraphsInterconnection Graphs

• T he interconnection graph of 
�

docum ent 

T, denoted IG(T), consists of

– the sam e node

�

a

�

in T, and 

– an edge betw een eac
�

pair of interconnected 

nodes

• W e use IG(T,N) to denote the induced 

subgraph of IG(T) on the set o

�

nodes N



Graph PropertiesGraph Properties

• W e w ill be interested in 3 different types 

of graphs:

Complete Graphs Connected Graphs

S tar Graphs

center



MatchingsMatchings

• p �,...,p � are pat expressions

• S is th

�

set of nodes in the document tree

• A function 

µµµµ: { p �,...,p � } ���� S ∪∪∪∪ {null} 

is 

� m atching if for all i,

– µ(p �) satisfies p � or

– µ(p �)  = null



Types ofTypes of M atchingsM atchings

• Let µ be a m atching 

• Let N be the the set of nodes in the im age of µ

• µµµµ is a complete matching if IG (T ,N ) is a 

com plete graph

• µµµµ is a reachabl � matching if IG (T ,N ) is a 

connected graph

• µµµµ is a star matching if IG (T ,N ) is a star graph



Maximal Maximal MatchingsMatchings

• A m atching µ subsumes µ` if µ and µ

�

are 

equa

�

on all non-nu

� �

im ages of µ`, i.e., fo �

a

� �

p, either

– µ(p) = µ`(p) or

– µ(p) = null

• A m atching is maximal if it is m axim a

�

w ith respect to subsum ption



Evaluating Relation GeneratorsEvaluating Relation Generators

• T he result of applying ((p �,… ,p �), k) to T

under complet � semantics is the set of 

im ages of all m axim al com plete m atchings

• W e define sim ilarly the result under 

reachable semantics and under star 

semantics



bookinfo

Just 
Lost

book

titleaname
aname

price

Mercy 
Meyer Gina 

Meyer

$5.75

book

title
price

Brown 
Bear

$13.95

Example Evaluation (1)Example Evaluation (1)

Evaluating: 

((//title, //anam e, //price),0)

M axim al m atchings of title, aname
and price under the com plete 
sem antics

title

aname pricenull

The result remains th

�

same unde

�

either th
�

reachable semantics or the 

star semantics



bookinfo

Just 
Lost

book

titleaname
aname

price

Meyer
Meyer

$5.75

book

title
price

Brown 
Bear

$13.95

Example Evaluation (2)Example Evaluation (2)

fname lnamefname lname

GinaMercy

Similar document, but name � are 
divided into first name an

�

las

�

name

Lets evaluate:

((//title,//lname,//lname),3)

Each matching is a non-nul

�

tripl � of 
title, lname and lname nodes

T he matchings under the complete semantics

U nder this semantics, there are no tw �

distinct lname nodes that are interconnected

A n additiona

�

matchin � i � derive

�

under the 
reachabl � semantics and the sta � semantics



Complexit o EvaluationComplexit o Evaluation



Complexity MeasureComplexity Measure

• T he tim e com plexity of evaluating a 

relation generator is m easured in term s of 

the size of the input and th � output

• S ubsum e m atchings should be rem ove

as soon a

�

possible or not be created at all



Star SemanticsStar Semantics

• Theorem: For the star semantics, the 

result of applying a relation generato �

((p �,… ,p �), k) to a treeT can be computed 

in polynomial time in the size of the input 

and the output



Complet � Semantics and Reachabl �Complet � Semantics and Reachabl �
Semantics: T he G eneral CaseSemantics: T he G eneral Case

• T heorem: For either the complete 

semantics or the reachable semantics, it 

is N P-Com plete to check non-em ptiness of 

the result of applying a relatio � generator 

((p �,… ,p �), k) to a tree T



Complete and Reachabl � Semantics:Complete and Reachabl � Semantics:
A ll Path Expressions M ay H ave N ullsA ll Path Expressions M ay H ave N ulls

• T heorem: For either the complete 

semantics or the reachable semantics �

the result of applying a relatio � generator 

((p �,… ,p �), 0) to a tree T can b � com pute

in polynomial time in the size of the input 

and the output



Complete Semantics:Complete Semantics:
A nother Special CaseA nother Special Case

• Theorem: For the complete semantics, the 

result of applying ((p �,…,p �), k) t � T can be 

com puted i � polynomial time in the size of the 

input and the output, provided that

– no path from the roo

�

of T to a leaf ha

�

repeated 

tags,

– p �,… ,p � are acyclic, and

– for all p � and p 	 (i≠j) 
 there is no pair of nodes n � and 

n � w it

�

the sam e tag, such that n � and n � satisfy p �

and p 	, respectively 



Acyclic Acyclic Path ExpressionsPath Expressions

• For a given pat expression p and a tree 

T ,  the relation schem e R ��� � consists  of 

all tags of nodes n, such that n eithe �

m atches p or has a descendent that 

m atches p

• p �,… ,p � are acyclic if the hypergraph of 

R � �
	 �,..., R �� 	  is α-acyclic


