
EXTRACTING DATA FROM THE WEB  
 

Georg Gottlob 

Oxford University 

. 



Talk Outline 

•   Motivation: need of information extraction 

•   Logical foundations of information extraction  

•   The Lixto Visual Wrapper 

•   The Diadem Project 
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Traditional data-based decision making in enterprises. 

But often the most relevant data are outside the  
company, on the Web! 

à Online data intelligence, online market intelligence, 
     automatic web data extraction.  
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Online Market Intelligence (OMI) 
 (surveillance du marché) 

     - Electronics Retailer (détaillant d’électronique - composants) :  
             market overview, 20 competitors, 200,000 products/prices 
 
      - Supermarket Chain: Price comparison; must quickly react to  
                                              special offers (offres spéciales) , new products,…  
 

       - Internet Travel Agency: Gives best price guarantee, wants to detect  
                                           “pricing attacks”,… 
 
          - Road Construction Company: Find new public tenders (“appels d’offre”) 
      
 

      - Hedge Fund (“fonds de placement” ): Obtain recent house  
             price changes from real-estate agent’s  
             Web pages before the weekly index is published. Anticipating the     
             Consumer price index (index des prix à la consommation).                                         

   - Governmental/Policy Making …. 
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    Automatic web data extraction  

Data aggregation & integration & cleaning 

WEB ETL 
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The Wall 
Problem:  Make web contents accessible to electronic data processing 
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Web wrapping 

WEB 
HTML pages 

layout     

 
Corporate 
edp apps  

structured data, 
Databases, 

XML 

WRAPPER 

Goal: Make web contents accessible to electronic data processing 

Wrappers:  HTMLàselect à extract à annotate àXML  

(adapteur) 



Enregistrement: 
        hierarchie de données 



Patterns: 



" Programming (Java, Perl, WebL, SQL+...) 
               -  very complicated & boring & expensive 
               -  testing very difficult   
"  Simple Screen scrapers (“ gratte-écran“ ) 
               -  no complex data structures extracted 
                
" Wrapper induction (apprentissage d‘adapteurs) 
               -  requires larger amounts of sample data 
               -  precision often not satisfactory  
               -  current systems text-based (not tree-based) 

Different approaches in the past 



Different approaches in the past 

" Programming (Java, Perl, WebL, SQL+...) 
               -  very complicated & boring & expensive 
               -  testing very difficult   
"  Simple Screen scrapers 
               -  no complex data structures extracted 
 
" Wrapper induction  
               -  requires larger amounts of sample data 
               -  accuracy not satisfactory in all situations 
               -  current systems text-based (not tree-based) 



"  Semi-automatic tool (outils)  
                  

                - based on solid theory 
               - modular knowledge representation 
               - easy to use  
               - commercial product since 2002 

" Fully automated extraction  
               -  for specific application domains 
               -  extracts from 1000s of websites 
               -  current research 

Modern Solutions  
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Web documents are trees ! 

HTML:  Hypertext Markup Language 
 
XML:    Extensible Markup Language 
 
 
HTML, XML: Context free* languages. Represent a 

document by its parse tree (arbre syntaxique). 



HTML Content Extractor  

Function  f: HTML Parse tree  à  Subtrees 

Leaves of subtrees are among leaves of orig. tree 

f 



The Essence of Web Wrapping ?  

 
Functional view:  Wrapper defines functions f 
 
               f: Tree à P (Tree) 
                        t  à T ⊆ subtrees(t)  
 
 
Equivalent logical view:   
   
    Wrapper defines monadic predicates P 
     over the nodes (arbre dom) of each input     
    document 
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<!DOCTYPE HTML PUBLIC "-//W3C//DTD HTML 4.01 Transitional//EN"> 

<html> <body> 

<h1>People @ DBAI</h1> 

<table border="1" cellpadding="3" cellspacing="1"> 

    <tr> <td>Georg Gottlob</td> 

           <td>gottlob@dbai.tuwien.ac.at</td> 

           <td>18420</td> 

    </tr> 

    <tr> <td>Christoph Koch</td> 

           <td>koch@dbai.tuwien.ac.at</td> 

           <td>18449</td> 

    </tr> 

</table> 

</body> </html> 

A HTML page  

Georg Gottlob gottlob@… 18420 

Christoph Koch koch@… 18449 

People @ DBAI 
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Expressiveness Yardstick: MSO 
•  MSO captures exactly the essence of data extraction:  
   - Define sets of nodes of a document  
 
•  Expressiveness, complexity, semantics well 

understood:  
ü MSO over trees: perfect logical semantics 
ü MSO over trees: high expressive power (tree automata) 
ü MSO over trees: low data complexity  
 

•  Drawbacks:  - hard to use, no visual specification, 
                         - high query complexity (cpl. de requetes)                               
                 (è bad scalability, mauvais passage à l’échelle). 



MSO on strings and trees 

•   Büchi:  MSO = REG over strings  (chaînes de caractères) 

•   Thatcher and Wright, Rabin:  

     MSO = REG over ranked trees (arbres bornés) 

            =  tree automata 

•   Brüggemann-Klein/Wood/Murata:   

     MSO = REG over      unranked trees 

•   Neven & Schwentick: Unranked Query Automata 

•  Courcelle:  MSO in LinTime on tree-like  structures 

(treewidth <= k,  data complexity) 

Rich theory: 
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Ordered Trees as finite structures 
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 MSO over Trees  

Tree automaton:  

auxiliary 
state 

roots even  
subtree 

roots odd  
subtree 

Extract from a binary tree all roots of sub-trees with an odd number of leaves: 

   ∃S ∀x [  S(u)  &  ( leaf(x)àS(x))  &    
                ∀ x,y,z (((firstchild(x,y) & nextsibling(y,z))à  
                           (S(x) ↔ ¬(S(y) ↔ S(z))))] 
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Monadic Datalog as a 
Wrapping Language 
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                                firstchild(W,X), label[tr](X). 
entry(X):- entry(Y), nextsibling(Y,X). 

name(X) :- entry(E), firstchild(E, X), label[td](X).  

email(X) :- name(N), nextsibling(N, X), label[td](X). 

phone(X) :- email(M), nextsibling(M, X), label[td](X).  
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<?xml version="1.0"?> 

<peopledb> 

<entry> <name>Georg Gottlob</name> 

             <email>gottlob@dbai.tuwien.ac.at</email> 

             <phone>18420</phone> 

</entry> 

<entry> <name>Christoph Koch</name> 

             <email>koch@dbai.tuwien.ac.at</email> 

             <phone>18449</phone> 

</entry> 

</peopledb> 



Monadic Datalog over XML 

paper 

author title 

“Conj. Queries” chandra merlin 

fc 

ns 

fc 

fc 

ns 

paperDB 
fc 

paper ns 

paper(X) ß root(R) & firstchild(R,X). 
paper(X) ß paper(Y)  &  nextsibling(Y,X). 
 
output(X)ß paper(P)  &  firstchild(P,A) &  
                 firstchild(A,Z)  &  label[Chandra](Z) &  
                 nextsibling(Z,V)  &  label[Merlin](V) & 
                 nextsibling(A,T)  &  firstchild(T,X). 

ns 

Select titles of articles authored by Chandra and Merlin 



How expressive is monadic Datalog? 

  Over trees,  monadic Datalog = MSO 

It was known that over arbitrary structures: 
w Monadic Datalog ⊆ Π1-MSO 

w Full Datalog  = P  (in presence of order) 

Theorem  [G. & Koch 2002]: 

A unary query is definable in MSO iff it is 
definable via a monadic datalog program. 



How complex is Monadic Datalog? 

Monadic Datalog over trees has  
combined complexity:   O(|data|*|query|)     

Query Complexity:  P-complete and linear-time. 

Theorem  [G. & Koch 2002]: 



Proof idea: 
1.)  Transform datalog program + input tree in linear   
      time into a “ground”  propositional logic program 
      (programme Datalog instancié) 

•    Exploit functional dependencies:   
         nextsibling(X,Y)  has only a linear number 
         of ground instances: nextsibling(ni,nj), etc.  
•    Decouple independent atoms of rule bodies 

p(X) ßq(X) & r(Y)  & nextsibling(X,Z) & s(Z). 

p(X) ßq(X) & r & nextsibling(X,Z) & s(Z). 
      r ß r(Y). 

2.)  Execute ground program in linear time by using  
 well-known algorithms: [Beeri&Bernstein][Dowling&Gallier] [Minoux] 
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one record 

next page link 

item description and link to detailpage 

price info 

date 

# of bids 



ELOG          [Baumgartner, Flesca, G.  VLDB’01] 

Examples of Special predicates: 

subelem(S,X,Path,…) 
before(X,Y,…..) 
after(X,Y,…) 
property(X,Attribute, Op,Value…..) 

Additional features:  Stratified negation,   
                                          string processing 
                                          ontological concepts “phonenumber(X)”    
                                          ranges:  H(S,X) :-  body(……..)[1,5] 
                                          object hierarchies 

distance tolerance,etc. 

Xpath-like expression 

document(URL,D) 
getdocumentFromHref(X,D),      
etc. 



    

<?xml version="1.0" encoding="UTF-8"?> 

<document> 

     <record> 

          <number>409449118</number> 

          <item>98 Degrees - Notebook - New</item> 

          <picture/> 

          <price>2.99</price> 

          <currency>$</currency> 

          <bids>-</bids> 

    </record> 

    <record> 

          <number>413171469</number> 

          <item>Notebook - Compaq Presario 1207</item> 

          <price>730.00</price> 

          <currency>AU $</currency> 

[...] 



ELOG Program for eBay pages 
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Web 

Extraction- 
program 

Extraction 
Module 

XML 

Further processing: 
tracking changes, 
delivering (email,sms) ... 
(à transformatio server) 

similarly structured 
pages 

Lixto Visual Wrapper  Architecture 

Visual  
Wrapper 

 Generator 

Example page(s) 



Product Architecture 

LiXto Extraction Engine 

Transformation Server 



SHORT DEMO 



Talk Outline 

•   Motivation: need of information extraction 

•   Logical foundations of information extraction  

•   The Lixto Visual Wrapper 

•   The Diadem Project: Fully automatic data extraction 



Need for Automatic Extraction Technology (2)  

All search engine providers need it!  Many work on it. 
 
Keywords:    à Vertical search,  
                      à object search, 
                      à semantic search. 
 
Raghu Ramakrishnan, Yahoo!, March 2009:   
“no one really has done this successfully at scale yet” 
 
Alon Halevy, Google, Feb. 2009: “Current technologies are 
not good enough yet to provide what search engines really 
need. […] any successful approach would probably need a 
combination of knowledge and learning.”  







The Blackbox we are constructing 

BLACKBOX 

Application domain with  
thousands of websites 

URL 

Application relevant  
Structured data (XML or RDF)  

To achieve this, we  combine a host of annotators  
with a new knowledge-based approach.  



How to achieve it? 

   Combine existing and new “low level” 
annotators with “high level” AI and 
reasoning.  
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Phenomenological Record Segmentation 

"   set of uniform, non-overlapping records 

" maximise sequence of evenly segmented (same distance pivot) 

" minimise irregularity of records 

imga img a img img a img img

£860

div

£900 £500

div

data area

div

£900

p

£900

p

Figure 4: Record Segmentation

Algorithm 2: Segmentation(DOM P,Data Area d)

1 L {n : child(f(d),n) 2 P^9n0 2 y(d) : desc-or-self(n,n0)};
2 sort L in document order;
3 foreach 1 k  |L|�1 do Partition[k] {n : L[k]� n� L[k+1]};
4 Len min{|Partition[i]|: |{ j : |Partition[ j]|= |Partition[i]|}| maximal};
5 while L[1]�sibl L[2]< Len do delete L[1];
6 while L[|L|�1]�sibl L[|L|]< Len do delete L[|L|];
7 while 1 < k < |L| do
8 if L[k]�sibl L[k+1]< Len then delete L[k+1] else k++;
9 StartCandidates {L}[{{n : 9l 2 L : n�sibl l = i} : i Len};

10 OptimalSegmentation /0; OptimalSim •;
11 foreach S 2 StartCandidates do
12 sort S in document order;
13 foreach 1 k  |L|�1 do
14 Segmentation[k] {n : n�sibl S[k] Len};
15 if 8P 2 Segmentation : |P|= Len then
16 if irregularity(Segmentation)< OptimalSim then
17 OptimalSegmentation Segmentation;
18 OptimalSim irregularity(Segmentation);

19 return OptimalSegmentation;

In the example of Figure 4, generates five segmentations as Len
is 4 due to the distance between the first and the second (red) div.
Note, how the first and last leading nodes (p elements) are elim-
inated (in lines 5� 6 of 2) as they are too close to other leading
nodes. Of the five segmentations (shown at the bottom of Fig-
ure 4), the first and the last are invalid as they contain records of
a length other than 4. The middle three segmentations are proper
record segmentations. The middle (solid line) one has the lowest
irregularity among those and is thus selected by AMBER.

4.3 Attribute Alignment
After segmenting the data area into records, AMBER aligns the

contained attributes to complete the extraction instance. Recall,
that we limit our discussion to single valued attributes, i.e., attribute
types which occur at most once in each record.

When aligning attributes, AMBER must compare the position of
attribute occurrences in different records to detect repeated struc-
tures. To encode the position of an attribute in a record we use the
path from the record node to the attribute:

DEFINITION 8. For DOM nodes a and n with descendant(a,n),
we define the characteristic tag path tag-patha(n) as the sequence
of HTML tags occurring on the path from a to n, including those of
a and n itself, taking only first-child and next-sibl steps while skipping

all text nodes. With the exception of a’s tag, all HTML tags are
annotated by the type of step.

For the leftmost a and its i descendant in Figure 5, e.g., the tag
path is a/first-child::p/first-child::span/next-sibl::i.

Based on the tag path, AMBER quantifies the fraction of records
that support the assumption that a node n is an attribute of type A
within record r with the support suppr(n,A).

DEFINITION 9. Let E be an extraction instance on DOM P,
containing a node n within record r belonging to data area d, and
A 2 A an attribute type. Then suppr(n,A) denotes the support of
n as attribute of type A within r, defined as the fraction of records
r0 6= r in d that contain a node n0 with tag-pathr(n) = tag-pathr0(n0)
that is annotated with A.

Consider a data area with 10 records, containing 1 PRICE-
annotated node n1 with tag path div/. . . /next-sibl::span within
record r1, and 3 PRICE-annotated nodes n2 . . .n4 with tag path
div/. . . /first-child::p within records r2 . . .r4, respectively. Then,
suppr1(n1, PRICE) = 0.1 and suppri(ni, PRICE) = 0.3 for 2 i 4.

The support of an attribute allows us to characterize extraction
instances where all attributes are supported by enough evidence on
the web page as well as the notion of an extraction instance that is
optimal w.r.t. the alignment of attributes to records.

DEFINITION 10. Let E be an extraction instance under schema
S on DOM P and M is the set of mandatory attribute types in S
and s0 � s1 two thresholds. Then E is well-supported, if for all
attributes (leaves) a 2 E with (r,a) 2 E, suppr(a,t(a))> sa holds,
with sa = s0 for t(a) 62M and sa = s1 otherwise.

Mandatory attributes require a higher support than optional at-
tributes and we typically use s0 = 50% and s1 = 20%.

DEFINITION 11. Let E be a partial extraction instance under
schema S on DOM P containing only data areas and records (and
no attributes). Then the optimal attribute alignment for E is an
extraction instance E 0 such that (1) E 0 contains a subset of the data
areas and records of E, (2) E 0 is well-supported and consistent for
S, and (3) E 0 is maximal in the number of mandatory attributes
among all such extraction instances.

To construct an optimal attribute alignment from a partial extrac-
tion instance constructed as in Section 4.2, AMBER first associates
all annotated nodes as attributes to the record they are contained in.
However, these annotations are inherently noisy and there may be
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Form Patterns Example 

"   Small set of ubiquitous patterns 
"   ranges, dates, options, etc. 

"   Ontology by instantiation 
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OPAL ›❯ Form Interpretation 



OPAL-TL Example 

"   Price range 
"   two successive fields in the same group 

"   at least one “price” type 

"   range connector in between 
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Figure 6: Example Form Labeling

are either provided by human domain experts or derived from ex-
ternal sources such as DBPedia and Freebase. The current OPAL
version contains a large set of such artefacts for common domain
types such as price, location, or date.

DEFINITION 11. Given a form labeling F on a DOM P and an
annotation schema L, an OPAL-TL annotation query is an expres-
sion of the form: X@A{d, p,e} where X is a first-order variable,
A 2 A, and d, p, and e are annotation modifiers. An annotation
query X@Aµ with µ ✓ {d, p,e} holds for all X 2 JAµ K with

J@Aµ K = {n 2 P : Allowµ (n)\Matchµ (A) 6= /0}\Blockµ (A)

with Allowµ (n) set to y(n) for d 2 µ , and y(n)[y(parent of n)
otherwise. Matchµ (A) is to {l :

S
A0<⇤A isLabelA0(l)} for p 2 µ , and

{l :
S

A0<⇤A(isLabelA0(l)_ isValueA0(l))} otherwise. Blockµ (A) equals
{n : 9A0 �A, |Matchµ (A)|< |Matchµ (A0)|} if e2 µ , and /0 otherwise.

Intuitively, an annotation query X@A returns all nodes labeled
with a label that is annotated with A. If the modifier d (direct) is
not present, we also consider the (direct) segment parents, other-
wise only direct labels are considered. If the modifier p (proper) is
present, only isLabelA is used, otherwise also isValueA. If the modi-
fier e (exclusive) is present, a node that fullfils all other conditions
is still not returned, if there are more labels with annotations of a
type that has precedence over A.

Consider the form labeling of Figure 6 under a schema with
C < B and B � A. Labels are denoted with triangles, fields with
diamonds, segments with circles. Labels are further annotated with
matching annotation types (here always only one). If value labels
are drawn as outlines. Then, X@A{} matches 2,3,4; X@A{e,d}
matches 2,4, but not 3 as 3 has more labels of B (or one of its sub-
classes) than of A and the exclusive modifier e is present; X@A{e, p}
matches 2,3, but not 4 as the proper modifier p prevents the value
labels in white to be considered. The latter matches 3 despite the
presence of e, as we consider also the labels of the parent of 3 (since
the direct modifier d is absent) and thus there are two A labels.

OPAL-TL templates. OPAL-TL extends Datalog¬ (Datalog with
stratified negation) by templates to define reusable patterns for do-
main concepts. Examples of such patterns are basic classification
patterns that derive a domain type from a conjunction of annotation
types or min-max range patterns where we look for multiple fields
with related annotations in a group and some clue that they repre-
sent a range. In general, there are two types of template patterns,
one for classification constraints, one for structural constraints. The
former specify patterns for relationships between domain and an-
notation types, the latter the abstract structure of domain concepts.

DEFINITION 12. An OPAL-TL template is an expression
TEMPLATE N<D1, . . . ,Dk> { p ( expr } where N names the template,
D1, . . . ,Dk are template parameters, p is a template atom, expr
a conjunction of template atoms and annotation queries. A tem-
plate atom p<C1, . . . ,Ck>(X1, . . . ,Xn) consists of first-order predi-
cate name p, template variables C1, . . . ,Ck, and first-order vari-
ables X1, . . . ,Xn.

Multiple rules with the same head express union as usual. For con-
venience, we use _ and ¬ over conjunctions, which are translated
to pure Datalog¬ rules as usual (not effecting data complexity).

TEMPLATE basic_concept<C,A> { concept<C>(N)(N@A{d,e,p} }
2

TEMPLATE concept_by_segment<C,A> { concept<C>(N)(N@A{e,p} }
4

TEMPLATE concept_minmax<C,CM,A> {
6 concept<CM>(N1)(child(N1,G),child(N2,G),adjacent(N1,N2),

N1@A{e,d},(concept<C>(N2) _ N2@A{e,d})
8 concept<CM>(N2)(child(N1,G),child(N2,G),follows(N2,N1),

concept<C>(N1),N2@range_connector{e,d},¬(A1 � A, N2@A1{d})
10 concept<CM>(N1)(child(N1,G),child(N2,G),adjacent(N1,N2),

N1@A{e,p},N2@A{e,p},
�
(N1@min{e,p},N2@max{e,p})

12 _ (N1@max{e,p},N2@min{e,p})
�

Figure 7: OPAL-TL classification templates

As an example, the following template defines a family of con-
straints that associate the domain type D to a node N whenever N
is labeled by an exclusive direct and proper annotation of type A.

TEMPLATE basic_concept<D,A> { concept<D>(N) ( N@A{e,d,l} }

A template tpl is instantiated to produce a family of rules where
the formal template variables D1, . . . ,Dk are instantiated using val-
ues vi

1, . . . ,v
i
k from a template instantiation expression of the form

INSTANTIATE tpl<D1, . . . ,Dk> using { <v1
1, . . . ,v

1
k> . . . <vn

1, . . . ,v
n
k> }

For example, the following expression instantiates basic_concept
replacing D with type RADIUS and A with annotation type radius

INSTANTIATE basic_concept<D,A> using {<RADIUS, radius>}

and produces the following instantiated rule:

concept<RADIUS>(N)(N@radius{e,d,l}

PROP. 1. OPAL-TL has the same data complexity as Datalog¬.

4.2 Classification
Classification is based on the classification constraints of the do-

main schema. In OPAL these constraints are specified using OPAL-
TL to enable reuse of domain concepts and concept patterns. In the
real estate and used car domains, we identify three patterns that suf-
fice to describe nearly all classification constraints. These patterns
effectively capture very common semantic entities in forms and are
parametrized using domain knowledge. The building blocks are a
domain type (or concept) C and an annotation type A that is used to
define a classification constraint for C. None of these patterns uses
more than one annotation type as template parameter, though many
query additional (but fixed) annotation types in their bodies.

Figure 7 shows the classification templates for real-estate and
used car: (1) Basic concept. The first template captures direct clas-
sification of a node N with type C, if N matches X@A{d,e,p}, i.e.,
has more proper labels of type A than of any other type A0 with
A0 � A. This template is used by far most frequently, primarily for
concepts with unambiguous proper labels. (2) Concept by segment.
The second template relaxes the requirement by considering also
indirect labels (i.e., labels of the parent segment). In the real estate
and used car domains, this template is instantiated primarily for
control fields such as ORDER_BY or DISPLAY_METHOD (grid, list, map)
where the possible values of the field are often misleading (e.g.,
an ORDER_BY field may contain “price”, “location”, etc. as values).
(3) Min-max concept. Web forms often show pairs of fields repre-
senting min-max values for a feature (e.g., the number of bedrooms
of a property). We specify this pattern with three simple rules (line
5–12), that describe three configurations of segments with fields as-
sociated with value labels only (proper labels are captured by the
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