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Lixto empowers better decisions by searching
& aggregating information in real-time and
delivering end-to-end connectivity solutions
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LiXt8 | ixto Solution Architecture: Bridge the Gap

DB/Feed

|
|
|
: 6 Reports/DWH
=l
|
==1 |
|

Web Dat
Extraction and @ Contr_ol Panel
|

Normalisation

Web Data Harvesting
Integration and Matching
Execution Plan Analysis and Reporting

Visual Wrapper  Configuration ~ Consumption as Service

Generation Introspection
o
Copyright © 2010 Lixto Software GmbH




1iXt® Desiderata of a Web Wrapping Language
-

O(i) has a solid and well understood theoretical
foundation,

O(ii) provides a good trade-of between complexity and
the number of practical wrappers that can be
expressed,

O(iil) Is easy to use as a wrapper programming
language, and

O(iv) Is suitable for being incorporated into visual tools,
since ideally all constructs of a wrapping language
can be realized through corresponding visual
primitives.

o
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1iXt@® Extraction from Tree Structure

THE WEB INTELLIGENCE COMPANY

Wrapper as Function f: HTML DOM Tree <& Subtrees
Leaves of subtrees are among leaves of original tree
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1iXt® | ixto Data Extraction Environment
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1iXt® | ixto Visual Developer
B

O Visual and Interactive definition of Web data extraction
program (on top of Eclipse)

O Recording of user actions on the user interface level, e.g.
mouse and key events

O Replay of recordings simulates human browsing behavior

O Compliant with Web 2.0 style dynamically changing pages
of e.g. dynamic HTML and Ajax-based applications

O Support for complex navigation patterns including “detail”
pages and “next” pages

O Embedding state-of-the-art browser (Mozilla)

O Parameterization of all kind of actions

o
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1iXt® | ixto Visual Developer
B

O Handling of pop-up windows and authentication requests
O Expressive declarative logic-based extraction language

O Robustness to structural changes of the Web page

O Full XPath 2 support to access the HTML document model

O Integrated data modeler to build XML-based data models for
the output document

O Data extraction from additional data formats such as PDF,
MS Office

o
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1iXt® | ixto VD Extraction Language Demo HEEp
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Wrapper Structure in VD

PageClass start

Actions
Parameter (int count, count=0)
URL (Load)
TextBox (SetValue)

DropDown (Select) [pricerange]

DropDown (Select) fcpurange]
Button {Submit)

Call (bestfit overviewldehsi;‘;s‘,: 1

Dialog Defaults
AlertReply(Ok)

Used Parameters
pricerange (string)
cpurange (string)
count (inf)

PageClass overview ,‘-‘\“ !. PageClass details

e
@ms

PageClass options

Actions

i

Parameter (c+1) stopDown (Select) fcurrent_option]
Mouse (ClickIfExists) if (c==100) v Data Extractor (retailmodel)
Data Extractor (retailpiicle exit ny root
root else A i i
record Data Extractor (retailmodel) & 5 iﬁ:jﬁ el ke
detaillink toHEk, detaiis) root cpu
j nextlink (Click, overview) manufacturer memory

option (Do nothing, options

Used Parameters
current_option (inf (from pc details)

Used Parameters
count (inf

Used Parameters
count (inf

O“PageClass” Template Concept

Input Model:

pricerange (string)
cpurange (string)

Qutput Model (retailmodel):

record{+} seguence
manufacturer{1,1} string

option{+} sequence
details{1,1} string

price{1,1} europrice
cou{1,1} string
memory{1,1} string

OProcedural Navigation Actions (e.g. form fillout)

O Record Macros

ODeclarative Extraction Program (e.g. find prices)

O Example-based Creation
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- Data Extractor:

1iXt®  pattern Graph and Pattern Recursion
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Pattern Structure

pattern s

N

Regional Algebra (Nodes and Texts)

Basic conditions before, after, contains, n-th child
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1iXtE |nteractive Pattern Generation

THE WEB INTELLIGENCE COMPANY

—| Select parent pattern and
choose pattern name

|
> Add Filter .....................................................................................................................

Some !
intended o
instances System highlightsall .
are not matched pattern instances
covered

|

NO
} vYES

Assert Pattern and EXIT
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Interactive Filter Creation
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System highlights an instance of parent pattern —

!

User marks characteristic element therein
System identifies corresponding tree path
System generalizes to a robust path

!

— > System highlights all matched instances of filter

!

Assert Filter and EXIT
YES :

One or more undesired NO
elements were displayed H

Add Condition .
©-
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1iXtE  Opject Model and Objects

O Labeled unranked tree
O Tree Nodes
O Complex Tree Regions
O String Representation
O Strings
O Attribute Values
O Output Transformation

O CSS Box Model with spatial
relations
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Demo Example Elog Program Fragment
-
overview(X0,X1) :-

getDocumentFromNavigation(X0=$1,X1).

root(X0,X1) :-
overview( ,X0),
subelem(X0, (-,[1).X1).

hotel (X0,X1) :-
root( ,X0),
subelem(X0, (..lixto:nearest("'tr'*),[]1).,.X1),
contains(X1, (./td[1]/a[1].[]D).X2),
before(X0,X1, (.strong[1],[("text","Sortieren® ,CONTAINS)]),0,-1,X3,X4).

detail(X0,X1) :-
1ink(_,X0), getDocumentbyClick(X0,X1).

price(X0,X1) :-
hotel (_,X0),
subelem(X0, (..lixto:nearest('div"')/lixto:nearest(*'strong™),[]).X1)

[1,1]-
next(X0,X1) :-

root( ,X0),
subelem(X0, (..lixto:nearest(a"™), [("text", "Nachste Seite”,CONTAINS)]),X1).

overview(X0,X1) :-

next(_,X0), getDocumentbyClick(X0,X1).
o
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- [Baumgartner, Flesca & Gottlob VLDB 2001]

1iXt® |nternal Knowledge Representation
I

ELOG: adatalog like language

Wrapper : Elog Program
Pattern : IDB-Predicate
Filter : Rule
Condition : Atom of rule body
Parent Pattern : Special body atom
Element Path : Special body atom

The declarative and/or semantics of datalog nicely matches the
narrowing and broadening steps of the pattern generation process.

Maintenance in Elog Wrappers is local to the changed criteria and
hence simple.

The Elog program itself is invisible to the wrapper designer. a
I
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LiXt®  Basic Elog Rule Structure
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[ExtrAtom(S X) ] [Constralnts(S X,.. )T[a b]]

Main Extraction Atom
such as: subelem(S,epd,X)
optional / Interval

[ Pattern(S,X)]

The head predllcc:ate_. S:Sourcef, X:hTarget condition predicates; Restriction
Bepomes true or mstgnces of X that mutual references from target #a
satisfy all conditions in the body. s to target #b

*The extracted set of targets contains all targets (tree- and string regions),
in which the head predicate is true. Targets are minimized for complex
regions.

» Rules with the same head predicate form a pattern. The target set of a
pattern is minimized.

* Range is special to Elog, see mapping to Datalog rules below

o
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HiXtE  Flog Programs
.

OHomogeneous Programs

O All Filters that define the same IDB predicate refer to the same
parent pattern

O Pattern Graph is a tree

OHeterogeneous Programs

O At least two filter that define the same IDB predicate refer to
different parent patterns

O Pattern Graph can be cyclic
O Sitill, locally stratified if not mixing range and pattern references

O Fixed-point evaluation — stop if no new instance can be
derived

document (S, X) «+— getDocument($1,X)
table(S,X) «— document(_, S}, subelem(S, . * .table, X)
table(S,X) «— table(_, S), subelem(S, .« .table, X)

o
Copyright © 2010 Lixto Software GmbH




1iXt®  pyilt-In Predicates
B 000

O Built-In predicates with binding schema

O subelem(S, path,X) : subelem(s, path,x) evaluates to
true iff sis a node path is a relative XPath and x is a node
contained in s where x matches path.

O On textual level: subtext, subatt
O On document level: getDocument(X,Y),... (xisa URL)

O Contextual: before(S, X,path,d1,d2,Y,D), after,
notbefore, notafter

O Internal: contains, nthchild, ...
O Concepts: 1sDate(X,Y), 1sNumber(X), 1sCity, ...
O Comparisons: <, >, ... (e.g. compare distances or dates)

O Pattern References: refer to any IDB predicate (like: before
there is an instance of price)

o
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Specialization and Filter Disjunction

ot

document :::}
_____________ /_:Sp-eciaﬁza?;,oa_x___________
ebaydocurment :. ; yahoodocurnent
! ebaytablesey {" yahootableseq
T 1. ? 1A

ebayrecord/record
[source = ebay]

yahoorecord/record
[source = yahoo]
disjunctive pattern

description where riles
refer to different parents

(itemdes) ( price ) ( bids ) ( date )

document (S, X) + getDocument(S = 51, X)
ebaydocument(S, X) +— document(S, X),
contains(X, («.body, [(elementtext, eBay, substr)|), )
yahoodocument (S, X} +— document(S, X),
contains(X, (*.body, [(elementtext, Yahoo, substr)|), _)




1iXt®  Recursive Wrapping

(sell eeeeee )C shippinginfo )

next(S,X) + ebaydocument(_, ),
subelem(S, (».content, [(href,, substr),
(elementtext, (next page), exact)|), X)
nexturl(S, X) +— next(_ S), subatt(S, href, X)
ebaydocument(S, X) +— getDocument(S = $1,X)
ebaydocument(S, X) +— nexturl(-, S), getDocument(S, X)

Or, alternatively:

ebaydocument(S,X) «— ebaydocument(_, S),
subelem(S, (x.content, [(href, , substr),
(elementtext, (next page), exact)|),¥),
subatt(Y,href,Z), getDocument(Z, X)

I
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Datalog Representation
N

Expressing instance minimization
O using stratified negation
O and built-in predicate contained _in

p(S,X) :- parl( ,S), Ex1(S,X), Col(S,X,-...).
p(S,X) :- par2(_,S), Ex2(5,X), Co2(S,X,...).
p(S,X) :- par3(_,S), Ex3(5,X), Co3(S,X,-..).

p"(S,X) :- parl(_,S), ExX1(S,X), Col(S,X,-..).
p*"(S5,X) - par2(_,S), Ex2(5,X), Co2(S,.X,...).
p"(S,X) - par3(_,S), Ex3(S5,X), Co3(S,X,--.).
pP""(S,X) - p"(5,X1), p "(5,X), contained in(X1,X).
P(S,X) - p"(S,.X), = p T (S, X).
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liXt@ Datalog Representation
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Express Range in Datalog using stratified negation

NewPat :-- filterbody [a,b].

NewPat" (S,X) :@- filterbody.
NewPat(S,X) :- NewPat" (S5,X), Solpos(S,X,P),
a <= P <= b.
Solpos(S,X,1) - NewPat®"(S,X), FirstSol(S,X).
Solpos(S,X,P) - SolPos(S,X",P"), NewPat"(S,X),

succ(S,X",X), P=P"+1
. and in the definition of FirstSol and succ predicate NewPat is negated

I
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LiXtE pattern References and Range

-
p(S,X) :- par(_,S), subelem(S,epd,X), before(S,X,.-..Y), q(S,Y) [a,b]
q(S,X) :- par(_,S), subelem(S,epd,X), before(S,X,...Y), p(S,Y) [c,d]
p(S,X) - ...
q(S,X) - ...

Define p via g and g via p and applying range restrictions.
Translation results in unstratified negation and results in non-monotonicity.

Generates multiple models with stable model semantics.

I
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Elog- Core Fragment

Expressing built-in predicates with child and nextsibling relations
on labeled trees. Ignoring features of Elog on textual structures,

distances, etc.

Signature:

tyr = {dom, root, leaf, (labely)acw,

firstchild, nextsibling, lastsibling)

Basic Elog relations can be derived:

subelem, (X, Y)
subelem_pan (X, Y)

subelem, ;. (X, Y)

containggg, (X, Y)
before, (S, X, Y)

afterpan (5, X,Y)

firstson( S, X)
lastson(S, X)

X=Y

child(X, Z),
subelemy,,,;, (Z, Y).
child(X, Z), label,(Z),
subelemp (2, V).

subelemgge (X, ¥).
subelemy,.;, (S, ),
nextsibling( X, V).
subelemgqen (S, Y),
nextsibling(¥, X).
firstchild( S, X7).
lastchild( 5, X).
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Elog- Monadic Kernel of Elog:

Make all IDB predicates unary

by rewriting rules. Elog™ and Elog-,
characterize the same tree languages.
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Expressiveness of Elog
-

OUnary queries in MSO over trees as
expressiveness yardstick for information
extraction functions

OMSO hard to use as wrapping language
due to lack of operational semantics

Theorem [Gottlob & Koch, PODS 2002]
Monadic Datalog over 1, has

combined complexity:
O(|dom|+|program|)

o
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X8  Eypressiveness of Elog
B

Theorems [Gottlob & Koch, PODS 2002]:

Over t,;,, Monadic Datalog = MSO

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

ELOG- expresses monadic datalog + child

All of ELOG" is graphically programmable via LiXto

Lixto expresses all MSO wrapping tasks.

o
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1iXt®  cyrrent/Future Research Directions

B
ODeclarative Data Extraction from PDF/Visual
Structures
ORobustness

OFocused Spidering
OWrapper Adaptation
OProduct Matching
OExecution Planning
OSampling Algorithms
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Dataloglii

Thank you for your time!
Lixto Software GmbH
Favoritenstrasse 16/DG
A-1040 Vienna, Austria

robert.baumgartner@lixto.com
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