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Main Objective

@ Introducing new algorithms for finding structural similarities between
two HTML trees;

@ Designing automatically adaptable Web wrappers;

© Combining 1 & 2 for robust Web Intelligence and Mining solutions.
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The Basic Problem (1/4)

Concepts

HTML Web pages: DOM tree (nodes — HTML elements/free text)
XPath: “language” to select exact or multiple elements in a Web page
Wrappers: logic/rule-based procedures extracting specified elements
from a Web page in order to acquire information automatically

Web data extraction systems run agents implementing wrappers
Wrappers may fail if underlying Web pages change (structural

modifications), or, even worse, may extract corrupted data

We propose a novel approach for reliable automatic wrapper
adaptation based on the possibility of automatically finding similarities
between the old and the new version of the modified Web page
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The Basic Problem (2/4)

Examples
(A) /htmi[1]/body[1]/table[ 1)/tr[1}td[1] (B) /htmi[1}/body[1]/table[1/tr[2]/td
html html
head body head body
\ |
table table
tr tr tr tr tr r
\ T~ o~ \ P

td td td d W td td td td td td td

Figure: Examples of XPath selecting one (A) or multiple (B) elements
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The Basic Problem (3/4)

Motivation

@ Web pages own rich and complex structures (not trivial problem)

@ Structure of Web pages changes frequently

Often, structural modifications are “invisible”

@ Structural changes happen without any forewarning or notification
@ Minor changes are more frequent than deep modifications

@ ltis possible to automatically adapt wrappers to face these changes
°

Combining traditional Al techniques with agents for reliable Web data
extraction solutions
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The Basic Problem (4/4)

Pros-Cons

Pros:
@ Improving robustness of Web wrappers
» improving quality of data extracted

@ Reducing wrappers maintenance

» reduction of maintenance costs
» staff work on designing new wrappers, not on fixing broken ones
» saving time and money!

Cons:
@ Increasing of computational cost

@ It requires high precision/recall to be reliable
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Previous Work

@ Tree edit distance and related problems
» Tree to tree editing problem (Selkow, 1977)
» Tree to tree correction problem (Tai, 1979)

@ Web data extraction systems

» Web data extraction tools and taxonomical classification of Web
Mining problems (Leander et al. 2002)

» Lixto Suite: Web data extraction for Web Intelligence and Web
Mining (Baumgartner et al., 2009)

@ Wrapper maintenance and adaptation
» Maintenance related problems
(Lerman et al., 2003; Meng et al., 2003)

» Wrapper adaptation, semi-automatic and automatic
(Wong, 2004; Raposo et al. 2005)
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Tree Matching Algorithms (1/6)

Simple Tree Matching

Algorithm 2 SimpleTreeMatching(T', T")
if 7* has the same label of 7" then

I:
2% m4d(T) Key aspects of STM
3 ned(T) (Selkow, 1977):
4: fori=0tomdo ] )
5: ) Mi][0] eO'& @ Dynamic programming
6: =0t
7 O?wl[om ino;o @ Recursive approach
8 for alli such that 1 <i<m d .
9 Orf(?r z:llSL/l‘CsuchathaFl ig;; nodo ° Optlmal cost O(nz)
10 MIi[j] < Max(M[i][j — 1]. M[i—1][}]. i
Wi 1) - Wil whee wiiy) @ W and M matrices
= SimpleTreeMatching(T' (i — 1). 7" (j — stores, step-by-step,
1) mapping values
I1:  return M[m][n]+1

12: else
13 return O
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Tree Matching Algorithms (2/6)

Clustered Tree Matching

Key aspects of our CTM:
@ Introduces weights

@ Different behavior
adopted for leaves and
middle-level nodes

@ Allows a “degree of
accuracy” (through a
similarity threshold)

@ ldentifies clusters of
similar sub-trees

E. Ferrara and R. Baumgartner (2010)

Algorithm 1 ClusteredTreeMatching(T’, T

I:
2
3
4
5
6:
7
8
9
0

if 7' has the same label of T" then

: else

m—d(T")
n+d(T")
for i = 0 tom do
M]i][0] < 0;
for j=0tondo
MIO][j] + O;
for all 7 such that 1 <i<mdo
for all j such that 1 < j <ndo
MIi[j] + MaxM[i][j —1]. M[i —1][]].
Mli=1][j = 1]+ WI[i][j]) where W[i][j] =
ClusteredTreeMatching(T' (i — 1), T (j —
1)
if m > 0 AND n > 0 then
return M[m][n] * 1/ Max(+(T"), t(T"))
else
return M[m][n] + 1 / Max(¢(T"), +(T"))
return O
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Tree Matching Algorithms (3/6)

Examples |
(A) a (B) a
NI NI5
b c
NI16 N17
b c b c }1' %.
N2 N3 N4 [ (NISEN19)  (N20+N21)
L 1.Ng 1 LN P
(N6+N7) \ (N9+N10) | d e e 3
PN f PN g NI8 NI9 N20 N21i
d e N8 e d NII I S N !
N6 N7 I N9 NI10 1 2 I3 ‘ 3
% % 3 5 (N12+N13+N14) h

/N N
! . 1

3

Figure: A and B are two similar labeled rooted trees.
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Tree Matching Algorithms (4/6)

Examples Il
e R e i
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Figure: Wand M matrices for each matching subtree.
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Tree Matching Algorithms (5/6)

Motivations

@ Common characteristics of Web pages:

» Rich sub-levels — list items, table rows, menu, etc.
» Simple sub-levels — page structure, etc.

@ Common modifications:
» Slight modifications:

— deep sub-levels
— missing/added nodes/branches, details of elements, etc.
@ Simple tree matching ignores these important aspects!

@ Clustered tree matching exploits this information to produce
more accurate results
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Tree Matching Algorithms (6/6)

Advantages and Limitations

@ Advantages:
» CTM produces an intrinsic measure of similarity (while STM
returns the mapping value)
» A custom degree of accuracy can be established through a

threshold
» The more the structure of compared trees is complex and similar,
the more the measure of similarity is accurate (CTM)
@ Limitations:
» Both approaches can not handle permutations of nodes
» Both do not work well if new sub-levels of nodes are
added/removed
@ Further considerations:
» Free text must be matched through string matching techniques
(Jaro-Winkler, Bigrams, etc.)

E. Ferrara and R. Baumgartner (2010) Automatic Wrapper Adaptation CIMA 2010 18/32



Outline

e Our Results/Contribution

@ Automatically Adaptable Wrappers

E. Ferrara and R. Baumgartner (2010) Automatic Wrapper Adaptation



Automatically Adaptable Wrappers (1/3)

Adaptable Web Wrappers

@ Requirements:

» Storing a snapshot of the original Web page (tree-gram)
» |If wrappers fail — comparing snapshot with the new Web page

@ Comparable elements:

» Nodes (representing HTML Web elements)
— identified by HTML tags

@ Comparable attributes:

» Generic attributes: class, id, etc.
» Type-specific attributes: anchors — href, images — src, etc.
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Automatically Adaptable Wrappers (2/3)

Configuration, Constraints

@ Configuration:

Threshold values

Priorities/order of adaptation algorithms used

Flags of chosen algorithms (attributes, etc.)

To store tree-grams and XPath statements after adaptation?
Constraints and Triggers

@ Integrity constraints:
» Occurrence restrictions
» Data types
@ Triggers:
» Top-down
» Bottom-up
» Process flow

vV vy vy VvYYyYy
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Automatically Adaptable Wrappers (3/3

Example

news googlecouk

Dearaon raises il year eamings forecast The Guardian
Wall Street Journal - The Press Association - Bloomberg
all 58 news articles » [ LON-PSON

Tophlews United Kingdom

Email this story

g VG2 eV @id="s-en_ukt”
Tiny-brained bees beat computers to solve math problem TG Daly -
msnbe com - Zes News - The Age Adaptation Starting (90%)

Google admits Street View cars DID take emails
and passwords from computers
Daily Mail - Vanessa Allen - 3 hours ago

e was sccused of sping on households yesterday aerit
simited secretly copying passwords and private emails from
home computers.

Techwatcl

e Hindu

Darren Allan - 29 minutes
Gone are the days when kids used to ask for toys like Scalextric or
Barbie as Christmas presents. According to an artcle in the Metro,
a Duracell suvey has determined that the presents topping Santa's
most-wanted list this year for ...

Kids want iPhones and iPads rather than toys for Christmas CHNET UK

all 30 news a Email this story Nodets i
: P 05 MATCH!
All 1 want for Christmas is an iPad first size: 48

Google says its cars grabbed emails and passwords Reuters
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news.google.co.uk

Health All | want for Christmas is an iPad
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all 127 news articles »

Email this story

M UK Video Game Chart: New Vegas betters Fallout 3
Videogamer.com - James Orry - 30 minutes ago
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Fallout 3 comfortably outsold the first game, with first week unit ...

New Vegas beats Fallout 3 first weekend sales

Videogamer com

UK Video Game Chart: New Vegas betters Fallout
3

wwteu Metching M

Root: HTML
Node Name: HTML
Local Name: htmi

T
ity -

Node Value: null
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Type: ELEMENT_NODE
. Child 0 (HEAD)
Child 1 (BODY)

Node Name: BODY
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TN NEWS

all 42 news articles »

Images

Figure: An example of Web wrapper

(2010)
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! just for fun

Local Name; body
Node Value: null

Namespace URE https//www.w3.org/1999/schtr
Attribute 0 (onload)

Attribute 1 (enbeforeunioad)

Attribute 2 (closs)

Attribute 3 (din)

Type: ELEMENT_NODE

Child 0 (3text)

Child 1 (NOSCRIPT)

Child 2 (#tert) .
ey gl i D
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Al & Agents for Web Intelligence and Mining (1/5)

Wrapper Creation

’7Hlerarcmc Pattern Generation

Wrapper Execution

Deep Web
Navigation
Steps

Bubble up: re-evaluate ancestor patterns:

Trigger Process Flow Adaptation

Adaptation Inputs/Outputs

Stored Example Tree-Grams———»

DOM Tree of Current Page——»
—Current Pattern Configuration (XPath etc.)»
———Adaptation Configuration Settings—

~~Trigger :

Setting

Configure Store Pattern
Define Output | | Create Pattern Adaptation and

Data Model visually Integrity Tree-gram

Constraints Examples
. N
and Adaptation
Previous - Apply y Evaluation
|, Pattern Evaluation of Yes—»| | Adaptation Re-Evaluation e
Pattern : of Pattemn
Eval. Steps Laogic Descendants

-

Provide additional information

Wrapper
Adaptation

about

during

descendant evaluations

Sufficiently similar HTML Subtrees——»
Modified XPath Statements———»

——New Tree-Grams can be stored additionally—

Figure: Diagram of wrappers design, execution and adaptation in Lixto VD
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Al & Agents for Web Intelligence and Mining (2/5)
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Al & Agents for Web Intelligence and Mining (3/5)

Key aspects of Lixto VD

@ Visual design of Web wrappers

Visual Developer

@ Definition of data models

© Configuration of adaptation ‘_ Q

Application

[ Mozila_ | EcipseiDE Designer

@ 1-3 are uploaded to the server

@ Each VD runtime (heads) runs as

one instance of Web wrapper Panlof VD rontimag)
@ Lixto Hydra spawns several VD

heads, executing wrappers ?
@ Adaptation of eventually failed

wrappers starts automatically Figure: Lixto VD Architecture
@ Collected results are delivered to

the server.
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Al & Agents for Web Intelligence and Mining (4/5)

Experimental Results |

Scenario Use-Case Threshold
Social bookmarking Delicious 40%
Retail market Ebay 85%
Social networks Facebook 65%
News Google news 90%
Web search Google search 80%
Comparison shopping Kelkoo 40%
Web communities Techcrunch 85%

Results:
@ Simple Tree Matching:
» Good performances
@ Clustered Tree Matching:
» Excellent!
» High reliability! (F-measure > 98%)
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Al & Agents for Web Intelligence and Mining (5/5)

Experimental Results Il

Simple T. M. Clustered T. M.
Precision/Recall | Precision/Recall
Scenario thresh/ tp p fn | tp fp n
Delicious 40% | 100 4 - 100 - -
Ebay 85% | 200 12 - |196 - 4
Facebook 65% |240 72 - 1240 12 -
Google news 90% | 604 - 52 1644 - 12
Google.com 80% | 100 - 60 | 136 - 24
Kelkoo  40% | 60 4 - | 58 - 2
Techcrunch 85% | 52 - 28 | 80 - -
Total - (1356 92 140 (1454 12 42
Recall - 90.64% 97.19%
Precision - 93.65% 09.18%
F-Measure - 92.13% 98.18%

Figure: Experimental results
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Future Issues

@ Bigrams: might work well with permutations of groups of nodes
@ Jaro-Winkler: could better reflect added/missing node levels

@ Machine-learning or Natural Language Processing for free text

@ Tree-grammar: could be used to classify topologies of templates shown
by Web pages and to define some standard execution flow of extraction

@ Spidering techniques: executing tree-grammar templates for harvesting
through standard execution flows
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Summary

@ It is possible to reduce maintenance of Web wrappers through automatic
adaptation.

@ The clustered tree matching algorithm improves reliability of adaptable
Web wrappers.

@ Combining Al & Agents for robust Web Intelligence an Web Mining
solutions.

@ Outlook

» To solve problems of permutations on nodes.
» To exploit new algorithms and similarity metrics.

E. Ferrara and R. Baumgartner (2010) Automatic Wrapper Adaptation CIMA 2010 30/32



For Further Reading |

[ S. Selkow.
The tree-to-tree editing problem.
Information Processing Letters, 6(6):184—186, 1977.

@ K. Tai.
The tree-to-tree correction problem.
Journal of the ACM, 26(3):433, 1979.

[1 A.Leander et al.
A brief survey of Web data extraction tools.
ACM Sigmod, 31(2):84-93, 2002.

@ R.Baumgartner et al.
Scalable Web data extraction for online market intelligence.
Proc. of VLDB Endow., 2(2):1512—-1526, 2009.

E. Ferrara and R. Baumgartner (2010) Automatic Wrapper Adaptation CIMA 2010

31/32



For Further Reading |l

[@ K.Lerman et al.
Wrapper maintenance: a machine learning approach.
Journal of Artificial Intelligence Research, 18(1):149-181, 2003.

[@ X.Meng et al.
Schema-guided wrapper maintenance for Web-data extraction.
Proc. of WIDM’03, 1-8, 2003.

@ T. Wong.
A probabilistic approach for adapting information extraction
wrappers and discovering new attributes.
Proc. of ICDM’04, 257-264, 2004.

[@ J. Raposo et al.
Automatic wrapper maintenance for semi-structured Web sources
using results from previous queries.
Proc. of SAC’05, 654—659, 2005.

E. Ferrara and R. Baumgartner (2010) Automatic Wrapper Adaptation CIMA 2010 32/32



	Motivation
	Main Objective
	The Basic Problem
	Previous Work

	Our Results/Contribution
	Tree Matching Algorithms
	Automatically Adaptable Wrappers
	AI & Agents for Web Intelligence and Mining

	Future Issues
	Summary
	Appendix
	Appendix
	



