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Statements and Objectives

The actual panorama
@ Procedures for extracting data from Web pages exist

@ The structure of Web pages changes causing malfunctioning in these
procedures

@ The manual maintenance of these systems has a cost
@ We want to provide an automatic solution to this problem

Objectives of this work
@ Introducing a new algorithm optimized for the domain of the problem
@ Designing automatically repairable procedures of Web data extraction
@ Combining these two techniques to build robust Web Mining solutions

v
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Web Data Extraction Systems (1/3)

Web Data Extraction System

A platform which extracts, automatically and in an ’intelligent’ way, data
from Web sources (e.g. unstructured Web pages) and stores these
data in a structured format in order to make it possible for other
applications to use these data.

Wrapper

A procedure (e.g. a logic-based algorithm) which identifies and
extracts information (in our case within a Web page). Its functioning is
strictly interconnected with the structure of the data source.

Web Data Extraction Systems based on Wrappers

We focus our attention on systems implementing Web wrappers for
extracting data from Web pages.
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Web Data Extraction Systems (2/3)

Wrappers - Life Cycle

@ Generation

Manual
Semi-Automatic
Automatic
Induction

@ Execution
Manual
Semi-Automatic
By Scheduling
© Maintenance

Manual
Automatic and By Adaptation
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Web Data Extraction Systems (3/3)

Wrapper Maintenance

The structure of Web pages changes frequently and without any
forewarning. Web wrappers could stop working correctly if the
underlying structure changes, also slightly.

Automatic Wrapper Adaptation

Our approach automatizes the process of maintenance of wrappers
with an excellent degree of reliability.

Clustered Tree Matching

The algorithm devised for finding similarities/differences between the
structure of two Web pages, in order to identify modifications.
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The basic problem (1/3): Concepts

HTML Web pages

Web pages are represented adopting a tree data structure, which
nodes are elements constituting the page itself.

XPath

The W3C defined this standard language to identify and select
elements in the hierarchy of Web pages.

From now we assume our Web wrappers relying on XPath(s).

(A) Mtmi[1Ybody[ 1 /table[1er[1)2d[1] (B) /mtml[1/body[1]/table[ 1 Ve[ 2]/td
html html
head body head body
| |
table table
tr tr tr r tr r
| PN | T~ o~

td td td « W td td td td td

Figure: Esemple of XPaths selecting one (A) or multiple (B) elements
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The basic problem (2/3): Motivations

@ Web pages have rich and complex structures

@ These structures change frequently

@ Often modifications are invisible (outwardly)

@ Modifications happen without forewarning or notifications

@ Statistically, small changes are much more frequent than radical

Our Idea

We guessed it was possible to automatize the resolution of this
problem through artificial intelligent techniques!
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The basic problem (3/3): Pros-Cons

Pros:
@ We enhance Web wrappers robustness, thus:
» Quality of data increases
» We reduce the risk of malfunctioning of the system
@ We reduce the process of manual maintenance, thus:

» We lower the maintenance cost
» We allow the staff working on writing new Web wrappers instead of
fixing the broken ones

Cons:
@ A computational overhead

@ The automatic process must be robust in order to minimize
malfunctioning
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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) (NP-hard)

@ 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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Outline
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Tree Matching Algorithms (1/6): Simple Tree Matching

Algorithm 2 SimpleTreeMatching(T', T") Key aspects of STM
I: if 7" has the,same label of 7" then (Selkow, 1 977)
2 med(T) @ Dynamic programming
3 on«d(T) ]
4 fori=0tmdo @ Recursive approach
5: MIi][0] + 0; . ) .
6: for j=0t0ndo @ Optimal cost O(n<) (nis
7 MO0 . the number of nodes of
8 for all / such that 1 <i<mdo .
9 for all j such that 1 < j < n do the biggest between the
10 M) < Max(M[i][j — 1], M[i—1]]]]. two compared trees)

M= 1][j = 1]+ W[/D where WII[)] )
= SimpleTreeMatching(7' (i — 1). 7"(j— @ Two small matrices store

1)) i
11 return M[m][n]+1 mapping values, .
12: else step-by-step, mapping
13: return O values
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Tree Matching Algorithms (2/6): Clustered Tree Matching

Key aspects of our CTM:

@ Assigns weights to
evaluate the importance
of a matching

@ Different behavior
adopted comparing
leaves and middle-level
nodes

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

o Identifies clusters of
similar sub-trees
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Algorithm 1 ClusteredTreeMatching(T’, T")

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

if 7" has the same label of 7" then
m < d(T")
n<d (T”)
for i = 0tom do
M|i][0] +- 0;
for j=0tondo
MI0][j] 0
for all i such that 1 <i<mdo
for all j suchthat 1 < j<ndo
MIi[j]  Max(M[i][j —1]. M[i —1][]].
Mli—1][j = 1]+ Wi[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(T"))
: else
return O
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Tree Matching Algorithms (3/6): Examples |

(A) a (B) a
N1 N15

b c

N16 N17

b c b c }1 %
1\172 ]N3 1‘]14 1 NS (NI8+N19)  (N20+N21)

I N8 1 NIl N N
(N6+N7T) (N9+N10) | d e g 3
d/\ f /\d NI8 NI9 N20 N21
e N8 e N1l 1 IR 1
N6 N7 ! N9 NI10 I 2 N2,

35 (NI24N134N14) h

Figure: A and B are two similar labeled rooted trees. CTM assigns weights to
matched nodes. Example: the weight of the node f (in A) is % because it
appears in B in a sublevel with two children.
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Tree Matching Algorithms (4/6): Examples Il
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Figure: W (weights) and M (matches) pairs of matrices, step-by-step. CTM
computes the similarity between these two trees in 6 recursions. The final
value of similarity of the two trees is g Grey cells identify weights of elements
matched between the specific compared subtrees.
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Tree Matching Algorithms (5/6): Motivations

Common characteristics of Web pages:
@ Rich sub-levels usually represent list items, table rows, etc. (i.e. data)
@ Simple sub-levels represents the structure of the page.

Moreover, common modifications are:
@ Small changes and happen in deep sub-levels

@ Consisting in adding/removing nodes/branches, etc.
(i.e. adding/removing details to elements)

Observation
@ The algorithm STM ignores these aspects

@ The CTM exploits information about the position of
matching/mismatching to produce better results
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Tree Matching Algorithms (6/6): Advantages and Limitations
Advantages:

@ CTM produces an intrinsic measure of similarity in the interval
[0,1] (while STM returns the distance between two trees)

@ A custom degree of accuracy can be established introducing a
similarity threshold for matching two elements

@ The more the structure of compared trees is complex and similar,
the better the measure of similarity is accurate (CTM)

Limitations:
@ Both approaches can not handle permutations of nodes very well

@ Both do not work well if new sub-levels of nodes are
added/removed

Further considerations

Free text can be matched using classic string matching techniques
(string-edit-distance, Jaro-Winkler, bigrams, etc.)
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Automatically Adaptable Wrappers (1/3): Requirements

Requirements of the system:

@ To store a copy of the structure of the original Web page, using
the tree-grammar for simplyfing the representation

@ If the wrapper fails, the system compares the structure of the
original Web page against the actual one, identifying modifications

Comparing elements:
@ Nodes: representing HTML elements, identified by tags
@ Attributes: also attributes can be additionally compared
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Automatically Adaptable Wrappers (2/3): Configuration

For configuring the process of automatic adaptation we define:

@ A degree of similarity to validate a matching between two
elements

@ The priority/order of adoption of algorithms (CTM, STM, etc.)
@ Additional attributes to be eventually compared
@ Integrity constraints on extracted data

Common integrity constraints are:
@ Restrictions on the number of occurrencies of a specific element
@ Data types (e.g. text, values, currency, etc.)
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Automatically Adaptable Wrappers (3/3):

Example

news.google.co.uk L I/ div{2)/div] @id="s-en_ukt
Pearson raises full-year eamings forecast The Guardian
Wall Street Journal - The Press Association - Bloomberg

all 58 news articles » & LON:-PSON

Tiny-brained bees beat computers to solve math problem TG Daily
Tophlews United Kingdom - msnbe.com - Zee News - The Age
all 30 news articles » (4 Email this story

Email this story

Adaptation Starting (90%)

Node{l]: div

AAll 1 want for Christmas is an iPad
Techwatch - Darren Allan - 29 minutes ago
Gone are the days when kids used to ask for toys like Scalextric or [#
Barbie as Christmas presents. According to an article in the Metro. ;.. o, .
a Duracell sunvey has determined that the presents topping Santa's

most-wanted lis this year for ...

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

Apple iPods top of Christmas lists Mirmor.co Uk

Metro - 1AB UK - Times of India - The Sun

all 127 news articles » ) Email this story

Google admits Street View cars DID take emails
and passwords from computers

Daily Mail - Vanessa Aller - 3 hours ago

Google was accused of spying on households yesterday after it
admitted secretly copying passwords and private emails from
home computers

Google says its cars grabbed emails and passwords Reuters
Google investigated over household data privacy breaches The Guardian
Independent - BBC News - Utalkmarketing

all 129 news articles » B GOOG

The Hindu

mail this story

Mortgage lending lowest for ten years gK Video Game Chart: New Vegas betters Fallout

Independent - Nicky Buridge - 13 minutes ago

K
| Heatih Al ; o ani T s
want for Christmas is an iPad
| Spotight Techwatch - Daren Alan - 30 minutes ago
I Most Popular Gone are the days when kids used to ask for toys like Scalextric or
Barbie as Christmas presents. According to an article in the Metro, a
Duracell suvey has determined that the presents topping Santa's

news.google.co.uk [1Tag [ Atir.D [ Name

Telegraph co.uk.

All news most-wanted lst this year or .. Wild dolphins 'Tail Walking' just for fun
Headlines Kids want iPhones and iPads rather than toys for Christmas CNET UK. TN NEW'S
Images Apple iPods top of Chistmas lists Mirror.co-uk all 42 news articles »

Metro - IAB UK - Times of India - The Sun
Email this story

Images

UK Video Game Chart: New Vegas betters Fallout 3
Videogamer.com - James Orry - 30 minutes ago

Bethesda's Fallout: New Vegas has entered the All Formats All Prices UK
video game chart at No.1, G Chart Track reports. The follow-up to
Fallout 3 comfortably outsold the first game, with first week unt ...

New Vegas beats Fallout 3 first weekend sales

Videogamer cor

ey

05 MATCH!
first size: 48

second size: 43

first brothers: 20

Similarity: 10

of matches: 1

e, vyl
Pl -

Root: HTML =
Node Name: HTML
Local Name: htmi
Node Value: null
Namespace URL http//www.w3.0rg/1999/chtml
Type: ELEMENT_NODE
Child 0 (HEAD)
Child 1 (BODY)
Node Name: BODY
Local Name: body
Node Value: null
Namespace URE http://www.w3.org/1999/schtr|
Attribute 0 (onload)
Attribute 1 (onbeforeunioad)
Attribute 2 (class)
Attribute 3 (din
Type: ELEMENT_NODE
Child 0 (stext)
Child 1 (NOSCRIPT)
Child 2 (stext) <
‘ i ]

Figure: An example of Web wrapper adaptation. In the upper area the
original page and the original wrapper. In the bottom area the new page and

the automatically adapted wrapper, by using the CTM.
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Repairable Web Wrapper Agents (1/5)

Wrapper Creation

’7Hlerarcmc Pattern Generation

Wrapper Execution

Deep Web
Navigation
Steps

———Adaptation Configuration Settings—

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.)»

~~Trigger :

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 |nform:mon

-

Setting

Wrapper
Adaptation

about

descendant evaluanons

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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Repairable Web Wrapper Agents (2/5)
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Repairable Web Wrapper Agents (3/5)

Visual Developer

Application Wrapper
Web Applications < Logic Creation j—

Application

Runtime Mozila Eclipss IDE Designer
Parameters

@ Each wrapper represents an
automatically repairable agent of
data extraction

@ Several wrappers run in the same

environment Lixto Hydra (Thread
Pool of VD runtimes)

@ If a wrapper fails, it automatically
adapts itself to changes

@ Results are collected in a
trasparent way w.r.t. users

Figure: Architecture of the Lixto
Web data extraction platform
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Repairable Web Wrapper Agents (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%

Experimental results:
@ Simple Tree Matching:
» The classic algorithm ensures good performances
@ Clustered Tree Matching:

» Excellent performances in the domain of Web sources
» High reliability! (F1-measure ~ 98%; Fy 5-measure ~ 99%)
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Repairable Web Wrapper Agents (5/5): Experimental Results

Simple T. M. Clustered T. M.
Precision/Recall | Precision/Recall
Scenario thresh/| tp p fn | tp fp fn
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% 08.18%

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 costs of Web wrappers using
techniques of automatic adaptation for facing malfunctioning caused by
structural modifications of the Web pages.

@ The devised clustered tree matching algorithm ensures excellent
robustness of Web wrappers relying on it for the adaptation.

@ We combine Al & Agents for obtaining robust Web Mining solutions.

@ Outlook
» To improve performances facing permutations on nodes.
» To exploit new algorithms and similarity metrics.
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