Combinations of Content Extraction Algorithms

Yves Weissig, Thomas Gottror?
Technische Universitat Darmstadt, 64289 Darmstadt, Geyma
2Johannes Gutenberg-Universitat Mainz, 55099 Mainz, Geyma
weissig@rbg.informatik.tu-darmstadt.de, gottron @munainz.de

Abstract

Content Extraction is the task to identify the main
text content in web documents — a topic of in-
terest in the fields of information retrieval, web
mining and content analysis. We implemented an
application framework to combine different algo-
rithms in order to improve the overall extraction
performance. In this paper we present details of
the framework and provide some first experimen-
tal results.

1 Introduction

In this paper we show how combinations of CE algo-
rithms can be realised and present some first results on how
successful such combinations can be.

We proceed with a look at related work in the next sec-
tion and a short description of our application in section 3.
Then we focus on merging different document extracts in
4 and take a look at some first CE combinations and their
performance in 5, before concluding the paper in 6 with a
prospect at future work.

2 Related Work

The number of CE algorithms available for cleaning HTML
documents is increasing. Especially in the last years the

dopic seems to receive more attention than before, probably

e(we to the increased amount of noise in web documents.
ments, functional or design elements are typical exampleg Ih€ Body Text Extraction (BTE) algorithm[Finn et al.,
of additional contents which extend, enrich or simply come2001 interprets an HTML document as a sequence of word
along with the main content. This “noise” in the documents"d tag tokens. It identifies a single, continuous region

contributes for about 40 to 50% of the data on the World"ich contains most words while excluding most tags. A
Wide Web|[Gibsonet al., 2004. problem of BTE is its quadratic complexity and its restric-

HTML documents on the web are composed of far mor
data than their main content. Navigation menus, advertis

Cleaning web documents from this additional contentdion to discover only a single and continuous text passage as
improves performance of information retrieval, web min-
ing and content analysis applications. The task of iden
tifying and/or extracting the main text content of a web

documentis most commonly referred to as Content Extrac;
tion (CE). Several good algorithms have been develope

and evaluated in the last years. However, only the Crunc
system[Guptaet al., 2009 tried to approach the task with
a fixed ensemble of different algorithms. As the heuristic

employed in Crunch performed better in combination thar®

when they are used individually, we motivated @ottron,

2 look cl h ial of usi I
0084 to look closer at the potential of using ensemb e(sjearn a weighting scheme for LQF [Rrasad and Paepcke,

of CE algorithms. This lead to the idea of the propose
CombinE system as outlined in figure 1. Its aim is to flex-
ibly incorporate the results of filter modules implementing
different algorithms and, thereby, obtain better or more re
liable extracts of the main content.
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Figure 1: Outline of th&€ombinE system.

main content. Pinto et al. extended BTE in tH2acument

Sope Curves (DSC) algorithm[Pintoet al., 2004. Using

a windowing technique they are capable to locate also sev-
eral document regions in which the word tokens are more
frequent than tag tokens, while also reducing the complex-
§jy to linear runtime.Link Quota Filters (LQF) are a quite
common heuristic for identifying link lists and navigation

selements. The basic idea is to find DOM elements which

onsist mainly of text in hyperlink anchors. Mantratzis et
al. presented a sophisticated LQF versiorjMantratzis
et al., 2004, while Prasad and Paepcke describe how to

2009. Content Code Blurring (CCB) [Gottron, 2008h in-
stead, is based on finding regions in the source code char-
acter sequence which represent homogeneously formatted
text. Its ACCB variation, which ignores format changes
caused by hyperlinks, performed better than all previous
CE heuristics. Weninger and Hsu proposed a line based ap-
proach to find text-rich areas [Weninger and Hsu, 2008
Evaluation of CE algorithms was addressefiGottron,
2007. Providing a goldstandard for the main content, the
idea is to compute the intersection of a CE algorithms’ out-
put with the goldstandard using the longest common subse-
quencgHirschberg, 197bover the word sequences. This
allows to apply classical IR measures like Recall, Prenisio
andF;y. The fact, that such an evaluation can be run auto-
matically and unsupervised is exploited @ottron, 2009
to construct a framework for parameter optimisation based
on genetic algorithms.



3 The CombinE System

The aim to flexibly combine different CE algorithms in or-
der to obtain better and/or more reliable results motivateq
the idea of the CombinE Syste[tottron, 2008h It is
an http-proxy server which can filter documents on-the-fly
when receiving them from the web. An outline of the over-
all system was already given in figure 1.

To filter the web documents, CombinE uses an extensibl
set of CE algorithms with a standardised interface. The
combination of algorithms is modelled in filter sets which
can be realised in different ways:

Serial The CE algorithms are applied in a predefined or-
der, where the output document of one filter provideg
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Figure 2: Web interface for creating and managing filter
sets.

copies of the original document separately. The rethe project. While the serial approach was easy to imple-

sults are then combined by either unifying or inter-

ment because the output of the previous filter was used as

secting the results. We get to the details of how to dothe input of the next filter, the parallel combination is a

this in the next section.

Voting A special case of the parallel combination is a vot-
ing setup. Each CE filter can vote for parts of a web
document to belong to the main content. Only if a

non-trivial issue. A filter set can have upaodifferent sub
filters which need to be executed. After each of Mdil-

ters returned a result it is the task of the merging method to
integrate theV results into one message that is returned to
the user.

CombinE uses a merging method based on DOM-trees.
The generation of a DOM-tree out of an http-message is
obtained via the NekoHTML parsgrwhich is flexible,
fast and reliable. We also use NekoHTML to normalise

content fragment gets enough votes from the filters, ithe HTML documents into a form which is compliant with

is finally declared to actually be main content. Attach-
ing weights to the votes provides a further possibility
to influence the results.

As technically each of this combinations of CE algo-
rithms acts like a CE algorithm itself (HTML document

[’
A

as input and cleaned HTML as output), they can be in-

corporated in other filter pipelines. The following exam-

W3C specifications.
The overall process of parallel filtering can be subdi-
vided into the following steps:

e Pre-process the http-message, normalise HTML.

o Filter copies of the pre-processed http-message with
each filter. The result is an array containiNdiltered

http-messages.
Convert each of the filtered messages into DOM-trees.

Merge theN DOM-trees with the merging method
chosen for the current filter pipeline. The result is a
single DOM-tree.

ple demonstrates how filter sets can be combined into new,

more complex sets.

-~
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e Transform the DOM-tree into an http-message.

e Return the resulting http-message.

We consider the DOM-tree as a tree with nodes. The
nodes represent different HTML-elements, e.g. a <table>-
Tag, an <img>-Tag or a text-value. The intersection merg-
ing returns only elements appearing in each of Mdil-
tered documents. The result can be describe®as=
{z | Vi € N : z € D;} with z the nodes of the DOM-
trees, so thaR is the set of all elements contained in all
D;. In contrast to this, the union merging returns the ele-

The CombinE proxy can be configured comfortably overments that appear in any one of the filtered documents. It
a web interface (c.f. figure 2). Users can choose from &an be described @8, := {z | Ji € N : z € D;}.
selection of standalone CE algorithms as well as already While the calculation of general tree mapping is a com-
combined versions to create new serial, parallel or votingplex task, we can assume the CE filters to at most remove

filter sets.

4 Merging Extraction Results
The implementation of the different merging methods use

nodes from the DOM-tree. Hence, in an recursive ap-
proach, we start from the DOM-tree root nodes and collect
all child nodes that are present in all (intersection) or any

iunion) of the DOM-trees.

within CombinE was one of the most challenging tasks in

http://sourceforge.net/projects/nekohtml
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Figure 3: Diagram showing the average F1 results of the atialu

In a voting setup we additionally calculate the receivedMIX2 Parallel setup of DSC, BTE and ACCB with inter-
(potentially weighted) votes for each DOM node and check  section merging of the results.

whether they reach a value above the predefined threshoHlxs Parallel setup of DSC, BTE and ACCB with voted

for inclusion in the resulting document. .
merging of the results, where at least two of the algo-
rithms had to vote for an element to be included in the

5 Some first results final document.

To evaluate the effectiveness of CE algorithm combina- )
tions, we use an existing corpus of 9.601 HTML docu-MIX4 Parallel setup of DSC, BTE and ACCB with
ments. For each of those documents the main content is  Weighted voted merging. DSC and BTE had a weight
provided as gold standard. To compare the overlap be- Of 1, ACCB had a weight of 2 and the acceptance
tween an extract and the gold standard we calculate the threshold was setto 2.

longest common (not necessarily continuous) subsequence
of words in both texts. Using the number of words in the
computed extraet, in the gold standard and in their over-
lape N g = Icss(e, g), we can adopt the classical IR mea-
sures recall«), precision $) and the F1 measurey() for
CE evaluation:

The detailed results of our experiments concerning the
F1 measure can be seen in table 1, a graphical representa-
tion of the average performance is shown in figure 3. Addi-
tionally to the above mentioned filter pipelines we included
the performance of single BTE, DSC and ACCB filters for
reference with previous results.

2.p-r First of all we can observe that several combinations
yield equivalent or slightly better results than a filter dxs

. . . on a single ACCB instance, which so far was the best gen-
In previous experiments we discovered the DSC, BTE g g

; eral purpose CE-filter. The serial combination of LQF and
ACCB and LQF approaches to provide good resultSgre even delivers significantly better extracts. An ex-

; Splanation might be, that LQF removes navigation menus
Further, as LQF follows a rather different approach to CE,; . |inks lists that are embedded into the main content.

we constructed serial pipelines of LQF and the other thregence BTE can afterwards detect a continuous region of
algorithms. This left us with several filter pipelinestoleva ,-in content more easily. In this combination also the is-

uate: sue of BTE’s quadratic runtime complexity is less press-
3XDSC Serial execution of three DSC instances. ing. As LQF already removes a good portion of navigation
menus and alike, BTE operates on a much smaller docu-
) ) ) ment. Therefore, on most real-world documents (size be-
3XACCB-R40 Serial execution of three ACCB instances. yyeen 60 and 100Kb) this combination takes between 1 and
LQF_DSC Serial setup of LQF with a downstream DSC 1,5 seconds for extracting the main content — an acceptable

_lengl S _letgl
gl lel r+p

3XBTE Serial execution of three BTE instances.

filter. performance in most application scenarios.
LQF _BTE Serial setup of LQF with a downstream BTE _The_para_lllel filyers in MIX1 through MIX4 did not pro-
filter. vide significant improvements. However, their perfor-

. . mance is more stable across all evaluation packages and,
LQF_ACCB-R40 Serial setup of LQF with a downstream , ;s "across different document styles. The triple sexial e

ACCEB filter. ecution of BTE, DSC and ACCB fostered precision at the
MIX1 Parallel setup of DSC, BTE and ACCB with union cost of recall. Concerningy, this lead to improvements
merging of the results. only for 3XDSC.



Table 1: Word Sequence F1 Results
IS

g 2 L 5 ”

% S |2 | 5|0 |35
ole| 8|5 |8|2|58|5 8|88,
S5 |3|2 |82 €E|2o|g|2|e|=|S|T
ACCB-R40 0.7180.7030.8900.87590.9590.9160.4230.9680.17710.861/0.9080.6820.84710.929
BTE 0.6760.2620.7340.8350.5320.6740.4090.8420.1130.7530.9270.8560.6630.875
DSC 0.5950.1730.8810.8620.9580.8770.4030.9250.2520.9020.8590.5940.9060.84 1
3XACCB-R40 [0.7180.2610.7920.7980.5680.6880.4250.6420.1320.7260.8800.7750.7270.764
3XBTE 0.6760.2620.7340.8350.5320.6740.4090.8420.1130.7520.9270.8540.6630.875
3XDSC 0.9310.7160.8630.86710.9490.8700.3920.9140.2580.9000.7950.5720.9010.832

LQF_ACCB-R4(0.86(0.5910.8570.8050.9100.8700.4130.6800.1440.8430.9110.6630.8210.809

LQF_BTE 0.9720.8460.8840.8710.9880.88(00.3960.9720.1430.8340.9410.7100.8980.926
LQF_DSC 0.9080.7090.8810.8730.9840.8980.4060.9450.2390.8880.8640.5610.9080.887
MIX1 0.9380.8220.8710.8490.9420.8690.4010.8950.2520.8830.8560.6050.9030.803
MIX2 0.93g0.8240.8720.8660.9540.8640.3800.9150.2540.8930.8540.5960.8910.823
MIX3 0.9380.8220.8710.8490.9530.8610.4060.8950.2540.8950.8560.6050.9020.717
MIX4 0.9380.8220.8710.8490.9530.8610.4060.8950.2520.8950.8560.6050.9020.717

6 Conclusions and Future Work [Gottron, 2009 Thomas Gottron. An evolutionary ap-

The CombinE System is capable to combine content ex- proach to automatically optimise web content extrac-
traction algorithms in different ways and setups. It is de- ton. In11S09: Proceedings of the 17th International
signed as an http-proxy which allows an easy and transpar- Conferencentelligent Information Systems, pages 331~
ent incorporation of content filtering in IR systems access- 343, 2009.
ing the web. We found some first interesting results, whergGuptaet al., 2003 Suhit Gupta, Gail Kaiser, David Neis-
filter combinations achieved better results than single fil- tadt, and Peter Grimm. DOM-based content extraction
ters. of HTML documents. InWMW '03: Proceedings of

A topic of ongoing and future research is the discov- the 12th International Conference on World Wide Web,
ery and optimisation of good filter pipelines. The genetic pages207-214, New York, NY, USA, 2003. ACM Press.
algorithm framework for parameter optimisatit@ottron, [Hirschberg, 1975 D. S. Hirschberg. A linear space al-

2009 s currently extended to explore also filter combina- """ it m for computing maximal common subsequences.
tions. The aim is to automatically tune and furtherimprove  ~;-mun. ACM 18(6):341-343, 1975.

content extraction on HTML documents. ) i ]
[Mantratziset al., 2009 Constantine Mantratzis, Mehmet
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