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Automatically Extracting Form Labels
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Ab grnci— We describe a machine -larning-based ap proach for
extracting atiribute khheb from Webh form interfaces. Having
these labek & a requirement for several techniques that attempt
to retrieve and integrate data that reside in online datahases
and that are hidden behind form interfaces, including schema
matching and clustering, and hidden-Web crawlers. Whereas
previows approaches to this prohlem have relied on heuristics
and manually specified extrac tion rules, our technique makes we
of karning chssifiers to identify form labek. Our preliminary
experiments show this approach B promising and has high

ACC Uracy.
[. INTRODUCTION

The problem of retrieving and integrating information that
resides in online databasss has received a lot of attention
in both the research and industrial comrmnities [1], [2].
[3], [4]. Thiz interest is driven both by the quality of the
information and the growing mimber of online databases—it
is estimated that there are several million online databases [3].
Az most online databases can only be accessed through Web
form interfaces, to aufomatically refrieve and integrate their
contents, their form interfaces must be understood [6], [7].
[5], [9]. The ability to identify the labels for different form
elements ie key to many important applications. For example,
to integrate raltiple online databases, correspondences among
the elements in different forms nesd to be identified [2],
[10]. Labels are also needed for retrieving data hidden behind
the form interfaces: in an integration system, queries over
the global schema mmst be tranglated into sets of attribage-
walue assignments over forms of indivichial databases [11];
and hidden-Web crawlers mmst derive walid attribute-value
assigniments to siphon the database contents [12], [13].

In thiz paper, we propose a new approach for automatically
parsing and extracting element labels of form interfaces that
are designed primarily for human consumption Although
the HTML standard provides a label attribute to associats
descriptive information with individual form elements, it is
not widely used. Instead, text representing atfribute names ars
interspersed with the HTML markup, As Figare 1 illustrates,
several different layouts are possible—labels can be placed
in mary different positions: on top, in the bottorn, to the
left of, to the right of, and even inside a form element. For
example, in Figure 1(a), while the label Maks iz above its
corresponding selaction list in the form on the left, in the form
on the right it is actually one of the wvalues in the sslection
list. Figure 1{b) shows a dynamic form whose content and
layout changs based on which radio button is selacted: if the
Car only button is selected, dl labels are place on top of
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Fig. 1. Exanples of web search inderf aces illustrating the variability in layout
design within and acroes different dornaine.

the form elements, and if the Car + Flight + Trawel is
selected, some of the labels are placed to the left. A given
label may also correspond to mmltiple form elemerts, and
somme elements may have no associated label, The label Depart
in Figure 1(b) (right) is associated both with the text field for
inputting the date and with the selection list for specifying the
tirne, Last, bt not least, labels may also be placed outside
the form tags, This wide variation in form design layouts and
in the nesting relationship betwwesn form elements and labels
makes the problem of autormatically identifying element-label
mappings particularly challenging,

Related Work., Based on the assumption that there are
corrrmon pattems for label placement, previous approaches
to label extraction relied either on hewristics {eg., based
on the textual layout of the page) to guess the appropriate
label for a given form attribate [14], [13] or on manvally-
specified extraction rules [6]. Thess approaches, however,
require substantial human input—heuristics and mles st be
mmarally crafted.
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The form analysis component of HIWE, the hidden-Web
crawler proposed by Raghavan and Molina, uses a layout
engine to identify labels that are close 1o an element, They
then generate a series of candidate mappings which are ranked
using a sl of pre-defined miles (eg. position, number of
words, font size). Zhang e al. [8] cast the problem of label
extraciion as parsing, They developed a novel grammar ihat
allows wsers to declaratively specify extraction rules which
capture both topological patterns (e.g., alignment and adja-
cency) and proximity information. They deal with the problem
of ambiguities in label-clement assignments as well as with
incomplete grammars, by encoding not only patterns but also
their precedence in the grammar. Instead of relying on the
visual layoul of form elements, He e al. [14] examine il
HTML structure of the form. They capture the textual layout
of labels and elements as an inferface expression (IEXF) The
IEXP of a given search interface consists of three basic items t,
e and |, where { denotes a labelfext, ¢ denote a form element,
and | densdes a row delimiter, which comresponds 1o HTML
tags such a8 <pe and <bre, They define rules which determine
the association between labelfext and elements based on their
positions in the IEXP expression.

Ours is the first work to make use of leaming-based
techniques 1o sutomatically infer the extraction patterns, This
automation makes our approach more scalable, reducing the
need for human input both for the ereation and maintenance of
il exiraction rules, Our experiments show that this sutomated
approach is effective and able to obtain high extraction accu-
racy, Furthermore, unlike previous works which are restricted
1o static forms, our approach is able 1o handle forms which use
client-side seripting {e.g.. JavaScript) to dynamically render its
elements, which are widely used on the Weh

[I. S0LUTION COWERYIEW

Civen a Web form, our goal is fo defermine 3 mapping
between a form element and its corresponding fextual de-
seription. Instead of relving on manually specified mules and
hewristics, our approach uses classifiers to identify element
labels by leaming structural patterns of forms. The use of a
learning-based approach makes our approach adapralile: to
handle new form layoul pattemns, the forms just need o be
added to the raining sets for the classifiers.

The label extraction process has three phases which are
deseribed below: candidate mapping generation, classification,
and reconciliation. Given a Web form, we generale a series of
candidate mappings between form elements and textual labels
in the neighborhood of the elements. The candidare mapping
penerator must tdensify a sei of possible labels for each form
elemenr. It utilizes JavaScript-aware parser and an HTML
rendering engine, this makes it possible for ihe exiracior (o
handle dynamic forms. It also extracts a set of features that
are later used by the classifiers, such as for example: the form
clement types, font, size, and location.

As discussed sbove, there is a wide variation in how forms
are designed, even within a single online database domain.
Thuz, an impordant challenge is how o consiruct accurabe

classifiers. To simplify the leaming task, we have designed
a hierarchical framework thai performs classificarion in mwe
steps: the infial step vses a coarse (high-recall) classifier
whose goal is to climinate mappings that are clearly incorrect;
the second siep uses a more specific (high-precision) classifier
1o select mappings that are the most Likely to be comect. These
classifiers are described in detail in [13), where we also show
that; the combination of classifiers leads to accuracies higher
than single-classifier configurations; and general classifiers can
be built which obtain high accuracy across multiple online
database domains.

Because forms may use different and conflicting layour
choices, the classifiers may be unable to comectly identify
the label for cerain elements. Take for example the forms
in Figure 1{a). Both belong 1o the awo domain, bui whereas
in the form on the left labels are placed on the fop of elements,
labels are place inside and 1o the left of elements m the form on
the right. This leads both to ambiguitics {i.e., multiple labels
assigned o an element) and dengling elements (fLe., elemenis
with no associated labels). To deal with this problem, we apply
a mapping reconciliaron step, where malches oblained by
the classification process are used 1o help identify the cormect
labels for the unmatched form elements. Previous works have
observed that the set of terms wsed for form elements 5 usually
small—form interfaces tend to use a small set of terms (o
represent altributes within a domain [10]. The intuition behind
the effectiveness of our mapping reconciliation is that ferms
which oecur frequently in mappings scross different forms are
more likely to be element labels than terms that appear less
frequently. Thus, when multiple candidate labels exist for an
element, we choose the label which has the highest frequency
and that has nod been used in the form.

Il. EXPERIMENTS

We have evalualed our approach over a datasel confaining
forms that belong to four online database domains: “Air-
fare”, “Auto”, “Books™ and “Movies”, This dataset consists of
2,884 web forms automatically collected by the Form-Focused
Crawler (FFC) [3], [16].

EfMectiveness of Dur Approach.  Figure I shows Femeasure
seores obtained by our approach both for the combined clas-
sifiers used in isolation (CC) and together with the mapping
reconcilistion step ({CC+ME) The F-measure is the harmonic
mean between precision and recall [17]. A high F-measure
mieans that both recall and precision have high values—a
perfect classification would resull in an F-measure with value
equal 1. The scores for CC+ME vary between 83% and 95%,
indicating that the approach is effective: it is able to aufomat-
ically beam the layoul patterns and accurately identify label-
element mappings. This fgure also shows thal the mapping
reconcilistion component always leads 1o increased F-measure
scores—the improvements vary between 4.5% and 14.4%.
The lowest score oblained by the classification process was
for the Afrfare domain (.76}, amd the highest was for the
Mowvie domain (0.91). A possible explanation for this differ-
ence lies in e layvoul heterogeneity Tor Alifare, Examining the
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Fig. 2. Effectveness of our approach. Thas fgune shows the Fomestone scores
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Fig- . Variaiion in the dislance between labels and elemenis

strocture of the fomms in these iwo domans, we observe e
i Airfare, there is o large varation i distance between Libels
and elements, even within a single form, This s il rsted
in the form shown Figure 3. In ihis form, whereas some
labels are pliced very close o the comesponding elements
{£.g, Departuce date), others are relatively Tunther (g, Fly
Fromb, In contrast, for Movie, the [abels are more consislently
placed close io the comesponding clements, Consequenily, it is
Iwrdier b0 comectly predict labels for ile more helerogensous
Airfare domain than for the Movie domain,

Domain-Specilic versus Generie Chissiliers,  The provious
results relied on the construction of combined classifiers for
each domaimn—iour combined classifiers were construcied and
cach wis [mined vsing forms from a single domain, An
ieresting question 5 whether o & possible 1o comstruct
peneric classifier tist obtans high accurscy for fonms across
different domains,

We built the generic configuration as follows, First, we
trned o combined classiier wsing a wis of forms from all four
domains (0 obtain the genenic classifier. The generic training
sl is pencraled by randomly sclecting 10F: Torms from
cach domam. In the wsting phase, we mn ol clissilier and
mapping reconcilialion process on cach domain o messone
ihe reésulting securacy. The domeun-specilic classifier combi-
mption abways ouiperfomms the generic, obiaining sccuracies
e are between 1A% and 12.3% higher ilan the pemenic
configuration. This shows that some layout pattems arce indecd
present in multple domans, and that a genenc classilier can
be effective. Thus, the cost of frining the combined clssifier

can be amortized by using it on muliiple domains.
IV, CoxcLUSION

We have described g leaming-hased approsich for spomagi-
cally exiracting labels of Web form clements. Cher preliminary
experiments, using over two thousand forms sutontically
retrieved by oa foosed crawler, show thal this approach s
elfective and obtains high extraction accuracy. There are
several avenoes we plan o explore m Toture work, Hesides
performing a detailed comparison between our approach and
previous works on label extraciion, we will investigale the use
of active leaming o0 incrementally improve the accurmcy of
our classificrs,
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