N
N

N

HAL

open science

Automatic Extraction of TEI Structures in Digitized
Lexical Resources using Conditional Random Fields

Mohamed Khemakhem, Luca Foppiano, Laurent Romary

» To cite this version:

Mohamed Khemakhem, Luca Foppiano, Laurent Romary. Automatic Extraction of TEI Structures
in Digitized Lexical Resources using Conditional Random Fields. electronic lexicography, eLex 2017,

Sep 2017, Leiden, Netherlands. hal-01508868v2

HAL Id: hal-01508868
https://hal.science/hal-01508868v2
Submitted on 29 Aug 2017

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.

Distributed under a Creative Commons Attribution 4.0 International License


https://hal.science/hal-01508868v2
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://hal.archives-ouvertes.fr

Automatic Extraction of TEI Structures in Digitized
Lexical Resources using Conditional Random Fields

Mohamed Khemakhem!?#, Luca Foppiano', Laurent Romary!??3

nria - ALMAnaCH, 2 Rue Simone IFF 75012, Paris
2 Centre Marc Bloch, Friedrichstrasse 191 10117, Berlin
3 Berlin-Brandenburgische Akademie der Wissenschaften, Jaegerstrasse 22-23 10117, Berlin
4University Paris Diderot, 5 Rue Thomas Mann 75013, Paris
E-mail: mohamed.khemakhem@inria.fr, luca.foppiano@inria.fr, laurent.romary@inria.fr

Abstract

This paper presents an open source machine learning system for structuring dictionaries
in digital format into TEI (Text Encoding Initiative) encoded resources. The approach is
based on the extraction of overgeneralised TEI structures in a cascading fashion, by means
of CRF (Conditional Random Fields) sequence labelling models. Through the experiments
carried out on two different dictionary samples, we aim to highlight the strengths as well
as the limitations of our approach.
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1. Introduction

An important number of digitized lexical resources remain unexploited due to their un-
structured content. Manually structuring such resources is a costly task given their mul-
tifold complexity. Our goal is to find an approach to automatically structure digitized
dictionaries, independently of the language or the lexicographic school or style. In this
paper we present a first version of GROBID—DictionariesE], an open source machine learn-
ing system for lexical information extraction.

2. Approach

By observing how the lexical information is organised in different paper dictionaries, it is
clear that the majority of these lexical resources share the same visual layout to represent
the same categories of text information. That served as our starting point to develop our
approach for dismantling the content of digitized dictionaries. We tried to build cascading
models for automatically extracting TEI (Text Encoding Initiative) (Budin et al., 2012)
constructs and make sure that the final output is aligned with current efforts to unify
the TEI representations of lexical resources. To be easily adaptable to new dictionary
samples, we chose machine learning over rule-based techniques.

2.1 Cascading extraction models

We followed a divide-and-conquer strategy to dismantle text constructs in a digitized
dictionary, based initially on observations of their layout. Main pages (see Figurel) in
almost any dictionary share three blocks: a header (green), a footer (blue) and a body
(orange). The body is, in its turn, made of several entries (red). Each lexical entry can
be further broken down (see Figure 2) into: form (green), etymology (blue), sense (red)
or/and related entry.

!'https://github.com/MedKhem/grobid-dictionaries
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Layout features become less relevant when the segmentation process reaches a deeper
information level and we consequently give them up for the corresponding models. The
same logic could be applied further for each extracted block, as long as the finest TEI
elements are not yet reached. But in the scope of this paper, we focus just on the first six
models, details which are given below.
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Fig. 1: First and second segmentation levels of a dictionary page

Such a cascading approach ensures a better understanding of the learning process’ output
and consequently simplifies the feature selection process. Limited exclusive text blocks
per level help significantly to diagnose the cause of prediction errors. Moreover, it would
be possible to detect and replace early on any irrelevant selected features that can bias a
trained model. In such a segmentation, it becomes more straightforward to notice that,
for instance, the token position in the page is very relevant to detect headers and footers
but has almost no relevance for capturing a sense in a lexical entry, which is very often
split over two pages.
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Fig. 2: Example of the segmentation performed by the Lexical Entry model

2.2 Towards a more unified TEI modelling

Our choice for TEI, as the encoding format for the detected structures, is based on its
widespread use in lexicographic projects, as well as on some technical factors which will be
detailed in the following section. The domination of the lexicographic landscape by TEI is
due to the fact that this initiative has provided the lexicographic community with diverse
alternatives for encoding different kinds of lexical resources, as well as for modelling the
same lexical information. However, the flexibility that this standard ensures has led to
an explosion of TEI schemes and, consequently, limited the possibilities for exchange and
exploitation.

Our cascading models are conceived in a way to support the encoding of the detected
structures in multiple TEI schemes. But to avoid falling into the diversity trap, we are
adopting a format that generalises over existing encoding practices. The final scheme has
not yet been finalised, but we are continuously refining our guidelines as we move deeper
with our models and apply them to new dictionary samples. We are aiming to ensure a
maximal synchronisation with existing research efforts in this direction, by collaborating

with COST ENeL and ISO committee TC 37/SC 4.

Presenting the details of our encoding choices is beyond the scope of this paper, since we
are still shaping them, especially for fine grained information. But we aim to highlight
about some constraining decisions we made for the upper levels, to give an idea about
our modelling direction. A lexical entry, for instance, is always encoded using <entry>
exclusively, which means we do not make use of any possible alternatives, such as <super-
Entry> and <entryFree>. The semantic loss is not important in this case, since the nature
of the entry could be inferred from the elements it contains. As for lexical entries, they
can be completely encoded using 5 main elements: <form> for morphological and gram-
matical information of the whole entry, <etym> for etymological information, <sense>
for semantic and syntactic information, <re> for related entries and <dictScrap> for any
text that does not belong to the previous elements. Note here that we are trying to use
the more generic elements to encode the lexical information in each level, which will be
more refined in the following levels.

3. GROBID-Dictionaries

To implement our approach, we took up the available infrastructure from GROBID (Lopez
and Romary| 2015) and we adapted it to the specificity of the use case of digitized dic-
tionaries.




3.1 GROBID

GROBID (GeneRation Of Bibliographic Data) is a machine learning system for parsing
and extracting bibliographic metadata from scholar articles, mainly text documents in
PDF format. It relies on CRF (Lavergne et al.l 2010) to perform a multi-level sequence
labelling of text blocks in a cascade fashion which are then extracted and encoded in TEI
elements. Such an approach has been very accurate for that use case and the system’s
Java API has been one of the most used by bibliography research platforms and research
bodies worldwide.

We have been struck by the analogy between the structures that can be extracted by
GROBID, in the case of full scientific articles, and the actual constructs we wanted to
extract from a digitized dictionary. At its first extraction level, GROBID detects the main
blocks of a paper such as the header, the body, the references, annexes, etc. These main
parts will be further structured at the following level, like the references which will be
extracted in separate items and then parsed one by one to detect the titles, the authors
and the other publication details. By recalling the segmentation steps presented in the
previous section, there is a clear analogy between the case of a reference in a scientific
document and a lexical entry in a dictionary.

This correspondence is reinforced by the fact that GROBID relies on layout, as well as
text features, to perform the supervised classification of the parsed text and generates
a TEI compliant encoding where the various segmentation levels are associated with an
appropriate XML tessellation.

3.2 GROBID-Dictionaries

Due to the above-mentioned similarities, we undertook the adaptation of GROBID for
the case of digitized dictionaries in order to build a system, which uses the core utilities
of GROBID and applies them for lexical information processing. In building GROBID-
Dictionaries, we faced several challenges, the three major ones being detailed in the fol-
lowing.

3.2.1 TEI cascade modelling

After having fully encoded a lexical entry, the task became more specific and more chal-
lenging when it comes to defining the TEI structures to be extracted by each model. It is
a question of finding the appropriate mapping between the TEI elements and the labels
to be set for the models that share the task of structuring the text in cascade. In addition,
the process is at the same time constrained by the need to avoid having structures from
different hierarchy levels being extracted at once. In fact, the CRF models, as they could
be used from GROBID core, do not allow the labelling of nested text sequences. We clarify
this technical point by explaining how the sequence labelling process works in the case of
segmenting a lexical entry.

The following matrix represents the set of feature vectors corresponding to the lexical
entry condenser, which will be labelled by a first version of the "Lexical Entry" model.
The latter has the task of detecting the 5 main blocks in a lexical entry, if they exist. For
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Fig. 3: Sequence labelling using a first version of the "Lexical Entry" segmentation model

the sense information, the model has been trained to extract each parsed text sequence
representing a sense.

Each vertical column is a specific feature for all the tokens of the lexical entry and each
horizontal line corresponds to all the features of each token. For this model, a set of
features is going to be assigned to each token based on criteria we chose in the feature
selection process. In the second phase, comes the role of the trained model to give a
prediction of a suitable label for each token, based on all its feature values. A structure
corresponds then to the sequence of tokens having the same label, where the I-Label marks
the beginning of a new sequence. Following this technique, it is obviously not possible in
this model to structure the example 'le froid condense la vapeur d’eau’(see Figures 2 and
3) in the sense, since just one label is allowed per token. Therefore, the segmentation of
the examples should be delegated to another model that follows the current one.

3.2.2 Sample annotation

This is the phase where the previous rules will be applied on different instances, to anno-
tate data for training the models. An adjustment of the directives is necessary to make the
models more general, as soon as new instances appear to show the modelling limits of our
current guidelines. To illustrate such a case, we could take the example of the previously
defined "Lexical Entry" model and apply it to the lexical entry aid.

The TEI encoding for this entry with the "Lexical Entry" model is the following (see
Figure 5):



aid /exd/ noun 1. help, especially money,
food or other gifts given to people living
in difficult conditions O aid to the earth-
quake zone O an aid worker (NOTE: This
meaning of aid has no plural.) o in aid
of in order to help O We give money in
aid of the Red Cross. O They are collect-
ing money in aid of refugees. 2. some-
thing which helps you to do something
O kitchen aids ® verb 1. to help some-
thing to happen 2. to help someone

Fig.4: Lexical entry having more than one POS

<entry>
<form>aid /elld/ noun</form>
<sense>1. help, especially money, <lb/>food or other gifts given to people living <lb/>
in difficult conditions aid to the earth-<lb/>quake zone an aid worker (NOTE: This <lb/>
meaning of aid has no plural.) in aid <lb/>of in order to help We give money in <lb/>
aid of the Red Cross. They are collect-<lb/>ing money in aid of refugees</sense><pc>. </pc>
<sense>2., some-<lb/>thing which helps you to do something <lb/>kitchen aids</sense> i
<sense>verb 1. to help some-<lb/>thing to happen</sense>
<sense>2. to help someone</sense>
</entry>

Fig. 5: Structured output of the "Lexical Entry" model’s primary version

We could notice that the model presented in Figure 3 is no longer valid to perform the
segmentation of senses aggregated by part of speech (POS), with respect to avoiding
nested constructs. This issue could be fixed by having a first model that does not find the
boundaries of the senses of a part of speech in this level.

<entry>

<form>aid /eld/ noun</form>

<sense>1. help, especially money, <lb/>food or other gifts given to people living <lb/>
in difficult conditions aid to the earth-<lb/>quake zone an aid worker (NOTE: This <lb/>
meaning of aid has no plural.) in aid <lb/>of in order to help We give money in <lb/>
aid of the Red (ross. They are collect-<lb/>ing money in aid of refugees.2. some-<lb/>
thing which helps you to do something <lb/>kitchen aids</sense> 1

<sense>verb 1. to help some-<lb/>thing to happen 2. to help someone</sense>
</entry>

Fig. 6: Structured output of the "Lexical Entry" model’s adjusted version

This segmentation of main POS-aggregated senses should be performed by a second model,
called "Sense" for example, to find the limits of each sense as well as any grammatical
information, if any exists.

The labelling and extraction of the TEI structures should be performed further for the
other blocks, by following the same approach. For the case of the aid entry, a dedicated
model should be used to segment the <form> block by extracting the morphological and
grammatical information and decide about of the parent of the latter. In the current case,
the <gramGrp> will be the direct child node of the entry, since it carries information



<entry>
<form>aid /eld/ noun</form>
<sense>
<sense>1. help, especially money, <lb/>food or other gifts given to people living <lb/>
in difficult conditions aid to the earth-<lb/>quake zone an aid worker (NOTE: This
<lb/>meaning of aid has no plurdl.) in aid <lb/>of in order to help We give money in <lb/>
aid of the Red Cross. They are collect-<lb/>ing money in aid of refugees</sense><pc>. </pc>
<sense>2. some-<lb/>thing which helps you to do something <lb/>kitchen aids</sense> i
</sense>
<sense>
<gramGrp>verb</gramGrp>
<sense>1. to help some-<lb/>thing to happen</sense>
<sense>2. to help someone</sense>
</sense>
</entry>

Fig. 7: Structured output of the "Sense" model

about the sense of the entry given a POS, and not about the lemma. The <gramGrp>
block will, in its turn, have another specific model to structure its content. Figure 8 shows
the final output generated by our cascading model tree.

<entry>
<form "lemma">
<orth>aid</orth>
<pron>/elld/</pron>
</form>
<gramGrp>
<pos>houn</pos>
</gramGrp>
<sense>
<sense>1. help, especially money, <lb/>food or other gifts given to people living <lb/>
in difficult conditions aid to the earth-<lb/>quake zone an aid worker (NOTE: This
<lb/>meaning of aid has no plural.) in aid <lb/>o0f in order to help We give money in <lb/>
aid of the Red Cross. They are collect-<lb/>ing money in aid of refugees</sense><pc>., </pc>
<sense>2. some-<lb/>thing which helps you to do something <lb/>kitchen aids</sense> 1
</sense>
<sense>
<gramGrp>
<pos>verb</pos>
</gramGrp>
<sense>1. to help some-<lb/>thing to happen</sense>
<sense>2. to help someone</sense>
</sense>
</entry>

Fig. 8: Final output of all the models

Annotation guidelines seem to be mandatory here to guide the process since an annotator,
especially with a linguistic or lexicographic background, could be easily biased by the TEI
practices and tags which are used differently in our cascading approach but will converge
in the final output. We noticed this issue after having lexicographers annotate a few
samples and we therefore, defined a first version of the guidelinesﬂ which we are actively
maintaining.

2 https://github.com/MedKhem/grobid-dictionaries/wiki/How-to-Annotate3F
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3.2.3 Feature selection

In this phase, the cumulated data will be used for generating features that will be used
by the models to discriminate between their labels. For the first model, we kept the
line based features used in GROBID’s first model’] Our choice was based simply on the
assumption of the general nature of such features. Moreover, the experiments on several
samples showed a high and fast performance.

As explained in our approach, we tried to rely on a restricted list of features for the rest
of the models, where we drop the ones that are most likely to produce bias. We chose to
use features on the token level to structure the lexical information. For the first version
of our system, we are experimenting the use of one list with 16 featureﬁ 8 based on the
text and the rest carrying the layout aspects of each token, such as the change of font or
line breaks.

4. Experiments
4.1 Models

The resulting models and their corresponding labels are the following:

e Dictionary Segmentation: This is the first model and has as its goal the segmenta-
tion of each dictionary page into three main blocks, where each block corresponds to
a TEI label: <fw type="header"'> for information in the header, <ab type="page">
for all the text in the body of a page and <fw type="footer"> for footer information.
For the sake of simplicity, for training the models (see Section 4.3) we use: <head-
note> to refer to <fw type="header">, <body> referring to <ab type="page'> and
<footer> to refer to <fw type="footer'>. But we respect the original labels for the
final TEI output.

e Dictionary Body Segmentation: The second model gets the page body, recognized
by the first model, and processes it to recognize the boundaries of each lexical entry
by labelling each sequence with <entry> label.

e Lexical Entry: The third model parses each lexical entry, recognized by the second
model, to segment it into four main blocks: <form> for morphological and grammat-
ical information, <etym> for etymology, <sense> for all sense information, <re> for
r