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Abstract

The focus of this thesis is on examining whether word alignment results can be improved
in precision and recall through lemmatization, and extraction of lemma dictionaries from the
resulting links. Lemmas are extracted from existing lexical resources in order to replace word
forms in two parallel corpora documents, one featuring the language pair English-Swedish
and the other the language pair Swedish-English.

The parallel corpora, consisting of a technical Scania manual and a Saul Bellow novel,
originate from PLUG (Sågvall Hein 2002) project and were originally aligned and evaluated
by Jörg Tiedemann (2003).

By utilizing a Perl script, four lemmatized documents are created. These are aligned by a
word aligner constructed by Tiedemann (2003), the Clue aligner, which is also used to align
word form versions of the same texts. The results of the alignment of the lemmatized corpora
and the word form corpora are evaluated automatically against a reference alignment and
compared.

The link results derived from lemmatized corpora yields improvement in recall, and in
one case precision, compared to the word form link results.

Furthermore, lemma extensions are included in aligning experiments in order to extract
two lemma form translation dictionaries as a possible lexical resource addition to the MATS
system.
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1 Introduction

Re-use of translations for statistical machine translation is increasing in popularity
within international computer linguistics research. A central issue is deriving lexical
data from parallel corpora, the results of which can be of use in machine translation
systems, translation support and bi- and multilingual lexicons.

In Recycling Translations (Tiedemann 2003), a combination of translational clues
were applied to word alignment. A series of experiments were carried out on corpora
from the PLUG (Sågvall Hein 2002) project. In the experiments, translation prob-
abilities from the statistical alignment tool GIZA++ (Och 2002) were included, and
this combination of statistical and linguistic information resulted in an impressive
performance rate of above 80 % in precison and recall (Tiedemann 2003).

This thesis relates to the previous work done by Tiedemann, with a view to im-
prove word linking results by using lemmatized corpora. The produced alignments
are evaluated and then extracted for further use as lemma lexicons.
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2 Aims

The aim of this thesis is to examine whether word alignment results can be improved
using lemmatized corpora, building on a hypothesis that lemmatized parallel corpora
will lead to improved link results, as word forms from the same paradigm can be
generalized to lemmas, resulting in fewer and more frequent words.

Moreover, the possibilities of extracting the produced alignments for use in a Nat-
ural Language Processing (NLP) lexicon, more specifically as a lexical resource for
the machine translation system MATS in the form of a lemma lexicon, are examined.
Lemma lexicons are usually produced from word form links, for which lemmas are
assigned. Aligning already lemmatized corpora can save time and energy when cre-
ating dictionaries, as the result will automatically be in lemma form.

2



3 Outline

This thesis includes six chapters providing background and overview of the subject,
description of applied tools and methods, and evaluation of the results.

Chapter 4 details different word and sentence alignment approaches. The Clue
aligner and the theory behind it is briefly described. Information is also given on
applications of word alignment, parallel corpora, methods for evaluation of NLP sys-
tems, and lemmatization.

Chapter 5 clarifies the goals of the thesis, and states important decisions taken.
Selection and extraction of lemmas from existing lexical resources yields lemmas.
These lemmas are used to replace word forms in bitexts by running a Perl script, the
implementation of which is also decribed. Furthermore, tools for alignment, evalu-
ation and creation of applications are described.

Chapter 6 describes pre-processing of parallel corpora and lemmatization of word
forms, along with measures giving the percentage of word forms that were lemmat-
ized.

Chapter 7 presents the results of the word alignments and an evaluation of each
alignment.

Chapter 8 contains a description and discussion of the extracted lemma lexicons.

Chapter 9 is a concluding discussion of word alignment results, extracted lemma
dictionaries and, briefly, future work.
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4 Background

4.1 Introduction

This chapter introduces concepts and strategies that are relevant to my thesis. The the-
ory and development of word and sentence alignment and statistical machine trans-
lation are briefly outlined.

Sentence and word alignment are techniques for mapping sentences and words
which are translations of each other in bilingual parallel texts. When aligning, the
source language text is split into segments that correspond to segments in the target
language. The most common text units are sentences and paragraphs. Links are estab-
lished between the corresponding segments, and when this is carried out at sentence
level it is called sentence alignment.

Word alignment produces links between the many corresponding words and phrases
in the aligned sentences in a parallel corpus. Most methods of word alignment pre-
sumes that the texts are already sentence-aligned; a pair of sentences that are transla-
tions of each other are likely to contain words that are directly or indirectly transla-
tions of each other.

4.2 Alignment

4.2.1 Sentence alignment

Sentence alignment assumes that the information at sentence level is expressed in
the very same order in the source text as in the translation. Thus, the alignment is
seen as monotonic; without crossing links (Tiedemann 2003). The alignment is not
always 1:1; it can also be 2:1, 2:3, 1:0 or 1:2 and so on. For example, one sentence
in the source language may correspond to two sentences in the target language, or no
sentence at all.

Sentence alignment has been approached in different ways. One of the first and
most documented sentence alignment algorithms was introduced by Gale and Church
(1991). In short, given a number of possible alignments, it is expected to find the max-
imum likelyhood alignment of sentences (Songlin Piao 2001). Gale and Church’s
algorithm is based on sentence length, since the authors found a high correlation
between character length of corresponding sentences in many language pairs (Tiedemann
2003).

Kay and Roscheisen (1993) approached the problem from a different angle. They
created an algorithm using lexical information, where sentence translations are de-
tected based on word translations contained by a pair of candidate sentences, i.e.
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selected words with similar distribution. The algorithm performs well but is appar-
ently slower than Gale and Church’s algorithm.

A combination of sentence length and lexical information has been proposed
by for example Simard et. al. (1992). In addition to Gale and Church’s algorithm
they used cognates, i.e. pairs of tokens from source and target language which are
etymologically related, to identify sentence alignments. They achieved only a modest
improvement over Gale and Church (Songlin Piao 2001).

4.2.2 Word alignment

Aligning words is a more complex process than aligning sentences for several reas-
ons. There are often few one-to-one correspondences between the words in the docu-
ments, and a word in the source language may be translated into a number of different
words in the target language, depending on the context of word (Songlin Piao 2001).
Also, the mappings from word-to-word are often not monotonic, as word order is
not identical for most languages. To complicate word alignment further, boundaries
of lexical units are harder to detect than sentence boundaries (which are marked by
stops etc.) and there is no reliable correlation between character length of words in
the languages aligned (Tiedemann 2003). The common goal for word alignment is
that all lexical items in a corpus should be aligned, which may lead to "fuzzy" align-
ments. The difference between a regular and a "fuzzy" alignment is that the source
and target units in the latter are different in degrees of specification or semantic-
ally overlapping (Merkel et. al 1999a). As an example: a translation from English to
Swedish, where the translation of the phrase "came out" is "fuzzy"1:

(1) "The spiders came out from behind their pictures."

(2) "Spindlarna hade vågat sig ut från sina tillhåll."

(Merkel et. al 1999a:157).

4.3 Parallel corpora

Corpora is a foundation block for word and sentence alignment and statistical ma-
chine translation. A corpus is a collection of written text, or sometimes transcribed
speech, stored electronically. It is meant to be representative of the respective lan-
guage and/or domain it contains, although it can never be completely representative
due to the enormous variation inherent in language. It may consist of prose, newspa-
per material or technical texts; a given corpus often represents a specific genre. Two
types of corpora can be distinguished: corpora containing one language (monolin-
gual corpora) and corpora containing two or more languages (multilingual corpora).
A multilingual corpora consisting of two languages is called a bilingual corpora.
Multilingual corpora can be divided into parallel and non-parallel corpora.

Parallel corpora contain one source document, which is the original text, and one
or more target documents in other languages. A non-parallel corpus consists of a
single text document, or two or more non-overlapping text documents in the same
language. Several bilingual and multilingual corpora have been produced during the

1Another example of a ’fuzzy’ alignment, from the gold standard of the Bellow bitext: ’unrelated -
inte tillhör hans släkt’ (Tiedemann (2003)
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last decade. Examples are the English-French Canadian Hansard corpus, Lancaster’s
ITU corpus and the MULTEXT-East corpus for eastern European languages. The
Hansard corpus contains one target language whereas MULTEXT is a multilingual
corpus containing several target languages (Songlin Piao 2001).

4.4 Methods for word alignment

The first word alignment prototypes were developed in the early 1990’s by Brown et.
al (1990) and Gale and Church (1991). Recent development in word alignment in-
cludes GIZA++ (Och 2002); an implementation and refinement of translation models
originally proposed by IBM (Brown et. al 1993), and the Clue aligner (Tiedemann
2003) developed within the PLUG project at Uppsala University. While GIZA++ is
statistics-based, the Clue aligner combines both statistical and linguistic resources.
Linguistic resources are for example declarative clues, which are clues to associ-
ations between word pairs from related word classes.

In experiments conducted with the Clue aligner, translation probabilities from
GIZA++ were included, and this combination of statistical and linguistic clues res-
ulted in an impressive performance rate of above 80% in precision and recall 1

(Tiedemann 2003).
Other approaches to word alignment are also being investigated by researchers.

Systems such as the Clue aligner demand a certain degree of contextual knowledge
and are time-consuming, as the corpora involved are often very large.

4.4.1 The association approach vs. the estimation approach

The two main types of word alignment are the association approach and the estima-
tion approach. Both approaches make use of statistics. The association approach is
built on correspondence measures and originates from early studies on lexical ana-
lysis of parallel corpora (Tiedemann 2003). The estimation approach is based on
probabilistic translation models from statistics and is sometimes called statistical
alignment. Alignment models used in the estimation approach are estimated from
parallel corpora, an approach heavily influenced by statistical machine translation,
incorporating the noisy channel model (Shannon 1948).

The association approach

The basic steps in aligning with the association approach are:

Lexical segmentation: identification of boundaries of lexical items in source and
target language.

Correspondence: possible translation relations between lexical items are identi-
fied according to correspondence criteria, resulting in an association dictionary with
association scores for every entry.

1for information on precision and recall, see 4.6
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Alignment and extraction: the most reliable translations from the association dic-
tionary are marked in the alignment, often by using a "best first" search algorithm
combined with linguistic and heuristic constraints. The aligned words are then ex-
tracted into a bilingual translation dictionary (Tiedemann 2003:13).

Statistical information is applied in association approaches by way of co-occurrence
measures: testing if two words co-occur more frequently than expected if they co-
occur by chance only. An example of this method is the test metric t-score, which is
derived from the t-test in statistics theory. Other co-occurrence measures used in as-
sociation approaches are the dice coefficient, which measures the correlation between
two events, and point-wise mutual information, which originates from information
theory (Tiedemann 2003).

String similarity measures are also applied, resulting in findings of cognates.
This technique is especially useful when comparing closely related languages. Ex-
ternal alignment resources such as machine-readable bilingual lexicons can also be
of use as they contain definitions of common relations between words and phrases
(Tiedemann 2003).

The estimation approach

Estimation approaches make use of probabilistic alignment models estimated
from parallel corpora. The models are often derived from statistical machine transla-
tion, i.e. the translation models introduced by IBM researchers in "The mathematics
of statistical machine translation: Parameter estimation" (Brown et. al 1993).

Alignment in Statistical Machine Translation (SMT) is modelled as having a se-
quence of hidden connections, where each word in a target language string t is con-
nected to not more than one word in the source language s. Consequently, this is
called the directional alignment model. To handle words for which there is no pos-
sible equivalent in the other language, an empty word is put at position 0 in the source
language string (Tiedemann 2003).

4.4.2 The Clue aligner

The automatic word aligner I have used in this thesis is the Clue aligner (Tiedemann
2003), which combines various association clues. Inspired by the "greedy" word
alignment approach of the UWA (Uppsala Word Aligner) (Tiedemann 2001a), it util-
izes both statistical resources and linguistic knowledge, which are regarded as clues
to relations between words and phrases. The linguistic information, along with con-
textual features, can point out translational correspondences between words in bitexts
1. Examples are spelling similarities, word class information, word position, morpho-
syntactic features and syntactic features.

Tiedemann (2003) performed linking experiments with the Clue aligner on three
parallel corpora from the PLUG project (Sågvall Hein 2002). The experiments were
conducted in four steps.

The first series of alignment experiments use basic clues: alignment clues de-
rived from the bitext, without any help from training material or external sources. The

1a bitext is a bilingual parallel corpora
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measures used are based on string similarity, co-occurrence and translation probabil-
ities yielded by statistical alignment, i.e. GIZA and GIZA++. Examples of string sim-
ilarity measures applied by the Clue aligner are dice coefficient and LCSR (Longest
Common Sub-sequence Ratio).

The second series adds declarative clues; pre-defined clues such as associations
between word pairs from related word classes; for example, a definitive article and
a noun in an English text are likely to correspond to a definite noun in Swedish.
Declarative clues are static and independent of the bitext that is linked.

Sets of declarative clues tested in the Clue aligner are clues from pairs of part-of-
speech tags, part-of-speech clues that match multi-word units (MWU)1, and a set of
chunk label pairs.

In the third series, dynamic clues learned from linguistically enriched (for ex-
ample part-of-speech tagged) bitext segments in pre-aligned corpora are applied. The
fourth and last series investigates the effect of different search strategies. The result-
ing alignments were evaluated automatically.

The evaluation of the experiments reveal that string matching clues yield the
least impressive results for word alignment, while the effect of declarative clues is
dependent on what set of basic clues they are added to. Dynamic clues may improve
precision while the effect on recall is secondary (Tiedemann 2003).

4.5 Applications of word alignment

The bilingual data produced by word alignment can be of use in commercial ma-
chine translation systems, in the creation of translation support, various multilingual
computerized resources such as bi- and multilingual translation lexicons, translation
memories (Tiedemann 2003) and terminology databases for NLP systems. As an ex-
ample, the lexicon of the rule-based machine translation platform MATS (Sågvall
Hein et. al 2004) was extended by more than 7000 lexemes derived from word align-
ment results (Tiedemann 2003). Another example is Wordnet and its multilingual
version Eurowordnet (Salkie 1999). Extracted lexicons are mostly built on word
alignment results based on association approaches, excluding uncertain relations and
grammatical functions, as the identified translated relations are to be used free of
context (Tiedemann 2003).

The other main application of word aligned texts is in the field of statistical ma-
chine translation, an area which is closely related to and which can benefit from word
alignment.

Statistical Machine Translation (SMT)

Statistical machine translation is based on statistical methods and ideas from in-
formation theory developed by Claude Shannon (1948), i.e. the noisy channel model
(Brown et al. 1990). The noisy channel model can be explained as having the source
s, which by the time it gets on paper is corrupted/distorted by noise and becomes the
target t. The idea is to recover the most likely s, and this is accomplished by reasoning
about what kinds of things are said in the source language and how it is turned into

1”[...]word sequences and word groups, which express structural and conceptual units such as com-
plex noun phrases, phrasal verbs, idiomatic expressions[...]that should not be split up in the alignment
process” (Tiedemann 2003:18)
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the target language (Knight 1999). Probabilities applied in the noisy channel model
are:

* P(s) - the chance that s happens (a priori probability)
* P(s|t) - the chance of s given t (conditional probability)
* P(s,t) - the chance that both s and t happens (joint probability).

If there is no influence between t and s, the joint probability may be written as
P(s,t) = P(s) * P(t) (Knight 1999:1).

When the noisy channel model is applied in machine translation, the source lan-
guage s and the target language t represents strings consisting of sentences or words.
The language string s is transmitted through a noisy channel and transformed into a
string t in the target language.

The task of the noisy channel model is to find the input string that yielded the
output string (Tiedemann 2003). The risk of error is minimized by choosing the string
s that is the most probable given t, in other words, the most likely translation from
one language to another is sought. If Swedish is the source language, and English
the target language, given a Swedish sentence we seek the English sentence that
maximizes the probability P(s|e). Using Bayes’s theorem, the probability of the input
string s given e is written as:

P(s|e) = P(s) * P(e|s)
_____________

P(e)

As P(e) is independent of s and constant for all possible strings s, the theorem can be
simplified by saying that it suffices to choose the s that maximizes the product P(s) *
P(e|s). The argmax expression is used in combination Bayes’s theorem for formulat-
ing the most likely translation (Knight 1991); what has been called the Fundamental
Equation of Machine Translation (Brown et al. 1993:265):

ê = argmax P(s) * P(e|s)
e

The probability P(e|s) is a translation model, which is supposed to be estimated
from sentence-aligned parallel corpora. However, it is not possible to estimate P(e|s)
directly from a corpus, as the majority of segments in parallel corpora are unique, and
many possible sentences will not appear in the training corpora (Tiedemann 2003).
To solve this problem, the translation model is “[...]decomposed into distributions
of smaller units, which recur more often in the training data and are more likely to
appear again in unseen data (Tiedemann 2003:21).”

Decompositions in statistical machine translation are often based on the five
translation models and algorithms introduced by IBM. In short, the idea is to start
with a simple model and then progress to more advanced models where the output
of the simpler models can be used. Each model computes the conditional probability
P(f|e) (f for the source language French and e for the target language English). A
large number of parameters are estimated in a process known as training and then
applied to an algorithm. The first model is a simple word translation model using
co-occurrence of corresponding words in sentence aligned bitext segments, while the
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remaining models add various dependencies (Brown et al. 1993). One of the most
recent applications based on IBM’s models is the statistical alignment tool GIZA,
which was developed in 1999 at the Johns-Hopkins University and updated in a re-
vised version as GIZA++ (Och 2002).

4.6 Evaluation metrics

The most common metrics for measuring the performance of NLP systems such as
word aligners are precision and recall (Merkel et. al 1999b). In evaluation of word
alignment, precision represents the number or correctly aligned items in proportion
to the number of aligned items. Recall represents the number of correct results com-
pared to the number of correct items in total. In Tiedemann (2003), an F-measure
is also presented, which combines measures for both precision and recall in order to
capture the overall performance.

Figure 4.1: Evaluation metrics (Tiedemann 2003:26)

4.7 Lemmatization

4.7.1 Definition of a lemma

Allén (1971) defines a lemma as a group of word forms within a word class which
are derived from the same paradigm and have basically the same pronunciation. Se-
mantic differences are not taken into account. To automatically derive the lemma
from a word form, the word form is typically morphologically analyzed. The result
should be the base, dictionary form of the word, together with morphosyntactic in-
formation given by affixes. Usually only content words; verbs, nouns, adjectives and
participles, are lemmatized.

Some NLP systems define the word stem as a lemma marker (Karlsson 1990),
while this thesis follows the guidelines of the Uppsala Chart Processor (UCP) (Sågvall
Hein 1982, 1997), which differentiates between lemma and word stem in order to
separate lemmas that have identical stems. Generally, the more inflective a language
is, the harder it is to formulate and evaluate rules for lemmatization (Paskaleva 2003).
Less inflective languages, such as English, are thus easier to process.

4.7.2 NLP systems for morphological analysis

Lemmatization is part of morphological analysis, which forms the basis for many ap-
plications in NLP systems, such as syntax parsing, machine translation and automatic
indexing (Lezius et al. 1998). Morphological analysis is a useful resource for NLP
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systems, as the systems can store information about a word that is keyed by lem-
mas instead of full word forms. Also, the lemmas of words can be used to generalize
across the corresponding word forms (Minnen et al. 2001). Several systems for mor-
phological analysis have been created for several languages, although the lexicons
for most systems are quite small, and many systems are not freely available (Lezius
et al. 1998).

An important system for morphological analysis involving Swedish was con-
structed by Karlsson (1990); a constraint grammar parser which includes a morpho-
logical analysis step for Swedish, English and Finnish, designed according to Ko-
skenniemi’s (1983) two-level morphology model.

The two-level morphology model describes phonological alterations in finite-
state terms. Each rule has a constraint for correspondence between the surface and
lexical level of words, and states the environment in which the correspondence is
allowed. For example, one rule might describe the y -> ie alteration in English plural
nouns (Karttunen et. al 2001).

For the Swedish language there are a few NLP systems that generate lemmas. An
example is the Uppsala Chart Processor (Sågvall Hein 1982, 1997), which is a part
of the MATS (Sågvall Hein et. al 2004) system. The built-in morphological analysis
in UCP generates lemmas from pattern-words. Another example is the lemmatizer
developed by Kokkinakis et al. (1997) within the AVENTINUS project at Gothenburg
University, currently available in an on-line interface which unfortunately only has
default input files. It yields lemmas for content words given an input of word forms
only and seems to work fairly well, although the system has problems differentiating
between word classes in some cases.

For the English language, there is the Morph system (Carroll et al. 2001). It is
freely available and includes tools for morphological analysis and generation, incor-
porating Morpha (Carroll et al. 2001a), a morphological analyzer for the English
language that returns the lemmas given an input consisting of the word form and
part-of-speech, i.e. the input has to be tagged for word form.

At present, Morpha only returns lemmas for nouns and verbs, not adjectives or
participles. For German, there is a similarly titled morphological analyzer: Morphy,
which includes a context-sensitive lemmatizer (Lezius et al. 1998).
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5 Method

Recent developments in word alignment, for example the Clue aligner and GIZA++
tools, have set high performance standards. In this thesis, the possibility of improv-
ing precision and recall measures by using lemmas instead of word forms as input
to word alignment is examined. Word forms within the same paradigm can be gener-
alized into lemmas, which may result in a higher percentage of correctly linked and
recognized items.

I chose to extract lemmas from existing lexical resources, from which selected
information is stored in new lexicon files. A script created in Perl then mines the new
lexicon files for lemmas to replace word forms with, while the remaining Swedish
word forms for which no lemmas are found are run through the UCP compound
analyzer (Sågvall Hein 1982, 1997). The result is aligned by the Clue aligner and
evaluated automatically. The evaluation is contrasted to a word form alignment eval-
uation.

Furthermore, the possibilities of extracting the produced alignments for use in
lexicons are examined, more specifically as a lexical resource addition to the MATS
(Sågvall Hein et. al 2004) system. The result is two translation dictionaries consisting
of lemma entries.

The texts used originate from experiments conducted with the Clue aligner by
Tiedemann (2003) which were evaluated in precision and recall using gold stand-
ards1. The texts consist of four PLUG-XML documents of two parallel corpora from
the PLUG (Sågvall Hein 2002) project.

5.1 Deriving lemma forms

5.1.1 Deriving Swedish lemma forms

No reliable NLP system exists for the extraction of lemmas of Swedish words. Thus,
I have mined available lexical resources obtained from the Department of Linguistics
and Philology at Uppsala University for lemma forms.

Lexicon files are created for use in a Perl script with selected information from
the resources. The resulting files contain three columns separated by tabs; the first
contains the word form, the second the corresponding lemma with extension, and the
third a SUC (Stockholm Umeå Corpus) (Ejerhed et. al 1997) code, all sorted in lower
case and including only single occurrences of every word form.

The lexical resources are the following:

1a gold standard is a reference alignment
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- Text material regarding education information at Uppsala University, collec-
ted and processed in the Project Course Database (Pettersson 2005). Every entry in
the lexicon has morphosyntactic information divided into lemma, lexeme, technical
stem, paradigm and word class (Pettersson 2005). Lemmas with extension, corres-
ponding word forms and grammatical codes are selected and saved in a file.

- The lexicon from the Scarrie (Scandinavian Proof-reading Tools) (Olsson 1999)
database. Scarrie contains text material from the Swedish newspapers Uppsala Nya
Tidning and Svenska Dagbladet (Olsson 1999). Lemmas with extension, correspond-
ing word forms and grammatical codes are selected and saved in a second file.

- The lexicon from the Swedish translation prototype created for Systran (Gust-
avii et al. 2003), a machine translation system used by the EU commission (Gustavii
et. al 2003). Lemmas with extension, corresponding word forms and grammatical
codes are selected and saved in a third file.

- The lexicon from the car domain database developed within the MATS project
(Sågvall Hein et. al 2004). Lemmas with extension, corresponding word forms and
grammatical codes are selected and saved in a fourth and last file.

An example of a Swedish word form-lemma lexicon file:

Table 5.1: Lexicon file example

Word form Lemma Morphosyntactic code
adoptionsfrågors adoption+fråga.NN NNUPIG

adoptionen adoption.NN NNUSDB
adoptionens adoption.NN NNUSDG
adoptionerna adoption.NN NNUPDB
adoptionernas adoption.NN NNUPDG

5.1.2 Deriving English lemma forms

Lemmatizing English word forms is less complex than lemmatizing Swedish word
forms, as English is a less inflective language. The Morph (Carroll et. al 2001a)
system for morphological analysis can be applied for automatic lemmatization. The
only drawback is that Morph does not analyze adjectives or adverbs; only nouns and
verbs.

The English corpora are made into single-line format, with each line containing
a word form and its grammatical code, and then processed by Morpha. The resources
for English lemmas are the following:

- Lemmas from Morpha tagged with the TnT-tagger (Brants 2000) are saved
together with the the lemma extensions and word forms from the English corpora in
respective lexicon file.

- Lemmas are extracted from the Systran lexicon (Gustavii et al. 2003), Project
Course Database (Pettersson 2005) and the car domain database developed within
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the MATS project (Sågvall Hein et. al 2004) and saved in respective lexicon file.

- If there remains any English adjectives for which no lemmas are found, they are
lemmatized by hand.

5.2 Construction of Perl script

To derive lemmas from the newly created lexicon files, a script has been implemented
in the programming language Perl. The files containing word forms, corresponding
lemmas, grammatical codes and extensions are used as input to the program, along
with the word form PLUG-XML documents.

An effort to keep the lemmatizing process as automatic as possible is made;
manual corrections of tokenization or tagging errors in the resulting or the original
XML documents are are avoided. Also, the sentence id’s in the XML files are saved
as they are for later use; only word forms are substituted.

The Perl program is updated throughout my work, as new problems to be dealt
with surface from time to time. Roughly, the following steps are performed in the
construction of the Perl script:

1) Each lexicon file is read. Word forms, lemmas, and for the Swedish bitexts
also morphosyntactic SUC (Ejerhed et. al 1997) codes, are saved in variables.

2) The corpus file to be lemmatized (in XML format) is read. Each word form
and each corresponding grammatical code are saved in variables. Other parts of each
line is saved in separate variables. All the word forms are translated to lower case so
that they can be mapped to the word forms in the lexicon files. Words that include
upper case letters are saved in separate variables and restored to their original config-
uration after comparison with the lexicon files, in order to remain as close as possible
to the word form XML-documents.

3) Word forms in the XML file are mapped to word forms in the lexicon files. If a
lemma is found for the word form, it replaces it in the XML file. If the lemma is not
found in the first lexicon file, the program moves on to the next file. If an identical
lemma is found for a word form which has already been given its lemma, it will be
ignored.

4) Entries which have been given more than one lemma are saved and processed
separately in a subroutine. The grammatical code of each word form is compared to
the grammatical codes or extensions of the lemmas it has been connected to. The
correct lemma is selected.

5) The result is printed to file. It will correspond exactly to the original XML file,
but with all word forms replaced by lemmas.

6) Words for which no lemmas are found are saved in an "error" file for further
analyzing.
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5.3 Compound analyzing

The remaining Swedish word forms for which no lemmas have been found are likely
to include a great number of compounds. Especially the Scania corpus contains many
compounds of technical nature. Therefore, they are run through the UCP (Sågvall
Hein 1982, 1997) compound analyzer. The resulting entries are run through a script
(Åberg 2003) that for each compound chooses the best analysis given by the UCP
analyzer. Lemmas in compounds are separated by a plus: ventil+hylsa.NN.

5.4 Aligning with the Clue aligner

The lemmatized PLUG-XML documents are used as input to the Clue aligner. Each
corpus is represented by a source and target file, in the case of the Bellow corpus
in English-Swedish and in the case of the Scania corpus in Swedish-English. The
documents are incorporated into an existing sentence alignment (Tiedemann 2003),
as there is no reason to make a new sentence alignment with lemma forms. The
sentence alignment is then processed by the word aligner.

The various clues mentioned earlier are applied automatically in the linking pro-
cess, and the output result consists of links where each link contains a lexPair (Tiedemann
2003), i.e. the source language word and and the translated word along with a decimal
number representing link certainty. New word form alignments are also made, as the
Clue aligner has been updated since the initial experiments reported in Tiedemann
(2003).

5.5 Evaluation of word links

Evaluation of the word links produced will be performed automatically using gold
standards; reference alignments created manually by aligning chosen segments from
a bitext. While it can be difficult to create a truly representative gold standard, once
created it can be re-used many times (Tiedemann 2003).

After running the Clue aligner, results will be evaluated in precision, recall and
F measures by using the gold standards from the PLUG (Sågvall Hein 2002) project.
Produced using a word sampling method and the PLUG link annotator (Merkel et al.
1999a), five hundred words were chosen from different genres for Swedish-English
and Swedish-German. The standards include ’fuzzy’ links, ’null’ links 1 and multi-
word unit links. However, as the PLUG gold standards consist of word forms, they
will have to be lemmatized in order to be applicable for lemma alignments.

The resulting measures from the evaluation of the linked lemmatized corpora will
be compared against the newly linked versions of the word form XML documents.

5.6 Application of extracted data

Data from alignments will be used to create a bi-lingual lexicon for possible use in
the MATS (Sågvall Hein et. al 2004) system as a lexical resource addition. MATS is
a rule-based machine translation system developed at the Department of Linguistics

1words which are not translated
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and Philology at Uppsala University, based on the research prototype of the transfer-
based system MULTRA and intended for industrial use (Sågvall Hein et al. 2004).

To be able to include an extension for every lemma in the resulting translation
dictionaries, extensions are to be included in separate aligning experiments. Lexicons
are extracted from word alignments using an UPLUG (Sågvall Hein et. al 2002) tool,
dic-freq. The dictionary gives frequencies for each translation pair, i.e. how many
times it has been linked, starting with the pairs that have only been linked once and
ending with the most common word pairs.

16



6 Pre-processing and lemmatizing

6.1 Corpora background

The bitexts used as input for the Clue aligner are the literary text "To Jerusalem and
back: a personal account" (a novel by Saul Bellow) in English-Swedish, and the tech-
nical text Scania95 in Swedish-English from PLUG (Sågvall Hein 2002). PLUG is a
co-operative project between the Department of Computer and Information Science
at Linköping University, the Department of Linguistics and Philology at Uppsala
University, and the Department of Swedish Language at Gothenburg University. The
project focuses on the generation of translation data from sentence aligned bitext,
with Swedish as the source or target language. A corpus of four languages: Swedish,
English, German and Italian was yielded. Three genres are represented; technical
text, political text, and literary text.

The Bellow novel was supplied by Linköping University and originates from the
Swedish Language Bank1 in Gothenburg, while the Scania corpus was supplied by
Uppsala University. The Scania corpus contains texts provided by Scania CV AB,
originally for another study which aimed to establish a controlled vocabulary for
truck and bus maintenance (Sågvall Hein 2002).

6.2 Pre-processing and format of corpora

As it was decided to lemmatize the corpora after tokenization and part-of-speech
tagging, instead of tagging raw text files and then lemmatizing, the PLUG-XML
documents of the two corpora were kept in their original format. Tokenization, tag-
ging and conversion into XML-format had already been performed by Tiedemann
(2003). There are errors to be found in the tagging, as all mark-up has been made
automatically. However, the original tagging could not be improved automatically;
an attempt to re-tagg the English texts with the TnT-tagger was made, but the results
still contained a number of errors. This led to my decision of using the PLUG-XML
documents as input instead of going back to the raw texts.

1see http://spraakbanken.gu.se/

Table 6.1: Corpora

Corpora Language pair Number of words
Bellow English –> Swedish 132066

Scania95 Swedish–> English 385289
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The English texts were tagged and parsed with the NLP tool Grok 1 and the
Swedish texts were tagged with the TnT-tagger and parsed with Beáta Megyesi’s
(Megyesi 2002) part-of-speech parser (Tiedemann 2003).

An example from a PLUG-XML file:

<s id="1">
<chunk id="c-1" type="NP">
<w span="0:8" pos="NN" id="w1.1">Security</w>
<w span="9:8" pos="NNS" id="w1.2">measures</w>
</chunk>
<chunk id="c-2" type="VP">
<w span="18:3" pos="VB" id="w1.3">are</w>
</chunk>
<chunk id="c-3" type="ADJP">
<w span="22:6" pos="JJ" id="w1.4">strict</w>
</chunk>
<chunk id="c-4" type="PP">
<w span="29:2" pos="JJ" id="w1.5">on</w>
</chunk>
<chunk id="c-5" type="NP">
<w span="32:7" pos="NNS" id="w1.6">flights</w>
</chunk>
<chunk id="c-6" type="PP">
<w span="40:2" pos="TO" id="w1.7">to</w>
</chunk>
<chunk id="c-7" type="NP">
<w span="43:6" pos="NNP" id="w1.8">Israel</w>
</chunk>

Files encoded in the PLUG XML (Sågvall Hein 2002) format start off with a
short header followed by a body of sentence-aligned sub-corpora. Each sentence
is marked with a sentence id and sentences are divided into phrases containing the
words they are made up of and corresponding grammatical labels. The words in the
Swedish corpora have morphosyntactic SUC (Ejerhed et. al 1997) codes.

6.3 Extraction of lemmas

The extracted word forms and lemmas from the lexical resources mentioned resulted
in five lexicon files for Swedish containing material from the Project Course Data-
base (Pettersson 2005), the Scarrie (Olsson 1999) database, an agricultural lexicon
developed with texts from Systran (Gustavii et al. 2003), the output from the UCP
compound analyzer (Sågvall Hein 1982, 1997), and the car domain database (Sågvall
Hein et. al 2004). After being sorted to include only unique entries, the files contain
the following number of word forms with respective lemmas:

1Available at http://grok.sourceforge.net/
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Table 6.2: Lexicon files for Swedish

Source Amount
Scarrie 784897

Project Course Database 74993
Systran 40936

Output from compound analyzer 4140
Car domain database 125333

The English lemmas yielded by the Morph (Carroll et al. 2001a) analyzer were
tagged with the TnT (Brants 2000) tagger using the Wall Street Journal (WSJ) model
(Brants 2000) and sorted uniquely, one file for each corpora, together with corres-
ponding word forms. All adverbs, adjectives and participles were removed, as they
were not analyzed correctly by TnT.

English lemmas were also extracted from the agricultural lexicon (Gustavii et al.
2003), the Project course database (Pettersson 2005) and the car domain database
(Sågvall Hein et. al 2004). Additionally, all words tagged in the English PLUG-
XML documents as adverbs, adjectives and participles which were not given lem-
mas by the Perl script were lemmatized by hand. After being sorted to include only
unique entries, the English lexicon files contained the following number of word
forms entries with lemmas:

Table 6.3: Lexicon files for English

Source Amount
Morpha output 1 (Bellow corpus) 8114
Morpha output2 (Scania corpus) 5880

Systran 7932
Project Course Database 16837

Adjectives, adverbs, participles lemmatized manually 61
Car domain database 28603

As many word forms and lemmas can be found in more than one file, there is a
certain degree of overlapping. However, this was taken into account when construct-
ing the Perl script and constitutes no problem.

6.4 Replacing word forms with lemmas

Swedish and English word forms in the PLUG-XML corpora were replaced by lem-
mas automatically by running the newly constructed Perl script. Lemmas were found
for most of the word forms. The basis for the following results were produced by
dividing the number of tokens lemmatized with the number of tokens in plain text
versions of the XML source files. A comparison yields the following figures:

19



Table 6.4: Success rate for lemmatized corpora

Corpus Language Lemmatized word forms
Bellow English 98%
Bellow Swedish 86 %

Scania95 English 88%
Scania95 Swedish 84%

As the results show, the lemmatizing was more successful on the English texts
than on the Swedish texts. One reason for this may be that English is less inflective
than Swedish and thus easier to lemmatize. The Bellow bitext also shows better res-
ults than the Scania95 bitext, probably because the Scania95 corpus inludes many
more symbols and non-alphabetic characters than the Bellow corpus, as it is a tech-
nical manual.

In many cases where lemmas are not found it is the result of incorrect markup of
the original text files, where non-alphabetic characters have mistakenly been attached
to word forms. In other cases, the word forms are very uncommon words with a
strong contextuality, compounds, names of places and persons or cardinal numbers.
Also, the Bellow corpus contains words in foreign languages while the Scania corpus
contains many errors in spelling which I choose to leave out of the lexicon files.

Tagging errors are present in the XML documents. Also, sometimes my lexicon
files contained different lemmas for the exact same word form with the same tag.
These issues were considered when constructing the Perl script, but to make sure that
each word form was given only one lemma and not more or less, the output from the
Perl script was pasted into a file with the corresponding original XML file, so that
errors could be detected and corrected manually by removing error lemmas from the
lexicon files.

Swedish words for which no lemmas were found were run through the lemmat-
izer from Gothenburg University (Kokkinakis et. al 1997). As the output contained
some errors, the results were reviewed and manually corrected where needed. Noth-
ing further was attempted with the remaining English word forms, as most of them
were foreign words, symbols or incorrectly tokenized.

To measure lexical variation in each lemmatized bitext, type-token ratio measures
were calculated, the types in this case consisting of lemmas. The results were yielded
by dividing the unique lemmas with the total number of tokens for each file. Clearly,
there is greater lexical variation in the Bellow bitext:

Table 6.5: Type-token ratio for lemmatized corpora

Bellow corpora
English 8566/77582 = 0,11
Swedish 9612/73747 = 0,13

Total 18178/151329 = 0,12
Scania95 corpora

Swedish 14509/188361 = 0,077
English 8634/239155 = 0,036

Total 23143/427516 = 0,054
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7 Results and evaluation of word links

The lemmatized PLUG-XML documents were inserted into the existing sentence
alignments made by Tiedemann (2003), which I converted from an older format to
PLUG-XML format. Word alignment was then performed on the sentence align-
ments of the lemmatized Bellow bitext and the Scania95 bitext. After this, sentence
alignments with word forms were aligned. The most recent, updated version of the
Clue aligner (Tiedemann 2003) was used 1 in both cases. The Clue aligner gives the
opportunity of including a lexicon as reference when aligning, but no lexicons were
included in my experiments.

In order to evaluate the result of the lemma links, the gold standards from the
PLUG (Sågvall Hein 2002) project were lemmatized by hand to assure correctness,
with the lexicon files as reference. The majority of the links in the gold standards are
regular, but ’fuzzy’ links and null links are also included. A PLUG evaluation tool
was used to compare the corpora against the gold standards.

The results consist of correct links, partially correct links, incorrect links and
average scores for each type of link. Missing links, in cases where the aligner has
failed to find any link at all, are also reported.

A partially correct link includes at least one correct word on both sides of a link.
The partiality, which is a common phenomenon in word alignment, results from the
different possibilities of multi word units (Tiedemann 2003). As partial links cannot
be evaluated in standard precision and recall, a special measure, PWA, is included.

Precision and recall measures is presented for regular and ’fuzzy’ links along
with PWA measures for partial links. An overall measure, the F-measure, is also
presented, which combines measures for both precision and recall. The measures
represent the overall performance of the Clue aligner, i.e. the combined results of the
various clues applied in the linking process.

Table 7.1: Linking results for parallel Bellow corpora

Lemmatized corpora
recall 86.65% (regular: 89.50%,fuzzy: 39.88%,pwa: 80.76%)

precision 80.80% (regular: 83.62%,fuzzy: 34.50%,pwa: 80.76%)
F 83.62% (regular: 86.46%,fuzzy: 36.99%,pwa: 80.76%

Word form corpora
recall 86.47% (regular: 89.47%,fuzzy: 37.28%,pwa: 80.93%)

precision 80.99% (regular: 83.95%,fuzzy: 32.52%,pwa: 80.93%)
F 83.64% (regular: 86.62%,fuzzy: 34.74%,pwa: 80.93%)

1Available at http://sourceforge.net/projects/uplug
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Table 7.2: Linking results for parallel Scania95 corpora

Lemmatized corpora
recall 79.37% (regular: 80.96%,fuzzy: 54.29%,pwa: 71.76%)

precision 74.41% (regular: 76.07%,fuzzy: 48.51%,pwa: 72.55%)
F 76.81% (regular: 78.44%,fuzzy: 51.24%,pwa: 72.15%

Word form corpora
recall 77.53% (regular: 78.56%,fuzzy: 61.32%,pwa: 70.65%)

precision 73.91% (regular: 75.30%,fuzzy: 52.45%,pwa: 71.82%)
F 75.68% (regular: 76.89%,fuzzy: 56.54%,pwa: 71.23%)

A comparison of the evaluation of links yielded from lemmatized corpora and
links yielded from word form corpora verifies that word linking results may be im-
proved by using lemmatized corpora. The evaluation of the lemma alignments shows
improvement in both precision and recall for the Scania bitext and improvement in
recall for the Bellow bitext.

An earlier linking experiment yielded a 75.76% precision measure for the Scania
bitext, but the recall was much lower. Similarly, an earlier alignment of the Bellow
bitext resulted in a marginally better precision result, 80.87% but lower recall. Gen-
erally, high recall measures result in lower precision measures, and high precision
measures result in lower recall measures (Tiedemann 2003).

A benefit of linking lemma forms instead of word forms, as shown in the recall
measures, is that more items are found. The lemma alignment for the Scania bitext
yielded an increase in partially correct links, while measures for ’fuzzy’ links were
improved for the Bellow bitext.

Precision decreased by 0,19% for the Bellow lemma links compared to the word
form links. Other than this, the results were the best for lemmatized corpora. The
increase in recall is less than dramatic, but still substantial considering the high level
of success already achieved using word form corpora.

In the case of the Scania bitext, lemmatization improved the recall measure by
1,84%, the precision measure by 0,5%, and the F measure yields an overall improve-
ment of 1.13%. Recall for the Bellow bitext was improved by 0.18%.
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8 Application of extracted data

8.1 Extraction of lemma dictionaries

Translation dictionaries were extracted from links in the lemmatized corpora align-
ments. As a dictionary require lemma extensions for each word pair, new versions
of the Bellow and Scania95 PLUG-XML files including extensions were produced.
Each word form in the original XML files (Tiedemann 2003) was replaced by a
lemma with corresponding extension. To make sure that the lemmas would get ba-
sically the same extensions in both Swedish and English, the set of extensions used
in MATS (Sågvall Hein et. al 2004) were applied on both the Swedish and English
corpora. As the English extensions are in the Penn Treebank1 tagset, they had to be
converted to match the MATS format. The English tagset is more extensive than the
MATS tagset; consequently some generalizations had to be made. For example, the
Penn Treebank tag set has an extension for participles which does not exist in the
Swedish tag set. Also, the Tnt (Brants 2000) tagger had incorrectly marked many
words beginning with capital letters, in some cases the first word of sentences, as
proper nouns. This problem was attended to as much as possible.

Figure 8.1: Extract from Scania lemma dictionary in Swedish-English

1available at http://www.cis.upenn.edu/ treebank/home.html
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For reference, here is an extract of a dictionary based on the Scania word form
parallel corpora.

Figure 8.2: Extract from Scania word form dictionary in Swedish-English

The resulting lemma dictionary is not a finished dictionary and is likely to include
some errors. For example, the Perl script does not differentiate between identical
lemmas of different part-of speech in all cases: (screen.NN vs. screen.VB). Also, as
mentioned earlier, the markup of the PLUG-XML files is not fail safe, which in some
cases results in incorrect extensions.

It was not known if including lemma extensions would create problems when
aligning with the Clue aligner. Evaluation of the resulting word links using a gold
standard was attempted, but the UPLUG (Sågvall Hein et. al 2002) evaluation tool
did not accept alignments containing lemmas with extension as input. This problem
was solved by removing the extensions and then evaluating the link results.

Table 8.1: Linking results for parallel Bellow corpora with lemma extensions

Lemmatized corpora with extensions
recall 86.26% (regular: 89.23%,fuzzy: 37.53%,pwa: 79.90%)

precision 79.94% (regular: 82.97%,fuzzy: 30.21%,pwa: 79.90%)
F 82.98% (regular: 85.99%,fuzzy: 33.48%,pwa: 79.90%

Table 8.2: Linking results for parallel Scania95 corpora with lemma extensions

Lemmatized corpora with extensions
recall 80.35% (regular: 81.34%,fuzzy: 64.78%,pwa: 71.89%)

precision 74.06% (regular: 75.16%,fuzzy: 56.88%,pwa: 72.88%)
F 77.07% (regular: 78.13%,fuzzy: 60.57%,pwa: 72.38%

There were no missing links reported at all for the Bellow alignment, while only 5
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were missing in the Scania alignment. Apparently the inclusion of lemma extensions
had little negative effect on recall, which decreased by only 0.39% for the Bellow
bitext and actually increased by 0.98% for the Scania bitext, making 80.35% the best
recall result for the latter bitext. Precision was slightly negatively affected in both
cases, but not enough for one to be able to draw any safe conclusions. It may be that
the inclusion of extensions ruled out the linking of some homographs.
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9 Discussion

Alignment experiments were conducted featuring lemmatized corpora, and yielded
superior results in recall, and in one case precision, compared to word form align-
ments of the same text material. This indicates that lemma form alignment is a
strategy that may result in more recognized words in general and in some cases more
correct word links.

However, when comparing the link results of the lemmatized Bellow and Scania95
bitexts, the Scania bitext yielded more improvement. The word form alignment of the
Bellow bitext is already very good, with an F-value of 83.64% compared to 75.68%
for the Scania bitext. Tiedemann (2003) also achieved a better result for Bellow bitext
compared to the Scania bitext.

An explanation for the diverging results is that the terminology in the Scania
bitext is more consistent than in the Bellow bitext. The type-token ratios (see 6.5)
reveal that the Bellow bitext has the highest degree of lexical variation. Many of the
words in the Scania bitext recur frequently, resulting in fewer token pairs that are only
linked once or twice. Taking these facts into account, it is possible that alignment of
lemmatized corpora yields the best results when the corpora does not exhibit great
lexical variation.

It should be mentioned that one of the lexical resources used for lemmatization
comes from Scania, thus containing the same type of vocabulary as the Scania bitext.

If time and resources had permitted, it would have been useful to lemmatize and
link another technical corpus and another literary corpus. Perhaps this might have
yielded a similar divergence in results.

A major advantage of aligning lemmatized corpora is that lemma lexicons with
part-of speech can be extracted. The inclusion of extensions in linking experiments
did not have any significant negative effect on the link results; precision was slightly
worse than without extensions, but for one bitext, recall was improved. There are
some errors in the lexicons, but the ability to produce a lemma lexicon directly
(altough error-checking is needed), including part-of speech, out of word linking
results saves time and energy; the usual technique for extracting lemma dictionar-
ies is to (often manually) lemmatize the link results after aligning. Word link results
from lemmatized corpora may thus be used for simplifying the creation of bilingual
lemma form lexicons. What one could ask for is a method to ensure that only correct
lemma extensions are delivered, and a method to evaluate the correctness.
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Appendix

Here are two extracts from evaluations of link results based on lemmatized parallel
corpora. An example of a partially correct link is ensvfbell95.

Figure 1: Extract from evaluation of the lemmatized and linked Bellow bitext
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Figure 2: Extract from evaluation of the lemmatized and linked Scania bitext
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