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Preface

As the first holder of the first chair in computational linguistics in Sweden,
Anna Séagvall Hein has played a central role in the development of computa-
tional linguistics and language technology both in Sweden and on the inter-
national scene. Besides her valuable contributions to research, which include
work on machine translation, syntactic parsing, grammar checking, word pre-
diction, and corpus linguistics, she has been instrumental in establishing a
national graduate school in language technology as well as an undergraduate
program in language technology at Uppsala University. It is with great plea-
sure that we present her with this Festschrift to honor her lasting contributions
to the field and to commemorate her retirement from the chair in computa-
tional linguistics at Uppsala University. The contributions to the Festschrift
come from Anna’s friends and colleagues around the world and deal with
many of the topics that are dear to her heart. A common theme in many of the
articles, as well as in Anna’s own scientific work, is the design, development
and use of adequate language technology resources, epitomized in the title
Resourceful Language Technology.

Uppsala in May 2008,

The editors
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Searching Parallel Treebanks
for Translation Relations

Lars Ahrenberg

Linkoping University
Department of Computer and Information Science

1 Introduction

The relation of a translation to its original is of interest both to machine trans-
lation research and translation studies. In the latter field most of the work goes
back to the so called linguistic period with Catford (1965), Vinay and Dar-
belnet (1977), and van Leuven-Zwart (1989) as prominent contributors. After
what has been termed the cultural turn in translation studies, the preoccupation
with translation relations is sometimes described in negative terms, even as a
kind of dead end (e.g., Snell-Hornby, 2006), but especially in text books this
aspect of translation studies is still prominent. Ingo (2007) is a recent example.

There can of course be no denial that target factors such as readership, his-
torical period, perceived or explicit purpose, and cultural function determine
the character of a translation. And so does the translator and her individual
preferences and styles, at least in literary translation. But it is reasonable to
make a distinction between description and explanation. Thus, I take it that
categories such as interlinear (or word-for-word) translation, semantic, com-
municative, instrumental, and adaptive translations have an objective character
where evidence for the categorization of a translation reside, wholly or partly,
in the relation between source and target texts.

Translation relations primarily serve a descriptive purpose, but an important
one. The characterization of a translation as a whole must be supported by
evidence at the micro-level. This also means that characterization of the trans-
lation norms that are dominant for a certain historical period or type of trans-
lation rests on micro-level concepts. In addition, translation relations serve a
pedagogical purpose in naming and explicating the possibilities and variants
that are available to a translator. For the machine translator they can be of
great value for evaluation and profiling of systems.

Parallel corpora are prime resources for the study and modelling of transla-
tions used in both computational linguistics and translation studies. In parallel
corpora we do not only find alignments at the word level, but today also syntac-
tic annotations and alignments at the phrase level. Thus, the parallel corpus has
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become a parallel treebank. Neither syntactic annotation nor word alignment
are processes that can be performed automatically with sufficient accuracy for
reference data, which entails that accurate phrase alignment is hard to obtain
without substantial manual efforts. Given that human resources are limited,
one would like to make as much use of the manually reviewed annotations and
alignments as possible.

The design and development of search interfaces to parallel treebanks is a
challenge. A potential problem with any search interface is the mismatch in
conceptualisation and vocabulary between users and developers. In the case
of parallel treebanks, developers tend to be computational linguists, but if the
resource is to be targeted at translators, translation scholars, and even interested
laymen, the problem is real. As long as the interest is with the translation of
words, there is less of a problem, but when attention is focused on structural
and semantic changes the vocabularies and concepts are quite different. There
is a great leap from alignment to notions such as shift or modulation!

There are but two ways to overcome the distance between user and tree-
bank; either the users learn the details of the annotation, or the system offers
search terms that are more easily understood by the users. These are not mu-
tually exclusive, of course. In this paper, however, I will focus on the latter
approach, and look into the question how far a parallel treebank that is accu-
rately annotated and (word) aligned can support queries that are couched in
terms of translation relations. My guess is, though, that descriptions such as
Non-translation of noun or Reordering of head and dependent are easier to use,
at least for the ordinary translator or the language teacher, than an interactive
tool for drawing labelled trees. Part of the solution is then to define a vocab-
ulary and mapping from such descriptions to sets of constraints that can be
applied to the actual data.

If successful, we can reap other benefits as well. As indicated above, it
would allow us to find instances of translation relations without having to find
them manually first. At least, we would be able to scan the search space more
effectively. Assuming that word alignment and syntactic annotation can be per-
formed automatically with sufficiently good performance, we could also hope
to develop programs that categorize translations automatically at the macro-
level with respect to the type of translation, and support its judgement with
profiles at the micro-level. In this paper I will discuss these issues from the
perspective of a specific parallel treebank, the LinES parallel treebank, an out-
growth of research started in the PLUG project (Sagvall Hein, 2002).

2 Translation Relations

The relation of translation to original is manifested at many levels. Here I focus
on the micro-level, i.e., on units smaller than the sentence such as words and
phrases. I will use the term translation relation for a type of correspondence
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between a micro-level item of a source text and the word or words that we
deem constitute its translation in the target text.

An early attempt at systematizing translation relations is Catford (1965). He
introduced the notion of translation shift to denote “a deviation from formal
correspondence”, where formal correspondence means that a source unit is
translated by a target unit that has the same number of words, and where each
word is equivalent in meaning with its source word. Catford further classified
the shifts as (i) level shifts, and (ii) category shifts. Level shifts are restricted to
shifts between grammar and lexis, while the category shifts are further divided
into (a) rank (or unit) shifts, (b) structure shifts, (c) class shifts, and (d) intra-
system shifts.

Another major contribution is Vinay and Darbelnet (1977) who defined a
number of different types of correspondences: loan, calque, literal translation,
transposition, modulation, equivalence, and adaption. In fact, they argued that
these relations could be identified at three levels of correspondence: the lexical
level, the phrase or grammar level, and the level of the message as a whole. An
interesting aspect with these categories is that they define a kind of distance
scale from target item to source item with identity at the one end and pragmatic
associations at the other end.

van Leuven-Zwart (1989) develops a very detailed taxonomy that combines
two grounds for classification: a formal difference in grammar or lexis, and a
level such as stylistic or syntactic-semantic at which the effect of the change is
located.

Ingo (2007) recognizes four aspects of text that are of constant importance to
translation: the grammatical structure, the semantics, the text varieties, and the
pragmatic aspects. As for the first aspect he uses a fairly elaborate taxonomy
of formal shifts at the clause level in terms of clausal rank (Sw. satsgrad) and
shows that languages differ with respect to their use of different ranks.

3 Word Alignment

In computational linguistics the notion of alignment became prominent with
the increasing interest in parallel corpora in the 1990s. The basic idea is that
units are aligned, whether at the sentence level or at the word level, when they
correspond under translation. While alignment can be given a formally precise
definition, it is notoriously difficult to apply consistently to empirical data and
thus tends to become semantically overloaded. In contrast, the translation re-
lations proposed within translation studies are usually provided with informal
definitions that make intuitive sense.

Word alignment is usually defined as a relation between source tokens (words)
and target tokens. Thinking of translation as the production of a target sentence
from a source sentence Brown et al. (1990) write: “a word is aligned with the
word that it produces”. If a word produces nothing it remains unaligned, and
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if it produces more than one word it is aligned with all of them. Later works
on statistical machine translation and alignment have used slightly different
definitions, but the important thing to note for the moment is that an alignment
presupposes a specific tokenization of sentences and associate each token of
one tokenization with zero or more tokens from the other. Moreover, align-
ment is subject to the condition that if two tokens have some token in common
in their alignment, then they must share all tokens that they are aligned to.
This case represents a correspondence that applies to a sequence as a whole,
and which cannot be reduced to several correspondences among the parts.

In developing gold standards for evaluation a distinction between sure and
possible, or clear and fuzzy, alignments is often made. This is a reflection of
the difficulties people have experienced in agreeing on alignment judgements.
It is not, however, a good strategy for alignment in reference corpora, where
categories should reflect properties of the data consistently.

4 Word Alignment in LinES

The Link&ping English-Swedish Parallel Treebank (Ahrenberg, 2007b), hence-
forth LinES for short, is developed with the primary goal of investigating
how common words and grammatical constructions are treated when trans-
lated from English into Swedish. It can also be used as a test-bed for various
studies of parallel data.

All tokens in LinES are annotated with information about stem, part-of-
speech, morphological properties, and head token. The head token is given by
a dependency analysis covering the complete segment that the token is part of.
A segment is usually a single sentence, but it can be a phrase, or two or more
sentences in sequence.

Word alignment in LinES is performed semi-automatically using the follow-
ing major guidelines (see Ahrenberg, 2007a, for details):

e A content word of the source text is aligned with a content word of the
target text iff they are related both structurally and semantically, though
not necessarily synonymous. Multi-word units such as English com-
pounds, and verb-particle constructions, are often aligned to a single
content token on the other side,

e A function word, or functional multi-word unit, of the source text is
aligned with a target function word iff they correspond structurally and
have related functions.

e Words for which corresponding words cannot be found are aligned to a
null element,

e Whenever possible a large alignment, i.e., one where two or more tokens
on one side are aligned with two or more tokens on the other side, should
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be analysed into smaller alignments. For instance, a phrase such as this
afternoon when translated by i eftermiddag, is aligned using three small
alignments this ~ 0, afternoon ~ eftermiddag, and 0 ~ i.

The reason for preferring small alignments is that the larger alignments will be
created anyway in the phrase construction process.

A word alignment is primarily a relation between sets of tokens. From the
alignment relation we can easily obtain an image function, I, that maps each
source token on a set of tokens from the target sentence. Let s be a source
token and S be the set to which s belongs under the word alignment A. Then
I(s) =T if and only if A(S,T).

S Phrase Alignment

In statistical machine translation phrase-based models have come to replace
word-based models. A phrase is then usually taken to be any sequence of
alignments that cover connected parts of both source and target training data.
In LinES, a phrase is defined as a connected sequence of tokens that includes
the head for all tokens that are part of it. To distinguish this entity from other
kinds of phrases, I will refer to it as a headed phrase. This definition is an
attempt to achieve a reasonable balance between recognising too few phrases,
say only complete units, i.e., a head with all its direct or indirect dependents,
or too many phrases, if any connected sequence of tokens is allowed to count
as a phrase.

As an example, consider the nominal syntagm a very nice car. Sub-sequences
of this syntagm that are recognized as headed phrases are very nice, nice car,
and very nice car. The sequence a very, however, is not recognized as a headed
phrase, since both words have their heads outside the sequence.

Some of the headed phrases generated in this way do not usually count as
proper syntactic constituents. For instance, the sequence trees in is a headed
phrase in the sequence the trees in our garden, as prepositions are regularly
analysed as heads of prepositional phrases.

To determine the alignment of a source phrase, the image of every token in
the phrase is determined. Taking the union of all such images we obtain a set
of target tokens that constitutes an image of the phrase. We call this a minimal
image of the phrase. Other images can be constructed, too, as null-aligned tar-
get tokens may exist. For instance, consider the the following sentence pair:'

EN: It is my childhood revisited.
SE: Det ir som ett besok 1 barndomen.

The word alignments have been formed as follows: my ~ 0, childhood ~
barndomen, revisited ~ besok, 0 ~ som, 0 ~ ett, 0 ~ i. This means that the

"From Saul Bellow’s To Jerusalem and back: a personal account. Translation by Caj Lund-
gren.
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minimal image of the headed phrase my childhood revisited will be {besok,
barndomenj. By adding null-aligned target tokens to the image of the source
phrase, we can obtain the maximal image som ett besok i barndomen which
in this case is the desired image for the phrase. The basic principle employed
in LinES is to add null-aligned function words, provided their heads can be
found in the minimal image, or they constitute the head to the tokens already
included. This principle works well in this example, as the words etr (a), and
i (in) have the noun besok as head, and som (as) is analysed as the head of
besok. In some cases, further discussed below, added content words may also
be included.

English absolute constructions often correspond to complete clauses in Swe-
dish as in Removing the top lid will ensure... being translated by Om du tar
bort det oversta locket ser du till... . In this case we would like to include the
subjunction Om as well as the pronoun du in the image of the phrase Removing
the top lid.

6 Searching Parallel Treebanks

As explained in the introduction, I believe that many users would be helped by
having access to taxonomies of translation relations in their search for data in a
parallel treebank. The relations produced by linguistically oriented translation
scholars could then be taken as a starting point. However, they cannot be used
as given. First, terminology is not uniform, but this problem can be handled
by providing definitions. A more serious problem is that they rely, implicitly
or explicitly, on knowledge that is not in the system. For instance, the system
does not have access to meanings, referents or situations so it would be quite
hard for it to distinguish a modulation (“a change of perspective on a situa-
tion”) from an equivalence (“‘something said with the same effect in the given
situation”) using the categories of Vinay and Darbelnet (1977). Those mod-
ulations that involve a systematic formal change, such as the use of a passive
form as the translation of an active form, may be recognized, but they should
then preferrably be described as such.

What we want then is a taxonomy based on formal criteria, but presented in
a vocabulary that makes sense to a user that is not so familiar with the formal
concepts and abbreviations found in the parallel treebank.

6.1 Word-level Mappings

A simple means to classify alignments at the word level is to consider the num-
ber of tokens that are part of the alignment, positioning the number of source
tokens before the number of target tokens as in 1-1, or 1-2. The number O
would then be used for null alignments, of course. An advantage of this kind
of representation is that it can immediately be interpreted as formal constraints
on data to be delivered. On the other hand, this representation does not dif-
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Descriptive term Numerical type | Translation relations

Omission 1-0

a) of content word Deletion, Implicitation

b) of function word Level shift, Economisation

Addition 0-1

a) of content word Explicitation, Compensation

b) of function word Explicitation, Level shift

One-to-one translation 1-1 Loan, Calque, Literal translation,
Class shift, Semantic shift

Split 1-n,n>1

a) adjacent Decompounding, Depronominalization

b) non-adjacent Transposition

Fusion n-1,n>1

a) adjacent Compounding, Pronominalization

b) non-adjacent

Grouping m-n, m,n > 1 | Transposition, Modulation, Equivalence, ...

Table 1: A taxonomy of word alignment types and their relation to some tradi-
tional translation relations.

ferentiate between tokens that are adjacent, and tokens that are non-adjacent
when there are two or more tokens in an alignment. Another problem is that it
does not distinguish different kinds of tokens, and in LinES, there is a differ-
ence in how function words and content words are aligned. Also, it is quite far
removed from ordinary language, so it should be provided with a terminology,
and that terminology could make up for the other short-comings as well. Table
1 shows a proposal for a taxonomy.

A further analysis could be made on the basis of the annotation, and the syn-
tactic annotation, in particular. This concerns the parts-of-speech, the morpho-
syntactic properties and the dependency functions. As LinES uses the same
set of values for both English and Swedish, a simple comparison based on
identity of values could be used. This approach is not good enough, though,
and especially with nominal and adjectival inflection, and complex verb forms,
English and Swedish are sufficiently different to warrant a more elaborate ap-
proach. The LinES interface allows the user to specify any pair of identical
or contrasting properties in the search interface as constraints on a query. For
example to search for nouns that have been translated by verbs, or plurals cor-
responding to singulars.

6.2 Phrase-level Mappings

The space of possible phrase level mappings is quite large. Some of the types
of word-level mappings, such as omissions and additions, are found on the
phrase level as well, but other more complex relationships arise. The major
types are the following:

e Dispersal: Adjacent tokens can be aligned with non-adjacent tokens,
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e Reordering: The order of the images of two tokens may be the reverse
of the order of the tokens themselves,

e Head switch: The head of a token can be aligned with a dependent of
that token, or with a co-dependent token,

e Restructuring: The image of a phrase need not be a phrase.

Note for instance that what is merely an omission or addition when we consider
individual tokens may cause restructuring in the larger context. As an example,
consider the sentence Han behover triffa en likare as the translation of He
needs a doctor. The image of needs a doctor will be the non-adjacent words
behover, en, ldkare which is not a phrase of the target sentence. Observing that
the head fills a gap in the string, this is a case where content words arguably
can be added to a phrase, but surely we do not wish to include any addition in
a phrase, even if it is close to it.

The image of a headed phrase under alignment may be related to it formally
in many different ways. Table 2 is not an exhaustive list, but an illustration
of what can be obtained based on implementable criteria. The correspondence
of these types to the translation relations recognized by the tradition is not
always one-to-one. Moreover, the correspondence is less constrained at the
communicative end of the scale. But this is not to be expected as our data does
not give information on the concepts needed at that end, such as perspective or
situation.

A few technical terms will be needed to understand the definitions. We shall
say that a target phrase is equally sized (modulo function words) with a source
phrase iff every content item of the source is aligned with a content item in the
target. Thus, what has happened to the function words is irrelevant; they may
be non-translated, expressed by morphemes, or added. Also, a target phrase is
structurally similar, or C-similar, to a source phrase iff (i) it is equally sized, (i1)
two content items that form a dependency are aligned with two content items
that form a dependency of the same direction, and (iii) the order of content
words is maintained in the translation. Again, the fate of function words in the
translation has no bearing on the concept.

Some of the types in table 2 have a close affinity to translation relations, as is
evident by their names. Other translation relations can be captured fairly well.
For instance, a word-for-word translation with identical source and target parts
is likely to be a loan translation. A literal translation can be defined as a C-
similar translation, or a translation which is C-similar except for the occurrence
of required reorderings. A transposition minimally involves a class shift, while
many modulations can be covered by special combinations of the types listed
in table 2, e.g., the combination of a property shift regarding diathesis with a
subject shift.
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Descriptive term

Numerical type

Definition

Word-for-word n* (1-1) C-similar translation where all words have been
translated one-by-one
Omission n-0 No part of the phrase is translated
Concentration n-m,n >m Translation is C-similar with fewer
function words
Dilution n-m,n <m Translation is C-similar with added
function words
Reduction n-m,n >m At least one content item untranslated
Augmentation n-m,n < m | Atleast one content item introduced in

the translation

Downward level shift

n-m,n >m

Function word in source corresponds to
morpheme in target

Upward level shift

n-m,n<m

Function word in target corresponds to
morpheme in source

Required reordering

At least one change in linear order due to
grammatical constraints

Optional reordering

At least one change in linear order not
required by grammatical constraints

Function shift

At least one change in function label

Subject shift - The translation of a subject is not a subject

Property shift - Some content item shows a change in a property

Class shift - C-similar translation with a change in
part-of-speech of the head word

Head shift n-n Translation is equally sized but some
dependency has reveresed its direction

Other - Any translation not covered by the defined types

Table 2: A taxonomy of phrase alignment types with definitions.

7 Conclusion

The literature on translation relations provides a rich source of concepts and
terms for describing micro-level phenomena in translations, which have been
little explored in computational linguistics. While some of them apply at the
semantic or pragmatic level, where (current) parallel treebanks contain no rel-
evant data, the structurally oriented ones can be applied for querying parallel
data and sorting results. The taxonomies and definitions proposed in this pa-
per, while tentative and subject to further scrutiny, should be seen as a step in
that direction.
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The Hunting of the BLARK —
SALDQO, a Freely Available Lexical Database for
Swedish Language Technology

Lars Borin, Markus Forsberg Lennart Lonngren

University of Gothenburg University of Tromsg
Department of Swedish Department of Russian

For the Snark’s a peculiar creature, that won’t
Be caught in a commonplace way.
Do all that you know, and try all that you don’t:
Not a chance must be wasted to-day!

(Lewis Carroll: The Hunting of the Snark)

1 Introduction

Among Anna Sagvall Hein’s numerous professional interests, computational
morphology and the lexicon were among the very earliest. Her implementation
of a full computational inflectional morphological processor for Russian was
the topic of her PhD thesis (Sagvall, 1973). In the 1980s, she headed the LPS
project! at the University of Gothenburg. A summary description of her work
in the LPS project, on a computational lexicon for parsing is found in Sagvall
Hein 1988.

Among her most recent research interests, on the other hand, is the creation
of aresearch infrastructure for Swedish language technology, more specifically
a Swedish BLARK? (see below).

Against this background, what would be more appropriate than to dedicate
this article about a lexicon component of a Swedish BLARK to Anna?

The need for a basic research infrastructure for Swedish language technol-
ogy is increasingly recognized by the language technology research commu-
nity and research funding agencies alike. At the core of such an infrastructure
is the so-called BLARK — Basic LAnguage Resource Kit. A planning project
funded by the Swedish Research Council has been set the tasks of defining

' A Lexicon-oriented Parser for Swedish.

?See, e.g., Anna Sigvall Hein and Eva Forsbom: A Swedish BLARK, presentation at BLARK
workshop, 29th January 2006, GSLT retreat, Gullmarsstrand, Sweden (http://stp.lingfil.uu.se/
~bea/blark/sveblark060129.pdf).
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Swedish BLARK components, surveying the availability and state of the art
of these components, and determining the needs for the immediate future. One
BLARK component identified during this work as lacking at present is a freely
available basic Swedish lexicon with (inflectional) morphological information,
containing at least 50,000 lemmas (Andréasson et al., 2007).

Here we describe our work on creating such a lexical resource, which will
also contain additional useful linguistic information. This resource is SALDO,
or SAL version 2 (see section 2). SALDO currently comprises a semantic
lexicon (described in section 3), a morphological lexicon (discussed in sec-
tion 4), and a computational morphological description written in FM (Fors-
berg, 2007), including a full-form lexicon generated with FM (treated in sec-
tion 5). All components will be released under a Creative Commons Attribute-
Share Alike license.’

2 SALDO: Background and Scope

Svenskt associationslexikon (SAL; Lonngren, 1992) — ‘The Swedish Associa-
tive Thesaurus’ — which formed the basis for SALDO, is a so far relatively
little known Swedish thesaurus with an unusual semantic organization.

SAL was created during the years 1987-1992 by Lennart Lonngren and
his co-workers in the Center for Computational Linguistics at Uppsala Univer-
sity.* SAL has been published in paper form in two reports, from the Center for
Computational Linguistics (Lonngren, 1998), and the Department of Linguis-
tics (Lonngren, 1992), both at Uppsala University. Additionally, the headwords
and their basic semantic characterizations have been available electronically,
in the form of text files, from the very beginning.

The history of SAL has been documented by Lonngren (1989) and Borin
(2005). Initially, text corpora were used as sources of the vocabulary which
went into SAL, e.g., a Swedish textbook for foreigners and a corpus of popular-
scientific articles. A small encyclopedia and some other sources provided the
large number (over 3000) of proper nouns found in SAL. Eventually, a list of
the headwords from Svensk ordbok (SO, 1986) was acquired from the NLP and
Lexicology Unit at the University of Gothenburg, and the second paper edition
of SAL (Lonngren, 1992) contained 71,750 entries. At the time of writing,
SALDO contains 72,557 entries, the increased number being due to some new

3 (http://creativecommons.org/licenses/by-sa/3.0/)

*Gunilla Fredriksson worked together with Lennart Lonngren on the lexeme definitions and
Agnes Kilar did most of the programming in the original project. Incidentally, the Center for
Computational Linguistics was a research unit created in 1980 on the initiative of Anna Sagvall
Hein who was its director until she accepted the chair in Computational Linguistics at Uppsala
University in 1990 and the Center was merged with the Linguistics Department. Lennart Lon-
ngren — a Slavist by training, like Anna — acted as her replacement for some years while Anna
was acting professor of Natural Language Processing at the University of Gothenburg, which
was when she did a great part of her work on the LPS lexicon.
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words having been added, but mainly because a number of entries belong to
more than one part of speech or more than one inflectional pattern.

The work described here first started in late 2003, when Lars Borin and
Lennart Lonngren initiated a collaboration aiming at making SAL available
for online browsing through Sprakbanken (the Swedish Language Bank at the
University of Gothenburg). Part of this work consisted in a formal check of
the lexicon, which revealed some circular definitions, that were subsequently
removed. In 2005, a computational linguistics student made a prototype graph-
ical interface to SAL (SLV - Sprakbanken Lexicon Visualization; Cabrera,
2005). Using this interface, Lennart Lonngren was able to revise a consider-
able number of entries with respect to their semantic characterization, so that
SALDO is in this respect no doubt a new edition of SAL, i.e., also as a seman-
tic lexicon.

We soon realized, however, that in order to be really useful in language tech-
nology applications, SAL would have to be provided at least with inflectional
morphological information. Thus the work on SALDO began.

3 SALDO: A Semantic Lexicon

As a semantic lexicon, SALDO is a kind of lexical-semantic network, super-
ficially similar to WordNet (Fellbaum, 1998), but quite different from it in the
principles by which it is structured.

The organizational principles of SALDO are quite simple — at least super-
ficially — as there are only two primitive semantic relations, one of which is
obligatory and the other optional. Every entry in SALDO must have a mother
(or main descriptor), a semantically closely related entry which is more cen-
tral, i.e., semantically less complex, probably more frequent and acquired ear-
lier in first and second language acquisition, etc. The mother will in practice
often be either a hyperonym (superordinate concept) or synonym of the head-
word (but it need not be either). In order to make SALDO into a single hi-
erarchy, an artificial most central entry, called PRIM, is used as the mother
of 50 semantically unrelated entries at the top of the hierarchy, making all of
SALDO into a single rooted tree.

Some entries have in addition to the mother an optional father (or determi-
native descriptor), which is sometimes used to differentiate lexemes having
the same mother.

SALDO (or rather: the underlying SAL) is unusual in several respects:

e it contains a number of proper nouns and multi-word units, not normally
found in conventional print or electronic dictionaries;

e it is strictly semantic in its organization; all entries are lexemes — i.e.,
semantic units — and there is no information whatsoever about part of
speech or inflection; homonymous entries representing more than one
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part of speech are often treated as different, but always because of their
semantics and never for inflectional reasons;’

e the organizational principles of SALDO are different from those of lexical-
semantic networks such as WordNet, in that the semantic relations are
more loosely characterized in SALDO. They also differ from those of
more conventional thesauruses, however, but in this case by having more,
as well as more structured, sense relations among lexemes.

Below, we give a few examples of entries with their mother and father lexemes,
randomly selected under the letter “B” of Lonngren (1992):

balkong : hus (‘balcony’ : ‘house’)

brod : mat + mjol (‘bread’ : “food” + ‘flour’)

brodfoda : uppehille (‘daily bread’ : ‘subsistence’)

brollop : gifta sig (‘wedding’ : ‘get married’)

Bulgakov : forfattare + rysk (‘Bulgakov’ : ‘author’ + ‘Russian’)

How SALDO is different from typical thesauruses becomes apparent when we
consider that the two primitive lexical-semantic relations (mother and father)
can form the basis of any number of derived relations. Thus the relation ‘sibling
having the same mother (as myself)’ is very interesting, as such sibling groups
tend to correspond to natural semantic groupings.

4 SALDO: A Morphological Lexicon

SAL did not contain any formal information about entries, not even an indi-
cation of part of speech. Thus, one important difference between SALDO and
SAL is that SALDO now has full information about the part of speech and
inflectional pattern of each entry.

The morphological description in SALDO was inspired by that of Sagvall
Hein’s LPS lexicon, even if the two descriptions differ in many details. The
main differences are due to slightly different conceptions of what can con-
stitute an inflectional pattern. In our view the inflectional pattern should be
characterized as a set of bundles of morphosyntactic features conventionally
expressed inflectionally in a language. We do not make a distinction between
affixing and other means of morphological exponence. For instance, Swedish
nouns conventionally (maximally) express the following bundles — or combi-
nations — of morphosyntactic features:

singular indefinite nominative
singular definite nominative
singular indefinite genitive

SFor example, the entry alternativ “alternative’ is considered to represent only one lexeme,
although in Swedish as in English it has both a noun and an adjective reading.
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singular definite genitive
plural indefinite nominative
plural definite nominative
plural indefinite genitive
plural definite genitive

There may be subclasses or individual cases of the main parts of speech which
express fewer — or, in rare individual cases, more — such combinations, e.g.,
nouns appearing only in the singular or only in the plural.

In a non-agglutinating language, words will fall into inflectional patterns
according to how the combinations are expressed.® Such patterns are conven-
tionally known as declensions in nominal parts of speech and conjugations in
verbs.

At the time of writing, with a few hundred multi-word units still to be as-
signed inflectional patterns and before the final checking of the lexicon, there
are more than one thousand different inflectional patterns represented in the
lexicon. This does not differ radically from what Sagvall Hein (1988) found
when working on the LPS lexicon, although the large number of inflectional
patterns in our description is there partly for different reasons than in her case.

For example, there are no artificial “half-paradigms” in SALDO, due to e.g.,
umlaut plural or ablaut tense formation; these are considered full inflectional
patterns in their own right, just as those expressing the same categories by
suffixation.

Still, there are many singleton inflectional patterns. In many cases, these are
the irregular words of traditional grammar, although there are also subregular-
ities (e.g., among the strong verbs). Surprisingly often, however, the source of
plenty is another, viz. variation. We often find that a particular combination
of morphosyntactic features — a particular cell in a paradigm — for a word or
small group of words can be filled by more than one form, i.e., realized in more
than one way. Such cases are legion, e.g., himmeln, himlen, himmelen ‘heaven
sg def nom’ (citation form himmel), which in all other respects follows the
inflectional pattern designated in SALDO as nn_2u_nyckel, which includes
words like nyckel ‘key’, dker ‘field’, ken ‘desert’, hummer ‘lobster’. This pat-
tern allows only for the first of the three variants shown above for the singular
nominative definite form of himmel, i.e., the form made by affixing an -7 to the
citation form.

There is an interesting theoretical issue lurking here. For Wurzel (1989, 57),
an inflectional class (which he uses as a technical term) must have more than
one or even just a few members, although he is not prepared to commit himself
to a specific lower limit. A practically useful computational lexicon should in
any case specify the morphological behavior of individual words as accurately

® Agglutination is — ideally — the case where each morphosyntactic feature is expressed sep-
arately and uniformly, so that there will in principle be no inflectional patterns beyond those
determined by part of speech.
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as possible. In SALDO, this behavior is encoded uniformly for all words — in
the form of a unique identifier for each inflectional pattern’ —i.e., in the lexicon
we do not make a distinction between inflectional classes and individual cases
in Wurzel’s sense. This task is relegated to the computational morphological
component, where a mapping is made between SALDO’s inflectional patterns
and regular, subregular and idiosyncratic inflectional descriptions. However, it
is not difficult to get a picture of which inflectional patterns are general and
which idiosyncratic. It suffices to extract and count all inflectional pattern des-
ignators from SALDO. The following is a list of the inflectional patterns with
more than 1000 members in (the still not final version of) SALDO:

9507 nn_3u_film 4278 nn_Ou_frid 1216 nn_O0n_kaos
7787 nn_2u_stol 3945 nn_1u_flicka 1084 ab i inte
5901 av_1_gul 1826 nn_6u_kikare 1046 av_0_korkad
5700 nn_6n_blad 1319 nn_Ou_tro 1018 nn_2u_nyckel
5528 vb_1a_laga 1305 nn_5n_ansikte

These 14 inflectional patterns account for over 50,000 entries or more than
70% of SALDO.

Something which adds to the number of inflectional patterns is that we also
encode some inherent features of words in the inflectional pattern designators,
features which do not bear directly on the inflectional behavior of the word
itself. However, they are potentially useful and comparatively easy to add si-
multaneously with the morphological information proper, but can be quite dif-
ficult to add later, e.g., the gender of nouns, agreement and anaphorical gender
in proper names, etc.

In adding the morphological information to SALDO, we have used ex-
isting grammatical descriptions of Swedish inflectional morphology — above
all Svenska Akademiens grammatik (Teleman et al., 1999), but also Hellberg
(1978) — as well as the inflectional information provided in existing Swedish
dictionaries, primarily Nationalencyklopedins ordbok (NEO, 1995; in the form
of the lexical database which was used for producing NEO), but also its pre-
decessor Svensk ordbok (SO, 1986), and Svenska Akademiens ordlista (SAOL,
2006).

For practical and sometimes theoretical reasons we have deviated from these
descriptions (which — we should add at this point — are not always consis-

"The identifiers were designed to have some internal structure for the benefit of humans
working with the lexicon. We cannot for resons of space go into any details here — they will be
given in full in the documentation to accompany SALDO — but just to give the reader a flavor
of how identifiers are built up: The identifier nn_3u_film below conveys the information that
this is a third declension (“3”) uter gender (“u”) common noun (“nn”) inflected like the noun
film ‘film’.
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tent among themselves). For example, we have not found Hellberg’s “technical
stem” a useful concept.®

The inflectional information in SALDO deviates from that found in conven-
tional dictionaries at least on two counts:

1. Our inflectional patterns are quite generous as to which forms are sup-
posed to exist for a lemma. We thus subscribe to the notion of “poten-
tial form” which is inherent in the concept of inflectional paradigm, the
general principle being that there should be a clear(ly statable) gram-
matical, semantic or pragmatic reason for us to postulate the absence of
some form or forms in the paradigm of a lexical item. In practice, this
is often the case with number in nouns, comparison in adjectives and
certain adverbs, and past (passive) participles in verbs. This principle
means that SALDO recognizes fewer uninflected items than traditional
dictionaries (e.g., dna/DNA, which in SALDO also has indeterminate
gender, to boot; both dna:t and dna:n are valid definite forms, according
to SALDO). In general, then, if SALDO differs from modern Swedish
reference dictionaries, SALDO will accept more forms for a lemma. The
only systematic exception to this is that we recognize a class of verbs
that do not form past participles, an inflectional pattern that the dictio-
naries do not seem to recognize at all.” Thus, in SALDO, we distinguish
between two second-conjugation verb lemmas viga ‘weigh’, where tra-
ditional dictionaries recognize only one verb lemma with two meanings,
only one of which correlates with the ability to form the past participle:

viga vb_2a_leva (i.e., viiger, viigde, viigt, vigd)
viga vb_2m_vaga (i.e., viger, vigde, vigt, —)

2. A lexicon for language technology must lend itself to the analysis of
arbitrary free text, e.g., on the internet, where we will find many word
forms which are not accepted by normative dictionaries of the written
language, but still recognizeable as possible variant inflected forms of
some existing lemma. Hence, the SALDO morphology recognizes many
attested (but not normative) forms, e.g., the lemma datum with utral gen-
der and corresponding double indefinite plural forms in -ar/-er). We also
recognize some variant spellings which are not in the norm, but not “pro-
totypical” misspellings (although the borderline between the two is far
from sharp). For example, microvdagsugn is a quite common spelling for

SHellberg himself says that the technical stem is something that he has had to resort to
because of technical shortcomings (Hellberg, 1978, 15f), and which have since then been elim-
inated.

“We are still somewhat more conservative in this respect than Sagvall Hein (1988, 285ff),
who distinguishes four classes of (non-phrasal) verbs, according to their ability to form s-forms
and the past participle.
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mikrovagsugn (prescribed by the orthographic norm). How should we
treat this spelling (67,000 Google hits as opposed to 182,000 for the
‘correct’ spelling, in early December 2007)? In the SALDO morphol-
ogy it is considered a variant spelling.

SALDO is thus not a normative lexicon, but rather strives to be maximally
descriptive. At the same time the notion of inflectional patterns (inflectional
classes, paradigms) contains a kind of normativity, namely that which is an
irreducible element of linguistics itself, i.e., the formulation of lawlike gener-
alizations about our languages. It is also a recognition of the fact that, however
large a corpus we collect, we will never see all the inflected forms of all the
entries in our lexicon, not even in a morphologically challenged language like
Swedish. !0

At the same time we know as language users that some forms of some words
are not only not attested, but actually non-attestable, e.g., the past participle
forms of some verbs, or comparative and superlative forms of (participle-like)
Swedish adjectives in -ad (e.g., langfingrad). The reasons for the lack of some
forms in a paradigm can be various, semantic or formal (the latter seems to be
the case for the adjectives in -ad), but paradigms can also have “holes” in them
for completely idiosyncratic reasons (Hetzron, 1975). In the SALDO morphol-
ogy, we take this into account to some extent, but we have preferred to err on
the side of generosity in unclear cases, which means that our morphological
description probably overgenerates. If the lexicon is used in language technol-
ogy applications for analysis, this is not a problem, as long as a potential but
impossible form does not coincide with an actual other form. The problem of
dealing with this if the lexicon is to be used in natural language generation
applications is left for future work.

5 FM for Swedish

Functional Morphology (FM; Forsberg, 2007) is a tool for implementations of
computational morphological descriptions. It uses the typed functional pro-
gramming language Haskell (Jones, 2003) as the description language and
supports (compound) analysis, synthesis and compilation to a large number of
other formats, including full form lists, XFST (Beesley and Karttunen, 2003)
source code, and GF (Ranta, 2004) source code.

FM has been around for a couple of years now and has been successfully
applied to a number of languages: Urdu (Humayoun, 2006), Arabic (Smrz,
2007), old and modern Swedish, Italian, Spanish (Andersson and Soderberg,
2003), Russian (Bogavac, 2004), Estonian, and Latin.

The starting point of SALDO’s morphological description is the FM im-
plementation of modern Swedish developed by Markus Forsberg and Aarne

1°0n the other hand, this is no more to be expected than you would expect at some point to
have seen “all the sentences of the language” as you collect more and more text.
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Ranta, which consists of an inflection engine covering the closed word classes
and the most frequent paradigms in the open word classes. All in all, the exist-
ing implementation covered approximately 80% of the headwords of SALDO,
but only less than a tenth of the inflectional patterns, or paradigms.

The remaining paradigms in SALDO, however, are typically variants of al-
ready existing paradigms rather than being fundamentally different.

For example, consider the paradigm of vers, which is ambivalent in being
a second or a third declension noun. It may be implemented as a combina-
tion of the inflection functions of second (nn2) and third (nn3) declension,
exemplified in the function nnvvers.

nnvvers :: String —-> Noun
nnvvers vers = combine (nn2 vers) (nn3 vers)

Another example is paradigms with one or more additional word forms, such
as the paradigm of kyrka, a first declension noun with the additional compound
form kyrko, as defined in the function nnlkyrka.

nnlkyrka :: String —-> Noun
nnlkyrka kyrka =
compvariants [tk 1 kyrka ++ "o"] (nnl kyrka)

A complete implementation of a paradigm requires two more things, the inter-
face function of the paradigm and the connection of the interface function to a
paradigm identifier (see Forsberg 2007 for details).

The required time to implement a paradigm may vary, but a mean time is
around 15 minutes per paradigm. This is a reasonable effort to spend on pro-
ductive paradigms, but for the paradigms containing just one member it be-
comes prohibitively large. One possibility would be to resort to a simple enu-
meration of the worst-case word forms, i.e., the non-derivable word forms.
However, we still need these paradigms to be productive, not only for aesthetic
reasons, but to be able to treat compounds where these irregular words appear
as the head.

We chose to create worst-case paradigms where word forms are described
as pairs of suffixes and stem operations. A stem operation is a function from a
string to a string, which allows arbitrary computation to be done to the head-
word before concatenated with the suffix, i.e., we have the same expressiveness
as before.

This is best explained with an example, here with the paradigm of man,
which is one of the more complicated noun paradigms with gemination and
umlaut. The stem operation id leaves the stem intact, ge is a gemination func-
tion, and um performs umlaut on the stem vowel. We only give the four nom-
inative word forms (variation enclosed in squared brackets), since the genitive
is derivable.

paradigm "nn_6u_man" ["man"] $
noun_f Utr
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id,"") 1, —-— man

([(

[ (ge,"en") ], —-— mannen

[ (um,""™), (id,""), (ge,"ar")], —-- mdn, man, mannar
[ (ge.um, "en"), (ge,"arna")l]) —-— madnnen, mannarna

The reason why it is considerably faster to implement paradigms with worst-
case functions is partly because the whole definition is at a single place, but
also because an implementation of a paradigm is decoupled from the rest of
the implementation, which makes it more of a mechanical task. The drawback
is that the paradigm implementations become less declarative.

The FM implementation of the SALDO morphology is now very close to
complete, and the next step will be to ensure the correctness of the implemen-
tation.

All paradigms have example headwords in their definition, and FM can com-
pute the inflection tables of these words. The first step will be to proofread
these tables. The next step will be to run spellcheckers on the full form word
list, which will not only allow us to spot errors in the inflection engine but also
in the annotation.

6 Conclusion

So far, there has not been a freely available full-sized computational lexicon
for Swedish providing inflectional morphological information for all entries.
There are certainly several Swedish computational lexicons in existence, in-
cluding lexicons with inflectional information, some of them quite large — in-
cluding Anna Sagvall Hein’s LPS lexicon — but none freely available, which
SALDO will be. In addition, it will put a new kind of thesaurus at the hands of
researchers in Swedish Language Technology, a field pioneered by Anna.
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1 Introductory Remarks

The present paper is aimed to illustrate how the description of underlying
structures carried out in annotating Czech texts may be used as a basis for
comparison with a more or less parallel description of English. Specific
attention is given to several points in which there are differences between the
two languages that concern not only their surface or outer form, but
(possibly) also their underlying structures, first of all the so-called secondary
predication (section 3.2). In section 4, we discuss the representations of these
constructions in the PDT of Czech as compared with the corresponding
annotation in the scenario of a treebank of English (PEDT), being developed
in Prague as an English counterpart of PDT (Sindlerova et al., 2007, Bojar et
al., 2007).

2 Tectogrammatics

In the Functional Generative Description (see Sgall et al., 1986, Hajicova et
al., 1998), tectogrammatics is the interface level connecting the system of
language (cf. the notions of langue, linguistic competence, I-language) with
the cognitive layer, which is not directly mirrored by natural languages.
Language is understood as a system of oppositions, with the distinction
between their prototypical (primary) and peripheral (secondary, marked)
members. We assume that the tectogrammatical representations (TRs) of
sentences can be captured as dependency based structures the core of which
is determined by the valency of the verb and of other parts of speech.
Syntactic dependency is handled as a set of relations between head words
and their modifications (arguments and adjuncts). However, there are also
the relations of coordination (conjunction, disjunction and other) and of
apposition, which we understand as relations of a further dimension. Thus,
the TRs are more complex than mere dependency trees.
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The TRs also reflect the topic-focus articulation (information structure) of
sentences with a scale of communicative dynamism (underlying word order)
and the dichotomy of contextually bound (CB) and non-bound (NB) items,
which belong primarily to the topic and the focus, respectively. The scale is
rendered in the TRs by the left-to-right order of the nodes, although in the
surface the most dynamic item, i.e., focus proper, is indicated by a specific
(falling) pitch.

In a theoretical description of language, the TRs are seen in a direct
relationship to morphemic (surface) structures. This relationship is
complicated by many cases of asymmetry — ambiguity, synonymy,
irregularities, including the differences between communicative dynamism
and surface word order (the latter belonging to the level of morphemics).

The core of a TR is a dependency tree the root of which is the main verb.
Its direct dependents are arguments, i.e., Actor, Objective (Patient),
Addressee, Origin and Effect, and adjuncts (of location and direction, time,
cause, manner, and so on). Actor primarily corresponds to a cognitive
(intentional) Agentive, in other cases to an Experiencer (Bearer) of a state or
process. If the valency frame of a verb contains only a single participant,
then this participant is its Actor, even though (in marked cases) it
corresponds to a cognitive item that primarily is expressed by Objective (see

1).
(1) The book (Actor) appeared.

If the the valency frame of a verb contains just two participants, these are
Actor and Objective, which primarily correspond to Agentive and Objective,
although the Objective may also express a cognitive item that primarily
corresponds to another argument (see (2)).

(2) The chairman (Actor) addressed the audience (Objective)

If the frame contains more than two items, then it is to be distinguished
whether the “third” of them is Addressee, Origin, or Effect (cf. the
difference between e.g., (3) and (4).

(3) Jim (Actor) gave Mary (Addressee) a book (Objective).
(4) Jim (Actor) changed the firm (Objective) from a small shop (Origin)
into a big company (Effect).

In a TR, there are no nodes corresponding to the function words (or to
grammatical morphs). Correlates of these items (especially of prepositions
and function verbs) are present in the TRs only as indices of node labels: the
syntactic functions of the nodes (arguments and adjuncts) are rendered here
as functors, and the values of their morphological categories (tense, number,
and so on) have the forms of grammatemes. Functors and grammatemes can
be understood as indices of lexical items.
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In annotating texts from the Czech National Corpus in the frame of the
project of the Prague Dependency Treebank (PDT) (Haji¢ et al., 2006), we
work with several specific deviations from theoretically conceived TRs
described above. The most important of these deviations is that the
tectogrammatical tree structures (TGTSs) we work with in PDT differ from
TRs in that they have the form of trees even in cases of coordination; this is
made possible by the coordinating conjunctions being handled as specific
nodes (with a specific index, here the subscript coord, distinguishing
between the coordinated items and an item depending on the coordination
construction as a whole). Thus, the (primary) TGTS of the sentence (5), with
many simplifications, is the tree presented in figure 1:

(5) Mary and Tom, who are our neighbours, have two children.

3

have
PRED
\
ﬁchild
$PAT
6
Mary Tom be two
ACT_COORD ACT_COSRD RSTR RSTR
o 3
who ;'neighbour
ACT jPAT
#PersPron
APP

Figure 1

More details are presented in a linearized form of the corresponding TR in
(5”); note that (i) every dependent item (or a string of coordinated items) is
embedded in its own pair of parentheses, and the functors are present here as
subscripts of the parenthesis oriented towards the head, and (ii) the left-to-
right order of the nodes, corresponding to the communicative dynamism,
differs from the surface word order of the numeral fwo, which is
contextually non-bound and is more dynamic than its head noun. Most of the
grammatemes are left out.

(5’) ((Mary Tom)conj (rstr b€ (0bj n€ighbour.Plur (ap, We))))actor have
(ovj child.Plur (rgr two))
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Rstr indicates here a restrictive adjunct, A4pp one of Appurtenance (broader
than possession), the other abbreviations being self-explaining.

Dependency trees are projective, i.e., for every pair of nodes in which a is
a rightside (leftside) daughter of b, every node c that is less (more) dynamic
than @ and more (less) dynamic than b depends directly or indirectly on &
(where indirectly refers to the transitive closure of depend). This strong
condition together with similar conditions holding for the relationship
between dependency, coordination and apposition, makes it possible to
represent the TRs in a linearized way, as illustrated by (5°) above. Projective
trees thus come relatively close to linear strings; they belong to the most
simple kinds of patterning.

3  Selected English Syntactic Constructions for
Comparison

3.1 Introduction

A general assumption common to any postulation of a deep (underlying)
layer of syntactic description is the belief that languages are closer to each
other on that level than in their surface shapes. This idea is very attractive
both from the theoretical aspects as well as from the point of view of
possible applications in the domain of natural language processing: for
example, a level of language description considered to be “common” (at
least in some basic features) to several (even if typologically different)
languages might serve as a kind of a “pivot” language in which the analysis
of the source and the synthesis of the target languages of an automatic
translation system may meet (see Vauquois’ known “triangle” of analysis —
pivot language — synthesis, Vauquois, 1975).

With this idea in mind, it is then interesting (again, both from the
theoretical and the applied points of view) to design an annotation scheme
by means of which parallel text corpora can be annotated in an identical or at
least easily comparable way. It goes without saying, of course, that the
question to which extent a certain annotation scenario designed originally for
one language is transferrable to annotation of texts of another language is
interesting in general, not just for parallel corpora.

It is well known from classical linguistic studies (let us mention here —
from the context of English-Czech contrastive studies — the writings of
Czech anglicists Vilém Mathesius, Josef Vachek and Libuse Duskova) that
one of the main differences between English and Czech concerns the degree
of condensation of the sentence structure following from the differences in
the repertoire of means of expression in these languages: while in English
this system is richer (including also the forms of gerund) and more
developed (the English nominal forms may express not only verbal voice but
temporal relations as well), in Czech, the more frequent (and sometimes the
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only possible) means expressing the so called second predication is a
dependent clause (see Duskova et al., 1994, p. 542 ff.).

It is no wonder then that in our project, secondary predication has appeared
as one of the most troublesome issues. In the present section, we devote our
attention to one typical nominal form serving for the expression of
secondary predication in English, namely infinitive (section 3.2), and look
for its adequate representation on the tectogrammatical layer of PDT. The
leading idea of our analysis is that we should aim at a representation that
would make it possible to capture synonymous constructions in a unified
way (i.e., to assign to them the same TGTS, both in the same language and
across languages) and to appropriately distinguish different meanings by the
assignment of different TGTSs.

The considerations included in the present section of our contribution
resulted from our work on a project in which the PDT scenario
(characterized above in section 2) was applied to English texts in order to
find out if such a task is feasible and if the results may be used for a build-up
of a machine translation system (or other multilingual systems); see
Sindlerova et al. (2007) and Bojar et al. (2007). This English counterpart of
PDT (PEDT) comprises approx. 50,000 dependency trees, which have been
obtained by an automatic conversion of the original Penn Treebank II
constituency trees into the PDT-compliant a-layer trees (i.e., trees
representing the surface shape of sentences). These a-layer trees have been
automatically converted into t-layer trees.

3.2 Secondary Predication Expressed by Infinitive

Two classes of constructions are often distinguished: equi-NP deletion and
raising. The distinction between the two classes of verbs was already
mentioned by Chomsky (1965, pp. 22-23) who illustrated it on the examples
(6) and (7):

(6) They expected the doctor to examine John.
(7)  They persuaded the doctor to examine John.

Referring to Rosenbaum (1967), Stockwell et al. (1973), p. 521ff., discuss
the distinction between expect and require (which is even clearer than
Rosenbaum’s distinction between expect and persuade) and point out that a
test involving passivization may help to distinguish the two classes: while
(8) and (9) with an equi-verb are synonymous (if their information structure
is not considered), (10) and (11) with a raising verb are not:

(8) They expected the doctor to examine John.
(9) They expected John to be examined by the doctor.
(10) They required the doctor to examine John.
(11) They required John to be examined by the doctor.
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The authors propose a deep structure indicated by (12) for expect (hate or
prefer) and a deep structure that includes an animate object in addition to a
sentential object for require and persuade (see (13)) while it is not important
that this NP is then rewritten as S)

(12) They — AUX — VP [V(expect) NP (the doctor examine John)]
(13) They — AUX — VP [V(require) — NP (the doctor) —
NP (the doctor examine John)]

Such a treatment of structures with equi verbs implies that there must be a
position in the deep structure which is phonologically null (empty category
PRO) and which is coreferential with one of the complementations of the
equi verb; in our examples above, it is the object in (6). In theoretical
linguistics, this issue is referred to as the relation of control (Chomsky, 1981;
see also a detailed cross-linguistic study by Ruzicka, 1999; for Czech, see
Panevova, 1986).

The different behaviour of verbs in the structures verb plus infinitive is
discussed also in traditional grammars of English. Quirk et al. (2004)
observe a certain gradience in the analysis of three superficially identical
structures, namely N; VN, to-V N; (see their Table 16.64a, p. 1216)
illustrated by sentences (14), (15) and (16) (their A, B, and C, respectively),
each of which conforms to this pattern:

(14) We like all parents to visit the school.
(15) They expected James to win the race.
(16) We asked the students to attend a lecture.
(17) James was expected to win the race.

The authors claim that there is a strong reason to see a clear distinction
between (14) and (16): in (14) they postulate a structure in which N,
functions as the subject of the infinitival clause while in (16) the N, should
be analyzed as the object of the main clause. However, according to the
authors, (15) partakes in both these descriptions: from the semantic point of
view, the same analysis as that of (14) would be appropriate; from the
structural viewpoint, the analysis similar to that of (16) is preferable. This is
supported by the fact that N, may become the subject of the passive sentence
(17). With this analysis, N, behaves like an object in relation to the verb of
the main clause and like a subject in relation to the infinitival clause. The
authors use the term raised object to characterize this situation and they
support their analysis by several criteria.

38



4 Solutions Proposed

4.1 Subject Raising

In the scenario of PEDT (the Prague English Dependency Treebank), the
distinction between the structures with the so-called raising verbs and
control verbs is preserved. The sentence (18) (see figure 2) is a typical
example for the subject raising construction in English, see also a possibility
of (18a) in English:

(18) John seems to understand everything.
(18a) It seems that John understands everything.

R

gseem

ziRED

R AN
John understand
ACT PAT\

b %
#Cor everything
ACT PAT

Figure 2

However, its Czech counterpart zdat se is connected with certain constraints:
this verb must be determined by verbo-nominal (or only nominal)
complement, see ex. (19). With verbo-nominal complement it has an
analogical structure to the English example in figure 2, see figure 3. These
constraints, however, ecliminate this verb from the “pure” raising
constructions; see also the unacceptability of (20) in Czech:

(19) Jan se zda (byt) smutny.

Lit. John Refl. he-seems (to-be) sad.
(20) *Jan se zda rozumét.

Lit. John Refl. he-seems to-understand

In English, the modal and phase verbs are considered as belonging to the
class of subject raising verbs. In the PDT scenario (as well as in the
theoretical framework for it, FGD) most of these verbs are treated as
auxiliaries, and their modal meanings are described by morphological
grammatemes assigned to the autosemantic verb. As for modal verbs, this
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approach is adopted for PEDT as well (see Cinkova et al., 2006, p. 88f.).
This approach is planned for the treatment of phase verbs, too (Jan zacal
pracovat [John started to work], Jan zacinal pracovat [John was going to
start to work]) could be described as multi verbal predicates).

The underlying structure proposed for subject raising constructions in
Czech as well as in English is, however, identical to the control verb
constructions, where ACT (i.e., the first argument of the control verb)
controls Sb (subject) of the infinitive clause (see section 4.3).

ﬁ zdat_se

&PRED
Jan
AC \PAT

4 b
#Cor smutny
ACT PAT

Figure 3

4.2 Object Raising
The English verbs used as clear examples of object raising verbs have no
Czech counterparts with infinitive constructions; cf. (21) and figure 4 for

English:

(21) John expects Mary to leave.
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[%;(pect

PRED

John %éave

ACT/ PAT
d b
Mary #Oblfm
ACT DIR1

Figure 4

However, the subclass of verbs displaying this operation, called sometimes
ECM (exceptional case marking), share this behavior with Czech
constructions of accusativus cum infinitivo (Accl in sequel). It concerns the
verbs of perception (see (22a) and figure 5 for English and (22b) and figure
6 for Czech):

(22a) John hears Mary cry/crying.
(22b) Jan slysi Marii plakat.

hear
éPRED

John /cry
ACT/ PAT

4

Mary
ACT

Figure 5
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A\

slyset

éPRED%

b P

Jan Marie/ plakat
ACT PAT EFF
o
#Cor
ACT

Figure 6

There are two possible ways to reflect the underlying structures of these
sentences. The approach (A) is influenced by the English tradition: The
verbs of perception proper (such as to see, to hear) are understood in English
as two-argument structures; if their second argument is expressed by
secondary predication, the first argument of the secondary predication is
raised up and it receives (“exceptionally”) the Accusative form. The
structure given in figure 5 would yield the surface structure (22a) as well as
the surface structure (22c¢):

(22¢) John hears that Mary cries.
(22d) Jan slysi, ze Marie place.

However, the synonymy illustrated by (22a) and (22¢) does not hold in all
contexts, see (23a), (23b), (23¢) and (23d), and also (24a) and (24b):

(23a) Jan slysel, ze Carmen zpiva Dagmar Peckova.

Lit. Jan heard that Carmen-Acc sings Dagmar Peckova
(23b) Jan slysel, ze Dagmar Peckova zpiva Carmen.

Lit. Jan heard that Dagmar Peckova sings Carmen
(23¢) Jan slysel Dagmar Peckovou zpivat Carmen.

Lit. Jan heard Dagmar Peckova to-sing Carmen
(23d) ?Jan slysel Carmen zpivat Dagmar Peckovou.

Lit. Jan heard Carmen-Acc to-sing Dagmar Peckova-Acc
(24a) Jan slysel tu skladbu hrat kapelu Olympic.

Lit. Jan heard the piece-Acc to-play the band Olympic-Acc
(24b) Jan slysel, ze/jak tu skladbu hraje kapela Olympic.

Lit. Jan heard that/how the piece-Acc plays the band Olympic-Nom

In the pairs (23a), (23b) vs. (23c¢), (23d) the difference between the meanings
of the polysemic verb slyset [to hear] is reflected: while in (23a) and (23Db)
Jan is either the direct hearer of the singing or he may be only told about the
singing, in (23¢) and (23d), if it is possible at all, he must be a direct listener.
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Moreover, the possible pre-posing of the object of the dependent clause (see
(23a) and (24a) for Czech) has no counterpart in English.

In the approach (B) reflecting the situation in Czech the verbs of
pereception are understood as three-argument structures with the underlying
structure given in figure 6 corresponding to the sentence (22d), which differs
from the underlying structure of ex. (22¢) given in figure 5.

Under the approach (A), the formulation of the conditions under which the
secondary predication could be nominalized by an infinitive clause seems to
be very complicated while with the approach (B) the raised object is
understood as a part of a cognitive operation, the result of which is
manifested on the level of underlying structure.

4.3 Control (Equi) Verbs

As for the control verbs, the underlying structure proposed for Czech seems
to be suitable for the PEDT scenario as well, see (25), (26) and figure 7, 8. A
special node with lemma Cor is used for the controllee and an arrow leads
from this node to its controller. The list of the verbs sharing the attribute of
control will be nearly identical for both languages.

(25) John refused to cooperate.
(26) The editor recommended the author to correct the errors immediately.

R
grefuse
;PRED

¥

~

| 1
John /cooperate
ACT/ PAT

d b

#Cor #Gen
ACT PAT

Figure 7
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recommend
PRED

% {
editor author’ correct
ACT ADDR PAT

d b

#Cor error immediate
ACT PAT TWHEN

Figure 8

We have concluded that though the notions of raising and control are
assumed not to be theory dependent and therefore applicable in both
scenarios (for PDT as well as for PEDT), the differences between these two
classes are not substantial (and they seem to be overestimated in the
theoretical works).

4.4 Nominal Predicates

Analogical control constructions appear with some adjectives in the position

of the nominal predicates in sentences with copula, see (27), (28) and figure
9 for English:

(27) John is eager to please.
(28) John is eager to be pleased.

F\
joe,
PRED
N

John_ eager
ACT ‘PAT
\\
\
‘\' please
PAT

=

#Cor #Gen
ACT PAT

Figure 9
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The corresponding underlying structures for Czech sentences (29a), (30a)
are similar to those for English (29b), (30b):

(29a) Jan je schopen to udélat.

(29b) John is able to do it.

(30a) Jan je ochoten byt oc¢kovan.
(30b) John is willing to be vaccinated.

However, the list of English adjectives complemented by an infinitive clause
is wider than in Czech. In (31), (32) and figure 10 a control between ACT
and the Sb of infinitive clause could be seen:

(31) She was quick to shut the door.
(32) Bob was reluctant to respond.

[N
P

RED

|

o‘\ i

#PersPron quick

ACT  ~_ PAT
\\ !

Ay
Y

shut
PAT%‘\
b

#Cor door
ACT PAT

Figure 10

4.5 Tough Movement

The object-to-subject raising (sometimes called tough movement) takes
place with some evaluative adjectives in complex predicates, see (33a) and
its transformed version after the raising operation (33b, figure 11). This type
of raising has no counterpart in Czech.

(33a) It is difficult to please John.
(33b) John is difficult to please.
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be

PRED
please gfficurt
ACT___ PAT

#Cor John #Benef
ACT PAT BEN

Figure 11

4.6 Causative Constructions

Causativity of constructions such as (34) and (35) is expressed by the lexical
meanings of the “semiauxiliaries” fo make, to get, to have and by the
secondary predication denoting the caused event filling the position of the
PAT(ient) of the semiauxiliary causative verb.

(34) John made Mary stay.
(35) John had Mary clean the window.

make
PRED

John Mary\‘stay

ACT PAT EFF
b
#Cor #Oblfm
ACT LOC
Figure 12

The constructions with the Czech verb nechat [to let] and the analogical
underlying structure (with raised subject-to-object position) correspond to
this type of causativity.
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5 Conclusions

In our contribution, we have briefly discussed certain issues of secondary
predication in which English differs from Czech with the result that most of
them probably can be handled without differences in underlying structures of
the two languages.

There are, of course, other cases in which the TRs of the two languages
certainly differ. We want only to note here that not all such differences
concern syntactic relations (functors). Thus in the case of such grammatical
categories as definiteness or as tense and verbal aspect the differences can be
captured by distinctions in the repertoires and values of grammatemes
(representing morphological values).
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The Abstract-Concrete Syntax Distinction and
Unification in Multilingual Grammar*

Robin Cooper

University of Gothenburg
Department of Linguistics

1 Introduction

We will characterize a notion of multilingual grammar based on work con-
ducted in the Grammatical Framework (GF), developed by Aarne Ranta (2004,
2007), Perera and Ranta (2007) and Regulus, developed by Manny Rayner
and others (Rayner, Hockey, and Bouillon, 2006; Santaholma, 2007). We will
suggest a way of constructing multilingual grammars using TTR (type theory
with records, Cooper 2005a, 2005b, in preparation) which combines the GF
and Regulus approaches to multilingual grammar with aspects of unification-
based grammar such as HPSG (Sag et al., 2003).

2 Multilingual Grammar

One approach to multilingual grammar development is the porting of one
grammar to a grammar for another (related) language as discussed in Kim
et al. (2003) and Bender et al. (2005). This approach is useful when you have
a large coverage grammar for one language and want to create a similar large
coverage grammar for another language. The approach we will explore here is
the creation of grammars that are simultaneously grammars for more than one
language from the outset. This is useful when you are concerned with small
coverage grammars for a particular application (for example, speech recogni-
tion in a dialogue system) and wish to maintain exactly comparable linguistic
functionality in more than one language. It is this second approach to multi-
lingual grammar that both GF and Regulus are concerned with. In GF the em-
phasis is on abstract and concrete syntax (several different concrete syntaxes

*I would like to thank Anna Sagvall Hein for many years of happy and productive collabo-
ration since I joined the Swedish language technology community in 1995. Her support, help
and plain hard work accompanied by unfailing good cheer have meant a great deal. This work
was supported by Vetenskapsradet project 2005-4211 (Library-based Grammar Engineering)
and Riksbankens Jubileumsfond project 2008-2010 (Semantic Coordination in Dialogue).
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corresponding to a single abstract syntax) and the use of resource grammars
to express specific characteristics of particular languages. In Regulus, as de-
scribed by Santaholma (2007), the emphasis is on grammar sharing and the
use of macros to give abstract representations of grammatical phenomena that
can be realized in different ways in different languages. Here we will con-
centrate on three important ways in which the GF and Regulus approaches are
similar:

abstract representation use of abstract representations of natural language
which can be shared between different languages to a larger extent than
the concrete or surface representations of the languages and which can
serve to represent meanings

interlingua and transfer provision of facilities for both an interlingual and a
transfer approach to translation

resource grammars abstract representation of grammatical information al-
lowing the concrete or surface form of the language to be specified by
an API-like formalism which can be interpreted in different ways de-
pending on which language’s grammatical resource is being used

I shall illustrate how each of these three aspects are realized in TTR using the
grammar TOY 1 from Rayner et al. (2006). I shall first give an intuitive char-
acterization of the general grammar architecture that GF employs and how
this is realized using TTR (section 3). The architecture presents a pretty pic-
ture of how languages can be related in the framework using an interlingua
architecture for limited domain multilingual grammars. However, mismatches
between languages arise in even the smallest of domains (such as TOY1) and
I will illustrate some of the simple problems that appear to disturb the picture
even for closely related languages such as English and Swedish (section 4).
In section 5 I will suggest that TTR provides us with reasonably elegant tech-
niques for treating these mismatches without unduly disturbing the elegant
interlingual picture.

3 The GF Multilingual Grammar Architecture

At the core of the GF approach is the relation between abstract and concrete
syntax as illustrated in Fig. 1. Abstract syntax, like Curry’s (1961) tectogram-
mar, provides a representation of the function argument structure underlying
the natural language expressions presented in concrete syntax, corresponding
to Curry’s phenogrammar, where individual language aspects such as word or-
der and morphology are represented. Thus abstract syntax can be shared by
languages which might have radically different realizations in concrete syntax.
It is for this reason that abstract syntax seems to be a good candidate for an
interlingua in at least restricted domain grammars and, since it is expressed in
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Concrete Syntax
English

Concrete Syntax
Swedish

compositional
mapping

Abstract Syntax

Figure 1: Abstract and concrete syntax

terms of function argument structure, can also do duty as semantic representa-
tion of the particular domain, representing what kinds of objects are available,
what properties they have and what relations may hold between them, i.e.,
ontologies in the sense that this term is employed in work on knowledge rep-
resentation and exploited in OWL (Web Ontology Language).! The concrete
syntax is defined compositionally on the abstract syntax. That is, for each ob-
ject, class of objects, property or relation in the abstract syntax there will be an
expression in the concrete syntax and for each way of applying or constructing
objects in the abstract syntax there will be a corresponding combination rule
of expressions in the concrete syntax. For example, in the domain discussed in
this paper, there is a class called Light and another called Fan and a func-
tion SwitchOn which maps objects of these classes to an object which is an
Action. In the concrete syntax the phrases (the) light(s) and (the) fan(s) are
related to the class Light and Fan respectively and the phrase switch on to
the function SwitchOn. The phrase switch on the light is related to the action
which results from applying the function SwitchOn to a particular member
of the class Light.

An important aspect of our particular realization of the GF architecture is
that we exploit the similarity of record types to feature structures. We con-
struct grammars in which information from the abstract and concrete levels
are added together. That is, grammars are defined in terms of structures which
simultaneously represent abstract and concrete syntax in a manner which is
similar to the use of signs in HPSG. This will play an important role in our
strategy for dealing with the kind of mismatches discussed in section 4. Thus,
for example, light in abstract syntax will be:?

'See for example http: //www.w3.org/TR/owl-guide.

2Record types are represented as records with the label rectype in the Oz programming
language (http://www.mozart—-oz.org). sintype (T a) represents a singleton sub-
type of the type T whose unique element is a. Dependent types such as 1ight ([x]) are
represented in an abbreviated form which is slightly imprecise but more readable than the offi-
cial form which need not concern us in this paper.
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rectype (cat:sintype (' Cat’ n)
domain:sintype (' RecType’
rectype (o_device:device ([x])
o_light:1light ([x])
o_switchable:switchable ([x])
x:"Ind’))
id:sintype (' Id’ ’'Light’))

This is a singleton type whose unique element is the record:

rec(cat:n
domain:rectype (o_device:device ([x])
o_light:light ([x])
o_switchable:switchable ([x])
x:"Ind’)
id:’Light’)

Thus the abstract grammar provides category information, the domain type as-
sociated with the item and an id which in complex elements will indicate the
construction tree of the item according to the abstract syntax. For complex
items it will also provide information about the item’s daughters in a ‘daugh-
ters’ field (corresponding to the daughters-feature in HPSG grammars). In the
implementation we are discussing here we have actually derived the type by
combining two separate resources, one which provides the domain information
and one which provides a way of relating the domain information to syntactic
information, presented below.

rectype (o_device:device ([x])
o_light:light ([x])
o_switchable:switchable ([x])
x:"Ind’)

rectype (cat:sintype (' Cat’ n)
id:sintype (' Id’ ’‘Light’))

The grammar for concrete syntax imports information from the abstract syntax
and adds to it. Thus according to the grammar for the English concrete syntax
the type associated with light is

rectype (agr:rectype (num:sintype (' Number’ sg))
cat:sintype (’Cat’ n)
domain:sintype (' RecType’
rectype (o_device:device ([x])

o_light:light ([x])
o_switchable:switchable ([x])
x:"Ind’))

id:sintype (' Id’ ’'Light’)

phon:sintype (' Phon’ [light]))
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Here agreement and phonology? information have been added to the type pro-
vided by the abstract syntax. The concrete syntax for Swedish is derived by
adding different information to the same abstract representation:

rectype (agr:rectype (def:sintype ('Definiteness’ yes)
gen:sintype (' Gender’ utr)
num:sintype (' Number’ sg))
cat:sintype (’Cat’ n)
domain:sintype (' RecType’
rectype (o_device:device ([x])
o_light:1light ([x])
o_switchable:switchable ([x])
x:"Ind’))
id:sintype (' Id’ ’'Light’)
phon:sintype (' Phon’ [lampan]))

This view of an approach to limited domain multilingual grammars in which
the different languages share a common interlingual representation is very at-
tractive for a number of reasons. It appears not to have the central problem that
the interlingual approach to general translation has, that is, that the interlingua
has to make all the distinctions that can be relevant for any language that is
connected to it. Here the problem is not to construct adequate interlingua for
all languages. Rather it is to take a given characterization of a domain and
relate it to different natural languages. The engineering advantage for build-
ing multilingual applications is great. We need to make sure that the linguistic
coverage is exactly similar in each language if we are, for example, building a
dialogue system to interact with an MP3 in a car. By ensuring that we cover
the abstract syntax in each language we can be sure that we have exactly cor-
responding coverage in each of the languages. The work on the domain and
abstract syntax can be carried out by different people and the work on relating
the abstract syntax to the concrete syntax need not be carried out by the de-
signer of the domain representation. In addition the definition of the concrete
syntaxes uses general definitions given in a resource grammar which could be
implemented by a linguist who is only concerned with a general characteriza-
tion of the language and not with any of the work on specific domains. The
line in the code for the English concrete syntax which defines light is*

Light = {ResGram.light AbsDom.light}.sg

The English resource grammar provides a function ResGram. 1ight> which
applies to the abstract syntax representation AbsDom.1ight (on page 4) to

3We follow the honourable HPSG tradition of using lists of words as phonological represen-
tations.

“This uses the Oz notation {F A} which represents the application of function F to argu-
ment A.

That is, the value of the variable Light in the Oz module to which the variable Re sGram
has been set, i.e., the module containing the resource grammar for English. Similar remarks
hold for AbsDom. 1ight.
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produce a paradigm for the English noun light. This line of code sets the
variable Light to the entry for singular in that paradigm. The corresponding
line in the Swedish concrete syntax is®

Lampan = {ResGram.lampa AbsDom.light}.sg.def

Here the singular definite entry in the paradigm is chosen.

The approach represented by the GF architecture offers the opportunity for
highly structured modular code and the construction of very high level and
powerful formalisms for manipulating grammars. However, translating be-
tween natural languages is a messy business and there are many pitfalls which
appear initially to disturb the pretty picture of a common abstract syntax re-
lated to several concrete syntaxes, even if we are only looking at tiny domains.
We shall address some of these problems in section 4.

4 Mismatches between Languages

The coverage of the TOY 1 example grammar that is introduced in Rayner et al.
(2006) is represented by:

turn/switch on/off the light(s)/fan(s) (in the kitchen/living-room)
dim the light(s) (in the kitchen/living-room)

is the light/fan (in the kitchen/living-room) (switched) on/off

are the lights/fans (in the kitchen/living-room) (switched) on/off’

The coverage for the corresponding Swedish grammar is represented by:

tdnd/sldck lampan/lamporna (i koket/vardagsrummet)

light/extinguish light[def]/lights[def] (in kitchen[def]/livingroom[def])
vrid ner lampan/lamporna (i kdket/vardagsrummet)

turn down light[def]/lights[def] (in kitchen[def]/livingroom[def])

sitt pa/sting av flikten/flaktarna (i koket/vardagsrummet)

put on/close off fan[def]/fans[def] (in kitchen[def]/livingroom[def])

dr lampan (i koket/vardagsrummet) tdand/slackt

is light[def] (in kitchen[def]/livingroom[def]) lit[ sg |/extinguished[sg]
dr lamporna (i koket/vardagsrummet) tdnda/slackta

are lights[def] (in kitchen[def]/livingroom[def]) lit[pl]/extinguished[pl]
ar flakten/flakterna (i koket/vardagsrummet) pa/av

is/are fan[def]/fans[def] (in kitchen[def]/livingroom[def]) on/off

Despite the extremely small size of this coverage it contains a number of chal-
lenges to the idea that both languages should be related to the same abstract
syntax. The core of the definition of the abstract syntax (prior to combina-
tion with domain information) is given in Fig. 2. We will now detail some

®Here ResGram is set to the module containing the Swedish resource grammar.
"The TTR grammar we are discussing in this paper does not account for the optional occur-
rences of switched in the third and fourth lines.
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DefA
Ligh
Fan

Kitc
Livi
In =
Swit
Swit
On =
Ooff

Be =
Dim

S_VP
S_Co
Smal
NP_D

rt = {Lex ’'DefArt’ det}

t = {Lex ’"Light’ n}

= {Lex ’'Fan’ n}

hen = {Lex ’'Kitchen’ n}

ngroom = {Lex ’Livingroom’ n}
{Lex '"In’ prep}

chOn = {Lex ’SwitchOn’ v}

chOff = {Lex ’SwitchOff’ v}
{Lex 'On’ part}

= {Lex 'Off’ part}
{Lex ’'Be’ cop}

= {Lex ’'Dim’ v}

= {RuleUnary s_vp s vp}
p_SmallCl = {RuleBinary s_cop_smallcl s cop smallcl}
1C1_NP_Part = {RuleBinary smallcl_np_part smallcl np part}
et_N = {RuleBinary np_det_n np det n}

N_N_PP = {RuleBinary n_n_pp n n pp}

PP_P
VP_V

rep_NP = {RuleBinary pp_prep_np pp prep np}
NP = {RuleBinary vp_v_np vp Vv np}

Figure 2: Abstract syntax (without domain information)

challenges that arise in the relating both coverages to this abstract syntax.

1.

Phrases in concrete syntax can correspond to single items in abstract
syntax. In the abstract syntax there are single verb elements corre-
sponding to the single domain function SwitchOn, SwitchOff and
Dim. However, in English SwitchOn and SwitchOff correspond to
phrases such as switch on and turn off. In Swedish these items corre-
spond sometimes to a single word (tdnd or slick) and sometimes to a
phrase (sdtt pa or sting av). Dim corresponds to a phrase in Swedish
(vrid ner).

Single words in concrete syntax can correspond to complex con-
structions in abstract syntax. Swedish definite nouns can be used to
form a complete noun-phrase corresponding to a tree of the form [pp
Det NJ in the abstract syntax.

. Single items in abstract syntax are not covered by a single item in

concrete syntax.. SwitchOn and SwitchOff are functions in our
domain characterization which apply to both lights and fans. This cor-
responds well to the concrete syntax of English where both lights and
fans can be switched (or turned) on and off. This is not so in Swedish,
however. The words tdnd and sldck are used for turning lights on and
off respectively but cannot be used for fans.® For fans sdtt pd and sting

8The phrase réind flikten is grammatical in the language at large but means set fire to the fan

which i

s not normally required in smart house applications, for example.
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av are used, but these phrases are not normally used for lights.” Simi-
lar remarks hold for the Swedish for on and off in sentences like Is the
light/fan on/off?.

4. A single category in abstract syntax has to be split in concrete syn-
tax. The items on and off are classified as particles with category part
in our abstract syntax. When you ask whether the light in the kitchen is
on/off in Swedish it is natural to use the (deverbal) adjectives tdnd/sléickt
in Swedish. Predicate adjectives need to agree in number and gender
with their subject. If particles in this position were always represented
by adjectives in Swedish, this would not cause a great problem. We
could use the name of the category from the abstract syntax but make the
syntax obey the agreement rules for adjectives specified in the Swedish
resource grammar. Thus Swedish adjectives would just get a rather odd
category name in this particular abstract syntax. However, the matter is
not so simple since when we are asking whether fans are on and off we
do use particles in Swedish (pd and av). Particles do not inflect and thus
a grammar that tried to make them agree with their subject would fail.
Thus in the Swedish concrete syntax we need to split the category part
from the abstract syntax, using adj when we are talking about lights
and part when we are talking about fans.

These are the kinds of problems that lead to the use of transfer approaches
to translation in place of interlingual approaches. In the Regulus system de-
scribed in Rayner et al. (2006), facilities are provided for the development of
both transfer and interlingual multilingual grammars but the approaches can-
not be put together in a single grammar. In section 5 I want to suggest that
such a combination is desirable and that the pretty picture provided by the GF
interlingual architecture can be maintained by incorporating certain elements
of transfer into it.

5 Integrating Elements of Transfer into an
Interlingual Architecture

The kind of solution to these problems that I will suggest here is perhaps dif-
ferent from the discussion of transfer in the standard GF literature!? in that I
exploit the fact that in TTR we are constructing grammars by successive refine-
ment, that is, adding information about concrete syntax to the abstract syntax.
Since we are carrying along all the abstract syntax information in the concrete
syntaxes we also have the opportunity to carry out refinements on the abstract

9The verb sdtt pd is more possible for lights than sting av perhaps.
10See discussion of the GF transfer language by Bjorn Bringert on http://www.cs.
chalmers.se/~aarne/GF/doc/transfer.html.
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syntax information which is included in the refined grammar. We will take
each of the challenges of section 4 in turn.

1. Phrases in concrete syntax can correspond to single items in abstract
syntax. We allow for non-compositional compounding of words, e.g.,
in the English concrete syntax we define switch on by

V_Switch_On =
{UResSyn.nonCompositionalCompoundWords
Switch On
{UResSyn.imperativelLex AbsDom.switchOn}}

This provides us with a rule which will combine only the specific items
Switch and On to form a verb with the abstract information from
SwitchOn. The tree will correspond to the syntactic form [y, V Part]
but abstract information associated with the mother node will corre-
spond to that associated with a single item in the abstract syntax and
any abstract information associated with the daughters will be disre-
garded. The function NonCompositionalCompoundWords which
does this is provided in the universal syntax resource module (repre-
sented here by URe s Syn) where general syntactic resources for the con-
struction of grammars are made available.

2. Single words in concrete syntax can correspond to complex con-
structions in abstract syntax. We allow for non-branching rules in
concrete syntax to associate abstract information with the mother which
results in the application of an abstract syntax rule to an argument. For
example, the Swedish syntax rule which allows a single noun to be a
noun-phrase in this domain grammar'! is defined by

NP_N = {ResGram.nP_N
{UResAbs.applyRule
AbsDom.nP_Det N
AbsDom.defArt}}

Recall that what the resource grammar provides are functions which will
apply to abstract information and return a rule that incorporates this ab-
stract information alongside the concrete information about syntax and
morphology. Here the Swedish grammar resource for the rule which
constructs an NP from a single noun is provided with an argument which
is the result of applying an abstract rule for NPs containing a determiner
to an abstract argument representing a definite determiner. This is fa-
cilitated by the fact that rules are represented as functions which take

""Note that there are only definite NPs in this small grammar so we do not have to worry
about issues of definiteness here.
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one argument at a time, similar to the style of much categorial grammar.
Thus, in much simplified form, a rule corresponding to

NP — Det N
is a function
Az : Det Ay : N [np 2 9]

which takes an element of type Det and returns a function which will
map an element of type N to an NP-structure. This means that applying
this function to a determiner will give us in effect a rule that constructs
NPs out of nouns, as desired. Notice that this is exploiting the fact that
TTR has functions in addition to record types. Thus we have both func-
tional and unification-like behaviour.

. Single items in abstract syntax are not covered by a single item in

concrete syntax. In the Swedish concrete syntax the word tind ‘switch
on (for lights)’ is characterized by

Tand = {ResGram.tadnda
{RestrictFunction AbsDom.switchOn
Dom.light}}.imp

Here the Swedish resource grammar function corresponding to fdnda is
not provided with the abstract information corresponding to SwitchOn
but rather a modification of this. In the abstract syntax SwitchOn cor-
responds to a function which applies to any device (i.e., both fans and
lights). We restrict this function so that it only applies to lights (as char-
acterized in the domain description, Dom). The operation that carries
out the restriction (represented here as RestrictFunction) is pro-
vided by a module which is a universal resource for domain information
definition. Note that this strategy again relies on the fact that we are car-
rying over abstract syntax information to the concrete syntax grammar
and thus have an opportunity to refine it on the way. Since the domain of
the function is characterized in terms of a record type as is also the do-
main class Dom. 1ight, restricting the domain of the function involves
applying the operation that corresponds to unification on the function
domain type and Dom.light. Thus we are simultaneously enjoying
the fruits of unification and functional approaches.

. A single category in abstract syntax has to be split in concrete syn-

tax. The adjective #ind is characterized in the Swedish concrete syntax
by

TandAdj = {ResGram.tand
{SetCat



{Restrict AbsDom.on Dom.light}
adj}t}.sg.indef.utr

Here the abstract syntax information builds on that provided by on but
restricted to lights in a similar manner to the previous example. How-
ever, in addition here we need to set the category information with the
operation SetCat provided by the universal domain resource module.
This is because the category associated with on in the abstract syntax is
part whereas what we need is adj. This is the only non-monotonic
(or destructive) operation that we have suggested here in that it actually
removes information that was present in abstract syntax before. But, of
course, since we are incorporating the information into our grammar for
concrete syntax we do not need to go back and change the information
presented in the abstract syntax grammar and it is this that is important in
language engineering terms since there may be other concrete syntaxes
for other languages which rely on the abstract syntax grammar having
precisely the form it has.

6 Conclusion

We have suggested a way of preserving the attractive and elegant picture of
the GF interlingual architecture by building in elements of transfer into the
construction of concrete syntaxes. The operations we have suggested appear
to be linguistically quite intuitive corresponding to ways in which we think of
the translation relationships that hold between languages. It should be empha-
sized, however, that at the time of writing this particular TTR implementation
has not been tested on anything much larger than what is discussed here. We
present this, therefore, as a suggestion for ideas to explore rather than estab-
lished results. We do, however, think it is suggestive of the potential power of
combining functional, type theoretic techniques with unification-based tech-
niques.
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Using the Text Processing Tool Textin to
Examine Developmental Aspects of
School Texts

Bengt Dahlqvist Mikael Nordenfors
Uppsala University University of Gothenburg
Department of Linguistics Department of Swedish
and Philology Language

1 Introduction

The purpose with this article is to first make a brief presentation of the
functions in the web based text processing tool Textin 1.2, and then to
illuminate these functions by putting the program to use within a research
project in progress that concerns developmental aspects on texts written by
Swedish pupils during school years 5 to 9.’

The text will begin with a brief description of Textins’ main functions, and
then move on to previous research on school texts where computer linguistic
methods either were used or could have been used if the technology had
been accessible at the time being. The article then continues with a
presentation of the results that Textin delivers, and ends with a discussion on
these findings.

2 Textin as a Tool

Computer analysis of language has a long history starting back in the early
days of computational linguistics. Tools for processing texts have been
developed for linguistic applications per se and also in many application
areas where study of language is conducted. The basics of text and word
analysis include the computation of different kinds of word lists and related
statistics, valuable for the language researcher in his task. Barnbrook (1996)
points out some of the main advantages with using computers for language
analysis; the ease of which one can manipulate, select, sort and format data,
the speed and accuracy and so on. This is of course true even more today,
when the ubiquitousness of texts in electronic readable form is becoming
reality.

Aside the last decade of massive software development for language
engineering purposes, the need for classic, simple analysis tools remain.

" The Swedish school system contains years 0 to 12 (although the last three years are
optional).
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Whereas tools such as the well-known WordSmith system (Scott, 2004) are
well established, still a need for quick, web-based tools pertains. This paper
presents such a tool, Textin, in part based on an earlier standalone program
TSSA (Dahlqvist, 1994). Textin offers some core tools, designed to be fast,
for small to medium sized texts for immediate analysis over the Internet by a
web interface.

2.1 Implementation

Textin is written in the programming language PHP, which is specially
suited for web applications. Textin can be used for making basic word
analyses and is able to produce simple word lists of various kinds from texts.
The main window for Textin is shown in figure 1. The text to be analysed is
pasted into the available text area and the analysis is started by clicking the
submit button.

The present version 1.2 of Textin has the following URL:

http://www.lingfil.uu.se/personal/bengt/textin/

The program is protected by a login password, which can be given to users
upon request.

2.2 Language Options

The languages supported by Textin are for the moment Swedish and English.
All text in the interface is given in Swedish, and the pages are displayed in
Latin-1 (8859-1) encoding. A drop-down list on the main window enables
the user to choose between languages.

The choice between Swedish and English affects the sorting of the text
constituents. Word lists processed as Swedish text will order words
containing the Swedish letters ‘4’,’4’ and ‘6’ in the proper manner for
Swedish, as well as jointly order words with ‘v’ and ‘w’, in contrast to the

English sorting order.
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Figure 1: The main interface for Textin, showing a school text to be
analyzed.

2.3 Word Lists and N-grams

Textin allows for the creation of several types of word lists:
* Alphabetically sorted
* Final-alphabetically sorted (i.e., reverse order)
* Frequency sorted (descending order)

As an option, given as a check box on the main window, it is possible to
filter away entries from the found tokens not containing any letters or
numerals, i.e., entries not ordinarily considered constituting a word.

All computed word lists are listed in full, together with sequence and
frequency numbers, on the resulting report page (see figure 2). Tokens in
Textin are defined as strings separated by whitespace, i.c., blanks, tabs and
linefeed, and delimiters such as semicolon, slash, exclamation and question
mark as well as double quotes and parentheses. These delimiters together
with period, comma, single quote and colon are trimmed away from the
strings and cannot alone constitute a token. Words are for efficiency reasons
case normalized, so that they contain only lower case letters.

In addition to the various common word lists, Textin also allows for the
creation of some types of n-grams:
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* Bigrams
* Trigrams
* Tetragrams
For technical reasons, no non-word filtering can be made on the n-grams.

Further, the n-grams do not make any assumptions about sentence
boundaries, of which Textin has no knowledge.

L% i @ http:fjwww.lingfil.uu.sejpersonaljbengt ftextinjtx.php | | 2 ~ B v d=h - |- Page v (GFTools ~ >
UPPSALA UNIVERSITET : Inst. for lingvistik och filologi j

Textin Web 1.2

UPPSALA Frekvenssortering

UNIVERSITET Antal funna I6pord = 498, antal unika ord = 266

Medelordlangd = 4,60, Type-token ratio = 0,534, Ovix = 64,56

No Frq Type
1 22 jag
Institutionen for 2; He.det
lingvistik och filologi 3 16 och
4 13 var
5 11 i
6 11 med
7 9 att
8 den
9 en

B e
N = O
O NN oo
o ")
w o

3

3 =

[ [ |€ nternet [#100% -
i

Figure 2: A frequency ordered word list computed from the text in figure 1.

2.4 Statistics
In addition to the produced word lists themselves, Textin also computes and
reports some basic and relevant statistics for the text analysed. These

statistics include:

¢ Number of tokens found

Number of types found

Mean length of tokens

Type/token ratio (TTR)
* Word variation index (Ovix)

For n-grams, only the number of total n-grams and the number of unique n-
grams in the text are given. Otherwise, for the common word lists, the
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number of tokens is the total number of words found in the text, while types
stand for the number of unique words. For the word lists, the mean length of
the word tokens, not including the delimiters, is given next. The type/token
ratio will be a number between zero and one, and hints at the word richness
and readability of the text. Ovix (Hultman and Westman, 1977) is an
established measure of word variation, which gives information on the level
of complexity of the text. Note that Ovix cannot be computed, and is not
meaningful, when the number of types and tokens are equal.

2.5 Restrictions

PHP and the server environment impose some restrictions on the text
handling capability for Textin. First, a memory limit is set by the server
which yields a text size of maximum about 150,000 words. The length and
variation in each text to be analyzed determines this number in detail.

The recommendation is to keep the texts below 100,000 words, which
corresponds to the word mass for one to two novels of standard length.
Secondly, a time limit is set. The server utilized allows no execution time to
exceed 60 seconds. This should however not be a grave problem, since the
space limit should make itself known well before the time limit is reached.

3  Previous Research Findings on Writing
Development

A quick overview will now follow concerning research that has mainly or
partially focused two of the quantitative measures Textin can provide:
average word length and OVIX (see figure 2). Textin offers more functions
than merely these two, but when it comes to comparing texts over time,
average word length and OVIX are perhaps the more reliable factors.
Another measure, which traditionally has been used as a sign of
productivity, is total text length. Such a measure is here considered being too
sensitive to the different contexts of production and will therefore not be
used. And while already addressing problems of such it must be mentioned
that the two measures used in the article are far from liberated from issues of
context.

3.1 Average Word Length

One point, made by earlier research, is that a texts quality is connected with
its average word length. An extended word length can be considered a sign
of a more mature language, e.g., the capability of economizing language in
order to make it more packed with information. Bjornsson (1968) showed
that words that hold more than 6 letters could be considered being “long
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words”, and a higher relative frequency of such words would indicate a more
mature vocabulary. In the “LASK-project™ (Grundin 1975) 2500 pupils, 7
to 19 years old, were tested for reading and writing ability in order to gain
knowledge about developmental aspects. The measure average word length
was not calculated in this project, but the project clearly shows that the
frequency of long words does increase over that particular 12 year period
(Grundin 1975, p. 53). This gives at least some initial support to the thought
of using word length as a developmental parameter when characterizing
writing ability.

Hultman and Westman’s Gymnasistsvenska (1977) is a large survey
project that describes different quantitative aspects of text production, with
data from school years 10 to 12 (upper secondary school). One of their
conclusions on word length was that it has a positive connection with higher
grade (Hultman and Westman 1977, p. 78). The word length ranges from
4.83 to 5.52; all together giving these pupils an overall average of 5.07
letters/word. Nystrom (2000) shows that texts® written in the same school
stage, now in years 1996 and 1997, scored an average word length of 4.7.
Nystrom also points to the fact that type of text or genre (probably)
correlates with average word length. Genres that are mostly built upon
displaying facts gets an average of 5.26 — thus higher than in
Gymnasistsvenska — and in a more informal text type, as a letter, the average
is as low as 4.29 (Nystrom 2000, p. 179). The difference in genre makes it
difficult to speak of any decreasing (or increasing) trend within this stage of
the school period, and Nystrom declares that larger surveys are needed in
order to compare results (Nystrom 2000, p. 178).

Neither Hultman and Westman nor Nystrom covers the earlier year’s
average word length, so others will have to complete the longitudinal
picture. Pettersson (1977, p. 131) states that in between school years 5 to 9
the average word length increases from 4.1 to 4.4. Furthermore, Olevard
(1999 and 2002) shows that the average word length in school year 9 has
decreased over the years between test groups. The findings of that study
shows an average word length of 4.18 in 1987 and 4.17 in 1996, based on
those years national tests.* Lindell et. al (1978) and the project FRIS’
concludes that the average word length in school year 6 is 4,2 and finally, in
school year 4 it is 4,1: a figure perhaps close to the end of the measurable
scale of development.®

?»Reading and writing competence and its’ development through the school years”.
(L&s och skrivformagans utveckling genom skoléren.)

3 Based on Nystroms (2000) entire material, i.e., a material consisting of many
different genres.

* Olevards’ measures are provided by the above mentioned text processing program
TSSA (Dahlqvist 1994).

> Fri Skrivning i mellanstadiet. “Free writing within intermediate levels”.

% The figures mentioned are of course on a general level and individuals does of
course deviate from these approximates as in Larssons (1984) sample where the
lowest (of the listed) average word length turns out to be 3.66.
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Putting it altogether, one could say — all reservations taken into account —
that between school years 5 and 12 the development increases from 4,1 to
4,9 on a general basis. Then, there is obviously something with word length
that corresponds to age, specifically between the writing in year 9 and years
10-12. Let us continue with the second aspect on text development: Ovix.

3.2 Ovix’

Another parameter, often referred to as a signal of development, is word
variation. This is possible to measure with either a type/token ratio or Ovix
(“Word variation index” — Hultman 1977 and 1993). Ovix is a measure that
works with a logarithm that enables comparison between texts of different
length. This is important because a text of greater length also contains a lot
more of short, logical words, like conjunctions, which reduces the type/token
ratio, thus making it difficult to use when comparing variation as
achievement.

The first project to use Ovix was Hultman and Westman (1977). The total
score in the 1977 material of Hultman and Westman showed that essays with
the lowest grade held an Ovix of 58,7 and those with the highest grades had
67.6. As comparison, brochures [61], newspaper text [67.6] and text books
[71] were listed. It was then possible to say that the writers in the upper scale
of grades were closing in on, and overlapped some of the adult texts word
variation. Hultman and Westman also displays a listing of essays with
approximately the same amount of types ranging from an Ovix of 56.7 up to
72.9 — thus a quite striking difference between texts of the same length
making it, on an individual level, impossible to say that only text length can
guarantee text quality within school writing.’

Nystrom (2000) uses the same measurement for word variation'® and lists
the values in relation to what educational program in upper secondary school
the pupil attends. Nystrom presents Ovix related to two different text types
which are labelled A and B (both written within the national testing system),
where A is a text that is rich of quotations — making the Ovix automatically
higher when quoting more mature writers — and B that is closer to the pupils’
own production and less “importing”. Text type A renders an average of 64
and text type B, 60. The highest Ovix is performed on “theoretical”
programs of the social and natural sciences [68], and the lowest on the more
“practical, profession preparing” programs [48] (Nystrom 2000, p. 176).

’ The formula for Ovix 1 is defined with the help of the natural logarithm: In.Ovix =
1/(In(2-(In(types)/In(tokens)))/In(tokens)).

It is not easy to pin down what one point of Ovix means but the general meaning is
that a higher value signals a better text.
?In Larssons (1984) sample the correlation between text length and grade is from
0.81 to 0.83, and in Hultman and Westmans 0.57. On an average basis then, longer
texts gets higher grades. The correlation between word variation and grade has been
showed to be: 0.61 (Hultman and Westman, 1977:56).
10 Also extracted through TSSA (Dahlqvist 1994).
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Another interesting result from Nystrom, is the focus on Ovix within
different genres. Ovix, in those texts that holds a large amount of facts and
quotations, like for instance the traditional school report on a specific subject
matter gets 66 on an average basis. Narratives [58] and letters [52] render
lower values, thus the same phenomenon as with average word length.

Turning to the pupils in earlier school stages, Pettersson (1977), shows a
rather depressing curve stating that Ovix stagnates between school year 6
and 9 at the level of 55. This is supported by Sjodoff (1989) that notes a
minor increase in Ovix between school years 7 to 9 — from 47.6 to 51.1 but
the final figure for school year 9 is even lower than it was in Petterssons
sample.'' There is perhaps not enough support from earlier research to
display the word variation on a longitudinal basis, but we can at least state
that it increases from year 4 with an average Ovix of 51 to 63.2 in school
year 12.

4 Putting Textin to Work

4.1 Concerning Method

As mentioned above, programs like 7SS4 and the lightweight web version
Textin, has successfully been used in order to produce quantitative measures
on text quality. Some measures have proven to have strong connections with
the teachers’ assessment. It has therefore been argued that the two measures
can be considered a) two signals of what defines longitudinal development
and b) signals that in a general way can differentiate achievement within a
small or large sample of pupils. These two arguments constitute a strong
reason for redoing research in a new, longitudinal project. Another
motivation for doing the calculations is to establish bonds between research
projects over time on such a complex subject matter as written texts. It is
thus necessary to reuse some of the methods of analyses used in the
preceding field of research in order to establish a context to the more recent
text material.

4.2 The Project12 and Its Empirical Data

The project has a corpus of texts that originates from 31 pupils attending
school years 5 to 9. The text types are of 12 different kinds, all together 331
texts containing approximately 500,000 words. It is quite a large material but
this is where Textin has its’ advantages. The program is both easily

"'There is also a third result, concerning Ovix on the period school year 6-9, that
states an increase from 55 to 60 (Josephson and Melin 1990:45).

"2 The project’s working name is Developmental Aspects on Texts Written in School
Years 5 to 9 Within the Subject Matter of Swedish. From now on, in this article; let
us just call it The Project.
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accessible through the web and it is also a program that works very fast with
text masses of this particular size. The material as a whole can not be run
through Textin due to the restrictions mentioned above, but the text types
taken separately contains about 70,000 words which is processed in
approximately 3 seconds with Textin. In the following sections the results on
the texts in The Project will be presented and when possible related to earlier
research.

In order to make the results more comparable, the texts from The Project
will be divided into “narratives” and “other texts”. The results on the
national tests will also be compared to 30 texts from the online corpus
Skrivbanken." This gives us the (unique?) possibility to compare measures
on national tests performed in school year 9 for the years 1987 and 1996
(Olevard 1999); 1992 and 2003 (Skrivbanken) and 2007 (The Projects 31
tests). We will also display the national model texts’ (texts put forward by
the national tests group, to aid teachers in their grading)'* measures in order
to visualize one demand on text quality on a national level. It is important to
notice that the national test is constructed as a multiple choice of tasks, but a
majority of the pupils gets pulled down by the so to speak “Bermuda triangle
of narratives”. The texts from Skrivbanken are all of a narrative kind.

Within the group of narratives we will also focus upon differences
between the national tests’ text products, and the texts written in a scaffolded
writing environment. It is of course a hypothesis that the results on the latter
texts become different, due to the helpful surroundings. We will return to
this issue to see if any results could support such a hypothesis, and what the
complications for pedagogy and testing system in such case might be. The
texts mentioned as “other” will, in the present article, mainly serve as means
of comparison to the narratives.

4.3 The Project’s Results

4.3.1 Average Word Length in National Tests in School Year 9, Period
1987-2007

Is there something to learn from drawing a longitudinal line through the 20
years of national test results that are accessible to us? The test system has
during this period been more or less thoroughly reformed, and the somewhat
elusive variable context is always around to remind us that it affects the
writing in different ways. Those reservations set aside we can sketch a curve
in figure 3.

" www.skrivbanken.se. Acknowledgements to Vixj6 universitet, Daniel Bergman

and Jan Einarsson, for making this material available!
' For the year 2007 at this adress:
http://www.nordiska.uu.se/natprov/skolar9/exempel9
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Average Word Length in National Tests and Model Texts
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Figure 3: Average word length in national tests school year 9 and national model
texts. Texttypes are: 1 — 1986 (Olevard 1999); 2 — 1992 (Skrivbanken.se); 3 — model
texts 1992 (Skrivbanken.se); 4 — 1996 (Olevard 1999); 5 — 2003 (Skrivbanken.se); 6
— 2007 — (The Project’s texts); 7 — Modeltext 2007 (see footnote no., 14) and finally
8, for comparison between different text types, the scientific essay from 2007.

Two main conclusions can be drawn from this curve. First it is possible to
say that the capability measured up with average word length is revolving
quite stable somewhere around 4.2. There should then not be any risk that
the writing competency has decreased. Second, there are two values that are
a lot higher than the rest; the value for the national model text type (2007)
and the scientific essay.

We have already commented upon the fact that a text type like the essay,
which heavily relies on an externally imported lexicon and/or quotations,
must gain a higher average word length. It goes without saying that a text
using the specifying lexicon of e.g., acrodynamics automatically increases in
both maturity and complexity. What about the value on the national model
text then? The three model texts used in this article are the ones that are
accessible online, texts within task C4 which is much more less of a
narrative than the text type that most pupils chose, task C3. On a national
level only 4% chose the text type used as example for the model texts here,
but a total of 66% chose a more pure narrative task (Skolverket 2008), and
so did the Text Projects pupils. Thus, it is not at all strange that our model
text of 2007 gains such a different score; again an evidence of differences
between text types when it comes to measurements of this kind.
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Average Word Length in Strongly Scaffolded Text
Types and in National Test Situations
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Figure 4: Average word length in different narrative text types within The Project.
Text types are: 1 — National test school year 5; 2 — Fairy Tale school year 6; 3 —
Teen age short story, year 7; 4 — Criminal short story, year 8; 5 — Robinsonade, year
9; 6 — Horror short story, year 9; 7 — rewriting the national test of school year 5, year
9 and finally, 8 — National test school year 9.

4.3.2 The Projects Narratives Versus the National Tests

Let us now make a comparison between the texts written in the scaffolded
text productions in The Project, and the ones written within the national
tests. We will start by displaying the differences in figure 4. We will also
provide the value for average word length in the national test of school year
5.

This longitudinal curve, based on the same individuals’ achievements over
5 years of school writing, shows a positive progression all the way until texts
7 and 8. The trend after that seems to be a downward bound curve, making
the national test equal to the writing of the year 6 fairy tale. The texts 7-8
are texts written within situations where writing should be performed by
hand during time pressure. In the other text situations, the pupils’ text is
developed during a long period of time with scaffolds like peer response and
word processing present. It is not surprising that there is a difference; it
would in fact be a lot more surprising if it was the other way around!

4.3.3 Ovix Within National Tests, 1992 to 2007

When it comes to Ovix there are no data accessible for some of the years
listed under average word length. For instance, Olevard (1999), does not
provide Ovix measures at all, which gives a curve that is some what weaker
substantiated (figure 5).
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Ovix in National Tests 1992 to 2007
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Figure 5: Ovix in national tests and national model texts. Texttypes are: 1- 1992
(Skrivbanken.se); 2 — 2003 (Skrivbanken.se); 3 — model texts 1992
(Skrivbanken.se); 4 — 2007 (The Project’s texts); 5 — Modeltext 2007 (see footnote
no., 14) and finally 6, again for comparison between different text types, the
scientific essay from 2007.

The results are essentially similar to the ones accounted for under average
word length. The national tests Ovix is approximately the same at the years
1992 and 2007. The year 2003 is 3 points lower and this would have to be
looked into in a more extended way. Again, the model texts of 2007 are at a
completely different level compared with the texts of the previous years. Not
even the scientific essay, with its’ importing language style, can outscore the
chosen model text.

Ovix in Different Narratives
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Figure 6: Ovix in Different Narrative Text Types Within The Project. Text Types
are: 1 — National test school year 5; 2 — Fairy Tale school year 6; 3 — Teen age short
story, year 7; 4 — Criminal short story, year 8; 5 — Robinsonade, year 9; 6 — Horror
short story, year 9; 7 — rewriting the national test of school year 5, year 9 and finally,
8 — National test school year 9.
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4.3.4 The Project’s Narratives, versus the National Tests’ Ovix

Figure 6 shows the tendency within narratives of different kinds over the 5
years. The curve is quite similar to the one displayed under average word
length. There is a stable increase in Ovix from the narrative text type Fairy
Tale to Horror Story, and then there is a decrease on the national test. It is
interesting to note that text 7, rewriting the national test from year 5,
receives such an increase in Ovix but a decrease in average word length.
This is merely one of the “asymmetries” that has to be more consequently
looked into by a more qualitative analyses on The Project’s material.
Finally, in this curve, we can not see that the national test is equal to the
writing of the year 6 fairy tale.

5 Discussion

The results based on the material available in this article point to mainly
three facts; first, and this is of course a “metafact” aiding the latter two,
Textin turns out to be a effective tool when it comes to processing texts of
the size of The Project’s. Second; the results on national writing tests
maintain a rather stable level of achievement and third; the measures
displayed here shows that pupils, during school years 5 to 9, do develop
towards a more mature language, although more visible in the scaffolded
text types.

Furthermore, the article points out a sort of inconsequence between the
text processes surrounding the national tests, and the ones dominating the
class rooms visited within The Project. This gives an opportunity to raise the
question of what exactly the purposes could be with these two different
processes. We can either put it this way: The texts produced within the
strongly scaffolded writing processes are not a fair and equal material to use
for individual grading of pupils. One could say that the texts are more of a
social and collective product, than an individual and stand alone
achievement of one writer. Or, we could put it this way: The national tests
are said to be guide lines to teachers who are going to grade pupils in order
to make it possible to make a differentiation before sending them further up
in the educational system. Then why is the national tests’ writing process
conducted in such a manner that it renders poorer results (seen to these
measures)? Why is it conducted in such a different and with the writing
process’ ideal colliding way? As the tests are not said to have the absolute
and statutory function to regulate the pupils final grades, their purpose is
somewhat unclear and this will definitely lead to that they are used in
different ways across the nation. And this is of course something that,
without doubt, causes inequalities and variation between different
classrooms when it comes to what the individual grades really are based on.
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It seems as if the national level of testing and evaluating writing skills, and
the locally chosen method for teaching and learning writing, is on a collision
course which must cause confusion to the grading teachers involved, at least
to those with less experience?

6 Conclusion

The main conclusions of this article are that Textin works very effectively
thanks to its accessibility via the Web and when working with text masses of
The Project’ssize. It has also proven to be able to build bridges between
research on language development within school contexts of different kinds
over different periods of time. The results from Textin have of course to be
viewed alongside with qualitative approaches to textual analysis to help shed
light on problems like: What words do the variation consist of? What makes
a text of one type so much stronger than another? How come the connection
to grade is so strong? What factors dwells within the teachers’ habitus and
what lies embedded in the school environments’ hidden norms of value?

One final reflection will have to cover all other things concerning writing
and texts; there is of course an abundance of more matters to tend to when it
comes to text quality than merely numbers, but these numbers can serve as a
generator of hypothesises to be investigated by qualitative approaches, and
vice versa. There is nothing to do but to agree with Nystrom’s (2000)
conclusion that more large scale surveys are needed and on a regular basis to
further investigate and evaluate the quantitative aspects on achievement
within writing development.
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Good Tag Hunting:
Tagability of Granska Tags
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1 Introduction

Part-of-speech (or rather morphosyntactic) tagging is an important preprocess-
ing step in most natural language processing applications, even in applications
where full parsing is performed, such as rule-based machine translation.

For Swedish, the Stockholm-Umea Corpus (SUC, Ejerhed et al., 2006) has
become the de facto standard for training and evaluating part-of-speech taggers
for Swedish. It is a balanced corpus, intended to be representative of general,
written, published, Swedish. Two interchangeable tagsets are used: the SUC
tagset (Ejerhed et al., 1992), and the PAROLE tagset. In this paper, only the
SUC tagset is used, but as the two tagsets are interchangeable, any findings
will apply also to the PAROLE tagset.

Although the SUC tagset covers most of the morphosyntactic features used
in Swedish, it does not cover everything. In order to approve the situation,
the SUC tagset was altered to fit the needs of the Granska grammar checker
(Carlberger and Kann, 1999). In the Granska tagset, some features were added
to the morphosyntactic features represented in the SUC tagset, and some low-
frequent features were removed. When taggers using the same learning algo-
rithm with the SUC and the Granska tagset, respectively, were trained and eval-
uated on SUC, the one with the Granska tagset performed better (Carlberger
and Kann, 1999), and I have noticed the same effect in my own experiments.
However, no analysis has been done on the effect of the individual changes to
the tagset.

Based on my knowledge of Swedish, I suspected that some of changes were
more influential than others, such as the differentiation of main and auxiliary
verbs, and the conflation of some participle tags with the corresponding ad-
jective tags. I also suspected that the removal of some features was actually
harmful, such as the abbreviation feature. Furthermore, I doubted the useful-
ness of the addition of two semantic features: date (e.g., januari ‘January’) and
set (e.g., meter in 10 meter), as they are not morphosyntactic in nature.
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In this paper, I have analysed the effect of groups of related changes in the
Granska tagset, in the hope of hunting down a set of good tags that could
improve the SUC tagset.

2 Background

2.1 SUC Tagset

SUC is a balanced corpus of modern Swedish prose covering approximately 1
million word tokens, with manually validated part-of-speech annotation. The
manual validation, and the inclusion of several genres, makes it an excellent
choice for tagger training and evaluation. The texts are from the years 1990 to
1994, and the basic idea of the compilation was that it should mirror what a
Swedish person might read in the early nineties. It has been published in two
versions. The second version contains the same text samples, but has corrected
(and additional) annotations. Carlberger and Kann (1999) used version 1.0.
For this paper, version 2.0 is used.

Of the two tagsets present in SUC, only the SUC tagset is used here. It has
22 main categories, such as noun and verb, and a set of morphosyntactic fea-
tures to make further distinctions within the main categories, such as gender,
number, voice, and form. A tag for a neuter, singular, indefinite, nominative,
common noun, for example, would be NN NEU SIN IND NOM (or in Granska
format nn.neu.sin.ind.nom).

All in all, the SUC tagset consists of 153 different tags', many of which oc-
cur only a few times (45 occur less than 100 times, and 23 less than 10 times).
With such a large tagset, some of the trigram statistics for a trigram tagger will
be unreliable (average trigram count is 16 times, and 17% of the trigrams oc-
cur only once). This data sparsity was one of the reasons for adapting the SUC
tagset.

2.2 Granska Tagset

The Granska tagset is an automatic adaption of the SUC tagset to better suit
the purposes of a grammar checker. Adaptation was done in two ways. Firstly,
some of the least occurring tags were matched with similar tags and two or
more tags were merged into one tag. In this way, the number of tags were
reduced, and the most unreliable tags, from a learning perspective, were re-
moved. Secondly, a number of new features were introduced, where the origi-
nal tagset was not detailed enough, such as adding a distinction between main
verbs, and auxiliaries, copulas and modal verbs, respectively, and a distinction
between singular and plural cardinals. All in all, 14 tags were removed and 5
new tags added (Carlberger and Kann, 1999).

1140 in version 1.0, according to Carlberger and Kann (1999)
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Change group Example

Copulas (kop) vara, (for)bliva, heta, kallas

Past participles (pc) pc.prf.utr/neu.plu.ind/def.nom —
jj.pos.utr/neu.plu.ind/def.nom

Auxiliaries (aux) ha

Modals (mod) ldra, maste, behova, tinka, forsoka, forefalla, soka, ska,

bora, toras, kunna, borja, vaga, bruka, sluta, lata, fa,
hinna, verka

Dates (dat) mandag(en), tisdag(en), januari, februari

Singulars (sin) 1,1

Adjectives (j3) jj.pos.utr/neu.plu.ind/def.gen —
jj.gen

Genitive participles (pc.gen) | pc.prs.utr/neu.sin/plu.ind/def.gen —
pc.gen, pc.prf.utr/neu.sin.def.gen —

pc.gen

Masculines (mas) dt.mas.sin.def — dt.mas.sin.ind/def,
dt.mas.sin.ind — dt.mas.sin.ind/def

S-forms/Active forms (sfo) vb.imp.sfo — vb.imp, vb.imp.akt —
vb.imp

Sets (set) kilo, meter, familj, armada

Abbreviations (an) nn.an — nn, ps.an —

ps.utr/neu.sin/plu.def

Table 1: Tagset groups.

No attempt was made to evaluate the effect of each individual adaptation,
although the full adaptation was evaluated, and found to give slightly better
performance results than the original tagset (2%).

The conversion of SUC tags to Granska tags was done automatically by a
lexer. I did not have access to the original version of the lexer used in Carl-
berger and Kann (1999), but had a newer version, and a version of SUC with
Granska tags converted with the original version. The newer lexer was ported
to Perl, and harmonised with the Granska-versioned SUC. The lexer rules were
divided into groups of similar changes, which could be turned off or on. An
overview is given in table 1.

Three groups concern differentiation between main verbs and auxiliary verbs:
copulas, (temporal) auxiliaries, and modal verbs, each with an extra feature
added (kop, aux, mod). This differentiation was actually present in an ear-
lier version of the SUC tagset (Ejerhed et al., 1992), but is removed in the
current version. As the Granska conversion lexer assigns the additional fea-
tures automatically, no distinction is made between, for example, the copula,
passive-constructing, or existential reading of vara ‘be’, or the temporal auxil-
iary or main verb ha ‘have’. Although most occurrences in SUC of those verbs
could be classified as auxiliaries, some could not, thus introducing some noise
in the corpus.

One group takes care of the removal of the voice feature (s-forms, sfo, and
active forms, akt) of imperatives and conjunctives. S-forms are either passive
or deponential forms of a verb, as in hoppas ‘jumping’ or hoppas ‘hoping’.
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Two groups concern past participles. The first group conflates past partici-
ples and the corresponding adjective (positive) form to the same tag, e.g., han-
dikappade ‘handicappeds’ with tag pc.prf.utr/neu.plu.ind/def.nom
would get the tag jj.pos.utr/neu.plu.ind/def.nom. The other group
conflates all genitive forms of participles to one single tag, so handikappades
‘handicappeds” with tag pc.prs.utr/neu.sin/plu.ind/def.gen would
get the tag pc.gen.

Another group deals with the conflation of adjective tags. Genitive forms
are merged into one tag, as with past participles. Three rules also conflates the
infrequent tags of three word forms into a more frequent tag: rdtt ‘right’, flest
‘most’, and the compound part dldre- ‘elderly’.

Yet another group conflates tags for determiners with masculine forms into
a common tag. The rules concern three word forms: denne ‘this’, sjdlve ‘him-
self’, and samme ‘the same’.

One group removes the abbreviation feature from tags. For example, the
tag for the abbreviated form proc ‘per cent’ would change from nn.an to nn.
There are also a couple of rules that adds features to the shortened tag to con-
flate it with an existent tag. The rules include the determiner d ‘the’, some
adjectives (f_d ‘former’, St ‘Saint’), two past participles (¢f ‘acting’, adj ‘ad-
joint’), and the possessive pronoun A:s ‘her’.

The last morphosyntactic group adds the number feature value sin to sin-
gular cardinals or ordinals, i.e., / and i.

Finally, there are two semantic groups. The first deals with date expressions,
and adds the feature dat to words representing months and days. The second
with set expressions, and adds the feature set to words representing measure-
ments (e.g., kilo and meter), indefinite numbers (e.g., femtiotal ‘some fifty’
and, more questionable, femtiotalet ‘the 50’s’), and group words (e.g., familj
‘family’ and armada).

3 Experiments

In order to try the goodness of each group of adaptations when it comes to
tagging performance, I used the statistical TnT tagger (Brants, 2000) to train a
number of models. The models were evaluated using 10-fold cross-validation?
on SUC, with and without the current adaptation under scrutiny. Both training
and testing was done with the tagger’s default settings®, i.e., no parameter
optimisation.

For feature optimisation, I use a forward selection strategy. First, each
group of adaptations is tried in isolation to see whether they are significant

2The cross-validation set is available at http://stp.lingfil.uu.se/~evafo/
software/cross_validation_sets.txt.

3During training the -c flag, for internal case-labelling of tags, was used, as this generally
gives better performance for Swedish.
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or not. Then, all groups showing a significant change in performance are tried
in pairs to see whether the two groups affect each other, and finally, the top-3
most promising groups are combined with groups with significant combination
power.

The performance measure is accuracy, i.e., the percentage of correctly tagged
words. It is measured with the tnt-diff tool, which gives overall statistics
as well as separate statistics for known and unknown words*. As most of the
adaptations aim at improving the performance for unknown words, this infor-
mation is interesting.

Statistical significance is tested with McNemar’s chi-squared test (R Devel-
opment Core Team, 2007), but since the sample size is very large, even small
changes will be significant, however useful they are in practice. Therefore,
the effect size is also estimated with an exact binomial test (R Development
Core Team, 2007).> The effect size is the probability of success of the tested
adaptation in cases where the two taggers differ.

3.1 Single Groups

The performance for single groups is shown in table 2. As can be seen, the cop-
ula and past participle groups contribute most to the improved result. These
groups explain most of the boost in performance for known words. Although
the size of the tagset increases for copulas, the extra tags makes it easier to
distinguish the rather stable, copula-specific, trigrams from other trigrams in-
cluding other verbs.

The set and abbreviation groups slightly harm the performance, but the
change is not significant. All other groups improve the accuracy, although the
change for the voice group is not significant, and for the masculine and modal
groups is only mildly significant. The improvement is particularly visible for
unknown words.

For the modal group, the probability of success is almost fifty-fifty, which
makes it a rather unsafe (automatic) adaptation. A probable explanation is
that among the main verb—auxiliary distinction groups, this is the group which
contains most borderline cases.

3.2 Pairwise Groups

The performance for pairwise groups is shown in table 3. The copula and
past participle group pair did answer for almost all the improvement. No pairs
harmed the performance, but two groups did not improve the performance in
any pairing: masculines and genitive participles (except for pc.gen + aux),
which makes these adaptations less useful for tagging purposes.

*The proportion of unknown words is 7.8740.20 for all models.
STwo-sided, at 95% confidence level, with a null hypothesis of 0.5% success.
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Group Tagset Accuracy (%) Prob. of
size Overall Known Unknown success
No change 153 95.5240.15 | 96.31+£0.13 | 82.26+0.99
All*** 152 95.68+0.14 | 96.42+0.13 | 87.10+0.91 | 61 (60-62)
kop*** 160 95.60+0.14 | 96.39+0.13 | 86.36+0.96 | 63 (61-64)
pc*** 144 95.60+0.14 | 96.33+£0.13 | 87.04+0.91 | 65 (63-67)
aux*** 157 95.534+0.14 | 96.32+0.13 | 86.30+0.99 | 57 (54-59)
mod* 158 95.5240.14 | 96.32+0.13 | 86.27+0.97 | 52 (50-54)
dat™** 155 95.5240.14 | 96.32+0.13 | 86.26+0.99 | 66 (61-72)
sin*** 155 95.5240.15 | 96.31£0.13 | 86.25+0.99 | 64 (57-70)
adj*** 145 95.5240.15 | 96.31£0.13 | 86.27+1.00 | 64 (56-72)
pc.gen™* 149 95.5240.15 | 96.31£0.13 | 86.27+0.99 | 66 (54-76)
mas™ 152 95.5240.15 | 96.31+£0.13 | 86.26+1.00 | 67 (52-80)
sfo 151 95.5240.14 | 96.31+£0.13 | 86.27+0.99 | 61 (49-72)
set 157 95.5240.14 | 96.31£0.13 | 86.23+0.98 | 50 (46-53)
an 146 95.5240.15 | 96.31+£0.13 | 86.25+1.00 | 49 (45-53)

Table 2: Performance per group (10-fold cross-validation), sorted in decreas-
ing order of performance (higher precision not shown here). *** means signif-
icant at « = 0.001, ** at « = 0.01, * at o = 0.05.

The modal group slightly improves the result in pair with the auxiliary, date,
singular, and adjective group, so it seems that in combination with those it is
less riskier, and a potentially good adaptation. However, in combination with
the copula and past participle group, it slightly harms the performance.

3.3 Top Groups

Both the single-group and pairwise-group experiments showed that the adapta-
tions in the copula and past participle groups are highly motivated, in isolation
as well as in combination. The auxiliary group also showed high potential,
while the masculine and genitive participle groups had little effect. This leaves
four mildly potential groups: modals, singulars, dates, and adjectives, which
are added one by one, and so on, to the top-3 combination of copulas, past
participles, and auxiliaries. The results are shown in table 4.

It is clear that the singular and date groups somewhat improves the perfor-
mance. The changes in the singular group has a higher probability of success
than those in the date group, but fewer instances, and therefore a lower im-
pact on the performance. One explanation could be that there are more fixed
phrases with dates than with singulars, and that by adding the date feature, the
model could distinguish those phrases from other noun phrases more easily. If,
for some reason, a pure morphosyntactic tagset is preferred, the date feature
can be used during tagging, and then removed, as no other information is lost
in the process.

The modal group still has a negative effect on the performance, although the
change is not significant, while the adjective group has a small, non-significant,
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kop pc aux mod |dat sin Ji pc.gen | mas
kop 965%)?%0 95.68 |95.61 |95.60 [95.61 |95.61 [95.61 |95.60 |95.60
95.60
pc 65% 65% 95.61 [95.60 |95.60 |95.60 |95.60 |95.60 |95.60
95.53
aux |61% |63% 57% 95.54 195.54 [95.54 |95.54 |95.54 |95.53
95.52
mod |[60% |60% |54% 2% 95.53 [95.53 |95.53**]95.52* |95.52*
95.52
dat 63% |65% |58% |54% 66% 95.53 [95.53 [95.52 |95.52
. 95.52

sin 63% |[65% |58% |53% |63% 64% 95.53 |95.52 [95.52
.. 95.52

Ji 63% |65% |57% |53% |66% |65% 64% 95.52 [95.52

95.52 .

pc.gen|63% |65% |(57% |52% |66% |65% |64% 66% 95.52

95.52

mas |63% |65% |57% |52% |66% |65% |66% 65% 67%

Table 3: Combinations of groups. Accuracy is reported in the upper right
triangle (o is 0.14 or 0.15 for all combinations), while probability of success
is reported in the lower left triangle. ** means significant at « = 0.01, * at
a = 0.05, the rest at o = 0.001.

positive effect. There are simply too few change instances in the adjective
group to tell if the changes are good or bad.

The best and safest combination, then, would be one with the copula, past
participle, auxiliary, date, and singular groups.

4 Conclusion

In conclusion, it seems as if my initial suspicions about the tagset changes
were partially correct. The added distinction between main and auxiliary verbs
was beneficial for copulas and temporal auxiliaries, but maybe not for modal
verbs, at least not without manual inspection. I also believe that the results
for copulas and temporal auxiliaries could be improved if the noise introduced
was removed.

The conflation of past participle tags with the corresponding tags for adjec-
tives also proved to be a good change, for tagging purposes. If information on
past participles is needed, for example, for parsing, the information could not
trivially be retrieved in a later stage.

Other changes gave a more subtle, but significant, boost to performance,
such as adding the number feature singular to singular cardinals and ordinals,
and the semantic feature date to names of days and months.
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Combination Accuracy | Prob. of success
kop + pc + aux 95.68+0.14 64 (62-65)
+ mod 95.68+0.14 49 (47-52)
+ sin*** 95.68+0.14 64 (57-71)
+ dat™** 95.68+0.14 61 (55-68)
+jj 95.68+0.14 58 (47-69)
+ mod + sin 95.68+0.14 51 (49-53)
+ mod + dat 95.68+0.14 51 (49-53)
+ mod + jj 95.68+0.14 50 (48-52)
+ sin + dat*** 95.6940.14 62 (57-67)
+ sin + jj*** 95.68+0.14 65 (58-71)
+ dat + jj*** 95.69+0.14 63 (57-69)
+ mod + sin + dat 95.68+0.14 51 (49-54)
+ mod + sin + jj 95.68+0.14 51 (49-53)
+ mod + dat + jj 95.68+0.14 51 (49-53)
+ sin + dat + jj*** 95.69+0.14 62 (57-67)
+ mod + sin + dat + jj | 95.69+0.14 52 (50-54)

Table 4: Combinations with the top-3 combination, evaluated against the top-3
combination. *** means significant at « = 0.001, the other changes are not
significant.

Some changes had very few actually changed instances in the corpus, so
they are still dark horses. Two such related changes are the conflation of sev-
eral low-frequency genitive participle and adjective tags into two single tags
(pc.gen and j5.gen). I suspect that a conflation with a corresponding noun
tag would give more generalisation power, as the words are used as nouns.
The change, however, is not trivial, as the participles and adjectives are more
underspecified than the occurring noun tags.

Potentially harmful, although the change in performance was not significant,
were the removal of the form feature abbreviation, and the addition of the
semantic feature set to words representing groups of something.

To add up, the best and safest combination of changes to the SUC tagset,
given the results of the experiments, would be one with changes for copulas,
past participles, auxiliaries, dates, and singulars.
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How to Build an Open Source
Morphological Parser Now

Kimmo Koskenniemi

University of Helsinki
Department of General Linguistics

1 Introduction

This article compares the building of a morphological parser or analyzer some
20-25 years ago to the same task now. Much has changed but some tasks
remain quite similar even if computers have now perhaps 10,000 times larger
memories and disks than then, and their processing speed has become faster
by a comparable ratio.

The building of a morphological parser has become less laborious and faster,
but not by a similar factor. The speed and capacity of the computers is not the
key factor in this case. The bottleneck is still the manual work and linguistic
skill that is required, But, the availability of useful language resources and the
emergence and the spreading of new techniques and methods makes a great
difference when building a morphological parser.

A morphological parser is a central component in many larger applications
and systems of language technology. These often have different requirements,
and therefore the researchers need to test, modify and improve the parser in
various ways. Modification and flexible use of commercial products is not
easy, and therefore the open source aspect in producing a morphological parser
has become relevant and is also discussed.

2 How We Did It in the Past

Morphological parsers were not considered particularly interesting in the 1960s
and 1970s. We usually explain this by noting that English morphology is so
simple that the task is too trivial to deserve much attention. Other languages
were studied to a much lesser degree, and furthermore, every language ap-
peared to have a unique solution. Among the early pioneers were Staffan Hell-
berg who lemmatized the Swedish frequency dictionary (1971), Anna Sagvall
who designed an inflectional analysis of Russian (1973), Jean Meunier, Jean
Boisvert and Francois Denis who did it for French (1976), and M. L. Hann for
German (1974, 1975).

86



Serious interest in the general aspects emerged soon after a wider array of
languages was treated, most notably Martin Kay’s early work (1977), and sub-
sequent investigations of Anna Sagvall Hein on the applicability of Kay’s gen-
eral parsing methods to Finnish inflection (1978, 1980). These were soon fol-
lowed by experiments by Benny Brodda, Gunnel Killgren and Fred Karlsson
in the framework of BETA rewrite rule systems e.g., (Kéllgren, 1981), and a
TEXFIN system of linked minilexicons by Lauri Karttunen and his students
(1981).

The basic work of Ron Kaplan and Martin Kay in the 1970s and 1980s was
published quite late (Kaplan and Kay, 1994) but it affected the contemporary
work in early 1980s. Their work resulted in a framework of finite-state trans-
ducers where phonological alternations could be described in bidirectional
manner, and gave also rise to the two-level morphology (Koskenniemi, 1983)
which was easier to implement on computers of those days.

2.1 Handling the Inflection

Most of us who built morphological parsers in the early days, started with
inflectional rules by picking example words. The morphophonological alter-
nations and the choice of allomorphs in their inflectional forms were carefully
studied. Everything had to be described in terms which were explicit enough
for the computer. Often this required some reorganization of the inflectional
classes listed in dictionaries and grammars. In essence, we had to

e establish classes for lexemes where each class was homogeneous enough
to allow similar mechanical inflection within them and

e implement an inflectional mechanism for each class, so that any new
lexemes entered to that class will be correctly inflected

Actually, most parsing methods of that time were not bidirectional enough to
let the linguist design the parser by thinking in terms of generating the word
forms and then just using the parser in the reverse direction for analyzing word
forms. The testing was, therefore, more time consuming and less reliable than
now because tools, such as the Xerox LEXC and XFST readily produce full
sets of inflectional paradigms which can be inspected for correctness and com-
pleteness (Beesley and Karttunen, 2003).

2.2 Accumulating the Lexicon

Once the example words seemed to function properly, one started to extend the
lexicon. One usually had to follow the hard way, and find the words one by
one. One had to determine the inflectional characteristics of each lexeme using
one’s linguistic intuitions. Only few builders of parsers were lucky enough to
have a computer readable dictionary at their disposal. In this way, much work
could be saved by reusing large vocabularies compiled by others.
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Quite often, though, one could use existing frequency dictionaries or word
form frequency lists computed from the modest corpuses available in those
days. Using such word lists, one could start with the most relevant words and
reach a fair coverage for the parser.

After some initial vocabulary was included, one tested the parser against
corpus texts and incrementally added words encountered in corpuses which
failed to be recognized. In this way, the parser was enhanced and extended
while it was used. Many of the remaining bugs in the inflectional endings
and rules were detected while the lists of unrecognized word forms were stud-
ied. Overgeneration, i.e., cases where the parser would accept ungrammatical
combinations of stems and endings would not be easy to detect in this way.

3 What Is Easier Now

In addition to more powerful computers, we now have more data at our use
and we have technologies such as finite-state calculus, and machine learning
methods, not to mention handy scripting languages such as Python and Perl.

3.1 More Data Available

Nowadays, we have lots of computer readable texts available, maybe 100—
1000 times more than 25 years ago. This helps the building of morphological
analyzers, of course, because larger corpuses contain instances of a larger set
of lexemes. Larger corpuses also have occurrences of lexemes in several in-
flectional forms which makes it possible to guess the base form and inflectional
characteristics of such new lexemes. Evidence from several distinct inflected
forms makes hypotheses more likely, and having several occurrences of a word
form reduces the probability of it being an accidental typo. We have much
more data to be processed, but the improvement of the computers more than
compensates this.

Much textual data is available in various language banks where researchers
can use them, and in collections of international distribution agencies such
as Evaluations and Language Resources Distribution Agency (ELDA) or Lin-
guistic Data Consortium (LDC) from where (even) commercial users can buy
copies of corpuses.

Another new source of text data is the Internet. The web contains enormous
amounts of data accessible for the interested users. One can easily test the
power of Internet as a source by using a search engine such as Google. Just
take a neologism and look for occurrences of its different inflectional forms
(assuming that Google searches for exact occurrences of forms without any
attempts to normalize the occurrences to their base form).

You can try the power of such web corpus data with some newly invented
verb such as a Finnish verb larpata ’performing live action role-playing (LARP)’.
Such a word could not be present in any older lexicon, as the concept and ac-
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tivity is fairly recent. One can go ahead and test whether inflectional forms
of such a (hypothesized) verb occur in the Internet. There will actually be
plenty of hits for all common verbal forms such as larppasivat, larpataan,
larppaan. If you try hypothesized nominal inflections of larpata such as
larpatassa you will not get any hits (or at most sporadic misspellings).

As soon as we have a hypothesis of a lexeme and its inflection, we can thus
test the hypothesis against the corpuses or the Internet. Competing hypotheses
can be ranked and the most likely one chosen.

3.2 Finite-State Calculus

The use of finite-state machines and transducers in language processing ap-
parently dates back to Zellig Harris and the late 1950s according to Joshi
and Hopely (1996). C. Douglas Johnson’s discovered how phonological rules
can be described with finite-state transducers (Johnson, 1972), but it was the
work of Ronald Kaplan and Martin Kay that made the finite-state calculus in
computational linguistics popular. Now this calculus forms the back bone of
Xerox language technology. The finite-state methods have in the course of
time gained wide use and are also available also as open source implementa-
tions such as OpenFST (see Allauzen et al., 2007, for details), SFST by Hel-
muth Schmid at the University of Stuttgart (2005) and Vaucanson by Jacques
Sakarovitch et al., (see Lombardy et al., 2004).

Finite-state methods were present in the early morphological parsers of the
two-level model, but then only in a limited extent. For example, in the orig-
inal and the SIL PC-KIMMO (Antworth, 1990) implementation, the lexicon
is treated as a linked set of letter trees, even if it could as well be represented
as a theoretically more streamlined and clean transducer. The early rule trans-
ducers were constructed manually (and in the PC-KIMMO program this is still
the most common case). With up to date technology, lexicons and rules can, of
course, be compiled to transducers and then intersected and composed into one
single transducer of reasonable size. This allows for optimization and better
speed at run time.

The OpenFST, SFST and Vaucanson software packages are quite robust and
efficient basic finite-state calculi and they can be used in full scale language
technological projects. What they lack, is the kind of sophisticated user inter-
faces (such as XFST, LEXC, TWOLC) which Xerox has developed on top of
its finite-state library.

3.3 Automatic Discovery of Lexical Information

Machine learning could aim at different levels in retrieving lexical information
out of texts. A language independent approach such as what Krister Lindén
has followed, might concentrate in finding good guesses for single unknown
word-forms based on regularities acquired from training data presenting pairs
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of base forms and their inflected forms (Lindén, 2008). On the basis of such
a guesser, the linguist might process unknown words from new texts more
efficiently with much less manual work than in the traditional scheme.

Another approach is to build a guesser as a variant of a finite-state mor-
phological parser where the actual stems of words have been replaced by wild
card expressions allowing any phonologically possible stems, as proposed in
Beesley & Karttunen (2003). This type of an analyzer outputs usually several
possible base form plus morphosyntactic feature combinations. Thus, it is not
optimal as a starting point for collecting new lexical entries if used for isolated
word tokens. On the other hand, if we process a large batch of word-forms at a
time, their collective evidence helps. If there are several forms of a single lex-
eme in the data, each of them will lead to the correct candidate as a common
one. Each word-form will also give rise to sporadic other candidates which
will be less frequent. It can therefore be expected that the base forms which
are proposed based on many distinct forms are more likely correct than those
proposed by fewer forms. With some tuning, this method can produce large
amounts of lexical entries for the less frequent lexemes.

4 Copyrights and Licenses

The use of automatic methods depends more on the availability of data in suf-
ficient quantities. The use of most published materials are controlled by a
commercial publisher. In order to get copies of materials or in order to use
them, one needs to sign a license or otherwise agree on some restrictions. Ear-
lier parsers are also useful if available, but they too are often controlled by
commercial companies.

4.1 Protecting Copyrights

International agreements and European legislation protects the author’s copy-
right to a literary work. These general restrictions as such would not hinder
the development of morphological parsers. Problems arise because commer-
cial interests are associated with the published texts. The publisher is usually
the party that has acquired some exclusive rights and it also possesses the elec-
tronic copy of such works.

The electronic versions of texts and other published materials are partic-
ularly valuable for the publishers and sensitive because, in electronic form,
the materials can be copied without much effort and with no loss in accuracy.
Thus, it is understandable that publishers are often reluctant in releasing their
texts at all, even if appropriate licenses and agreements would be signed. A
publisher may rightfully think that there is little to win and a lot to lose. If a
material leaks to the Internet, there is no way to undo the loss. The institute
or researcher causing the damage will most probably be unable to compensate
the damage.
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Many publishers, however, consider language technological modules use-
ful for their core operations. Therefore many publishers are willing to take
controlled risks by licensing their texts for research use, but then they need
partners and arrangements which they can rely on. A part of these arrange-
ments consists of licenses which the users must sign and comply with. The
problematic point with these licenses is that they often are too strict.

It is quite typical that the publisher only allows academic use and forbids
any commercial use. Furthermore, the license often requires that the materials
must remain within the premises or computers of the institute. This used to
be quite acceptable in the era of mainframe computers, but nowadays, many
researchers would prefer to have a copy of the material on their desktop com-
puter or accessible through the net.

4.2 Protecting Products and Markets

Commercial owners of parsers typically have an interest to prevent competition
on a market where they have a product. Thus they do not let even academic
researchers, let alone other commercial companies, to have the source code of
the programs or source files of lexicons of their products. The improvement or
adjusting parsers to specialized or more challenging needs is not possible.

Sometimes, the owner of a parser would allow the user to improve the sys-
tem indirectly by sending feedback. In such cases, the commercial company
usually requires the full control over such additions. This may discourage the
academic users so that they have no motivation to produce substantial additions
or revisions to such products.

4.3 Open Source Aspects

Open source is a way of allowing and encouraging joint development of free
software. There are many open source licenses, and many more which refer to
another aspect of freeness, i.e., the fact that they do not charge for the program.
Here, we stress the freeness in a way the General Public License (GPL) inter-
prets it, i.e., that one is free to modify and use and do almost anything except
transform the free program into a non free one.

Open source licenses like GPL do not allow restrictions for their use, e.g., a
GPL program may not forbid any type of use, not even commercial use. This
requirement contradicts with restrictions for exclusively academic use, which
is often stated for corpuses, not to mention digital lexical materials.

S A Plan and Work in Progress

We have started a project is called “Open source Morphology for Finnish”, or
OMorFi which aims to produce a morphological parser which could be freely
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modified and developed for research purposes, but also used as part of open
source software.

5.1 Initial Lexicon

The Research Centre for Languages in Finland (Kotus) as published a word
list under the Lesser General Public License (LGPL) which allows the use of
the word list and works derived from it in conjunction with other (even non
free programs). The list contains about 100,000 word entries with information
on their inflectional and consonant gradation characteristics. OMorFi uses this
list as a starting point and aims at producing a parser under the LGPL license.

Mr. Tommi Pirinen is completing his Master’s thesis on converting the
above word list into the formalism of SFST finite-state package (Schmid, 2005).
This thesis work makes the verb, noun and adjective entries operational, but
omits adverbs, pronouns etc. in the first stage. The word list being under
LGPL and SFST under GPL license, the resulting transducer is clearly still
under LGPL license, because a computer program does not create intellectual
works and the GPL license does not imply any additional claims on the output
of a such a free program.

5.2 Extending the Lexicon

The Language Bank of Finland includes texts totaling to some 100 million
word tokens under a license which allows their use both for research purposes
and for producing language technological modules which do not violate as
such the original copyright of the text. Using this material, one may produce
further entries using the above methods. When included in the word list, these
new ones will also fall under LGPL.

If all contributors are required to submit their additions under LGPL and
tools, such as heuristic programs to extract lexical entries, under GPL or LGPL,
then the improving result stays safely under LGPL. On the other hand, it ap-
pears to be vise to follow the practices of Mozilla.org and require that the
contributors share their copyright with the department or the university. Thus,
there is some party which can issue all of the resulting system under other li-
censes, if that turns out to be needed in future. This may indeed, be necessary
when combining a parser with other open source software, if the other license
is not directly compatible with GPL or LGPL.

5.3 Further Tools

The SFST is not quite as convenient as the Xerox tools for describing Finnish
morphology. The treatment of morphophonological alternations is a bit clumsy
as the full compilation of two-level rules is not supported as nicely as in the
Xerox TWOLC. The description of the rich sets of endings and their sequences
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is also less natural in SFST than in Xerox LEXC which supports the concept
of interlinking sublexicons.

Thus, one student, Miikka Silfverberg, is in the process of implementing
a two-level compiler on top of the SFST finite-state calculus. He will use
the formulas invented by Anssi Yli-Jyrd which simplifies and generalizes the
compiling of the rules into transducers. Another student may start a project
on producing an open source lexicon compiler on a similar platform. Multiple
compatibility between some existing systems such as the SFST, PC-KIMMO,
XFST and versions of the original two-level implementation is aimed.

In addition to SFST, there are other open source implementations of the
finite-state calculus, most notably OpenFST and Vaucanson. A work is in
progress to produce an interface layer, HFST (Helsinki FST), which provides
a unified API for these three. Then, the finite-state tools would become more
independent from any particular basic finite-state software they are using. One
can then select the fastest or otherwise best package for a particular task. Such
a setting is expected to boost the tuning and development of the packages by
their original developers.

Other uses for the tools are also possible. Using the resulting transducers
would be particularly easy in web applications because the code needed for
running a transducer is very simple. Any language and several different types
of applications can be handled with the same simple code. Such web pages
could, of course, demonstrate the current capabilities of the morphological
parser and attract more contributors and users as well as implement directly
useful information retrieval or other functions.

Yet another possibility is to implement an intelligent entry generator which
would be open for the public. Many users of open source software, such as
OpenOffice, would probably be motivated to contribute to the enhancement
of the lexicon and spend some effort in order to benefit from better spelling
checking in future. They could use a service where such cooperative users can
enter missing words using a web page which dynamically assists in determin-
ing the exact inflectional properties of the words to be added.

5.4 Future

The European Union has started the preparatory phase of an infrastructure
called CLARIN, Common Language Resource and Technology Infrastructure.
Quite soon, there will bee a need for dozens of morphological parsers to sup-
port the multilingual services of CLARIN. It would be very useful for the
design and maintenance of CLARIN software, if all these language modules
would be software-wise compatible. Finite-state transducers would be almost
optimal in this sense, as the common programs only need to run different trans-
ducers. There is no need to program language specific features because a suit-
able transducer for each language (which are data for the programs), can han-
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dle those idiosyncracies. Wide ranges of languages, even minority languages
can, thus, be served with the same run time program.
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1 Introduction

Language resources such as corpora consisting of annotated texts and
utterances have been shown to be a central component in language studies
and natural language processing as they, when carefully collected and
compiled, contain authentic language material capturing information about
the language. Corpora are shown to be useful in language research allowing
empirical studies, as well as for various applications in natural language
processing. During the last decade, researchers’ attention have been directed
to building parallel corpora including texts and their translations as they
contain highly valuable linguistic data across languages. Methods have been
developed to build parallel corpora by automatic means, and to reuse
translational data from such corpora for several applications, such as
machine translation, multi-lingual lexicography and cross-lingual domain-
specific terminology. Parallel corpora exist for many language pairs, mainly
European languages with special focus on Western-Europe.

In the past few years, efforts have been made to annotate parallel texts on
different linguistic levels up to syntactic structure to build parallel treebanks.
A treebank is a syntactically annotated text collection, where the annotation
often follows a syntactic theory, mainly based on constituent and/or
dependency structure (Abeillé, 2003). A parallel treebank is a parallel corpus
where the sentences in each language are syntactically analyzed, and the
sentences and words are aligned.

The primary goal of our work is to build a linguistically analyzed,
representative language resource for less studied language pairs dissimilar in
language structure to be able to study the relations between these languages.
The aim is to build a parallel treebank containing various annotation layers
from part of speech tags and morphological features to dependency
annotation where each layer is automatically annotated, the sentences and
words are aligned, and partly manually corrected. The work described here
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is part of the project Supporting research environment for minor languages
initiated by professor Anna Sagvall Hein at Uppsala University. The project
aims at building various types of language resources for Turkish and Hindi.
We choose Swedish and Turkish, a less studied and typologically dissimilar
language pair, to serve as a pilot study for building parallel treebanks for
other language pairs. Therefore, efforts are put on developing a general
method and using tools that can be applied to other language pairs easily.

The components of the language resource are texts that are in translational
relation to each other and syntactically analyzed, and tools for the automatic
analysis and alignment of these languages. To build a parallel corpus, we
reuse existing resources and create necessary tools for the automatic
processing and alignment of the parallel texts in these languages. The
purpose is to build the corpus automatically by using a basic language
resource kit (BLARK) for the particular languages and appropriate tools for
the automatic alignment and correction of data. We use tools that are user-
friendly, understandable and easy to learn by people with less computer
skills, thereby allowing researchers and students to align and correct the
corpus data by themselves. The parallel treebank is intended to be used in
linguistic research, teaching and applications such as machine translation.

The paper is organized as follows: section 2 gives an overview of parallel
corpora in general and parallel treebanks in particular; section 3 describes
the parallel treebank, the methods used for building the treebank and the
tools used for visualization, correction and investigation of the treebank. In
section 4, we suggest some further improvements and lastly, in section 5, we
conclude the paper.

2 Parallel Corpora and Parallel Treebanks

A parallel corpus is usually defined as a collection of original texts translated
to another language where the texts, paragraphs, sentences, and words are
typically linked to each other. One of the most well-known and frequently
used parallel corpora is Europarl (Koehn, 2002) which is a collection of
material including 11 European languages taken from the proceedings of the
European Parliament. Another parallel corpus is the JRC-Acquis
Multilingual Parallel Corpus (Steinberger et al., 2006). It is the largest
existing parallel corpus of today concerning both its size and the number of
languages covered. The corpus consists of documents of legislative text,
covering a variety of domains for above 20 languages. Another often used
resource is the Bible translated to a large number of languages and collected
and annotated by Resnik et al. (1999). The OPUS corpus (Tiedemann and
Nygaard, 2004) is another example of a freely available parallel language
resource.

There are, of course, many other parallel corpus resources that contain
sentences and words aligned in two languages only. Such corpora often exist
for languages in Europe, for example the English-Norwegian Parallel Corpus
(Oksefjell, 1999) and the ISJ-ELAN Slovene-English Parallel Corpus
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(Erjavec, 2002). It is especially common to include English as one of the two
languages in the pair. Parallel corpora that do not include English or another
European language are rare.

Parallel treebanks belong to a fairly new type of language resource,
consequently we find a smaller amount of resources of this type available.
The Prague Czech-English Dependency Treebank (Hajic et al., 2001) is one
of the earliest parallel treebanks, containing dependency annotation. The
English-German parallel treebank (Cyrus et al., 2003) is another resource
with multi-layer linguistic annotation including part of speech, constituent
structures, functional relations, and predicate-argument structures. There are
also small parallel treebanks including Swedish as one of the languages
under development. The Linkdping English-Swedish Parallel Treebank, also
called LinES (Ahrenberg, 2007) contains approximately 1200 sentence pairs,
annotated with PoS and dependency structures, and the Swedish-English-
German treebank, SMULTRON (Gustafson-Capkova et al., 2007), annotated
with PoS and constituent structures.

In most parallel corpora including parallel treebanks, we find English and
other structurally similar languages. However, there is a need to develop
language resources in general, and parallel corpora and treebanks in
particular, for other language pairs. Next, we describe the development of
our Swedish-Turkish parallel treebank.

3 The Swedish-Turkish Parallel Treebank

First, we present the content and the annotation procedure of the treebank,
then we give an overview of the tools that we use for the visualization and
correction of the corpus annotation.

3.1 Corpus Content

The corpus, which has been previously described (Megyesi et al., 2006;
Megyesi & Dahlqvist, 2007; and Megyesi et al., 2008) consists of original
texts — both fiction and technical documents — and their translations from
Turkish to Swedish and from Swedish to Turkish with the exception of one
text which is a translation from Norwegian to both languages. In table 1, the
corpus material is summarized.

The corpus consists of approximately 165,000 tokens in Swedish and
140,000 tokens in Turkish. Divided into text types, the fiction part of the
corpus includes 76,877 tokens in Swedish, and 55,378 tokens in Turkish.
The technical documents are larger and contain 90,901 tokens in Swedish,
and 85,171 tokens in Turkish. The current material presented here serves as
pilot linguistic data for the Swedish-Turkish parallel corpus. We intend to
extend the material to other texts, both technical and fiction, in the future.

98



Document: Fiction # Tokens # Types
The White Castle — Swedish 53232 7748
The White Castle — Turkish 36684 12472
Sofie’s world — Swedish 6488 1466
Sofie’s world — Turkish 4800 2215
The Royal Physician’s Visit — Swedish 17157 3932
The Royal Physician’s Visit — Turkish 13894 5456
Document: Non-fiction

Islam and Europe — Swedish 55945 10977
Islam and Europe — Turkish 48893 14128
Info about Sweden — Swedish 24107 4576
Info about Sweden — Turkish 23660 7119
Retirement — Swedish 3417 818
Retirement — Turkish 3664 1188
Dublin — Swedish 392 169
Dublin — Turkish 394 230
Pregnancy — Swedish 949 409
Pregnancy — Turkish 1042 567
Psychology — Swedish 347 193
Psychology — Turkish 281 220
Movement — Swedish 543 300
Movement — Turkish 568 369
Social security — Swedish 5201 846
Social security — Turkish 6669 2025

Table 1: The corpus data divided into text categories with number of tokens
and types.

3.2 Corpus Annotation

The corpus material is processed automatically by using various tools
making the annotation, alignment and manual correction easy and
straightforward for users with less computer skills. This is necessary, as our
ambition is to allow researchers and students of particular languages to
enlarge the corpus by automatically processing and correcting the new data
by themselves.

First, the original materials, i.e., the source and target texts received from
the publishers in various formats are cleaned up. For example, rtf, doc, and
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pdf documents are converted to plain text files. In the case of the original
pdf-file, we scan and proof-read the material and, where necessary, correct it
to ensure that the plain text file is complete and correct. After cleaning up
the original data, the texts are processed automatically by using tools for
formatting, linguistic annotation and sentence and word alignment. Figure 1
gives an overview of the main modules in the corpus annotation procedure.

| Source text | | Target text |

1 Il

| Formatting |

1

| Linguistic analysis |

I

| Sentence alignment |

1l

| WAWord aligniment |

I

| Aligned source and target text |

Figure 1: The modules of corpus annotation.

During formatting, the texts are encoded using UTF-8 (Unicode) and marked
up structurally using XML Corpus Encoding Standard (XCES) for the
annotation format. The plain text files are then processed by various tools in
the BLARKSs developed for each language separately when necessary. A
sentence splitter is used to break the texts into sentences, and a tokenizer is
used to separate words from punctuation marks.

Once the sentences and tokens are identified, the data is linguistically
analyzed. For the linguistic annotation, external morphological analyzers,
part of speech taggers and syntactic dependency parsers are used for the
specific languages. We use several annotation layers for the linguistic
analysis, first on a morphological level, then on a syntactic level.

The Swedish texts are morphologically annotated with the Trigrams ’n’
Tags part of speech tagger (Brants, 2000), trained on Swedish (Megyesi,
2002) using the Stockholm-Umed Corpus (SUC, 1997). The tokens are
annotated with parts of speech and morphological features and are
disambiguated according to the syntactic context. The results for the
morphological annotation of Swedish show an accuracy of 96.6%. The most
erroneous tags in the materials are: 1) proper nouns which should be tagged
as common nouns, ii) particles which should be tagged as adverbs, iii)
prepositions which should be annotated as particles or adverbs, iv) nouns
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with wrong morphological analysis and finally v) participles which should
be tagged as verbs. These errors constitute 46% of all errors.

The Turkish material is analyzed morphologically by using an automatic
morphological analyzer developed for Turkish (Oflazer, 1994). Each token
in the text is segmented and annotated with morphological features including
part of speech. The Turkish material is morphologically analyzed and
disambiguated using a Turkish analyzer (Oflazer, 1994) and a disambiguator
(Yuret and Tire, 2006). Evaluation of the Turkish tagging and
disambiguation shows an average accuracy of 78.6%. Problematic
confusions in the Turkish tagging seems to be between i) determiners and
numerals, ii) postpositions in nominative and postpositions in genitive, and
iii) determiners and pronouns. These errors account for 24.9% of all errors.

<s id="s11.4">

<w pos="DT_UTR_SIN_IND" head="3" deprel="DET" id="w11.4.1">Néagon</w>

<w pos="JJ_POS_UTR_SIN_IND_NOM" head="3" deprel="DET" id="w11.4.2">annan</w>

<w pos="NN_UTR_SIN_IND_NOM" head="4" deprel="sSUB" id="w11.4.3">titel</w>

<w pos="VB_PRT_SFO" head="0" deprel="ROOT" id="w11.4.4">fanns</w>

<w pos="AB" head="4" deprel="ADV" id="w11.4.5">inte</w>

<w pos="MAD" head="4" deprel="1p" id="w11.4.6">.</w>

</s>

<s id="s10.5">

<w pos="+Ad;j" head="3" deprel="MODIFIER" id="w10.5.1">Baska</w>

<w pos="+Num+Card*DB+Noun+Zero+A3sg+Pnon+Nom" head="6" deprel="SUBJECT"
id="w10.5.2">bir</w>

<W pos="+Noun+A3sg+Pnon+Nom" head="6" deprel="0BIJECT" id="w10.5.3">baglik</w>

<W pos="+Adj"DB+Verb+Zero+Past+A3sg" head="0" deprel="ROOT" id="w10.5.4">yoktu</w>

<w pos="+Punc" head="6" deprel="PUNC" id="w10.5.5">.</w>

</s>

Figure 2: An example of morphological and syntactic annotation in XCES
format.

The other linguistic layer contains information about the syntactic analysis.
For the grammatical description, we choose dependency rather than
constituent structures, as the former has been shown to be well suited for
both morphologically rich and free word order languages such as Turkish,
and for morphologically simpler languages, like Swedish. Both the Swedish
and the Turkish data are annotated syntactically using MaltParser (Nivre et
al., 2006a), trained on the Swedish treebank Talbanken05 (Nivre et al.,
2006b) and on the Metu-Sabanci Turkish Treebank (Oflazer et al., 2003),
respectively. MaltParser was the best performing parser for both Swedish
and Turkish in the CoNLL-X shared task on multilingual dependency
parsing (Buchholz and Marsi, 2006), with a labeled dependency accuracy of
84.6% for Swedish and 65.7% for Turkish. Currently, we manually correct
the syntactic annotation in each language. Figure 2 illustrates an example
taken from Orhan Pamuk’s book The White Castle, showing the
morphological and syntactic annotation from the formatter and analyzers for
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the sentence “Some other title did not exist.” in Swedish and Turkish in
XCES format.

After the linguistic analysis, the sentences are aligned automatically, and
the words are linked to each other in the two languages. We use standard
techniques for the establishment of links between source and target language
segments. Paragraphs and sentences are aligned by using the length-based
approach developed by Gale and Church (1993).

Once the sentences are aligned in the source and target language, we send
it for manual correction to a student who speaks both languages. We
automatically compare the links before and after the manual correction and
the user gets statistics about the differences. The results show that between
67% and 94% of the sentences were correctly aligned by the automatic
sentence aligner depending on the text type.

Lastly, phrases and words are aligned using the clue alignment approach
(Tiedemann, 2003), and the toolbox for statistical machine translation
GIZA++ (Och and Ney, 2003). Results show that the word aligner aligned
approximately 69% of the words correctly.

In addition to the automatic morpho-syntactic annotation and alignment,
we correct the linguistic analysis and links manually, and visualize the
corpus in different ways without showing the structural markup when used,
for example, in teaching. These tools will be described next.

3.3 Tools for Visualization and Correction

In the project, our goal is to reuse and further develop freely available,
system independent, user-friendly tools for the annotation, visualization,
correction and search in our corpus, both considering the mono-lingual and
the parallel treebanks.

As basis for the annotation, we use the Uplug toolkit which is a collection
of tools for processing corpus data, created by Jorg Tiedemann (2003).
Uplug is used for sentence splitting, tokenization, tagging by using external
taggers, and paragraph, sentence and word alignment. All the essential
processing tools are implemented in a graphical interface, UplugConnector
(Megyesi and Dahqvist, 2007) which accesses both the modules in the Uplug
toolkit (Tiedemann, 2003), and other programs for linguistic annotation.

The Uplug package consists of a number of perl scripts accessible by line
commands with a large number of options and sometimes utilizing piping
between commands. To facilitate easier access and usage of these scripts, a
graphical user interface, UplugConnector, was developed in Java for the
project. Here, the user can in a simple fashion choose a specific task to be
performed and let the graphical user interface (GUI) set up the proper
sequence of calls to Uplug and subsequently execute them. Figure 3 below
illustrates the Uplug Connector interface.

The user can optionally give the location of the source and target files,
decide where the output should be saved, and specify the encoding for the
input and output files. For the markup, basic structural markup, sentence
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segmentation, and tokenization are available. Further, the Uplug Connector
GUI has been constructed to give the possibility to include calls to new
scripts outside Uplug for complementary analysis, when such needs arise.
The user can easily access another resource if the available ones do not fit
his/her needs, for example an external tokenizer, sentence splitter, tagger or
parser. In the toolkit, the user can also call for the sentence and word
aligners and their visualization tools.

I 1 Uplug Connector 1.12 i [)j
thuc
Source file: Source encoding: Full markup 1 ) Swe tagger TnT ! Sent link
Open... utf-8 : O Full markup 2 _' Eng tagger Grok Word link
. Struct markup ' SweDepParse MALT Eiling dict
[ Sent split () TurkDepParse MALT ) Dict to huml
Output file: Output encoding: Tokenizer 1 ) LinkViz
open... “lf’ﬂﬁ 121 ) Tokenizer 2 Run

Figure 3: The Uplug Connector.

As the XML representation of the result is not user friendly even for people
used to this kind of annotation, we use various interfaces for the
visualization of the linguistic annotation and alignment results. In addition,
since the automatic alignment generates some errors, we also use tools for
the manual correction of these.

As a tool for the correction of the sentence alignment, we choose the
system ISA (Interactive Sentence Alignment) developed by Tiedemann
(2006). ISA is a graphical interface for automatic and manual sentence
alignment which uses the alignment tools implemented in Uplug. It handles
the manual correction of the sentence alignment in a user-friendly,
interactive fashion. Figure 4 shows ISA with the aligned sentences taken
from Orhan Pamuk’s book The White Castle.
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ISA & ICA / Interactive Sentence Alignment / vitalsvtu

previous page | 10 | 20 | 50 | 100 | 200 | next page >

»5 char | <10 sentences ¥ cognates

XCFS Alian ¥ yourmall@host

s15.45  Nar jag sade att jag gjorde det, slapp jag dran och kunde dven!i Anladigmu séyleyince hem kiirege verilmekten kurtuldum, hem s19.6
ridda en och annan av mima bécker. i de bir ik kitabmu kortarnms oldum.
$15.46 Men zven det har privilegiet stod mig dyrt. i Ama bu ayricab@m da bana pahalya patlads. $20.1
515.47 Alla andra kristna som sattes vid droma foraktade mig. || Kirege verilen oteki Huistiyanlar hemen benden nefret ettiler.  s20.2
$15.48  Om de bara hade vagat skulle de ha dodat mig i lagerutrymmet i Ellerinden gelse geceleri birlikte kapatidigznmz ambarda $20.3
som vi stingdes in i pa nitterna, men de var ridda, eftersom jag!: oldiinlerdi beni, ama Tirklerle hemen iligki kurdugum igin
genast hade etablerat kontakt med turkarna. ;:korkuyorlard: da
$15.40 Vr fega kapten som spetsats pa pile hade nyss dott och som et} Kazga oturtulan korkak kaptamnuz yeni slmiisti. kubagelar,  £20.4

varnande exempel hade de skurit av nésan och Gronen pa dem
som hade piskat slavarma och sankt ner de i havet, pa en liten
flotte.

burnunu Lulagin kesip ibret olsun diye bir sala koyup denize
buaknuglards.

Nir jag behandlat siren pa nagra turkiska soldater, mer med
Lyl av mitt foruuft in mina kunskaper i anatomi, och nér de

dessutom tillfrisknade av sig sjalva. trodde alla pa att jag var
lakare.

Anatomi bilgimi degil de. akliu kullanarak tedavi ettigim birkag $20.5
Tiurk'tin yarasm kendilifinden kapanmea herkes hekim oldugzuma

nand.

om och mestadels beskéda fran land med sorg och tristess men

5135.51 Aven nigra av mina avundsjuka fiender, som till turkarna sade}i Tirklere hekim olmadiginu soyleyen baz kuskang dismanlonm 5206
att jag inte var likare . visade mig sina shr i lngerutrynumet pifibile geceleri ambarda bana yaralaruu gosterdiler ;
natterna.
515.52 Vi seglade in till Istanbul med pompa och stat. jTstanbul'a gosterisli bir torenle girdilc. s21.1 i
515.53 Sultanen, annu ett barn, lar ha beskadat firandet. i Cocuk padisah bizi seyrediyormus $21.2
s15.54 De hissade upp fanor i alla master. under dem hanede vara | Biitiin direklerin tepesine sancaklar geltiler, alflarma da bizim  521.3
flaggor. ikoner med moder Maria pi och korsen uppochnedy bayraklan, Meryem Ana tasvirlerini, haglan fersinden asip L
inda och de lat stadens hetlevrade man skjuta pilar pa dem. i ilhanbeylerine asagdan oklattidar.
s15.55 Kanonsalvorna danade mot himlen och fick marken att skaka. {iDerken toplar veri gogi inletmeye baslady s21.4
515.56  Fiandet liksom si ménga andra jag senare skulle i vara med Sonralart. birgogunu karadan hizon, biklnhk ve negeyle $21.5

seyrettizin toren gok uzun sirdii, ginesten bayianlar oldu.

Figure 4: ISA showing the aligned sentences from The White Castle.

For displaying the corrected sentence output from ISA after manual
correction of the alignment together with the linguistic analysis, a script
utilizing the structural XML-parser Hpricot (2006) was developed. It takes
as input the tagged XML-files for the language pair together with the XML
file containing the sentence alignment results produced by ISA and generates
an HTML-file which displays the sentences aligned together with the
morphological information for each word shown in pop-up windows as
shown in figure 5. The visualization tool makes it easier for students and
researchers to study the part of speech and inflectional features of the words
and chosen structures for translation than the structurally marked up version

of the corpus.

SL6  »Att tinka sig att en person som

" Alakamiz1 uyandiran bir kimseyi ,

forbryllar oss , har tilltréde till ett sétt bizce mechul ve mechulliigi

att leva som dr okdnt och som kénns

derecesinde cazibeli bir hayatin

mera attraktivt for dess mystik , att tro unsurlarma karigmig sanmak ve hayata

att vi kommer att borja leva endast

ancak onun sevgisiyle

genom dennes kiirlek -vad annat &r det girebilecegimizi diiglinmek bir agk

,n bdrjan pd en stor passion ? «

Figure 5: Visualization of aligned sentence pairs with linguistic annotation shown in

the pop-up window.
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To visualize the word alignment result in a simple way, a new script for
HTML-visualization of the word alignment result was included in the
UplugConnector. This takes as input the text file with word link information
produced by Uplug, see figure 6, and shows the word-pair frequencies. This
visualization actually presents a bilingual lexicon created from the source
and target language data.

Sofies varld

Nr Frekvens Svenska Turkiska
1 62 !
2 58
3 58 ? ?
1 34 ;
3 29 och ve
6 23 Sofie Sofie
7 18 Men Ama
8 17 en bir
9 14 ! !
0 14

Figure 6: HTML-visualization of word alignment.

For the visualization and correction of the parallel syntactic trees, we
choose Stockholm Tree Aligner (Lundborg, et al., 2007).1 The tool allows
the user to create links between corresponding nodes in two treebanks, hence
allowing word and phrase alignment correction between our languages. The
tool also contains a search function that implements the TigerSearch Query
Language with additions for searching alignments. The visualization with
Stockholm Tree Aligner for the sentence “Some other title did not exist.” is
visualized as syntactic trees for Turkish and Swedish showing the
dependency relations between the elements in each sentence in figure 7.

4  Further Developments

In the near future, we are going to apply the automatic annotation procedure
on other languages of different types, such as Hindi and Persian and study
the differences between the language pairs and the effects on the
construction of parallel treebanks.

ISee http://www.ling.su.se/dali/downloads/trecaligner/index.htm.
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Figure 7: Dependency relations in Turkish and Swedish for the same
sentence.

5 Conclusion

We have presented a Swedish-Turkish parallel treebank — a less processed
language pair — containing approximately 165,000 tokens in Swedish, and
140,000 tokens in Turkish. The treebank is automatically created by re-using
and adjusting existing tools for the automatic alignment and its visualization,
and basic language resource kits for the automatic linguistic annotation of
the involved languages. The automatic annotation and alignment is also
partly manually corrected. The treebank is already in use in language
teaching, primarily in Turkish.
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1 Introduction

Treebanks, or syntactically annotated corpora, are an invaluable resource for
the development and evaluation of syntactic parsers, as well as for empirical
research on natural language syntax. Treebanks for Swedish have a long and
venerable history, represented by the pioneering work on Talbanken (Einars-
son, 1976a,b) and SynTag (Jirborg, 1986). In recent years, however, treebank
development for Swedish has mostly been limited to smaller projects, such as
the reconstruction of Talbanken into TalbankenO5 (Nivre et al., 2006), efforts
to create a Swedish treebank with texts from the medical domain (Kokkinakis,
2006), and development of small parallel treebanks for Swedish-English-German
(Gustafson—éapkové et al., 2007), and Swedish-English (Ahrenberg, 2007).
As a consequence, there is still no Swedish treebank of the same scale as the
largest available treebanks, such as the Penn Treebank for English (Marcus
etal., 1993) or the Prague Dependency Treebank for Czech (Haji€ et al., 2001).

Given the high cost of manual annotation and post-editing in treebank de-
velopment, the possibility to reuse existing annotated resources is potentially
of great importance. Often the efficient reuse of such resources is hampered
by the fact that different resources, even for the same language, have been de-
veloped with different annotation guidelines or encoding standards. In many
cases, however, it is possible to overcome these obstacles through a process of
cross-corpus harmonization and annotation projection.

In this paper, we describe an ongoing project with the aim of bootstrap-
ping a large Swedish treebank, ultimately with a size of about 1.5 million to-
kens, by reusing two existing annotated corpora: the previously mentioned
treebank Talbanken, consisting of about 350,000 tokens, and the more re-
cent Stockholm-Umea Corpus (Ejerhed and Killgren, 1997), a part-of-speech-
tagged corpus of about 1.2 million words. This treebanking effort is part of the
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project Methods and Tools for Automatic Grammar Extraction, supported by
the Swedish Research Council and initiated by Anna Ségvall Hein at Uppsala
University. Besides treebank development, this project involves research on
grammar induction with evaluation in the context of machine translation.

The paper is structured as follows. We first give an overview of the project
and the different steps needed to develop a new treebank from existing re-
sources and then focus on the two most interesting steps: the harmonization
of tokenization and sentence segmentation, and the projection of annotation
from one corpus to the other using data-driven taggers and parsers. The lat-
ter step also involves annotation refinement, where the syntactic annotation in
Talbanken is extended and modified to better suit present-day requirements Fi-
nally, we briefly discuss how much is gained by reusing existing corpora and
annotation, as opposed to creating a new treebank from scratch.

2 Bootstrapping a Large Swedish Treebank

Our ultimate goal is to produce a Swedish treebank containing 1.5 million to-
kens by reusing two existing annotated corpora. In section 2.1, we describe
important properties of the two corpora; in section 2.2 we describe the ma-
jor steps that need to be taken to reuse them as part of a single, consistently
annotated treebank.

P10835069001 0000 « GM 074
P10835069002 *DEN PODPHH SS 074
P10835069003 1000 RC SSET 074
P1083506900410002 SOM PORPHH SS 074
P1083506900510002 VANTAR VVPS FV 074
P1083506900610002 MED PR OAPR 074
P1083506900710002 1100 IF OA 074
P1083506900811003 ATT M M 074
P1083506900911003 TA VVIV v 074
P1083506901011003 UT ABZA PL 074
P1083506901111003 ALDERSPENSIONEN NNDDSS OO 074
P1083506901210002 TILL PR TAPR 074
P1083506901310002 EFTER PR TATAPR 074
P1083506901410002 67-ARSMANADEN NNDDSS TATA 074
P10835069015 FAR FVPS FV 074
P10835069016 HOGRE AJKP OOAT 074
P10835069017 PENSION NN 00 074
P10835069018 . P P 074

Figure 1: Annotated sentence from Talbanken: Den som vintar med att ta ut
alderspensionen till efter 67-arsmanaden far hdgre pension (Those who do not
claim their old age pension until after the 67-year month get a higher pension).
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2.1 Component Corpora

Talbanken (Einarsson, 1976a,b) is a syntactically annotated corpus, containing
both written and spoken Swedish, produced in the 1970s at the Department of
Scandinavian Languages, Lund University, by a group led by Ulf Teleman. In
total, the corpus contains about 350,000 tokens, divided into 200,000 tokens
of written text (professional prose and high school essays) and 150,000 tokens
of spoken language (interviews, debates, and informal conversations). The an-
notation consists of two layers: a lexical layer, with parts of speech and mor-
phosyntactic features, and a syntactic layer, with a relatively flat phrase struc-
ture and grammatical functions (or dependencies). The annotation scheme,
known as MAMBA, is described in Teleman (1974) and illustrated in figure 1,
which shows a small extract from Talbanken.

The main asset of Talbanken, from our point of view, resides in the syntac-
tic annotation, which contains enough information to support the extraction of
both phrase structure and dependency structure representations, as shown in
Nilsson et al. (2005) and Nivre et al. (2006), and therefore provides a good
base representation for a treebank. Moreover, since Talbanken is by far the
largest available corpus of Swedish with manually validated syntactic annota-
tion, including it in the new treebank not only lets us reuse a manually vali-
dated syntactic annotation of 350,000 tokens, but also gives us a good basis for
training parsers that can be used in the annotation of additional data.

The Stockholm-Umea Corpus (SUC) (Ejerhed and Kallgren, 1997) is a bal-
anced corpus of written Swedish, modeled after the Brown Corpus and similar
corpora for English, developed at Stockholm University and at Umea Univer-
sity in a project led by Gunnel Killgren and Eva Ejerhed. The corpus consists
of 1.2 million tokens of text from a variety of different genres, the corpus en-
coding follows the guidelines of the Text Encoding Initiative (TEI), and the
annotation includes lemmatization, parts of speech, morphosyntactic features,
and named entities. Since SUC was first released in the 1990s, its annotation
scheme has become a de facto standard for Swedish, especially in research
on part-of-speech tagging, where SUC data is standardly used for training and
evaluation (see, e.g., Carlberger and Kann, 1999; Nivre, 2000; Megyesi, 2002).
The annotation scheme is illustrated in figure 2, which shows a small extract
from the corpus.

Given that SUC is a larger and more recently developed corpus, which has
been extensively used to train taggers and other tools for Swedish, it makes
sense to use SUC as a model for the new treebank wherever possible, thus
minimizing the need for (new) manual validation and maximizing the con-
formance with current practice in Swedish language technology. This means,
among other things, that principles of tokenization and sentence segmentation
should be kept intact in SUC but modified for Talbanken in cases of conflict.
We will refer to this as the harmonization of tokenization and sentence seg-
mentation. The same holds for the annotation of parts of speech and mor-
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<s id=fh06-089>

<w n=1487>Senare<ana><ps>AB<m>KOM<b>sen</w>

<w n=1488>pa<ana><ps>PP<b>pa</w>

<w n=1489>1940-talet<ana><ps>NN<m>NEU SIN DEF NOM<b>1940-tal</w>
<w n=1490>byggde<ana><ps>VB<m>PRT AKT<b>bygga</w>
<NAME TYPE=PERSON>

<w n=1491>John<ana><ps>PM<m>NOM<b>John</w>

<w n=1492>von<ana><ps>PM<m>NOM<b>von</w>

<w n=1493>Neumann<ana><ps>PM<m>NOM<b>Neumann</w>
</NAME>

<w n=1494>i<ana><ps>PP<b>i</w>

<NAME TYPE=PLACE>

<w n=1495>Princeton<ana><ps>PM<m>NOM<b>Princeton</w>
</NAME>

<w n=1496>i<ana><ps>PP<b>i</w>

<NAME TYPE=PLACE>

<ABBR>

<w n=1497>USA<ana><ps>PM<m>NOM<b>USA</w>

</ABBR>

</NAME>

<w n=1498>sina<ana><ps>PS<m>UTR/NEU PLU DEF<b>sin</w>
<num>

<w n=1499>forsta<ana><ps>RO<m>NOM<b>forsta</w>

</num>

<w n=1500>datamaskiner<ana><ps>NN<m>UTR PLU IND NOM<b>datamaskin</w>
<d n=1501>.<ana><ps>MAD<b>.</d>

</s>

Figure 2: Annotated sentence from the Stockholm-Umea Corpus: Senare pa
1940-talet byggde John von Neumann i Princeton i USA sina forsta datamask-
iner (Later in the 1940s John von Neumann at Princeton in the USA built his
first computers).

phosyntactic features, where the kind of annotation used in SUC has to be
projected to Talbanken, which unfortunately uses a different scheme.! Since
no simple mapping exists from the Talbanken scheme to the SUC scheme (nor
in the other direction), this projection will have to be induced by training a
tagger on the SUC corpus, using it to reannotate Talbanken, and finally cor-
recting the errors performed by the tagger in a manual post-editing phase. In
the following, we will use the term morphological annotation (in contrast to
syntactic annotation) to include both basic parts of speech and morphosyntac-
tic features.

'Other kinds of annotation found in SUC, such as lemmatization and named entities, are
outside the scope of the current project but should in principle be projected in the same way
from SUC to Talbanken.
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2.2 Treebank Development

Given the considerations so far, we propose the following overall plan for the
production of a new treebank based on Talbanken and SUC:

1. Convert both corpora with their existing annotation into a common stan-
dard for corpus encoding (XCES with standoff annotation).

2. Harmonize tokenization and sentence segmentation in Talbanken, ap-
plying as far as possible the principles adopted in SUC.

3. Project morphological annotation from SUC to Talbanken, using a data-
driven tagger trained on SUC with manual post-editing.

4. Refine the syntactic annotation in Talbanken by automatic inference.

5. Project syntactic annotation from Talbanken to SUC, using a data-driven
parser trained on Talbanken with manual post-editing.

In the following two sections, we describe the problems involved in harmo-
nization, annotation refinement and annotation projection in a little more de-
tail.

3 Harmonization

To harmonize the two corpora, we convert the tokenization and sentence seg-
mentation of Talbanken according to the principles of SUC.

3.1 Tokenization

In the tokenization of SUC, abbreviations are always represented as single to-
kens. This means that when abbreviations in the original text contain spaces,
the different elements are concatenated into one token where spaces in the
original text are represented by underscores. Moreover, different variants of
the same abbreviations are normalized to one form. Thus, the following vari-
ants of the abbreviation of #ill exempel (for example):

t. ex.
tex

are all tokenized as one token:
t_ex

In Talbanken, on the other hand, abbreviations consisting of several elements
are annotated as multi-word expressions. Each element of abbreviation is
treated as a separate token, but only the first token is assigned proper lexical
and syntactic annotation, while the subsequent token are assigned the dummy
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tag ID (in both the lexical and the syntactic annotation). To find the abbrevi-
ations in Talbanken, we automatically extract tokens annotated with ID tags
together with the preceding token, and convert these into a single token with
the form prescribed by SUC’s tokenization standards.

Certain numerical expressions, such as 3—5, are also tokenized differently
in the two corpora, such that SUC often has a single token where Talbanken
splits the expression into several tokens (which may or may not be annotated
as a multi-word expression). For certain types of numerical expressions, it is
again possible to perform the harmonization automatically, but most cases here
need to be checked manually.

3.2 Sentence Segmentation

The sentence segmentation also differs in the two corpora. Above all, lists
have a different structural annotation. In SUC, items in lists are handled as
different sentence units, while in Talbanken the entire list consisting of several
items is treated as one sentence if there are clear syntactic relations between the
items. This could lead to errors when we use a data-driven parser to project the
syntactic annotation from Talbanken to SUC, since the sentences in Talbanken
that would serve as training data would have a different structure compared to
the sentences in SUC that need to be parsed. Therefore, we treat each list item
in Talbanken as a separate sentence unit as far as possible.

4 Annotation Projection and Refinement

4.1 Morphological Annotation

In order to harmonize the morphological annotation of the two corpora, we
project the part-of-speech tags and morphological features from SUC to Tal-
banken. We do this by training the data-driven TnT tagger (Brants, 2000) on
SUC, bootstrapping the tagger by training it on a considerably larger automat-
ically tagged corpus (Forsbom, 2005), and then applying the trained model to
Talbanken. Finally, we correct the automatic annotation manually following
SUC’s annotation principles. The result is a merged corpus with consistent
morphological annotation.

At the time of writing, all closed class words in Talbanken have been checked
and we predict that the work on morphological annotation will be completed
during the spring of 2008. One of the advantages of reusing a previously an-
notated corpus, even if the annotation is inconsistent, is that checking can be
speeded up by pattern matching on the combined old and new annotation. This
is convenient especially for closed word classes, where the lack of morpholog-
ical features often makes the two annotation systems equivalent so that some
words need to be checked only if the new and the old annotations are inconsis-
tent.
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Valfrihetens symbal miste géras till tacken fér kvinnans frigdrelse .
MM MM VB VB PP MM PP [RI¥} [RI¥} DL
Utr Sin Def Gen Ukr Sin Ind Mom Prs Akt Inf Sfo Meu Sin Ind Mom Utr Sin Def Gen Utr Sin Ind Mom Mad
ANDD GG MM MVPS CVIV PA PR MM PR NNDDHHGG WSS P
NCUSCG@DSs MNCUSH@IS V@IPAS V@MNOSS  SPS MNCHSN@IS SPS NCUSC@Ds NCUSN@IS FE

Figure 3: Refined syntactic annotation for the sentence Valfrihetens symbol
madste goras till tecken for kvinnans frigorelse (The symbol of free choice must
be turned into a sign of women’s liberation).

4.2 Syntactic Annotation

For the syntactic annotation, we have to project the syntactic analysis of Tal-
banken to SUC, since SUC lacks syntactic annotation. This is achieved in the
first place by training the data-driven MaltParser (Nivre et al., 2006) on Tal-
banken and using the trained model to parse SUC. At a later stage, we may
complement this annotation with the output of different parsers, which will
enable us to use an ensemble of classifiers to facilitate the manual correction
of the syntactic annotation.

However, before we can train parsers on Talbanken, the syntactic annotation
needs to be refined to meet the requirements of present-day language technol-
ogy. The original annotation has very flat structures and lacks phrase categories
such as NP, VP, PP, etc. In order to obtain a hierarchical analysis involving
both phrase structure and dependency structure (grammatical functions), we
therefore need to do two things:

e Infer phrase categories using information about grammatical functions
(both internal and external to a given phrase) and about the parts of
speech of constituent words.

o Infer additional structure, such as NPs within PPs, VPs within VPs,
based on information about grammatical functions, parts of speech, and
inferred phrase categories.
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The methodology for automatic annotation refinement is described in Nilsson
et al. (2005). Figure 3 shows an example of the current version of the refined
syntactic annotation. Our goal is to complete this work during the spring of
2008, which means that a first version of the entire treebank, with purely au-
tomatic syntactic annotation in the SUC part, could be released in the fall of
2008. A version where all the annotation has been checked manually remains
as a long-term goal for our efforts.

5 How Much Is Gained?

A reasonable question to ask is how much is actually gained by reusing existing
corpora, as opposed to building a new treebank from scratch, given the consid-
erable amount of work involved in the harmonization and projection processes.
Let us therefore make an attempt at quantifying the gains and balancing them
against the disadvantages.

By reusing all the annotation in SUC and the syntactic annotation in Tal-
banken, we save all the work needed to manually correct tokenization, sen-
tence segmentation, and morphological annotation of 1.2 million tokens, and
syntactic annotation of 350,000 tokens. In addition, we save the work needed
to check tokenization and sentence segmentation for 350,000 tokens in Tal-
banken, minus a few person weeks spent on harmonization. Finally, although
the morphological annotation of 350,000 tokens in Talbanken still has to be
checked manually, both the efficiency and the accuracy of this process can be
improved by making use of the old morphological annotation for consistency
checking.

To give just one illustrative example, the string men in Swedish can be ei-
ther a coordinating conjunction (but) or a noun (injury). After projecting the
new morphological annotation from SUC to Talbanken, it was found that one
occurrence of men was tagged as a noun in the old annotation and as a con-
junction in the new annotation, whereas the remaining 364 occurrences were
tagged as conjunctions in both cases. Unsurprisingly, the single occurrence
with inconsistent annotation turned out to be a tagging error, which in this way
could be detected and corrected. With very high probability, the remaining 364
occurrences are correctly tagged as conjunctions (since the old annotation has
been checked manually) and therefore do not need to be checked.”

To sum up, we see that cross-corpus harmonization and annotation projec-
tion can lead to substantial gains in the manual work needed to validate seg-
mentation and annotation. This of course has to be weighed against a number
of other factors, in particular that the new treebank has to be based on old
data (in the case of Talbanken, texts from the 1970s) and that the annotation

2Other examples are man, which is ambiguous between a pronoun (one) with 699 occur-
rences and a noun (man) with 67 occurrences, and Vi, which has a single occurrence as the
name of a magazine and 328 occurrences as a capitalized pronoun (we).
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schemes have to be inherited from at least one of the old corpora. Still, in sit-
uations where manual effort has to be minimized, the approach taken appears
to be a viable methodology for producing a large-scale treebank from existing
resources.

6 Conclusion

In this paper, we have presented ongoing work to produce a large treebank of
Swedish by reusing two existing annotated corpora, Talbanken and SUC. A
key component in the bootstrapping methodology is the use of cross-corpus
harmonization and annotation projection, supported by automatic conversion
procedures and data-driven linguistic analyzers, with a minimum of manual
validation. In this way, we hope to be able to create a large-scale, high-quality
Swedish treebank, a resource that is badly needed for research and develop-
ment in language technology, as well as for empirical linguistic research.
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Oversettelsesassistenten
Torbjern Nordgard

LingIT AS and NTNU
Norway

1 Introduction

In Norway, as in many other small language communities, there is a shortage
of high quality bilingual corpus data. Thus it is hard to make use of standard
Statistical Machine Translation (SMT) techniques. So, in this paper we will
discuss scalability and domain adaptation for an experimental machine
translation system that is easy to assemble and which requires standard and
generally available machine-readable linguistic data. The system, called
Oversettelsesassistenten (The Translation Assistant), henceforth OA, was
developed at NTNU in 2005 - 2007 as a prototype that makes use of readily
available resources like monolingual full form word lists, machine readable
lexicographic dictionaries, POS taggers, finite state automata and
monolingual corpora. OA has already been used as a reference system in the
evaluation of the LOGON system (see Oepen et al, 2004).'

2  OA Components

Oversettelsesassistenten contains the following components, ordered
sequentially as displayed in the figure:

POS Tagger = Finite State Transducer = Decoder

The components are described below, but first we give an overview of the
linguistic resources used. Source language full forms are taken from
NorKompLeks (Nordgard, 2000), target language full forms are extracted
from the English section of Multext (Ide and Véronis, 1994), target language
corpus is the NYT sections of English Gigaword. Translation
correspondences were extracted from Engelsk stor ordbok (Henriksen et.al.,
2001). These resources have been automatically prepared in order to obtain
full form correspondences from Norwegian to English. The resulting
resources have not been inspected thus far, except for grammatical tag
correlations between the various sources.

" This work was done while I worked at NTNU, partly together with Ola Huseth.
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2.1 POS Tagger

The tagger has a trigram HMM engine with a Viterbi decoder and linear
interpolation between n-gram models. It has as suffix guessing facility for
unknown words, in addition to intuitive and simple “tricks” for recognition
of proper nouns and numbers. The tagset comprises 44 tags in total. The
training data set is quite small; 101488 words and 5551 sentences. The data
is collected from Norwegian newspapers, and it is annotated by students
from NTNU. Tagging accuracy is 95%.

An example from the tagger in operation: The transition path for the
observation sequence “Jeg synes at tagging er morsomt.” is

pron pronoun
verb_pres verb in present tense

subj “subjunction”, i.e., complementizer
noun_sg_indef noun, singular and indefinite form
verb_pres verb in present tense

adj pos adjective in positive degree

EOS end of sentence

which gives the tagging result

Jeg<pron>
synes<verb_pres>
at<subj>
tagging<noun_sg_indef>
er<verb pres>
morsomt<adj pos>
<EOS>

The tagset is adapted to the goal of the system, i.e., translation from
Norwegian to English. This is why morphological features like gender are
absent in the tagging result.
2.2 Finite State Transducer
When the tagger has finished its work, the result is passed to a Finite State
Transducer (FST). The objective of the FST is to prepare the source string
for the decoder by performing actions like

* insertion of grammatical words (e.g.; the)

* enforcing “do-support”

* possessive fronting (e.g.; katten min = min katt)
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e perform “safe” initial translations of phrases (e.g.; i morgen >
tomorrow)

The general idea of preparing source language patterns for translation into
the target language is well-known in the MT field. Even though the method
has limitations it is nonetheless an efficient and powerful strategy as long as
it is used with care.

In OA the transduction is implemented as Prolog DCG rules. The DCG
formalism by itself is far more powerful than finite state grammars, but all of
the defined transducer rules are within what FST machines are able to do.
Crucially, the DCG formalism makes it easy to formulate linear recursive
deterministic phrase scanning when the input sequence is a POS tagged
expression. Consider the following input sequence to the transducer:

tg([ 'XSTARTX', 'Han':'pron',
'beundrer':'verb pres', 'ikke':'adv',
'danskene':'nun pl def','.':'EO0S']).

The pronoun “Han” is unambiguously third person singular, and it is
immediately followed by a verb in the present tense and an adverb. In
English this syntactic configuration requires do-support. The object NP
danskene is in the definite form, which should be preceded by the definite
article in the target language. From this information the transducer is able to
produce

[XSTARTX, han:pron, does: , ikke:adv,
beundrer:vform=inf, the: ,
danskene:noun_pl def, .:EO0S]

That is, do-support with the third person singular form of the verb (does), a
restriction on the form of the main verb beundrer (the translation of liker
must be in the infinitival form), and insertion of e in front of the definite
NP danskene. These modifications of the input are the results from the
operations of two FST rules. The output of the tagger is then given to the
translation decoder (see next section).

In short, the job of the transducer is to adjust the input prior to the general
lexical translation operations.

2.3 Translation Decoder

The translation decoder has the general properties of a standard HMM
engine. The observation sequence is the output from the FST described
above. The transitions are the set of possible translations that are compatible
with the elements of the observation elements.

Since the availability of bilingual language corpora is very limited,
translation probabilities on the word and phrase level are approximated on
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data from a small bilingual corpus so that dictionary defined base form
correspondences are counted. The probabilities are evenly distributed over
the entire inflection paradigms. The effect of this strategy is that we have
some indications of a prior probability that can be used (i.e., translation
correspondences that are attested). It is better than nothing, but if a larger
amount of bilingual data becomes available, the prior selection of translation
candidates will be far more reliable. Luckily, there are quite a lot of
available English text data. Thus, n-grams calculated from the language
model play a very significant role in the system.

When the decoding table is filled, the bilingual full form lexicon is
consulted. If no restriction is placed on a source item, all translation
possibilities are added to the network. If there are restrictions present (as
vform=inf, see above), target language items that adhere to the restrictions
are selected. If a target language item has been selected by the transducer
(for instance the: , cf above), it will be the only element at that position in
the network.

Since we are using a trigram language model the states in the network are
pairs of items from the target language (technically, one element of a pair
might be a multiword element, but we leave those issues aside here). The
most relevant parts of the decoding table for the translation of the Norwegian
sentence Noen studenter skrev en interessant artikkel is provided below. By
following the back pointers from the best final state in the network (i.e.,
story.), the reader can confirm that the best translation is Some students
wrote an interesting story.

0 XSTARTX any -13.89 BP: -1

0 XSTARTX anybody -20.22 BP: -1

0 XSTARTX anyone -17.60 BP: -1

0 XSTARTX anything -16.53 BP: -1

0 XSTARTX some -12.70 BP: -1

0 XSTARTX something -15.33 BP: -1

1 any students -37.47 BP: START any

1 anybody students -60.74 BP: START anybody
1 anyone students -52.89 BP: START anyone

1 anything students -49.69 BP: START anything
1 some students -32.14 BP: START some

1 something students -46.08 BP: START something
2 students scribbled -58.04 BP: some students

2 students typed -60.34 BP: some students

2 students wrote -46.96 BP: some students

3 scribbled a -78.42 BP: students scribbled

3 scribbled about -103.86 BP: students scribbled
3 scribbled an -103.038 BP: students scribbled

3 scribbled one -102.80 BP: students scribbled

3 typed a -81.78 BP: students typed

3 typed an -83.98 BP: students typed

3 typed one -81.95 BP: students typed
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3 wrote a -57.66 BP: students wrote

3 wrote an -59.50 BP: students wrote

3 wrote one -60.38 BP: students wrote

4 a interesting -66.91 BP: wrote a

4 an interesting -69.80 BP: wrote an

4 one interesting -75.67 BP: wrote one

5 interesting article -74.49 BP: an interesting
5 interesting clause -94.96 BP: a interesting

5 interesting item -95.47 BP: a interesting

5 interesting piece -77.97 BP: an interesting

5 interesting product -79.79 BP: an interesting
5 interesting section -86.02 BP: a interesting
5 interesting story -76.16 BP: an interesting
6 article . -135.27 BP: interesting article

6 clause . -170.19 BP: interesting clause

6 item . -170.70 BP: interesting item

6 piece . -138.73 BP: interesting piece

6 product . -143.54 BP: interesting product

6 section . -149.76 BP: interesting section

6 story . -105.03 BP: interesting story

EEINT3

Note that locally “wrote a”, “a interesting” and “interesting article” have
better values than “wrote an”, “an interesting” and “interesting story”, but
the latter alternatives are chosen during back pointer traversal. This
phenomenon is a well-known property of HMMs.

The current system is limited to n-gram size 3. It is reasonable to assume
that if the n-gram size is increased translation quality will increase as well,
provided the amount of training data is sufficient. We leave this issue to

future versions of OA.

3 Domain Adaptation

From the LOGON project there are some Norwegian - English corpus data
available: training and test data with reference translations. The data is
thematically tied to mountain hiking. In the experiment we have used three
distinct Norwegian English corpora:

* LOGON's initial small training data (the Tur corpus), consisting of
104 Norwegian source sentences and three English reference

translations for each sentence.

* LOGON's main training corpus (the Jotunheimen corpus), which has
2146 Norwegian sentences with three reference translations each.

*  One of LOGON's test corpora (the Jotunheimen test set, unknown
vocabulary part), containing 92 test sentences and three reference
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translations. The notion “unknown vocabulary” is irrelevant for our
purposes since the test data is completely unknown to the OA system,
and no operations are made in order to prepare the system for this
particular test data set.

3.1 Tur Adaptation

First we adapt the system to the small initial training data by using lexical
FST rules, but initially we test the system with no adaptations to the Tur data
set. Then we modify the target language model by including reference
translations from the Jotunheimen corpus (the source sentences in 7Tur and
Jotunheimen are not overlapping). In the next experiment we use FST rules
derived from properties of the test document, but language models are not
“boosted” by domain sentences as in the second experiment. And finally, we
include both new rules and target domain adaptation. The results are as
follows:

* No rules based on the training document, no domain n-grams: BLEU
SCORE: 0.3141

* No domain rules, domain n-grams from the Jotunheimen Corpus:
BLEU SCORE: 0.3627

*  With rules based on the training document, no domain n-grams: BLEU
SCORE: 0.4498

*  With rules based on the training document, domain n-grams from the
Jotunheimen Corpus: BLEU SCORE: 0.5221

If we take the first experiment as baseline, we observe a 15% increase in
BLEU score when domain n-grams are included. Rule adaptations give a
very clear effect: 43% increase in BLEU score, and the combination of these
results in an increase of 66%. The resulting BLEU score is quite respectable.
The effects of both strategies provide very nice BLEU score increase, but the
rules based on this particular corpus is of course methodologically dubious
with respect to general capability of the system when it is confronted with
data from other sources, as we will see below.

3.2 Jotunheimen Training Data

In the next experiment we perform three tests on the Jotunheimen data set.
The first test is not optimized by any of the two strategies, the second makes
use of the rules made on the basis of Tur, and the third uses n-grams from
the Jotunheimen data set itself:
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* No rules based on the Tur data set, no domain n-grams: BLEU
SCORE: 0.3146

¢ With rules based on the Tur data set, no domain n-grams: BLEU
SCORE: 0.3181

*  With rules based on the Tur data set, domain n-grams from the
Jotunheimen Corpus: BLEU SCORE: 0.3795

Note that the effect of the Tur rules is hardly recognizable, but the effect of
n-grams from the same test set is obvious, i.e., an increase of 20%. The
reason why the Tur rules has so limited effect must be attributed to the fact
that these rules are very lexically dependent, and they only have effect when
exact triggering strings are observed in the source tagging sequence.

3.3 Jotunheimen Test Data

Let us now go into one of the held-out sections of the Jotunheimen data set.
Note at the outset that this appears to be much “easier” sentences than those
in the training set since the baseline BLEU score is much better here
(0.3685, see below). We observe the same insignificant effect of the Tur
rules (0.3692). Addition of domain dependent n-grams appears to be far
more important, i.e., a BLEU score increase of 10%. This effect is however
not as clear as when the n-gram models are derived from the same data set
(as in the Jotunheimen training data test in the previous pragraph), as one
can expect.

* No rules based on the Tur data set, no domain n-grams: BLEU
SCORE: 0.3685

¢ With rules based on the Tur data set, no domain n-grams: BLEU
SCORE: 0.3692

*  With rules based on the Tur data set, domain n-grams from the
Jotunheimen training corpus: BLEU SCORE: 0.4127

One might wonder why the testing on unseen data gives better results than
testing on training data. The answer is simply that the test data accidentally
contains a higher proportion of one and two-word sequences than the
training data, see Johannessen, Nordgard and Nygaard (in preparation) for
details. To sum up thus far, domain n-gram adaptation appears to be very
effective when OA is to be fine-tuned with respect to some limited domain.
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3.4 Domain N-gram Boosting

When domain dependent n-grams are added to the training data, it is
interesting to figure out the optimal “boost” level. In all the experiments
hitherto the boost factor is 2000, which means that each domain n-gram is
multiplied by 2000. No n-grams have been removed. In the table below
various boost levels are used when the system has translated sentences from
the Jotunheimen test set.

Boost: 1 BLEU SCORE: 0.3375
Boost: 10 BLEU SCORE: 0.3564
Boost: 100 BLEU SCORE: 0.3876
Boost: 1000 BLEU SCORE: 0.4086
Boost: 2000 BLEU SCORE: 0.4127
Boost: 4000 BLEU SCORE: 0.4145
Boost: 6000 BLEU SCORE: 0.4182
Boost: 8000 BLEU SCORE: 04181
Boost: 10000 BLEU SCORE: 0.4200
Boost: 14000 BLEU SCORE: 0.4200

These results clearly show that some form of boosting should be done.
Curiously, a low boost gives worse results than no boost. For the present
experiments it seems that something around 10,000 is the best boost factor
we can get.

4 Conclusions

In this paper, we have outlined the architecture of Oversettelsesassistenten,
which is a system based on well-known techniques (HMM-based POS-
tagging, finite state transduction, HMM-based decoding applied to
translations models) put together in a hybrid system which requires little
training data in the form of aligned bilingual corpora. The system does
require monolingual full form word lists and corpora for the target language,
in addition to a standard bilingual dictionary which has to be synchronized to
the monolingual word lists.

We have seen that rules specially designed for certain corpora can boost
translation quality in terms of BLEU scores, but this approach does not
generalize properly to other texts from the same domain. N-gram boosting
has a very positive effect, however, and this approach generalize to certain
limits, which probably varies from case to case. We believe that the OA
approach can be used in MT system design when the relevant resources are
available, and, crucially, when high quality aligned bilingual corpora are
absent.
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How Predictable is Finnish Morphology? An
Experiment in Lexicon Construction

Aarne Ranta

Chalmers University of Technology and University of Gothenburg
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1 Introduction

A Finnish noun has hundreds of forms, and a Finnish verb has thousands. The
classification of the ways of forming them in Nykysuomen Sanakirja (‘“Dictio-
nary of Contemporary Finnish”, NSSK, Sadeniemi, 1961) gives 82 paradigms
for nouns and 45 for verbs. At the same time, Finnish is not only complex but
extremely regular: fluent speakers can identify the correct paradigm of a new
word by just seeing one or two forms.

In this paper, we will first set up a framework of computational morphology
using smart paradigms, heuristic functions that take just one or a few forms
of a word as their arguments and infer the complete inflection table of the word
from them. Then we present an implementation of Finnish smart paradigms,
and relate them to traditional NSSK-style paradigms. We evaluate the access
functions by counting the number of incorrect inferences in different kinds of
word lists. From this, we can estimate the average number of forms needed
to infer the correct inflection of a Finnish word. We also present a bootstrap-
ping method for large-scale lexicon building, where the number of forms is
increased in successive iterations.

2 Morphological Lexicon

A morphological lexicon is a list of words with all their inflectional forms.
To take a simple example, an English morphological lexicon might have the
following kinds of entries:

00123 N house houses house’s houses’
00456 V house houses housed housed housing
10871 V write writes wrote written writing

Each entry has a unique identifier (here an integer), a part-of speech tag (here
N or V), and a complete list of forms.
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A morphological lexicon can be seen as the canonical form of the descrip-
tion of the words of a language. This means that it explicitly gives all the data
that is needed to produce and recognize all forms and all words. It does not
mean that anyone ever has to write the lexicon explicitly, or store it in its full
form. To write a lexicon, an efficient way can be to use regular expressions
(Beesley and Karttunen, 2003) or paradigm functions (Huet, 2005; Forsberg,
2007). To store a lexicon, finite-state transducers are a compact format, which
avoids replicating common parts of words. Finally, also to apply a lexicon,
finite-state transducers are adequate, for both analysis (finding the descriptions
of a given form) and synthesis (finding the forms matching a given descrip-
tion).

Transducers are the essence of finite-state morphology, which moreover
uses regular expressions as source code for the morphology. However, using
transducers at runtime is independent of the source format: a morphological
lexicon in canonical form, what ever way it is produced, can be easily compiled
to a transducer. In the following, we will use the word and paradigm model
(Hockett, 1954) when defining morphology. To add a word to a lexicon in this
model, a word and a paradigm are given; the paradigm is a function that from
the word produces a complete list of its forms, which can be added as an entry
to a morphological lexicon and/or used for extending a transducer with more
edges and states.

3 What Is a Paradigm?

Paradigm is not a mathematically precise notion like finite-state transducer
is. We can, however, easily build a mathematical characterization by asking
ourselves what a paradigm is supposed to do. We start with an inflection
table: it is a function from form descriptions (tags of a given tag set) to actual
forms (strings). A part of speech is morphologically defined in terms of what
forms there are in its inflection table. For example, English nouns are inflected
for both number and case, and a noun inflection table is thus a function of type

Number * Case -> Str

i.e., a function from the cartesian producs of numbers and cases to strings. The
notation we use is from GF (Grammatical Framework, Ranta, 2004). English
verbs have a different type,

VForm —-> Str

where the verb form type VForm comprises possible verb forms: infinitive,
third person singular present, past indicative, past participle, and present par-
ticiple. If the verb be is included, some more forms are needed.

A paradigm, then, is a function that builds an inflection table from a given
word form. Thus an English noun paradigm is a function of type
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Str -> (Number x Case -> Str)
For instance, the regular noun paradigm
regNoun : Str -> (Number * Case —-> Str)

could be defined as the function that adds the endings @, s, ’s, and s’ to a given
nominative singular form to produce all the four forms. The form serving as
the argument of a paradigm coincides in this case with the stem, where the
stem is defined as an immutable prefix to which endings are glued.

So, how many noun paradigms are there in English? If we require the argu-
ments of paradigms to be immutable stems, we end up with a high number of
paradigms, including

o fully regular nouns, such as house, where the stem is the nominative
singular form

e nouns ending with a y (preceded by a consonant), such as fly, where the
stem is fl

e some nouns ending with ouse, such as mouse, where the stem is m

This definition of paradigms was consistently carried out in Swedish by
Hellberg (1978), who ended up with hundreds of paradigms. He called the
immutable prefix the technical stem. In traditional linguistics, the notion of a
stem is more abstract. Paradigms may permit stem alternations, so that e.g.,
English fly is considered regular with the alternation of y to ie before the plu-
ral s. Paradigms may also permit multiple stems: the verb form series drink,
drinks, drank, drunk, drinking is generated from the three stems drink, drank,
drunk rather than from the technical stem dr. Yet another way to see this case
is in terms of a stem drVnk with a place holder V for a vowel, which undergoes
the thematic vowel alternation i-a-u.

What is the most intuitive way of presenting paradigms, if they are to be used
by lexicographers who are not linguists? We can take a cue from dictionaries.
The technique of paradigm identifiers (usually numbers) is sometimes used.
Thus Le Petit Robert of French has

concevoir v.tr. <28>
An alternative would be to give a few forms that identify the paradigm:

concevoir v.tr. congois, concevons, congoive,
concevrai, concgu

This idea is related to the technique of multiple stems in linguistics, with the
difference that the stems need not really be independent of each other; the idea
of a thematic series is just that the series gives enough information to determine
all forms of the word.
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4 Smart Paradigms

Thematic form lists are often used with a variable number of arguments: for
instance, if a verb is completely regular, only one form is given. We will call a
thematic list with just the necessary number of terms a smart paradigm. We
have found smart paradigms to be an intuitive and efficient way of building
lexica in practice. The smart paradigm is a set of functions that take one or
more arguments, and the user (who is able to recognize current inflection even
if not predict it) can start with one argument, see what it generates, and give
more forms if necessary.

The programmer’s variant of a smart paradigm is a set of construction func-
tions—functions with an increasing number of argument lists and an inflection
table as value. Given that we define the type V as the type of inflection tables
with all verb forms in English, we can present the verb construction function
as the following group of functions:

mkV_1 (talk : Str) —> V

mkV_2 (omit,omitted : Str) -> V

mkV_3 (drink, drank,drunk : Str) -> V
mkV_5 (go,goes,went,gone,going : Str) -> V

The identifiers talk, omit, etc., are variables, which all have the type string.
Their names suggest to the user what form is expected for each variable, which
is a part of the documentation of the paradigm. For GF itself, they make no
semantic difference. The type of mkV_2, for instance, is just the same as

Str -> Str —> V

i.e., a function that takes two strings to a verb.

An alternative representation of the above set of construction functions is a
web form with five slots. Depending on how many slots are filled, some of the
mkV functions is applied, and the full inflection table is displayed to the user.
If she is satisfied with the result, she can push the “Save” button to extend the
lexicon; otherwise, she can add more forms until the table is correct.

The GF Resource Grammar Library (Ranta, 2008) is an implementation of
the morphology and a part of the syntax of 13 languages in the GF gram-
mar formalism (Ranta, 2004). The morphology implementations provide smart
paradigms for 9 of the languages included: Danish, English, Finnish, French,
German, Italian, Norwegian, Spanish, and Swedish (Arabic, Catalan, Russian,
and Urdu do not yet have smart paradigms at the moment of writing). The
presentation of the paradigms looks exactly as above. Effort has been spent to
make the paradigms smart also in the sense of requiring a minimum of forms.
For instance, the one-place noun paradigm for English inspects the singular
form of the word to select the proper plural form in a wide variety of cases.

mkN_1 : (word : Str) -> N = \word —>
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words : Str = case word of {
+ ("a" I "e" | "i" | "o" ‘ "y") + "o" => Word + "s"
+ ("S" I "X" | "Sh" | HOH) :> WOrd + "eS"
_ + ("a" I "e" | "O" I "U.") + "y" => Word + "S" ;
X + "y" :> X + "ieS" ;
_ => word + "s"
}
in

mkN_2 word words

The function uses regular expressions to inspect the suffix of the word. The
plural created is sent, together with the singular, to the 2-argument mkN func-
tion. Actual use of the 2-argument variant is needed only for truly irregular
nouns, such as mouse or man.

A few words on GF notation might be in place. The above piece of code de-
fines a function called mkN__1. The definition consists of a type and a definin-
ing expression. The type here is a function from Str to N. The definition is a
lambda term binding the variable word. For this variable, mkN__1 returns the
value of calling mkN_2 with two arguments: word itself and words, which
is defined locally in a “let” expression. The definition of the local constant
words makes a case analysis of the string bound to the variable word. The
cases are tried in the order in which they appear. The first case splits the string
into three parts: any prefix (matched by the wild card _), followed by any of
the strings a, e, i, 0, y, terminated by the string o. This case matches strings
such as bamboo and embryo, which get the plural ending s attached to the stem.
Other words ending with an o are passed to the next case, which uses the same
ending es as it also assigns to words ending with s-like sounds. Words ending
with a y are treated next. The last case uses a catch-all pattern, giving a default
s plural to all words that were not matched before.

5 The Inflection of Nouns in Finnish

We shall now finally enter Finnish morphology. We go through the inflection
of nouns in more detail than verbs: even though verbs have more forms, they
are more uniform and regular: NSSK has 82 paradigms for nouns and 45 for
verbs.

A noun form has several components: stem, case, number, possessive, and
optional particles. Here is an example:

ves + i+ ssa + ni + kin
"water" Plural Inessive Possessive Sg_1 "also"
"also in my waters"

With all possible combinations of the components, the number of different
forms can be estimated to be around 1,500. In practice, grammar books only
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- singular | plural | meaning
nominative | vesi vedet “water(s)”

genitive veden vesien | “of water(s)”
partitive vettd vesid “portion of water(s)”
essive vetend vesind | “as water(s)”
translative | vedeksi | vesiksi | “to as water(s)”
inessive vedessd | vesissd | “in water(s)”

elative vedestd | vesistd | “from in water(s)”
illative veteen vesiin | “to in water(s)”
adessive vedelldi vesilld | “on water(s)”
ablative vedeltd vesiltd | “from on water(s)”
allative vedelle vesille | “to on water(s)”
abessive vedettd vesittd | “without water(s)”
comitative | - vesine | “with water(s)”
instructive | - vesin “by means of water(s)”

Figure 1: The inflection table of a Finnish noun.

need to consider around 30 forms, since the possessives and particles are (al-
most) purely agglutinative. The 2 numbers and 14 cases specify the core of the
paradigms, where the case and the number often form portmanteau fusions,
and the stem may change in function of the ending. In two of the cases, no
number distinction is made, and we thus end up with 26 noun forms, as shown
in the inflection table in figure 1.

Many of the 26 noun forms can be obtained from each other by just chang-
ing an ending. For instance, five of the singular local cases (inessive, elative,
adessive, ablative, abessive) form a group where just the ending needs to be
interchanged. NSSK uses 8 forms as determining the others. In the GF im-
plementation, we have used 10 arguments in the worst-case noun constructor.
These 10 forms are guaranteed to cover all stem and vowel alternations that a
Finnish noun can undergo, so that all the 26 paradigm forms (and thereby the
1,500 full forms) can be generated by deterministic concatenative procedures.
These ten forms are printed in boldface in figure 1.

As partly shown in the inflection table of vesi, Finnish words are subject to
the following kind of alternations:

e Vowel harmony: the g in endings is realized as q, if the stem contains
one of the letters a, o, u.

e Consonant gradation: many consonants and consonant clusters have a
strong and a weak grade, which are selected as a function of the ending;
in the vesi example, d is the weak grade of ¢.
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o Stem vowel alternation the last vowel of the stem varies as a function
of the ending; in the vesi example, i alternates with e.

In the NSSK paradigm set, vowel harmony and consonant gradation are
treated separately from the paradigms. Thus, for instance, “Paradigm 17 (valo,
“light”) has at least 30 variants, if the effects of vowel harmony and consonant
gradation are built in to reach the “technical stem” notion of a paradigm. Thus
the 82 noun paradigms of NSSK involve a certain amount of abstraction, and
their user therefore has to know how to apply the vowel harmony and conso-
nant gradation rules.

The sheer number 82, together with the complex sound alternations re-
quired, makes the NSSK paradigm system tedious and error-prone to use. In
GF, we have relieved this burden by using smart paradigms, where the user
gives a number of characteristic forms and the program identifies the paradigm
to which the word belongs. The following five constructors are currently used:

mkN_1 (talo : Str) -> N

mkN_2 (talo,taloja : Str) -> N

mkN_3 (talo,taloja,talon : Str) -> N

mkN_4 : (talo,taloja,talon,taloa : Str) -> N
mkN_10 : (talo,talon,taloa,talona,taloon,talojen,

taloja,taloina, taloissa,taloihin : Str) -> N

The worst-case variant uses 10 forms, which give full certainty. The shorter
variants use 1, 2, 3, or 4 forms, with increasing certainty. In practice, the 10-
form variant is needed only for a small number of words, which either belong
to obsolete paradigms or have become irregular via “wear” in use.

In addition to the above paradigms, there are two more used for the forma-
tion of compound nouns:

mkN : (pika : Str) -> (juna -> N) -> N
mkN : (oma : N) -> (tunto -> N) —-> N

The first case covers the most common type of compounds, where an im-
mutable prefix is added to an inflectible noun. In the second type, both parts of
the compound are inflected in agreement. In the selection of a paradigm, it is
crucial to know what the last part of a compound is, in order to get the vowel
harmony right and, in some cases, to decide how many syllables the word has.

Given the above system of paradigms—which will be explained in more de-
tail in later sections—one can build a user-friendly lexicon construction system
as follows. First of all, an irregularity lexicon is created to make the use of
the 10-place constructor unnecessary. When encountering a new word, we first
check if it is included in the irregularity lexicon. If not, we try to define it with
the 1-place noun constructor. If this fails (in human inspection), we give yet
another form, and so on. This defines a smooth process in which, with very
little training, a lexicographer can treat hundreds of nouns in an hour.
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The interesting question is now: how smooth is the procedure of adding
characteristic forms—how many forms are needed in average? In other words:
how predictable is Finnish inflection? We shall now go on to present an ex-
periment that gives us some figures. After that, we will take a look at the
definitions of the constructors and the paradigms underlying them; this inspec-
tion will both explain the figures and give a hint on what kinds of words will
typically need more forms to inflect correctly.

6 A Noun Prediction Experiment

The first experiment was carried out with written Finnish from four different
genres, treating each genre in the same way. Four samples of equal size were
gathered, from the following sources:

e Aino, a children’s book by Kristiina Louhi (1989)
e Duodecim, a professional article within clinical medicine (2007)

o Swadesh, the list of the 207 “most primitive words” proposed by Swadesh
(1955)

e Dictionary, a medium-size Finnish-English dictionary (1971)

From each source, a random sample of 99 distinct nouns were collected. In
Aino and Duodecim, we took the first nouns occurring in the text. In Swadesh,
we took all nouns and enough many random adjectives to reach the desired
number (adjectives in Finnish are inflected in the same way as nouns). In
Dictionary, we took the first noun of every fifth page. In all cases, compound
nouns were eliminated by only considering their last parts; it is impossible to
predict the inflection of a compound without identifying its last part, and this
is not a mechanical task in general.

The random sample of nouns was presented as a list of their nominative
singular forms:

Aino
tunti
aiti
tahti
puhelin
kuuloke

From this list we create a gold standard listing all the 10 thematic forms of
each noun:

Aino Ainon Ainoa Ainona Ainoon
Ainojen Ainoja Ainoina Ainoissa Ainoihin
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tunti tunnin tuntia tuntina tuntiin
tuntien tunteja tunteina tunneissa tunteihin

diti didin &ditid &ditind &ditiin
ditien ditejd diteind dideissd diteihin

tdhti tdhden tdhted tdhtend tdhteen
tdhtien tdhti& tdhtind t&dhdiss& tahtiin

puhelin puhelimen puhelinta puhelimena puhelimeen
puhelimien puhelimia puhelimina puhelimissa
puhelimiin

kuuloke kuulokkeen kuuloketta kuulokkeena
kuulokkeeseen kuulokkeiden kuulokkeita kuulokkeina
kuulokkeissa kuulokkeisiin

The gold standard was created using the bootstrapping method of section 9,
manually verified.

In the experiment, the outcomes of the 1-place, 2-place, 3-place, and 4-
place noun constructors were compared with the gold standard. From each
comparison, the number of nouns whose inflection is incorrect (w.r.t. the gold
standard) was counted. The constructors are designed to be monotonic, so that
giving more arguments never destroys a correct inflection. This means that the
number of errors decreased as the number of arguments increased.

Different kinds of material were expected to give different degrees pre-
dictability. We expected Duodecim to contain mostly new and technical words,
which would thereby be regular; this would be a comforting result concerning
the main purpose of GF, which is to build translation and generation systems
for technical domains. We expected Swadesh and Aino to contain many old,
worn, irregular words, and Dictionary to give a reasonable average. The results
of the experiment, covered in the following table, show that our expectations
were only partly satisfied:

args | Aino | Duodecim | Swadesh | Dictionary
1 8 16 31 19
2 1 6 15 4
3 0 3 7 2
4 0 1 2 1

The slightly surprising outcome was that Aino was the easiest material to
predict. Duodecim is close to Dictionary, whereas Swadesh is rich in the words
of type vesi-veden (“water’”’), which is an ancient paradigm no longer produc-
tive. The altogether 3 unpredicted words all represent irregular paradigms in-
tentionally left outside the heuristics: kevdr (“spring”), mies (“man”), syddn
(“heart”).

As a preliminary conclusion for general text we could thus say:

e For 80% of nouns, the inflection is correctly inferred from just one form
(the nominative singular).
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e For 90% of words, it is enough to have one more form (the partitive
plural).

o Adding the genitive and partitive singular gets all nouns right, except for
a fixed set of nouns that can be given in advance.

7 A Large-Scale Noun Prediction Experiment

The noun prediction experiment with different genres completed, we got hold
of a freely available electronic word list (KOTUS, Kotimaisten Kielten Tutki-
muskeskus, 2006) named after its provider Kotimaisten kielten tutkimuskeskus
(“Research Centre for Domestic Languages”). KOTUS has 50 noun paradigms,
which are used for annotating the lemmas in the word list. We implemented
these paradigms using the 20 GF paradigms of section 10, with recourse to the
worst-case noun constructor for some rare KOTUS paradigms. Then we took
the word list and removed most compounds (those clearly enough marked)
and plurale tantum words (which our paradigms could not directly handle).
We ended up with a list of 27,680 nouns, and used the paradigm annotations
to expand this to a gold standard and repeated the experiment.

The outcome of this second experiment largely confirmed the earlier results:

args | KOTUS # | KOTUS %
1 4993 18.0
2 1062 3.8
3 792 29
4 789 29

The insignificant drop between 3 and 4 suggests that the singular partitive
should rather be treated in the irregularity lexicon.

We also tested an alternative order of forms, using the genitive singular
rather than the partitive plural as the second form. In the small experiments
above, this order gave slightly better results, especially for the Swadesh cor-
pus. In KOTUS, however, the error rate with two forms increased to 3597, that
is, 13.0%. This result confirmed that the partitive plural is more useful than
the genitive singular in predicting inflection. The a priori reasons originally
leading to this choice are given below in section 11.

8 Predictability as the Average Number of Required
Forms

Now, how predictable is Finnish morphology? One possible answer is given
by calculating the average number of forms needed to identify the inflection
of a Finnish noun in the KOTUS list. Assuming that all words we fail to predict
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with 3 arguments need 10 forms, we get
(792%104(1062—792)*3+(4993—1062) %2+ (27680—4993)) /27680 = 1.42

forms in average. Assuming that those words can be found in the irregularity
lexicon and hence only need one form, we get 1.16 forms in average. Which
of these figures should be used?

When looking at the nouns in KOTUS that we failed to predict, our earlier
expectations where partly falsified. Irregular “old” words like kevdit and mies
are of course present, but the majority are new words whose orthography has
not been naturalized to match the pronunciation. A typical example is the
word brie (“brie cheese”), which has the French pronunciation [bri:], and it is
hence inflected like pii (“silicon”). But the orthography can mislead a smart
paradigm to inflect it like fie (“road”).

For a Finnish speaker, inflecting new loan words is to a large extent depen-
dent on education. For instance, KOTUS follows the correct French pronuncia-
tion of the words calvados [kalvados] and fournedos [turnedo:] when selecting
the Finnish paradigm—but this is hardly a part of the common knowledge of
native Finnish speakers.

As a conclusion, loan words like brie, calvados, and tournedos with their
unpredictable pronunciation are a far more significant source of unpredictable
inflection than the “old” words in a static irregularity lexicon. To help future
lexicographers, the smart paradigms of the GF Resource Grammar Library
should be improved so that the full set of 10 forms are not needed as often as
now. But at this point, a prudent conclusion is to say that Finnish nouns need
1.42 forms in average.

9 A Bootstrapping Method for Lexicon

The creation of the gold standard in section 6 required manual work. Its
amount was gradually reduced in the course of the project, as we found a more
economical way of using the smart paradigms and GF. This way suggests a
general method of bootstrapping a lexicon, which would be usable for large
word lists as well, and independently of language—even though its efficiency
depends on how predictable the morphology of the language is.

The starting point in bootstrapping is a list of words in the form required
by the one-argument smart paradigm. We will use Finnish nouns as example
here, with the nominative singular as the first form:

meri
sade
nainen
kivi
rivi
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tohtori
apina
kulkija
kukka
auto
rakkaus

To each word in this list, we apply the 1-place noun constructor, just to produce
one more form, the partitive plural:

meri (mereja >> meriad)
sade sateita
nainen naisia

kivi (kiveja >> kivid)

rivi riveja

tohtori (tohtoreja >> tohtoreita)
apina (apinoja >> apinoita)

kulkija (kulkijia >> kulkijoita)
kukka kukkia

auto autoja

rakkaus rakkauksia

For reasons explained in section 11, it is enough to pay attention to those nouns
that end with an i, as well as 3-syllabic nouns ending with an a or d, to produce
a “2-form gold standard”. In the above list, five words are manually changed.

The 2-form gold standard is processed with the 2-place noun constructor,
to produce a 3-form list; now, the genitive singular is added. In this case,
we mostly have to change some 2-syllabic words that don’t have expected
consonant gradation, as well as nouns ending with us but inflected like rakkaus
(“love”) rather than pakkaus (“package”).

auto autoja (audon >> auton)
rakkaus rakkauksia (rakkauksen >> rakkauden)

The 3-argument noun constructor adds one more form, the partitive singular.
Some words may have to be changed, typically for words in the i-e paradigm:

meri merid meren (mertd >> merta)

Actually, the number of words with a deviant partitive singular is limited, and
the last step can hence be avoided by extending the irregular lexicon with
these words—this is what we assume in the following estimate of work that
is needed.

The amount of work needed for producing a morphological lexicon can be
defined as the number of words that need to be written or read by the lexicog-
rapher: to build a lexicon with 100 lemmas, she has, in average, to

141



e check 30 partitive plural forms

e change 15 partitive plural forms

e check 50 genitive singular forms

e change 5 genitive singular forms

e change the whole inflection of 2 words (18 forms)

o altogether, read 80 forms and change 38 of these

Processing 100 words in GF to create the full set of forms (or any subset of
it) takes 0.4 seconds, so that with a suitable script (available from GF home-
page) the processing part takes around 2 seconds. If changing a word form
takes 20 seconds and just reading it 5 seconds, the work spent on 100 lem-
mas is around 16 minutes. Thus turning a list of 3,000 noun lemmas (outside
the irregularity lexicon) into a complete morphological lexicon would take one
effective working day, plus less than 2 minutes of GF processing time.

Another estimate can be calculated from the average 1.42 forms needed to
identify the inflection of a Finnish noun (section 8 above). If 0.42 forms per
lemma have to be produced and one production takes 20 seconds, then 100
lemmas require 14 minutes. With this count, one working day is enough for
producing a lexicon of 3,480 words.

10 Basic Paradigms for Finnish Nouns

So far we have not gone into the details of Finnish inflection, but just presented

an experiment and a method, which would be applicable to other languages as

well. We will now give an outline of the inflection paradigms that we used.
The system of paradigms works in two layers:

e a user-accessible smart paradigm set mkN
e an underlying basic paradigm set close to linguistic description

The undelying basic paradigm set is reminiscent of the NSSK and KOTUS
sets, only fewer (20 instead of 82 or 50). The lower number is due to three
factors:

e higher level of abstraction
e the use of multiple arguments

e the omission of rare and obsolete paradigms (which are treated lexically
in the irregularity lexicon)

Here are the paradigms, displayed as GF type signatures:
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dLujuus lujuus : Str) -> N

(
dNainen (nainen : Str) -> N
dPaluu (paluu : Str) -> N
dPuu (puu : Str) -> N
dSuo (suo : Str) -> N
dKorkea (korkea : Str) —> N
dKaunis (kaunis : Str) -> N
dLiitin (liitin : Str) -> N
dOnneton : (onneton : Str) -> N
dUkko : (ukko,ukon : Str) -> N
dSilakka (silakka, silakan,silakoita : Str) -> N
dArpi (arpi,arven : Str) -> N
dRae (rae, rakeen : Str) -> N
dPaatti (paatti,paatin : Str) -> N
dTohtori (tohtori : Str) -> N
dPiennar (piennar,pientaren : Str) —-> N
dNukke (nukke, nuken : Str) -> N
dJalas (jalas : Str) -> N
dUnix (unix : Str) —> N
dsDP (SDP : Str) -> N

The name of a paradigm begins with a d (for “declension”), followed by an
example word belonging to that paradigm. Some paradigms have two argu-
ments, mainly to control consonant gradation. It is usually possible to pro-
duce the weak grade automatically from the strong grade and vice-versa, but
whether a word undergoes this gradation is a lexical property of the word. For
instance, outo (“strange”) and auto (“car”) are both inflected by dUkko, but
outo has the weak grade in the genitive oudon (and other forms demanding the
weak grade), whereas auto preserves the strong grade in auton and all other
forms. Similar examples can be found for all 2-argument paradigms, which
was what motivated the use of a second argument (an alternative would have
been to have two different paradigms).

The most complex paradigm is dSilakka, of polysyllabic words ending
with a,d,0,0. The rules for forming the partitive plural (the third argument)
are so complex and uncertain, that we decided to make the choice lexical (see
however Karlsson (1977), § 16, for a summary of the rules).

The last noun paradigm, dSDP, deals with acronyms recognized by a colon
between the stem and the ending: SDP:n, SDP:td, SDP:hen. The correct end-
ing depends on the pronunciation of the last letter as the name of a letter of the
Finnish alphabet. There are 9 different sets of endings that can result.
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11 Smart Paradigms for Finnish Nouns

The high-level smart paradigms (the noun constructors mkN) analyse their ar-
guments and dispatch to some of the underlying paradigms. Here is a slightly
simplified but fully functional version of the 1-argument constructor in GF
code, covering the most productive suffixes that help to select a paradigm.

mkN_1 : Str -> N = \ukko ->

let
ukon = weakGrade ukko + "n" ;
in
case ukko of {
_ + "nen" => dNainen ukko ;
_ + ("aa" ["ee" | "ii" | "oo" | "uu" | "yy"|"aa"|"oo") =>
dPuu ukko ;
_ + ("ie"|"uo"|"yo") => dSuo ukko ;
_ + ("ton"|"tdn") => dOnneton ukko ;
_ + "e" => dRae ukko (strongGrade ukko + "en")
_ + ("a"[["o"|"u"|"y"|"a"|"o") => dUkko ukko ukon ;

+ "i" => dPaatti ukko ukon ;
=> dUnix ukko

The function uses the auxiliary functions st rongGrade and weakGrade,
which implement consonant gradation. Thus consonant gradation is treated
separately from the paradigms. The same concerns vowel harmony, which
is encapsulated in a low-level auxiliary function not even visible in the code
examples of this paper.

The main cases where mkN_1 makes an uncertain guess are the following:

e all nouns ending with a short aouydo are sent to dUkko with consonant
gradation

e all nouns ending with a short i are sent to dPaatti with consonant
gradation

o all nouns ending with a short e are sent to dRae with consonant grada-
tion

Except for consonant gradation, the errors produced by these guesses can be
corrected by adding the partitive plural form. Hence the 2-argument construc-
tor, again slightly simplified:

mkN_2 : (ukko,ukkoja : Str) -> N =
\ukko,ukkoja —->
let

ukon = weakGrade ukko + "n"
in case <ukko,ukkoja> of {
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<_ + l|i", _ + ("ia" | "ié")> :>
dArpi ukko (init (init ukon) + "en")

<_+ "i", _ + ("eita" | "eita")> =>
dTohtori ukko ;

<_ + ("a."I"é."‘"o"l"é"), _ + ("a'llllé")> =>
dSilakka ukko ukon ukkoja ;

<_+ "e", _+ ("eja" | "eja")> =>
dNukke ukko ukon ;

<_, _ + ("a" | "&a")> => mkN_2 ukko ukon ;

_ => Predef.error
(["last arg should end "a/&’, not"] ++ ukkoja)
b

The 1-argument constructor is used as a catch-all case, but it still requires the
second argument to end with an a or d, so that it makes sense as a partitive
plural form. This guards against mistaken use of the paradigm with some other
forms.

12 Verbs

In many languages, verb morphology is more complex than noun morphology,
because verb inflection contains noun inflection as its proper part—the par-
ticiple forms. Finnish is no exception, and there are actually several kinds of
participles and other “nominal forms”. At the same time, verbs are morpholog-
ically simpler than nouns, since there are fewer paradigms. NSSK has 45 verb
paradigms. The GF Resource Grammar Library has 8 “deep” paradigms, and
only the 1- and 2-argument smart constructors are exposed to lexicographers,
in addition to a worst-case 12-argument function.

We made an experiment similar to the one with nouns on the verb variants
of the 99-word Swadesh and Dictionary corpora. Here are the numbers of
erroneous predictions:

args | Swadesh | Dictionary
1 10 1
2 3 1

The unresolved verb in Dictionary is ndhdd (“see”). It is also one of the 3
in Swadesh, the other ones being seistd (‘“stand”) and pyyhkid (“wipe”). These
first two are deviant and belong to the irregularity lexicon, whereas pyyhkid
would require one more form to detect consonant gradation.

The 10 verbs that come out incorrectly with mkV_1 in Swadesh are ones
with lexically defined consonant gradation, e.g., peldtd (“fear”). Its first person
singular present indicative has a strong grade consonant (pelkddn), but there
are similar verbs that do not undergo consonant gradation when working out
from the infinitive form: palata - palaan.
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The conclusion for verbs is even more encouraging than for nouns: more
that 90% can be predicted from one form, and the rest from two forms (except
for verbs in the irregularity lexicon). The problem of loan words with deviat-
ing pronunciation is largely avoided, because verbs, unlike nouns, cannot be
loaned without attaching suffixes that clearly identify the paradigm: chattailla
(“to chat on the internet”), mailata (“to send an email”). Selecting the suffix
can however still be a problem for derivational morphology.

13 Related Work

Finnish morphology has played an important role in the development of com-
putational morphology in general, due to its high complexity combined with
a high grade of regularity. Pioneering work was carried out in the late 1970’s
by Sagvall Hein (1978, 1980), Koskenniemi (1980), and Brodda and Karlsson
(1978). Koskenniemi (1983) is generally seen as a landmark, not only because
it scaled up to a large coverage analysis and synthesis, but also because it in-
troduced a new finite-state method known as two-level morphology, which
was later applied to a wide variety of languages. We know only few compu-
tational approaches using paradigms rather than morphophonemic processes;
Koskenniemi (1980) and Carlson (2005) are examples of ones.

As for lexicon construction, the method presented above is related to the
lexicon extraction method of Forsberg et al. (2006). The difference is that, in
that work, sets of characteristic forms are searched from a corpus of words
with unknown parts of speech, whereas in the present approach, the forms
are produced by just analysing one given form with known part of speech.
More remotely related work includes the influential algorithm for unsupervised
learning of morphology of Goldsmith (2006), in particular a further develop-
ment applied to Finnish by Creutz and Lagus (2007). In these approaches,
paradigms are not given in advance: they are the very goal of the search.

14 Conclusion

In the GF Resource Grammar Library, we have built a complete system of
inflectional paradigms for nouns and verbs of Finnish (as well as 12 other
languages). Upon that system, we have implemented a set of smart paradigms,
which can be used for inferring the complete paradigm from a small set of
forms. An experiment with Finnish nouns showed that less than 1.5 forms, in
average, are needed to infer the correct inflection, with a total number of forms
between 26 and 1,500, depending on how forms are counted.

From the experiment, we have derived a general method of bootstrapping a
morphological lexicon, based on iterated addition of forms. This method can
give an efficient way to create resources for new languages. For the partic-
ular case of Finnish, much of this need has recently been catered for by the
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release of the KOTUS word list with paradigm annotations under the GNU
LGPL license (the same as the GF Resource Grammar Library uses). Hence,
in Finnish, our method is needed only for dealing with words not included in
this word list.
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Corpora in Grammar Learning
Evaluation of ITG

Anju Saxena Mikaéla Lind
Uppsala University Katarinaskolan
Department of Linguistics Uppsala
and Philosophy

1  Using Corpora in Teaching

There has been a growing interest in using natural language corpora in
teaching and in research, partly due to the growing availability of computer-
readable linguistic corpora, and partly due to an increasing interest in
examining language in its natural context as opposed to investigating
constructed language examples in isolation. Researchers, teachers and
students now have access to different types of language corpora to discover
facts about language, for example about word frequency distributions in a
language or a language-type, in which context words tend to occur and
which grammatical patterns are associated with a particular linguistic item
(Ghadessy et al 2000). There have been two primary approaches to the use
of corpora in language teaching/learning:

(1) the “COBUILD approach” (or the indirect approach)
(2) the Data-Driven Learning approach (or the direct approach)

Until recently, the COBUILD approach was the predominant approach.
Corpora, in this approach, are used by researchers and producers in building
dictionaries and other language learning materials. Traditionally it has been
very large corpora which have been used for this purpose. Further, within
this approach, the user (a student, for example) receives results of a project
involving corpora as end-products (for example, in the form of a language
learning package). Learners do not get to use the corpus themselves in order
to come up with their own analyses and learn from that.

In the Data-Driven Learning approach students use corpora directly in
their own learning. They use the corpus, for example, to discover linguistic
patterns and to organize the linguistic patterns that they observe, arriving at
generalizations inductively and verifying deductive rules. Such exposure to
corpora provides students with the opportunity not only to extract relevant
examples of various linguistic structures, but also provides them with
material for discussion when they find gaps, to verify and extend their
hypotheses and to arrive at generalizations. In favor of the Data-Driven
Learning approach, Tim Johns (1991) states:
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What distinguishes the data-driven learning approach is the attempt to cut out
the middleman ... and give direct access to the data so that the learner can take
part in building up his or her own profiles of meanings and uses. (Johns 1991, as
quoted in Aston 1997)

Johns (1991) divides Data-Driven Learning into three phases:

(i) observation
(i1) classification
(iii) generalization

One advantage of using corpora in teaching is that instead of learning about
linguistic theories in vacuo (a more passive learning method, where facts are
fed to students in the form of lectures and ready-made examples), students
have a chance to test these theories themselves against linguistic corpora and
thereby learn about these theories or concepts for themselves (a more active
learning method). When corpora are used by students as part of their
learning, the distinction between learning and doing research becomes
“blurred”, as the students, by a discovery procedure (thus, research), learn
things for themselves (Knowles 1990). The use of corpora in teaching can, in
this way, affect both teachers’ as well as students’ roles. This approach is as
equally relevant in a classroom set-up as in self-study situations.

The corpora used for teaching purposes may be large or small. The
purpose here is exploration and not to arrive at a water-tight description of
the phenomenon under consideration. It is possible that if small corpora are
used, the results may not be exactly the same as if the corpora were large,
but this difference does not detract from the advantages of using corpora in
teaching.

The gap between the COBUILD and DDL approaches is, however, getting
smaller. More access to corpora (especially for non-commercial purposes)
provides better conditions for their use in producing language learning tools
as well as in using them directly in teaching/learning. The aim of this paper
is to describe our experience in using corpora in grammar teaching/learning
in two Linguistics courses offered by the Department of Linguistics and
Philology at Uppsala University. The courses are Lingvistik I (Linguistics I)
and Lingvistik II (Linguistics I1I). We will begin by describing the web-based
platform — ITG: IT-based collaborative learning in grammar — in section 2,
followed in section 3 by an account of our experience (including student
feedback) with using ITG in these two regular courses at our university.'

! Mikaéla Lind was responsible for the computer lab sessions where ITG was used in
the two courses discussed here. Sections 1 and 2 were written by Saxena and section 3
was written jointly by Saxena and Lind.
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2 ITG - Collaborative Learning in Grammar

ITG is a web-based platform <http://spraakbanken.gu.se/itg/itg/itg.jnlp>. Its
development began in the project “IT-based Collaborative Learning in
Grammar” which started January 1, 2002 with financial support from
Distum/Néatuniversitet in Sweden with Anju Saxena as the Principal
Investigator and the Department of Linguistics at Uppsala University as its
host. Several departments at Uppsala University as well as the Department
of Linguistics at Stockholm University and the Department of Linguistics at
the University of Gothenburg (and later on also Sprédkbanken, the
Department of Swedish Language at Gothenburg) were the collaborating
partners in this project. ITG is now maintained and developed further by
Sprakbanken. The main aims of the project were:

» To use annotated corpora of Swedish and other languages as the basis for
learning grammatical patterns;

* To develop web-supported collaborative learning in grammar where
corpora of natural language material form the basis for group activities;

* To use the web-supported collaborative method in regular courses in
grammar at collaborating Departments of Linguistics;

* To show the wider applicability of the platform and tools developed in this
project, for example by applying them to additional languages and
additional exercise types, using ITG in other contexts;

* A significant consideration during all the stages of this project has been
that the technical aspects of using or working with the web-based
system should not increase the workload of students or faculty.

ITG has a modular architecture, composed of four types of modules (see
Figure 1, below): the encyclopedia module, the text corpus module, the
exercise module and the resource module. The encyclopedia module and the
resource module are aimed at providing information about a selected number of
relevant themes and a pool of resources for further reading. In this paper the
focus is on the Text corpus module and the Interactive exercise module.
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Figure 1: Organization of ITG

2.1 The ‘Text Corpus’ Module

The ‘Text corpus’ module contains a range of annotated corpora of Swedish and
other languages. The corpora which are accessible to an occasional visitor of
this website (category: Guest) are: the Stockholm-Umea Corpus (SUC), ASU —
a longitudinal Swedish as second language corpus collected at Stockholm
University (spoken and written parts), the Kinnauri corpus, Sfi — the Swedish for
immigrants corpus, Skrivsyntax, ssm — Svenska som malsprak (Swedish as
target language). Most of the corpora which are used in ITG are tagged for
part of speech and lemmatized, and in some cases they are also syntactically
annotated.

The fact that these corpora were available when the project started, had its
advantages. But, it also raised issues of compatibility. A lot of effort was
spent on standardizing the corpus resources. We have been forced from the
onset to seriously discuss how to integrate existing NLP resources in our
application, as well as how to make the application itself extensible, so that
e.g. new language corpora or new annotations can be added (for details, see
Saxena and Borin 2002). Preliminary work on incorporating a Turkish corpus
in collaboration with Eva Csato has shown positive results, suggesting the
feasibility of expanding the data base of the platform with a moderate effort.

A graphic interface function has been added to the text corpus module (see
below, figure 2). With the help of this graphic interface students/researchers are
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able to see a ‘dispersion map’ of how and where one particular morpheme or
word occurs in the corpus, providing support in their work on the functions of
grammar (Olsson and Borin 2000).
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Figure 1: Organization of ITG

The use of the text corpus module is not necessarily connected to the
exercise module (or to any other module). One can use the corpora available
in this module as much for teaching purposes as for one’s own research.

2.2 The ‘Interactive Exercise’ Module

The aim of the ‘Interactive exercise’ module is to provide students with means
of learning and improving their skills in grammar. This is achieved in the two
aforementioned courses in two ways: First, by means of corpus search (e.g.,
search for various lexical and grammatical elements in the corpus to find out, for
instance, frequency, position and combination, word-formation patterns). The
other use is by providing a framework for exercises on a selected theme. For
example, one theme is “syntactic function” where the computer generates at
random one example sentence from a pre-selected corpus with one or more
words underscored, forming a syntactic constituent. The task for the student is to
determine the syntactic function of this constituent (subject, object, etc.). He or
she is expected to select the correct answer from a list of potential answers. If
the answer is correct, this is shown to the user in two ways: (i) at the top of the
screen, the correct answer along with green color indicate that the answer was
correct and in the left bottom corner summary statistics of questions attempted
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and the total number of correct answers are shown. If the answer was incorrect,
the student gets immediate feedback in several ways: (i) at the top, along with
the student’s response, the correct answer appears (along with red color), (ii) in
the right-hand bottom corner the correct answer appears, and (iii) in the left-
hand bottom corner summary statistics of questions attempted and the total
number of correct answers are shown (see Figure 3). The student can carry on
with her exercises as long as she wants. The exercise module is constructed in
such a way that there will not be any repeated test-sentence within 50 questions.
For pedagogical reasons, the same format is used for other themes (for example,
part of speech exercises).
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Figure 1: Organization of ITG

2.3 Design principles and general philosophy of ITG

The architectural organization of ITG has several advantages, the two most
significant ones being extensibility and conceptual decentralization.
Extensibility means that new functions can easily be integrated in the
application. ‘Conceptual decentralization’ is especially significant as it
allows the possibility of adjusting to individual learning styles. For example,
if the student prefers to start out with the ‘corpus’ material (for example,
doing a corpus search for a certain grammatical element) and go from there
to the appropriate exercises (for example, part of speech exercises) when she
feels the need to do so, she has that choice. At the same time, the application
allows the possibility of starting out at other entry points, e.g., ‘exercises’,
with the option of calling up the relevant ‘encyclopedia’ material at each
instant.
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Generally, we have used standard WWW and open-source software — i.e.,
software which is generally free and where the source code is freely
available and modifiable by the user — for implementing the modules. This
design philosophy has the advantage of making the application maximally
platform-independent, as well as providing a familiar interface — a standard
web browser — for students and faculty. Access to Internet for both students
and teachers is the only technical requirement for the collaborative learning
method proposed here.

3  Experience Using ITG at Uppsala University

Since the fall 2005 ITG is used as part of our courses Lingvistik [
(Linguistics 1), Lingvistik II (Linguistics 1I) and Grammatik (Grammar) in
the Department of Linguistics and Philology, Uppsala University. We will
focus our attention here on Lingvistik I and Lingvistik II, where we have
primarily used only the Swedish corpora (POS-tagged and syntactically
annotated). The organization of these courses has been as follows: lectures,
group assignments and computer lab sessions. There have been three ITG
lab sessions in each course. The groups were divided into smaller sub-groups
consisting of 10—24 students in each sub-group. This was partly due to the
number of computers available in the computer lab and partly so that the lab
session leader could manage to supervise students individually. The students
had free access to ITG during the course period. During the first lab session,
the lab session leader (Mikaéla Lind) informed students about ITG, what a
corpus is and how it could be used for grammar training, and about the SUC
corpus. The focus in the first lab session has been on word formation, the
theme of the second session was parts of speech and the theme of the third
session was syntactic analysis.

Summaries of the student evaluations® are presented below, classified
thematically (as some points occurred repeatedly in these evaluations).

3.1 Plenty of Group Opportunities

A recurring comment is that students would like more scheduled time
together with a teacher, and above all more group assignments. Thanks to
these lab sessions they get another three opportunities to practice and ask
questions in small groups. This is appreciated by the students. The
following are some comments from students (provided in English
translations):

I would like even more teacher guided group assignments.

? Students fill in course evaluations anonymously in the middle of a course and at the
end of a course.
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The teaching was varied (lectures, lab sessions and group assignments).
The lab sessions are great fun and you learn a lot from them.

The lab sessions have been really good and instructive.

The lab sessions were great, everything became a lot clearer.

During the lab sessions in particular you get the opportunity to receive individual
help from the teacher, which has been very helpful and important.

The purposes of the ITG lab sessions varied depending on which course they
were part of, even if the instructions given to the students were the same. In
Lingvistik I they serve as an introduction and practice, in Grammar as an
exercise in order to strengthen knowledge. In Lingvistik Il they are mainly
intended as repetition and are therefore placed at the beginning of the course.
This has been appreciated by those students who have not studied grammar
for a while as they, thanks to this warm up, then feel more prepared for the
more advanced level which is to come.

3.2 Good Mixture

A number of students commented that they like the fact that different kinds
of teaching methods are used — lectures, group assignments, and, ITG lab
sessions — as this combination provides a variation in teaching/learning.
Some are of the opinion that the lab sessions provide an opportunity for a
repetition, whereas for others it is an opportunity to learn and get some
clarity in linguistic analysis. In this way the ITG lab sessions allow each and
everyone to learn at their own pace and according to their own interests and
needs. These are two student comments:

The lab sessions are a useful supplement. If there is something you don’t
understand during a lecture you get another opportunity to listen, practice and
understand at a lab session.

The lab sessions are very helpful. They give an opportunity to, if you would like,
look at different items in depth.

3.3 Practising from Home

A lot of students consider it helpful to be able to practice from home with
the help of ITG. They get an introduction at a scheduled lab session and then
they practice as much as they like from home, thanks to having access to a
username and password valid throughout the course.
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3.4 Unnecessarily long

The first lab session felt unnecessary, one student comments. This is another
comment, possibly from the same person:

However, it has felt as if the lab sessions with ITG have been unnecessarily long
as you can just as well use the program from home and it gets a bit boring when
you have been using it for a while.

It would be sufficient to be given an introduction, and then you can go on
practising from home. However, our pedagogical idea is that the students
should be able to practise with a teacher present. We have noticed that
students, while working with ITG, raise questions about grammar and
language structure which would not have arisen if they were working with
traditional exercises. We believe that many of the students realized, for
instance that there is a difference between verb particles and prepositions,
and between predicatives and adverbials, thanks to plenty of practice. Many
times they need to put their questions at the start in order to understand the
following times.

3.5 Advantages of teaching in the computer lab

We have noticed that sitting in front of a computer has a number of
advantages for the students. Several people made notes by writing in a word
processor document instead of using pen and paper, which probably suits
some people better. In addition, some students (but surprisingly few) were
innovative and realized that they could look for information relevant for the
lab on the internet. For example when they were not sure about some part of
speech, they would look up a page on the net to read more, mainly on
Wikipedia and Nationalencyklopedin, we believe. Some thought of looking
for a definition of the word “lemma”, which is one of the tasks in the first
lab session. So, apart from being a useful tool for practising grammar, the
ITG lab sessions also give an enhanced possibility to search for information.

3.6 Co-operation

Working in a computer lab where students need to share computers, has the
advantage that students are encouraged to work together in teams, discussing
the problem and then arriving at a solution. One important duty of the
teacher in such situations is to encourage students to raise questions and also
to learn to discuss a theoretical issue. By verbalizing one's thoughts and
comments on how somebody else is thinking, one deepens and strengthens
the knowledge.
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4 Conclusion

To conclude, student evaluations suggest that students are mostly
appreciative of the ITG lab sessions as part of their regular course work. ITG
offers an accessible, flexible tool — based on natural language corpora — to
help them deepen their knowledge about grammar and do linguistic analysis.
Students find ITG flexible — it allows them to work at their own pace, and
also, if needed or desired, they use ITG anytime (and as much as they like)
during the course period from home or university any time of the day (apart
from the scheduled computer lab sessions). Further, it allows them to work
in small groups and with scope for discussions. In this way they learn by
doing linguistic analysis as well as discussing various aspects of grammar,
thus gaining a deeper understanding than would have been the case
otherwise.
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1 Introduction

In the past decade we have seen an amazing revival of machine translation
(MT) as the major field of research in computational linguistics. Many reasons
can be mentioned to explain this phenomenon: Globalization and the success
of the Internet may be one of them forcing companies and individuals to adapt
to a multilingual world. Political initiatives may also spur the fast development
of MT systems, especially for previously unsupported language pairs. The
increased capability of computers to handle large amounts of data might be
another factor contributing to the accelerated development especially of data-
driven MT approaches. But we should not forget to mention that working with
translation is also a lot of fun attracting people all over the globe. And, finally,
MT is an appealing research area because it faces many unsolved problems
integrating various tasks in natural language processing.

In this paper we look at some general issues in data-driven machine transla-
tion and discuss possible strategies to improve translation quality. We review
some of the recent trends in the research community without looking into the
details of possible implementations and system development.

2 Typical Problems with Data-Driven MT

The current trend in MT research is to use existing large collections of data
to learn to translate from one language to another. This includes not only
parallel data from documents and their translations but also comparable cor-
pora, monolingual corpora, bilingual dictionaries and other language(-pair)-
specific resources. The term data-driven techniques is very broad and does
not only include statistical and example-based approaches to MT. Rule-based
and dictionary-based approaches require real-world data almost as much as
their statistical counterparts. The difference between the various approaches
is the amount of trust the data is given, i.e., how much the translation model
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is driven by the patterns found in the data and how much manual work is
needed to clean up and formalize them in the paradigm used. Especially the
last part, manual work, frightens many researchers and funding organizations
because of the risk of exploding costs and development time. This pushes them
towards fully automatic systems requiring more and more data and computa-
tional power for training. Progresss can certainly be seen with this approach,
however, translation quality is still poor when looking at the current state of the
art. Furthermore, data-driven MT bears the risk of turning MT into a research
competition with the focus on achieving the world record in BLEU scores. In-
stead one should concentrate on real users’ needs again: MT should provide
readable translations of texts not isolated sentences. It should not be based
on an optimized number of matching N-grams but should produce coherent
documents with some fluency across sentences.

2.1 Limited Use of Context

One of the main problems with current approaches to MT is the restriction
to the translation of isolated sentences. Most MT models consider the words
appearing in one sentence only without looking at any information from the
surrounding context. In this way the task of translation turns out to be very
hard even for trained human translators due to the large amount of ambiguities
in natural languages. On the other hand, human translators work differently,
taking a wide range of contextual clues into account when translating from
one language into another. Because of this, they have much less problems with
ambiguity than a computational model with limited context and no domain
knowledge. Most expressions can be translated unambiguously in their con-
text even though they have several meanings in isolation or within the sentence
they appear in. A well-known principle in word-sense disambiguation (WSD)
is the “one sense per discourse” assumption (Gale et al., 1992) which is sim-
ilarly applicable in machine translation. The possibilities and the usefulness
of WSD in machine translation has been discussed for a long time. In sta-
tistical machine translation (SMT), disambiguation is mostly left to the target
language model using local context only. Recently, WSD-style classifiers have
been integrated in SMT in order to improve phrase and word selection (Carpuat
and Wu, 2005; Giménez and Mérquez, 2007; Vickrey et al., 2005). However,
they could only show modest improvements if any at all or limited themselves
to blank-filling tasks instead of full translation. The importance of wider con-
text for disambiguation in SMT has already been recognized in Brown et al.
(1991). However, the integration of a WSD module with rich contextual fea-
tures into a typical phrase-based MT system appeared to be unsuccessful until
some recent implementations (Carpuat and Wu, 2007a,b). According to their
findings it seems to be very important to develop a WSD module that is ded-
icated to the task of translation, i.e. focused on the proper selection of target
language words and phrases. Translation ambiguity is often different to the
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(1) Movie: Cheaper by the Dozen

Does this mean we can’t go to Dylan’s birthday party? - That’s exactly what it means.
- We bought his presents already.

- Vi har ju redan kopt hans present.

(2a) Movie: The Polar Express

He said Santa would have to fly faster than the speed of light ... to get to every house in one
night.

And to hold everyone’ s presents ... his sled would be bigger than an ocean
liner.

Och om alla julklappar skulle fa plats maste sldden vara storre dn ett fartyg.

(2b) Movie: The Polar Express
Checking out my presents .
Jag kollar ocksa in mina julklappar .

Figure 1: Contextual clues for disambiguation.

one addressed in monolingual WSD. Furthermore, ambiguity is language-pair
dependent, i.e. polysemy may be (partially) preserved when translating from
one language to another or additional ambiguity can be introduced because of
a richer distinction between sub-senses in one of the languages. Hence, WSD
in MT has to be language-pair dependent and usually requires a rich set of
contextual and domain-specific features.

The importance of wider context for lexical choice can easily be seen in
some simple examples. Let us look at a corpus of translated subtitles (Tiede-
mann, 2007) which provides an interesting resource for translation issues across
various genres, domains and language pairs!. For example, the English noun
presents can be translated into the Swedish counterparts presenter, gavor or
Jjulklappar. The first two are more or less synonymous whereas the latter is
used for Christmas presents only.

Looking at the examples in figure 1 we can see that none of the English
sentences to be translated contain a clear contextual clue to choose between
the general sense and the Christmas sense (besides the weak indication by sled
in 2a). However, the previous sentence in example (2a) contains the name
Santa which intuitively promotes the translation in the sense of Christmas
presents. Similar examples in which contextual clues can be found beyond
sentence boundaries are very frequent.

'"The subtitle corpus is a collection of 38,825 subtitle files in 29 languages. The
entire corpus is sentence aligned (361 language pairs) and covers 2,780 movies. It is
part of OPUS, which is a collection of parallel corpora and tools freely available at
http://www.let.rug.nl/tiedeman/OPUS/.
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The example (2b) in figure 1 shows another common case. Here, no contex-
tual clue can be found even in the surrounding sentences (which are omitted
here). However, from before (example (2a) from the same movie), we know
that we talk about Christmas and, hence, the translation julklappar becomes
more plausible than presenter. This demonstrates how disambiguation deci-
sions should be saved and considered in later cases.

There are many similar examples in our data collection. For instance, the
verb swings in a movie about Muhammed Ali is translated as sldr (hits) whereas
it is translated as svdnger in Der Untergang. For the latter we can find the con-
textual clue I want to dance in previous sentences. Similarly, fight is translated
as boxas throughout the Muhammed Ali movie whereas it is consistently trans-
lated as sldss in Gladiator and krigar in Helen of Troy. License is translated as
the general term tillstand in The Godfather whereas it is translated as korkort
(drivers license) in the movie Taxi Driver (for which the title could be used as
a clue).

To sum up, it seems to be necessary to go beyond the sentence boundaries
when trying to resolve a large amount of ambiguities. Contextual clues should
also include information about domain and topic and in addition disambigua-
tion should make use of previous decisions. The main difficulty is, of course,
the identification of appropriate patterns and the integration of disambigua-
tion history. The risk is to give too much weight to spurious features in wide
context and to propagate errors.

2.2 Missing Quality in Generation

Naturally, most MT research is focused on the transfer of linguistic units from
source language to target language. On the other hand, the generation of proper
target language sentences is often simplified to a large degree. However, read-
ability of a translation highly depends on the grammaticality and fluency of
the target language produced. It is not a coincidence that human translators
usually translate into their native language. Proficiency is needed much more
in the target language than in the source language. Despite of this fact many
MT systems spend more time analyzing the source language properly in order
to transfer all linguistic units recognized into appropriate target language ex-
pressions. Generation is then often a rudimentary component, for example, a
simple language model or a module fixing agreement and other morphologi-
cal issues. Human translators on the other hand do not spend so much effort
in analyzing every single expression in the foreign language but focus on a
proper formulation in the target language. A fluent and grammatically correct
translation is more satisfying than a complete but unreadable translation even
if some minor facts are missing. Certainly, the translation should be as correct
as possible and should not change the meaning expressed.

The challenge for MT is to find a way to approach human translation with its
proficiency. An MT system should be able to grasp the general meaning of a
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foreign text (with permissible mistakes) and to generate perfect target language
output representing similar contents. For this, analysis and transfer could be
done on a shallow semantic level focusing more on the proper generation of
readable target language text. And, again, readability and fluency should not
be limited to isolated sentences.

Finally, generation should also take the type of reader into account. Proper
translation has to be adjusted to the actual user group which is targeted by the
translation. A text for domain professionals has different properties than, for
example, one produced for children or teenagers. Certainly, the original text
will be focused on a certain target group already but translation can still benefit
from modeling the target group of the translation appropriately.

2.3 The Trap of Open-Domain MT

Many MT projects emphasize the development of general-purpose open-domain
systems. However, working with a combination of various domains and top-
ics leads to increased amounts of ambiguities that have to be handled. On the
other hand domain knowledge is important for proper translation and helps to
reduce ambiguity to a large degree. In many data-driven approaches the focus
is set on increasing the amount of training data to improve translation quality.
However, blending various domains into one general model also introduces
a lot of uncertainty into the system which is avoided if the domain could be
detected and designated models would be used to translate texts coming from
that domain.

As discussed earlier, ambiguous words are often translated consistently within
one text. Various senses can be ruled out when knowing the topic and domain.
Looking at human translators again we can see that they are topic aware and
often trained for certain domains. Hence, MT should not only be domain and
topic specific but should also use dynamic models that adjust themselves ac-
cording to the contextual history. An open-domain MT system should then
work in the style of a mixture of experts in which translation is delegated to
the appropriate sub-domain model. And, the delegation should not only be
based on the current sentence but on recent context as well.

2.4 Oversimplification and Exaggeration

Even though many projects claim to work on hybrid systems we can still see
two major directions: rule-based MT systems with deep linguistic analysis
and statistical/example-based MT systems with shallow and often language
independent techniques. In hybrid approaches people try to integrate syntactic
information into statistical models and statistical information into rule-based
systems. However, the amount of linguistics and statistics used in these system
is usually fixed for any input. Purely statistical (language independent) ap-
proaches suffer from oversimplification in cases of complex linguistic patterns
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which are difficult to transfer into similar target language units. Rule-based
systems suffer from exaggeration of linguistic processing in very simple cases
that would better be handled by simple pattern matching techniques. Further-
more, rule-based systems are not very robust in terms of handling unknown
constructions which leads to coverage problems.

Hybrid MT systems should tackle these problems in a clever way such that
each particular input is handled by only those components which can process
that type of data properly and most efficiently. Statistical systems should be
able to consult linguistic components in the cases where extra information is
needed (using some notion of uncertainty in translation for this translation).
Conversely, deep linguistic processing is not necessary in many cases, for ex-
ample the ones that can be translated (almost) literally into the target language
(avoiding errors that may be introduced by the various components). Further-
more, it could be a good idea to leave elements underspecified if ambiguity
cannot be resolved with high confidence. Making no decision is often better
than taking the wrong turn. For example, the following translations (including
the metaphorical use of geschluckt (swallowed) in the sense of believing a lie)
can be found in the subtitles of the movie Good Bye Lenin:

Hat sie’s geschluckt?- Ja, klar.
Har hon svalt det ? - Ja , naturligvis .
Has she swallowed it 7 - Yes , of course .

A deep semantic analysis of the source sentence would probably lead to a lot
of ambiguities possibly causing translation difficulties whereas the translation
is more or less literal in this example.

An MT system should choose the easiest way to get to the desired output
avoiding follow-up errors of non-perfect processing steps. The challenge is
to detect the amount of processing necessary for a particular input to allocate
appropriate units in the system and to estimate confidence in specific outputs
of various components.

2.5 Working with Sparse Data

Data-driven MT like all statistical NLP techniques is doomed to work with
sparse data. For example, sufficient data for statistical MT will always be
available only for a few language pairs and only for certain domains. Hence,
an important task in data-driven techniques is to make better use of the data at
hand. Comparing SMT/EBMT with human translators again, we can see that
there is an important difference in translation learning. In both cases exam-
ples of previous translations are used to improve translation skills. However,
statistical approaches to MT focus on handling larger amounts of data in or-
der to improve coverage and quality, whereas humans are able to learn from
much fewer examples and even profit from looking at the same examples over
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and over again. This is because humans analyze/generalize examples in many
different ways, looking for patterns and clues trying to understand these ex-
amples better and better. Machines could do the same, starting with simple
techniques, memorizing previous translations, finding frequent equivalents but
then starting to identify more complex, less frequent but important patterns in
the example data. Examples should be explored more exhaustively than done
by SMT and example-based approaches using broader context and more flex-
ible patterns. Give the machine more time to learn instead of just more data!
There is more to discover in every text! Maybe machine learning techniques
should be developed which are closer to human learning considering the suc-
cess of humans in tasks such as translation. This should probably also include a
component that filters extracted patterns in some post-processing step in order
to “forget” irrelevant information and to focus on quality instead of quantity.

3 What Can We Do?

Most of the issues mentioned above are difficult to address in automatic learn-
ing processes. Many research groups work on the integration of linguistic
knowledge and richer context into data-driven MT. The main issue is to find
a way to identify appropriate patterns in the data avoiding distracting signals
that lead to overfitting problems. The following discusses several ideas in ad-
dressing some of the issues mentioned in the previous sections without giving
a solution ready to be implemented.

3.1 Adaptive Models

Not without reason, domain adaptation is a hot topic in MT research. As dis-
cussed earlier a lot of ambiguity could be removed by considering informa-
tion about domain and topic and by including broader contextual clues. Re-
cent experiments in domain adaptation have shown that out-of-domain data is
very hard to handle by statistical (and probably other types of) MT systems
(Callison-Burch et al., 2007).

In SMT, arecent trend is to work with mixture models that include data from
various domains (Foster and Kuhn, 2007; Civera and Juan, 2007). Initially
people investigated adaptive language models in SMT using existing markup
or information retrieval techniques (Zhao et al., 2004; Byrne et al., 2004). The
target language model is responsible for a lot of disambiguation and, hence,
domain adaptation in this part of the system is a sensible thing to do. However,
lexical choice is of course also guided by the translation model and, therefore,
several groups have looked into the adaptation of translation models as well
(Hildebrand et al., 2005; Koehn and Schroeder, 2007). So far, the success is
rather modest but research in this field has just begun and will probably go
beyond the current results in the near future.
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Future systems should include modules to detect domains and topics auto-
matically. The output of this type of classification should be used directly by
the system to dynamically adjust parameters of the translation models. One
idea is to simply adjust the weights attached to components of a multi-domain
mixture model. Other ways of adjusting model parameters dynamically might
be possible.

Including contextual history into the system as discussed earlier could be
done by building cache-based translation models. In language modeling, caching
is known to reduce perplexity (Clarkson and Robinson, 1997; Iyer and Osten-
dorf, 1996) and similar techniques might be applicable in translation mod-
els as well. This would address the idea of consistently preferring certain
word/phrase senses within one text. Stylistic information might also be in-
tegrated into such a dynamic translation engine. Another idea is to allow the
system to benefit from user feedback in order to correct certain mistakes that
will lead to follow-up errors in the dynamic settings. Such negative data can
be very valuable for the success of the MT system in the future.

3.2 Proper Level of Complexity

Combining various approaches into one hybrid MT system is the goal for many
research groups. Defining a system with dynamic selection of strategies de-
pending on the input is a challenging task. The main problem is to detect
the necessity of further processing. A simple approach could be to define a
cascading system with fallback strategies in which simple techniques are tried
first and in cases of low certainties more complex techniques are applied there-
after. Certainty can be measured using the internal parameters of the transla-
tion model or some kind of extrinsic evaluation of the output. For example
parsability could be a criterion or some measure of readability and fluency in
connection with previous context.

Another idea is to build a system that shows intermediate results to the user
but continuous processing with more complex models until the user stops the
process (or the entire process is done). In this way, the system would work as
an interactive system allowing the user to interrupt further processing. This en-
ables the user to wait longer hoping for better results or to go further if satisfied
or in a hurry. Furthermore, post-correction could easily be integrated in such
an interactive system, again, helping the system to learn from the feedback by
the user.

3.3 Data Mining for Contextual Clues

In previous sections, we have discussed the necessity of rich contextual fea-
tures to improve lexical choice and other types of disambiguation in MT. The
main problem is to identify appropriate patterns automatically in given training
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data®. The main problem here is the huge search space and the risk of includ-
ing spurious features. It is not only that contextual features can be arbitrarily
far away but patterns may also include any combination of such features mak-
ing it impossible to carry out an exhaustive search through the data. However,
certain strategies may help to explore the feature space systematically.

For word and phrase selection, we can first define default translations based
on the most frequent alignments found in the bilingual training data. The next
step is to search the example data for consistent indicators for each alternative
translation. This can be done by iteratively checking surrounding features,
starting with local context and then expanding to wider context and feature
combinations. Here, well-known data mining techniques for association rule
extraction can be applied.

Most of these algorithms are based on frequent set mining extracting rules
with high confidence and a minimum of support. The antecedent of such a
rule in our task would then be the contextual condition and the consequent
is the selected translation. For each ambiguous word or phrase a set of rules
could be extracted covering various kinds of contextual dependencies. Doing
this exhaustively for all words and phrases in the translation table is still not
feasible. However, it can be done for selected items to gradually improve
disambiguation in the system.

To test this technique on a tiny example we extracted the sentences and
their surrounding context (two sentences before and two after) that contain the
English word presents from our subtitle corpus and disambiguated each occur-
rence according to the alignment in Swedish. We kept only those sentences
for which the Swedish counterparts contain the strings presentera (to present),
present (a present), or julklapp (Christmas present). The term is actually not
very frequent in the corpus and after filtering there are 26 occurrences left.
Here, we limited ourselves to alphabetic surface words (in lower case) only
and ignored all other types of annotation we could use. Using an implementa-
tion by Borgelt (2003) of a standard algorithm for the extraction of association
rules, Apriori (Srikant et al., 1997) we obtained the following rules implying
the julklapp sense:

julklapp <- christmas (11.5, 100.0)
julklapp <- santa (11.5, 100.0)
julklapp <- santa and (11.5, 100.0)

Note that Santa never occurs within the same sentence as presents and also
Christmas is only in local context in half of the cases.

Due to the fact that we did not use any disambiguation based on part-of-
speech labelling the homographic use of presents as a verb can also be rec-
ognized by simple contextual rules. The following association rules (for sets
smaller than four words) have been found for the verb sense denoted by the
Swedish equivalent presentera:

*Here, we consider the case of using parallel translation data to train the system.
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presentera <- ladies (11.5, 100.0)
presentera <- gentlemen (11.5, 100.0)
presentera <- ages (11.5, 100.0)
presentera <- proudly (15.4/4, 100.0)
presentera <- ladies gentlemen (11.5, 100.0)
presentera <- ladies ages (11.5, 100.0)
presentera <- ladies proudly (11.5, 100.0)
presentera <- ladies all (11.5, 100.0)
presentera <- ladies and (11.5, 100.0)
presentera <- ladies the (11.5, 100.0)
presentera <- gentlemen ages (11.5, 100.0)
presentera <- gentlemen proudly (11.5, 100.0)
presentera <- gentlemen all (11.5, 100.0)
presentera <- gentlemen and (11.5, 100.0)
presentera <- gentlemen the (11.5, 100.0)
presentera <- ages proudly (11.5, 100.0)
presentera <- ages all (11.5, 100.0)
presentera <- ages and (11.5, 100.0)
presentera <- ages the (11.5, 100.0)
presentera <- proudly all (11.5, 100.0)
presentera <- proudly and (11.5, 100.0)
presentera <- proudly the (15.4, 100.0)

Here, proudly presents is a typical collocation in the corpus whereas the as-
sociation to Ladies and Gentlemen usually involves wider context. Certainly,
the example above does not prove the usefulness of rule mining approaches in
MT. However, their potentials should be clearly visible.

There are many practical issues that have to be addressed in the rule min-
ing approach. First of all, we still have to limit the context to be used even
in simple bag-of-words approaches. However, we can easily go beyond the
sentence boundaries as shown in the simple example above which is desirable
as we have discussed in earlier sections. Note that in real application we want
to include various kinds of linguistic annotation as possible features (part-of-
speech labels, chunk labels, dependency relations, etc). Another difference to
classical data mining techniques is that positional information might be im-
portant. Including positional dependencies would increase the search space
tremendously and, therefore, only some possibilities can be explored. Some
heuristics have to be defined to select specific settings to be checked by the
rule extraction algorithm. Again, one can start with simple features moving to
more complex ones.

A nice feature of a rule extraction approach is that intermediate results can
immediately be applied in the MT system. Training may continue infinitely
trying to explore other patterns in the example data using more and more com-
plex feature sets. Furthermore, the exploration can be done in parallel for each
ambiguous item in the lexicon. A global search is not necessary.

A general problem with a data mining approach is the requirement of fre-
quent sets. Interesting associations may be missed in this way due to sparse-
ness of the data (a general problem in all data-driven techniques). There are
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algorithms to extract high confident rules without minimum support. However,
there is a large risk of collecting noisy relations with spurious associations. It
might help to restrict the contextual freedom for such rules in order to decrease
the chance of such spurious rules. It could be an idea to define the minimum
support required for a rule as a function of feature complexity used in the an-
tecedent of the rule.

Another idea is to merge contextual features of semantically related items
into semantic classes. For example, algorithms that explore distributional sim-
ilarity in large monolingual corpora can be used to extract classes of related
words (Lonneke van der Plas, 2006). They can be used to form a contextual
feature representing the semantics of all these related words. The intuition
behind this is to obtain a higher level of abstraction and to focus on the mean-
ing of words rather than their physical appearance in the text. In this way, one
hopes to find better generalizations with increased support and confidence. For
example, the translation of presents into the Swedish julklappar as discussed
previously may use the contextual clue of a word related to Christmas. The
problem, however, is the additional noise produced by the algorithms for ex-
tracting such classes and the ever increasing number of features.

The final task is to integrate the identified patterns into the MT system. This,
of course, highly depends on the general approach taken. A rule-based system
could simply create transfer-rules from contextual association rules found in
the data mining step. They might be validated by experts before being put to
use. Automatic validation using MT evaluation metrics may be another option.
In SMT systems association rules and the confidence scores connected to them
could be included as an additional component in the global statistical model.
Example-based MT systems could use them for ranking possible bitext pairs.

4 Conclusions

The main purpose of this paper is to collect ideas about possible improvements
of data-driven techniques in machine translation. The main claims can be sum-
marized as follows:

e MT should go beyond translating isolated sentences. Wider context
should be used for disambiguation and for improving readability and
fluency of the output. For this contextual history should be cached and
used to adjust the MT model to the current discourse dynamically.

e The generation of the target language should be improved. Grammat-
icality and readability are neglected by many systems forgetting about
the real users needs.

o Domain knowledge and topic recognition should be integrated into wide-
coverage MT systems. The system should function as a mixture of trans-
lation experts with specific domain knowledge.
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e Hybrid MT systems should take advantage of the success of different
approaches. However, the combination of various techniques should be
more flexible allowing the system to acquire additional information if
necessary but leaving things simple if possible.

e Data-driven techniques should make better use of the limited amount of
data available. Carefully mining example data for patterns may help MT
systems more than adding large amounts of noisy data.

e Mechanisms allowing the system to benefit from user feedback could
improve quality and validate model parameters.

Admittedly, none of the claims are carefully evaluated here and, therefore,
cannot be taken as the ultimate road for MT development. However, they are
meant to give inspiration to further advances in an exciting research area.
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Riding, Driving and Traveling — Swedish
Verbs Describing Motion in a Vehicle in
Crosslinguistic Perspective
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1 Introduction

This paper will discuss a small but central group of motion verbs in Swedish
from a crosslinguistic perspective: the verbs describing motion in a vehicle.
Data will be drawn primarily from two translation corpora.

The lexicalization of motion verbs involves a variety of basic semantic
parameters which can take a number of values. Typologically Path (to/from,
up/down, in/out etc) has been the center of attention (Talmy 1985,
Bohnemeyer et al 2007) and this is indeed the most basic one, but there are
many other parameters that are relevant (see Viberg 1992, 2006a for an
overview of Swedish motion verbs).

An important characteristic of subjects that refer to human beings is their
propensity for self-propelled motion. This feature is acquired early by
infants (Spelke et al. 1995). Unlike a ball that starts moving because it is hit
by something, human beings have an inner source of energy, which can
make them move. Bodily locomotion verbs more or less by definition
describe self-propelled motion. But even motion by other types of subjects
such as natural forces (the wind, rain, etc) can be conceptualized as self-
propelled, which makes this a parameter that is not limited to bodily
locomotion. The most basic type of self-propelled motion for humans is
walking, which is expressed in Swedish with the verb gd described in an
earlier paper (Viberg 1999a). A smaller but rather central group of motion
verbs which typically take a human subject describe motion in a vehicle such
as ride and drive in English. Vehicle and means of transportation in general
represent a basic parameter that has traditionally been subsumed under
Manner. This paper will be concerned with the semantic differentiation
between the basic Swedish verbs rida, kéra, dka, fara och resa as well as
with their patterns of polysemy which extend beyond the motion field.
Interestingly, the concepts of Force and Control are central as organizing
principles for most of them (the exception is resa) and for this reason
Swedish driva, the cognate of English drive, is also included in the
discussion. The paper will primarily be concerned with verbs that describe
motion in a vehicle in general and not with verbs that specifically refer to
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aquamotion (Koptjevskaja-Tamm et al., forthc.) or motion in the air (flyga
“fly”).

In this paper, Swedish will be compared to a selection of closely related
languages on the basis of data from two translation corpora. The analysis of
Swedish is also based on the monolingual corpora in the Swedish Language
Bank (Sprékbanken). (Examples from these corpora have been translated by
me.) One of the translation corpora is the English Swedish Parallel Corpus
(ESPC) prepared by Altenberg & Aijmer (2000), which contains original
texts in English and Swedish together with their translations. The texts are
divided into two broad genres: Fiction and Non-fiction with several
subcategories. The original texts in each language contain around 500 000
words. The other corpus is more restricted and will be referred to as the
multilingual pilot corpus (MPC). It is being compiled by the author and
consists at present of extracts from 10 novels in Swedish with translations
into English, German, French and Finnish (totally around 250,000 words in
the Swedish originals). For some of the texts, there are also translations into
Danish and Dutch. As an illustration of the types of data this article is based
on, examples from the corpus are shown in table 1. I will use some of the
examples to introduce the major semantic parameters that will be treated in
this paper.

One basic contrast is the differentiation between verbs profiling the control
of a means of transport, such as riding and driving, versus the profiling of
being transported, such as traveling and voyaging. The verb rida ‘ride’ is not
as frequent as the other verbs but has been included since verbs with an
equivalent meaning have extended their meaning in some of the other
languages. This is most striking in Dutch, where rijden still can be used
about riding a horse but is also frequently used with reference to driving and
traveling in a car (and other vehicles). The basic Swedish verb used to
express the driving of a car or other vehicle is kéra ‘drive’ and this contrasts
with dka and fara which profile the sense of being transported. Usually, the
meanings do not mutually exclude one another: driving strongly invites the
inference that the driver is being transported but not necessarily since you
can drive certain vehicles with a remote control (in particular model cars).
The verbs dka and fara can be used even when the subject refers to the
driver but the control of the vehicle in this case is backgrounded. These
verbs cannot be used when the control is strongly profiled as in “Do you
know how to drive?” This contrast is not upheld lexically in several
languages.

German tends to use the verb fahren, the cognate of Swedish fara, both to
express driving and traveling, whereas Danish tends to use kore, the cognate
of kora ‘drive’ with both of these meanings. Finnish ajaa has both of these
uses, too. Compare examples (2) and (4) in table 1. A further semantic
contrast is shown in example (5). Swedish kéra can be used as a verb of
transportation in a vehicle, where the displacement of the object of the verb
is profiled. Danish kore and Dutch rijden can cover this sense as well.
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(1)  Swedish: ”Rida skulle vi”, sa Ronja. AL

English: “We were going to ride,” said Ronia.

German: »Reiten wollten wir”, sagte Ronja.

French: »lout ce qu’on voulait, c’était monter a cheval”, dit Ronya.
Finnish: — Meidén piti kai ratsastaa, Ronja sanoi.

Danish: ”Vi skulle jo ride,” sagde Ronja.

Dutch: »We zouden toch gaan rijden,” zei Ronja.

(2)  Swedish Och frun kunde inte kéra traktorn. KE

English and his wife couldn't drive the tractor.

German Und seine Frau konnte nicht Traktor fahren.
French Et sa femme ne savait pas conduire le tracteur.
Finnish Eikd vaimo osannut ajaa traktoria.

Danish Og konen kunne ikke kore traktoren.

Dutch en zijn vrouw kon geen tractor rijden.

(3)  Swedish Ak med ner. KE

English Come on down with us.
German Fahr mit runter.
French Va avec eux.

Finnish Liihde mukaan

Danish Kor med ned

Dutch Rijd maar mee.

(4)  Swedish och de for tillbaka till campingen. KE

English so they went back to the camping site.

German und die beiden Ménner fuhren zum Campingplatz zuriick.
French et ils refournérent au camping.

Finnish ja he ajoivat takaisin leirintdalueelle.

Danish og de korte tilbage til campingpladsen.

Dutch en ze reden terug naar de camping.

(5) Swedish Annie behovde inte kéra henne sa hon. KE

English Annie needn't drive her down, she said.

German Annie brauche sie nicht zu fahren, sagte sie.

French Ce n'était pas la peine qu'Annie la conduise, dit-elle.
Finnish Hin sanoi ettei Annien tarvinnut lihted viemddn.
Danish Annie behovede ikke at kore hende, sagde hun.
Dutch Annie hoefde haar niet te rijden, zei ze.

Table 1: Verbs describing riding and motion in a vehicle in the MPC corpus.

Verbs of traveling contrast with verbs describing self-propelled motion,
the basic form of which is walking (for human beings). Languages differ
with respect to whether there is a (more or less) obligatory contrast between
walking and being transported in a vehicle. In Swedish, the verb gd ‘go’ can
only be used with reference to walking (when the subject is human), and this
leads to a frequent error even among many rather advanced learners of
Swedish as a second language who can say Jag gick med tdget/bilen till
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Uppsala ‘1 went by car/train to Uppsala, where dka must be used. One
source of contrastive data for Swedish verbs of traveling is the Swedish
grammar intended for Swedish as a second language, which has been
translated into 18 languages (Viberg et al. 1984—). Examples (6)-(7) are
taken from various versions of the grammar (op. cit. §15.5).

(6)  Swedish: Min fru maste dka tunnelbana till jobbet.
English: My wife has to go to work by underground.
Greek: I jinéka mu prépi na pdi me ton elektriko sti dulia.
Rumanian: Sotia mea trebuie sa meargd cu metroul la service.
Turkish: Karim isine tunnel ile gitmek zorundadi
(7)  Swedish: Men min arbetsplats ligger s néra att jag kan gd.
English: But my office is so close that I can walk.
Greek: Enod i 8iki mu dulia ine téso konda pu bord na pdo me ta
podia.
Rumanian: Locul meu de munca este insd asa de aproape, incit potsa
merg pe jos.
Turkish: Ama benim igyerim ¢ok yakindir, ben isime yiiriiyerek
gidibilirim.

Data from a pedagogical grammar are not as reliable as data from corpora
but the general picture appears to be correct. The verbs used to express the
meanings of Swedish gd and dka and the other Swedish verbs discussed so
far are shown in table 2. As can be observed, the verb corresponding to ‘go’
is also used to describe motion in a vehicle in English, (Modern) Greek,
Rumanian and Turkish. In Greek, it is also used to express transportation in
a vehicle. Thus, there is no obligatory contrast corresponding to that between
gad and dka, even if specific verbs describing motion in a vehicle exist and
are used to various degrees. (The Swedish verb resa is translated with such a
verb except in Turkish.) In addition, all four languages have a separate verb
that can be used when the subject refers to the driver operating the vehicle.
In general, it can be concluded that verbs describing motion in a vehicle
have many language-specific (but not necessarily unique) features in
Swedish. In the following, these verbs will be looked at one by one in
greater detail.

176



Self-propelled motion on foot
Swedish: ga
English: go/walk
Greek: pao
Rumanian: a merge
Turkish: gitmek/yiiriimek

Motion in vehicle — being transported

Swedish: aka/fara, resa
English: go, travel
Greek: pao, taksidévo

Rumanian: a merge, a calatori
Turkish: Gitmek

Motion in vehicle — operate vehicle
Swedish: kora
English: drive

Greek: 00iy0
Rumanian: a conduce
Turkish: siirmek

Transportation in vehicle
Swedish: kora
English: drive

Greek: pao
Rumanian: aconduce
Turkish: stirmek/gotiirmek

Table 2. The basic verbs for expressing self-propropelled motion and motion
in a vehicle in Swedish and four other languages (based on Viberg et al
1984-, §15.5)

2  From Horse to Automobile: The Verb ‘Ride’

The verb ride is a common Germanic verb with cognates in all the major
Germanic languages. In Swedish, the verb has the form rida. The meaning
‘move sitting on top a horse and controlling its movement’ is still the
dominant meaning in Swedish, where rida has not been extended to cover
motion in a vehicle such as a car or a bicycle. These meanings are primarily
covered by dka, whose meaning to a great extent overlaps with the present-
day extended use of ride and its cognates, in particular in Dutch, as we have
seen, but also to a certain extent in English. Since there are many interesting
parallels to Swedish dka, a sketch of the meaning patterns of English ride is
given in figure 1. This figure, like all the following figures of the same type,
primarily shows sense relations in present-day English (or Swedish in
sections below). Diachronic relationships are reflected only to the extent that
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they are stated explicitly in the text. (Unlike the following figures, this one is
not based on any systematic corpus study.)

Prototype Peter rode home
(on his bike).
Peter rode home (on his horse).

(i) siton top
(i) siton top of horse (ii) control
(i) control horse (iii) travel
(iii) travel

Focus:
Focus: Travel in
On top ehicle
Drawn by a horse
The ship is The politican was hist.)
riding on riding on popular
the waves. discontent. The king rode to
the cathedral in an
open carriage.

Y our boss is
riding you much

too hard.

Any vehicle For vehicle
to travel

Peter rode to in a certain

New York (in manner

a car/ bus/

train...) This car rides
smoothly.

Subject: Item of
He rode clothing
in an
elevator. His T-shirt rode
up.

Figure 1: The meaning patterns of English ride (somewhat sketchy).

The common Germanic prototype of ‘ride’ seems to combine three major
components (i) sitting on top a horse (ii) controlling the movement of the
animal (iii) displacing oneself in this manner. Various secondary meanings
focus parts of the prototypical meaning. With a vessel as subject, the notion
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‘on top of (the waves)’ is focused, and in this case rida can be used in
Swedish as in (7).

0 the boat riding a run of wave prow up. DT
eftersom baten red péa en vag med stiven i védret,

Another case, where sitting on top is rather prominent is ride on a bike, but
in this case rida cannot be used in Swedish but only cykla ‘cycle’ or dka
cykel (see 8).

() Her upper lip was pufty, like the kind of scrape children get falling off
bicycles when they first learn to ride. SG
Hennes 6verldpp var svullen.Det liknade den sorts blessyr smé barn
brukar fa da de ramlar omkull nér de lér sig cykla.

The notion of control, which is closely related to ‘on top’ (CONTROL IS
UP), is focused in a number of metaphorical uses such as The politician tried
to ride on popular discontent, which has a close Swedish equivalent. There
is also a verb such as topprida ‘ride on top’, which is used metaphorically
(Sa ldnge valuta- och rdntemarknaderna topprider den svenska demokratin
P95). The most important set of extensions focuses on the fact of traveling,
keeping the manner component in the background. Already in Middle
English, ride could take on the extended meaning ‘to be conveyed in a
wheeled or other vehicle drawn by a horse’ (OED). From this, there was a
short step to riding in a train or a car, once these means of conveyance had
been invented. With this extension, the meaning of ride is approaching the
central meaning of the Swedish verb dka, non-self-propelled motion. In
most cases where ride is used with reference to traveling in a conveyance,
dka is used in Swedish as illustrated in (9) and (10).

“ The dogs ride, the poor walk, or go by bus. FW
Hundarna dker bil; de fattiga gar eller &ker buss.

(10) He refused to speak or even look Andrew in the eye as they rode to the
fourth floor. AH
Han végrade sdga ndgot eller ens mota Andrews blick nir de dkte upp
till fjirde véningen.

The use in (11), which is restricted to items of clothing according to
Cambridge International Dictionary of English(CIDE), also has a parallel in
the use of Swedish dka (my translation):

(11) His T-shirt rode up, when he bent over. CIDE
Hans T-shirt @dkte upp, niar han bojde sig framat.

If the interpretation sketched here is correct, there are two prototypical
clusters in the meaning pattern of English ride. One is centered on the
original prototype ‘ride on a horse’, and the other is emerging around the
meaning in present-day English ‘ride in a conveyance’. This latter meaning
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has no counterpart in Swedish, but as we have seen rijden ‘ride’ has
extended even further in Dutch.

3  Driving

According to Buck (1949), many of the words for ‘drive’ in Indo-European
languages were originally used in the context of driving cattle (in front of
oneself, as opposed to ‘lead’). Another source is words with the opposite
meaning, ‘lead’, which according to Buck applies to Romance words for
driving such as Rumanian conduce, French conduire, Spanish conducir. The
human agent in this situation acts as an outside force causing the cattle to
move. Thus not only the idea of riding in a car as a passenger, but also the
notion of controlling and driving a car were originally modeled on the
guidance of domesticated animals. Other words for ‘drive’ have developed
from ‘strike’ or ‘push’, both of which are centered on Force (see Viberg
1999b for striking). As will be demonstrated in this section, Force or
Power/Control is also central in the meaning of verbs used about driving a
car or other vehicle in modern Swedish and English.

3.1 The Swedish Verb Kora: ‘Drive (a Vehicle)’
When the operation of a vehicle (typically a car) is profiled kdra is used in
Swedish. The profiling is particularly clear when a vehicle appears as direct

object as in (12).

(12) Swedish: Ska du kéra ambulans om du inte r nykter? PCJ

English: Do you drive an ambulance even when you're not sober?”

German: ,,Willst du denn den Krankenwagen fahren, wenn du nicht
niichtern bist?*

French:  —Tu vas conduire ton ambulance méme aprées avoir bu ?

Finnish:  —Voitko ajaa ambulanssia, vaikka et ole selvd?

English and French in this case have special verbs (drive, conduire), whereas
German and Finnish has one and the same verb corresponding to kéra
‘drive’ and dka ‘ride in a car etc.’. The contrast can be signaled by using
different constructions. To profile ‘driving’, the vehicle appears as direct
object as in (12) marked with the accusative in German and with the
partitive in Finnish (alternating with the accusative in other examples).
When the operation of the vehicle is not profiled as in (13), dka can be used
even when the subject actually refers to the driver. In German and Finnish,
the vehicle is marked as an instrumental (prep. mit ‘with’ in German and
adessive case —/la(-/ld) in Finnish.) If the subject of the verb refers to the
driver of the vehicle, the choice between kéra and dka is a question of
profiling, since the driver simultaneously is being transported in the vehicle
(in most cases).
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(13) Swedish: Hon hade @kt bil har massor av ganger LM
English: ~ She had driven past here many times
German: Unzédhlige Male war sie hier mit dem Auto entlanggefahren
French: Elle était passée par 1a en voiture a maintes reprises,
Finnish:  Héin oli ajanut tiélla lukemattomia kertoja autolla

As illustrated earlier in (5), kdra can also be used as a verb of transport
describing the movement of the object by driving a car or other vehicle. In
this case, kéra alternates with skjutsa which usually refers to human
passengers and frakta which tends to refer to goods of various types.
Examples (14) and (15) are from the ESPC. There are several further types
of transportation verbs in Swedish referring to specific types of cargo or
vehicles (see Viberg 1981, 59-62).

(14) Gammlundstrom brukade skjutsa henne, TL
Old Lundstrom used to drive her there,

(15) De stora spanska skeppen fraktade handelsgods frén Amerika, BTC
Great Spanish ships carried freight from trade with America

The uses of kéra involving a vehicle are the most frequent ones in present-
day Swedish. The verb can, however, be used with reference to other types
of forced motion. As is indicated in figure 2, the notion of causing
something to move with force is the general (schematic) meaning of kéra,
which is shared by most uses. One set of uses describes how something held
in the hand is set into motion, usually in a forceful way.

(16) Swedish: Bjorne kdrde en knytnive i magen pa honom. KE
English:  Bjorne drove his fist into his stomach,
German: Bjorne jagte ihm die Faust in den Bauch.
French:  Bjorne lui enfonca un poing dans le ventre.
Finnish:  Bjorne iski hanté nyrkilla vatsaan.

The verb kdra can also be used to describe how people or animals are driven
away, usually verbally with a sharp order or (in the case of cats and similar
animals) with a specialized interjection such as shoo! (Swedish schas!,
which can be derived as a verb schasa ‘shoo’ vb.). (17) and (18) are taken
from the ESPC.

(17 Bara 6ronen viftar till dd och da som for att kéra bort en fluga. PCJ
Only his ears move now and then, as if shooing away a fly.

(18) De kom alltid omgéaende och kérde bort de som stérde honom. HM
They always came right away and drove off anyone who was
disturbing him.

The dominant meaning of kdra in present-day Swedish is related to

operating and traveling in a vehicle. However, the verb has a number of
other uses that share a schematic meaning which can be expressed
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approximately as “Forcefully cause to move”. In a way, the meanings related
to operating a vehicle are set off from the rest of the meanings.

\FORCEFULLY CAUSE
'TO MOVE

Operate a vehicle

Per kan kora bil.
Per can drive a car.

Cause a bodypart to
move

Per korde ner hinderna
i fickan.
Per put his hands in his
pockets.

Cause humans
or animals to
move away

Per korde bort
alla nyfikna.
Per drove away
all the curious
people.

Per korde ut
katten.

Per chased the
cat out.

MOVE IN A
VEHICLE while
operating it

Per korde hem.
Per drove home.

Cause a physical object
to move holding it in
the hand

Soldaten korde ett
svéard genom téltduken.
The soldier pushed a
sword through the side
of the tent.

|

TRANSPORT IN A
VEHICLE

Per korde Eva till
flygplatsen.

Per drove Eva to the
airport.

For VEHICLE to
MOVE

Bussen korde ivég.
The bus drove away.

Figure 2: Meaning patterns of the verb kora.

3.2 The Cognates English Drive and Swedish Driva

As shown above, drive is the most frequent English translation of kéra,
which in its turn is the most frequent translation of drive in the ESPC.
However, the relationship is not completely symmetrical. Even if kdra is the
most frequent equivalent of drive, there is a second equivalent that is
relatively prominent, namely the Swedish cognate driva. In the ESPC, kéra
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accounts for 102 (53%) and driva for 35 (18%) of the equivalents of the 192
occurrences of drive in the English texts. Swedish driva expresses the
application of force in various ways. The following example with a human
object is parallel to example (18) with kéra:

Subject-centered motion

Human
MOVE AROUND
AIMLESSLY

Anna drev omkring i

Physical object
MOVE DRIVEN
BY EXTERNAL
FORCE

Baten/Dimman drev

Gamla stan. Anna
drifted around in the
old town.

mot land. The
boat/mist drifted
towards the shore.

Object-centered motion: CAUSE TO MOVE IN FRONT

The shepherd drove
the sheep into the fold.

The wind/waves
drove the boat

Human Natural force Emotion/Mental
Herden drev in faren i Vinden/Vagorna drev Hungern/Hans
fallan. baten i land. nyfikenhet drev

honom att atervénda.
Hunger/His curiosity

ashore. drove him to return.

Control the Cause to be Cause a mental Cause someone to
activities in a moved in a object to move move into a
business ridiculous through a psycho- | psychological state

direction logical barrier
Hon drev en Hon drev sin syster
resebyra. Alla drev med Vi lyckades driva | till nerv-
She ran a travel honom. igenom vara krav. | sammanbrott.
agency. Everybody made We succeeded in She drove her

fun of him. pushing through sister to a nervous

our demands. breakdown.

Figure 3: The polysemy of Swedish driva.

(19) Swedish: Utan forskoning drev hon ut dem i snén, KE
English:  She drove them out into the snow without mercy,
German: Ohne Erbarmen #rieb sie alle hinaus in den Schnee
French: Sans se laisser apitoyer, elle les fit sortir dans la neige
Finnish:  Loviisa ajoi ilman armoa ryovarit hankeen,
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Swedish driva can be used with both human and more abstract subjects as
demonstrated in figure 3, which accounts for the major meanings of driva. A
relatively common subject of driva is a Natural force such as Wind or
Waves, which typically can drive a ship or other Natural phenomena such as
clouds and mist. In Novels 81, examples are found such as (somewhat
shortened): Vinden drev bdten ldingsamt framdt ‘The wind drove the boat
slowly forwards’ and Vinden drev dammet lings gatorna ‘The wind drove
the dust along the streets’. Related to this use is (20) from a popular science
text (ESPC):

(20) Denna sjilvreglerande process sker aktivt och drivs av den fria energi
som kommer via solljuset.
The self-regulation of the system is an active process driven by the
free energy available from sunlight. JL

Both English drive and its Swedish cognate can also be used about
psychological forces causing mental processes as in (21).

(21) Vad jag tror &r att Byrons inre frimling var lynnigare &n min och att
den drev honom till storre 6verdrifter och storre dnger. SCO
What I think is that Byron's inner stranger was more capricious than
mine, and drove him to greater exaggerations and greater regrets.

With a human subject, driva can be used with both concrete and abstract
objects, for example a business or enterprise as in (22)

(22) Tillsammans med min hustru Louise driver jag Akerbloms
Fastighetsformedling. HM2
I run Akerblom's Real Estate with my wife.

Swedish driva can also be used intransitively with the moving Theme as
subject as in (23) and (24). In this use, driva describes non-self propelled
motion or motion without a clear aim. The most direct equivalent appears to
be drift in English. Similar to many of the motion-in-vehicle verbs, driva
alternates its meaning from exerting force (in its transitive uses) to lack of
control (in its intransitive uses).

(23) Jag hade dromt att Rustica drev red16s med tidvattnet mot Stromas
klippor. BL
I had dreamt that Rustica, disabled, was drifting with the tide towards
the cliffs of Stroma.

(24) Zigenarna, som de kallar ’los egipcianos’, dr forbjudna att i
fortsdttningen driva omkring i riket. BTC
The gypsies, whom they call “los egipcianos”, will in the future be
forbidden to wander about in the kingdom.
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It has only been possible to exemplify a few of the many different uses of
driva. Figure 3 does not provide a complete account either but should suffice
to show that the various meanings are interrelated in a systematic (but not
completely predictable) way.

4 The Swedish Verbs of Travelling: Aka, Fara, Resa

As noted above, the Swedish verb gd cannot be used with a human subject
when a vehicle is involved, since gd implies that the motion takes place on
foot. There are basically three alternatives apart from verbs that incorporate
a specific vehicle, namely the verbs dka, fara and resa which will be
considered in this section. The major translations of these verbs in the
Multilingual Pilot Corpus (MPC) are shown in table 3, which will be
commented on below.

4.1 The Verb Aka and Non-Self-Propelled Motion

According to Buck (1949), Swedish dka is a late reflex of an Indo-European
root *ag- with the primary meaning ‘drive’, which is reflected in Greek aym
‘lead’ and Latin agere ‘drive, carry on, act, do’. In Medieval Swedish, the
verb aka covered both driving and traveling (Soderwall gives two senses: 1)
kéra, fora pd vagn eller i slide; 2) dka). In present-day Swedish the verb is
restricted to traveling. Thus, there is a development from ‘driving’ to
‘traveling’.

Today, dka is the dominant expression for ‘traveling in a vehicle’ in
Swedish. The MPC languages all have a verb with a corresponding meaning
but the degree to which such a verb is used varies a great deal, as can be
observed in table 3. In English, the most frequent translation is the nuclear
motion verb go, whereas the most frequent verb indicating the means of
transportation is drive, which more directly corresponds to kéra.

The English verb that most directly expresses the meaning that the subject
is being transported by some means of transportation is ride as in examples
(9) and (10) in section 2. One characteristic of dka is that it can be used as a
verb of departure as in (25).

(25) Swedish: Gudrun hade satt fram kaffebrdd innan hon dkte. KE
English:  Gudrun had put out bunloaf before she had /eft.
German:  Gudrun hatte Kaffeegebéck hingestellt, bevor sie gefahren war.
French: Gudrun avait sorti des petits gateaux avant de partir.
Finnish: ~ Gudrun oli pannut pdydélle kahvileipdé ennen kuin lihti.

In (25), hon dkte ‘she traveled’, which does not have any explicit
specification of Place, implicitly indicates ‘from here’ (i.e. the focus place)
similar to expressions like she left (or she went). The other languages (except
German) in this case use a verb of departure. As can be observed in table 3,
this tendency is most pronounced in Finnish, where ldhted ‘leave’ is actually
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The prototypical meaning:. TRAVEL IN A VEHICLE

Transla- | Type of motion verb used as translation
tioninto | Nuclear Departure Directional Means of
’g0’/’come’ ’leave’ transportation
dka N 73
English go 31 leave 10 return 1 drive 11
come 4 travel 2
German | gehen 2 fahren 57
komme 1 fliegen 1
n
reisen 1
French aller 9 partir 15 rentrer 6 conduire 1
venir 5 s’en 4 retourner 3 voyager 1
aller
descendre 3
passer 3
Finnish | mennid 9 lahted 32 ajaa 15
tulla 2 matkustaa
fara N 33
English go 11 leave 3 Cross 2 drive 11
travel 3
German fahren 27
reisen 1
French partir 5 Various 8 voyager 1
Finnish | mennid 1 lahted 6 ylittad 1 ajaa 12
matkustaa
resa N 18
English go 6 leave 2 travel
drive 1
German reisen 10
fahren
fliegen 1
French venir 1 partir 8 parcourir 1 voyager 3
s’en 2
aller
Finnish lahted 1 matkustaa 9

Table 3: Major translations of the Swedish verbs dka, fara and resa in the
Multilingual Pilot Corpus (MPC) used as verbs of traveling.
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the most frequent translation of dka. Particularly in French, there is a
tendency to use a directional verb unmarked for any type of manner such as
descendre ‘move down’ and passer ‘pass’. In spite of the fact that there exist
verbs indicating means of transportation in all the MPC languages, there are
remarkable differences with respect to the frequency with which they are
used as translations of dka. French only in two cases uses such a verb.
German, on the other hand, with very few exceptions uses fahren as a
translation of dka. Finnish uses ajaa ‘drive, travel’ to a certain extent but the
verb of departure /dhted ‘leave’ is actually the most frequent translation. In
English, the most frequent translation is the nuclear verb go. The nuclear
verb meaning ‘go’ is used relatively frequently as a translation also in
French and Finnish but not to the same extent. As shown in Viberg (2006a),
the use of dka with reference to motion in a vehicle is clearly dominant in
Swedish, accounting for close to 90% of the occurrences in novels, for
example. Still, dka has an interesting pattern of polysemy which is shown in
figure 4. All the uses of dka share the schematic meaning non-self-propelled
motion. This is true even when the subject is non-human as in (26). A verb
in the passive or (in French) reflexive form appears as a translation.

(26) Swedish: fonstren dker upp, MA
English:  the windows are flung open
German: die Fenster werden aufgerissen
French: les fenétres s'ouvrent,

Finnish:  ikkuna avataan

Many of the uses of dka imply a lack of control on the part of the subject,
which is closely related to the notion non-self-propelled motion. This is
evident when the subject refers to a body part as in (27).

(27) Swedish: Ibland gapade han litt och 6gonlocken dkte ner. KE
English:  his mouth occasionally dropping open and his eyelids

drooping.

German: Manchmal géhnte er fliichtig, und die Augendeckel fielen
ihm zu.

French: Par moments, il baillait un peu et ses paupiéres se fermaient.

Finnish:  Hénti haukotutti ja hdnen silmé-luomensa lurpahtelivat

The notion of lack of control is even more prominent in a set of partly
idiomatic phrases sharing the meaning ‘End up in an unpleasant situation’
such as dka dit ‘be caught (by the police)’ shown in (28).

(28) Swedish: Vi skulle dka dit direkt. MA
English:  We'd be locked right up.
German:  Wir sollten direkt hinfahren.
French: On serait coincées illico.
Finnish:  Me jdisimme heti kiinni.
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There does not seem to be any general equivalent to dka used in this sense.
These uses of dka are very colorful and it seems that translators, correctly,
concentrate on rendering the correct associations of such expressive uses of
words. (See Viberg 2006a for more examples of English translations in
ESPC) .

Non-prototypical vehicle

Kalle ékte cykel / skidor...
Charlie was riding a bike/ skiing....

Dominant TRAVEL IN VEHICLE
meaning
Kalle ékte buss till jobbet.

Charlie went by bus to his job.

Schematic meaning:

Non-Self-Propelled Motion

Subject :Human | Bodypart Vehicle Physical object
Kalle akte av Handen ékte upp | Bussen ékte ivig. Trojan dkte upp.
gungan. till munnen.

Charlie slipped His hand rose to The bus left. The sweater

off the swing. his mouth glided up.
Speciali-

zation:

Ending up in an unpleasant situation

Kalle akte ut. Kalle akte fast. Kalle akte dit. Kalle akte pa en
Charlie got Charlie got Charlie got snyting.
thrown out. caught. nailed. Charlie got himself

punched on the nose.

Figure 4: The meaning pattern of dka.

The schematic meaning non-self-propelled motion is shared by practically
all uses of dka. The exceptions are expressions such as dka skidor ‘ski’ and
dka skridskor ‘skate’, where the means of transportation require bodily
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activity. However, the sense of lack of control is totally absent when dka
refers to motion in a vehicle. In the majority of cases, traveling in a vehicle
is an intentional act. In this respect, the more specialized uses represent a
further step away from the historically more active basic meaning (‘drive’
etc.)

4.2 The Verb Fara and Rapid, Violent Motion

The Swedish verb fara is a verb with cognates in most of the modern
Germanic languages, which originally had a very general meaning as a
motion verb. The verb fara is still the most frequent motion verb in modern
Icelandic (Pind 1991) and the same applies to one the most conservative
Swedish dialects Elfdalian (Alvdalska), where fird ‘go, travel, move’ is the
most frequent motion verb, slightly more frequent than kumd ‘come’
(Steensland 1986). In modern standard Swedish, it can be used as an
alternative to dka but is less frequent in this use and is perceived as
somewhat formal and/or old-fashioned by many speakers, although there is
variation on this point since the verb appears to be in more general use in
certain regional varieties of Swedish. The following account is based on
printed texts. In its use as a motion-in-vehicle verb as in (29) it has a
translation pattern that is similar to that of dka as can be observed in table 3,
which accounts only for this use of fara.

(29) Swedish: Wallander for hem. HM
English: ~ Wallander drove home.
German:  Wallander fuhr nach Hause.
French: Puis il reprit sa voiture et rentra chez lui,
Finnish: ~ Wallander ajoi kotiin.

In addition to this use, fara has a number of other uses which form a rather
complex pattern of polysemy shown in figure 5. Several of these specialized
meanings are realized as phraseological units of various types with
idiosyncratic semantic and/or formal properties which are more or less
lexicalized and will not be described in detail but they all share the
schematic meaning ‘travel fast and/or violently and without (full) control’.
With a human subject, the motion may be self-propelled as in (30) and (31),
but lack (or low degree) of control is usually prominent.

(30) Swedish: Javlar! Han for upp ur stolen, PCJ
English:  Heck! He leaped out of the chair —
German: Verdammt! Er sprang auf,
French: ~ Merde! Il sauta hors de la chaise.
Finnish:  Hitto! Hén hyppdisi tuolista,

(31) Swedish: Runt i forradet for han och hotade, MN

English:  He charged round and round the shed, growling out threats:
German:  Er lief im Schuppen herum und stie wilde Drohungen aus,
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French: 11 parcourait 1a réserve en proférant des menaces,
Finnish:  Hén kolusi varaston laidasta laitaan ja uhosi,

With a bodypart as subject, the use of fara describes an uncontrolled and
rapid movement of the limb:

(32) ”Arrnisan” ryckte till som om han ertappats med nigot olagligt och
hoégerhanden for in under slingkappan i en van gest. ARP
Fastighetsformedling. HM2
‘Scarnose’ jumped as if he had been caught out doing something
illegal and, out of habit, his right hand dived in under the cloak.

A variety of non-concrete subjects are also allowed. However, the
progression from concrete subjects that can be perceived by the external
senses to more abstract subjects is continuous and does not justify the
postulation of metaphorical shifts between incompatible domains. Certain
emotive, physiological reactions can be clearly localized spatially as in (33).

(33) En rysning for langs ryggraden.
A shudder ran down his backbone.

Subjects belonging to the semantic class Verbal communication such as
‘word’, direct quotes etc can be conceived of both as mental objects and as
sounds which at least have sources (and partly also targets or receivers) that
can be located in physical space. All the MPC languages use motion verbs as
translations of fara (34) but the basic meaning varies a great deal.

(34) Swedish: Svordomarna for ur mun pa henne, MF
English:  oaths pouring out of her mouth,
German:  Sie stief Fliiche aus,

French:  Les jurons s'envolaient de sa bouche,
Finnish: ~ Hénen suustaan pulppusi kirosanoja,

The step is therefore rather short to purely mental subjects such as in (35).

(35) Swedish: och for ett 6gonblick for tanken att han kunde ha rétt genom

hennes huvud. MF

English:  and the thought that he might be right raced through her
mind.

German: und fiir einen Augenblick schof ihr der Gedanke durch den
Kopf, dal} er recht haben konnte.

French: espace d'un instant, la pensée qu'il pouvait avoir raison lui
traversa l'esprit.

Finnish:  ja hetken Hanna ajatteli, ettd hén saattoi olla oikeassa.

In metaphorical uses such as in (35), where the subject refers to a mental
concept such as ‘thought’, the association to violence or rapidity is still
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present and it is also reflected in the translations except for in Finnish, where
ajatella ‘think’ is used.

Non-prototypical vehicle
Kalle for pé skidor.
Charlie went on skis.

TRAVEL IN VEHICLE
Kalle for till Paris.

Subject: Vehicle
Bussen for ivég.

Charlie went to Paris.

The bus left.

TRAVEL FAST & VIOLENTLY & WITHOUT CONTROL

Subject:
Human Bodypart Physical Perceptual Mental
object
Kalle for av | Handen for Rullgardinen | En rysning for | En tanke for
gungan. upp till for upp. langs genom huvudet.
Charlie munnen. His The blind flew | ryggraden. A thought raced
flew off the | hand shotup | up. A shudder through my
sSwing. to his mouth. went down her | head.
spine.
Human subject: Inner speech
Self-propelled Limb movement | Perceptual
motion Kalle for med activity Fan ocksa, for
handen dver Kalle for med det genom mitt
Kalle for om- pannan. Charlie | blicken runt huvud.
kring. Charlie passed his hand | viaggarna. Charlie Shit! It flashed
rushed around. over his forehead. | passed his eyes through my
around the walls. head.
Attack Treatment Uncontrolled, Verbal com-
Kalle for hért abstract motion munication
Kalle for pa fram med sina Kalle for illa av
Olle. anstéllda. behandlingen. Kalle for med
Charlie flew at | Charlie gave his Charlie fared osanning.
Olle. employees a badly from the Charlie told
rough time. treatment. lies.

Figure 5: The meaning pattern of fara.

With a human subject, the verb has a number of specialized meanings which
are given at the bottom of the figure (without any intention of showing in
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detail how these meanings are interrelated.) The majority of these meanings
refer to various types of self-propelled but relatively uncontrolled and
violent actions such as: Kalle for pd Olle. ‘Charlie flew at Olle’ and
somewhat more abstractly: Kalle for hdrt fram med sina anstdillda. ‘Charlie
gave his employees a rough time.” There is also a metaphorically based
expression shown in (36) where the human subject is completely out of
control: fara vdl/illa av. This is one of the few cases where English can use
the cognate verb fare well/badly from, although this is a slightly archaic use
in English.

(36) Da begrep Mattis att den stackarn inte for vil av for mycket larm, och
han teg motvilligt. AL
At last Matt realized that too much noise would not do the poor fellow
any good, and he fell into unwilling silence.

The metaphor is a variation on the theme LIFE IS A JOURNEY and the
event structure metaphor (Lakoff 1993). What the phrase fara vdl/illa
conjures up is someone drifting through life meeting good or bad things
without being able to control the flow of events. In the translation, the
human being is even formally the object that ‘the noise’ would ‘do’
something to.

The frequencies of the various uses of fara in the tagged version of the
Parole corpus are shown in table 4. Travel in Vehicle is dominant and
accounts for roughly 55%. This is parallel to dka except that the dominance
was more pronounced for that verb, 89%. The verb fara actually has a more
complex meaning pattern than dka and the analysis presented here is not
exhaustive.

Historically, the meaning pattern of fara in present-day Swedish is the
result of specialization. Once fara had a more general meaning as a motion
verb, but today the meaning ‘travel in a vehicle’ is clearly dominant. The
rest of the uses of the verb to a great extent form a large set of phraseological
units that share a schematic meaning ‘travel fast & violently & without
control’ which is also metaphorically extended to various mental and other
abstract phenomena.
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Human subject:
Travel in Vehicle 592 55%
Other Human Motion 86
Verbal communication 17
Fara illa(/vil)* 100
Non-human subject
Bodypart 18
Vehicle as Subject 36
Other Concrete Subject 76
Mental subject 32
Various Other Cases 110
TOTAL 1067

Table 4: Uses of fara in the Swedish Parole corpus. (*A few of these have a
non-human subject.)

4.3 The Verb Resa

The verb resa is primarily used about a journey covering a relatively long
distance and/or requiring special preparations. Its most direct equivalent in
English is the verb travel, but the nuclear verb go is also quite frequent as a
translation for this meaning. As can be observed in (37), all the MPC
languages have at least one special verb that corresponds relatively directly
to resa and this is the most frequent translation of resa as a verb of traveling
except in French according to table 3. In French, verbs of departure
dominate as translations. (There are, however, only 20 occurrences of resa
as a verb of traveling in the MPC. )

(37) Swedish: Han reser runt i varlden HM
English:  He travels all over the world
German:  Er reist in der ganzen Welt umher
French: Il voyage dans le monde entier
Finnish:  Hén matkustelee ympéri maailmaa

What is notable about resa is that it has two prototypes that synchronically
seem to be completely unrelated apart from referring to motion. As an
intransitive verb it means ‘travel’ as we have just seen. However, used as a
transitive verb, resa means ‘raise’, ‘cause to go up’, ‘cause to stand up’.

(38) Sedan tog han Robert Akerblom i armen och reste honom upp. HM2
Then he took Robert Akerblom by the arm and helped him to his feet.

This meaning is closely related to the meaning of the reflexive form of this
verb resa sig, which means ‘stand up’, ‘rise’ and is very frequent as a
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postural verb. In many cases it is interchangeable with stdlla sig up ‘stand
up’ but it may also be used about rising from a lying to a sitting position as
an alternative to Swedish sdtta sig upp ‘sit up’. The reflexive forms of resa
are usually translated by one of the expressions rise, get up or stand up in
English and to the corresponding expressions in the other languages.

(39) Swedish: Johan reste sig. KE
English:  Johan got up.
German:  Johan stand auf.
French:  Johan se leva.
Finnish:  Johan nousi.

The use as a postural verb is actually the most frequent use in present-day
Swedish, much more frequent than the transitive form and than resa as a
verb of traveling. The postural meaning can be extended to inanimate
subjects and then describes apparent motion as in (40).

(40) Swedish: Det véldiga matsalsbordet reser sig 6ver mitt huvud, IB
English:  The huge dining-room table fowers above me
German: Der gewaltige EBzimmertisch erhebt sich iiber meinem Kopf,
French:  L'immense table de la salle a manger s'éléve au-dessus de ma
téte,
Finnish: ~ Ruokasalin valtava poytd kohoaa paini ylapuolelle,

Transitive resa can be extended to building (resa ett tempel ‘erect a temple’)
and related types of production as in (41).

(41) Vid Gamla Uppsala och Vendel restes hogar 6ver bygdekungar, medan
andra jordades i sina skepp.AA
At Gamla Uppsala and Vendel mighty burial mounds were raised over
the local kings, while others were interred in their ships.

No closer semantic relationship, however, is perceived between resa as a
verb of traveling and the other meanings of resa. One possibility would be to
regard this as a case of homonymy, but there are no formal signs of this
since all the inflected forms are shared. Whatever solution is chosen with
respect to homonymy, it is justified (at least synchronically) to count two
unrelated prototypes for the meaning of resa as in figure 6.
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TRAVEL IN A CAUSE TO POSTURAL
VEHICLE MOVE UP
Jan reste sig.
Jan reste till Jan reste Jan got(stood)
Paris. majstangen. up.
Jan went to Jan raised the
Paris. maypole.
Building Mental Apparent
motion
Jan reste ett Jan reste
tempel. fragan. Ett slott reser
Jan erected a Jan raised the sig pa bergets
temple. question. kron.
A castle rises
up (looms,
towers) atop
the hill.

Figure 6: Split prototypes. Relationships between the major meanings of
resa ‘travel; and ‘raise, rise’.

The transitive and reflexive forms of the verb have a number of secondary
meanings only some of which are represented in the figure, since it would
take us too far from the topic of this paper to account for these meanings in
detail. With certain mental nouns as object, the meaning of the verb is ‘move
a mental object up to a conscious level’ (a variation on the metaphor
CONSCIOUS IS UP. See Lakoff & Johnson 1980, 15)

(42) Mannen, en framgéngsrik, betrodd och uppmérksammad Herrens tjénare,
reste onaturliga
The man, a successful and trusted servant of the Lord who people made
much of, placed

(43) Nir man letar utmérkande drag hos ett helt folk hittar man idel
motségelser, varje pastdende reser opposition 1U Lit. ‘raises opposition’
Fumbling after characteristics
of a whole people one finds nothing but contradictions, every
statement calls up its opposite.

195



Thus, as was the case with the other verbs of traveling dka and fara, the use
of resa as a verb of traveling is isolated from the rest of the uses of the verb
which form a semantic network. In this case, however, there is a complete
split.

5 The Motion-in-Vehicle Verbs in Swedish FrameNet

The account so far has been focused on individual verbs. In this section, the
place of the motion-in-vehicle verbs in a general model of the lexicon will
be discussed based on FrameNet. Unless otherwise stated, only the meanings
related to the use of the verbs as motion-in-vehicle verbs will be considered.
According to the approach to semantics known as frame semantics (Fillmore
1985), verbs (and other relational words) evoke frames — schematic
structures of recurring situations. This theory is the foundation of FrameNet,
a comprehensive lexical semantic database of English (see Fillmore et al
2003 for a general description). The following is based on material from:
http://framenet.icsi.berkeley.edu. The motion frame is defined in the
following way: Some entity (Theme) starts out in one place (Source) and
ends up in some other place (Goal), having covered some space between the
two (Path). A simple example would be: Peter (Theme) fell off the roof
(Source). The frames that inherit the general Motion frame add some
elaboration to this simple idea. Inheriting frames can add Goal-profiling
(arrive, reach), Source-profiling (leave, depart), or Path-profiling (traverse,
cross), or aspects of the manner of motion (run, jog). Source-profiling is
characteristic of what was referred to above as the verbs of departure.

Another elaboration is represented by the frame Self motion in which the
central frame element is the Self mover , a living being which moves under
its own power in a directed fashion, i.e. along what could be described as a
Path , with no separate vehicle. A typical example in Swedish would be Per
(Self-mover) gick till stationen (Goal) ‘Per walked to the station’. In
Swedish, the subject of gd in contrast to English go always is a Self-mover,
if it refers to a human.

FrameNet provides an interface to the syntactic realization such as the
argument structure of verbs. This is shown for kdra ‘drive’ in table 5. In its
basic meaning, kéra evokes the frame Operate vehicle. The words in this
frame describe motion involving a Vehicle and someone who controls it, the
Driver. Some words normally allow the Vehicle to be expressed as a
separate constituent. Example: Tim [Driver] DROVE his car [Vehicle] all
the way across North America [Path]. The syntactic realization of the frame
elements can be described with respect to Phrase types (NP, PP...) and
grammatical functions (subject, object, adjunct...). As can be observed in
table 5, the subject slot can be filled by the frame elements Driver or and
Vehicle. (The passive allows further options but these follow from general
syntactic rules.) The object slot can be filled by Vehicle, Passenger or Cargo.
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Grammatical | Subject Object Adjuncts
Relations

Phrase NP Verb (Particle) (NP) (PP")
Structure
Maria korde in bilen i garaget
‘Maria drove (‘in’) the car into the garage’
Frame Driver Vehicle Goal
elements
Maria korde hem barnen fran
skolan
Lit. ‘Maria drove home the kids from school’’
Frame Driver Passenger | Source
elements
Maria korde hem moblerna i sin volvo
Lit. ‘Maria drove home the furniture in her Volvo’
Frame Driver Cargo Vehicle
elements
Bilen korde ner i diket.
Lit. ‘The car drove down into the ditch’
Vehicle | | | | Goal

Table 5: Frame elements of k6ra and their syntactic realization.

Frame elements:
Driver: The being, typically human, that controls the Vehicle as it moves
Vehicle: The means of conveyance controlled by the Driver
Cargo/Passenger: The goods or people being moved by a Driver in a Vehicle

The frame elements evoked by the verbs dka and resa are shown in table 6.
In FrameNet, there is a frame Ride vehicle defined as “a Theme is moved
by a Vehicle which is not directly under its power”. When dka is used as a
motion-in-vehicle verb, a human subject is normally interpreted as an
intentional agent. For that reason, another frame element is preferred:
Passenger defined as a person being moved by a Driver in a Vehicle. Theme
is reserved for the case when the subject refers to a person who is totally out
of control (or to an inanimate argument). A vehicle can be specified directly
after the verb dka in Swedish. Since the vehicle in this position is realized as
a bare noun, it can be regarded as a particle. When the noun is modified, it
usually appears as an adjunct in a prepositional phrase (e.g. i sin pappas bil
‘in his dad’s car’). The verb resa evokes the Travel frame: ,,a Traveler goes
on a journey, an activity, generally planned in advance”. The vehicle can
only be specified as an adjunct in a prepositional phrase with med ‘with’
(e.g. med tag ‘by train’).
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Phrase NP Verb (Particle) | (PP")
structure
Jan akte bil till skolan
Lit. ‘Jan went (by) car to school’’
Frame Passenger Vehicle Goal
elements
Jan akte av gungan
‘Jan flew off the swing’
Frame Theme Source
elements
Bilen akte in i tunneln
Lit. ‘The car went in into the tunnel’
Frame Vehicle Goal
elements
Familjen reste upp till fjallen | med buss.
Lit. ‘The family traveled up to the mountains by bus.’
Traveller | | | Goal | Vehicle

Table 6: Frame elements of dka and resa and their syntactic realization.

As shown in table 7, the verbs dka, fara and resa can all evoke the Departing
frame defined as: ,,An object (the Theme) moves away from a Source”.

NP \" (Particle)
Subject
Theme
Ann akte (ivag/bort)
for
reste
‘Ann went (away)/left’

Table 7: The Departing frame.

FrameNet is well suited to model the interface between semantic
(conceptual) structure and syntax (in particular the argument structure). The
account given in this section does not deal with phenomena that apply to
motion verbs in general, in particular the wide range of frame elements
evoked by the general motion frame such as Source, Path, Goal and
Distance. In FrameNet such elements are inherited from the more general
frame. Some general problems remain to be solved, in particular the
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description of the interaction between motion verbs and spatial verbal
particles (see Viberg 2007 for a brief discussion). As has been observed
several times above, French tends to use directional verbs without any
indication of manner, where Swedish uses a motion-in-vehicle verb in
combination with a spatial particle.

6 Conclusion

The verbs describing motion in a vehicle form a (sub-)field in the larger
semantic field of motion verbs. This paper has dealt with patterns of
differentiation, i.e. field internal contrasts between the verbs in the field, and
with patterns of polysemy of the individual verbs which extend into a
number of other semantic fields.

The differentiation pattern was studied from a contrastive perspective. It is
instructive to look at the differences that were found from two different
angles: inventories and usage patterns. The comparison of the inventories
describes the number of semantic contrasts that can be expressed. All the
languages studied had verbs describing motion in a vehicle but varied with
respect to the number of field internal contrasts that were lexicalized as
different verbs. Thus, there were interesting differences even with respect to
the inventories. The study of the usage patterns in the corpora, however,
presented much more dramatic differences. As a translation of dka and fara,
English tended to use the nuclear verb go which is completely unmarked for
manner of motion, whereas Finnish favored a verb of departure (ldhted
‘leave’) and French primarily used directional verbs or verbs of departure.
Such findings with respect to differences in usage patterns are among the
key results of corpus-based contrastive studies. One limitation of the present
study is that primarily one direction of translation was studied: from
Swedish into other languages but it is not to be expected that these
differences will completely disappear if the study is extended to include
originals in the other languages translated into Swedish. (In other studies,
this type of comparison has already been done especially for
English/Swedish.)

The study of the patterns of polysemy of the Swedish motion-in-vehicle
verbs pointed to an interesting general trend. In several cases, the semantic
extension proceeded from power and control towards passivity and/or lack
of control. Perhaps this finding can be related to the rapid change of the
means of transportation that has taken place the last 150 years or so, from
the control of domestic riding and draft animals with a will of their own to
the use of more and more automated cars and modern passenger traffic. In
old times, traveling tended to require greater amounts of control and effort
(cf. French travail ‘work’, which is closer to the original meaning than its
English cognate travel). More detailed comparisons with other languages are
required to decide whether the development in Swedish represents a general
trend or is more language specific. What is perfectly clear already from the
present study is that there has been rapid semantic restructuring resulting in
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differences between the closely related Germanic languages. Verbs like
Dutch rijden and Danish kore still have a form that is very close to Swedish
rida and kora in spite of their wide semantic extensions. One of the
interesting results of the study of rather closely related languages is the
observation that semantic change can proceed relatively rapidly.
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1 Introduction

Every so often one hears the complaint that 50 years of research in Machine
Translation (MT) has not resulted in much progress, and that current MT sys-
tems are still unsatisfactory. A closer look reveals that web-based general-
purpose MT systems are used by thousands of users every day. And, on the
other hand, special-purpose MT systems have been in long-standing use and
work successfully in particular domains or for specific companies.

This paper investigates whether the automatic translation of film subtitles
can be considered a machine translation success story. We describe various
projects on MT of film subtitles and contrast them to our own project in this
area. We argue that the text genre “film subtitles” is well suited for MT, in par-
ticular for Statistical MT. But before we look at the translation of film subtitles
let us retrace some other MT success stories.

Hutchins (1999) lists a number of successful MT systems. Amongst them
is Météo, a system for translating Canadian weather reports between English
and French which is probably the most quoted MT system in practical use.
References to Météo usually remind us that this is a “highly constrained sub-
language system”. On the other hand there are general purpose but customer-
specific MT systems like the English to Spanish MT system at the Pan Amer-
ican Health Organization or the PaTrans system which Hutchins (1999) calls
“possibly the best known success story for custom-built MT”. PaTrans was
developed for LingTech A/S to translate English patents into Danish.

Earlier Whitelock and Kilby (1995) had called the METAL system “a suc-
cess story in the development of MT” (p. 198). METAL is mentioned as “suc-
cessfully used at a number of European companies” (by that time this meant a
few dozen installations in industry, trade or banking). During the same time the
European Union has been successfully using a customized version of Systran
for its translation service but also later for online access by all its employees.
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Broad coverage systems like METAL and Systran have always resulted in a
translation quality that required post-editing before publications.

Attempts to curb the post-editing by pre-editing or constraining the source
documents have gone under the name of controlled language MT. Hutchins
(1999) mentions controlled language MT (e.g. at the Caterpillar company) as
an example of successful employment of MT. This is an area where part of the
pioneering work was done at Uppsala University by Anna Sagvall Hein and
her group (Almgqvist and Sagvall Hein, 1996), including the development of
controlled Swedish for the automobile industry. This research subsequently led
to a competitive MT system for translating from Swedish to English (Sagvall
Hein et al., 2002).

The claim that web-based machine translation is a success is based on the
fact that it is used by large numbers of users. Critics do not subscribe to
this argument as long as the translation quality is questionable. Still, popu-
lar services including Systran (www.systran.co.uk with 14 source languages)
and Google (www.google.com/translate_t with 21 language pairs) cover major
Western languages like English, Spanish and French, but also Arabic and Chi-
nese. On the other hand there are providers that have successfully occupied
niche language pairs like Danish to English (Bick, 2007).

So we see that MT success stories vary considerably. We regard the follow-
ing criteria as the main indicators of success:

1. A large user base (this criterion is used in web-based MT services for
the general public)

2. Customer satisfaction (this criterion is used in customer-specific MT
systems and usually based on improved productivity and return on in-
vestment)

3. Long-term usage of the MT system

We will check which of these criteria apply to the automatic translation of
film subtitles.

2 Characteristics of Film Subtitles

When films are shown to audiences in language environments that differ from
the language spoken in the film, then some form of translation is required.
Larger markets like Germany and France typically use dubbing of foreign
films so that it seems that the actors are speaking the local language. Smaller
countries often use subtitles. Pedersen (2007) discusses the advantages and
drawbacks of both methods.

Foreign films and series shown in Scandinavian TV are usually subtitled
rather than dubbed. Therefore the demand for Swedish, Danish, Norwegian
and Finnish subtitles is high. These subtitles are meant for the general public
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in contrast to subtitles that are specific for the hearing impaired which often
include descriptions of sounds, noises and music. Subtitles also differ with
respect to whether they are produced online (e.g. in live talkshows or sport
reports) or offline (e.g. for pre-produced series). This paper focuses on general
public subtitles that are produced offline.

In our machine translation project, we use a parallel corpus of Swedish,
Danish and Norwegian subtitles. The subtitles in this corpus are limited to 37
characters per line and usually to two lines.! Depending on their length, they
are shown on screen between 2 and 8 seconds. Subtitles typically consist of
one or two short sentences with an average number of 10 tokens per subtitle
in our corpus. Sometimes a sentence spans more than one subtitle. It is then
ended with a hyphen and resumed with a hyphen at the beginning of the next
subtitle. This occurs about 35.7 times for each 1000 subtitles in our corpus.

Example 1 shows a human-translated pair of subtitles that are close transla-
tion correspondences although the Danish translator has decided to break the
two sentences of the Swedish subtitle into three sentences.”

(1)  SV: Det ir slut, vi hade forfest hér. Jatten drack upp allt.
DA: Den er vaek. Vi holdt en forfest. Kempen drak alt.
EN: It is gone. We had a pre-party here. The giant drank it all.

In contrast, the pair in 2 exemplifies a slightly different wording chosen by
the Danish translator.

(2)  SV: Dir ser man vad framgéang kan gora med en ung person.
DA: Der ser man, hvordan succes gdelegger et ungt menneske.
EN: There you see, what success can do to a young person / how
success destroys a young person.

This paper can only give a rough characterization of subtitles. A more com-
prehensive description of the linguistic properties of subtitles can be found in
(de Linde and Kay, 1999). Gottlieb (2001) and Pedersen (2007) describe the
peculiarities of subtitling in Scandinavia.

3 Approaches to the Automatic Translation of Film
Subtitles

In this section we describe other projects on the automatic translation of sub-
titles. We distinguish between rule-based, example-based, and statistical ap-
proaches.

! Although we are working on both Swedish to Danish and Swedish to Norwegian MT of
subtitles, this paper focuses on translation from Swedish to Danish. The issues for Swedish to
Norwegian are the same to a large extent.

%In this example and in all subsequent subtitle examples the English translations were added
by the author.
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3.1 Rule-based MT of Film Subtitles

Popowich et al. (2000) provide a detailed account of a MT system tailored to-
wards the translation of English subtitles into Spanish. Their approach is based
on a MT paradigm which relies heavily on lexical resources but is otherwise
similar to the transfer-based approach. A unification-based parser analyzes
the input sentence (including proper-name recognition), followed by the lex-
ical transfer which provides the input for the generation process in the target
language (including word selection and correct inflection).

Popowich et al. (2000) mention that the subtitle domain has certain advan-
tages for MT. According to them it is advantageous that output subtitles can
and should be grammatical even if the input sometimes is not. They argue that
subtitle readers have only a limited time to perceive and understand a given
subtitle and that therefore grammatical output is essential. And they follow
the strategy that “it is preferable to drop elements from the output instead of
translating them incorrectly” (p. 331). This is debateable and opens the door
for incomplete output.

Although Popowich et al. (2000) call their system “a hybrid of both statis-
tical and symbolic approaches” (p. 333), it is a symbolic system by today’s
standards. The statistics are only used for efficiency improvements but are
not at the core of the methodology. The paper was published before auto-
matic evaluation methods were invented. Instead Popowich et al. (2000) used
the classical evaluation method where native speakers were asked to judge the
grammaticality and fidelity of the system. These experiments resulted in “70%
of the translations ... be ranked as correct or acceptable, with 41% being cor-
rect” which is an impressive result. Whether this project can be regarded as
a MT success story depends on whether the system was actually employed in
production. This information is not provided in the paper.

Melero et al. (2006) combined Translation Memory technology with Ma-
chine Translation, which looks interesting at first sight. But then it turns out
that their Translation Memories for the language pairs Catalan-Spanish and
Spanish-English were not filled with subtitles but rather with newspaper arti-
cles and UN texts. They don’t give any motivation for this. And disappoint-
ingly they did not train their own MT system but rather worked only with free-
access web-based MT systems (which we assume are rule-based systems).

They showed that a combination of Translation Memory with such web-
based MT systems works better than the web-based MT systems alone. For
English to Spanish translation this resulted in an improvement of around 7
points in BLEU scores (Papineni et al., 2001) but hardly any improvement at
all for English to Czech.
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3.2 Example-based MT of Film Subtitles

Armstrong et al. (2006) “ripped” subtitles (40,000 sentences) German and En-
glish as training material for their Example-based MT system and compared
the performance to the same amount of Europarl sentences (which have more
than three times as many tokens!). Training on the subtitles gave slightly better
results when evaluating against subtitles, compared to training on Europarl and
evaluating against subtitles. This is not surprising, although the authors point
out that this contradicts some earlier findings that have shown that heteroge-
neous training material works better.

They do not discuss the quality of the ripped translations nor the quality of
the alignments (which we found to be a major problem when we did similar
experiments with freely available English-Swedish subtitles).

The BLEU scores are on the order of 11 to 13 for German to English (and
worse for the opposite direction). These are very low scores. They also con-
ducted user evaluations with 4-point scales for intelligibility and accuracy.
They asked 5 people per language pair to rate a random set of 200 sentences of
system output. The judges rated English to German translations higher than the
opposite direction (which contradicts the BLEU scores). Owing to the small
scale of the evaluation, however, it seems premature to draw any conclusions.

3.3 Statistical MT of Film Subtitles

Descriptions of Statistical MT systems for subtitles are practically non-existent
probably due to the lack of freely available training corpora (i.e. collections
of human-translated subtitles). Both Tiedemann (2007) and Lavecchia et al.
(2007) report on efforts to build such corpora with alignment on the subtitles.

Tiedemann (2007) works with a huge collection of subtitle files that are
available on the internet at www.opensubtitles.org. These subtitles have been
produced by volunteers in a great variety of languages. But the volunteer effort
also results in subtitles of often dubious quality (they include timing, format-
ting, and linguistic errors). The hope is that the enormous size of the corpus
will supersede the noise in practical applications. The first step then is to align
the files across languages on the subtitle level. The time codes alone are not
sufficient as different (amateur) subtitlers have worked with different time off-
sets and sometimes even different versions of the same film. Still, Tiedemann
(2007) shows that an alignment approach based on time overlap combined with
cognate recognition is clearly superior to pure length-based alignment. He has
evaluated his approach on English, German and Dutch. His results of 82.5%
correct alignments for Dutch-English and 78.1% correct alignments for Dutch-
German show how difficult the alignment task is. And a rate of around 20%
incorrect alignments will certainly be problematic when training a Statistical
MT system on these data.
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Lavecchia et al. (2007) also work with subtitles obtained from the internet.
They work on French-English subtitles and use a method which they call Dy-
namic Time Warping for aligning the files across the languages. This method
requires access to a bilingual dictionary to compute subtitle correspondences.
They compiled a small test corpus consisting of 40 subtitle files, randomly
selecting around 1300 subtitles from these files for manual inspection. Their
evaluation focused on precision while sacrificing recall. They report on 94%
correct alignments when turning recall down to 66%. They then go on to use
the aligned corpus to extract a bilingual dictionary and to integrate this dictio-
nary in a Statistical MT system. They claim that this improves the MT system
with 2 points BLEU score (though it is not clear which corpus they have used
for evaluating the MT system).

This summary indicates that most work on the automatic translation of film
subtitles with Statistical MT is still in its infancy. Our own efforts are larger
and have resulted in a mature MT system. We will report on them in the
following section.

4 The Stockholm MT System for Film Subtitles

We are building a Machine Translation system for translating film subtitles
from Swedish to Danish (and Swedish to Norwegian) in a commercial setting.
Some of this work has been described earlier by Volk and Harder (2007).

Most films are originally in English and receive Swedish subtitles based on
the English video and audio (sometimes accompanied by an English manu-
script). The creation of the Swedish subtitle is a manual process done by spe-
cially trained subtitlers following company-specific guidelines. In particular,
the subtitlers set the time codes (beginning and end time) for each subtitle.
They use an in-house tool which allows them to attach the subtitle to specific
frames in the video.

The Danish translator subsequently has access to the original English video
and audio but also to the Swedish subtitles and the time codes. In most cases
the translator will reuse the time codes and insert the Danish subtitle. She can,
on occasion, change the time codes if she deems them inappropriate for the
Danish text.

Our task is to produce Danish and Norwegian draft translations to speed up
the translators’ work. This project of automatically translating subtitles from
Swedish to Danish and Norwegian benefits from three favorable conditions:

1. Subtitles are short textual units with little internal complexity (as de-
scribed in section 2).

2. Swedish, Danish and Norwegian are closely related languages.

3. We have access to large numbers of Swedish subtitles and human-trans-
lated Danish and Norwegian subtitles. Their correspondence can easily
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be established via the time codes which leads to an alignment on the
subtitle level.

But there are also aspects of the task that are less favorable. Subtitles are not
transcriptions, but written representations of spoken language. As a result the
linguistic structure of subtitles is closer to written language than the original
(English) speech, and the original spoken content usually has to be condensed
by the Swedish subtitler.

The task of translating subtitles also differs from most other machine trans-
lation applications in that we are dealing with creative language, and thus we
are closer to literary translation than technical translation. This is obvious
in cases where rhyming song-lyrics or puns are involved, but also when the
subtitler applies his linguistic intuitions to achieve a natural and appropriate
wording which blends into the video without disturbing. Finally, the language
of subtitling covers a broad variety of domains from educational programs on
any conceivable topic to exaggerated modern youth language.

We have decided to build a statistical MT (SMT) system in order to shorten
the development time (compared to a rule-based system) and in order to best
exploit the existing translations. We have trained our SMT system by using
GIZA++ (Och and Ney, 2004)3 for the alignment, Thot (Ortiz-Martinez et al.,
2005)* for phrase-based SMT, and Phramer> as the decoder.

We will first present our setting and our approach for training the SMT sys-
tem and then describe the evaluation results.

4.1 Swedish and Danish in Comparison

Swedish and Danish are closely related Germanic languages. Vocabulary and
grammar are similar, however orthography differs considerably, word order
differs somewhat and, of course, pragmatics avoids some constructions in one
language that the other language prefers. This is especially the case in the
contemporary spoken language, which accounts for the bulk of subtitles.

One of the relevant differences for our project concerns word order. In
Swedish the verb takes non-nominal complements before nominal ones, where
in Danish it is the other way round. The core problem can be seen in example
3 where the verb particle ut immediately follows the verb in Swedish but is
moved to the end of the clause in Danish.

(3)  SV: Du hiller ut krutet.
DA: Du hzlder krudtet ud.
EN: You are pouring out the gunpowder.

A similar word order difference occurs in positioning the negation adverb
(SV: inte, DA: ikke). Furthermore, Danish distinguishes between the use of

3GIZA++ is accessible at http://www.fjoch.com/ GIZA++.html
“Thot is available at http:/thot.sourceforge.net/
SPhramer was written by Marian Olteanu and is available at http://www.olteanu.info/
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der (EN: there) and det (EN: it) but Swedish does not. Both Swedish and
Danish mark definiteness with a suffix on nouns, but Danish does not have the
double definiteness marking of Swedish.

4.2 Our Subtitle Corpus

Our corpus consists of TV subtitles from soap operas (like daily hospital se-
ries), detective series, animation series, comedies, documentaries, feature films
etc. In total we have access to more than 14,000 subtitle files (= single TV pro-
grammes) in each language, corresponding to more than 5 million subtitles
(equalling more than 50 million words).

When we compiled our corpus we included only subtitles with matching
time codes. If the Swedish and Danish time codes differed more than a thresh-
old of 15 TV-frames (0.6 seconds) in either start or end-time, we suspected that
they were not good translation equivalents and excluded them from the subtitle
corpus. In this way we were able to avoid complicated alignment techniques.
Most of the resulting subtitle pairs are high-quality translations of one another
thanks to the controlled workflow in the commercial setting.

In a first profiling step we investigated the vocabulary size of the corpus.
After removing all punctuation symbols and numbers we counted all word
form types. We found that the Swedish subtitles amounted to around 360,000
word form types. Interestingly, the number of Danish word form types is about
5.5% lower, although the Danish subtitles have around 1.5% more tokens. We
believe that this difference may be an artifact of the translation direction from
Swedish to Danish which may lead the translator to a restrictive Danish word
choice.

Another interesting profiling feature is the repetitiveness of the subtitles. We
found that 28% of all Swedish subtitles in our training corpus occur more than
once. Half of these recurring subtitles have exactly one Danish translation.
The other half have two or more different Danish translations which are due
to context differences combined with the high context dependency of short
utterances and the Danish translators choosing less compact representations.

From our subtitle corpus we chose a random selection of files for training
the translation model and the language model. We currently use 4 million sub-
titles for training. From the remaining part of the corpus, we selected 24 files
(approximately 10,000 subtitles) representing the diversity of the corpus from
which a random selection of 1000 subtitles was taken for our test set. Before
the training we tokenized the subtitles (e.g. separating punctuation symbols
from words), converting all uppercase words into lower case, and normalizing
punctuation symbols, numbers and hyphenated words.
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4.3 Unknown Words

Although we have a large training corpus, there are still unknown words (words
not seen in the training data) in the evaluation data. They comprise proper
names of people or products, rare word forms, compounds, spelling deviations
and foreign words. Proper names need not concern us in this context since the
system will copy unseen proper names (like all other unknown words) into the
Danish output, which in almost all cases is correct.

Rare word forms and compounds are more serious problems. Hardly ever
do all forms of a Swedish verb occur in our training corpus (regular verbs have
7 forms). So even if 6 forms of a Swedish verb have been seen frequently
with clear Danish translations, the 7th will be regarded as an unknown if it is
missing in the training data.

Both Swedish and Danish are compounding languages which means that
compounds are spelled as orthographic units and that new compounds are dy-
namically created. This results in unseen Swedish compounds when translat-
ing new subtitles, although often the parts of the compounds were present in
the training data. We therefore generate a translation suggestion for an unseen
Swedish compound by combining the Danish translations of its parts.

Variation in graphical formatting also poses problems. Consider spell-outs,
where spaces, commas, hyphens or even full stops are used between the letters
of a word, like “I will not do it”, “Seinfeld” spelled “S, e, i, n, f, e, 1, d”
or “WELCOME TO LAS VEGAS?” orspelling variations like
d-d-dlskar or abso-javla-lut which could be rendered in English as lo-0-ove or
abso-damned-lutely. Subtitlers introduce such deviations to emphasize a word
or to mimic a certain pronunciation. We handle some of these phenomena in
pre-processing, but, of course, we cannot catch all of them due to their great
variability.

Foreign words are a problem when they are homographic with words in
the source language Swedish (e.g. when the English word semester = “uni-
versity term” interferes with the Swedish word semester which means “vaca-
tion”). Example 4 shows how different languages (here Swedish and English)
are sometimes intertwined in subtitles.

(4)  SV: Hon gick ut Boston University’s School of the Performing Arts-
-och hon fick en dubbelroll som halvsystrarna i “As the World Turns”.
EN: She left Boston University’s School of the Performing Arts and she
got a double role as half sisters in “As the World Turns”.

4.4 Evaluating the Performance of the Stockholm MT System

We first evaluated the MT output against a left-aside set of previous human
translations. We computed BLEU scores of around 57 in these experiments.
In addition we computed the percentage of exactly matching subtitles against
a previous human translation (How often does our system produce the exact
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Exact matches | Levenshtein-5 matches | BLEU
Crime series 15.0% 35.3% 63.9
Comedy series 9.1% 30.6% 54.4
Car documentary 3.2% 22.8% 53.6
Average 9.1% 21.6% 57.3

Table 1: Evaluation Results against a Prior Human Translation.

same subtitle as the human translator?), and we computed the percentage of
subtitles with a Levenshtein distance of up to 5 which means that the system
output has an editing distance of at most 5 basic character operations (dele-
tions, insertions, substitutions) from the human translation.

We decided to use a Levenshtein distance of 5 as a threshold value as we
consider translations at this edit distance from the reference text still to be
“good” translations. Such a small difference between the system output and the
human reference translation can be due to punctuation, to inflectional suffixes
(e.g. the plural -s in example 5 with MT being our Danish system output and
HT the human translation) or to incorrect pronoun choices.

(5) MT: Det ggr ikke noget. Jeg prgver gerne hotdog med kalkun -
HT: Det ggr ikke noget. Jeg prgver gerne hotdogs med kalkun, -
EN: That does not matter. 1 like to try hotdog(s) with turkey.

Table 1 shows the results for three files (selected from different genres), for
which we have prior translations (done independently of our system). We ob-
serve between 3.2% and 15% exactly matching subtitles, and between 22.8%
and 35.3% subtitles with a Levenshtein distance of up to 5. Note that the per-
centage of Levenshtein matches includes the exact matches (which correspond
to a Levenshtein distance of 0).

On manual inspection, however, many automatically produced subtitles that
were more than 5 keystrokes away from the human translations still looked
like good translations. Therefore we conducted another series of evaluations
with translators who were asked to post-edit the system output rather than to
translate from scratch. We made sure that the translators had not translated the
same file before.

Table 2 shows the results for the same three files for which we have one
prior translation. We gave our system output to six translators and obtained six
post-edited versions. Some translators were more generous than others, and
therefore we averaged their scores. When using post-editing, the evaluation
figures are 13.2 percentage points higher for exact matches and 19.5 percent-
age points higher for Levenshtein-5 matches. It becomes also clear that the
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Exact matches | Levenshtein-5 matches | BLEU
Crime series 27.7% 47.6% 69.9
Comedy series 26.0% 45.7% 67.7
Car documentary 13.2% 35.9% 59.8
Average 22.3% 43.1% 65.8

Table 2: Evaluation Results averaged over 6 Post-editors.

translation quality varies considerably across film genres. The crime series file
scored consistently higher than the comedy file which in turn was clearly better
than the car documentary.

There are only few other projects on Swedish to Danish Machine Translation
(and we have not found a single one on Swedish to Norwegian). Koehn (2005)
trained his system on a parallel corpus of more than 20 million words from
the European parliament. In fact he trained on all combinations of the 11
languages in the Europarl corpus. Koehn (2005) reports a BLEU score of 30.3
for Swedish to Danish translation which ranks somewhere in the middle when
compared to other language pairs from the Europarl corpus. The worst score
was for Dutch to Finnish (10.3) and the best for Spanish to French translations
(40.2). The fact that our BLEU scores are much higher even when we evaluate
against prior translations (cf. the average of 57.3 in table 1) is probably due to
the fact that subtitles are shorter than Europarl sentences and perhaps also due
to our larger training corpus.

5 Conclusions

We have sketched the text genre characteristics of film subtitles and shown
that Statistical MT of subtitles leads to good quality when the input is a large
high-quality parallel corpus. We are working on Machine Translation systems
for translating Swedish film subtitles to Danish and Norwegian with very good
results (in fact the results for Swedish to Norwegian are slightly better than for
Swedish to Danish).

We have shown that evaluating the system against independent translations
does not give a true picture of the translation quality and thus of the usefulness
of the system. Evaluation BLEU scores were about 8.5 points higher when we
compared our system output against post-edited translations averaged over six
translators. Exact matches and Levenshtein 5 scores were also clearly higher.

We are dealing with a customer-specific MT system covering a broad set of
textual domains. The customer is satisfied and has recently started to employ
our MT system in large scale production. It is too early to advertise this as
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an MT success story as the overall productivity increase has not yet been de-
termined. But we believe that our evaluation results are promising and hope
that a future assessment will prove that the deployment of our MT system is
profitable.
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