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Abstract

We present a tool that helps in enlargment of already
existing morphological dictionaries. The tool works
by analysing the contents of an existing (core) dic-
tionary, finding rules that associate endings and pre-
fixes with morphological descriptions. Those associ-
ations are then used to find predictions (or guesses)
about descriptions of new words. The whole linguis-
tic knowledge needed for the task is extracted from
the core dictionary. A graphical interface greatly fa-
cilitates the task of finding and choosing the correct
description.

1 Introduction

Creating a morphological dictionary for a morpho-
logically rich language can be divided into two
parts: designing the core dictionary (writing inflec-
tion/derivation rules and spelling rules), and adding
new words.

[10] describe a system for building the core mor-
phology, where much information is elicited from hu-
man informants. In [§], an algorithm for automat-
ically acquiring morphological links between words
for a domain-oriented stemmer is developed. [7] and
[13] described discovery of spelling rules. [16] de-
scribe a successful, minimally supervised system for
discovering the core morphology from corpora. Un
unsupervised system for learning derivational mor-
phology from inflectional lexicons (using probabilis-
tic methods) is described in [6]. Un unsupervised
system learing from corpora, and focusing mainly on
regular morphology can be found in [I2]. It may be

tempting to think that systems like [I6] are all we
need to build full morphological dictionaries, as they
not only discover rules, but can build a lexicon as
well. However, for languages with rich flection (e.g.
Slavic languages), this does not seem to be true. Usu-
ally, only few flectional forms of a lexeme are found
in corpora. For example, for verbs, some declara-
tive present and past tense forms are usually found,
but this still leaves plenty of room for possible varia-
tions of imperative or participles. The result is that
words cannot be added automatically - there are sev-
eral possibilities to choose from, and human supervi-
sion is needed.

Surprisingly little effort has been put into automat-
ing the second part. In a US patent US05412567
granted to Xerox on May 2nd, 1995, Lauri Karttunen
proposes a system that adds a new word to a dictio-
nary when an informant provides a “model” word
that has surface forms analogous to the new word.
However, it is up to the human operator of the sys-
tem to find the model word. In other systems for
lexicon acquisition, e.g. [I3], lexical rules are used
for generation rather than for analysis, and the focus
is on semantics, not on morphology.

Our goal is to facilitate the task of adding new
words to an existing morphological dictionary. The
dictionary we used was in the format of mmorph
(1), a morphology tool from ISSCO, Geneva,
Switzerland. The dictionary is not an annotated
word list. It consists of some initial parts describing
the alphabet, inflection or derivation rules, spelling
rules, as well as the lexicon itself. For each entry in
the lexicon, the entry description, the base form, and
the canonical form are given. The description is a
feature structure containing information that makes
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it possible to generate all inflected or derived forms
of that entry. It may include part of speech, gender,
paradigm name, etc. We assume that all or almost all
spelling rules and inflection rules have already been
written, and that the existing morphological dictio-
nary provides enough examples for every rule com-
bination so that it is possible to infer associations
between endings, prefixes, and particular morpholog-
ical descriptions of words that can be used to gen-
erate them. We also assume that the nature of the
language is such that those associations exist. Our
system proposes a list of possible descriptions to the
user. The user’s task is then only to select the ap-
propriate description.

2 Finding Associations

In our experiments, we used a Polish morphological
dictionary written in the format of mmorph ([II]) to
find rules that associate certain endings and prefixes
with the corresponding descriptions of lexemes. Such
a rule should also describe how to transform the word
in question to obtain its base form and its canonical
form. For example, in a Polish morphological dictio-
nary, there should be a rule that associates the ending
-ytego and the prefix nie- with at least two rules:

e v[asp=imp par_v=kryc form=stem] “Al”
“A? Aﬁ(’:”

e v[asp=per par.v=kryc form=stem] ¢“A!”

“A? Aﬁ(’}”

The first part specifies that the lexeme is a verb,
the aspect is either perfective or imperfective, that
the paradigm is that of type “kryc”, and the form
is stem. The last part specifies the transformation
that must be performed on the word form to get the
canonical form. A} specifies that i characters should
be deleted from the beginning of the inflected form,
Al — j characters from the end of the inflected form
to get the base for the canonical formf]. To obtain the
canonical form, we append its ending — in this case
it is “¢”. The central part (in front of the equal sign)

I This is not exactly a stem, as endings for the inflected and
canonical form may share some letters

specifies the transformation from the canonical form
to the base form. A? says that ¢ characters should
be deleted from the end of the canonical form. No
ending is appended.

Such rules can be discovered using a variety of
techniqueﬂ. An obvious choice would be to use
the transformation-based error-driven learning ([3],
[2]). Patterns of transformations should be estab-
lished, and then individual transformations learned
by choosing the best scoring transformation in each
step. [9] used Brill’s technique on a lexicon. However,
his goal was not to learn the associations between
the endings and the corresponding description. He
learned only the corresponding POS tags.

We decided to use a different, quicker approach,
based on finite-state automata. We used the algo-
rithm described in [4] as the basis, but we made sub-
stantial modifications. The method is based on the
observation that if there is an association between
endings and the corresponding descriptions, then all
(regular) words should have one of a few descriptions
associated with their endings. We reverse the words,
and append descriptions at the end of them. If we
take another word, reverse it, and match it against
our collection of strings, its ending (now at the be-
ginning) should match with endings of words with
the same ending. We can retrieve those words, and
extract associated descriptions.

It is possible to extract pairs (inflected form, de-
scription) from the dictionary for every inflected form
generated from the description. Transformations
leading to the canonical form and to the base form
are encoded. Mmorph can use archephonemes to rep-
resent e.g. umlautable letters in German. If arche-
phonemes are used in endings, or in the final part
of roots, they are handled by the ending deletion
mechanism described above. If they appear earlier
in roots, another code describes their position, how
many characters they replace, and spells them out.
We form strings consisting of: reversed inflected form
without prefix, separator, prefix, separator, encoded
transformations, description. If the inflected form

2They can also be discovered by hand. Jan Tokarski spent
years of research to compile a list of rules for Polish ([I4]).
Using the method described in the present paper, the same
job takes a few minutes of the CPU.



does not have a prefix, then the two separators are
just adjacent. Moving the prefixes from the inflected
form into a special place in the string is necessary
because of the pruning process later on.

Those strings are then used to construct a finite-
state automaton such that the language recognized
by the automaton be the set of those strings. The
automaton is then pruned. Pruning ([4]) removes
the stems of words, so that the (reversed) endings
lead directly to the corresponding descriptions. For
any state in the automaton, if all paths from that
state lead to the same set of descriptions, they are re-
placed with a single transition from that state to the
state from which all those descriptions are reachable.
There are additional heuristics that help making gen-
eralization and increase recall. If a certain state has
many outgoing transitions that lead to a small num-
ber of different sets of descriptions, then a new state
unifying those descriptions is created, and all paths
from that state to the descriptions are replaced by a
single transitions to that newly created state.

Before pruning begins, each transition is associ-
ated with the number of strings that are recognized
by the part of the automaton that begins with the
target state of that transition. Those numbers serve
as weights, as they are not removed by pruning.

We used only regular words for construction of the
automaton. It is known (cf. [I], [B, pp. 140-144])
that words that occur only once in corpora better
estimate unknown words than the whole dictionary.
However, our dictionary is in its initial state, and it
is still missing some of quite frequent words.

3 Applying Associations

In the application phase, unknown words are re-
versed. Each word is searched for in the automa-
ton. Starting from the initial state, transitions la-
beled with consecutive letters of the reversed word
are followed, until such a state is reached that there
is no transition labeled with the next letter of the
reversed word. The recognized part of the unknown
word roughly corresponds to its ending. All descrip-
tions reachable from that state are printed. Weights
on transitions are used for establishing the order be-

tween descriptions. “Heavier” descriptions, i.e. those
that were associated with a larger number of words,
are printed first. This process may produce descrip-
tions that cannot generate the inflected form that
was used to infer them. Therefore, a filter is used
that removes all such descriptions. Additionally, if
the same description appears in more than one word,
it is ranked higher than others, regardless of their
weights. The underlying assumption is that the cor-
rect description should appear in all inflected forms
of the lexeme, but various forms can have various
additional (incorrect) descriptions.

A graphical user interface (GUI) written in Tcl/Tk
is used to assist the user in selecting the right de-
scription (fig. ). The user chooses a word from the
Word form pane. A list of possible descriptions is
displayed in the Descriptions pane. The user se-
lects a description and saves it. Saving removes from
the Word form pane all word forms generated by the
description, only the current form, or nothing, de-
pending on the state of a radio button. If the user
is not sure what the description generates, he or she
can press Mmorph button to obtain a list of generated
forms in the Mmorph output pane. To compare two
descriptions, the user selects them both and presses
the Mmorph button. The differences are shown in the
Mmorph output pane. It is possible to manually cor-
rect the descriptions.

Sometimes it is difficult to find the right descrip-
tion. In that case, the user can correct the con-
tents of the Mmorph output pane and press the mAtch
mmorph button. The tool will try to find a matching
description.

The new entries are saved in a text file. They
can be incorporated into the initial dictionary file
(mmorph format) either by hand, or using a simple
perl script.

4 Results

For such tasks, the standard measures are recall, pre-
cision, and coverage. However, to compute them, we
would have to have the complete dictionary. Our dic-
tionary is just being built. For each word, we were
interested in a single analysis even if more correct
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Figure 1: A snapshot of the Tcl/Tk interface

analyzes were possible for that word. Our Polish
dictionary contains about 1800 lexemes that gener-
ate about 60000 inflected word forms. We evalu-
ated over 750 unknown word forms. For the forms
that were not processed, there were either missing
paradigms, or missing spelling rules, so there existed
no correct descriptions for them. 750 word forms
were processed. For 62.53% of them, the correct de-
scription was among those proposed by the tool. For
44.53% of them, the first description proposed by the
tool was the correct one. The tool proposed 2.08 de-
scriptions on average for a word. 62.53% is a low
number, but it was calculated for each individual un-
known inflected form. However, the correct descrip-
tion can be associated with another form of the same
lexeme. 89.73% of unknown inflected forms had the
correct description among guesses, but not necessar-
ily attached to every one of them. Guesses for the

remaining inflected forms were not totally correct,
but in most cases the part of speech was right, and
often the difference between the correct and incorrect
description was a value of one feature. Such imper-
fection can easily be corrected using menus in the
Tcl/Tk interface.

5 Conclusions

We have presented the first tool for facilitating the
process of adding new lexemes to an existing mor-
phological dictionary. It allowed us to add new
words much faster than it would be possible with-
out it. In the current system, the user launches a
script that does the whole job of extracting infor-
mation from a morphological dictionary in mmorph
format. The only thing the user has to spec-
ify is whether the language makes use of prefixes
or infixes, and what archephonemes (if any) are
to be found in roots or stems not close to their
ends. No additional knowledge is required, except
for the ability to recognize correct and incorrect
forms. The tool is available in source form from
http://www.pg.gda.pl/~jandac/fsa.html. It is
free for non-commercial purposes.

The tool works with mmorph, but it should be
relatively simple to coerce it to use another format.
One of the reviewers suggested using it with aggluti-
native languages. In our (limited) understanding of
those languages it would mean that a series of end-
ings would have to be analyzed. This translates to
repetitive use of the guessing automaton. While this
should be relatively easy — the major obstacle would
be to code information when to stop, preparation of
data for the automaton would have to be quite dif-
ferent, and apparently more difficult.
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