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Chapter 1

Introduction and Background

On-line corpora are increasingly popular as a tool for linguistic research, or,

for those using information-theoretic approach, as a direct source of data.
However, such corpora are usually available only in the original text form,
with little or no processing done on them. Whoever uses such corpora has to
�rst preprocess them to be able to use them as the starting point for his/her
experiments. Many researchers thus unnecessarily repeat the same job: text

\cleaning", markup, morphology, tagging. It is believed that we can agree on
the de�nitions and format of the output of such preprocessing, and therefore,
build tools which would help to reduce, or perhaps even eliminate in some
cases, the duplicative and tedious work done on machine readable data by
many today. The work presented here forms part of BCP, the Bilingual Con-
cordancy Program developed at ISSCO (Warwick, Haji�c and Russell 1990;

Warwick-Armstrong et al. 1992).
Morphology of natural languages has been in the focus of computational

linguists in non-English speaking countries since the beginnings of natu-

ral language processing. Worldwide attention has been turned to it after
1983, when Kimmo Koskenniemi published his infamous thesis (Koskenniemi

1983). Today, even when the questions of time and space are becoming much
less serious constraints given the progress in hardware resources, it is nec-

essary to have some serious and wide-coverage description of a morphology
system for many languages. In this thesis, a system general enough to be ap-

plicable to many di�erent languages exhibiting various linguistics phenomena

is presented, with special attention to (highly) inectional languages, such

as Czech and other slavonic languages.
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Several software systems designed for automatic processing of Czech have

been developed in the past. Many of them encapsulate morphological pro-

cessing, either of a general nature ((B�emov�a and Kr�al��kov�a 1988), (Weisheit-

elov�a, Kr�al��kov�a and Sgall 1982), (Panevov�a 1981), (Weisheitelov�a and B�e-

mov�a 1979), (Pala 1992)) or suited to a particular system ((Kirschner 1983),

(Kirschner 1982a), (Cejpek 1982), (Kirschner 1982b), (Haji�c 1987a), (Haji�c

1984a), (Panevov�a and Kr�al��kov�a 1990), (Haji�c 1988a), (Haji�c and Dr�ozd

1990), (Laciga 1993)). These systems have been either limited in scope, or

in coverage (with the recent exception of (Pala 1992)).

Thus the author used the opportunity o�ered when working as a visiting
scientist at ISSCO, Gen�eve, Switzerland in 1990, to start a software project

the goal of which has been to provide a tool for morphological analysis of
the o�cial Swiss languages (German, French, Italian, with the obvious ex-
tension to English), and designed a system capable of easily dealing with the
more inective languages as well (in fact, one inectional language, such as
Czech, contains all the morphological phenomena found in the other more

or less analytical languages, but no more). The development of the software
continued in Prague and has been �nished in 1991, again at ISSCO. The
problem of acquiring the data for Czech had already been solved by author's
previous work on a spelling-checker (Haji�c and Dr�ozd 1990) and a lemmatizer
(Laciga 1993), as well as by the work of the other members of the current
Institute of Formal and Applied Linguistics. The formal conversion of the

lexical data (sometimes meaning some extra handwork, of course) has not
been that di�cult, although quite time consuming; the initial work done by
the author is being followed by Hana Skoumalov�a, who added the bulk of
dictionary entries to increase the coverage of the Czech system. She is cur-
rently also converting the Czech system described in this thesis to suit the

project MATRACE (Haji�c et al. 1992), (Haji�cov�a 1993).
Ideas from many other sources have been used or taken into account dur-

ing the development of the system. First of all, the basic framework has been
shaped by the approach of the Prague linguistic group, as expressed e.g. in

(Sgall, Haji�cov�a and Panevov�a 1986) or (Sgall et al. 1986). The Czech de-

clension system has been inuenced primarily by the work of (Sgall 1960)

and (Sgall 1967), although it was substantially modi�ed. Furthermore, the

present grammar books have been heavily consulted: (B�eli�c 1981), (Havr�anek
and Jedli�cka 1963), (Dokulil et al. 1986), (Petr 1986), (�Smilauer 1969) and

(Dane�s, Grepl and Hlavsa 1987); for the moment, the recent changes in Czech
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orthography as expressed in (Martincov�a 1993) have been disregarded, due

to the hesitations whether this to-be-norm is to be taken seriously. Many fea-

tures of the previous morphological systems developed in Prague have been

taken into account, mainly from (B�emov�a and Kr�al��kov�a 1988), (Weisheit-

elov�a, Kr�al��kov�a and Sgall 1982), (Panevov�a, Cejpek and Zvelebil 1988),

(Oliva 1983), and (Panevov�a 1981).

In the area of morphological formalisms, the following books and articles

have been relevant and critically consulted: (Borin 1991), (Finkler and Neu-

mann 1988), (Gazdar 1985), (Kay 1987), (Karlsson 1986), (Karlsson 1985),

(Ritchie 1992), (S�agvall 1973), and (Trost 1990).
The main source for the Czech dictionary was a large volume of text

provided by di�erent sources, partially machine readable, and the following
dictionaries: (Slav���ckov�a 1975), (Filipec and Dane�s 1978), (Poldauf 1986),
(Havr�anek 1989), (T�e�sitelov�a, Petr and Kr�al��k 1985) and (T�e�sitelov�a, Petr
and Kr�al��k 1986).

Inspiration for the linguistic part of the work has been taken also from

(Sgall and Weisheitelov�a 1968), (Sgall and Zima 1986), (Machov�a 1977),
(Panevov�a 1979), (Trnkov�a 1983); from foreign sources mainly (Klein 1988),
(Sproat 1992), (Hellberg 1974), (Matthews 1982), (Booij and van Marle
1993), and (Zwicky and Wallace 1984).

The lexical issues connected with the development of any morphological
system have been consulted primarily in (Karlsson and Koskenniemi 1985),

(Ritchie et al. 1992), and (�Cerm�ak, Kr�al��k and Pala 1992).
There is also one large software system using Czech morphological pro-

cessing, namely the one developed at the Masaryk University in Brno: (Pala
1992), (Osolsob�e and Pala 1990), and (Osolsob�e, Pala and Franc 1987); al-
though this system has not been known to the author in detail, discussions

with the colleagues from Brno have helped, too.
Important statistical data can be found in the works of the former group

of statistical linguistics at the Czechoslovak Academy of Sciences: (T�e�sitelov�a
1987), (T�e�sitelov�a 1992), (T�e�sitelov�a 1985), (T�e�sitelov�a 1983).

Last but not least, any programming cannot be done without occasionally

consulting the basic programming reference { such as (Knuth 1969). The

formal languages stu� is best described in (Aho, Hopcroft and Ullman 1976),

(Aho and Ullman 1972), (Salomaa 1973) or (in Czech) (Chytil 1984).
Also, author's previous experience in work on various NLP systems found

its way into the present system: (Haji�c 1984b), (Haji�c 1980), (Haji�c and
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Haji�cov�a 1980), (Jirk�u and Haji�c 1982), (Haji�c 1983), (Sgall and Haji�c

1984), (Borota and Haji�c 1984), (Haji�c 1985), (Haji�c 1986), (Haji�c, Kirschner

and Rosen 1986), (Haji�c and Zvelebil 1986), (Haji�c and Oliva 1986), (Haji�c

1987b), (Haji�c 1987a), (Haji�c 1987c), (Haji�c 1988b), (Haji�c 1988c), (Haji�c

1989a), (Haji�c 1989b), (Haji�c, Rosen and Haji�cov�a 1992), (Dr�ozd and Haji�c

1990), (Brown et al. 1993).

Some parts of this thesis have already been published: (Haji�c 1993) {

Chapters 2 and 3, (Haji�c 1992) { Section 5.1. These parts has been only

slightly modi�ed here. The rest consists of yet unpublished work.
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Chapter 2

Markup and Basic Processing

Before any meaningful processing can begin, it is necessary to identify word

form units, sentence boundaries, numbers (and possibly normalize them),
punctuation, and get rid of the remaining garbage. In accordance with the
current trend in standardization, the result is marked using SGML, though
the Data Type De�nition is, obviously, pretty simple.

An example:

� Input Text:

... in der Ertragsbilanz gegen�uber dem Vorjahr um 2,8 Mrd Fr. ...

� Output Text:

...

<f>in

<f>der

<f cap>Ertragsbilanz

<f>gegen�uber

<f>dem

<f cap>Vorjahr

<f>um

<w num.orig>2,8

<f num.generated>2.8

<f cap>Mrd

<f cap.abbr>Fr.

...
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2.1 Word unit identi�cation

Originally, we tried to develop a sophisticated system of handling all the

di�cult cases of fullstops, other punctuation, hyphens, apostrophes, etc.,

but it became just a big mess. The problem is a circular one: to decide what

a certain apostrophe means, we would have to do some analysis, but for the

analysis, we have to know what to analyze... Therefore, we decided to make

it simple: we de�ne \words" as being separated by blanks and punctuation

only:

self-governing ! <f>self-governing

isn't ! <f>isn't

2.2 Number normalization

Numbers are a di�cult problem, too. Again, in order to correctly distinguish

\there were five to 10 million starving" from \he will speak at

five to 10 million viewers" we would have to do some \real" analysis,
not just simple pattern matching. Therefore, we are trying to do only simple
number standardization covering decimal points and thousand separators.
Nevertheless, the recognition is language dependent:

2,8 ! <w num.orig>2,8 <f num.generated>2.8

(Fr En It) 1'500 ! <w num.orig>1'500 <f num.generated>1500

2.3 Separation of punctuation

The following punctuation receives separate tag d with empty text:

-+<=>$#%&*@[]fg |!"'(),./:;?^`~ <TAB>

e.g. ... found. ! ... <f>found <d period>

2.4 Sentence boundaries

For any NLP system, it is important to know what forms a sentence. This
problem is even harder than the previous two: many punctuation characters

are ambiguous, the worst case being the dot \.". We adopted the view that

it is better not to break a sentence in the middle; we would rather miss a
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break. The rules rely on various lists, which classify some words according

to their usage relative to the dot character.

The algorithm further supposes that the input text is \clean", i.e. no

formatting, except for newline symbols.

This is a shortened description of the rules which govern the sentence

boundary recognition:

Comments:

<end-of-word> may be either <newline>

or some delimiter other than one of the

four from the "COUNTRY" specification file

<C> means single capital letter

<d ...>* means any sequence of delimiters

<f (not)num> means anything not pure number

condition break

? or ! or ; <newline> yes

ABBR. <newline> no

IFNABBR. <newline> <f num> no

MARKABLE <end-of-word> <C>. <newline> yes

NUMERABLE <end-of-word> <f num>. <newline> yes

NONNUMABLE <end-of-word> <f num>. <newline> no

<C>. <newline> <f cap> (usu. names) no

<f num>. <newline> MONTH no

<f num>. <newline> <f cap> yes

. <newline> <d ...>* <f cap> yes

<f (not)num>. <newline> <f num> yes

other no

In the above rules, the words ABBR, IFNABBR, MARKABLE, NUMERABLE and
NONNUMABLE are parameters representing sets of strings de�ned in language-
dependent �les.
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2.5 Output SGML markup

The output markup has been chosen in such a way that it is simple to process

even by programs with no speci�c SGML capabilities. Therefore, the tag

names are one letter long. Each tag begins a separate line.

Conversion programs are provided to convert from entity-based ASCII

(IRV, 7-bit) coding to ISO L1 and ISO L2 code table. For distribution

purposes, we expect to use the former coding scheme until all the problems

with accented characters are solved.

� Coding

Two modes of accent coding:

{ Entity names, 7-bit coding (\ASCII")

{ ISO 8859-1 or ISO 8859-2 (8-bit coding)

� Markup

{ Document: <bcpo>

{ Paragraph: <p id=...>

{ Sentence: <s id=...>

{ Punctuation: <d period> <d comma> etc.

{ Punctuation separator: <d nothing>

{ Word Forms:

<f> <f cap> <f mixed> <f upper> <f abbr>

<f cap.abbr> etc.

{ Norm. Numbers: <f num> <f num.generated>

{ Original Numbers: <w num.orig>

12



Chapter 3

Morphology

3.1 Introduction

As it is quite well known these days, morphology has been deemed to be an
uninteresting part of natural language processing, easily solvable by whatever
means. This view, largely because of the simplicity of English morphology,

has been changed when other languages came into the focus of computational
linguistics. The turning point seems to be the publication of (Koskenniemi
1983), proposing the so called two-level model.

However, in the non-English speaking part of the world, morphology has
been worked on many years before that. Slavonic languages in particular

exhibit rich inectional behavior, and that has been reected in many pub-
lications. Czech is no exception, there have been many publications as well
as real systems developed at di�erent times for di�erent purposes and on

di�erent computer platforms. Although they have explicitly described (large
part of) Czech quite well, the required generality was usually missing. On the
other hand, Koskenniemi's system (which had been inspired mainly by Karls-

son, Karttunen, and Kay) was general enough to adequately handle many

phonological and morphological phenomena, as was demonstrated later by
many systems (for di�erent languages) based on the two-level model.

However, the two-level model, as its name demonstrates, has been much
better suited for general phonology than for general morphology. Obviously,

it is possible to describe the morphotactics in the system (cf. the linked

lexicon approach, actually a �nite state network), but the modeling of long-
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distance phenomena (which certainly do occur in morphology, cf. circum-

exing in German ge{t (pass. part.) or Czech nej{�ej�s��... (superlative)) is

awkward and unnatural.

The best solution would be to use the two-level model (or better, its

phonology part) for phonology, and something else for morphology. However,

the common sense says that morphology is \simple enough" to be handled

by a uni�ed system; it is thus this approach which has been chosen for the

morphology formalism and software described in the present thesis.

3.2 The Basics: Input, Output and Between

The morphological component uses the results of the cleaning step as its

input. This component analyzes each word-form unit, as identi�ed by the
markup step, individually and independently. The results are marked using
SGML as well.

The morphology formalism is based on a context-free backbone with se-
mantics expressed by means of feature structures and uni�cation. This might

seem to be a rather too strong tool for morphology, but it makes it relatively
easy to use the same tool for di�erent languages. Also, feature structures
themselves are convenient (and popular) data representation format, which
simpli�es envisioned interfacing to parsers.

Currently, there are implementations of English, French, German and

Czech, the latter using the most of the formalism's features.
An example of the desired output of:

... [bez] minul�eho parlamentu ...
(... [without the] last parliament ...)

...

<w>minul&eacute;ho

<a> [hw=minul&yacute;,morf=[cat=[pos=a,a.type=ord],

infl=[pf=[compar=base,nom.form=no,neg=no],

raf=[gender=n|i,num=sg,case=gen]|[gender=a,

num=sg,case=acc|gen]]]]

<w>parlamentu

<a> [hw=parlament,morf=[cat=[pos=n],infl=[pf=[gender=i,

num=sg,case=loc|dat|gen]]]]

...
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3.3 Morphology - the Formalism

The basic idea of the described formalism is that words (in the sense de�ned

earlier, see 2.1) are analyzed individually and independently. The formalism

is capable of handling orthography/phonology, which enables us to use only

one grammar formalism in our system taking care of the analysis all the way

from surface to morphological categories.

3.3.1 Context-free skeleton

The basis of the morphology grammar consists of a context-free grammar
skeleton. Left recursion is not allowed (due to the parsing style, see later).

The non-terminals are coded using angle brackets, terminal symbols are
written as such, or quoted within doublequotes.

The CF rule format allows for easy speci�cation of di�erent types of

morphotactic behavior, namely, su�xing, pre�xing, circum�xing an in�xing.

Skeleton examples:

<C> ! <S> ed;

<R> ! ge<Stem>t;

<Form> ! im<AdjStem>;

<VForm> ! <SepPrefix>ge<VStem1>en;

3.3.2 Semantics: Feature Structures

In the BCP morphology formalism, Feature Structures (Shieber 1986) can be

seen as a special type of attributes in the sense of Attribute (CF) Grammars.

Their basic function is to carry information from the bottom of the derivation
tree up to the root and at the same time, to restrict the application of a rule

of the grammar depending upon their value and conditions speci�ed for such

a rule.
The type of feature structures used is a slightly restricted form of the

\standard" form widely used in grammars for natural language processing.
The feature structures are not typed, and references within a single feature

structure are not allowed. Negation is not allowed. Disjunction, however, is
implemented in full. Obviously, references to feature values of other feature
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structures are allowed (i.e., for referencing feature structures associated with

right hand side nonterminals).

There is no \standard" or \automatic" uni�cation imposed on the feature

structures coming from the lower levels of the derivation tree. The value of

the feature structure at the nonterminal node being built is composed using

one or more rules, which explicitly specify the resulting feature structure

value. Of course, uni�cation, concatenation and references are the important

tools to achieve the desired result. A rule is not applied, if the resulting

feature structure is nil, i.e., when any of the values within such a feature

structure is nil, which is the case when some uni�cation fails.

3.3.3 Feature Structures: Coding

The feature structures are coded using the usual linear representation, with
square brackets delimiting lists of feature-value pairs, commas separating
individual feature-value pairs, and equal signs between the feature name and

value. In references, feature names in a path to the referenced feature are
separated by a carret sign (^), which is also used after the qualifying name of
the relevant nonterminal. The \current" feature structure (associated with
the left-hand side nonterminal) is denoted by a \star", \*". Disjunction of
feature values is denoted by a vertical bar; parentheses are optional and do

not have any e�ect on the evaluation. Literal strings (atoms) are written as
such, except when they use characters with special meaning; then they must
be quoted within doublequotes. Spaces, tabs and newlines do not matter.
Case is signi�cant.

Examples of feature structure values:

No disjunction, no references:

[a1=v1, a2=v2, a3 = [a31=v31]]

[a1=[b1="see$"],a2=NN0]

atom123

Disjunction:

a|b

[x=hd1|hd16|hd26]

[infl=[num=sg,case=(nom|acc)]|[num=pl,case=acc]]
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References:

*^a1^x

[x=<S>^s, cat=<S>^pos, infl=[case=nom|acc]]

3.3.4 Concatenation of atoms

Two feature structure values which are atoms can be concatenated. The

result is an atom. Concatenation of an atom and a feature structure proper

or of two feature structures proper is nil, or fails.
The concatenation operation is denoted by a \+" sign.

Examples:

[a2=<D>+s, a3=<S>^s+y]

< >+"s$"

3.3.5 Uni�cation

The uni�cation operation works as expected (Shieber 1986); two feature
structures (values) unify i� all their features with the same name unify;
atoms unify i� they are equal. An atom never uni�es with a non-atomic
feature structure.

If two feature structures unify, the result, again, is quite standard: for

atoms, any of them (they are identical), for non-atomic feature structures,
the union of all features which are present only in one of the feature structures
with the results of the uni�cation of the values of the remaining features (i.e.,

of those which are present in both feature structures).
The uni�cation is denoted by the \#" operator.

Examples:

[a2=[<D>^x#hd1]]

<LEX>#stem

3.3.6 Building the LHS Feature Structure

For each rule, there is a sequence (possibly of length 1 only) of so called
\assignments", which build the feature structure eventually associated with
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the left hand side (LHS) nonterminal in the derivation tree being constructed.

Each of the assignments �rst creates a feature structure value, de�ned by

the right hand side of the assignment. Then the resulting value is assigned

to the feature speci�ed at the assignment's left hand side, possibly to the

nonterminal feature structure itself. In a following assignment, the value of

the \current" feature structure can be used again when constructing the new

value.

The qualifying \*" may be omitted as a quali�er on the left hand side of

the assignment, including the case when the resulting feature structure value

is assigned to the left hand side feature structure as a whole. Assignments
are separated by commas, and the block of assignments associated with a

single rule is terminated by a semicolon. The assignment symbol is, not
surprisingly, an equal sign.

Examples:
= [string=<S>^s, cat = v],

analysis = *^x1^anal;

3.4 Morphology - the Dictionary

The dictionary can be seen as a Feature Structure Value, actually, a gigantic
disjunction. Every \entry" forms a separate disjunction element. The small-

est unit of the morphology formalism is a CF rule; therefore, the dictionary
appears in the semantic part of a single rule with an empty right hand side:

<LEX> : =

[stem=atom,hw=atom-atom,pos=noun,x=hd1] |

[stem=nov,hw=nov�y-new,pos=adj,x=reg] |

[stem=prac,hw=pracovat-to work,pos=verb,x=ovatn] |

...

! "";

Then, we can add such a rule to any rule which accesses the dictionary,
and use its \upcoming" FS value in the semantic part where necessary (ob-

viously, uni�cation will play an important role in the constraints):

<R> ! <S>$ <LEX> : =

<LEX> # [x=hd1,stem=S,case=nom|acc,num=sg]

18



<R> ! <S>u$ <LEX> : =

<LEX> # [x=hd1,stem=S,case=gen|dat|loc,num=sg]

...

<R> ! <S>ech$ <LEX> : =

<LEX> # [x=hd1,stem=S,case=loc,num=pl]

<S> ! <L> : = <L>;

<S> ! <L><S> : = <L>+<S>;

<L> ! a : = a;

<L> ! A : = A;

<L> ! b : = b;

<L> ! B : = B;

...

<L> ! Z : = Z;

The above (simpli�ed, of course, as always) example shows how the stem
string is described (nonterminal S, using L for description of all letters), and
how the dictionary is \searched" for such a stem: the uni�cation of LEX and

a feature structure containing the stem attribute succeeds only if the stem is
found somewhere in the dictionary. The symbol $ denotes the end of input.
The above example also shows how an additional constraint, namely, the x

attribute, may be applied (see also later, Paradigms).

3.5 Handling various linguistic phenomena

3.5.1 Orthography - Capitalization

The simplest approach is to allow for capitalization anywhere in the input

text:

<L> ! a : = a;

<L> ! A : = A;

<L> ! A : = a;

<L> ! b : = b;

<L> ! B : = B;

<L> ! B : = b;

...

<L> ! z : = z;
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<L> ! Z : = Z;

<L> ! Z : = z;

<S> ! <L> : = <L>;

<S> ! <L><S> : = <L>+<S>;

Note that this does not allow for input text decapitalization, i.e., it will

not generate stem \George" if the input contains \george". However, should

we want to do that, it is certainly easy to modify this grammar appropriately.

To keep the capitalization information, one could write:

<L> ! a : = [l=a,cap=no];

<L> ! A : = [l=A,cap=yes];

<L> ! A : = [l=a,cap=yes];

<L> ! b : = [l=b,cap=no];

<L> ! B : = [l=B,cap=yes];

<L> ! B : = [l=b,cap=yes];

...

<L> ! z : = [l=z,cap=no];

<L> ! Z : = [l=Z,cap=yes];

<L> ! Z : = [l=z,cap=yes];

<S> ! <L> : = <L>;

<S> ! <L><R> : = [l=<L>^l+<R>,cap=<L>^cap];

<R> ! <L> : = <L>^l;

<R> ! <L><R> : = <L>^l+<R>;

and then use the feature cap on the upper levels of the derivation
tree. This example handles capitalization at the beginning of a word; \all-
uppercase" and mixed types would be just a little more complicated.

3.5.2 Phonology - \Umlaut"

<L> ! a : = [l=a,umlaut=no];

...

<L> ! �a : = [l=a,umlaut=yes];

<L> ! �a : = [l=�a,umlaut=no];

...

<N> ! <L> : = [l=<L>^l,umlaut=<L>^umlaut # no];

<N> ! <L><N> : = [l=<L>^l+<N>^l,umlaut=<L>^umlaut # no];
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<U> ! <L> : = [l=<L>^l,umlaut=<L>^umlaut # yes];

<S> ! <N> : = <N>;

<S> ! <U><N> : = [l=<U>^l+<N>^l,umlaut=yes];

<S> ! <N><U><N1> : = [l=<N>^l+<U>^l+<N1>^l,umlaut=yes];

<N1> ! <N> : = <N>;

<R> ! <S>e$ <LEX> : =

<LEX> # [stem=<S>^l,umlautPL=<S>^umlaut,num=pl,...]

<LEX> ! "" : = ...

[stem=Baum,umlautPL=yes,...] |

[stem=Baumblast,umlautPL=no,...] |

...;

Here, the <L>-rules simply introduce the features of the lexical charac-
ters, namely, whether the \umlaut" process took place when producing the
surface text form or not. The nonterminal <N> accumulates strings of let-
ters which were not subject to \umlauting". The nonterminal <U> always
contains a single \umlauted" letter; it's l feature, however, already contains

the lexical form of that letter. The uni�cation of <L>^umlaut with either no
or yes in these rules e�ectively disables their application in the unwanted
cases. (Remember, if the value of any feature in the feature structure being
constructed is nil, meaning the uni�cation has failed, the associated rule
cannot be applied.)

The nonterminal <S> (which is used to de�ne the stem of a word form)

then consist of non-\`umlauted" string of letters, or a string of letters which
contains exactly one \umlauted" letter. The resulting feature structure at
the <S> nonterminal then contains the umlaut feature, set accordingly.

Then it is easy to check, for particular categories (plural in this case),

whether the value of the umlaut feature of the stem matches the lexical

feature associated with that category; in this case, umlautPL.
[Certainly this example is oversimpli�ed. Actually, if \�u" were handled

in the same way, it overgenerates: the form \Ba�ume" would be incorrectly
recognized as the plural form of \Baum". Additional measures must be taken

to prevent this from happening.]
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3.5.3 E-deletion

In this section, we present a slightly di�erent approach to phonological pro-

cesses than that shown for umlaut in the previous section. The stem change is

indicated by a special \lexical" character, which then triggers the application

of appropriate rules.

<L> ! a : = [l=a];

<L> ! b : = [l=b];

...

<N> ! <L> : = [l=<L>^l];

<N> ! <L><N> : = [l=<L>^l+<N>^l];

<S> ! <N> : = <N>;

<S> ! <N>e<L> : = [l=<N>^l+@E+<L>^l,Edeleted=no];

<S> ! <N><L> : = [l=<N>^l+@E+<L>^l,Edeleted=yes];

<R> ! <S> : =

<LEX> # [stem=<S>^l,EdeletedTest=<S>^Edeleted # no,

num=sg,case=nom|acc,...];

<R> ! <S>e : =

<LEX> # [stem=<S>^l,EdeletedTest=<S>^Edeleted # yes,

num=sg,case=gen,...];

<LEX> ! "" : = ...

[stem=kop@Ec,...] |

[stem=vyp��na�c,...] |

...;

The nonterminal <L> describes individual letters, <N> a string of letters.
The nonterminal <S> describes a word form, setting the feature Edeleted to

indicate that e-deletion took place. This feature then constraints the appli-

cation of rules assigning grammatical categories; in this case, e-deletion takes
place only in genitive singular. The constraint EdeletedTest is irrelevant

for words not containing \@E" at the lexical level, as the rule

<S> ! <N> : = <N>;

(used in such cases) does not restrict the Edeleted value in any way.

22



3.5.4 Paradigms

<L> ! a : = [l=a];

<L> ! b : = [l=b];

...

<N> ! <L> : = [l=<L>^l];

<N> ! <L> <N> : = [l=<L>^l+<N>^l];

<S> ! <N> : = <N>;

<R> ! <S>uji : =

<LEX> # [stem=<S>^l,x=ovatn,num=sg,pers=1,...];

...

<R> ! <S> : =

<LEX> # [stem=<S>^l,x=hd1,num=sg,case=nom|acc,...];

<R> ! <S>u : = <LEX> # [stem=<S>^l,x=hd1,

num=sg,case=gen,...];

<LEX> ! "" : = ...

[stem=hrad,x=hd1,...] |

[stem=kup,x=ovatn,...] |

...

;

This is the simplest, but by far the most important use of uni�cation for
inective languages such as Czech. In these languages, many categories are

combined in a single ending, and at the same time, the endings are highly
ambiguous. The worst \feature" of such morphological systems, however, is
that for di�erent words, the same ending can mean di�erent things. There-
fore, we need to have classes, or \patterns", or \paradigms", in order to avoid

wrong word form interpretation. Actually, the same problem is known in En-

glish: the ending \s" is ambiguous in a well-known way. In English, however,
the part of speech is su�cient to disambiguate its interpretation. In Czech,

on the other hand, the same case appears within individual part-of-speech
categories, even within more subtle classes of words: for example, the ending

\-i" in the masculine animate noun class means either nominative plural

(dlouh�ani, the tall men), or dative singular (mu�zi, [to a] man). Obviously,
these two words have to belong to di�erent declension classes.

In the above example, it is shown how the paradigmatic constraints work.

Each word in the dictionary is assigned an extra feature, the paradigm
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name. Each rule of the grammar, which assigns the morphological category

based on a recognized ending (in this case, the rules for nonterminal <R>),

then contains the same feature with paradigm names for which the ending

$ category correspondence is right. The uni�cation mechanism then does

the rest of the job.

3.6 Implementation

3.6.1 Dictionary

As has been already pointed out, the dictionary can be seen as a rule gen-
erating an empty string associated with a single \dictionary" feature struc-
ture. However, the simple approach to the uni�cation operation would be

extremely ine�cient on such a structure; moreover, separating the dictionary
is a good idea from the point of view of modi�cations, consistency, space,
etc.

Therefore, instead of really writing the actual feature structure, we write
each stem on a separate line in a source dictionary text �le, distinguishing

the stem string from the other features.
The following French dictionary feature structure segment

[hw=abolir,stem=abolir,x=v19,pos=v,vf=t]|

[hw=abdiquer,stem=abdiquer,x=v6,pos=v,vf=v]|

[hw=abat-jour,stem=abat-jour,x=nm,pos=nm]|

[hw=abats,stem=abats,x=nplm,pos=nm]|

[hw=avoir,stem=aurai,x=xv,mode=ind,tns=fut,pers=1,num=sg]|

[hw=avoir,stem=auras,x=xv,mode=ind,tns=fut,pers=2,num=sg]|

[hw=avoir,stem=aura,x=xv,mode=ind,tns=fut,pers=3,num=sg]...

is written as

abolir [x=v19,pos=v,vf=t]

abdiquer [x=v6,pos=v,vf=v]

abat-jour [x=nm,pos=nm]

abats [x=nplm,pos=nm]

aurai [hw=avoir,x=xv,mode=ind,tns=fut,pers=1,num=sg]

auras [hw=avoir,x=xv,mode=ind,tns=fut,pers=2,num=sg]

aura [hw=avoir,x=xv,mode=ind,tns=fut,pers=3,num=sg]
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Note that if the hw feature value is the same as the stem value { which is

often the case { the hw feature may be omitted. It is �lled back automatically

during subsequent processing.

This little change enables us to further simplify the dictionary coding; it

is clear that feature structures like

[x=v6,pos=v,vf=v]

are going to be quite frequent. Others, however, like

[hw=avoir,x=xv,mode=ind,tns=fut,pers=2,num=sg] ,

are completely idiosyncratic. Thus, the dictionary is further divided into

two parts: the so called \regular" dictionary (usually containing the most of
the lexical items, like abolir, abdiquer, etc.), and an \irregular" dictionary,

containing stems like aurai. The irregular part of the dictionary must be
entered as shown above; the regular part is subject to preprocessing which
basically expands feature structure abbreviations, or simple \macros" (called
sometimes classes, or paradigms, as they often correspond to the individual
inectional paradigms), into a feature structure:

abolir vt

abdiquer vv

abat-jour nm

abats nmpl

Here, the class vt together with the in�nitive ending information -ir

causes an expansion of vt into

[x=v19,pos=v,vf=t] ;
similarly, nm is expanded into

[x=nm,pos=nm] .

3.6.2 Rules

Apart from technical details, such as various size speci�cations, the rules look

much like what we have shown previously in the examples, except that all
rules for a single nonterminal are grouped together; this allows to write only
the right hand sides of rules:

%LHS; R

{ regulier }

{ masculin en -s }
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<_><C>$ : * = [stem=<_>^s+<C>^s,x=j,infl=[gen=m,num=sg]];

<_><J>$ : * = [stem=<_>^s+<J>^s,x=j,infl=[gen=m,num=sg]];

<_>e$ : * = [stem=<_>^s+e,x=j,infl=[num=sg]];

<_><C>s$ : * = [stem=<_>^s+<C>^s,x=j,infl=[gen=m,num=pl]];

<_><J>s$ : * = [stem=<_>^s+<J>^s,x=j,infl=[gen=m,num=pl]];

In this French example, the <C> and <J> nonterminals are de�ned else-

where as consonants and vowels, respectively.

Also, it might seem that in this example, the actual dictionary uni�cation

is missing; not so, as for every left hand side nonterminal (i.e., for a group of
rules having the same LHS), it is possible to de�ne so called default actions,
at the beginning of the sequence of assignments (see 3.3.6), after the �rst

assignment, and at the end of the assignment sequence. In the above example,
we actually have:

%LHS; R

{ regulier }

{ masculin en -s }

%DEFAULT_ACTIONS;

%INIT; ;

%AFTER_1ST;

a = <LEX> # *;

%CLOSING;

* = *^a,

a=ANY,

stem=ANY,

x = ANY;

... [the rules come here]

The atom ANY represents unspeci�ed value; at the �nal output formatting,
such features are not printed. Thus specifying the assignment feature-name
= ANY e�ectively deletes this feature from the resulting feature structure.

Typically, the constraining features are introduced at each rule as the �rst

assignment, then the AFTER 1ST default applies, which contains the general
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dictionary uni�cation operation. The CLOSING assignments do some cleanup,

then.

The feature which the dictionary is indexed on (stem in our examples) is

also speci�ed; it is the �rst feature name appearing in the list of all possible

feature names, which must be speci�ed in the source rules �le. The name

of the nonterminal representing the dictionary is also speci�ed (<LEX> in our

examples).

There is no need to put the dictionary nonterminal to every rule; it is

present by default in all of them, enabling its free use in any assignment.

However, there is one restriction put on the use of the dictionary nonterminal
in uni�cation: it cannot be used for referencing any features in the dictionary,

it can be used only at the left hand side of the uni�cation, and the feature
structure with which it is being uni�ed must contain the feature on which
the dictionary is indexed.

3.6.3 Parsing

Parsing is done in the simplest possible way, i.e. top-down, depth-�rst. This
puts one restriction on the grammar, namely, it must not contain left recur-
sion.

The assignments are being evaluated at reduction time. The parser back-

tracks if any of the uni�cations involved fails.
There is a front-end to the core parser, which takes care of identifying

words in the input text (which is not that di�cult, as the input is assumed
to be preprocessed by the cleaning & markup program discussed above, see
2), and of output formatting. Obviously, there are also tools for testing and
debugging the morphological rules and the dictionary.

3.6.4 Implementation

The software (both markup and morphology, as well as other text processing

tools developed at ISSCO) currently runs on Sun workstations (both Sun-

3 and Sun-4), on a RS/6000 (AIX 3.2) and under Linux on the Intel 386
architecture. It should be fairly easy to port it to another machine running

a similar operating system, as it have been all successfully compiled without
problems using gcc.
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At ISSCO, morphology grammars for English, German, French has been

developed; the work on Czech has started at ISSCO and is currently being

worked on at Charles University in Prague. The coverage of the grammars is

quite substantial, with the exception of German they all contain more than

50,000 lexical units.

3.6.5 Availability

The BCP software containing the markup and morphology programs de-

scribed herein can be obtained by writing to Susan Warwick-Armstrong
at susan@divsun.unige.ch (ISSCO, Gen�eve, Switzerland). It is available

freely for research purposes; a written agreement must be signed, however.
Quite substantial samples of morphology grammars for English, French, Ger-
man and Czech are included; however, the Czech version is a little bit out-
dated now (and not even complete). The package includes also other pro-
grams developed at ISSCO (parallel text alignment program, and a parallel

text viewer).
The Czech version is being completely rewritten as of now (May 1994)

and will not be available until the end of 1994 at least. For details, write to
the author.
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Chapter 4

Czech Morphology

4.1 Output FS De�nition

There are six main types of Feature Structures.1 Here, the relevant general FS
templates are presented (using attribute names only). Some of the attributes
need not be used.

� nouns

[key,cat[pos],

morf[infl[pf[gender,num,case]]]];

� adjectives

[cat[pos,a.type],

morf[infl[pf[neg,compar,gender],

raf[gender,num,case]]]]

� pronouns

[cat[pos,prn.type],

morf[infl[pf[neg,compar,gender],

raf[gender,num,case]]]]

1However, we do not really use typed feature structures.
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� verbs

[cat[pos,v.type],

morf[infl[pf[v.form,mode,tense,neg,compar],

raf[pers,num]]]];

� adverbs

[cat[pos],morf[infl[pf[neg,compar]]]]

� other

[cat[pos]]

The pos feature has been (for some parts{of{speech values) subdivided
into subclasses a.type, prn.type, v.type, according to its value. The
morf feature contains the morphological categories, often using disjunction
(for ambiguities). For the time being, it always contains only the infl feature
for inectional categories. The feature pf (\proper features") is used for

inherently inner features of the word form. The feature raf (\requested
agreement features") is used, on the other hand, for describing morphological
categories used for surface agreement checking. The feature neg can take only
two values: yes and no. The feature compar contains information about the
comparative grade: base means not a comparative and not a superlative,

compar comparative, sup superlative.
For verbs, the feature v.form indicates the verb form type (in�nitive,

imperative, fully inected form). Other features are, by and large, self-
explanatory.

4.2 The Inectional System

In traditional grammars, nouns, adjectives, pronouns, numerals and verbs are

considered to be the inectional parts of speech (e.g., (B�eli�c 1981), (Havr�anek

and Jedli�cka 1963), (Dokulil et al. 1986), (Petr 1986), (�Smilauer 1969) and

(Dane�s, Grepl and Hlavsa 1987)). Taking a closer look, however, one can see

that
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� pronouns

are so wildly irregular, that it requires a separate paradigm for almost

each of them (with the exception of those pronouns which morpholog-

ically behave as adjectives);

on the other hand,

� adverbs

form comparative and superlative in a fairly regular, at least most of

them (in addition to being often derivatives of regular adjectives)

Therefore, �ve groups of paradigms have been established for our pur-
poses:

1. nouns

2. adjectives

3. adverbs

4. verbs

5. uninected

It should be noted that these groups reect the morphological behavior
of words, not their actual (syntactic) part of speech. The part-of-speech
information is assigned using the associated feature structures, either based

on the paradigm (certainly many paradigms, especially for nouns and verbs,

are unambiguously pointing to the correct part-of-speech), or based on the
information provided explicitly in the dictionary entry.

Having the possibility to assign part-of-speech and other information in

the dictionary entries, the uninected group consists of a single paradigm,

namely, 0, meaning \do not do anything to the root (when producing the
surface form)".

There is no \irregular" paradigm group; really irregular words are entered
into the irregular part of the dictionary inected and assigned class 0 (the

\do-not-do-anything" class of the uninected group). This is the case, e.g.,

for most pronouns.
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In order to achieve compatibility with other software systems which use

some form of morphological processing, the phonological changes have been

made part of the paradigm. Thus, it was necessary to have much �ner sub-

classi�cation of paradigms than the traditional grammars would suggest. For

example, the masculine inanimate nouns with so called \hard consonant" in

nominative singular (normally considered to be the �nest paradigm class)

were split into 16 subgroups, depending on the genitive singular, locative

singular and locative plural variation as well as on the stem changes and/or

e-deletion. (For a detailed discussion of nouns, see Section 5.1.) Similar

re�nements have been made for other parts of speech (see below).
Derivations has been made part of the respective paradigms when they

appear to be regular. For nouns, this concerns possessive adjectives derived
from proper names or nouns denoting persons (-�uv, -in). For adjectives, the
derived adverb (-�y/-�� ! -�e with variations depending upon the stem-�nal
consonant), -ck�y/-sk�y ! -cky/-sky, and usually also the property noun (-ost
are formed regularly. Most numerals form the \-times" -kr�at(e) derivative,

as well as the \fraction" derivative (-ina). Verbs are most productive form-
ing derivatives: counting iterative forms, as much as 28 derivatives can be
produced from a single stem.

The inclusion of derived forms into the basic paradigms inuences most
the coverage of the dictionary. Therefore, while some of the dictionary entries
represent irregular forms and for a single lexical unit there are up to 15

entries, some entries represent many lexical units, or traditional \words". It
is thus misleading to count the number of dictionary entries to �nd out the
number of words covered by the dictionary; the Czech dictionary used in the
presented system here has over 110 thousand entries representing probably
almost twice as much traditional \words". However, some of the derived

words are potential, at best (but not wrong) { the only criterion for su�cient
coverage is a �eld test, of course. 2

2As it turns out, in some applications (e.g., information retrieval) many derived forms
can have di�erent meaning and thus, they should not be merged with the base verb
(adjectives are a�ected, too). Therefore, in some of such applications, it is necessary
to remove all derivatives from the base paradigms, add entries to the dictionary, and
use something like \derivation thesaurus" in cases when the derivation does not change
meaning. Actually, negation must be sometimes handled in the same way: certainly
\nezam�estnan�y" (unemployed) should not be mapped to \zam�estnat" (to employ), or not
even to \zam�estnan�y" (employed)).
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� group: nouns

The paradigms in this groups follow, by and large, the traditional

scheme of Czech noun classi�cation: there are 14 basic classes, plus

two more for adjective-like declension:

1. masculine animate, hard consonant sg. nom. ending

2. masculine animate, soft consonant sg. nom. ending

3. masculine inanimate, hard consonant sg. nom. ending

4. masculine inanimate, soft consonant sg. nom. ending

5. feminine, sg. nom. ending -a

6. feminine, sg. nom. ending -e

7. feminine, sg. nom. ending -ost

8. feminine, sg. nom. consonant ending (not -ost)

9. neuter, sg. nom. ending -o

10. neuter, sg. nom. ending -e, young animals (and some others)

11. neuter, sg. nom. ending -e, not young animals

12. neuter, sg. nom. ending -��

13. masculine animate, sg. nom. ending -a

14. masculine animate, sg. nom. ending -e

15. masculine animate, sg. nom. ending -�y

16. feminine, sg. nom. ending -�a

These classes were further divided into �ner elementary classes, ac-

cording to form variations, stem changes, e-deletion, etc. There are
also some extra classes for proper names, derived possessive adjectives,

and words of foreign origin. For the complete list of noun classes, see

Appendix A and Section 5.1.

� group: adjectives

Czech adjectives are simple in principle. Traditionally, they are di-
vided into two subgroups: so called \hard" (masculine animate ending
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in nominative singular: -�y), and \soft" (nominative singular ��). How-

ever, there are some stem changes (-sk�y, -ck�y, -r�y, -ch�y) taking place

(always in nominative plural), and some adjectives cannot form neg-

ative (e.g. those already in negative form) and/or the corresponding

adverb (or the adverb is formed irregularly); therefore, there are 8 ad-

jective classes. One special class (0n) allowing only negation (but no

inection) is added in order to reduce the number of irregular forms in

the dictionary by half (as they usually form negation). The description

of negation/degrees of comparison rules follows in Section 4.3.4. For

the complete list of adjective classes, see Appendix C (�rst page).

� group: adverbs

Degrees of comparison and negation is the only \inection" possible
for adverbs. Nevertheless, there are two classes designed speci�cally
for adverbs: one (jev) for those ending by -�e and ev for those ending
by -e. The description of negation/degrees of comparison rules follows

in Section 4.3.4. For the complete list of adverb classes, see Appendix
C (�rst page).

� group: verbs

There are traditionally �ve \superclasses" of Czech verbs based on the

3rd person singular present tense ending:

1. -e

2. -ne

3. -je

4. -��

5. -�a

Each of them is traditionally further divided into classes:

1. -e

(a) bere (br�at)

(b) nese (n�est)

(c) pe�ce (p�ect)
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(d) ma�ze (mazat)

(e) t�re (t�r��t)

2. -ne

(a) tiskne (tisknout)

(b) mine (minout)

(c) za�cne (za�c��t)

3. -je

(a) kryje (kr�yt)

(b) kupuje (kupovat)

4. -��

(a) pros�� (prosit)

(b) trp�� (trp�et)

(c) s�az�� (s�azet)

5. -�a

(a) d�el�a (d�elat)

giving 14 di�erent conjugation classes.

The morphology described here basically follows this classi�cation

scheme, but the classes had to be re�ned and some \speci�c treatment"
had to be introduced to handle Czech conjugation in its entirety.

As it turns out (not surprisingly), the regularity proportional to the
number of words belonging to a given class. Given the usual trade-
o� between \purity" and e�ectiveness, it was necessary to treat these

classes di�erently.

The largest classes, represented by the verbs tisknout, kupovat and d�elat

are completely regular, including derivations. The naming convention

tries to be mnemotechnical, namely, according to the in�nitive ending

of the group. The identi�cation of the aspect is appended to the end of
the identi�er (n stands for imperfective (nedokonav�e), d for perfective

(dokonav�e)):

kup ovatn =kupovat

d�el atn =d�elat

vytisk noutd =vytisknout
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The class represented by prosit is regular, although the verbs ending by

-dit, -tit and -nit require special treatment because of stem changes in

imperative and there are some di�erences in passive forms, too. There

are also some verbs in this class which are more irregular than others

(e.g. prosit itself, despite being traditionally chosen as the class rep-

resentative). This has led to so called partial classes (already used for

some nouns and adjectives), which do not contain all the endings for

the lexical unit; irregular endings are excluded. Much less entries is

then needed over listing of all forms:

pros itxn =prosit # all forms except the following:

pros i1 =prosit # imperative

pros t3n =prosit # transgressive

pro�sen s2 =prosit # passive & some derivations

All of the \regular" classes are nevertheless divided into two paradigms,

one for imperfective aspect verbs and one for perfective aspect. The
di�erence between them is the set allowed transgressive forms.

For the other classes, the concept of a partial class has been developed
even further. It appears that the irregularity of many verbs (irregularity
means here that very few verbs use the same conjugation pattern) is
demonstrated in the stem alternations, not in the endings. Moreover,

the partial classes correspond to morphological categories: in�nitive,
present tense, past tense, passive participle, transgressive, imperative,
derivations. Using this scheme, at most seven stems (i.e. dictionary
entries) are needed for a single lexical unit. For example, the verb b�at
(to be afraid) has been split into six entries:

b�a t =b�at # infinitive

boj i1 =b�at # imperative

boj p3 =b�at # present tense

boj t3n =b�at # transgressive (present)

b�al r =b�at # past participle

b�an ns =b�at # passive & derivations

Of course, there are really irregular verbs: b�yt, m��t, and moci. But still,
even for these some of the partial classes can be used (example for b�yt,

\to be"):
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bu�d i1 =b�yt

b�y t =b�yt

bud p1 =b�yt

byv md =b�yt

byt ns =b�yt

jsem 0ns =b�yt

jsi 0ns =b�yt

je 0 =b�yt

jest 0 =b�yt

nen�� 0 =b�yt

jsme 0ns =b�yt

jste 0ns =b�yt

jsou 0ns =b�yt

js t1n =b�yt

byl r =b�yt

bych 0 =b�yt

bys 0 =b�yt

by 0 =b�yt

bychom 0 =b�yt

byste 0 =b�yt

abych 0 =b�yt

abys 0 =b�yt

aby 0 =b�yt

abychom 0 =b�yt

abyste 0 =b�yt

kdybych 0 =b�yt

kdybys 0 =b�yt

kdyby 0 =b�yt

kdybychom 0 =b�yt

kdybyste 0 =b�yt

Concerning the often discussed problem of pre�xes, it is believed that
it is impossible to derive the meaning of a pre�xed verb from the base

lexical unit in a compositional manner. Therefore there is no attempt

to do that. On the other hand, the need for accessing the appropriate
aspect pairs (imperfective/perfective, and iterative as well) is consid-
ered valid, but it is not implemented in the present system (with the
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exception of iteratives).

� group: uninected

From the morphological point of view, all of the uninected words be-

long to a single class, 0. See also discussion of irregularities in Sections

4.3.3 and 4.2.

4.3 Rules

4.3.1 Prede�ned Attributes, Start-symbol and Dic-

tionary Nonterminal

%ATTRIBUTES;

key,

hw,

x,

cat,

pos,

a.type,

lpart,

rpart,

seq,

an,

morf,

infl,

prn.type,

prn.subtype,

v.type,

conj.type,

pf,

raf,

gender,

num,

case,

compar,

nom.form,
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neg,

v.form,

pers,

mode,

tense,

aspect,

rtense

;

%START;

START

%DICTIONARY_ROOT;

LEX

4.3.2 Capitalization and Numbers

At the lowest abstract level, the rules handle orthographical conventions, such
as capitalization; all 41 Czech letters are therefore described using nonter-
minals, and other nonterminals are introduced for the description of various
possibilities of capitalization.

In addition of having special nonterminals for all lowercase, uppercase,
and uppercased letters, there are also nonterminals for each letter, be it
lowercase or uppercase; these are being used in the rules to specify pre�xes
and su�xes, where the case does not matter.

%LHS; LC

%RHS;

a : = a;

b : = b;

c : = c;

...

%LHS; UC

%RHS;

A : = A;

B : = B;
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C : = C;

...

%LHS; ULC

%RHS;

A : = a;

B : = b;

C : = c;

...

%LHS; a

%RHS;

A : = a;

a : = a;

%LHS; b

%RHS;

B : = b;

b : = b;

%LHS; c

%RHS;

C : = c;

c : = c;

...

%LHS; LCC

%RHS;

<LC> : = <LC>;

%LHS; ALC

%RHS;

<LCC> : = <LCC>;

<ULC> : = <ULC>;

%LHS; ANY_CHAR
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%RHS;

<LCC> : = <LCC>;

<UC> : = <UC>;

%LHS; ALW

%RHS;

<ALC> : = <ALC>;

<ALC><ALW> : = <ALC><ALW>;

%LHS; LW

{ lower-case word }

%RHS;

<LCC> : = <LCC>;

<LCC><LW> : = <LCC><LW>;

%LHS; ANY_STR

%RHS;

<ANY_CHAR> : = <ANY_CHAR>;

<ANY_CHAR><ANY_STR> : = <ANY_CHAR><ANY_STR>;

%LHS; ULW

{ word containing upper-case letter - lowered }

%RHS;

<ULC> : = <ULC>;

<ULC><ALW> : = <ULC><ALW>;

<LW><ULC> : = <LW><ULC>;

<LW><ULC><ALW> : = <LW><ULC><ALW>;

%LHS; UW

{ word beginning with upper-case letter }

%RHS;

<UC> : = <UC>;

<ULC> : = <ULC>;

<UC><LW> : = <UC><LW>;

<UC><ULW> : = <UC><ULW>;

<ULC><LW> : = <ULC><LW>;

<ULC><ULW> : = <ULC><ULW>;
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%LHS; _

{ any string }

%RHS;

<LW> : = <LW>;

<UW> : = <UW>;

Numbers are handled in a simple way, as some semi-intelligent prepro-

cessing is assumed (see 2.2):

%LHS; NUM

%RHS;

1 := 1;

2 := 2;

3 := 3;

4 := 4;

5 := 5;

6 := 6;

7 := 7;

8 := 8;

9 := 9;

0 := 0;

. := .;

%LHS; NUMBER

%RHS;

<NUM> : = <NUM>;

<NUM><NUMBER> : = <NUM><NUMBER>;

4.3.3 Main Block of Rules

This block handles the core of the Czech morphological analysis, namely, it
handles all declension and conjugation classes. Regular negation, degrees of
comparison and numbers are handled separately.

%LHS; R

{ main block of rules }
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%DEFAULT_ACTIONS;

%INIT; ;

%AFTER_1ST;

an = <LEX> # *;

%CLOSING;

* = *^an,

key = ANY,

an = ANY;

%RHS;

Irregular Forms

There must be a rule for accepting irregular forms, although no new infor-

mation is being added:

<_>$ : = [key=<_>, x=0];

Similar rules are used for the classes 0n (adjectives with negation) and
0ns (verbs with negation), except that negation is allowed.

Regular or Partial Forms

For the discussion of the Czech inectional system, see Section 4.2.

The application of the main block of \regular" rules is straightforward;
the key to success is the attribute x, which takes care of properly �ltering
out impossible combinations of a root and an ending.

Some examples:

Dative/locative case singular of animate masculine nouns (declension

classes mz5, mz5i or mz5x):

<_><c><o><v><i>$ : = [key=<_>ec, x=(mz5|mz5i|mz5x), cat=[pos=n],

morf=[infl=[pf=[gender=a, num=sg, case=(dat|loc)]]]];

Adjectives, \soft" declension (without regard to negation and the derived

adverb), all possibilities of interpretation for the base form (-�� ending):

< ><��>$ : = [key=< >��, x=(i|ih|iv), cat=[pos=a, a.type=ord],

morf=[infl=[pf=[compar=base, nom.form=no],
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raf=([gender=a, num=sg, case=(nom|voc)]

| [gender=(i|n), num=sg, case=(nom|acc)]

| [gender=f, num=sg]

| [num=pl, case=(nom|acc|voc)])]]];

Possessive adjective derived from a feminine noun, which is itself a coun-

terpart to a masculine noun; one possible class (pn6fy) only:

<_><r><y><n><i><n><u>$ : = [key=<_>r,x=pn6fy,

cat=[pos=a,a.type=poss],

morf=[infl=[pf=[gender=f],

raf=([gender=(a|i|n),num=sg,case=(dat|loc)]

| [gender=f,num=sg,case=acc])]]];

3rd person plural, present tense, verb class represented by tisknout:

<_><n><o><u>$ : = [key=<_>nout,x=(noutn|noutd),

cat=[pos=v,v.type=full],

morf=[infl=[pf=[v.form=fin,mode=ind,

tense=pres],

raf=[pers=3,num=pl]]]];

Example listings of some paradigm classes are presented in the Appendix
D.

4.3.4 Negation, Degrees of Comparison, Numbers

As numbers are considered to be word forms, they are recognized, too:

%LHS; START

%RHS;

<WF> := <WF>;

<NUMBER>$ : an = [hw=<NUMBER>, pos=numid];

NB: These two rules are also the only two rules for the starting symbol

of the Czech morphology grammar, see also Section 4.3.1.

WF represents a word form proper; degrees of comparison and negation
(the only pre�x operations recognized) are handled in a straightforward way:
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%LHS; NEG

%RHS;

<R> := <R> # [cat=[pos=(n|prn|num|prep|conj|intj|prtcl|0)]];

<R> := <R> # [cat=[pos=a,a.type=poss]];

<R> := <R> # [x=(y|ye|cky|sky|yx|i|ih|iv),cat=[pos=a,a.type=ord],

morf=[infl=[pf=[neg=no]]]];

<R> := <R> # [x=(inx|ynx),cat=[pos=a,a.type=ord]];

<R> := <R> # [cat=[pos=(v|ad)],morf=[infl=[pf=[neg=no]]]];

<n><e><R> :=

<R> # [cat=[pos=a,a.type=ord],morf=[infl=[pf=[neg=yes]]]];

<n><e><R> :=

<R> # [cat=[pos=(v|ad)],morf=[infl=[pf=[neg=yes]]]];

<n><e><R> :=

<R> # [x=(y|ye|cky|sky|yx|s2|s4|s5|ns|a|ae|noutn|ovatn|

it0n|itin|iten|titn|ditn|nitn|etn|jetn|atn|noutd|

ovatd|it0d|itid|ited|titd|ditd|nitd|etd|jetd|atd),

cat=[pos=n]], hw=ne+*^hw;

%LHS; DEG

%RHS;

<NEG> := <NEG> #

[cat=[pos=(n|prn|num|prep|conj|intj|prtcl|0)]];

<NEG> := <NEG> #

[x=(t1n|t2n|t3n|t4n|i1|i2|i3|p1|p2|p3|p4|p5|p6|p7|r|

re|rx|s1|s2|s3|s4|s5|t|noutn|noutd),cat=[pos=v]],

morf:infl:pf:aspect=*^aspect,aspect=ANY;

<NEG> := <NEG> #

[x=(md|ovatn|it0n|itin|iten|titn|ditn|nitn|itxn|etn|

jetn|atn|ovatd|it0d|itid|ited|titd|ditd|nitd|

itxd|etd|jetd|ard),cat=[pos=v]];

<NEG> := <NEG> # [cat=[pos=a,a.type=poss]];

<NEG> := <NEG> # [x=(inx|ynx|yx|i|ih),cat=[pos=a,a.type=ord]];

<NEG> := <NEG> # [x=(y|ye|cky|sky|iv),cat=[pos=a,a.type=ord],

morf=[infl=[pf=[compar=(base|comp)]]]];

<NEG> := <NEG> #

[cat=[pos=ad],morf=[infl=[pf=[compar=(base|comp)]]]];

<n><e><j><NEG> :=

<NEG> # [cat=[pos=a,a.type=ord],
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morf=[infl=[pf=[compar=sup]]]];

<n><e><j><NEG> :=

<NEG> # [cat=[pos=ad],morf=[infl=[pf=[compar=sup]]]];

%LHS; WF

%RHS;

<DEG> := <DEG>, morf:cat=*^cat, cat=ANY, x=ANY;

The long lists of restrictions make sure that words belonging to paradigms

not forming negation and/or degrees of comparison are not recognized.

4.4 Dictionary

4.4.1 Regular Part

The regular part of the source dictionary has the form (see 3.6.1)

<root> <pattern> =<lexical-form>

An example:

pomeran�c sj1 =pomeran�c

pomeran�cov y =pomeran�cov�y

pomeran�covn�� hd1k =pomeran�covn��k

pomet atn =pometat

pomet mt8e =pometlo

pometl�a�r mz1z =pometl�a�r

pometl�a�r sky =pometl�a�rsk�y

pomezn i =pomezn��

pomez�� st =pomez��

pome�sk atd =pome�skat

pomil ovatd =pomilovat

pomin p1 =pominout

pominou t =pominout

pominul r =pominout

pominut s2 =pominout

pominuv md =pominout

pomis i1 =pom��sit
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pomi�n i1 =pominout

poml zn6 =pomlka

pomlask atd =pomlaskat

pomlask noutd =pomlasknout

pomlask ovatn =pomlaskovat

pomla�t i1 =poml�atit

pomlel r =poml��t

pomlet s2 =poml��t

pomlev md =poml��t

pomlkov y =pomlkov�y

pomlouv atn =pomlouvat

pomlouva�c mz1z =pomlouva�c

pomlouva�cn y =pomlouva�cn�y

pomluv it0d =pomluvit

pomluv zn1 =pomluva

pomluviteln y =pomluvit

poml�acen s2 =poml�atit

poml�at itxd =poml�atit

poml�atiteln y =poml�atit

poml�az zn6e =poml�azka

poml�azkov y =poml�azkov�y

poml�c i1 =poml�cet

poml�c p3 =poml�cet

poml�c zn6e =poml�cka

poml�ce s4 =poml�cet

poml�cel r =poml�cet

poml�cev md =poml�cet

poml�ckov y =poml�ckov�y

poml�� t =poml��t

pomn i3 =pomenout

pomno�z ited =pomno�zit

pomno�ziteln y =pomno�zit

pomno�zn y =pomno�zn�y

pomn�en zn6e =pomn�enka

pomn�ene�c zn6e =pomn�ene�cka

pomn�enkov y =pomn�enkov�y

pomn�� hd1k =pomn��k
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pomn��kov y =pomn��kov�y

pomn��k�a�r mz1z =pomn��k�a�r

pomn��k�a�r sky =pomn��k�a�rsk�y

pomn���c hd1ek =pomn���cek

pomoc ps18 =pomoc

pomoci 0ns =pomoci

pomocn pn16ik =pomocn��k

pomocn y =pomocn�y

pomocni cky =pomocnick�y

pomoct 0ns =pomoci

pomodl i2 =pomodlit

pomodl itxd =pomodlit

pomodlen s2 =pomodlit

pomodliteln y =pomodlit

pomod�r i2 =pomod�rit

pomod�r itxd =pomod�rit

pomod�ren s2 =pomod�rit

pomod�riteln y =pomod�rit

pomoh md =pomoci

pomohl r =pomoci

pomohou 0ns =pomoci

pomohu 0ns =pomoci

pomok�r i2 =pomok�rit

pomok�r itxd =pomok�rit

pomok�ren s2 =pomok�rit

pomok�riteln y =pomok�rit

pomolo pn19 =pomolog

pomologi cky =pomologick�y

pomologi ns1 =pomologie

For sets of possible endings for a given <pattern>, see Appendices A and
C.

After dictionary preprocessing, this dictionary fragment becomes

pomeran�c [x=sj1]

pomeran�covn��k [x=hd1k]

pomeran�cov�y [x=y]

pometat [x=atn]
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pometlo [x=mt8e]

pometl�a�r [x=mz1z]

pometl�a�rsk�y [x=sky]

pomezn�� [x=i]

pomez�� [x=st]

pome�skat [x=atd]

pomilovat [x=ovatd]

pominout [x=t,hw=pominout]

pominu [x=p1,hw=pominout]

pominul [x=r,hw=pominout]

pominut [x=s2,hw=pominout]

pominuv [x=md,hw=pominout]

pomis [x=i1,hw=pom��sit]

pomi�n [x=i1,hw=pominout]

pomlaskat [x=atd]

pomlasknout [x=noutd]

pomlaskovat [x=ovatn]

pomla�t [x=i1,hw=poml�atit]

pomlel [x=r,hw=poml��t]

pomlet [x=s2,hw=poml��t]

pomlev [x=md,hw=poml��t]

pomlka [x=zn6,hw=pomlka]

pomlkov�y [x=y]

pomlouvat [x=atn]

pomlouva�c [x=mz1z]

pomlouva�cn�y [x=y]

pomluva [x=zn1]

pomluvit [x=it0d]

pomluviteln�y [x=y,hw=pomluvit]

poml�acen [x=s2,hw=poml�atit]

poml�atit [x=itxd,hw=poml�atit]

poml�atiteln�y [x=y,hw=poml�atit]

poml�azka [x=zn6e]

poml�azkov�y [x=y]

poml�c [x=i1,hw=poml�cet]

poml�cel [x=r,hw=poml�cet]

poml�cet [x=s4,hw=poml�cet]
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poml�cev [x=md,hw=poml�cet]

poml�cka [x=zn6e]

poml�ckov�y [x=y,hw=poml�ckov�y]

poml�c��m [x=p3,hw=poml�cet]

poml��t [x=t,hw=poml��t]

pomni [x=i3,hw=pomenout]

pomno�zit [x=ited]

pomno�ziteln�y [x=y,hw=pomno�zit]

pomno�zn�y [x=y]

pomn�ene�cka [x=zn6e]

pomn�enka [x=zn6e]

pomn�enkov�y [x=y]

pomn��k [x=hd1k]

pomn��kov�y [x=y]

pomn��k�a�r [x=mz1z]

pomn��k�a�rsk�y [x=sky]

pomn���cek [x=hd1ek]

pomoc [x=ps18]

pomoci [x=0ns,hw=pomoci]

pomocnick�y [x=cky,hw=pomocnick�y]

pomocn��k [x=pn16ik,hw=pomocn��k]

pomocn�y [x=y,hw=pomocn�y]

pomoct [x=0ns,hw=pomoci]

pomodlen [x=s2,hw=pomodlit]

pomodli [x=i2,hw=pomodlit]

pomodlit [x=itxd,hw=pomodlit]

pomodliteln�y [x=y,hw=pomodlit]

pomod�ren [x=s2,hw=pomod�rit]

pomod�ri [x=i2,hw=pomod�rit]

pomod�rit [x=itxd,hw=pomod�rit]

pomod�riteln�y [x=y,hw=pomod�rit]

pomoh [x=md,hw=pomoci]

pomohl [x=r,hw=pomoci]

pomohou [x=0ns,hw=pomoci]

pomohu [x=0ns,hw=pomoci]

pomok�ren [x=s2,hw=pomok�rit]

pomok�ri [x=i2,hw=pomok�rit]
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pomok�rit [x=itxd,hw=pomok�rit]

pomok�riteln�y [x=y,hw=pomok�rit]

pomolog [x=pn19]

pomologick�y [x=cky]

pomologie [x=ns1]

actually meaning (see 3.6.1; in the Czech system, the dictionary is indexed

using the attribute key):

... |

[key=pomeran�c,x=sj1]|

[key=pomeran�covn��k,x=hd1k]|

[key=pomeran�cov�y,x=y]|

[key=pometat,x=atn]|

[key=pometlo,x=mt8e]|

[key=pometl�a�r,x=mz1z]|

[key=pometl�a�rsk�y,x=sky]|

[key=pomezn��,x=i]|

[key=pomez��,x=st]|

[key=pome�skat,x=atd]|

[key=pomilovat,x=ovatd]|

[key=pominout,x=t,hw=pominout]|

[key=pominu,x=p1,hw=pominout]|

[key=pominul,x=r,hw=pominout]|

[key=pominut,x=s2,hw=pominout]|

[key=pominuv,x=md,hw=pominout]|

... etc.

4.4.2 Irregular Part

The irregular forms are simply listed here in the basic format (see 3.6.1), using

the pattern 0 (zero) which means that only identical word forms match these
entries.

An example:

je [hw=b�yt,x=0,cat=[pos=v],

morf=[infl=[pf=[v.form=fin,mode=ind,tense=pres],

raf=[pers=3,num=sg]]]]
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je [hw=oni,x=0,cat=[pos=prn],

morf=[infl=[pf=[prn.type=pers,gender=a,num=pl,case=acc]]]]

kde [hw=kde,x=0,cat=[pos=adv],

morf=[infl=[pf=[adv.type=q]]]]

komu [hw=kdo,x=0,cat=[pos=prn],

morf=[infl=[pf=[prn.type=q,gender=(a|f|n),num=sg,case=dat]]]]

v��ce [hw=hodn�e,x=0,cat=[pos=adv],

morf=[infl=[pf=[compar=comp,neg=no]]]]

a [hw=a,x=0,cat=[pos=conj]]

morf=[infl=[pf=[conj.type=c]]]] ... etc.
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Chapter 5

Dictionary Tools

5.1 Semiautomatic Classi�cation of Nouns

(batch style)

5.1.1 Introduction

In many NL-processing tasks, the need for some kind of a dictionary is so
strong that it is impossible to avoid it. When creating such a dictionary for

inectional languages, the information about the morphological behavior of
words is one of the basic items in the dictionary entry. If there is a specialized,
machine-readable dictionary, prepared by a linguist, big enough, no problems
arise. Unfortunately, this is usually not the case. Moreover, no dictionary is
ever complete - so new entries have to be added continuously.

Equipping the lexical entries with morphological information is an un-
pleasant task; very boring for linguists, and error-prone for anybody. And if

the dictionary is to be updated primarily by non-linguists, the need for (at

least some) automation is obvious.
Fortunately, some inectional languages (including Czech, as well as the

other Slavonic languages) tend to indicate their morphological properties by
(some of) the written forms of the word itself, at least statistically. We tried

to combine all accessible knowledge on Czech nouns declension into tables,
which (when built into programs) could drive the (semi-)automatic process

of insertion of morphological properties into dictionary entries.
For this purpose, we have chosen a very simple approach to the description
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of Czech declension, excluding any intermediate levels between phonetics (or

graphics) and morphotactics. It means that

� we deal with the morphotactics directly on the written text level;

� the structure of the morphological system will not be in accordance

with the tradition.

We decided to employ the paradigm-based model; from this, and from

the two basic presumptions given above it follows that

1. the number of paradigms will be rather large (for Czech or other
Slavonic languages, of course)

2. there will exist (non-productive) classes for individual, highly irregular
nouns.

As the purpose of this work is to facilitate morphological classi�cation of

new words being added to a dictionary, and new words are mostly regular,
we can suppose that the irregular words which would belong to the class
mentioned under (2) above are already in the dictionary. Further, we suppose
that for nouns, all the morphotactics can be expressed by the rule

<form> -> <stem><ending>

both for nouns as well as their nominal derivatives.
So, the paradigms have the form of a set of endings (possibly with the

morphological categories belonging to particular endings). The morphologi-

cal information attached to each noun thus consists of two parts:

� the stem (or an information how to derive the stem from the basic
dictionary form, if only the latter is present in the dictionary),

and

� the paradigm name (which points to the appropriate set of endings).
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5.1.2 The System of Czech Declension

In Czech, nouns are traditionally divided into four classes according to gen-

der: masculine animate, masculine inanimate, feminine and neuter. For the

purpose of this work, mainly because of possible word derivations, we divided

the feminine category into two: feminine animate and feminine inanimate.

No such division is of any help for neuters.

The division into classes according to genders helps to algorithmically

assign the appropriate paradigm, and, from the point of view of our goal,

is well-known also for non- linguists (because it is taught already at the
elementary school level and at the same time it is simple enough and close

to everybody's intuition to remember).
The deeper traditional division of the gender classes into subclasses ac-

cording to the stem ending (soft, hard, vowel, etc.), although also taught in
elementary schools, has proved not to be suitable for the automatic classi�-
cation, for four reasons:

1. nobody remembers;

2. it is often too rough (variations, derivations and/or fusions among

classes exist);

3. it is often unnecessary to enter such information, because it is contained
in the shape of the ending of the dictionary form (nominative singular)
of the noun;

4. it supposes some phonological (= orthographical) processing, which we
have not included into this particular model.

The fourth reason is not too signi�cant, because it only means that the
number of paradigms is rather large (because they must reect stem/ending
changes which would be normally performed at the lower level), but from

the classi�cation point of view, this does not complicate matters nor makes

them easier.

The system works for all syntactic nouns, i.e., for all words which in the

usage play the role of a noun, with the exception of pronouns (which are
a closed group and thus are supposed to be all included in any dictionary).

Further, it works also for other parts of speech which morphologically behave
like a noun according to the scheme<form> ! <stem><ending>. In our
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case, this is true for possessive adjectives, and for proper adjectives which do

not form negation nor gradation. Moreover, we suppose that highly irregular

nouns (e.g., those with irregular shortening of the stem vowel, or those with

two or more very di�erent stems) are already in the dictionary, so in most

cases we do not cover them in the system.

5.1.3 The Division into Classes

For many regular nouns (the term "noun" is used here and henceforth in

the sense of all word types covered by the system, in the sense of the last
paragraph of the previous section), the information about their gender is suf-

�cient enough to recognize (according to their ending in nominative singular
form) to which paradigm they belong. This is especially true for feminine
inanimate (class f), feminine animate (class fn) and most neuters (class n;
the remaining neuters - those with adjective-like declension - have the class
nadj). A more complicated situation arises for masculines, especially for the

masculine inanimate; unfortunately, these form the majority of nouns when
expanding dictionaries.

For masculine animate, in some cases, the ending of genitive singular
is necessary to classify the noun properly; the nominative singular form is
not enough. For example, the ending -z is ambiguous: plaz (the reptile)

belongs to the paradigm pn1 (Gsg plaza, Dsg plazu/plazovi, ...), but kn�ez
(the priest) belongs to mzs1 (Gsg kn�eze, Dsg kn�ezi, ...); similarly for -l: kutil
(the handiman) has Gsg kutila, Dsg kutilu/kutilovi, but kr�al (the king) has
Gsg kr�ale, Dsg kr�ali, etc.). Although for most masculine animate nouns the
nominative singular ending is characteristic for a particular paradigm, we

keep three basic classes for them, based on the ending of genitive singular:

aa for those with the ending -a, ae for those ending in -e, and ay for those

ending in -y.
Some masculine animate nouns have adjective-like declension (but no

negation, no gradation). Most of them can or could form the feminine deriva-
tive, but some (like the noun mu�zsk�y, used as colloquial form of man�zel

(husband)) cannot. This distinction leads to two other classes, af for those
masculine animate nouns with adjective-like declension and feminine forms,

and a for those without feminine forms.

Further, proper masculine names (with the exception of family names of
foreign origin, which are excluded from the model at present, and also with
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the exception of the names of nation members, see later) behave in a little

di�erent way, especially in nominative plural, even if they end similarly as the

other general masculine animate nouns. On the other hand, their paradigm

can be recognized using the nominative singular form only; this allows to use

only one new class, namely, ja.

Inside the proper names group, a smaller group of names of nation or

state members forms a di�erent subgroup. They can, of course, form the

feminine derivative, and other di�erences are encountered in the nominative

plural forms. The class na is to be assigned to such names.

Masculine inanimate nouns are the most complicated group. The impor-
tant forms for the assignment of the paradigm are (except the usual nom-

inative singular) the genitive singular (four possibilities: -u, -a, variation
-u/-a, -e), locative singular (four possibilities: -u, -�e(e), variation -u/-�e(e), -
i) and locative plural (four possibilities: -ech, -�ach, -��ch, variation -�ach/-��ch).
Fortunately, not all combinations (which would form 64 classes and several
hundred paradigms) are realized. As we consider also colloquial forms of the

locative plural, the ending(s) of the locative plural can be determined by the
other forms (Nsg, Gsg and Lsg); this restrict the number of possible classes
to 16, out of which only the following ten materialize:

class name Gsg Lsg

iuu -u -u
iau -a -u
iuau -u/-a -u
iue -u -�e(e)

iae -a -�e(e)
iuae -u/-a -�e(e)

iuue -u -u/-�e(e)

iaue -a -u/-�e(e)
iuaue -u/-a -u/-�e(e)

ie -�e(e) -i

Out of these, iuu, iuue and ie are the most frequent in Czech.
Further, some nouns of Greek or Latin origin have to be distinguished.

They are always of the iuu type, but di�er in the nominative singular, where

they attach -us, -os or -es. As some of the original Czech nouns have the

same endings, the foreign ones have to be assigned a special class, iuuc.
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Further, for the adjective-like declension (e.g. r�ynsk�y (Rhenish gulden)),

class i has to be introduced.

Generally, all the classes introduced so far could each be expanded to

two more classes, namely, one for singularia tantum (or nouns met only in

singular) and one for pluralia tantum (or nouns met only in plural).

In fact, however, this is necessary only for some classes:

class(es) derived by restriction of

ns,np n

fp f

is i

ip all i-based classes; no ambiguities when
assigning the paradigm

aes,aep ae (only few nouns + their compounds)
ieep special class (similar, but not equal to iep,

which would be derived from ie)

5.1.4 The Description of Classes

The detailed description of the individual classes is given in the Appendices,
in the form of an actual computer listing to avoid misprints during retyping.
Here we present a brief description of both Appendix A and B.

In the Appendix A, the individual paradigms are in the form

<paradigm name> <list of endings>

where the list of endings possibly extends to more lines (the continuation
lines being marked by space in the �rst column). The <list of endings>

simply lists all the possible (di�erent) endings, the information about the
particular morphological category(-ies) belonging to the individual endings

being elsewhere.

In the Appendix B, the rules for paradigm assignment inside the indi-
vidual classes are presented. The class is introduced by >>, its name and
fullstop, always on a separate line.

Each rule has the form
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<paradigm name> :<cancel count><list of end segments>.

and it should be read as

"if the end segment of the nominative singular (= dictionary)

form of the word in question, in the appropriate length, matches

one of the segments in the <list of end segments>, and no

longer end segment from the word in question matches any seg-
ment from any <list of end segments> of the rules inside the
given class, then

1. cut away <cancel count> characters from the end of the
dictionary form and store the result as the stem;

2. assign the <paradigm name> as the resulting paradigm (set
of endings)."

The individual forms can then be constructed according to the rule given
in the section 5.1.1 by simple concatenation of the stem and the endings from
the <list of endings> of the assigned <paradigm name> (see Appendix
A and the description earlier in this section).

5.1.5 Implementation and Conclusions

For the interactive system, see Chapter 5.2.
In the batch mode, the system simply reads the input words (which have

to be in the dictionary form, i.e., nominative singular) together with manually

assigned classes and produces stems together with assigned paradigm names.
An implementation of this system on an IBM PC was used for creating

the noun subdictionary for the �rst, linguistically based, commercially avail-
able spelling checker for Czech (for PC, of course). It was slightly modi�ed

(e.g., the pure Appendix A data was used, disregarding the morphological

categories) and simpli�ed (e.g., the classes iae, iaue, iuae and iuaue col-
lapsed into one, because the ending -u is used in the dative singular for all
masculine inanimates of this type).

The data are stored in the form<word in Nsg> <class>, then they are

processed to obtain <stem> <paradigm name> for the purpose of creating
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a new version of the main spelling dictionary. This way, all the almost

30.000 regular nouns were entered and are still maintained, which proves the

usability of the system.

Practical experience with the system has shown that some improvements

have to be made. First, when considering the derivations (such as feminine

forms or possessives), one stem + paradigm pair is often not enough. An

approach similar to (Weisheitelov�a, Kr�al��kov�a and Sgall 1982), i.e., the pos-

sibility to assign more than one stem + paradigm pair by the rules, will solve

this (actually, it has been solved in the interactive system of word classi�-

cation, see chapter 5.2). Further, still new rules have to be added, together
with new paradigm de�nitions, to cover all possible Czech texts (e.g., al-

most none of family names of foreign origin, such as Jaruzelski, is treated
properly in the rules presented here). And, of course, it would be nice to
extend the algorithms to cover adjectives and productive verb classes, too,
which is basically easy, but problems arise with some derivations, especially
between nouns and adjectives with complete paradigms, because of negation

and gradation.

5.2 Interactive Word Classi�cation

5.2.1 Introduction

It is obvious that even when using some kind of semi-automatic assignment

of classes one wants to check and/or change things directly in the resulting
dictionary. Also, once some system really works, an enormous number of
unrecognized words keeps coming in and not surprisingly, some of them are

real omissions which have to classi�ed and added to the dictionary. Therefore,
an interactive tool has been developed for adding and editing the source
dictionary, which uses some knowledge about word inections to minimize

the e�ort needed for correct word class assignment.

5.2.2 Mode of Operation

The typical use of the interactive tool (called MCLASS) consists of making a

list of \unknown" words (actually, word forms { they need not be in the usual
dictionary form), one per line, and then running MCLASS on them. For each
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word form in the list, the program MCLASS asks some simple multiple{choice

questions, mainly of the type \Which phrase is correct Czech: (a) ... (b)

.... (c) ...?". Depending on the answer, it either poses another question,

or displays a suggestion of a dictionary (base) form and a class, together

with a list of all possible forms. If con�rmed by the operator, the entry is

added (or changed) in the source dictionary. Of course, it is possible to see

all existing entries, modify them, delete them, and even add new entries. It

is also possible to add or modify the word classes \by hand". In such a case,

the automatic assignment procedure is skipped. Only the list of all forms is

displayed and a con�rmation is requested.

5.2.3 The Class Assignment Information

The MCLASS program di�ers from the batch version (see 5.1.1) in several
ways:

� it is interactive and its design heavily uses this fact;

� it can handle adjectives and verbs as well;

� it can handle any input form, not only the dictionary forms (nom. sg.
for nouns and adjectives, in�nitive for verbs);

� it asks the operator only when needed; for some word forms, it only
ask for con�rmation�u

� the format of the classi�cation data is di�erent, as it must handle ques-
tions and answers, in a multiple-step process.
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Chapter 6

Future Directions

Currently, work is in progress on a tagger and searching tools, which should

enable exible use of the tagged corpora. Czech was chosen to start with in
the tagger project, as it is interesting to see which approach to tagging is
going to be the most successful: it is clear that for such a inective language
as Czech certainly is (its vocabulary contains over 5 million forms, and the
length of the full at tag list is almost 3 thousand) the \classical" statistical

approach to tagging is not quite the right thing to do, although we would like
to test it anyway on a subset of the language. Meanwhile we are working on
new methods to deal with the usual problems arising from having too many
parameters.

The morphology software itself needs a better parser, otherwise we do
not plan to develop the formalism nor the software any further.
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Appendix A

Nouns{sets of endings

pn1 0,a,u,ovi,em,e,�u,�um,y,ech,i,ov�e,�uv,ova,ovo,ovu,ovy,ov�e,

ovou,ov�ym,ov�ych,ov�ymi,ov�yma

pn2 0,a,u,ovi,em,e,�u,�um,y,ech,i,�uv,ova,ovo,ovu,ovy,ov�e,ovou,

ov�ym,ov�ych,ov�ymi,ov�yma

pn2j 0,a,u,ovi,em,e,�u,�um,y,ech,i,�uv,ova,ovo,ovu,ovy,ov�e,ovou,

ov�ym,ov�ych,ov�ymi,ov�yma,ka,ky,ce,ku,kou,ko,ek,k�am,k�ach,kami,

�cin,�cina,�cino,�cinu,�ciny,�cin�e,�cinou,�cin�ym,�cini,�cin�ych,�cin�ymi,

�cin�yma

pn3 0,a,u,ovi,em,e,�u,�um,y,ech,ov�e,�uv,ova,ovo,ovu,ovy,ov�e,ovou,

ov�ym,ov�ych,ov�ymi,ov�yma

pn3j 0,a,u,ovi,em,e,�u,�um,y,ech,ov�e,�uv,ova,ovo,ovu,ovy,ov�e,

ovou,ov�ym,ov�ych,ov�ymi,ov�yma,ka,ky,ce,ku,kou,ko,ek,k�am,k�ach,

kami,�cin,�cina,�cino,�cinu,�ciny,�cin�e,�cinou,�cin�ym,�cini,�cin�ych,

�cin�ymi,�cin�yma

pn4j 0,a,u,ovi,em,e,�u,�um,y,ech,�e,�uv,ova,ovo,ovu,ovy,ov�e,ovou,

ov�ym,ov�ych,ov�ymi,ov�yma,ka,ky,ce,ku,kou,ko,ek,k�am,k�ach,kami,

�cin,�cina,�cino,�cinu,�ciny,�cin�e,�cinou,�cin�ym,�cini,�cin�ych,�cin�ymi,

�cin�yma

pn5 0,a,u,ovi,em,e,�u,�um,y,ech,i,�e,�uv,ova,ovo,ovu,ovy,ov�e,ovou,

ov�ym,ov�ych,ov�ymi,ov�yma

pn6 r,ra,ru,rovi,rem,�re,r�u,r�um,ry,rech,�ri,r�uv,rova,rovo,rovu,

rovy,rov�e,rovou,rov�ym,rov�ych,rov�ymi,rov�yma

pn6r r,ra,ru,rovi,rem,re,r�u,r�um,ry,rech,�ri,r�uv,rova,rovo,rovu,

rovy,rov�e,rovou,rov�ym,rov�ych,rov�ymi,rov�yma
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pn6f r,ra,ru,rovi,rem,re,r�u,r�um,ry,rech,�ri,r�uv,rova,rovo,rovu,

rovy,rov�e,rovou,rov�ym,rov�ych,rov�ymi,rov�yma,rka,rky,rce,rku,

rkou,rko,rek,rk�am,rk�ach,rkami,r�cin,r�cina,r�cino,r�cinu,r�ciny,

r�cin�e,r�cinou,r�cin�ym,r�cini,r�cin�ych,r�cin�ymi,r�cin�yma

pn6fy r,ra,ru,rovi,rem,�re,r�u,r�um,ry,rech,�ri,r�uv,rova,rovo,

rovu,rovy,rov�e,rovou,rov�ym,rov�ych,rov�ymi,rov�yma,ryn�e,ryni,

ryn��,ry�n,ryn��m,ryn��ch,ryn�emi,rynin,rynina,rynino,ryninu,

ryniny,rynin�e,ryninou,rynin�ym,rynini,rynin�ych,rynin�ymi, rynin�yma

pn7 es,a,u,ovi,em,e,ov�e,�u,�um,y,ech,�uv,ova,ovo,ovu,ovy,ov�e,

ovou,ov�ym,ov�ych,ov�ymi,ov�yma

pn8 es,sa,su,sovi,sem,se,si,s�u,s�um,sy,sech,s�uv,sova,sovo,sovu,

sovy,sov�e,sovou,sov�ym,sov�ych,sov�ymi,sov�yma

pn9 ev,va,vu,vovi,vem,ve,vi,v�u,v�um,vy,vech,v�uv,vova,vovo,vovu,

vovy,vov�e,vovou,vov�ym,vov�ych,vov�ymi,vov�yma

pn11 el,la,lu,lovi,lem,le,lov�e,l�u,l�um,ly,lech,l�uv,lova,lovo,

lovu,lovy,lov�e,lovou,lov�ym,lov�ych,lov�ymi,lov�yma

pn12 us,a,u,ovi,em,e,ov�e,�u,�um,��ch,i,�uv,ova,ovo,ovu,ovy,ov�e,

ovou,ov�ym,ov�ych,ov�ymi,ov�yma

pn13 os,a,u,ovi,em,e,ov�e,�u,�um,y,ech,�uv,ova,ovo,ovu,ovy,ov�e,

ovou,ov�ym,ov�ych,ov�ymi,ov�yma

pn16 k,ka,ku,kovi,kem,ci,k�u,k�um,ky,c��ch,k�uv,kova,kovo,kovu,

kovy,kov�e,kovou,kov�ym,kov�ych,kov�ymi,kov�yma

pn16ik ��k,��ka,��ku,��kovi,��kem,��ci,��k�u,��k�um,��ky,��c��ch,��k�uv,

��kova,��kovo,��kovu,��kovy,��kov�e,��kovou,��kov�ym,��kov�ych,��kov�ymi,

��kov�yma,ice,ici,ic��,ic��m,ic��ch,icemi,ic,i�cin,i�cina,i�cino,

i�cinu,i�ciny,i�cin�e,i�cinou,i�cin�ym,i�cini,i�cin�ych,i�cin�ymi,i�cin�yma

pn16j k,ka,ku,kovi,kem,kov�e,k�u,k�um,ky,c��ch,k�uv,kova,kovo,kovu,

kovy,kov�e,kovou,kov�ym,kov�ych,kov�ymi,kov�yma

pn17j ek,ka,ku,kovi,kem,kov�e,k�u,k�um,ky,c��ch,k�uv,kova,kovo,

kovu,kovy,kov�e,kovou,kov�ym,kov�ych,kov�ymi,kov�yma

pn17 ek,ka,ku,kovi,kem,ci,kov�e,k�u,k�um,ky,c��ch,k�uv,kova,kovo,

kovu,kovy,kov�e,kovou,kov�ym,kov�ych,kov�ymi,kov�yma

pn18 k,ka,ku,kovi,kem,ci,kov�e,k�u,k�um,ky,c��ch,k�uv,kova,kovo,

kovu,kovy,kov�e,kovou,kov�ym,kov�ych,kov�ymi,kov�yma

pn19 g,ga,gu,govi,gem,gov�e,g�u,g�um,gy,z��ch,g�uv,gova,govo,govu,

govy,gov�e,govou,gov�ym,gov�ych,gov�ymi,gov�yma
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pn20 h,ha,hu,hovi,hem,zi,hov�e,h�u,h�um,hy,z��ch,h�uv,hova,hovo,

hovu,hovy,hov�e,hovou,hov�ym,hov�ych,hov�ymi,hov�yma

pn21 h,ha,hu,hovi,hem,hov�e,h�u,h�um,hy,z��ch,h�uv,hova,hovo,hovu,

hovy,hov�e,hovou,hov�ym,hov�ych,hov�ymi,hov�yma

pn22 ch,cha,chu,chovi,chem,�si,ch�u,ch�um,chy,�s��ch,ch�uv,chova,

chovo,chovu,chovy,chov�e,chovou,chov�ym,chov�ych,chov�ymi,chov�yma

pn23 ch,cha,chu,chovi,chem,chov�e,ch�u,ch�um,chy,�s��ch,ch�uv,chova,

chovo,chovu,chovy,chov�e,chovou,chov�ym,chov�ych,chov�ymi,chov�yma

pn24 ch,cha,chu,chovi,chem,�si,chov�e,ch�u,ch�um,chy,�s��ch,ch�uv,

chova,chovo,chovu,chovy,chov�e,chovou,chov�ym,chov�ych,chov�ymi,

chov�yma

pn26 0,a,u,ovi,em,e,�uv,ova,ovo,ovu,ovy,ov�e,ovou,ov�ym,ov�ych,

ov�ymi,ov�yma

pn27 n�ek,�nka,�nku,�nkovi,�nkem,�nk�u,�nk�um,�nky,�nc��ch,�nci,�nkov�e,�nk�uv,

�nkova,�nkovo,�nkovu,�nkovy,�nkov�e,�nkovou,�nkov�ym,�nkov�ych,�nkov�ymi,

�nkov�yma

pn27j n�ek,�nka,�nku,�nkovi,�nkem,�nk�u,�nk�um,�nky,�nc��ch,�nkov�e,�nk�uv,

�nkova,�nkovo,�nkovu,�nkovy,�nkov�e,�nkovou,�nkov�ym,�nkov�ych,�nkov�ymi,

�nkov�yma

pn28j d�ek,�dka,�dku,�dkovi,�dkem,�dk�u,�dk�um,�dky,�dc��ch,�dkov�e,�dk�uv,
�dkova,�dkovo,�dkovu,�dkovy,�dkov�e,�dkovou,�dkov�ym,�dkov�ych,�dkov�ymi,
�dkov�yma

pn29j t�ek,�tka,�tku,�tkovi,�tkem,�tk�u,�tk�um,�tky,�tc��ch,�tkov�e,�tk�uv,

�tkova,�tkovo,�tkovu,�tkovy,�tkov�e,�tkovou,�tkov�ym,�tkov�ych,�tkov�ymi,

�tkov�yma

pn5j 0,a,u,ovi,em,e,�u,�um,y,ech,i,�e,�uv,ova,ovo,ovu,ovy,ov�e,

ovou,ov�ym,ov�ych,ov�ymi,ov�yma,ka,ky,ce,ku,kou,ko,ek,k�am,k�ach,

kami,�cin,�cina,�cino,�cinu,�ciny,�cin�e,�cinou,�cin�ym,�cini,�cin�ych,

�cin�ymi,�cin�yma

pno o,a,u,ovi,em,e,ov�e,�u,�um,y,ech,�uv,ova,ovo,ovu,ovy,ov�e,ovou,

ov�ym,ov�ych,ov�ymi,ov�yma

pnok ko,ka,ku,kovi,kem,kov�e,k�u,k�um,ky,c��ch,k�uv,kova,kovo,kovu,

kovy,kov�e,kovou,kov�ym,kov�ych,kov�ymi,kov�yma

pnoh ho,ha,hu,hovi,hem,hov�e,h�u,h�um,hy,z��ch,h�uv,hova,hovo,hovu,

hovy,hov�e,hovou,hov�ym,hov�ych,hov�ymi,hov�yma

pnog go,ga,gu,govi,gem,gov�e,g�u,g�um,gy,z��ch,g�uv,gova,govo,govu,
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govy,gov�e,govou,gov�ym,gov�ych,gov�ymi,gov�yma

pnoc o,a,u,ovi,em,e,ov�e,�u,�um,��ch,i,�uv,ova,ovo,ovu,ovy,ov�e,

ovou,ov�ym,ov�ych,ov�ymi,ov�yma

pne e,a,u,ovi,em,ov�e,�u,�um,y,ech,�uv,ova,ovo,ovu,ovy,ov�e,ovou,

ov�ym,ov�ych,ov�ymi,ov�yma

pnus us,a,u,ovi,em,e,�uv,ova,ovo,ovu,ovy,ov�e,ovou,ov�ym,ov�ych,

ov�ymi,ov�yma

pd1 a,y,ovi,u,ou,o,�u,�um,ech,ov�e,�uv,ova,ovo,ovu,ovy,ov�e,ovou,

ov�ym,ov�ych,ov�ymi,ov�yma

pd2f a,y,ovi,u,ou,o,�u,�um,ech,i,�e,�uv,ova,ovo,ovu,ovy,ov�e,ovou,

ov�ym,ov�ych,ov�ymi,ov�yma,ka,ky,ce,ku,kou,ko,ek,k�am,k�ach,kami,

�cin,�cina,�cino,�cinu,�ciny,�cin�e,�cinou,�cin�ym,�cini,�cin�ych,�cin�ymi,

�cin�yma

pd2 a,y,ovi,u,ou,o,�u,�um,ech,i,�e,�uv,ova,ovo,ovu,ovy,ov�e,ovou,

ov�ym,ov�ych,ov�ymi,ov�yma

pd3 a,y,ovi,u,ou,o,�u,�um,ech,i,ov�e,�uv,ova,ovo,ovu,ovy,ov�e,ovou,

ov�ym,ov�ych,ov�ymi,ov�yma

pd4 a,i,ovi,u,ou,o,ov�e,�u,�um,��ch,�uv,ova,ovo,ovu,ovy,ov�e,ovou,

ov�ym,ov�ych,ov�ymi,ov�yma

pd4d �da,di,�dovi,�du,�dou,�do,�dov�e,�d�u,�d�um,d��ch,�d�uv,�dova,�dovo,�dovu,

�dovy,�dov�e,�dovou,�dov�ym,�dov�ych,�dov�ymi,�dov�yma

pd4t �ta,ti,�tovi,�tu,�tou,�to,�tov�e,�t�u,�t�um,t��ch,�t�uv,�tova,�tovo,�tovu,

�tovy,�tov�e,�tovou,�tov�ym,�tov�ych,�tov�ymi,�tov�yma

pd4n �na,ni,�novi,�nu,�nou,�no,�nov�e,�n�u,�n�um,n��ch,�n�uv,�nova,�novo,�novu,

�novy,�nov�e,�novou,�nov�ym,�nov�ych,�nov�ymi,�nov�yma

pd5 ka,ky,kovi,ku,kou,ko,kov�e,k�u,k�um,c��ch,k�uv,kova,kovo,kovu,

kovy,kov�e,kovou,kov�ym,kov�ych,kov�ymi,kov�yma

pd6 ga,gy,govi,gu,gou,go,gov�e,g�u,g�um,z��ch,g�uv,gova,govo,govu,

govy,gov�e,govou,gov�ym,gov�ych,gov�ymi,gov�yma

pd7 ha,hy,hovi,hu,hou,ho,hov�e,h�u,h�um,z��ch,h�uv,hova,hovo,hovu,

hovy,hov�e,hovou,hov�ym,hov�ych,hov�ymi,hov�yma

pd8 cha,chy,chovi,chu,chou,cho,chov�e,ch�u,ch�um,�s��ch,ch�uv,chova,

chovo,chovu,chovy,chov�e,chovou,chov�ym,chov�ych,chov�ymi,chov�yma

mdmih h�y,h�eho,h�emu,h�em,h�ym,h�ych,h�ymi,h�e

mdmi �y,�eho,�emu,�em,�ym,��,�ych,�e,�ymi
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mdmik k�y,k�eho,k�emu,k�em,k�ym,k�ych,k�ymi,k�e

mdmick ck�y,ck�eho,ck�emu,ck�em,ck�ym,ck�ych,ck�ymi,ck�e

mdmisk sk�y,sk�eho,sk�emu,sk�em,sk�ym,sk�ych,sk�ymi,sk�e

mdmich ch�y,ch�eho,ch�emu,ch�em,ch�ym,ch�ych,ch�ymi,ch�e

mdmir r�y,r�eho,r�emu,r�em,r�ym,r�ych,r�ymi,r�e

mdmah h�y,h�eho,h�emu,h�em,h�ym,h�ych,h�ymi,h�e,z��

mdma �y,�eho,�emu,�em,�ym,��,�ych,�e,�ymi

mdmak k�y,k�eho,k�emu,k�em,k�ym,k�ych,k�ymi,k�e,c��

mdmack ck�y,ck�eho,ck�emu,ck�em,ck�ym,ck�ych,ck�ymi,ck�e,�ct��

mdmask sk�y,sk�eho,sk�emu,sk�em,sk�ym,sk�ych,sk�ymi,sk�e,�st��

mdmach ch�y,ch�eho,ch�emu,ch�em,ch�ym,ch�ych,ch�ymi,ch�e,�s��

mdmar r�y,r�eho,r�emu,r�em,r�ym,r�ych,r�ymi,r�e,�r��

mdsh h�y,h�eho,h�emu,h�em,h�ym,z��,h�a,h�ych,h�ymi,h�e

mds �y,�eho,�emu,�em,�ym,��,�a,�e,�ych,�ymi

mdsk k�y,k�eho,k�emu,k�em,k�ym,c��,k�a,k�ych,k�ymi,k�e

mdsck ck�y,ck�eho,ck�emu,ck�em,ck�ym,�ct��,ck�a,ck�ych,ck�ymi,ck�e

mdssk sk�y,sk�eho,sk�emu,sk�em,sk�ym,�st��,sk�a,sk�ych,sk�ymi,sk�e

mdsch ch�y,ch�eho,ch�emu,ch�em,ch�ym,�s��,ch�a,ch�ych,ch�ymi,ch�e

mdsr r�y,r�eho,r�emu,r�em,r�ym,�r��,r�a,r�ych,r�ymi,r�e

mdafh h�y,h�eho,h�emu,h�em,h�ym,z��,h�a,h�ych,h�ymi,h�e,hou

mdaf �y,�eho,�emu,�em,�ym,��,�a,�e,�ych,�ymi,ou

mdafk k�y,k�eho,k�emu,k�em,k�ym,c��,k�a,k�ych,k�ymi,k�e,kou

mdafck ck�y,ck�eho,ck�emu,ck�em,ck�ym,�ct��,ck�a,ck�ych,ck�ymi,ck�e,ckou

mdafsk sk�y,sk�eho,sk�emu,sk�em,sk�ym,�st��,sk�a,sk�ych,sk�ymi,sk�e,skou

mdafch ch�y,ch�eho,ch�emu,ch�em,ch�ym,�s��,ch�a,ch�ych,ch�ymi,ch�e,chou

mdafr r�y,r�eho,r�emu,r�em,r�ym,�r��,r�a,r�ych,r�ymi,r�e,rou

mz1 0,e,i,ovi,em,�u,�um,��ch,ov�e,�uv,ova,ovo,ovu,ovy,ov�e,ovou,

ov�ym,ov�ych,ov�ymi,ov�yma

mz1i 0,e,i,ovi,em,�u,�um,��ch,�uv,ova,ovo,ovu,ovy,ov�e,ovou,ov�ym,

ov�ych,ov�ymi,ov�yma

mz1e 0,e,i,ovi,em,�u,�um,��ch,�e,�uv,ova,ovo,ovu,ovy,ov�e,ovou,ov�ym,

ov�ych,ov�ymi,ov�yma,ka,ky,ce,ku,kou,ko,ek,k�am,k�ach,kami,�cin,

�cina,�cino,�cinu,�ciny,�cin�e,�cinou,�cin�ym,�cini,�cin�ych,�cin�ymi, �cin�yma
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mz2 �d,d�e,di,�dovi,d�em,�d�u,�d�um,d��ch,�d�uv,�dova,�dovo,�dovu,�dovy,�dov�e,

�dovou,�dov�ym,�dov�ych,�dov�ymi,�dov�yma

mz2o �d,d�e,di,�dovi,d�em,�d�u,�d�um,d��ch,�dov�e,�d�uv,�dova,�dovo,�dovu,
�dovy,�dov�e,�dovou,�dov�ym,�dov�ych,�dov�ymi,�dov�yma

mz3 �t,t�e,ti,�tovi,t�em,�t�u,�t�um,t��ch,�t�uv,�tova,�tovo,�tovu,�tovy,�tov�e,

�tovou,�tov�ym,�tov�ych,�tov�ymi,�tov�yma

mz3o �t,t�e,ti,�tovi,t�em,�t�u,�t�um,t��ch,�tov�e,�t�uv,�tova,�tovo,�tovu,

�tovy,�tov�e,�tovou,�tov�ym,�tov�ych,�tov�ymi,�tov�yma

mz4 �n,n�e,ni,�novi,n�em,�n�u,�n�um,n��ch,�n�uv,�nova,�novo,�novu,�novy,�nov�e,

�novou,�nov�ym,�nov�ych,�nov�ymi,�nov�yma

mz4o �n,n�e,ni,�novi,n�em,�n�u,�n�um,n��ch,�nov�e,�n�uv,�nova,�novo,�novu,

�novy,�nov�e,�novou,�nov�ym,�nov�ych,�nov�ymi,�nov�yma

mz4e e�n,n�e,ni,�novi,n�em,�n�u,�n�um,n��ch,�nov�e,�n�uv,�nova,�novo,�novu,

�novy,�nov�e,�novou,�nov�ym,�nov�ych,�nov�ymi,�nov�yma

mz5 ec,ce,ci,covi,cem,�ce,c�u,c�um,c��ch,c�uv,cova,covo,covu,covy,

cov�e,covou,cov�ym,cov�ych,cov�ymi,cov�yma,kyn�e,kyni,kyn��,ky�n,

kyn��m,kyn��ch,kyn�emi,kynin,kynina,kynino,kyninu,kyniny,kynin�e,

kyninou,kynin�ym,kynini,kynin�ych,kynin�ymi,kynin�yma

mz1z 0,e,i,ovi,em,�u,�um,��ch,�uv,ova,ovo,ovu,ovy,ov�e,ovou,ov�ym,

ov�ych,ov�ymi,ov�yma,ka,ky,ce,ku,kou,ko,ek,k�am,k�ach,kami,�cin,

�cina,�cino,�cinu,�ciny,�cin�e,�cinou,�cin�ym,�cini,�cin�ych,�cin�ymi, �cin�yma

mz1zo 0,e,i,ovi,em,�u,�um,��ch,ov�e,�uv,ova,ovo,ovu,ovy,ov�e,ovou,

ov�ym,ov�ych,ov�ymi,ov�yma,ka,ky,ce,ku,kou,ko,ek,k�am,k�ach,kami,

�cin,�cina,�cino,�cinu,�ciny,�cin�e,�cinou,�cin�ym,�cini,�cin�ych,�cin�ymi,

�cin�yma

mz5e n�ec,�nce,�nci,�ncovi,�ncem,�n�ce,�nc�u,�nc�um,�nc��ch,�nc�uv,�ncova,

�ncovo,�ncovu,�ncovy,�ncov�e,�ncovou,�ncov�ym,�ncov�ych,�ncov�ymi,�ncov�yma

mz5i ec,ce,ci,covi,cem,�ce,c�u,c�um,c��ch,c�uv,cova,covo,covu,covy,

cov�e,covou,cov�ym,cov�ych,cov�ymi,cov�yma

mz7 0,e,i,ovi,em,�uv,ova,ovo,ovu,ovy,ov�e,ovou,ov�ym,ov�ych,ov�ymi,

ov�yma,kyn�e,kyni,kyn��,ky�n,kyn��m,kyn��ch,kyn�emi,kynin,kynina,

kynino,kyninu,kyniny,kynin�e,kyninou,kynin�ym,kynini,kynin�ych,

kynin�ymi,kynin�yma

mzs1 0,e,i,ovi,em,�uv,ova,ovo,ovu,ovy,ov�e,ovou,ov�ym,ov�ych,

ov�ymi,ov�yma

sc1 ce,ci,covi,cem,c�u,c�um,c��ch,c�uv,cova,covo,covu,covy,cov�e,
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covou,cov�ym,cov�ych,cov�ymi,cov�yma,kyn�e,kyni,kyn��,ky�n,kyn��m,

kyn��ch,kyn�emi,kynin,kynina,kynino,kyninu,kyniny,kynin�e,

kyninou,kynin�ym,kynini,kynin�ych,kynin�ymi,kynin�yma

jnm ��,��ho,��mu,��m,��ch,��mi

jnmp ��,��ch,��m,��mi

hd1 0,u,em,y,�u,�um,ech

hd2 0,u,e,em,y,�u,�um,ech

hd22 0,u,e,em,y,�u,�um,ech

hd4 0,a,u,em,y,�u,�um,ech

hd41 0,a,u,em,y,�u,�um,ech

hd5 0,a,u,e,em,y,�u,�um,ech

hd53 0,a,u,e,em,y,�u,�um,ech

hd54 0,a,u,e,em,y,�u,�um,ech

hd55 0,a,u,e,em,y,�u,�um,ech

hd2x 0,u,�e,em,y,�u,�um,ech

hd2x2 0,u,�e,em,y,�u,�um,ech

hd5x 0,a,u,�e,em,y,�u,�um,ech

hd5x3 0,a,u,�e,em,y,�u,�um,ech

hd5x4 0,a,u,�e,em,y,�u,�um,ech

hd5x5 0,a,u,�e,em,y,�u,�um,ech

hd1xx 0,u,em,y,�u,�um,ech,��ch

hd5xx 0,a,u,e,em,y,�u,�um,ech,��ch

hd1em em,mu,mem,my,m�u,m�um,mech

hd1et et,tu,tem,ty,t�u,t�um,tech

hd2etx et,tu,t�e,tem,ty,t�u,t�um,tech

hd1h h,hu,hem,hy,h�u,h�um,z��ch,h�ach

hd1g g,gu,gem,gy,g�u,g�um,z��ch,g�ach

hd1ch ch,chu,chem,chy,ch�u,ch�um,�s��ch,ch�ach

hd1k k,ku,kem,ky,k�u,k�um,k�ach,c��ch

hd2k k,ku,ce,kem,ky,k�u,k�um,k�ach,c��ch

hd2k2 k,ku,ce,kem,ky,k�u,k�um,k�ach,c��ch

hd4k k,ka,ku,kem,ky,k�u,k�um,k�ach,c��ch

hd4k1 k,ka,ku,kem,ky,k�u,k�um,k�ach,c��ch
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hd5k k,ka,ku,ce,kem,ky,k�u,k�um,k�ach,c��ch

hd5k3 k,ka,ku,ce,kem,ky,k�u,k�um,k�ach,c��ch

hd5k4 k,ka,ku,ce,kem,ky,k�u,k�um,k�ach,c��ch

hd5k5 k,ka,ku,ce,kem,ky,k�u,k�um,k�ach,c��ch

hd1ek ek,ku,kem,ky,k�u,k�um,k�ach,c��ch

hd2ek ek,ku,ce,kem,ky,k�u,k�um,k�ach,c��ch

hd2ek2 ek,ku,ce,kem,ky,k�u,k�um,k�ach,c��ch

hd4ek ek,ka,ku,kem,ky,k�u,k�um,k�ach,c��ch

hd4ek1 ek,ka,ku,kem,ky,k�u,k�um,k�ach,c��ch

hd5ek ek,ka,ku,ce,kem,ky,k�u,k�um,k�ach,c��ch

hd5ek3 ek,ka,ku,ce,kem,ky,k�u,k�um,k�ach,c��ch

hd5ek4 ek,ka,ku,ce,kem,ky,k�u,k�um,k�ach,c��ch

hd5ek5 ek,ka,ku,ce,kem,ky,k�u,k�um,k�ach,c��ch

hd1xk n�ek,�nku,�nkem,�nky,�nk�u,�nk�um,�nk�ach,�nc��ch

hd2r r,ru,�re,rem,ry,r�u,r�um,rech

hd2r2 r,ru,�re,rem,ry,r�u,r�um,rech

hd5r r,ra,ru,�re,rem,ry,r�u,r�um,rech

hd5r3 r,ra,ru,�re,rem,ry,r�u,r�um,rech

hd5r4 r,ra,ru,�re,rem,ry,r�u,r�um,rech

hd5r5 r,ra,ru,�re,rem,ry,r�u,r�um,rech

hdus us,u,em,y,�u,�um,ech

hdius us,a,u,em,�u,�um,e,��ch,i

hdos os,u,em,y,�u,�um,ech

hdosa os,a,u,em,y,�u,�um,ech

hdes es,u,em,y,�u,�um,ech

hdvus us,u,em,y,�u,�um,�ach

hdvos os,u,em,y,�u,�um,�ach

hdves es,u,em,y,�u,�um,�ach

hdpy y,�u,�um,ech

hdphy y,�u,�um,�ach

hdpky ky,k�u,k�um,k�ach,c��ch

mdi1 �y,�eho,�emu,�em,�ym,�e,�ych,�ymi
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mdi1s �y,�eho,�emu,�em,�ym

mdi1p �e,�ych,�ym,�ymi

sj1 0,e,i,em,�u,�um,��ch

sj1d �d,d�e,di,d�em,�d�u,�d�um,d��ch

sj1t �t,t�e,ti,t�em,�t�u,�t�um,t��ch

sj1n �n,n�e,ni,n�em,�n�u,�n�um,n��ch

sj1ec ec,ce,ci,cem,c�u,c�um,c��ch

sj1en e�n,n�e,ni,n�em,�n�u,�n�um,n��ch

sj2 0,e,i,em,u,y,�u,�um,ech

sjp1 e,�u,�um,��ch,i

sjp3 e,�u,�um,ech,i

zn1 a,y,u,ou,o,�am,�ach,ami,�e,0

zn2e ba,by,bu,bou,bo,b�am,b�ach,bami,b�e,eb

zn3 ga,gy,gu,gou,go,g�am,g�ach,gami,ze,g

zn4 ha,hy,hu,hou,ho,h�am,h�ach,hami,ze,h

zn5 cha,chy,chu,chou,cho,ch�am,ch�ach,chami,�se,ch

zn6 ka,ky,ku,kou,ko,k�am,k�ach,kami,ce,k

zn6e ka,ky,ku,kou,ko,k�am,k�ach,kami,ce,ek

zn7 a,y,u,ou,o,�am,�ach,ami,e,0

zn7e la,ly,lu,lou,lo,l�am,l�ach,lami,le,el

zn8e ma,my,mu,mou,mo,m�am,m�ach,mami,m�e,em

zn9e na,ny,nu,nou,no,n�am,n�ach,nami,n�e,en

zn10e �dka,�dky,�dku,�dkou,�dko,�dk�am,�dk�ach,�dkami,�dce,d�ek

zn11e �tka,�tky,�tku,�tkou,�tko,�tk�am,�tk�ach,�tkami,�tce,t�ek

zn12e �nka,�nky,�nku,�nkou,�nko,�nk�am,�nk�ach,�nkami,�nce,n�ek

zn13 ra,ry,ru,rou,ro,r�am,r�ach,rami,�re,r

zn13e ra,ry,ru,rou,ro,r�am,r�ach,rami,�re,er

zn14e ta,ty,tu,tou,to,t�am,t�ach,tami,t�e,et

zn15e va,vy,vu,vou,vo,v�am,v�ach,vami,v�e,ev

zn16 a,i,u,ou,o,e,��m,��ch,emi,��

zn17 ia,ie,i,iu,iou,io,��,i�am,i�ach,iami

zn18 a,y,u,ou,o,�am,�ach,ami,i,��
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zn19 a,y,u,ou,o,�am,�ach,ami,ji,je,j��,j��m,j��ch,jemi

zn20 a,i,u,ou,o,�am,�ach,ami,e,0

zn21 �na,ni,�nu,�nou,�no,�n�am,�n�ach,�nami,n�e,�n

zn22 �da,di,�du,�dou,�do,�d�am,�d�ach,�dami,d�e,�d

zn23 �ta,ti,�tu,�tou,�to,�t�am,�t�ach,�tami,t�e,�t

zn21e �na,ni,�nu,�nou,�no,�n�am,�n�ach,�nami,n�e,e�n

zn25 s,dy,du,dou,do,d,d�am,d�ach,dami

zn26 y,�am,�ach,ami,0

zn26a a,0,�am,�ach,ami

zn26ak ka,ek,k�am,k�ach,kami

zn26al la,el,l�am,lech,lami

zn26an na,en,n�am,nech,nami

znp6ge ky,k�am,k�ach,kami,ek

znp10e �dky,�dk�am,�dk�ach,�dkami,d�ek

znp11e �tky,�tk�am,�tk�ach,�tkami,t�ek

znp12e �nky,�nk�am,�nk�ach,�nkami,n�ek

znp13e ry,r�am,r�ach,rami,er

znn 0

zn1n a,y,u,ou,o,�am,�ach,ami,�e,0,in,ina,ino,inu,iny,in�e,inou,

in�ym,ini,in�ych,in�ymi,in�yma

zn6n ka,ky,ku,kou,ko,k�am,k�ach,kami,ce,k,�cin,�cina,�cino,�cinu,

�ciny,�cin�e,�cinou,�cin�ym,�cini,�cin�ych,�cin�ymi,�cin�yma

zn6en ka,ky,ku,kou,ko,k�am,k�ach,kami,ce,ek,�cin,�cina,�cino,�cinu,

�ciny,�cin�e,�cinou,�cin�ym,�cini,�cin�ych,�cin�ymi,�cin�yma

zn13n ra,ry,ru,rou,ro,r�am,r�ach,rami,�re,r,�rin,�rina,�rino,�rinu,

�riny,�rin�e,�rinou,�rin�ym,�rini,�rin�ych,�rin�ymi,�rin�yma

zn13en ra,ry,ru,rou,ro,r�am,r�ach,rami,�re,er,�rin,�rina,�rino,�rinu,

�riny,�rin�e,�rinou,�rin�ym,�rini,�rin�ych,�rin�ymi,�rin�yma

ns3n n�e,ni,n��,n��m,n��ch,n�emi,�n,nin,nina,nino,ninu,niny,nin�e,

ninou,nin�ym,nini,nin�ych,nin�ymi,nin�yma

ns10n ce,ci,c��,c��m,c��ch,cemi,c,�cin,�cina,�cino,�cinu,�ciny,�cin�e,

�cinou,�cin�ym,�cini,�cin�ych,�cin�ymi,�cin�yma

ns1 e,i,��,��m,��ch,emi
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ns2 �e,i,��,��m,��ch,�emi

ns10 e,i,��,��m,��ch,emi,0

ns3 n�e,ni,n��,n��m,n��ch,n�emi,�n

ns6 e,��m,��ch,emi,0

ns7 e,��m,��ch,emi,��

ns8 �e,��m,��ch,�emi,��

ps1e e�n,n�e,ni,n��,n��m,n��ch,n�emi

ps1 �n,n��,n�e,ni,n��m,n��ch,n�emi

ps2 ev,ve,vi,v��,v��m,v��ch,vemi

ps5 0,e,i,��,��m,��ch,emi

ps6 �d,di,d��,d��m,d��ch,d�emi,d�e

ps7 �t,ti,t��,t��m,t��ch,t�emi,t�e

ps14 0,i,��,��m,��ch,mi

ps18az 0,i,��,��m,��ch,emi

ps18 0,i,��,��m,��ch,emi,em,ech

ps23 �t,ti,t��,t��m,t��ch,tem,tech,�tmi,tmi

kt1 0,i,��,em,ech,mi

ps24 �t,ti,t��,t�e,t��m,t��ch,t�emi

ps25 �d,di,d��,d��m,d��ch,dmi

mdf �a,�e,ou,�ych,�ym,�ymi

jnf ��,��ch,��m,��mi

in 0,a,o,u,y,�e,ou,�ym,i,�ych,�ymi,�yma

uv �uv,ova,ovo,ovu,ovy,ov�e,ovou,ov�ym,ovi,ov�ych,ov�ymi,ov�yma

mt1 o,a,u,em,0,�um,ech,y

mt4 vo,va,vu,vem,ev,v�um,vech,vy

mt1m o,a,u,em,0,�um,ech,i

mt5 bo,ba,bu,bem,eb,b�um,bech,by

mt6i o,a,u,em,��,��m,��ch,i

mt6 o,a,u,em,��,�um,ech,y

mt7 o,a,u,em,0,�um,�ach,y

mt7e ko,ka,ku,kem,ek,k�um,k�ach,ky

mt1x o,a,u,em,0,�um,ech,y,�e
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mt1e o,a,u,em,0,�um,ech,y,e

mt8e lo,la,lu,lem,el,l�um,lech,ly,le

mt9e no,na,nu,nem,en,n�um,nech,ny,n�e

mt7y ko,ka,ku,kem,ek,k�um,c��ch,k�ach,ky

mt7y0 ko,ka,ku,kem,ek,k,k�um,c��ch,k�ach,ky

mt3e ro,ra,ru,rem,r�um,rech,ry,er

mts o,a,u,em

mt11 o,a,e,u,i,em,0,�um,ech,y

mt12 um,a,u,em,0,�um,ech,y

mt12e rum,ra,ru,rem,r�um,rech,ry,er

mt12i um,a,u,em,��,��m,��ch,i

mt13 on,a,u,em,0,�um,ech,y

mt13i on,a,u,em,��,��m,��ch,i

mt14 mo,ma,mu,mem,em,m�um,mech,my

mtp a,0,�um,ech,y

mtp7 ka,ek,k�um,k�ach,ky

mtp8 la,el,l�um,lech,ly

mtp9 na,en,n�um,nech,ny

mtp3 ra,r�um,rech,ry,er

mr1 e,i,em,��,��m,��ch

mr10 t�e,ti,t�em,�t,t��m,t��ch

kr1 e,ete,eti,etem,ata,at,at�um,atech,aty

kr1x �e,�ete,�eti,�etem,ata,at,at�um,atech,aty

kr2 d�e,d�ete,d�eti,d�etem,�data,�dat,�dat�um,�datech,�daty

kr3 t�e,t�ete,t�eti,t�etem,�tata,�tat,�tat�um,�tatech,�taty

kr4 n�e,n�ete,n�eti,n�etem,�nata,�nat,�nat�um,�natech,�naty

kr5 a,atu,atem,ata,at,at�um,atech,aty

st 0,m,ch,mi

mdn �e,�eho,�emu,�em,�ym,�a,�ych,�ymi

jnn ��,��ho,��mu,��m,��ch,��mi

0 0
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Appendix B

Noun Classi�cation Data

>CHARACTER SETS.

f**********************************************************g

f* Used in endings instead of exhaustive listings, *g
f* in square brackets *g
f**********************************************************g

v :a,�a,e,�e,�e,i,��,o,�o,u,�u,�u,y,�y.

sl :a,�a,e,�e,�e,i,��,o,�o,u,�u,�u,y,�y,r,l.

t :h,k,g,r,d,t,n.

vel :h,k,g.

>ASSIGNMENTS.

f**********************************************************g

f* Anim. masc., Gsg :a *g
f**********************************************************g

>>aa.

pn1 :0,b,l,m,p,s,v,z,d,t,n.

pn2j :0,�at,az,ras,ant,ent,et,ot,ed,jt,kt,lt,mt.

pn3 :0,al,il,el,�el,f.

pn3j :0,graf,fob,nom.

pn4j :0,�span�el,man�zel,and�el.

pn5 :0,at,it,sed.

pn5j :0,an.

pn6 :1,r.

pn6f :1,[v]r.

pn6fy :1,mistr,nistr.

pn7 :2,es.
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pn8 :2,pes,ves.

pn9 :2,lev.

pn12 :2,ius.

pn13 :2,os.

pn16ik :2,��k.

pn16 :1,�ak,k.

pn17 :2,ek.

pn18 :1,ik,ak.

pn19 :1,g.

pn20 :1,vrah.

pn21 :1,h.

pn22 :2,ch.

pn24 :2,ech.

pn26 :0,�clov�ek.

pn27 :3,n�ek.

pno :1,o.

pnok :2,ko.

pnoh :2,ho.

pnog :2,go.

pnoc :1,�zo,�so,�co,�ro,co,jo,io.

pne :1,e.

pnus :2,us.

f**********************************************************g

f* Anim. masc., Gsg :y *g
f**********************************************************g

>>ay.

pd1 :1,[v]a,ba,ca,da,fa,la,ma,na,pa,ra,sa,va,xa,za,ta.

pd2f :1,[v]sta.

pd2 :1,ita.

pd3 :1,eta,ota,�ota.

pd4 :1,�za,�sa,�ca,�ra,ja.

pd4d :2,�da.

pd4t :2,�ta.

pd4n :2,�na.

pd5 :2,ka.

pd6 :2,ga.

pd7 :2,ha.

pd8 :3,cha.

f**********************************************************g
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f* Anim. masc., adj. decl. masc. only *g

f**********************************************************g
>>a.

mdma :1,b�y,d�y,l�y,m�y,n�y,p�y,s�y,t�y,v�y,z�y.

mdmah :2,h�y.

mdmak :2,k�y.

mdmack :3,ck�y.

mdmask :3,sk�y.

mdmach :3,ch�y.

mdmar :2,r�y.

jnm :1,��.

f**********************************************g

f* Anim. adj. decl. masc.+fem. *g
f**********************************************g

>>af.

mdaf :1,b�y,d�y,l�y,m�y,n�y,p�y,s�y,t�y,v�y,z�y.

mdafh :2,h�y.

mdafk :2,k�y.

mdafck :3,ck�y.

mdafsk :3,sk�y.

mdafch :3,ch�y.

mdafr :2,r�y.

jnm :1,��.

f**********************************************************g
f* Anim. masc., Gsg :e *g

f**********************************************************g
>>ae.

mz1 :0,z,�z,�s,kr�al,j.

mz1i :0,�c,�r,c.

mz1e :0,tel.

mz2 :1,�d.

mz3 :1,�t.

mz4 :1,�n.

mz4e :2,v�eze�n,sr�se�n,e�n.

mz5 :2,ec.

mz5i :2,qqqec.

mz1z :0,a�r,�a�r,���r,�y�r,�e�r,o�r,a�c,�a�c,i�c,e�c,�e�c.

mz1zo :0,�a�s,o�s.

mz5e :3,n�ec.
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mz7 :0,p�r��tel.

sc1 :2,ce.

f**********************************************************g

f* Anim. sing., Gsg :e, adj. decl. masc./masc.+fem. *g
f**********************************************************g

>>aes.

mzs1 :0,kn�ez.

mz7 :0,p�r��tel.

f**********************************************************g

f* Anim. plur., Gsg :e, adj. decl. masc./masc.+fem. *g
f**********************************************************g
>>aep.

jnmp :1,kn�e�z��.

f**********************************************************g

f* Inanim. masc., Gsg :u, Lsg :u, adj. decl. *g
f**********************************************************g

>>iuu.

hd1 :0,r,d,t,n,b,f,l,m,p,s,x,v,z,c.

hd1xx :0,botel,motel,hotel,hertz.

hd1em :2,n�ajem,z�ajem.

hd1et :2,cet,�cet.

hd1h :1,h.

hd1g :1,g.

hd1ch :2,ch.

hd1k :1,vlek,k.

hd1ek :2,ek.

hd1xk :3,n�ek.

f**********************************************************g
f* Inanim. masc., adj. decl. *g

f**********************************************************g
>>i.

mdi1 :1,�y.

mdmi :1,b�y,d�y,l�y,m�y,n�y,p�y,s�y,t�y,v�y,z�y.

mdmih :2,h�y.

mdmik :2,k�y.

mdmick :3,ck�y.

mdmisk :3,sk�y.

mdmich :3,ch�y.

mdmir :2,r�y.
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f**********************************************************g

f* Inanim. masc., Gsg :u, Lsg :u, adj. decl. foreign orig.*g
f**********************************************************g

>>iuuc.

hdus :2,us.

hdos :2,os.

hdes :2,es.

hdvus :2,[vel]us.

hdvos :2,[vel]os.

hdves :2,[vel]es.

f**********************************************************g
f* Inanim. masc., sing., adj. decl. *g

f**********************************************************g
>>is.

mdi1s :1,�y.

f**********************************************************g

f* Inanim. masc., plur., adj. decl. *g
f**********************************************************g

>>ip.

sjp1 :1,e.

hdpy :1,y.

hdphy :1,hy,gy,chy.

hdpky :2,ky.

mdi1p :1,�e.

f**********************************************************g

f* Inanim. masc., plur., adj. decl. *g
f**********************************************************g

>>ieep.

sjp3 :1,e.

f**********************************************************g
f* Inanim. masc., Gsg :a, Lsg :u, *g

f**********************************************************g
>>iau.

hd4 :0,r,d,t,n,b,f,l,m,p,s,v,z,c.

hd4k :1,k.

hd4ek :2,ek.

hdius :2,ius.

hdosa :2,os.

f**********************************************************g
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f* Inanim. masc., Gsg :-u/-a, Lsg :u, *g

f**********************************************************g
>>iuau.

hd41 :0,r,d,t,n,b,f,l,m,p,s,v,z,c.

hd4k1 :1,k.

hd4ek1 :2,ek.

f**********************************************************g

f* Inanim. masc., Gsg :u, Lsg :e(�e) *g
f**********************************************************g

>>iue.

hd2 :0,l,s,z,c.

hd2x :0,d,t,n,b,f,m,p,v.

hd2k :1,k.

hd2ek :2,ek.

hd2r :1,r.

f**********************************************************g

f* Inanim. masc., Gsg :u, Lsg :-u/-e(�e) *g
f**********************************************************g

>>iuue.

hd22 :0,l,s,z,c.

hd2x2 :0,d,t,n,b,f,m,p,v.

hd2etx :2,�u�cet.

hd2k2 :1,k.

hd2ek2 :2,ek.

hd2r2 :1,r.

f**********************************************************g
f* Inanim. masc., Gsg :a, Lsg :-e(�e) *g

f**********************************************************g
>>iae.

hd5 :0,l,s,z.

hd5x :0,d,t,n,b,f,m,p,v.

hd5xx :0,les.

hd5k :1,k.

hd5ek :2,ek.

hd5r :1,r.

f**********************************************************g

f* Inanim. masc., Gsg :a, Lsg :u/-e(�e) *g
f**********************************************************g

>>iaue.
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hd53 :0,l,s,z.

hd5x3 :0,d,t,n,b,f,m,p,v.

hd5k3 :1,k.

hd5ek3 :2,ek.

hd5r3 :1,r.

f**********************************************************g
f* Inanim. masc., Gsg :-u/-a, Lsg :-e(�e) *g

f**********************************************************g
>>iuae.

hd54 :0,l,s,z.

hd5x4 :0,d,t,n,b,f,m,p,v.

hd5k4 :1,k.

hd5ek4 :2,ek.

hd5r4 :1,r.

f**********************************************************g
f* Inanim. masc., Gsg :-u/-a, Lsg :u/-e(�e) *g

f**********************************************************g
>>iuaue.

hd55 :0,l,s,z.

hd5x5 :0,d,t,n,b,f,m,p,v.

hd5k5 :1,k.

hd5ek5 :2,ek.

hd5r5 :1,r.

f**********************************************************g
f* Inanim. masc., Gsg :e *g

f**********************************************************g
>>ie.

sj1 :0,�z,�s,�c,�r,c,j,l.

sj1d :1,�d.

sj1t :1,�t.

sj1n :1,�n.

sj1ec :2,ec.

sj1en :2,e�n.

sj2 :0,en.

f**********************************************************g
f* Feminine *g

f**********************************************************g
>>f.

zn1 :1,da,fa,mba,ta,mpa,vlna,skvrna,srna.
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zn1 :1,[v]na,[v]ma,[v]ba,[v]va,cpa,[sl]pa,[v]ppa.

zn1 :1,[v]mma,[v]bba,[v]tta,[v]vva,[v]nna,[v]dda.

zn2e :2,ba.

zn3 :2,ga.

zn4 :2,ha.

zn5 :3,cha.

zn6 :2,mlka,[v]ka,[v]kka.

zn6e :2,ka.

zn7 :1,sa,za,[v]la,[v]lla,[v]xa.

zn7e :2,la.

zn8e :2,ma.

zn9e :2,na.

zn10e :3,�dka.

zn11e :3,�tka.

zn12e :3,�nka.

zn13 :2,[sl]ra.

zn13e :2,ra.

zn14e :2,chta.

zn15e :2,va.

zn16 :1,ja,ia.

zn17 :2,[v]ia.

zn18 :1,oa,ua.

zn19 :1,ea.

zn20 :1,�za,�sa,�ca,�ra,ca.

zn21 :2,[v]�na.

zn22 :2,�da.

zn23 :2,�ta.

zn21e :2,�na.

zn25 :1,is.

ns1 :1,�ze,�se,�ce,�re,se,ze,ce,je,ie,le,oe,xe,ve,ue,ye.

ns2 :1,d�e,t�e,n�e,b�e,p�e,m�e,v�e.

ns10 :1,ice.

ns3 :2,yn�e.

ps1e :2,e�n.

ps1 :1,o�n,u�n,a�n,�a�n,�u�n,y�n,�y�n,i�n,���n,�o�n,�u�n,l�n,r�n.

ps2 :2,ev.

ps5 :0,el,[v]j,�y�z,e�z,�a�z,o�r,�z,�s,�c,�r,z,c,s,x,l.

ps18az :0,az.

ps6 :1,�d.
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ps7 :1,�t.

ps25 :1,pov�e�d.

ps18 :0,moc.

ps23 :1,pam�e�t.

ps24 :1,e�t.

ps14 :0,p.

kt1 :0,st.

mdf :1,�a.

jnf :1,��.

znn :0,i,y.

f**********************************************************g
f* Feminine plur. *g

f**********************************************************g
>>fp.

zn26 :1,y,[v]ky,[v]ry.

znp6ge :2,ky.

znp10e :3,�dky.

znp11e :3,�tky.

znp12e :3,�nky.

znp13e :2,ry.

ns6 :1,ice.

ns7 :1,ce,ve,ie,je,le,�re,se,�se,xe,ze,�ze,ace.

ns8 :1,�e.

zn26a :1,a,[v]ka,[v]la,[v]na.

zn26ak :2,ka.

zn26al :2,la.

zn26an :2,na.

f**********************************************************g
f* Feminine incl. posses. *g

f**********************************************************g
>>fn.

zn1n :1,da,fa,mba,ta,mpa,vlna,skvrna,srna.

zn1n :1,[v]na,[v]ma,[v]ba,[v]va,[sl]pa,[v]ppa.

zn1n :1,[v]mma,[v]bba,[v]tta,[v]vva,[v]nna,[v]dda.

zn6n :2,mlka,[v]ka,[v]kka.

zn6en :2,ka.

zn13n :2,[sl]ra.

zn13en :2,ra.

ns3n :2,yn�e.
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ns10n :2,ice.

f**********************************************************g
f* Neuter *g

f**********************************************************g
>>n.

mt1 :1,[v]no,[sl]mo,[v]vo,[v]co,mbo,nbo,fo,so,zo,[v]ro.

mt1 :1,to,[v]po,do,[sl]bo.

mt4 :2,vo.

mt1m :1,�zo,�so,�co,�ro,jo.

mt5 :2,bo.

mt6i :1,io,yo.

mt6 :1,eo,uo,ao.

mt7 :1,go,[v]ko,ho,cho.

mt1x :1,sto.

mt7e :2,ko.

mt1e :1,[v]lo.

mt8e :2,lo.

mt9e :2,no.

mt7y :2,��sko.

mt7y0 :2,isko.

mt3e :2,ro.

mt11 :1,meno.

mt12 :2,um,[v]rum,[v]rrum.

mt12e :3,rum.

mt12i :2,[v]um.

mt13 :2,on.

mt13i :2,[v]on.

mt14 :2,mo.

0 :0,�a,�e,�o,�u,�u,i,y,u.

mr1 :1,ce.

mr10 :2,i�st�e.

kr1 :1,�ze,�se,�ce,�re,le,se,je.

kr1x :1,b�e,p�e,m�e,v�e.

kr2 :2,d�e.

kr3 :2,t�e.

kr4 :2,n�e.

kr5 :1,ma.

st :0,��.

f**********************************************************g
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f* Neuter sing. *g

f**********************************************************g
>>ns.

mts :1,o.

f**********************************************************g

f* Neuter plur. *g
f**********************************************************g

>>np.

mtp :1,[v]ra,[v]ka,[v]la,[v]na,a.

mtp7 :2,ka.

mtp8 :2,la.

mtp9 :2,na.

mtp3 :2,ra.

f**********************************************************g

f* Neuter adj. *g
f**********************************************************g

>>nadj.

mdn :1,�e.

jnn :1,��.

mds :1,b�e,d�e,l�e,m�e,n�e,p�e,s�e,t�e,v�e,z�e.

mdsh :2,h�e.

mdsk :2,k�e.

mdsck :3,ck�e.

mdssk :3,sk�e.

mdsch :3,ch�e.

mdsr :2,r�e.

f**********************************************************g

f* Names masc. anim. *g
f**********************************************************g

>>ja.

mz1 :0,z,s,x,�z,�s,�c,�r,j,c,tel,kr�al.

mz2o :1,�d.

mz3o :1,�t.

mz4o :1,�n.

mz5 :2,ec.

mz5e :3,n�ec.

sc1 :2,ce.

pn1 :0,b,l,m,p,v,d,t,n.

pn2 :0,�at,ant,ent,et,ot,ed.
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pn3j :0,al,il,el,�el,f.

pn4j :0,�span�el,man�zel,and�el.

pn5j :0,at,it,an,sed.

pn6 :1,r.

pn6r :1,[v]r.

pn7 :2,es.

pn8 :2,pes,ves.

pn9 :2,lev.

pn11 :2,vel,rel,datel.

pn12 :2,ius.

pn13 :2,os.

pn16j :1,��k,�ak,k.

pn17j :2,ek.

pn18 :1,ik,ak.

pn19 :1,g.

pn20 :1,vrah.

pn21 :1,h.

pn23 :2,ch.

pn24 :2,ech.

pn26 :0,�clov�ek.

pn27j :3,n�ek.

pn28j :3,d�ek.

pn29j :3,t�ek.

pno :1,o.

pnok :2,ko.

pnoh :2,ho.

pnog :2,go.

pnoc :1,�zo,�so,�co,�ro,co,jo,io.

pne :1,e.

pnus :2,us.

pd1 :1,ba,ca,da,fa,la,ma,na,pa,ra,sa,va,xa,za,ta.

pd2f :1,[v]sta.

pd2 :1,ita.

pd3 :1,eta,ota,�ota.

pd4 :1,�za,�sa,�ca,�ra,ja.

pd4d :2,�da.

pd4t :2,�ta.

pd4n :2,�na.

pd5 :2,ka.
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pd6 :2,ga.

pd7 :2,ha.

pd8 :3,cha.

mdma :1,b�y,d�y,l�y,m�y,n�y,p�y,s�y,t�y,v�y,z�y.

mdmah :2,h�y.

mdmak :2,k�y.

mdmack :3,ck�y.

mdmask :3,sk�y.

mdmach :3,ch�y.

mdmar :2,r�y.

jnm :1,��.

f**********************************************************g

f* Names masc. anim. nations *g
f**********************************************************g

>>na.

mz5 :2,ec.

mz1z :0,francouz.

mz5e :3,n�ec.

pn3j :0,al,il,el,�el,f,b,m,p,s,v,z,n,t,d,r,ch.

pn4j :0,�span�el.

pn4j :0,at,it,an.

pn6f :1,[v]r.

pn16 :1,��k,�ak,ik,ak.

pn17j :2,ek.

pn24 :2,ech.

f**********************************************************g
f* Possesives - pure (for irreg. masc. anim., fem. anim.) *g

f**********************************************************g
>>p.

in :0,in.

uv :2,�uv.
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Appendix C

Adjective, Adverb and Verb

Classes{sets of endings

y

�y,�eho,�emu,�em,�ym,��,�a,�e,ou,�ych,�ymi,�yma,

+�ej�s��,+�ej�s��ho,+�ej�s��mu,+�ej�s��m,+�ej�s��mi,+�ej�s��ma,+�ej�s��ch,

�e,+�eji

ye

�y,�eho,�emu,�em,�ym,��,�a,�e,ou,�ych,�ymi,�yma,

+ej�s��,+ej�s��ho,+ej�s��mu,+ej�s��m,+ej�s��mi,+ej�s��ma,+ej�s��ch,

e,+eji

cky

ck�y,ck�eho,ck�emu,ck�em,ck�ym,�ct��,ck�a,ck�e,ckou,ck�ych,ck�ymi,ck�yma,

+�ct�ej�s��,+�ct�ej�s��ho,+�ct�ej�s��mu,+�ct�ej�s��m,+�ct�ej�s��mi,

+�ct�ej�s��ma,+�ct�ej�s��ch,

cky,+�ct�eji

sky

sk�y,sk�eho,sk�emu,sk�em,sk�ym,�st��,sk�a,sk�e,skou,sk�ych,sk�ymi,sk�yma,

+�st�ej�s��,+�st�ej�s��ho,+�st�ej�s��mu,+�st�ej�s��m,+�st�ej�s��mi,

+�st�ej�s��ma,+�st�ej�s��ch,

sky,+�st�eji

yx

�y,�eho,�emu,�em,�ym,�a,�e,ou,�ych,�ymi,�yma

jev

�e,+�eji
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ev

e,+eji

i

��,��ho,��mu,��m,��mi,��ch,��ma

ih

��,��ho,��mu,��m,��mi,��ch,��ma,�e

iv

��,��ho,��mu,��m,��mi,��ch,��ma,

+�ej�s��,+�ej�s��ho,+�ej�s��mu,+�ej�s��m,+�ej�s��mi,+�ej�s��ma,+�ej�s��ch,

�e,+�eji

0n

0

t1n a,ouc,ouce,ouc��,ouc��ho,ouc��mu,ouc��m,ouc��mi,ouc��ch,ouc��ma

t2n e,ouc,ouce,ouc��,ouc��ho,ouc��mu,ouc��m,ouc��mi,ouc��ch,ouc��ma

t3n e,��c,��ce,��c��,��c��ho,��c��mu,��c��m,��c��mi,��c��ch,��c��ma

t4n �e,��c,��ce,��c��,��c��ho,��c��mu,��c��m,��c��mi,��c��ch,��c��ma

md 0,�si,�se,�s��,�s��ho,�s��mu,�s��m,�s��mi,�s��ch,�s��ma

0ns 0

i1 0,me,te

i2 i,eme,ete

i3 i,�eme,�ete

p1 u,e�s,e,eme,ete,ou

p7 u,�e�s,�e,�eme,�ete,ou

p2 i,u,e�s,e,eme,ete,��,ou

p3 ��m,���s,��,��me,��te

p4 ��m,���s,��,��me,��te,ej��

p5 ��m,���s,��,��me,��te,�ej��

p6 �am,�a�s,�a,�ame,�ate,aj��

r 0,a,o,i,y

re el,la,lo,li,ly

rx a,o,i,y

s1 0,a,u,o,i,y,��,��m,��ch,��mi

s2 0,a,u,o,i,y,��,��m,��ch,��mi,�y,�eho,�emu,�em,�ym,�a,�e,ou,�ych,�ymi,�yma,

+�ej�s��,+�ej�s��ho,+�ej�s��mu,+�ej�s��m,+�ej�s��mi,+�ej�s��ch,+�ej�s��ma,

�e,+�eji

s3 t,n,na,nu,no,ni,ny,n��,n��m,n��ch,n��mi

s4 t,n,na,nu,no,ni,ny,n��,n��m,n��ch,n��mi,

96



n�y,n�eho,n�emu,n�em,n�ym,n�a,n�e,nou,n�ych,n�ymi,n�yma,

+n�ej�s��,+n�ej�s��ho,+n�ej�s��mu,+n�ej�s��m,+n�ej�s��mi,+n�ej�s��ch,+n�ej�s��ma,

n�e,+n�eji

s5 0,a,u,o,i,y,��,�y,�eho,�emu,�em,�ym,�a,�e,ou,�ych,�ymi,�yma,

+�ej�s��,+�ej�s��ho,+�ej�s��mu,+�ej�s��m,+�ej�s��mi,+�ej�s��ch,+�ej�s��ma,

�e,+�eji

ns ��,��m,��ch,��mi

a ��,�y,�eho,�emu,�em,�ym,�a,�e,ou,�ych,�ymi,�yma,

+�ej�s��,+�ej�s��ho,+�ej�s��mu,+�ej�s��m,+�ej�s��mi,+�ej�s��ch,+�ej�s��ma,

�e,+�eji

ae ��,�y,�eho,�emu,�em,�ym,�a,�e,ou,�ych,�ymi,�yma,

+ej�s��,+ej�s��ho,+ej�s��mu,+ej�s��m,+ej�s��mi,+ej�s��ch,+ej�s��ma,

e,+eji

t t

noutn nout,ni,n�eme,n�ete,nu,ne�s,ne,neme,nete,nou,

na,nouc,nouce,

nouc��,nouc��ho,nouc��mu,nouc��m,nouc��mi,nouc��ch,nouc��ma,

l,la,lo,li,ly,
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n�en��,n�en�ych,n�en�ymi,n�en�yma,

+n�en�ej�s��,+n�en�ej�s��ho,+n�en�ej�s��mu,+n�en�ej�s��m,+n�en�ej�s��mi,
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+n�en�ej�s��ch,+n�en�ej�s��ma,

n�en��m,n�en��ch,n�en��mi,

n�en�e,+n�en�eji

itxd it,��m,���s,��,��me,��te,

il,ila,ilo,ili,ily,

iv,iv�si,iv�se,

iv�s��,iv�s��ho,iv�s��mu,iv�s��m,iv�s��mi,iv�s��ch,iv�s��ma

etd et,ej,ejme,ejte,��m,���s,��,��me,��te,ej��,

el,ela,elo,eli,ely,

ev,ev�si,ev�se,

ev�s��,ev�s��ho,ev�s��mu,ev�s��m,ev�s��mi,ev�s��ch,ev�s��ma,

en,ena,enu,eno,eni,eny,

en�y,en�a,en�e,en�eho,en�emu,en�em,en�ym,enou,

en��,en�ych,en�ymi,en�yma,

+en�ej�s��,+en�ej�s��ho,+en�ej�s��mu,+en�ej�s��m,+en�ej�s��mi,+en�ej�s��ch,

+en�ej�s��ma,

en��m,en��ch,en��mi,

en�e,+en�eji

�etd �et,�ej,�ejme,�ejte,��m,���s,��,��me,��te,�ej��,

�el,�ela,�elo,�eli,�ely,

�ev,�ev�si,�ev�se,

�ev�s��,�ev�s��ho,�ev�s��mu,�ev�s��m,�ev�s��mi,�ev�s��ch,�ev�s��ma,

�en,�ena,�enu,�eno,�eni,�eny,

�en�y,�en�a,�en�e,�en�eho,�en�emu,�en�em,�en�ym,�enou,

�en��,�en�ych,�en�ymi,�en�yma,

+�en�ej�s��,+�en�ej�s��ho,+�en�ej�s��mu,+�en�ej�s��m,+�en�ej�s��mi,+�en�ej�s��ch,

+�en�ej�s��ma,

�en��m,�en��ch,�en��mi,

�en�e,+�en�eji

atd at,ej,ejme,ejte,�am,�a�s,�a,�ame,�ate,aj��,

al,ala,alo,ali,aly,

av,av�si,av�se,

av�s��,av�s��ho,av�s��mu,av�s��m,av�s��mi,av�s��ch,av�s��ma,

�an,�ana,�anu,�ano,�ani,�any,

an�y,an�a,an�e,an�eho,an�emu,an�em,an�ym,anou,

an��,an�ych,an�ymi,an�yma,

+an�ej�s��,+an�ej�s��ho,+an�ej�s��mu,+an�ej�s��m,+an�ej�s��mi,
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+an�ej�s��ch,+an�ej�s��ma,

�avat,�avej,�avejme,�avejte,�av�am,�av�a�s,�av�a,�av�ame,

�av�ate,�avaj��,

�avaje,�avaj��c,�avaj��ce,

�avaj��c��,�avaj��c��ho,�avaj��c��mu,�avaj��c��m,�avaj��c��mi,

�avaj��c��ch,�avaj��c��ma,

�avac��,�avac��ho,�avac��mu,�avac��m,�avac��mi,�avac��ch,�avac��ma,

�aval,�avala,�avalo,�avali,�avaly,

�av�an,�av�ana,�av�anu,�av�ano,�av�ani,�av�any,

�avan�y,�avan�a,�avan�e,�avan�eho,�avan�emu,�avan�em,�avan�ym,�avanou,

�avan��,�avan�ych,�avan�ymi,�avan�yma,

+�avan�ej�s��,+�avan�ej�s��ho,+�avan�ej�s��mu,+�avan�ej�s��m,+�avan�ej�s��mi,

+�avan�ej�s��ch,+�avan�ej�s��ma
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Appendix D

Czech Morphology Rules

Examples

f pattern = tiskne g

< ><n><o><u><t>$ :=

[key=< >nout,x=(noutn|noutd),cat=[pos=v,v.type=full],

morf=[infl=[pf=[v.form=inf]]]];

< ><n><o><u><t><i>$ :=

[key=< >nout,x=(noutn|noutd),

cat=[pos=v,v.type=full],

morf=[infl=[pf=[v.form=inf]]]];

< ><n><i>$ := [key=< >nout,x=(noutn|noutd),

cat=[pos=v,v.type=full],

morf=[infl=[pf=[v.form=fin,mode=imp],

raf=[pers=2,num=sg]]]];

< ><n><�e><m><e>$ := [key=< >nout,x=(noutn|noutd),

cat=[pos=v,v.type=full],

morf=[infl=[pf=[v.form=fin,mode=imp],

raf=[pers=1,num=pl]]]];

< ><n><�e><t><e>$ := [key=< >nout,x=(noutn|noutd),

cat=[pos=v,v.type=full],

morf=[infl=[pf=[v.form=fin,mode=imp],

raf=[pers=2,num=pl]]]];

< ><n><u>$ := [key=< >nout,x=(noutn|noutd),
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cat=[pos=v,v.type=full],

morf=[infl=[pf=[v.form=fin,mode=ind,

tense=pres],

raf=[pers=1,num=sg]]]];

< ><n><e><�s>$ := [key=< >nout,x=(noutn|noutd),

cat=[pos=v,v.type=full],

morf=[infl=[pf=[v.form=fin,mode=ind,

tense=pres],

raf=[pers=2,num=sg]]]];

< ><n><e>$ := [key=< >nout,x=(noutn|noutd),

cat=[pos=v,v.type=full],

morf=[infl=[pf=[v.form=fin,mode=ind,

tense=pres],

raf=[pers=3,num=sg]]]];

< ><n><e><m><e>$ := [key=< >nout,x=(noutn|noutd),

cat=[pos=v,v.type=full],

morf=[infl=[pf=[v.form=fin,mode=ind,

tense=pres],

raf=[pers=1,num=pl]]]];

< ><n><e><t><e>$ := [key=< >nout,x=(noutn|noutd),

cat=[pos=v,v.type=full],

morf=[infl=[pf=[v.form=fin,mode=ind,

tense=pres],

raf=[pers=2,num=pl]]]];

< ><n><o><u>$ := [key=< >nout,x=(noutn|noutd),

cat=[pos=v,v.type=full],

morf=[infl=[pf=[v.form=fin,mode=ind,

tense=pres],

raf=[pers=3,num=pl]]]];

< ><l>$ := [key=< >nout,x=(noutn|noutd),

cat=[pos=v,v.type=full],

morf=[infl=[pf=[v.form=pastp],

raf=[gender=(a|i),num=sg]]]];

< ><l><a>$ := [key=< >nout,x=(noutn|noutd),

cat=[pos=v,v.type=full],

morf=[infl=[pf=[v.form=pastp],

raf=([gender=f,num=sg]
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| [gender=n,num=pl])]]];

< ><l><o>$ := [key=< >nout,x=(noutn|noutd),

cat=[pos=v,v.type=full],

morf=[infl=[pf=[v.form=pastp],

raf=[gender=n,num=sg]]]];

< ><l><i>$ := [key=< >nout,x=(noutn|noutd),

cat=[pos=v,v.type=full],

morf=[infl=[pf=[v.form=pastp],

raf=[gender=a,num=pl]]]];

< ><l><y>$ := [key=< >nout,x=(noutn|noutd),

cat=[pos=v,v.type=full],

morf=[infl=[pf=[v.form=pastp],

raf=[gender=(i|f),num=pl]]]];

< ><n><u><t>$ := [key=< >nout,x=(noutn|noutd),

cat=[pos=v,v.type=full],

morf=[infl=[pf=[v.form=passp],

raf=[gender=(a|i),num=sg]]]];

< ><n><u><t><a>$ := [key=< >nout,x=(noutn|noutd),

cat=[pos=v,v.type=full],

morf=[infl=[pf=[v.form=passp],

raf=([gender=f,num=sg]

| [gender=n,num=pl])]]];

< ><n><u><t><o>$ := [key=< >nout,x=(noutn|noutd),

cat=[pos=v,v.type=full],

morf=[infl=[pf=[v.form=passp],

raf=[gender=n,num=sg]]]];

< ><n><u><t><i>$ := [key=< >nout,x=(noutn|noutd),

cat=[pos=v,v.type=full],

morf=[infl=[pf=[v.form=passp],

raf=[gender=a,num=pl]]]];

< ><n><u><t><y>$ := [key=< >nout,x=(noutn|noutd),

cat=[pos=v,v.type=full],

morf=[infl=[pf=[v.form=passp],

raf=[gender=(i|f),num=pl]]]];

< ><n><a>$ := [key=< >nout,x=noutn,

cat=[pos=v,v.type=full],

morf=[infl=[pf=[v.form=transgr,rtense=con],
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raf=[gender=(a|i),num=sg]]]];

< ><n><o><u><c>$ := [key=< >nout,x=noutn,

cat=[pos=v,v.type=full],

morf=[infl=[pf=[v.form=transgr,rtense=con],

raf=[gender=(f|n),num=sg]]]];

< ><n><o><u><c><e>$ := [key=< >nout,x=noutn,

cat=[pos=v,v.type=full],

morf=[infl=[pf=[v.form=transgr,rtense=con],

raf=[num=pl]]]];

< ><n><u><v>$ := [key=< >nout,x=noutd,

cat=[pos=v,v.type=full],

morf=[infl=[pf=[v.form=transgr,rtense=pre],

raf=[gender=(a|i),num=sg]]]];

< ><n><u><v><�s><i>$ := [key=< >nout,x=noutd,

cat=[pos=v,v.type=full],

morf=[infl=[pf=[v.form=transgr,rtense=pre],

raf=[gender=(f|n),num=sg]]]];

< ><n><u><v><�s><e>$ := [key=< >nout,x=noutd,

cat=[pos=v,v.type=full],

morf=[infl=[pf=[v.form=transgr,rtense=pre],

raf=[num=pl]]]];

f adverbs derived from adjectives g

< ><�e>$ := [key=< >�y,x=y,hw=< >�e,cat=[pos=ad],

morf=[infl=[pf=[compar=base]]]];

< ><�e>$ :=

[key=< >��,x=(ih|iv),hw=< >�e,cat=[pos=ad],

morf=[infl=[pf=[compar=base]]]];

< ><e>$ := [key=< >�y,x=ye,hw=< >e,cat=[pos=ad],

morf=[infl=[pf=[compar=base]]]];

< ><y>$ :=

[key=< >�y,x=(cky|sky),hw=< >y,cat=[pos=ad],

morf=[infl=[pf=[compar=base]]]];

< ><�e><j><i>$ :=

[key=< >�y,x=y,hw=< >�e,cat=[pos=ad],

morf=[infl=[pf=[compar=(comp|sup)]]]];
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< ><�e><j><i>$ :=

[key=< >��,x=iv,hw=< >�e,cat=[pos=ad],

morf=[infl=[pf=[compar=(comp|sup)]]]];

< ><e><j><i>$ :=

[key=< >�y,x=ye,hw=< >e,cat=[pos=ad],

morf=[infl=[pf=[compar=(comp|sup)]]]];

< ><�c><t><�e><j><i>$ :=

[key=< >ck�y,x=cky,hw=< >cky,cat=[pos=ad],

morf=[infl=[pf=[compar=(comp|sup)]]]];

< ><�s><t><�e><j><i>$ :=

[key=< >sk�y,x=sky,hw=< >sky,cat=[pos=ad],

morf=[infl=[pf=[compar=(comp|sup)]]]];

f pattern = otc�uv (independent possesives,NOT derivations) g

< ><�u><v>$ := [key=< >�uv,x=uv,cat=[pos=a,a.type=poss],

morf=[infl=[pf=[gender=a],

raf=([gender=a,num=sg,case=(nom|voc)]

| [gender=i,num=sg,case=(nom|acc|voc)])]]];

< ><o><v><a>$ :=

[key=< >�uv,x=uv,cat=[pos=a,a.type=poss],

morf=[infl=[pf=[gender=a],

raf=([gender=a,num=sg,case=(gen|acc)]

| [gender=(i|n),num=sg,case=gen]

| [gender=f,num=sg,case=(nom|voc)]

| [gender=n,num=pl,case=(nom|acc|voc)])]]];

< ><o><v><u>$ :=

[key=< >�uv,x=uv,cat=[pos=a,a.type=poss],

morf=[infl=[pf=[gender=a],

raf=([gender=(a|i|n),num=sg,case=(dat|loc)]

| [gender=f,num=sg,case=acc])]]];

< ><o><v><�e>$ :=

[key=< >�uv,x=uv,cat=[pos=a,a.type=poss],

morf=[infl=[pf=[gender=a],

raf=([gender=(a|i|n),num=sg,case=loc]

| [gender=f,num=sg,case=(dat|loc)])]]];

< ><o><v><�y><m>$ :=
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[key=< >�uv,x=uv,cat=[pos=a,a.type=poss],

morf=[infl=[pf=[gender=a],

raf=([gender=(a|i|n),num=sg,case=ins]

| [num=pl,case=dat])]]];

< ><o><v><y>$ :=

[key=< >�uv,x=uv,cat=[pos=a,a.type=poss],

morf=[infl=[pf=[gender=a],

raf=([gender=f,num=sg,case=gen]

| [gender=(i|f),num=pl,case=(nom|acc|voc)]

| [gender=a,num=pl,case=acc])]]];

< ><o><v><o><u>$ :=

[key=< >�uv,x=uv,cat=[pos=a,a.type=poss],

morf=[infl=[pf=[gender=a],

raf=[gender=f,num=sg,case=ins]]]];

< ><o><v><o>$ :=

[key=< >�uv,x=uv,cat=[pos=a,a.type=poss],

morf=[infl=[pf=[gender=a],

raf=[gender=n,num=sg,case=(nom|acc|voc)]]]];

< ><o><v><i>$ :=

[key=< >�uv,x=uv,cat=[pos=a,a.type=poss],

morf=[infl=[pf=[gender=a],

raf=[gender=a,num=pl,case=(nom|voc)]]]];

< ><o><v><�y><c><h>$ :=

[key=< >�uv,x=uv,cat=[pos=a,a.type=poss],

morf=[infl=[pf=[gender=a],

raf=[num=pl,case=(gen|loc)]]]];

< ><o><v><�y><m><i>$ :=

[key=< >�uv,x=uv,cat=[pos=a,a.type=poss],

morf=[infl=[pf=[gender=a],

raf=[num=pl,case=ins]]]];

< ><o><v><�y><m><a>$ :=

[key=< >�uv,x=uv,cat=[pos=a,a.type=poss],

morf=[infl=[pf=[gender=a],

raf=[num=du,case=ins]]]];

f class = ku�re (nouns,neuter,-e,gen sg -ete); all subclasses g
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< ><e>$ := [key=< >e,x=kr1,cat=[pos=n],

morf=[infl=[pf=[gender=n,num=sg,case=(nom|acc|voc)]]]];

< ><�e>$ := [key=< >�e,x=(kr1x|kr4),cat=[pos=n],

morf=[infl=[pf=[gender=n,num=sg,case=(nom|acc|voc)]]]];

< ><a>$ := [key=< >a,x=kr5,cat=[pos=n],

morf=[infl=[pf=[gender=n,num=sg,case=(nom|acc|voc)]]]];

< ><t><e>$ := [key=< >,x=(kr1|kr1x|kr4),cat=[pos=n],

morf=[infl=[pf=[gender=n,num=sg,case=gen]]]];

< ><a><t><u>$ := [key=< >a,x=kr5,cat=[pos=n],

morf=[infl=[pf=[gender=n,num=sg,case=(gen|dat|loc)]]]];

< ><t><i>$ := [key=< >,x=(kr1|kr1x|kr4),cat=[pos=n],

morf=[infl=[pf=[gender=n,num=sg,case=(dat|loc)]]]];

< ><t><e><m>$ :=

[key=< >,x=(kr1|kr1x|kr4),cat=[pos=n],

morf=[infl=[pf=[gender=n,num=sg,case=ins]]]];

< ><a><t><a>$ := [key=< >e,x=kr1,cat=[pos=n],

morf=[infl=[pf=[gender=n,num=pl,case=(nom|acc|voc)]]]];

< ><a><t><a>$ := [key=< >�e,x=kr1x,cat=[pos=n],

morf=[infl=[pf=[gender=n,num=pl,case=(nom|acc|voc)]]]];

< ><�n><a><t><a>$ := [key=< >n�e,x=kr4,cat=[pos=n],

morf=[infl=[pf=[gender=n,num=pl,case=(nom|acc|voc)]]]];

< ><a><t><a>$ := [key=< >a,x=kr5,cat=[pos=n],

morf=[infl=[pf=[gender=n,num=pl,case=(nom|acc|voc)]]]];

< ><a><t>$ := [key=< >e,x=kr1,cat=[pos=n],

morf=[infl=[pf=[gender=n,num=pl,case=gen]]]];

< ><a><t>$ := [key=< >�e,x=kr1x,cat=[pos=n],

morf=[infl=[pf=[gender=n,num=pl,case=gen]]]];

< ><�n><a><t>$ := [key=< >n�e,x=kr4,cat=[pos=n],

morf=[infl=[pf=[gender=n,num=pl,case=gen]]]];

< ><a><t>$ := [key=< >a,x=kr5,cat=[pos=n],

morf=[infl=[pf=[gender=n,num=pl,case=gen]]]];

< ><a><t><�u><m>$ := [key=< >e,x=kr1,cat=[pos=n],

morf=[infl=[pf=[gender=n,num=pl,case=dat]]]];

< ><a><t><�u><m>$ := [key=< >�e,x=kr1x,cat=[pos=n],

morf=[infl=[pf=[gender=n,num=pl,case=dat]]]];

< ><�n><a><t><�u><m>$ :=

[key=< >n�e,x=kr4,cat=[pos=n],

morf=[infl=[pf=[gender=n,num=pl,case=dat]]]];

< ><a><t><�u><m>$ := [key=< >a,x=kr5,cat=[pos=n],
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morf=[infl=[pf=[gender=n,num=pl,case=dat]]]];

< ><a><t><e><c><h>$ :=

[key=< >e,x=kr1,cat=[pos=n],

morf=[infl=[pf=[gender=n,num=pl,case=loc]]]];

< ><a><t><e><c><h>$ :=

[key=< >�e,x=kr1x,cat=[pos=n],

morf=[infl=[pf=[gender=n,num=pl,case=loc]]]];

< ><�n><a><t><e><c><h>$ :=

[key=< >n�e,x=kr4,cat=[pos=n],

morf=[infl=[pf=[gender=n,num=pl,case=loc]]]];

< ><a><t><e><c><h>$ :=

[key=< >a,x=kr5,cat=[pos=n],

morf=[infl=[pf=[gender=n,num=pl,case=loc]]]];

< ><a><t><y>$ := [key=< >e,x=kr1,cat=[pos=n],

morf=[infl=[pf=[gender=n,num=pl,case=ins]]]];

< ><a><t><y>$ := [key=< >�e,x=kr1x,cat=[pos=n],

morf=[infl=[pf=[gender=n,num=pl,case=ins]]]];

< ><�n><a><t><y>$ := [key=< >n�e,x=kr4,cat=[pos=n],

morf=[infl=[pf=[gender=n,num=pl,case=ins]]]];

< ><a><t><y>$ := [key=< >a,x=kr5,cat=[pos=n],

morf=[infl=[pf=[gender=n,num=pl,case=ins]]]];

f pattern = staven�� (nouns,neuter,-��) g

< ><��>$ := [key=< >��,x=(st|ns),cat=[pos=n],

morf=[infl=[pf=([gender=n,num=sg,case=(nom|gen|dat|acc|voc|loc)]

| [gender=n,num=pl,case=(nom|gen|acc|voc)])]]];

< ><��><m>$ := [key=< >��,x=(st|ns),cat=[pos=n],

morf=[infl=[pf=([gender=n,num=sg,case=ins]

| [gender=n,num=pl,case=dat])]]];

< ><��><c><h>$ := [key=< >��,x=(st|ns),cat=[pos=n],

morf=[infl=[pf=[gender=n,num=pl,case=loc]]]];

< ><��><m><i>$ := [key=< >��,x=(st|ns),cat=[pos=n],

morf=[infl=[pf=[gender=n,num=pl,case=ins]]]];

f pattern = hrad (masc. inanim.,``hard'' consonant) g

f <T> is t or n,<K> is k,t or n g

< >$ := [key=< >,
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x=(hd1|hd1xx|hd2|hd2x|hd4|hd5x|hdus|hd1ek|hd1et|hd1en),

cat=[pos=n],

morf=[infl=[pf=[gender=i,num=sg,case=(nom|acc)]]]];

< ><u>$ := [key=< >,x=(hd1|hd2|hd4|hd2x|hd5x|hd1xx),

cat=[pos=n],

morf=[infl=[pf=[gender=i,num=sg,case=(gen|dat|loc)]]]];

< ><u>$ := [key=< >,x=(hd1g|hd1h|hd1ch|hd1k),cat=[pos=n],

morf=[infl=[pf=[gender=i,num=sg,case=(gen|dat|voc|loc)]]]];

< ><u>$ := [key=< >us,x=hdus,cat=[pos=n],

morf=[infl=[pf=[gender=i,num=sg,case=(gen|dat|loc)]]]];

< ><T><u>$ :=

[key=< >e<T>,x=(hd1et|hd1en),cat=[pos=n],

morf=[infl=[pf=[gender=i,num=sg,case=(gen|dat|loc)]]]];

< ><k><u>$ := [key=< >e<k>,x=hd1ek,cat=[pos=n],

morf=[infl=[pf=[gender=i,num=sg,case=(gen|dat|voc|loc)]]]];

< ><a>$ := [key=< >,x=(hd4|hd5x),cat=[pos=n],

morf=[infl=[pf=[gender=i,num=sg,case=gen]]]];

< ><e>$ := [key=< >,x=hd2,cat=[pos=n],

morf=[infl=[pf=[gender=i,num=sg,case=(voc|loc)]]]];

< ><e>$ :=

[key=< >,x=(hd1|hd2x|hd4|hd5x|hdus),cat=[pos=n],

morf=[infl=[pf=[gender=i,num=sg,case=voc]]]];

< ><e>$ := [key=< >us,x=hdus,cat=[pos=n],

morf=[infl=[pf=[gender=i,num=sg,case=voc]]]];

< ><T><e>$ :=

[key=< >e<T>,x=(hd1en|hd1et),cat=[pos=n],

morf=[infl=[pf=[gender=i,num=sg,case=voc]]]];

< ><�e>$ := [key=< >,x=(hd2x|hd5x),cat=[pos=n],

morf=[infl=[pf=[gender=i,num=sg,case=loc]]]];

< ><e><m>$ := [key=< >,

x=(hd1|hd2|hd4|hd2x|hd5x|hd1xx|hd1h|hd1g|hd1ch|hd1k),

cat=[pos=n],

morf=[infl=[pf=[gender=i,num=sg,case=ins]]]];

< ><e><m>$ := [key=< >us,x=hdus,cat=[pos=n],

morf=[infl=[pf=[gender=i,num=sg,case=ins]]]];

< ><K><e><m>$ :=

[key=< >e<K>,x=(hd1ek|hd1et|hd1en),cat=[pos=n],
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morf=[infl=[pf=[gender=i,num=sg,case=ins]]]];

< ><y>$ :=

[key=< >,x=(hd1|hd2|hd4|hd2x|hd5x|hd1xx|hd1h|hd1g|hd1ch|hd1k),

cat=[pos=n],

morf=[infl=[pf=[gender=i,num=pl,case=(nom|acc|voc|ins)]]]];

< ><y>$ := [key=< >y,x=(hdpy|hdpky),cat=[pos=n],

morf=[infl=[pf=[gender=i,num=pl,case=(nom|acc|voc|ins)]]]];

< ><y>$ := [key=< >us,x=hdus,cat=[pos=n],

morf=[infl=[pf=[gender=i,num=pl,case=(nom|acc|voc|ins)]]]];

< ><K><y>$ :=

[key=< >e<K>,x=(hd1ek|hd1et|hd1en),cat=[pos=n],

morf=[infl=[pf=[gender=i,num=pl,case=(nom|acc|voc|ins)]]]];

< ><�u>$ :=

[key=< >,x=(hd1|hd2|hd4|hd2x|hd5x|hd1xx|hd1h|hd1g|hd1ch|hd1k),

cat=[pos=n],

morf=[infl=[pf=[gender=i,num=pl,case=gen]]]];

< ><�u>$ := [key=< >y,x=(hdpy|hdpky),cat=[pos=n],

morf=[infl=[pf=[gender=i,num=pl,case=gen]]]];

< ><�u>$ := [key=< >us,x=hdus,cat=[pos=n],

morf=[infl=[pf=[gender=i,num=pl,case=gen]]]];

< ><K><�u>$ :=

[key=< >e<K>,x=(hd1ek|hd1et|hd1en),cat=[pos=n],

morf=[infl=[pf=[gender=i,num=pl,case=gen]]]];

< ><�u><m>$ :=

[key=< >,x=(hd1|hd2|hd4|hd2x|hd5x|hd1xx|hd1h|hd1g|hd1ch|hd1k),

cat=[pos=n],

morf=[infl=[pf=[gender=i,num=pl,case=dat]]]];

< ><�u><m>$ := [key=< >y,x=(hdpy|hdpky),cat=[pos=n],

morf=[infl=[pf=[gender=i,num=pl,case=dat]]]];

< ><�u><m>$ := [key=< >us,x=hdus,cat=[pos=n],

morf=[infl=[pf=[gender=i,num=pl,case=dat]]]];

< ><K><�u><m>$ :=

[key=< >e<K>,x=(hd1ek|hd1et|hd1en),cat=[pos=n],

morf=[infl=[pf=[gender=i,num=pl,case=dat]]]];

< ><e><c><h>$ :=

[key=< >,x=(hd1|hd2|hd4|hd2x|hd5x|hd1xx),cat=[pos=n],

morf=[infl=[pf=[gender=i,num=pl,case=loc]]]];

117



< ><e><c><h>$ := [key=< >y,x=hdpy,cat=[pos=n],

morf=[infl=[pf=[gender=i,num=pl,case=loc]]]];

< ><e><c><h>$ := [key=< >us,x=hdus,cat=[pos=n],

morf=[infl=[pf=[gender=i,num=pl,case=loc]]]];

< ><T><e><c><h>$ :=

[key=< >e<T>,x=(hd1et|hd1en),cat=[pos=n],

morf=[infl=[pf=[gender=i,num=pl,case=loc]]]];

< ><k><�a><c><h>$ := [key=< >k,x=hd1k,cat=[pos=n],

morf=[infl=[pf=[gender=i,num=pl,case=loc]]]];

< ><k><�a><c><h>$ := [key=< >ek,x=hd1ek,cat=[pos=n],

morf=[infl=[pf=[gender=i,num=pl,case=loc]]]];

< ><k><�a><c><h>$ := [key=< >ky,x=hdpky,cat=[pos=n],

morf=[infl=[pf=[gender=i,num=pl,case=loc]]]];

< ><c><��><c><h>$ := [key=< >k,x=hd1k,cat=[pos=n],

morf=[infl=[pf=[gender=i,num=pl,case=loc]]]];

< ><c><��><c><h>$ := [key=< >ek,x=hd1ek,cat=[pos=n],

morf=[infl=[pf=[gender=i,num=pl,case=loc]]]];

< ><c><��><c><h>$ := [key=< >ky,x=hdpky,cat=[pos=n],

morf=[infl=[pf=[gender=i,num=pl,case=loc]]]];

< ><��><c><h>$ := [key=< >,x=hd1xx,cat=[pos=n],

morf=[infl=[pf=[gender=i,num=pl,case=loc]]]];

< ><�s><��><c><h>$ := [key=< >ch,x=hd1ch,cat=[pos=n],

morf=[infl=[pf=[gender=i,num=pl,case=loc]]]];

< ><z><��><c><h>$ := [key=< >h,x=hd1h,cat=[pos=n],

morf=[infl=[pf=[gender=i,num=pl,case=loc]]]];

< ><z><��><c><h>$ := [key=< >g,x=hd1g,cat=[pos=n],

morf=[infl=[pf=[gender=i,num=pl,case=loc]]]];

< ><�a><c><h>$ :=

[key=< >,x=(hd1g|hd1h|hd1ch),cat=[pos=n],

morf=[infl=[pf=[gender=i,num=pl,case=loc]]]];
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