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ABSTRACT

An automatic creation of the language model for the
recognition of the spontaneous pronounced sentences
requires a creation of a large corpus of training sen-
tences where word and phrase boundaries are labeled
in the sentences automatically during sentence gener-
ation. The corpus of the training sentences contains
about 10,000 domain dependent sentences where each
sentence is unique and it has been generated us-
ing sentence templates (prototypes) and a stochas-
tic context-free grammar. The syntactic structure of
the Czech sentences used for a derivation of sentence
prototypes has been described by special sentence for-
mulas.

1. INTRODUCTION

The standard approach to large vocabulary continu-
ous speech recognition is to assume a simple proba-
bilistic model of speech production whereby a speci-
fied word sequence, W, produces an acoustic observa-
tion sequence Y, with probability P(W,Y). The goal
is then to decode the word string, based on the acous-
tic observation sequence, so that the decoded string
has the maximum a posteriori probability, i.e.

W = argmaz P(Y|W)P(W) (1)
w

when P(Y) is independent of W. The first term in
Eq. (1), P(Y|W), generally called the acoustic model,
as it estimates the probability of a sequence of acous-
tic observations, conditioned on the word string, has
been described in previous works, e.g. in [6]. The
way, in which we compute P(Y|W), for large vocab-
ulary speech recognition, is to build statistical models
for subword speech units, build up word models from
these subword speech unit models (using a lexicon to
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describe the composition of words), and then postu-
late word sequences and evaluate the acoustic model
probabilities via standard concatenation method.

The second term in Eq.(1), P(W), generally
called the language model, as it describes the proba-
bility associated with a postulated sequence of words,
is automatically created by a corpus of the training
sentences . containing about 10,000 sentences where
each sentence is unique. Such language models can
incorporate both syntactic and semantic constraints
of the language and the recognition task. In our case,
when only syntactic constraints have been used, syn-
tactic rules for the syntactic sentence structure have
been described by a system of special sentence for-
mulas (see paragraph 2). These formulas involve
the grammar of the domain-dependent subset of the
Czech natural language and they enable to describe
the sentence structures by a simple formal structure.

The corpus of the training sentences has been gen-
erated by the sentence generator ERBA. ERBA is an
acronym and stands for ”Erlanger Bahn Anfragen”
(Erlangen train inqiuries). Genarator ERBA was de-
veloped at the University of Erlangen [14], it is in-
tended to provide a large speech training database
for word recognition and it has been obtained within
the frames of the European joint research project
”"SQEL — Spoken Queries in European Languages”
which has been accepted in the European Coopera-
tion Program in Science and Technology ”Coperni-
cus” under No.1634.

2. CZECH SENTENCE FORMULAS

The syntax of the genmerated word chaines is de-
scribed using especially developed subset of sentence
formulas. The formulas were derived from a com-
plete system of the Czech sentence formulas that was
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developed in the Institute of the Czech Language
of the Czech Academy of Science [3].

The character of the morphemics (and partly also
of the surface syntax) differs according to the types
of the languages: inflectional - Czech, analytical or
isolative - English, French, German. Certain proper-
ties of these levels are more basic in that they condi-
tion other typical features of the individual language.

The main feature of analytical languages is their
abundant use of function words. This feature goes
naturally along with a lack of inflectional morphemes
and thus also of agreement, with a gramatically
”fixed” word order and with the monosyllabic char-
acter of many of the words. The main feature of in-
flectional languages seems to be that almost every
autosemantic word is inflected. Words are modified
in their morphemic and phonemic shapes (mostly by
a single ending, accompanied by alternations) accord-
ing to their.position in the structure of the sentence:
nouns, verbs, adjectives, etc., each have their end-
ings. This feature, especially the existence of endings
with adjectives, is a condition of agreement among
the sentence parts, and thus also ”free” word order is
made possible.

The Czech sentence formula has two following
components:

o a formal — grammatical component
e a semantic component

The sentence formula contains all elements of the
syntax distinctive relationships for other sentence for-
mulas. The sentence formula should be minimal and
complete the same time - it contains all the elements
which after having been completed lexical elements
create a gramatically correct statement.

A prospective development of the sentence for-
mula is given the syntax rules. The substance of the
rules is a possibility substitution founded in the func-
tion equivalence of two expressions looking for this
formula. The following three types of the rules gen-
erally exist:

1. the rules of the development
2. the rules of the extension

3. the rules of the substitution

A number of the sentence formulas is limited.
A number of the sentence formulas generated by
a syntactic rules is endless large.

The sentence formula is determined by a verb.
The central position of a verb results from the for-
mally syntactic relationship. The verb is tying other
types of words.
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The semantic component of a sentence formula
can be used for the generation of the following func-
tions:

e agens (subject is specified)

e patiens (object is specified)

Many (if not all} action nouns have more than one
lexical meaning. Not all of which are identifical with
those of the verbs, so that not all instances of these
nouns are derivable from verbs.

The problem of a generated sentence formula is
also the optional or obligatory use of one of the kinds.
The indices necessary for indicating the relevant prop-
erties of individual verbs must be included in the lat-
ter’s dictionary entries. In Czech a rather large group
of governing verbs lets the embedded verb take the
infinitive form in secondary cases.

Example 1: The following sentence formulas are
generated for the verbs of a motion, especially the
verb ”go, travel”, in Czech jet:

S — substantivum

VF — verbum finitum

praep — preposition

ADV — adverbium

A - adjectivum

— — a connection

() — a position of a sentence formula

/ — substitution

nom, gen, dat, acc,... — the cases

® & &6 & ¢ ¢ o o o

oy

. jet1 — a simple topical motion by a means of
transport: Véclav jel vlakem, autem, autobusem.
Jel do Prahy. Jel rychle. (Snhom) — VF ~ (Sinstr)
- (praep S)/... ~ Spom — processor [+ person],
Sinstr — instrument, praep S/ADV ~ — the des-
tination

2. jet2 — a simple topical motion of a means of

transport: Rychlik jede do Plzng€. Autobus
jel velkou rychlosti. (Snom) — VF - (praep
S/ADV)/ ... ~ Spom — Processor [—anim)

[+instr], [+automatic motion], praep S/ADV ~
— the destination

3. PECULIARITIES OF CZECH
SENTENCES

Czech language is a very rich language with many
word forms in each lexical category. E.g. the nouns
are declinated into seven different cases. Each noun
can occure in 8 — 11 forms differing mostly in suf-
fixes. From the viewpoint of declination rules twelve
noun subcategories are recognized. For example the
word mésto (town) can occur in the sentence in one
of following nine word forms of 2x7 cases:
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sg. pl.
1. mésto mésta
2. mésta mést
3. méstu méstim
4. mésto mésta
5. mésto masta
6. mésts méstech
7. méstem mésty

Each of this different word form have to be involved
in the vocabulary on account of his different pro-
nounciation (phonetics). Several irregularities in the
use of different forms of prepositions occuring be-
fore different forms of nouns bring about troubles
in the template (prototype) derivation. E.g. the
preposition ”z” (from) ocuurs before majority of town
names — z Prahy (from Prague), z Plzn& (from Plzei),
z Olomouce (from Olomouc), z Liberce (from Liberec),
z Vréd%e (from Vraz) etc., but the preposition form
”z¢” occurs before the names ”Sugice”, ”Zilina” or
»Znojmo” — ze SuSice, ze Ziliny, ze Znojma. Further-
more — the preposition ”v” (in) brings about simi-
lar troubles: v Praze, v Plzni, v Olomouci, v Liberdi,
v Susici, v zi!iné, but ve Znojmé; ve VraZi etc. All these
and a lot of other irregularities must be included in
the sentence formulas and sentence templates indi-
vidually.

4. CREATION OF THE SENTENCE
CORPUS

The corpus of the domain dependent training sen-
tences used for the creation of the Czech language

model was generated by the modified sentence gen-
erator ERBA. This generator enables a description
of the training sentences by the relative small set
of general sentence templates (sentence prototypes)
which were derived from the corresponding sentence
formulas. Each sentence prototype enables to gen-
erate a large amount of sentences of given syntactic
structure in which each lexical element occurs with
exactly defined probability.

To maximize the variability of the phonetic con-
text we wanted to have as many different training sen-
tences as possible. Using a stochastic sentence gen-
erator based on a context-free grammar and 16 dif-
ferent sentence prototypes (in the first phase) an ”ar-
bitrarily large” text corpus has been created. Each
utterance in the corpus is unique. The semantics of
the training senténce corpus is oriented on the rela-
tive closed problem area of the queries about the de-
partures and arrivals of international and fast trains
from/to all larger towns in the Czech Republic. In the
templates (prototypes) and in the grammar optional
parts are defined that are to be used in a certain per-
centage of the created sentences (see the following ex-
ample). The utterances consist of one sentence with
or without a subordinate clause and a short elliptic
sentence.

Two of the 16 derived Czech sentence prototypes
including some definitons of non-terminal symbols are
shown in the following simple example (the words
in brackets supplemented by integer numbers repre-
sent the optionally occuring words with the corre-
sponding word occurence probabilities):

Example 2: Two derived sentence prototypes and some definitions of non-terminal symbols:

[ @POZDAV 15 QUMYSL @CASOVYIDAJ [ @NASTROJ 110 [ @JAK 120 @QCESTA.

{ Prototypes }

Jak se [ @DEN ]50 dostanu QZPUSOB QCESTA [, a to @HODPRIBL ]20 ?

W
CAS QCAS_INTERVAL @CAS_PRESNY @CAS_PRIBL

{ Non-Terminals }

CASOVYUDAJ "[ QTENDENCE 15 QCAS" CAS_INTERVAL @DEN @HOD_INTERVAL

CAS PRESNY @DEN QHOD_PRESNE
CASPRIBL "@PRE_ASI QHOD CELE"
CESTA QCESTA_Z QCESTA_ZE

CESTAZ "[ z @STANICE2 138 [ pfes @STANICE4 110 do @STANICE 2"
"[ z @STANICE 2 138 do @STANICE2 [ pres QSTANICE4 110"

DEN dnes "v QDEN_T" "ve @DEN_TE"
DEN_T pond&li dtery patek sobotu ned&li
DEN_TE stfedu Etvrtek

POZDRAV "Dobry den." "Dobré ramno." "Dobrj veler."
PRE_ASI asi p¥ibliZn& zhruba

STANICE 2 Berlina Bratislavy "eskjch Bud&jovic" Chebu "Hradce Kralové" KoZic Mnichova
Moskvy Norimberka PafiZe Prahy "Usti nad Labem" Varzavy Ziliny

TENDENCE "co nejd¥ive" '"co nejpozd&ji"

UMYSL "Cht&l bych jet" "Rad bych jel" "Cht&l bych se dostat"

ZPUSOB nejlépe nejrychleji nejpohodin&ji nejsndze
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Example 3: The following sentences were generated using above mentioned sentence prototypes:

Cht&l bych jet asi ve &ty¥i hodiny do Hradce Krédlové.
Rad bych jel v jednadvacet hodin do Usti nad Labem.

Jak se dostanu nejsnaze do Norimberka, a to asi ve t¥i Ttvrt& na t¥i ?

Rad bych jel dnes do Var3avy.
Jak se dostanu nejlépe z Bratislavy do Berlina ?
Jak se v sobotu dostanu nejpohodln&ji do Ko3ic 7

Cht3l bych se dostat mezi Zestou a sedmou hodinou pfimo do Usti nad Labem.

R4d bych jel pfibliZn& ve t¥i hodiny do Prahy.
Chté&l bych se dostat v utery do Moskvy.
Cht&l bych se dostat dnes pf¥es Mnichov do PafiZe.

Jak se dostanu nejrychleji do Chebu, a to pfibliZn& v sedmnict hodin ?

Jak se dostanu nejpohodln&ji do Berlina 7
Cht&l bych se dostat v patek do Usti nad Labem.
Dobry veler.
Dobry den.

Rad bych jel zhruba ve &ty¥i hodiny do Mnichova.

Cht&l bych se dostat v pond&li bez piestupu do Bratislavy.

~ Cht&l bych se dostat mezi tfeti a osmou hodinou do Prahy.
Cht&l bych jet pfibliZné& ve dv& hodiny ze Ziliny do Ko&ic.
Jak se ve Ztvrtek dostanu nejsnaze pres Cheb do Norimberka 7
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