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ibes the syntactic grammar for automatic text segme.
tation into syntagms in Belarusian by means of NooJ'. It is l?ased on the pringi-
ple of defining sequences of linguistic elements assocnate(_i with certain semantjc
relationships and aimed at searching stmctmjal and.semanuc components of utter-
ances and delimiting them into accentual units. Its 1mp!ementatlon 15 essential for
improving the synthetic speech generated by Belarusian text-to-speech systems

using prepared syntactic grammars in Nool.

Abstract. The article desc
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1 Introduction

To date, there are no general rules or mechanisms for automatic prosodic delimitation
and an unambiguous definition of syntagms in a written text or speech flow. The study of
prosodic speech organization is conducted on the basis of auditory and experimental anal-
yses, with the help of which the parameters of super-segmental means are distinguished.
They are the limits of the speech flow segmentation, types of intonation constructions
(IC), tonal, dynamic and quantitative signals of the IC center, changes in the speed and
intensity of sound. All these components are difficult to transfer as a unified component
at the computer level and reproduce identically to natural speech.

This problem is quite common for text-to-speech (which converts arbitrary text into
speech) and recognition (which automatically converts a speech signal into written text)
systems. Despite the achievements in the field of synthesized speech, the problem of
q“al"a“"? speech synthesis is only partially developed [1, 2]. Firstly, over time, new
technologies are emerging to better solve certain issues of speech synthesis. Secondly, 2
n}xmber of algorithms, as well as many linguistic resources necessary for speech sy mihe-
S, e lang_uage-dependem and have not yet been developed for all languages. includ-
ing Belmsnan. Therefore, the research in the field of speech synthesis, in particuld"
Belaru§|an text-to-speech (TTS), is relevant to this day.

.Tl'us 'work IS a continuation of previous research dedicated to automatic speech
delimitation. At.previous stages of the research, punctuation was used as the majer
means of separating analyzed text into syntagms [3, 4]. Now we have applied a technique
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Prosodic Segmentation of Belarusian Texts in NooJ h] |

for aut9mated phrase segmentation not only at the punctuational level but also at the
semantic. The keystone is the number of syntagms in a sentence that can significantly
exceed the number of punctuation marks in the text [5]. Morphological and syntactic
principle is the main core of the research. The approach is confined to the ability of a
particular spce;h part to match with words of other lexical and grammatical classes and
occupy a certain syntactic position. The concept is grounded in a superficial syntactic
analysis of a text with an emphasis on grammatical characteristics of speech parts that
combine accentual units.

2 Relevance of the Study: Lack of Automatic Prosodic
Segmentation in TTS

The percgption of oral speech is characterized by the fact of how the listener recognizes
the meaning of what he has heard. With any chosen approach to assessing the quality
of synthesized speech, the main accepted verification parameters are intelligibility of
speech, naturalness of speech, evaluation of individual modules of the system, evaluation
of recognition, understanding of meaning, expressiveness, emotionality.

The noted parameters of high-quality speech are indicated not only by the developers
of language computer technologies, the problem of localizing intonation boundaries in
the voiced text is one of the main tasks of the prosodic processor, which is a manda-
tory block in any automatic speech synthesis system. Syntagmatic articulation of the
speech stream identifies minimal semantic units and displays the structural and semantic
components of utterances.

The lack of depth syntactic analysis complicates automatic syntagm allocation. It
leads to the search for alternative approaches to the development of machine algorithms,
methods and techniques for determining the sequence of language elements associated
with certain semantic relationships. The delimitation of speech primarily depends on the
ntence, the word order, homogeneous terms, the nature of the word
combinations and other language parameters. These complications should be considered
and marked in separate syntagms during the development of such systems.

For us, this direction is quite topical. Text-to-text speech synthesis includes a set
of questions to ensure the possibility of high-quality processing of arbitrary text into
artificial speech [6]. This technology has a wide potential, as proven by numerous TTS
for different languages. For the Belarusian language, the most famous is the system called
“Multyfon-4", on the basis of which the staff of the Speech Synthesis and Recognition
Laboratory of the United Institute of Informatics Problems (UIIP) [7] of the National
Academy of Sciences of Belarus has created an Internet version of the Belarusian-
language synthesizer, which is publicly available and free to use (Fig. 1). It converts
electronic text into a speech signal in Belarusian, Russian and English with Belarusian

accent [8].

structure of the se
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Fig. 1. The interface of Belarusian text-to-speech synthesizer.
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Today, new functions are still being incorporated into this synthesizer and already
developed ones are being improved. It processes Belarusian texts quite qUalitalively,
but not perfectly. This is due to a prosodic processor where intonation is almost absent.
Belarusian TTS still lacks more or less clear (adequate) intonation — that is, the unity of
interrelated components of speech, such as melody, intensity, duration, tempo and timbre,
which are inherent in any living utterance. All this reflects a low level of qualified artificial
voice and prevents the creation of high-tech national products. In connection with the
above, programmers and linguists are faced with the question to consider the phonetic
and prosodic characteristics of speech in conjunction with computer technologies where
the need for good prosodic processing is the main point to analyze.

3 Text Sources: Corpus of Literary and Medical Texts

In the framework of the research, we composed a text corpus which contains 200 sen-
tences of medical and 200 sentences of literary domains (Fig. 2). The total number is
400 syntactic-accentual units. Stylistic and genre diversity of the selected material is
i over all possible communicative and syntactic types of
Sentences inherent in the modern Belarusian standard language. Styles differ in the set
of ll_nguistic means and their use under the content, tasks and situations of the utterance.
So.ifa literary text (stylistically enclosed) is focused on evoking an emotional response,
mﬂuencn?g the psycho-emotional sphere of the reader/listener, then medical texts are
characterized by a strict, almost expressionless nature of scientific and journalistic con-

€nt using special vocabulary, terminology, abbreviations, a few syntactic constructions

g(zldar;ety of sy '}taCFiC constructions of both styles allows considering a variety of word
©IS Interaction in the combination of “the main word-dependent components -
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Within previous research, tl?e staff of Speech synthesis and recognition laboratory
created a text corpus of a medical domain. It was compiled on th

$ ‘ e basis of medical
news published in following medical Internet portals: Health C.

: ; ommittee of Minsk City
Executive Committee, Minsk City Gynecological Hospital, 1st Central Regional Clinical

Polyclinic of the Central district of Minsk, 4th City Clinical Hospital named after M.J.
Saiicanka. Our laboratory works on Russian-Belarusian

-English translations of these
sites. On the rights of authors of bilingual translations, we took the news and formed
the corpus. Literary texts are taken from works of Belarusian writers, including the
publication “Belarusian literary heritage: an anthology. In 2 books”.
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Fig. 2. Text corpus of literary and medical domains.

Initial corpus processing showed the next peculiarities for different styles (journalis-
tic and literary). Literary texts are full of auxiliary parts of speech, have free word order,
expressive phrases, and lots of punctuation marks. On the contrary, medical texts are
characterized by long sentences, numerous constructions of adjectives and nouns, only
nouns, nouns, adjectives and nouns. Auxiliary parts of speech, as a rule, are represented
by particles and conjunctions. Punctuation is not so widespread, the most frequent is
comma. These regularities were considered during the compilation of the list of rules.

4 Extraction of Syntagms

For the moment, there are no
Speech. But the resul
for develop
find the int
Wwith an e
th
di

general rules for the syntagm extraction of Belarusian
ts of the statistical analysis based on experimental data give grounds
ing a general algorithm for its delimitation. The system that is planned to
onation boundaries of syntagms is based on a superficial syntactic analysis
; mphasis on grammatical characteristics of speech parts. The primary task of
IS work is to develop rules and an algorithm of formal syntactic grammars that will
vide a sentence into syntagms. To develop an algorithm, it is necessary to take into
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mharl’a‘;SCSD grlrsufzsr’i‘;i task of thi: study is correct extraction of all syntagms (PS, GS,
55) by de\'elopi}lg. testing and improving synFactic grammars basec.‘l on NooJ [9]. ‘
Based on the theoretical analysis and applied computer processing of text maten.al,
we propose a step-by-step algorithm for determining syntagms and mto.n'atlon boundaries
in the text. It comprises three major blocks according to the definition of syntagms

(punctuation, grammatical, lexical). ' .
In the first stage, the text is divided into sentences. Punctuation marks, which define

the end of a sentence (a period, a question mark, an exclamation mark, a question mark
with an exclamation mark, three exclamation marks) are used for this. The next step is
partitioning the sentence into syntagms, namely the sequential extraction of syntagms
(punctuational, grammatical and lexical). After determining each type of syntagm, the
syntagm boundary is arranged with the input of the corresponding marker. PS are dis-
tinguished according to punctuation marks that characterize syntactic relations within a
sentence (comma, semicolon, dash, colon, brackets, quotation marks). Numbers, abbre-
viations and proper names are allocated in a Separate syntagm precisely because the
problem of their decoding has not been solved in the Belarusian TTS. This is done sep-
Z,'Z"Eli.f ﬁf’éﬁﬁiﬁ?n lésieri}igj search for stable word combinations is carried out on
form a separate syntagm (gGS) N lctuol:]ary " phraseol(?glca! " Lfeplesau. They
. of the sywagm i bef(;re €xL, the search for conjunctions and placing the mflrkef
meaning: connective (combinativ(::onjuncucm-acco.r d".lg (o e R by func.t o
i subordinats P i > enumerative-distributive, comparative, gradational)
oot . » ‘emporary, conditional, causal, target, introductory, final,
parative, of place, mode of action, measure fd T .
the list of forma] rules for dividine (he res, o egrees). The last point is applylf'g
1ding the text into lexical syntagms in accordance with

the computer Je
. gend. The result s 3 Yl . :
boundaries with their formal mark;:rsn output of all sentences delimited by intonation

9 gy
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Figure 3 shows the algorithm for determining syntagms and intonation boundaries
1 -
in sentences.
; jon marks the end of a Punctuation marks: ", ™.
Sentence segrenianon Ps.lx::m - ’ » 7,17, e, o,
{
Delimiting punctuational R Syntax grammar for extracting Punctuation marks: “,”,
grammars punctuational syntagmas M wn e wn |
A . > oa8
Delimiting grammatical | | Searching for phraseological units, Belarusian digitized
grammars ™| abbreviations, numbers, |_y| dictionary of
proper nouns, etc. phraseological units by L.
l Lepeshev
Delimiting lexical Syntax grammars for extracting ' formal rules for :
gramunars lexical syntagmas delimiting lexical
syntagmas
Output of the
segmented into
syntagmas text

Fig. 3. The algorithm for extracting syntagms and intonation boundaries.

Separating lexical syntagms is the most difficult problem, which are interconnected
at the semantic and syntactic levels. This group of lexemes can be determined on the
basis of creating general syntactic grammars for a computer expert system, which will
search for similar syntactic constructions in a database or a corpus. Each grammar must
be presented with a personal syntactic rule to isolate their intonation boundaries in a
specific sentence.

In the research, following syntactic rules were used for the arrangement of syn-
tagm boundaries. They are based on the semantic and formal union of two (or more)
full-meaning words connected by subordinate relations of the Belarusian standard lan-
guage. According to the number of principal parts of speech that can serve as the main
component, there are 6 types of phrases. They are extracted according to the main
word/component and some subordinate members of the sentence:

I. Anattributive syntagm that includes a noun and several dependent or interdependent
components; a noun and a group of words that convey the same related concepts; a
noun fmd a compound name; a noun and a syntactically indivisible phrase. In these
com_bmations, the main component is the noun.

2, Altrlbu.tive syntagm with prepositional arrangement separates combinations of
Z:eposnions. adjectives with nouns; combinations of prepositions, nouns or a verb

oup.
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3. Predicative syntagm, where the verb or ad\{erblal plz;::(:z ;lljiﬁ:i:x:::locuzg :l:,t()j Sem N
. tic core of the sentence which enters subordmat.e re it i ol Ord",ale
members of the sentence: a verb with a'df'crbs. a ver. errb with ar(ic‘c:csm Caseg.
a verb and preposition with nouns in different C?scsé(?nsislem aufilia lpvts' SUbor.
dinate numerals, pronouns, dependent infinitive, a g onemsr'y C:'b 10 be
also a verb and several semi-dependent or sub-depetn. ik a:zl . com, averb ap A
group of words that convey the S;l,llne rhel:st:d concepis, Pound napy,,
/ i indivisible phrase. ' ) '

N : :‘egl;jae‘;? :z:::;::;cilvli)tlh a pronoun as the main con?ponent,d mcludmg. a
and a noun in different cases; a pronoun, a preposmofn and a noun in
cases: a pronoun, an adjective in ll'le ~fo.rr.ns of degree o codmparlso:'n (\lmth adverpy
and particles; a pronoun with an infinitive; a pronom;n and s;vera ePefldem‘ o
interdependent components; a pronoun .and a group o woli S that convey identicy)
related concepts; a pronoun and syntactically mdwmb}e phrase, etc.

5. Adverbial Syntagm, where an adverb. acts as the main component in the folloy,.
ing combinations: an adverb and qualn'atlve_/quantltat|ye/qualltat|v§-clrcumstamim
adverb: qualitative/quantitative/qualitative-circumstantial adverb with a Preposition
and a noun in different cases; an adverb and pronouns.

6. Conjunctional syntagm: the boundary is placed before all types of conjunctions,

Pronoyy
dlfferem

Using theoretical knowledge in the delimitation of Belarusian texts the authors have

developed a list of formal rules for determining lexical syntagms based on the corpus of
literary and medical domains (see Fig. 4).

I+N+I+N—-I/V//PUNKT/
I+N+I+J+N+V—I/C//PUNKT/
+N+D+J+J+N—I/C/V//PUNKT//L/PART2
+N+N—I/C/V//PUNKT/L/)
I+N+N+[+N—C/V//PUNKT/L/MV
I+N+N+J+N-V/C/V//PUNKT//L/PART2/R
I+N+N+N/NPG—NPN/I/V. //PUNKT/C
[+N+N—-I/C/V/PUNKT/L/PART2

Fig. 4. The fragment of a list of formal rules for determining lexical syntagms.

h line describes a combination of s

Eac peech parts that are included in one syntactic
rule. The computer system must co

nsistently analyze each rule until it finds the item
that matches the combinations of certain words in the sentence and automatically sets
the boundaries of syntagms. The main principle is to consider the right and the left
contexts that separate Syntagms. Uppercase of Latin letters marks a part of speech and
Its case, the “+” sjgns 4 combination, the right arrow “—" indicates the parts of speech
that separates previous and subsequent syntagms (starts a new syntagm), forward slash
T/l; suggests P0§Sihle variants of those parts of speech that begin the next syntagm
pur?ctflz }ijN Kle symbol dc.sc'ribes any of the punctuation marks that possibly §epa‘rja;f’5r

ondlsyntagms. It is important to note that syntactic grammars are designe
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the computer processing of syntactic-accent units at the machine level. For the moment,
the list consists of 300 formal rules. However, their number may increase during the
analysis of a larger volume of material and testing the system for defining new types of

syntagms. : : : :
For a clearer understanding, consider two sentences of the literary and medical

domains.

An example of medical sentence: )

Haradskaja klinicnaja balnica chutkaj dapamohi
horada Minska zjaiiliajecca viaducaj ustanovaj u krainie pa akazanni kruhlasutacnaj
spiecyjalizavanaj ekstranaj dapamohi roznym katehoryjam nasielnictva: [Haradskaja
klini¢naja balnica (IN+IN+N—JR+NR+NG+NG)] [chutkaj dapamohi horada Min-
ska (J+N+N+N—I/C/V//PUNKT/L/PART2)] [zjaiiliajecca viaduCaj ustanovaj u krainie
(V+J+N+I+N—D)] [krainie pa akazanni kruhlasutacnaj spiecyjalizavanaj ekstranaj
dapamohi (I+N+JG+JG+NG+NG— I/J/C/V//PUNKT/L/PART2/J)] [roznym katehory-
jam nasiefnictva (J+N+N—>V/R/I//PUNKT)].

;
3 [&".* @M@‘r e

ém:tm i# w!+llm‘m&mg

An example of a literary sentence:

Hos¢ davierliva prytuliii halavu da jaho halavy, niby najliepsy siabra albo navat
brat, abniaii.: [Hos¢ davierliva prytuliti halavu (N+R+V+N—I/R/P/INF)] [da jaho
halavy (I+P+N—1/C/V//PUNKT/)] [niby najliepSy siabra (R+J+N—C//I//PUNKT/)]
[afbo navat brat (C+R+N—C/I//PUNKT)] [abniaii (/PUNKT/— V—/PUNKT)/)].

s
ﬂe&éd&u&:ﬁm@hﬂb&!&t&:&‘ gﬁmm&@m&u@@m‘ %m‘m

5 Syntactic Grammar for Extracting Syntagms in NooJ

The work carried out on prosodic segmentation makes it possible to automate the created
and systematized resources based on NooJ [10]. The developed algorithm and formal
rules for determining syntagms form the basis for creating a syntactic grammar for
computer processing of grammatical structure of syntagm. Based on the segmentation
methods proposed above, we improved syntactic grammar (Fig. 5), which represents
the initial stage of prosodic text processing for Belarusian-language speech synthesis
systems. It consists of 8 graphs which search syntagms according to parts of speech.
They are adjective, prepositional, pronoun, noun, verb, adverbial, conjunctional, particle
groups. They are considered as the first component in the sequence of parts of speech
that form a new syntagm.
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The principle of grammar 1s as follows: the system cor.151stently analyzes the fory,
ases in a sentence. If it finds a coincidence of p, al
or-

grammatical indicators of words/phr ,

phological and syntactic characteristics of speech parts according to the forma] rul

of each subgraph, it encloses them in a syntagm. It also notes the graph to whicp, tle:S
e

syntagm corresponds. The characters SYNT. (,), in the subgraph reflect the beginy;

and the end of the syntagm, which the system automatically highlights in the sentenmg
The right and left contexts are indicated before and after these symbols. Then ¢q nc(?'
nations of speech parts should coincide with a separate formal rule given in the 1imbl‘
formal rules. After finding the correct subgraph corresponding to a certain rule fs el
the list, the system analyzes the right context: formal markers indicating the bou,,;::;

petwqcn.symagms (main/auxiliary parts of speech or punctuation marks). This

is an indicator of the next syntagm. Thus, a boundary is drawn between the Combfnarker
of words of one subgraph and certain markers that begin a new syntagm. | e
with this principle, syntactic grammar works. - 1t accordance
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ADVERBIAL GROUP
VERB>
— <VERB+afinitive>
NOUN> <
PREPOSITION>
ﬁmgm" <CONJUNCTION>
2 <NUMERAL>
<PRONOUN>
; <PREDICATIVE>

<GERUND>
<PARTICIPLE>
<ADVERB>

e

Fig. 6. The graph for extracting adverbial syntagms.

It’s very important to consider the right and the left context (words/expressions)
which surround this syntagm for delimiting its boundaries. According to this subgraph,
the left context can be a noun, a conjunction, a pronoun or some punctuation marks
represented in this figure. The right context can be represented by any main part of
speech, some auxiliary parts of speech or punctuation marks.

Figure 7 demonstrates the search of verbal syntagms where a verb is the main
component.

(VERB>
VERBGROUP .m-m;r-amu' PREPO 5

)

—— -

Fig. 7. The graph for extracting verbal syntagms.

For a clearer understanding of grammar, let’s analyze the first line of the graph: a
verb in combination with an infinitive, noun, adjective and noun forms the first verb
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- 11 be followed by any punctuation, NOtion,|
e if they will be Al woy,
ms in case !

e : o
group of syntag of speech (Fig. 8).

an auxiliary part

PREPOSITIONS
CONJUNCTIONS
NUMERAL »
<ADJECTIVE>
<PRONOUN>
. <PREDICATIVE»>
N <GERUND>

= (_’ m%

<ADVERB>

<
«
«

r-rf\o~.

[..«A... —

Fig.8. The graph for extracting verbal syntagms according to

/PUNKT/— V+INF+N+J+N— C/I///PUNKT/

the rule

Itis realized in the sentence “Ilasea, ApHyYwvics 3 8y.Aiybl, 8bpauLbLy npwipayy
Keamapy noevm nvaacocam”. (Paviel, viarnuiisysia z vulicy, vyrasyi prybraé kvaten
novym pylasosam) and presented by the next formal rule for extracting lexical syntagms:
/PUNKT/— V+INF+N+J+N— C/I///PUNKT/

The results of applying syntactic grammar are shown in Fig. 9. It separates the left
context, a syntagm marked with its type and the right context.

_EJM [—S:chu:- before. and [ 5 ofer Duplay ¥ Maiches ¥ Ouputs
“ word

Bapojicxi) azesa § Delor Sog | After ]
©K) Favesa Yecymyna se 3oci 3 rauasy /PREPGR "B, A
(T B. Znrizonm) Ex du 3 sentpon aGuryya. (T B. Juataos)

B. Naxizoziv) Ex w6 3

¢ COIHM 20708, (5. Ci
| CruEB 2a%08i. (A, Cimaxo¥) Siua
Aarom. (A Cinkof) Sl npsnazanrace

3 HeaxBoTAIO NpBIKIY/PREPGR

Heaxsotaio npukiay 2WNOUNGRueaxsoTao npuxtay
#ifa npumaRRIACY 1'NOUNGR 8 mphnaziamacy

Chmy)nnnmmum - &1 a1y ratw pyx/PRGR

& a3y oo pyx,

3apouxi) C:108a ¥nipacrae Tpamae, |
€k he ToR. (P. Eapaayzim)
Ww.toiu
nmommp‘wmom’.“'m
“‘-""mmirommw
lwn:y:mmu

nazama, mro
W(&Km)ym
ymWwi
W'(K'KM)ZLHM
(K- Kpanisa) 21t surey ppg

Fig. 9. Applying Syntactic grammar ip the 6orpus of medié

| 4B RasTABATICH /CONJGRCONgr
€3 32002} yoUPREPGR

A 8 s0asfex §x0/CONIGRCONgr
Outy y aysoxax nYVERBG

¥ aysax nuyPREPGR

Surag 3 s VERBG

3 namna /PREPGR

38 Mopax amuy et/ PREPGR
MOPM MLy e NOUNGRuo
Y2poTka¢ xuuné ¥NOUNGRxaporxae

pav amuayfica

Auné
XYTHas nena DaKAteRray NOUNGRXyTkas 3nexs pa——

P2 CT5HY0 1seamy crpamy VPREPGR
Y “l"mbvy UNOUNGRW exasy cpaasly

caufiyio

14 g cnixsl zat08i. (4

se cnimst aaroui, (8 Cinaxof
auiCasxi, &R axyy T pyYX

&1 axvyy T pyx.

b a.;'i‘mm%
§1. 3apaux) Cao8a Fripactae
ixnm-'rlnu'm‘fowﬂﬂ

DITO AK 32 MOpaM
2 (8. Kynam) ¥ mairysa KaporEe
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and literary domains.
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The grammar has some flaws and demands follow-up revision. The main hypothesis
of the grammar is sequential processing of each subgraph from the most complex to
the simplest. The same is necessary for graphs. Unfortunately, for today this problem is
not resolved. The system analyzes the corpus randomly, the same sentences are checked
according to different formal rules. Also, there is a problem with homonyms, numbers
and abbreviations which are not taken into account in the grammar.

The next step of the research is detailed grammar testing on the whole corpus for

searching new word combinations into syntagms, adding them into graphs and correcting
mistakes.

6 Conclusion

The article presents the syntactic grammar for automatic extraction of syntagms and
highlighting the intonation boundaries between syntagms at the syntax level in NooJ.
The main core is the morphological and syntactic principle that lies in the ability of
a particular speech part to match with other words or word forms and occupy certain
positions in the sentence. The concept is grounded in a superficial syntactic analysis of
different texts (based on the corpus of literary and medical domains) with the emphasis on
grammatical characteristics of speech parts that combine accentual units. The purpose of
preparing the corpus of different domains is to search and define syntactic constructions
in the Belarusian language, not separated by punctuation marks and conjunctions. Their
detailed analysis (mostly manual processing of every sentence) provides the source for
compiling a list of formal syntactic rules that will later be used by an expert system as the
means of searching for identical structures in the input text and determining intonation
boundaries within every sentence in Nool. Identified prosodic aspects estimate the value
of intonation peculiarities of Belarusian. Obtained results will be used for further research
in automatic processing of prosodic structure of Belarusian, in particular for computer
systems with voice accompaniment.
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