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The article discusses problems of identification, analysis, classification
(according to the International System of Units and separately according
to word formation peculiarities), and processing of quantitative expressions
(QE) with measurement units (MUs) as applied to text-to-speech synthesis
by means of the linguistic processor NoodJ' and specially collected legal,
scientific and technical text corpora for the Belarusian and Russian lan-
guages. In addition to a general description of algorithms and resources
for finding QE in Belarusian and Russian texts, the paper gives an overview
of QE with MUs with regard to how their components could be written, i.e.
digital descriptors, and MUs proper (five different types). It is shown that
QE with MUs can get the correct intonation marking only after they are prop-
erly generated, i. e. expanded into orthographical words.
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Introduction

After the Belarusian and Russian NooJ modules [3] were obtained, it became
possible to check and update experimental solutions to different linguistic tasks in ap-
plication to text-to-speech synthesis [1, 2]. Synthesizers which use orthographic texts
cope well with voicing orthographic words [7], but abbreviations, acronyms, num-
bers, symbols, etc. demand preprocessing into real words before they can be voiced.

The main purpose of this article is to describe approaches to identification and trans-
formation of quantitative expressions (QE) with measurement units (MUs) into correct
orthographic words in hand-crafted scientific, technical and legal text corpora for Belaru-
sian and Russian; and to prove its importance for correct intonational marking of texts.

! http://www.nooj4nlp.net/pages/nooj.html
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Processing of quantitative expressions with units of measurement in scientific texts

To give an example, Belarusian sequences like 123 mMA 123 mA’ and 120 mMA
‘120 mA’ have to be transformed by the synthesizers into sequences of words with
intricate agreement: resp. cmo odsayyaub mpwut miniamnepst and cmo dsayyays
Mminiamnep, because Belarusian (and Russian) numerals are declinable and can influ-
ence subsequent words (in our case measurement units), unlike English, where, e. g.,
a preposition before a numeral does not change anything in the voicing of MUs. For
the present we deal with generating QE in the Nominative.

When dealing with QE with MUs, many difficulties arise. First, they are conditioned
by a great variety of numeral quantifiers and names of units, both in writing and formation.
Creating rules of complex expressions localization for all cases is practically impossible (that
is exactly the reason why regular expressions are not the best way to obtain localization
rules). In order to simplify this process, it is extremely important to use tools that allow users
to easily modify previously-developed rules and add new ones. The international program
NooJ is one such tool. It allows implementing sophisticated algorithms of searching for com-
pound text fragments in Belarusian and Russian in the form of visual executable graphs.

Second, an expression with a MU is difficult to recognize and analyze (note
a considerable number of digits, words with quantitative meaning with all their pos-
sible paradigmatic forms, names of metrological system units) without thoroughly
prepared linguistic resources, i.e., dictionaries with all possible word forms, abbrevia-
tions, and rules for building derivative forms of measurement units. This is necessary,
e. g., for proper treatment of expressions with units of length, written in various ways:
1 m (1 m), 31 memp (31 meters), 25 mempay (25 meters), 44 mempot (44 meters) [4].

Third, QE with MUs are language-dependent: in English meter and mile are ab-
breviated as m, while in Belarusian and Russian as m; even within largely similar
Russian and Belarusian, names of measurement units differ in spelling — 2adsina,
yac ‘hour’. Therefore, it is essential to make accurate provisions for each language.

Significant results have been achieved by European researchers and developers
of the Quantalyze semantic annotation and search service?, and Numeric Property
Searching service in Derwent World Patents Index on STN®. However, language ori-
entation is the reason why theoretical or practical results cannot be fully reusable for
Belarusian or Russian. We view QE with MUs as combinations where each component
requires a specific approach for successful identification.

Searching for and classifying QE with MUs according to the SI

In order to construct and test algorithms, four text corpora were formed for two do-
mains: scientific, technical and legal (two for each language) (Fig. 1) [4]. According to the
main graph (Fig. 2) of the obtained algorithms (for Belarusian and Russian they differ
in some language-dependent subgraphs), any text fragment is initially checked in the 1st
subgraph (Numeral Quantifier) if it has a compound numerical descriptor (Fig. 3).

2 https://www.quantalyze.com/en/

3 http://www.stn-international.com/numeric_property_searching.html
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File Name 186.2.1. 12 meTpay ans aytamabing, Tpaneiibyca, npblyana;
Paansen 21. Pyx ryasbix TPEHCMADTHEI CPOAKSY, KOHHIKAY | MPErOH KeiB&nk! o . o
Pasiaen 22 Kocrorses v coernamunt niwgapn e arvarasi | | 100-2-2. 13,6 meTpa ans ayTobyca 3 geyma socsmi, 15 metpay
Pasnsen 23, Mlepasoska Macaxbipaj AN ayjTobyca 3 Gonblu YbiM ABYMa BOCAMI;

Pasnsen 24. Mepasosia rpysay o

Pasiasn 25, Bycipo it Mexer b TPEHCED TS POIKE] 186.2.3. 18,75 meTpa anA cy4yneHeHara ayTobyca, cyuneHeHara
Paspsen 26 Actojiein nanaxan a6 aonycicy Tparcnaptheo cpomcaj £a jazeny | (TpaNenByca;

Paansen 27, AfanaKi cyxfosbiX | iHWbX 5006 Na saecnAuanH BACNESKi SapoH

a)
e Name 89.2. aBTOBYcam n MoToumknam — He Gonee 90 km/u;
T e S —
Tnpa 11 CHOPOCTS ABUDKEHMR THAHCNOPTHEX GPEACTE 89.3. aBToBYyCcam, NErkoBbLIM M rPy30BbLIM aBTOMOGKAAM NpK UX
Tnsa 12. OBrow. BCTpSuHei pastesn OEVKEHWM C NPULENOM, FPY30BbIM aBTOMOBWNAM € TEXHUYECKK

Iniaea 13. Mpoesn neperpecTkon = s £
I'naga 14. TlewexoHele Nepexo/iel v 0CTEHOBOUHsIE MyHKTEI MapwpyTHex TpaHd | OMYCTUMOWN oﬁmew maccoil Gonee 3‘5 TOHHbI H&8 aBTOMarucTpanax —

Inaga 15. MpenMyllecTBo MapUIPYTHLX TRAHEMOPTHLIX CREACTE 2
Trns 16, Homaomaonomtos nobeany He Gonee 90 km/v, Ha ocTanbHbIX Aoporax — He Gonee 70 km/y;

File Name 186.2.1. 12 meters for a motor vehicle, trolleybus, trailer;
Chapter 21. Traffic of animal-drawn vehicles, horseback riders and guiding 186.2.2. 13.5 meters for a bus with two axles. 15 meters
ek = .

Chapter 22. Use of exdemal luminous and audible devices of vehicles B
Chapter 23. Camage of passengers for a bus with more than two axles;

Chapter 24. Camiage of goods - -

Chonter 25, Towing of pomer civen vahickes 186.2.3. 18.75 meters for an articulated bus, articulated
Chapter 26, General provisions about admission of vehicles to participat= | [trollevbus:

c)

Fig. 1. Fragments of legal text corpora for (a) Belarusian,
(b) Russian, and (c) translated into English
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>

Fig. 2. The main graph of the algorithm for identification of QE with MUs

It should be noted that this subgraph works out not only for prime, decimal
and fractional numbers in various forms of writing, but also for compound numeri-
cal combinations with exponential parts and periods. Some results of its work can
be observed in the form of a concordance (Fig. 4). It should be emphasized that this
subgraph is language-independent (Fig. 4c).
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Fig. 3. The subgraph for identification of numbers
and compound numerical combinations
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Processing of quantitative expressions with units of measurement in scientific texts

Before| Segq. |Af'ter
aneKTpaTaxHivHall kamician) IEC 60027 YKblBaeuua nasHaqaHHe Mbit
npocta Mb). 1 merabit= 10002 6iT = 10*6 6ir = 1000000 Git
Mb). 1 merabit = 1000"2 6ir= 10"6 Bit = 1000000 6it. [d3ecATkoB
Hanpbiknag: 1/6 = 0,166666... = 0,1(6) ; 147 =0,1428571428... = 0,(14
£0,1(6); 1/7 =0,1428571428... = 0,(142857)
a)
Before | Seq. | After
aBTOMarncTpansx - He Gonee 110 Kkm/u, Ha
ABymA ocAmK; - - 18,75 MeTpa AnA COUNIeHeHHorg
B cpegHem cocTaBnaeT 5-104(-5) Tn, aHa
Ha sksaTope (wnpoTta 0°) — 3,1-10%(-5) Tn. 5. Om — eguHnya
6ombapanpoeke Xupocumbl: okono 6-10%13 k. SHeprua coToHa
KpacHoro Bugumoro ceeta: 2,61-10%-19) [Ixk.
b)
Before | Seq. | After
is equalto 6.24150974x10"18 eV (electronvolts). 1 joule
is equalto 2.3901x10%-4) kcal (thermochemical kilog
defined as exactly 0.0254 m, and the
defined as exactly 453.59237 g.Alsoa
are equivalentto 1/100 . An integer such
c)

Fig. 4. Results of identifying complex numerical expressions in
(a) Belarusian, (b) Russian, and (c) English texts

After the first subgraph has been processed, the algorithm proceeds to other
subgraphs, which are connected to its output by means of respective transition lines.
The subgraph System International identifies units according to the SI, e. g., kinazpam
‘kilogram’; the subgraph Derived — SI derivatives (Fig. 5), such as zepy ‘hertz’; the
subgraph Other systems — frequently used, but non-systemic units, such as uac ‘hour’.
If any of the three subgraphs works out, the sequence of respective transition lines
on the way to the main graph’s output is indicated by markers. Let us draw up a list
of some possible markers: MEAS, MEAS+SI+..., MEAS+D+SI+... . They correspond
to the above-mentioned subgraphs’ respective predestinations. Three dots in the last
two markers can be replaced by special markers within a respective subgraph that
works out. At the same time names of MUs (or their word forms) correspond to names
of respective physical values (or their word forms). Take the word combination zazans
3,3 moni ‘add 3,3 moles’ as an example. The algorithm will recognize the following ex-
pression: 3,3 moi ‘3,3 moles’. It will receive the following marker: MEAS+SI+Amount
of substance. The marker enables one to identify exactly which subgraph works out
and which unit of measurement is used. The code MEAS means that the expression
3,3 moui ‘3,3 moles’ contains a unit of measurementmouii ‘moles’. The code + SIinforms
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that the MU moni ‘moles’ belongs to the SI units. The code + Amount of substance
means that mozi ‘moles’ are used for measuring amounts of substances. The compo-
nent D of the marker MEAS+D+SI+... requires the existence of the second distinct
subgraph in order to separate expressions with MUs derived from the SI basic units,
i. e., degree Celsius, hertz, radian, newton, joule, pascal, watt, volt, ohm, becquerel.

Jr
+Radioactivity +Radiocactivity

a) o)

Fig. 5. The subgraphs which identify expressions with Sl-derived units
for (a) Belarusian and (b) Russian

Such a flexible system of markers allows building search queries of different
types: to find all expressions with MUs (Fig. 6); to find expressions without derived
units (KMEAS+SI-D>) (Fig. 7); etc. Table 1 contains the search results in Fig. 6 and
Fig. 7 translated into English and listed from top to bottom.

Before[ Seq. [ After Before | Seq. ‘After
awsHHe — 1m/<MEAS+Length|Distance+SI>  (Bau.), epatype 109 K/<MEAS+Thermodynamic temperature+ B aT
2-30 k3B, 0,1y <MEAS+Frequency+D+Sl> -300 kry cTeio ok 200 000 n/<MEAS+Volume> Hene
aylo macy 8 T/<MEAS+Mass> , BoiBE[| gcnyeta 33 roga/<MEAS+Time> —unerq

3amni. Y 2005 r./<MEAS+Time> IpaH 2a Bolwano 5°/<MEAS+Angle> ), ano
Hiyxinam 74 rpagycbl/<MEAS+Angle> . 3atbl e Bblwe 600° C/<MEAS+Temperature in Celsius scal a xany
a) D)

Fig. 6. Results of identification of QE with MUs in (a) Belarusian and (b) Russian

Lbli Ha y3poyHi 1= 10 M . Takas gatal —-00 % (eua.), 01K (VK), 1al

Waca nepaebiwae 3600 kr . PasnikoBsbi q pazpelleHue — 1m (eva.), 5

macai meHeid 3a 10 kr , anpas 10— rynaq 19 anpena 1904 ¢ BonbLuny

— Macaii napagky 1 kr , AKIA 3MoryL vepes kaxxgble 30 cekyHn Tpex 6pqg

ana napagky 150— 500 metpay . ¥ 70-80-x 1 e3 30, auepes 3 cekyHabl . TO NpAM
a) D)

Fig. 7. Results of identification of QE with only Sl-units of measurement
on the request <MEAS+SI-D> in (a) Belarusian and (b) Russian
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Table 1. Search results in Fig. 6, Fig. 7 translated into English

Figure 6 Figure 7
1m <MEAS+Length|Distance+SI> 10m
0,1Hz <MEAS+Frequency+D+SI> 3600 kg

a) 8t <MEAS+Mass> 10 kg

year 2005 <MEAS+Time> 1kg
74 degrees <MEAS+Angle> 500 metres

109 K <MEAS+Thermodynamic temperature+SI> 0,1K

200 0001 <MEAS+Volume> 1m

b) 33 years <MEAS+Time> 1904
5° <MEAS+Angle> 30 seconds
600°C <MEAS+Temperature in Celsius scale+D+SI> 3 seconds

Identification of MUs with metrological prefixes

First of all, the authors created necessary linguistic dictionaries S for Belaru-
sian and Russian (Fig. 8). They contain some basic stems of MUs — complete nouns
and their abbreviations. Each stem is marked by a respective attribute: either Base
or Mbase. In addition, descriptions of full stems include indicators of respective inflec-
tional classes. The dictionary S is obviously a language-dependent linguistic resource,
unlike algorithms for identification of MUs with metrological prefixes, which are im-
plemented as language-independent components. The next step was to develop lan-
guage-dependent linguistic resources (Fsubmultiple, Fmultiple, Ssubmultiple, Smul-
tiple) (Fig. 9). For MUs-formation either multiple or submultiple prefixes can be used.
Besides, they can take a shortened (S-) or full (F-) form (Fig. 10) [5].

r, ABBREVIATION+Mbase
ra,ABBREVIATION+Mbase

rmr, ABBREVIATION+Mbase

rektap, NOUN+FLX=TEKTAP+s5+UNAMB+Base
repy, NOUN+FLX=AMMNEP+s2+UNAMB+Base
rog, NOUN+FLX=rO+sN+UNAMB+Base

rpag, ABBREVIATION+Mbase

rpam, NOUN+FLX=TPAM+s3+UNAMB+Base

a) D)

Fig. 8. Dictionary resources of basic MUs' stems for (a) Belarusian and (b) Russian

amnep, NOUN+FLX=ANTbIH+s4+UNAMB+Base
A ABBREVIATION+Mbase

GaiiT, NOUN+FLX=ABAXKYP+s2+UNAMB+Base
BUT, NOUN+FLX=ABAXKYP+s2+UNAMB+Base
B,ABBREVIATION+Mbase

BatT, NOUN+FLX=ANTbIH+s2+UNAMB+Base
BT,ABBREVIATION+Mbase
BoneT,NOUN+FLX=AlTbIH+s2+UNAMB+Base

Fubmiltple )

’r.\_

=E
Smulriple ]

Fig. 9. Classifying metrological prefixes using a NooJ finite-state automaton
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reKTa r
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c) d)

Fig. 10. Graphs for identification of (a) full-stem and (b) shortened-
stem multiple prefixes for Belarusian, and (c) full-stem and
(d) shortened-stem submultiple prefixes for Russian

The basic principle for the components became the following word-formative
classification of MUs:
* MUs with full-form stems and without prefixes (memp ‘meter’, I'epy ‘hertz’,
Om ‘ohm’);
* MUs with shortened stems and without prefixes (Zxc J’, 2a ‘ha’);
* MUs with full-form stems and full-form prefixes (Hanagapads: ‘nanofarads’,
Mminiamnep ‘milliampere’);
¢ MUs with full-form stems and shortened prefixes (kbaiim ‘Kbyte”);
* MUs with shortened stems and shortened prefixes (km ‘km’, dx ‘dL, 2ITa ‘hPa’).
Depending on word formation peculiarities, 4 morphological language-indepen-
dent grammars M1-M4 (algorithms) were obtained. They use the dictionary S and
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linguistic resources Fsubmultiple, Fmultiple, Ssubmultiple, Smultiple. For example,
the morphological grammar M2 identifies MUs which are formed with the help
of multiple and/or submultiple full-form prefixes (Fig. 11).

(‘B -( =)

Mpref Noun

() ) () W Sserettsiz,siosissiramer

<SNoun=:NOUN+Base>

<SNoun=:NOUN+Basa>

spref H Noun
Fmultiple [} <S$Hpref#51L,51C81S51F+Muhp>
H‘ H P P
g oK) {Esubmultiple | ) —( [<L> ) '
Pre b Foubmultiple |

<8Noun=:NOUN+Base>

'_ Noun
Fig. 11. The morphological grammar M2 which identifies MUs with
full-form stems and full-form multiple and/or submultiple prefixes

As a result of its work, MUs may be given one of the following markers:

* Mump means that identified MUs have multiple prefixes;

* Musp implies that identified MUs have submultiple prefixes;

* Muhp denotes MUs which have several prefixes, e. g.: mikpamezagapad ‘micro-
megafarad’. According to the SI, such a way of formation is not common among
MUgs, so such words require a specified marker, so later they can be extracted
from text within a list of mistakes.

Fig. 12 represents operation examples of the above-described morphological
component. Note that the obtained morphological components enable the identified
MU to inherit all grammatical and inflectional characteristics of initial words. E. g.,
the word dskanimpami ‘deciliters’ (in the Instrumental case) will remain the noun
with all its inflectional endings and grammatical features, though the resource dic-
tionary S does not contain it (Fig. 13).

Before| Seq. [ After Before| Seq. [After
HeCKONbKo coTeH kunomeTpoe . MepBbiidl BapuaHT nawbipbilb ga 2 Tapabait ! lMackapanbHik
firaTe Heckonbkux kunorpammoB . Kycku GpoHu nope eTki «ycaro» 50 kinapat . AcTaTHIA KaHcT|
|IHOCTEH0 B COTHWM  MeraeaTT . MpoBnema B TOM kyHg. Tamy 425 kinarpamay paGodara uena
e ASCATKU ThICAY  Merareply ,UTO COOTBETCTBYE  |Tyio 3k MaTa 300 kinarpamay aprowy wrorog,
X AUCKaX ThiCAUM rurabaiit WHpopmMaumm, Tpe (maryTHacuio ga Meraeata ) (iniocTpaupia A
nyuveHnA nopsgka  meragxoyna (108 Ook) v kng ycTaHoiki ¥ 200 wmeraar . Lmar. Ane 3a1
a) o)

Fig. 12. The resulting concordance of full-stem MUs on the request
<NOUN+Mump> as applied to (a) Belarusian and (b) Russian

nakanitp.NOUN+Meaning=Common HaHoceKvHAg,NO‘UI_\J+Prope_rCon_1mon=Common\
LAnimation=Inanimats +Gender=Feminine+Animation=Inanimat

+Case=Instrumental +Case=Instrumental+Number=Plural
+s4+Meas=Base+Musp .

tGender=Masculine+Number=Plural
ts2+Meas=Base+Mump .,

a) b)

Fig. 13. Examples of annotated word forms for (a) Belarusian and (b) Russian
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Finally, the algorithm proceeds to the syntactic grammar S1 (Fig. 14). It accumu-
lates all the markers from the text T, placed by means of the dictionary S and morpho-
logical grammars M1-M4. It works out only for QE with MUs (numerical descriptors
in front of them). Numerical descriptors are identified by the inbuilt syntactic compo-
nent S1. Each QE with MUs receives the marker <MUEXPR>. It enables users to create
concordances of QE with MUs (Fig. 15).

=NOUN+Mub> [}

=ABBREVIATION+Musp>_p

Fig. 14. The main syntactic component S2, which identifies QE with MUs

Before [ Seq. | After
af3iHky Macel - rpam (0,001 kr). 31 mkTn (3,1%x10%-5) Tn) - Hanpy:kaHacLUb MarHi
3BblYaiHa Bap'ipyeuua abnisky 2,4 M3B yroa. 1Heécub
Ha anopy 3 cinan 9.81 H . MpbiBnixaHHe, wWro 1 kr agnaesgae
rami abo HaHacbapagami (niwyue 60 000 nd , @ He 60 Hdp; 2 000 mkd
émicTaclb Wwapa 3 pagplycam 1 caHTbiMeTp , 3MellaHara ¥ Bakyym. 1 caHTbiMeTp
Mbit(anebo npocta Mb). 1 merabir = 10002 &it = 106 6it = 1000000 &ir,
CBATNO ¥ Bakyyme 3a ( 1/299 792 458) cekynabl . MeTp Bbly ynepLubiHk yBeg3eHbl
Hbl gplAnascH - 40 k3e-3 M3B, 2- 200 M3B , 2-30 k38, 0,1 I'u-300 kru, 0-50 kry,
|it TpybLbl Tanegizapa - napagky 20 KinasnekTpoHBONbLT . DH3prii KacbMidHbIX NpamAHEY - af
3prii KacbMiqHbIX NPaMAHEY - aq 1 MerasneKkTpoHBONsLTa £a1000 T3panekTpoHBONLTAY.
a)
Before| Seq. | After
OpraHu3M ToKk He npesbiwan 1 MA . Ha 4enoeeka Toku ctaTu4eckoro
MoOryT ckasaTtb «caitn 8 100 kunoGainT »). MNpKn 0603HaYeHUW CKopOoCTel Ten
poTuBneHue senuuuHoli ot 1 go 100 MOm , uToBbl NpoTekaWwuii Yepes Yenoee
KpoMeradpapag nukoTepaBonbT 13 loTTaliokTorpaMmoB  Kaxkgas cTpoka cogepikut MHopm
go 84 Méut/ic)n 137,4 My (meTpoBblit guanasoH, opmat APT
PEOHLMPCKUN Maympya» maccorn  1383,95 kapaTos . Mlaympyabl BolpalwyyBaoT UCKYCCTB
BpEeMS AW3HU MIOOHOB - OKoNno 2.2 MKC - OCNOXKHAEST 3afadqy co3jaHNa MHOK
cca KOTOpOW Okasanach paBHol 22 gemMTorpaMmam (1 dor=1+10*(-15) r). . MtoOHBI, KaK
TO OHW OKasanucb paBHoiMiu:  8.1-10°21 Ok (yMeHbLUeHWe Macchbl NeAHUKOB Ha
: - BbicoTa 670 kM - HaknoHeHne 98 00 rpag . Cpok akTuBHOro cywjecTeoBaHua 11
b)

Fig. 15. Some results of identification of QE with MUs after
processing (a) Belarusian and (b) Russian texts by means of the
obtained morphological M1-M4 and syntactic S1 grammars
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Generation of orthographical words from QE with MUs

In text-to-speech synthesis tasks it is important to develop algorithms not only
for identification of definite expressions but also for their processing and transfor-
mation into orthographical word sequences. With this aim, grammars in the form
of visual finite-state automata for Belarusian and Russian were worked out. As a re-
sult, for each language a ramified algorithmic complex of 21 graphs and subgraphs
was obtained. Fig. 16 represents the structure of the main graph. Since QE with MUs
consist of 2 components (numbers and nouns), it is required to work out separate
graphs for their generation. This algorithm contains of graphs of 2 types. Those,
which have names starting with a_, generate numbers from 0 to 999,999,999,999.
All the rest, in particular the ones with b_, are intended for generation of nouns
which denote MU.

a_NomSgFem [—{b NomSgFem [
a NomSgMasc [—{b NomSgMasc |}

a NomSgFem [—{b NomSgFem [
a NomSgMasc b NomSgMasc
a_GenSgFem |—{b_GenSgFem
a_GenSgMasc |—{b_GenSgMasc

a) o)

Fig. 16. The main graph of the algorithm which generates orthographical
words from QE with MUs for (a) Belarusian and (b) Russian

a NomPlFem [—b NomPIFem |}
a_NomPlMasc |—{b_NomPIMasc [}

QE with MUs pass from input to output by means of one of 5 ways in accordance
with peculiarities of the inflection of nouns after numerals, in particular for the first
3 ways:

1. After number I (including numbers with 1 as a final digit) nouns take end-
ings of the Nominative Singular (NomSg). QE will proceed to one of the top
branches, depending on the gender of nouns, in particular Masculine (Masc)
or Feminine (Fem).

2. After numbers 2, 3, 4 (including numbers with 2, 3 or 4 as a final digit)
nouns take the Nominative plural (NomPl) in Belarusian, whereas in the
Russian these numbers require nouns in the Genetive singular (GenSg). De-
pending on the gender, QE will move to branches 3 or 4.

3. Numbers from 5 to 19 and round numbers (including numbers with them
as final digits) require nouns in the Genitive plural (GenPl) in both lan-
guages. QEs will follow the 5th branch.

As an example, let us stop on the first branching of the algorithm, in particular the

graph a_GenPl (Fig. 17). It generates any whole number from 0 to 999,999,999,999,
which demands the Genitive plural form.
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MMIIIIHUAPIOOE

ConnHund |?

Fig. 18. The subgraph MIr for Russian

The structure of the algorithm for generation of numbers resembles Russian
dolls. At first the graph for numbers of the first triad (from O to 999) was obtained.
It includes the inbuilt subgraph ThMInMlr for the class of thousands or numbers with
2 triads (from 1,000 to 999,999). Inside of this subgraph the other one (MinMIr)
was placed for the class of millions or three-triads numbers; at last, the subgraph
Mlr (Fig.18) for the class of billions or numbers with 4 triads (from 1,000,000,000
to 999,999,999,999) was worked out. Depending on research goals, the algorithm
can be expanded by further triads. After generating numbers the algorithm proceeds
to processing nouns which denote MUs. Concerning the last branch of the algorithm,
it happens with the help of the graph b_GenPI (Fig. 19).

For the present, this subgraph can generate basic SI units and some frequently used
ones. Thanks to the visuality of finite-state automata, the algorithm can be easily and rap-
idly improved by adding more MUs. In order to add a new unit, three case endings (mind
the gender and number) should be added to the respective graphs. Variations of written
forms should also be taken into account. For example, for the noun rpazyc (shortened
rp, ° — three variants; in English degree, shortened deg, °), one should add 3 respective
word forms (rpazgyc, rpazaycer, rpagycay for Belarusian; and rpazyc, rpagycel, rpasycoB
for Russian) for each variant into the following graphs: b_NomSgMasc, b_NomPIMasc,
b_GenPIl for Belarusian; b_NomSgMasc, b_GenSgMasc, b_GenPl for Russian.
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Fig. 19. The subgraph b_GenPI for (a) Belarusian and (b) Russian

Thus, language-dependent complexes of grammars for generation of ortho-
graphic words from QE with MUs have been obtained. Fig. 20 demonstrates some
results of their operation.

700001r/cemcoT TeicAY agHa ragsiHa

0 c/Hynb cekyHp

777'700T/ceMcOT cema3ecAT cem ThiCAY CeMCOT TOH
888'808xB/BOCEMCOT BOCEMAZECAT BOCEM ThICAY BOCEMCOT BOCEM XBiNiH
2220020 xein/gBa Minb&HbI A3BecLe ABaLUaLlb ThICAY ABaLiLaLlb XBiniH
444'014monb/yatbipbicTa copak Yatbipbl ThiCA4bI YaTbipHayUays monsay

a)

10120202 muH/gecaTs MUNNKMOHOE CTO ABaALaTh ThICAY ABECTU ABE MUHYTbI
70000000071 wr/ceMbACAT MUNNUAPACE CEMbASCAT O4Ha WTYKa

81234999 A/eocembAecAT OAWH MUNMWOH ABECTH TPUALATL YeTbipe ThICAYM 4EeBATLCOT AEBAHOCTA AEBATL aMnep)|
8600km/u/BOCEME THICAY LWECTECOT KUNOMETPOB B Yac

90673 m/c/geBAHOCTa ThICAY WEeCTLCOT CEMBAECAT TPH METpa B CEKYHAY

b)

Fig. 20. Generation of orthographic words from QE with MU for (a)
Belarusian and (b) Russian with the help of the developed algorithms

Variety of ways to express QE with MU in Belarusian and Russian texts

Since the practical goal is to identify MUs and generate expressions with them,
a question inevitably arises: which ways of written forms should be taken into consid-
eration? Thus, it is required to make a certain sample of QE in order to cover all the
variety of ways of their expression in writing.
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In order to attain this aim, a hand-crafted corpus (about 1 mln words) of Russian
scientific texts (in the format NooJ) was used. With the help of statistical computa-
tions 8 texts with highest amounts of MUs were selected, in particular texts on: mili-
tary equipment (ME), geography (Geo), history (His), space travel science (STS), physics
(Phy), mineralogy (Min), transportation communications (TC), botany (Bot). After that
a special formula in the form of a regular expression was created (Fig. 21), starting
with the simple (<WF><NB>).

Further the right and left contexts were analyzed, so the formula was constantly
updated. Table 2 demonstrates what happens when the formula is applied to the se-
lected texts, whereas Table 3 contains generalized data for them.

(o1 <NB> go <NBE>) (o1 <NB> go <NB><NB>}(or <NE><NE> go <NB>){o1 <NB> <NB> o <NB> <NB>)

(o1 <NB><NB> go <NBE>){or <NB><NB> go <NBE> <NB>)(or <NB> go <NB><NE>)

(o1 <NB>—<NE> po <NB>—<NE>)(o1 <NB>*<NB>-<NB> go <NB>»*<NB>-<NB>)

(o1 <NB>x<NB>—<NE> go <NB>*x<NB>—<NE>}{or <NB> go moum <NB>)[<WF>{"~"|"="Y<NB>(<NB><NE>)
(<NB><NB><NB><NB><NB>)(<NE><NB><NE><NE>){<NB><NB><NB>}{(<NBE>*<NB>){(<NB> <NE>)
(<NB>—<NB>)(<NB>—<NB>) (<NB>-<NB>}(<NB> <NB>-<NB> <NB>)(<NB> <NB>)(<NB>—<NB> <NB>)
(<INB>-<NB> <NB>){<NB>,<NB>—NB>,<NB>) (<NB>,<NB>—NB>) (<NB> <NB>-<NB>) (<NB>-<NB><NB>)
(<NB>"/"<NB=>)(<NB>":"<NB>)(xNB>":"<NB>-<NB>}(<NB>":"<NB>""<NBE>}(<NB>,<NB>*<NB>—NB>)
(*NBr#<NB>—<NB>)(<NB> <NB>){<NB>,<NB> <NB> <NB>)(xINB> <NBr <NB>)(<NB><NB¥)

(< NB> <NB><NB>—NB>) (<NB> <NB>+NB>)(<NB>+~NB>—NB>)(<NB> <NB>~NB>—NBx)
(<NB><NBE>-<NB>)(<NB><NB> <NB>)<NB> <NB>—<NB>){">"<NB>)j(<NB>">>"<NB>))
(<NB>|(<NB><NB>)j(<NB> <NB>)(<NB>—<NB>)(~NE>—<NBE>){<NB>-<NB>)|(<NB> <NE>)

(<NB> <NB>—<NB> <NB>) (<NB> <NB>—<NB>)(<NBE>-<NB> <NB>) {<NB>":"<NB>)

(<NB> <NE>x<NB>—<NB>){(<NE>,<NE>-<NB>){(<NB><NE>—<NB>)[(<NE>x<NB>)|(<INB>x<NE>")
(<NB=x<NB>x<NB>)(<NB> <NB>x<NB> <NB>)(<NB> <NB>*<NB>)(<NB> <NB><NB>)

Fig. 21. The regular expression for a search for QE with MUs

Table 2. Excerpts: variety of QE, revealed with
the help of the obtained formula

Formula’s Examples of QE, found with the help of a certain
constituents constituent
(or <NB> z10 <NB>) HawoaMTcA B npeagnax  oT 40 po 347 r/n. Hecmotpa
nexwT & manasode ot 2000 oo 3000 A, W CnegoEaTENEHD
yOANEHHOA Ha paccTosHwe ot 160 go 640 KM OT BOCTOYHOMO
mepe yaaneqwa [wonepa-100 o1 40 oo 60 a.e. BENWYMHE
(oTr <NB>

HaxopATcA B ganasore  oT 4000 po 14 000 MIuw paxe
no <NB><NB>) gapyawan) c nepwogam o1 10 o 10 000 NET, COCPEA0TOYEHHEIMK B

(ot <NB><NB>
1o <NB>)
(or <NB>,<NB> cemb KamHeid maccoil o7 344500 435 kap kawoent. Kpome

1o <NB>,<NB>) Mexdy penscamu nyma o7 1,52 go 1,68 M) TMMM4HE! ANA
kpucTanna co ckopoctAmd o7 0,01 go 0,001 CKOPOCTA CBETE, MX

cM (4acToTHEW MHTepean ot 600 000 oo 1000 MIu) oTHoowTCA K

(ot <NB>,<NB>
1o <NB>)

EMAOE TOKCWMUHOCTE cocTaenAeT ot 0,07 go 1 %, MNpakmiuecky 3To 03HAYIET

(or <NB>.<NB> manasoHe anvHsorH o7 1.3 a0 1.7 mkm. Ha noanoxxe
10 <NB>.<NB>)
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Formula’s
constituents

Examples of QE, found with the help of a certain
constituent

(or <NB> 10 <NB>,
<NB>)

OTHOLWEHAAK MOHHLD papycoe oT 100 0,732 (puc. 4.a). Mpwu
C-anazonew ot 120127 [TueQ

o1 1-2 po 30—40
ot 10-3 po 10-8

C YAENEHBIM CONPOTAENEHWEM

(oTr <NB> — <NB>
710 <NB> — <NB>)

BoleMuaTele. M onuHa
ANWHOR BONHbI |

oM. Camble ANMHHBIE
M. 3TOT AManasoH

(or <NB> X<NB> —
<NB> g0 <NB> X
<NB> — <NB>)

(or <NB> X <NB> —
<NB> g0 <NB> X
<NB> — <NB>)

o7 5x10-8 go 8x10-5  Omeav. KomnoswwionHes

B pasHbl matepuanax: o7 3x10-6 oo 2105 cm. MarHuTHeIA noTor

(or <NB> Towom (pr 3o o7 50 go noumw 100 % ero aHeprim npespawwaeTca
o moutu <NB>)
(SKWF>|»~»|»=»)<NB> Muposom Oreare cocTasnaeT  okono 550 MIpa. TOHH B
wzmyuennAc|  ~ 10 A e cywecteyeT
mouemn L =1000 KM, NOMY4UM OrpaHuYeHne
SATEM DA3rOHATCA A0 3Heprim 5 M3B Ha nuHeHom
KpynHoro ecynepmatepukas Mo, Owkono 160 MIH. NET Ha3an
(<WF>|”~”|”:”) OTPAENEHWHA PECTEHMAMIA CTpERaT  mpumepHo 15 000 venosex. [InA pomawHn
(<NB><NB>) AOEQHEIX B3PLIBOE cynamapHoid  cunoi 10 000 Mr B LeHTPanEHED:
WB cpegHem  Ha 386 D63 KM OT LEHTPa
B 1990 oHa HacuwTeieana  npubnuauTtensHo 300 000  eepyiowbx, B OCHOEHOM
yeTaHoeky, B 9.50Ha  ewicote 15 800 ™ Bonkoe - nepewIM B

Table 3. Distribution of various ways of expression of QE in different texts

Text Phy | STS | Geo | ME | Min | Bot TC | His
Number of variations,a | 51 23 22 19 18 16 14 9
Number of numeral |, ., | ) 1o | 5765 | 9961 | 3668 | 1407 | 2066 | 4198
expressions, b

Intonation marking in sentences which contain QE with MUs

Text-to-speech synthesis requires an automatic procedure of building current
contours of melody, sound intensity, phoneme and pause duration, which is based
on the analysis of certain properties of sentences according to rule-based prosodic
marking. Prosodic marking of sentences implies their division into syntagmas, mark-
ing emphatically highlighted words, indicating syntagmas with accent units, and
creating a melodic contour of each syntagma in accordance with certain rules. Solu-
tions to these problems by means of in-depth syntactic analysis are thoroughly dis-
cussed in [6, 8]. Texts, when being synthesized, are first reduced to a normalized or-
thographic form. Next they undergo a complete syntactic analysis, performed by the
parser OTAII-3 ‘ETAP-3’. The parser (1) divides texts into separate sentences; (2) for
each sentence it builds treelike syntactic structures; (3) using special rules, which can
be applied to ready syntactic structures, it sets boundaries among speech syntagmas
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and emphatically highlighted components. The system MyabTeidoH ‘Multiphone’ [7]
processes this information and, depending on syntactic types, determines a melodic
contour and duration of pauses between syntagmas. Prosodic and intonation marking
of sentences which contain QE with MUs can be carried out by the method proposed
in the [6, 8]. However, before syntactic analysis of such sentences it is required to gen-
erate QE into orthographic words.

Indeed, Fig. 22 gives an example of syntactic analysis of the following sentence:
Paccmosinue 0o Mapca 55764878 km ‘The distance to Mars is 55764878 km’. As a result
of processing this sentence by the system ETAP-3 in accordance with the rules dis-
cussed in [6], at the output of the system the following information for synthesis is re-
ceived: Paccmositue 0o <EMP t="*4">Mdpca</EMP> 55764878 xm. Thus, the system
suggests no additional partitioning of this sentence into syntagmas. After 55764878 xm
‘55764878 km’ is generated into orthographical words, we have the following result:
Paccmositue 0o Mapca nsamb0ecsim nsims MUJJIUOHO8 CEMbCOM WeCmbOecsim uemablpe
MblcAUU 80CEMbCOM Cemblecsim 8ocemb Kuomempos ‘The distance to Mars is fifty-five
million seven hundred sixty-four thousand eight hundred seventy-eight kilometers’.
The syntactic analysis of this sentence can be observed in Fig. 23.

Paccromate O—) S Ef CPEJ MM HEOL CAP
Bo ok Fxonnna1 [ 2.801 | PR 3EPO
Mapioa- -k \(m [ 3.MAPCT | SEL MY POLHEOL CAP
L T vonmaecT 11 )| 4 55764878 | MUM
b R KOMMA-ann09 10 ’%:H M3 PO HEOS, TRUN 3EPO
Fig. 22. Syntactic analysis of the sentence
PaccrosgHue 1o Mapca 55 764878 kv

1.PACCTOAHNE | SER CPE] MMHEQL CAP

PR 3EPC

3. MAPC1 | SELMYHPOJ HEOQD CAP
rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr a0

- rommsect 11 )] 5.MATE | NUM M 3EPO
[[s- MUAMNOH | 5 MH MY PO HEOJ SEPO

Paccromm: -

NTOROS -~~~
T UM 114 IEPS
e s kamt-crom. 1 )| 3 WECTBAECHAT | NUM UM 3P0

A R

e SEJLKEH POJI HEON 3EPD

BOCEMBEOT - <« <o wm o cmmom o m s KOnM--BCnom 11 ’m‘ MUM KM SEFO
BOCEMD - - -- - - enee e HUM VM SEFO
S MH MY PO HEOR 3EPO

EHTOMETp OB

Fig. 23. The syntactic analysis of the sentence PaccrosiHue
A0 /\//8,008 MATBAECAT MNATb MUJTJIMOHOB CEMbCOT LLUECTbAEeCAT
YeTblpe TblCAYY BOCEMbCOT CeMbAEeCAT BOCEeMb KJIOMETPOB
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At the output of the system ETAP-3 the following information for the text-
to-speech synthesizer MULTIPHONE is obtained: Paccmosi'Hue <EMPt="*16">
00 </EMP> <EMPt=»*4»> Ma pca</EMP> nsamsleca m nsa'ms <EMPt=»"4»>
Mmunnuo'Hos </EMP> cembco'm wecmuOecsi m uemst' pe <EMPt="*4"> muvl'cauu </
EMP> gocembco'm ce' mblecam 80 cemb <EMPt=»%4»> xunome mpos </EMP>. Ac-
cording to this information the Multiphone forms 4 syntagmas with melodic contours
CO01, C3, C3_1, P4 (emphatically highlighted words are indicated with the «+» sign).

1 co1 paccmos+Hue/dobma+pca/

2 C3 nadeca=m nsa+ms/MUAAUO+HO8/

3 (C3_1 cemMbCo=m we30ecsi=m uemsl=pe mbvl+cauu/

4 P4 80CEMbCO=M ce=Mb0ecsim 80=ceMb KUJIOMe+mpos/

Fig. 24 demonstrates another example of syntactic analysis, in particular for
the following sentence: IIpousgodumenvsHocmb komnstomepa 65,5 Mbéum/c 6vLia
docmueHyma “The computer performance 65,5 Mbit/s was achieved”. The algorithm
identifies 65,5 M6um/c ‘65,5 Mbit/s’. After processing into orthographical words
it gets the following form: IIpouszgodumenvHocms Komnvlomepa uecmsoecam nsmb
Uesiblx U nAms Oecsimblx mezabum 8 cekyHdy Oblna docmuzHyma ‘The computer per-
formance sixty-five point five megabits per second was achieved’.

Npormsommem] npegn 01 =p| 1. MPONSBOGHTENLHOCTE | S Ef MKEH MMHECQ CAP

ronmssrapa - eS| 2 KOMBITER | e M POR HEGH
e wonvre-acnomi1 | 5. WECTBAECAT | NUM 1M SEFO
N S AMATH | HUM WM GEPO

memm S MH CPEJ POJL HEQL, 3EPO
e b [6.m ] cony
B | IR TR WL b1k

e S | I annporc-nopane 10 )=p[_B AECATBIN | 2 MHPog

i
WETABHT - - - - - - o W" 9 METABNT | S MH MYHC PO HEC]
''''''''''''''''''''''''''''''''''''''''''''''''' {pacpen.11 ) PR 3EPO
CERWHIY - - (Toean 10 <[ 1. CEKYHRA | 5EJ EH BUH HEOZ,

Bema O—) 12.BbITb | % HECOB M3%AB NPOLW EL EH Ny
ADCTHTHYTA.- - - - _nacc-aHan.10 13. ROCTHFATE | % COB CTPAL MPKY MPOL KP EL 3HEH

Fig. 24. The syntactic analysis of the sentence
/7001//3BO,QI/IT€/7bHOCTb KOMIibtoTepa LWeCTbAeCHT IN4Tb LeJiblX
W 9T AECSThIX MerabuT B CekyH/1y Obiia A0CTUMHYTA

According to the data obtained by the ETAP-3, the MULTIPHONE forms 4 syn-
tagmas (Fig. 25):

1C4 1npousBOAU+TENBHOCTD
KoMIIblo+Tepa /
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2 Cl mecTbJecsa=T IA+Thb/
1e+Ibix,/

3 C3 u= na+Tb/Jeca=ThIX
Mmerabu+Tt/Bbceky+Hay/

4 P4 Obla= JOCTU+THYyTa/

Fig. 25. Syntagmas and melodic contours for
«[ToON3BOANTENILHOCT KOMIIOTEPA LUECTLACCST M9Th LIE/bIX
W MSTb AECSThIX MerabuT B CEKyHAY Oblaa AOCTUTHYTa»

Conclusion

It can be concluded that the main goal of this research — to develop appropriate
algorithms which identify quantitative expressions with various MUs and generate or-
thographic texts for the Belarusian and Russian languages for scientific, technical and
legal text corpora — has been achieved. The results can be applied in any branches
of science connected with information retrieval systems and text-to-speech synthesis.
The resulting algorithms are created in the form of finite-state automata through a set
of syntactic grammars within the powerful linguistic processor NooJ, which helps
to build up formal grammars without requirements for special knowledge of pro-
gramming. The automata demonstrate how the algorithms work and indicate how
they can be further updated in order to improve their accuracy. Future work includes:

* disambiguation, e. g., in such cases when algorithms “confuse” some units (the
same initial letter r for rog ‘year’, rpam ‘gram’, ragaina ‘hour’;

¢ developing algorithms that will identify numeral quantifiers expressed not only
by numbers (mathematical objects), but also by numerals (parts of speech).
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