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Introduction

The goal of this research is to further improve Batarusian and Russian
dictionaries presented previously at the IntermatioNooJ Conferences
(Hetsevich et al. 2013). A complete set of resaifoe a given language
requires dictionaries and grammars that descriteonly words but also

word combinations. Hence it is planned to develgoNgrammars and
linguistic resources in order to identify and clfsset word combinations
(phrasemes) and syntax-free word combinations ydiey quantitative

expressions with measurement units) in BelarushRussian texts.

Set word combinations can also be defined airasemesn the sense
of the Meaning-Text TheorfMel'¢uk 2013)i.e. bound multiword phrases
consisting of at least two lexemes, empiiozem ceaéii dapoeaii ‘let’'s go
our own way'’,nepaiicyi yopoo ‘to ford’, zoonocuueckuii cao ‘zoological
garden’, medoswiii mecsy ‘honeymoon’ etc. Phrasemes are indivisible
multiword units and thus need to be processed wbade by NooJ.To
achieve this, we will describe them primarily inctibnaries and, if
necessary, develop linked grammars.

Syntax-free word combinations are viewed as sequences of words
bound together by means of standard language ®il@suosas xeamspa
‘a new flat', nocuampusan na uwacor ‘looked at the watch from time to
time’. Words in syntax-freecombinations can be easily replaced, e.g.:
nosas (kamgpapmabenvnas, cyuacunas...) keamspa ‘a new (comfortable,
modern...) flat’,nocmampusan na uacer (kapmuny, oesywixy...) ‘looked at
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the watch (painting, lady...) from time to time’ efts these sequences are
constructed ad hoc, they will be described prirgaril means of syntactic
grammars.

Special attention is given to processinggofantitative expressions
with measurement units (QEMUSs), a specific subclass of syntax-free
word combinations. For exampl8zenix pyxayes 3 xymxacyro 200xmlz y
Caapbpyxen ‘The train was moving at a speed of 200 km/h to
Saarbriicken’. The aim is to identi@®00xwn/z ‘200 km/h’, classify it as an
expression with a Sl-derived unit of speed, and tumto orthographical
words dzgecye kinamempay y eaosiny ‘two hundred kilometers per hour’.
The problem of their processing is urgent due ®uhiquity of QEMUS,
and at the same time it is not easy to solve becafigheir language-
dependent character and the variety of ways in WH@EMUs are
expressed in writing. Texts containing QEMUs reguiesources for
identification and processing in the following ssea

O Corpora and database management systems, librariesmation
retrieval systems: to formulate extended searchriegielocate
specific expressions on the Internet, support aatmmtext
annotation and summarization;

0 Text-to-speech synthesis systems: to generateogrdhhically
correct texts, their tonal and prosodic peculiesiti

O Publishing institutions: to automatically locatpesified lists of
expressions with measurement units and check quidkkhe
extended names of units are used correctly.

Building NooJ dictionaries and grammars for the \@bmentioned
problems will enable automatic recognition and dation of these
expressions in Belarusian and Russian texts. Rtane search engines
should suggest the most common word combinationgd, ifathey don’t
have sufficient statistical data, their suggesticais be based on resources
describing structural types of word combinationscisresources could be
of great importance for text-to-speech synthegigesh synthesizers need
to make pauses between free word combinations astd weord
combinations (as single units), but not inside h&fnh (not between their
components), which is impossible to accomplishnifycdbasic dictionaries
of separate tokens are applied. Such resowraesbe built in Belarusian
and Russian NLP applications for many areas, e/gtastic parsing,
prosody prediction, text-to-speech synthesis etnd also as a didactic
material for academic courses on computational uistges and
phraseology.
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| dentification of Set Word Combinations

Native speakers and those who seek to master aidgagoften use
phrasemes — bound multiword combinations. Theref@ecomplete
electronic dictionary should contain not only umigis with necessary
grammatical information but also syntactically asnantically combined
multiword units. According to the NooJ terminologye find two terms
which are close to the specific term phraseme, hafmezen expressions
and multiword units. The typology of phrasemes udels the classes of
collocations, idioms, clichés and pragmatemes. glotssses differ from
each other mainly by the level and type of semafusion. However,
phrasemes of all classes have been collected imo dictionaries
regardless the degree of fusion.

Pragmatemes constitute a specific class of phrasesne denote
expressions which are formed according to grammégsrof a given
language but with certain limitations. In a styctlefined situation, they
convey a certain meaning, and only one of variotsmgnatically and
semantically possible expressions is used. For pkanwhile riding a
Belarusian or Russian bus (train etc.), one miglair hcyspooicna, 036epul
sauwiHsroyya! Ocmopooicno, deéepu 3axpuiearomces! (‘Attention, the doors
are closing!), but notVeaea, 3apaz s sauvinaw 036epwi! Brumanue,
saxpuisaiomes osepu! (‘Attention, right now I'm closing the doors!’).
Pragmatemes can be conveniently collected in ddataand managed by
means of MS Access. The pragmatemes databasesrtrer fconverted
into the dictionaries in the NooJ format (Figure 1)

Currently the dictionaries include over 300 Bel@nspragmatemes
and over 170 Russian pragmatemes, subdivided mweral categories
according to the form of use (written or spokenpdtion (similar to the
speech acts types: commands, prohibitions, adwiamings, wishes etc.);
situation (regarding temporal and spatial circumsts). For instance, the
pragmatemedcyspooicua, 3wl cabaxa ‘Beware of the dog’ is usually
expressed in the written form, implies a warningd @ used to protect
property. The pragmatermiéusmnozo annemuma' ‘Bon appétit!’ is used
as an oral expression of a wish at the table dutiegmeal. In order to
detect phrasemes in Belarusian and Russian Nots] the first step was
to collect them manually from the corpora. Accoglito syntactic
functions, which can be performed by phrasemeshase subdivided
them into nominal, verbal, adjectival, adverbiadl gahrasal (Table 1).
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Pragmateme - Form-| Act - Situatio -~
He maming written prohibit sign
Ja mabausHHA oral  valediction parting
JI3soxypHbia Ha miHio! oral — order military
Ha mnAto! oral  order military
3a pama 3mapoie! oral  wish drinking
Kami macka! oral  request politeness|
Croapaps! npeIcskHBIG! oral  greeting court

g

# Input Language is: be
He maninp, PRAGMATEME+Form=written+Act=prohibit+Situation=sign

a nmaGausunaa, PRAGMATEME+Form=oral+Act=valediction+Situation=parting
Mamxypueia Ha nidito! PRAGMATEME+Form=oral+Act=order+Situation=military
Ha mwauo! , PRAGMATEME+Form=oral+Act=order+Situation=military

3a pama 3gapoye! PRAGMATEME+Form=oral+Act=wish+Situation=drinking

Kani macka!,PRAGMATEME+Form=oral+Act=request+Situation—=politeness
Cranaps! npsicaxabr !, PRAGMATEME+Form=oral+Act=greeting+Situation=court

Figure 1: An excerpt of the Belarusian pragmatedatabase, converted into the
NooJ dictionary

LZE;?;? M odel Example
inal [Adjective + Noun] 6a03snas Kypauka ‘a water hen’
(:%?gét or [Noun + Noun] _ samai mayi ‘Mother Earth’ .
object) [Noun + Preposition + Kpasca co e3nomom ‘a break-in’
Noun]

Verbal [Verb + Noun] svickansy 3yowl ‘bare one's teeth
(predicate) | [Verb/Imperative + Noun] | naboiyecs Foea ‘have a heart’
Adjectival [Prt_apo_sition + Nc_)un] _ 3 kanpvizami ‘With _whims’

(attribute) [Adjective + Conjunction + | 6enbisn six cuee ‘white as snow’
Noun]

Adverbial [Preposition + Noun] no obviknHosenuto ‘as usual’

(adverbial | [Preposition + Noun + ao kpaio oa kparw ‘from edge to

modifier) Preposition + Noun] edge’

Phrasal Common models can ha_lrd \yJleneit Hedaecyi, sk ﬂcmpa_6,
units be stated. They are uniqueuswn nepaecyi, K CeiHI.-l}l. ‘It is
(sentences Most often, such phrasemesbetter to. eat Ilke a bird than t
themselves) turn out to be proverbs andovereat like a pig.’

pragmatemes.

Table 1: Types of phrasemes according to the sjafanctions they perform
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The analysis of Belarusian and Russian phrasemssldmhto the
conclusion about some common features between thige
languages. The word order is not always stri@pamun enumanue =
snumanue obpamun ‘drew attention’. Some phrasemes admit lexical
insertions:c 61azozoeenuem ‘With reverence’,c mem odice baazozcosenuem
‘with the same reverence’. Often elements of setdwmmbinations are
declined: cyoebnuiii  credosamens ‘an  investigator’, cyodebnozo
cnedosamens ‘investigator’s’, cyoebmnule ciedosamenu ‘investigators’ etc.
Almost every syntactic type of phraseme needs allgcammar. For
example, nominal phrasemes of the type [ADJECTIVBEXM] can be
found by means of the following simple graph (Fe@):

—f——[<ADJECTIVE> |—{<NOUN> D—@

PHENOUN

Figure 2: A graph for nominal phrasemes of the {yji2JECTIVE+NOUN]

Phrasemes which have a similar structure @gparo da kparo ‘from
edge to edge’ao ysmua da ysmna ‘from dawn to dusk’) should be
organized into groups; each of these groups regjureseparate local
grammar (Figure 3):

Figure 3: A graph for nominal phrasemes with sinsf@uctures

Those phrasemes which do not vary grammatically dgmehot admit
any insertions must be included in NooJ dictiorsa(kEgure 4).

Ha nHase 60T phimilib, a ¥ Tapiky Tpaciia Kimiib,
PHRASEME+PHR Type=PHRASE+PHRSource=Kalasy04not

Figure 4: An excerpt of the Belarusian phrasemetsodiiary in the format NooJ

Now in order to locate phrasemes in Belarusian assin texts,
firstly, the dictionaries are applied, and secontiy query PHRASEME
(enclosed in angle brackets) is made through tbeate pattern” option
(Figure 5).
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Reset | Disslar [ F & SO e and [ 5 ater ||[BYSSHLLYIO, AKAA BANA HA FEVEINAMepaliuni yopog)
Text ‘ Bef Hernbibokyto Paseky, Wwro yeabpana y Bajy anolHIOK YblpBaHb
£X €lore lliesa, i nanpacrasani y nyri.
Kala...  cBATAO? - WAMTaM CMBITAY ... [[o7 . L ricicns ~Zncs waran nassan s s nenneeay e
Kala... 3 camara navaTky i Tak o7
Kala.. = aycénemuwsisasro, | | |Fepaumuni y6pon. PHRASEME+PHRTybe=VERB+PHRSourc
Kala... sariHyyp: yBevapbl - cBET...
Kala... imi nnakay ap xanwo. [ |
Kala... Byseulwywo, Akan eana Ha P... Mepanwni yopoa HerneIGokyo Pageky, WTo V... i

Figure 5: Locating phrasemes in Belarusian texts

To sum up, the practical results of the first pdrthe research include
a dictionary of over 300 Belarusian and 174 Rusgieagmatemes; a
dictionary of over 420 Belarusian and 131 Russiaragemes; graphs for
6 main types of free word combinations.

Describing Free Word Combinations

Usually sentences contain at least one free wonhbamtion. For
instance, in the senten@easam 3 aasuau cnviia yopras cicmopuvia ‘The
dark story together with the bathhouse disappeated free word
combinations can be foungusam 3 rasuai ‘together with the bathhouse’
[Adverb + Preposition + Noun]uopras zicmopwia ‘the dark story’
[Adjective + Noun]. Free word combinations are easd be described
with graphs or regular expressions. Depending emtrt of speech of the
first word, free word combinations are subdividedoi several groups
(Figure 6).

Group WOUN " -—|-PREPGSITIONS [ |
{=PRONOUN= |} I

Group PRONOUN

Figure 6: A graph for identifying Belarusian or Ri# free word combinations
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Table 2 gives examples of Belarusian and Russi@e fword
combinations found by the constructed grammar.

Free word combinations Types Sour ces
abbIAKABLISL 2A1ACbL Group_ADJECTIVE Kalasy_12.not
Bel ‘indifferent voices’
" | aodpasy 3pasymeys ‘at Group_ADVERB Kalasy_03.not
once to understand’
nomom nodobpams ‘t0 Group_ADVERB Dom s
RuSs pick up later’ mezoninom.not
"| eope ¢ cuacmvenm ‘grief | Group_NOUN Drama na
with happiness’ ohote.not

Table 2: Some results of identification of Belaams{Bel.) and Russian (Rus.) free
word combinations

Processing of Quantitative Expressions
with Measurement Units

To start with, under the term “a quantitative esgsien with a
measurement unit QEMU”, we mean a character-litezgpression,
combining two elements: a numeral quantifier (a bamor a numeral)
and a symbol or a word denoting a metrological,usif. 123 »4 ‘123
MA’, nays xiracpamay ‘five kilograms’, 200 x/Joc ‘200kJ’, 36°C ‘36°C,
etc. When dealing with units of measurement, marifficdlties
arise. Numeral quantifiers and names of units ausad in a great variety,
both in writing and formation (Skopinava et al. 3D1Another difficulty
lies in variable agreement of a unit with a certaumber/numeral (e.@5
mempay ‘25 meter§ 21 memp_ ‘21 meter’, 23 mempw ‘23 metery),
synonymous written forms (e.@000 nempay ‘2000 meters’ =2000 u
‘2000 m’' =2x10% m ‘2x103 m’' =2 kinamempur ‘2 kilometers’ =2 xu ‘2
km’ = 0sa km ‘two km'...). Therefore, creating localization rulésr all
cases is practically impossible, and it is extrgmgiportant to use tools
that allow users to easily modify previously-deysd rules and add new
ones. QEMUs are language-dependeniosina (Belarusian) = wuac
(Russian) =hour (English) =Stunde(German) = etc. Thus, it is essential
to make accurate provisions for each language.

Significant results have already been achievedlg@ean researchers
and developers of the Quantalyze semantic annotatid search servite

! http:/iww.stn-international.com/numeric_propesgarching.htmi
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and Numeric Property Searching service in DerwentladvVPatents Index
on STN (Hetsevich et al. 2013). However, language ori@aand
limited thematic coverage are the reasons why #tmad or practical
results cannot be completely suitable for BelarusiaRussian.

Our first goal was to createesources for identification and
classification of QEM Us for Belarusian and Russian according to the
International Bureau of Weightsand M easures® (Figure 7).

System International
[ {Numeral Quantifier [{Derived +3
(a) +D I
<MEAS v
>

i
b

(b)

B oy ko= o
7 H

R =

= +Length |DT

+£mount of substance
Figure 7: Graphs for identifying and classifying I@8s according to the SI

The main graph (Figure 7a) consists of four grapimy. text fragment
is initially checked in the 1st subgraph (Figure) Tbit has a numeral
descriptor. Very often it is recorded not only wiphime, decimal and
fractional numbers, but also as compound expressigth exponential
parts, periods etc. This subgraph is language-em#ggnt. If the graph
detects a numeral quantifier, it keeps moving alamg of the tree

2 https://www.quantalyze.com/en/
3 http://www.bipm.org/en/si/si_brochure/general.html
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branches in accordance with the Sl-classificat®lrbasic (Figure 7c), Sl-
derived and extra-systemic units. Inside of eachgmaph, units are
differentiated, e.g.cexynoa ‘a second’ is a unit of time. After applying the
graph to the text, different search requests arssiple via “Locate
Pattern” (Figure 8).

Before| Seq. [ After
3 paspawsHHemM ga 1— 5m . 3 ynikam kamepubIfiHbIX sm
iHbapmaLbli Ha Y3poyHi 1— 10 M . Takas gatanéeacyb Heabxog 10m
cTapTaBas mMaca nepasbiwae 3600 kr PaanikoBbl T3pMiH akTbijHara| 3600 kg
Macaii MeHeit 3a 10 kr , anpas 10-20 ragoy 10kg
rapgoy —macai napagky 1 kr , AIKiA 3MoryLUb yeTanaynisalb 1kg
BThiM cknagana napagky 150— 500 metpay . Y 70-80-x rr 500 metres

Figure 8: Search results for the request <MEAS+SI{Guantitative expressions
with Sl-basic MUs) for Belarusian (English tranglat provided)

According to the values of precision, recall angirttaverage harmonic
mean, the graphs achieve 72% accuracy.

Our next goal was to developesources for identifying and
classifying QEMUs according to word formation peculiarities. The
solution is based on successive application oftinecks (Figure 9). The
first block includes resources with basic stemstrohegical prefixes and
prefix symbols. At this stage, morphemic and Ileki@malysis is
performed. Metrological word stems and prefixesidemtified. Stems can
be either full 4unep ‘ampere’) or shortened(‘amp’), while prefixes or
prefix symbols can be either multipledifaamnep ‘kiloampere’) or
submultiple §z4 ‘mA’). Measurement units with several sequences of
prefixes (e.g.mixpamecaghapao ‘micromegdarad’) are uncommon and
need to be extracted as mistakes. All these variarg considered by the
second block, which consists of four morphologitahguage-independent
grammars. Next morphological analysis is performétbrds denoting
units of measurement are identified. They also iveceertain markers:
Mump (with multiple prefixes)Musp (with submultiple prefixes)Muhp
(with several prefixes)Mub (basic units without prefixes). Identified
measurement units with prefixes inherit all gramosdtand inflectional
characteristics of initial words. For exampbexarimpami ‘deciliters (in
the Instrumental case)’ correlates with the diadignword zimp ‘liter’.
The graph letsoskarimpami remain the noun with all its inflectional
endings and grammatical features, though it ism@uded in the resource
dictionary. The third block is represented by twgntactic grammars
which accumulate morphological data and, finalteritify QEMUs and
give them the marker <MUEXPR> (Figure 10).
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Gekepans, NOUN+FLX=ABAJIb+s6+UNAMB+Base
6iT, NOUN+FLX=EANT+s2+UNAMB+Base
B,ABBREVIATION+Mbase

BT, ABBREVIATION+Mbase
aa‘r,NOUN+FLX=EAl71Tjr52+UNAM B+Base

BonbT,NOUN+FLX=BAUT+s2+UNAMB+Base

r ABBREVIATION+Mbase

ra, ABBREVIATION+Mbase

rr, ABBREVIATION+Mbase

rextap, NOUN+FLX=FEKTAP+s5+UNAMB+Base|
repuy, NOUN+FLX=AMMEP+s2+UNAMB+Base

[Fsubmultiple [}
/b

roa, NOUN+FLX=rOJ+sN+UNAMB+Base
rpan, ABBREVIATION+Mbase
rpam,NOUN+FLX=TPAM+s3+UNAMB+Base
"y, ABBREVIATION+Mbase

ry, ABBREVIATION+Mbase

<NOUN+Mub>

<NOUN+Mump=>
<NOUN+Mus,
<NOUN-+Muhp>

‘H-{Numera.l Quantifier
<

<ABBREVIATION+Mub=>

<ABBREVIATION+Mump>
<ABBREVIATION+Musp>

Mpref

Spref

ﬁc(%(

Noun

Noun

Y

(e ) - () A hprerrers siosissir e

SNoun=: NOUN+

E) _D/_gSpref#SlL $1C$1S8$1F+Musp>

NOUN+Base>

<SNoun=:

Figure 9: Resources for identifying and classify@gMUs according to word
formation peculiarities

Before| Seq.

| After

OK He NpeBbilLan
ckasaTb «dpaiin B
nuuyuHoi ot 1 go
o MUKOTepaBonbT

‘asanacb paBHOW
anuch paBHbIMU:
KM - HAKNOHEHWe

1 mA
100 kunoBaiit
100 MOm

13 loTTaliokTorpaMmos

22 chemTOrpaMmam

8.1-1021 Ok
98,00 rpag,

. Ha yenoBeka Tokm cT

»). Mpwn oBosHaqeHUn

, 4TOGbI NpoTeKatowmii
Kaxxpas cTpoka coag

fo 64 Méut/c)u 137,4 My (MeTpoBbIiA Anana3oH
Rympya» maccoi 1383,95 kapatos Maympyabl Bbipawym
MIOOHOE - okono 2.2 MKc - OCNOHAST 3agauvy {

(1 ¢pr = 1+10%(-15) ).
(yMeHbLUeHUe Maccbl

. CPOK aKTUBHOrO CyLLy

1mA
100 kilobytes
100 Mohm
13 yottayoktograms
137.4 MHz
1383,95 carats
2.2 us
22 femtograms
8110721 T
98,00 deg

Figure 10: Search results for the request <MUEXPBr Russian (English
translations provided)

Finally, we proceed to the third complex of resestcwhich is aimed
at generating QEMUs or turning them into orthographical word
sequences. Such tokens ag000x ‘7000 m’ are supposed to turn intew
mulcau mempay ‘seven thousand meters’. The graph (Figure 11jaios
subgraphs of two types: for generating numeral tiiiers (numbers from
0 to 999999999999) and for generating words degotimits of
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measurement. QEMUSs pass from input to output bynsied one of seven
ramifications, depending on the inflection of Bekian/Russian nouns
after numbers. The graph which processes numbeemiides Russian
dolls: the subgraph for numbers of one triad (0)988ludes the subgraph
ThMInMIr for numbers of two triads (1000-999999) with thebuilt
subgraphaMinMIr (three triads) andMir (four triads). After generating
numbers the graph proceeds to processing nounswileicote MUs. For
the present, the graph can generate basic Slamitsome frequently used
ones. Thanks to the visibility of finite-state awimta, the graph can be
easily and rapidly improved by adding more MUs.Ufgg12 demonstrates
some results using the graph.

a_ NomSgFem b NomSgFem [i
a_NomSgMasc b_NomSgMasc

a NomPlFem [—{b NomPIFem

a NomPMasc | b_NomPIMasc
a_GenPl [———b_GenPl

a NomPIT [——b_NomPIT
a_GenPIT ———]b_GenPIT

Mineapray

Figure 11: Resources for expanding QEMUs into athphical words

Seq.

15 T/nATHaUyalb ToHay

123 kricTo gBaUuaLlb Tpbl Kinarpambl

5678904 K/nAub Mine&Hay WacLbCOT CEMA3ECAT BOCEM ThICAY A3€BALBLCOT YaTbipbl KENbBIHbI
123 AJcTo gBauualb Tpbl aMnepbl

6785672 m/wacyb MiNb&Hay ceMCOT BOCEMA3ECAT NALL ThICAY WACLbCOT CEMA3ECAT ABa METPbI
787879 cyT/ceMcoT BoCeMA3eCAT CeM TbICAY BOCEMCOT CEMA3ECAT A3EBALb CyTaK

6761 cyT/wWacub ThICAY CEMCOT WIACLbA3ECAT afHbl CYTK

Figure 12: After applying the resources for expagdDEMUSs into orthographical
words to the Belarusian text corpus
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Conclusion

It can be concluded that the goal of developingueses which find
set and free word combinations in Belarusian anssin text corpora has
been achieved. Particular attention is paid to yaa quantitative
expressions with measurement units as a specibiclass of free word
combinations. Three complexes of NooJ visual madqdical and
syntactic grammars have been developed. They fgeal@ssify (with two
approaches) and expand QEMUs into orthographicatl eequences. In
future it is planned to build local grammars forrggemes, expand the
resources for describing wider groups of free woadnbinations, and
disambiguate cases when the graphs “confuse” sonte (&.9. the same
initial letterr for rox ‘year’, rpam ‘gram’, raazina ‘hour’).
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