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Abstract. This paper outlines an approach to the stage-by-stage solu-
tion of the computer-linguistic problem of the processing of quantitative
expressions with measurement units by means of the linguistic processor
NooJ. The focus is put on the nominative, genitive, and accusative cases
for Belarusian and Russian. The paper gives a general analysis of the
problem providing examples not only for Belarusian and Russian, but
also for English.
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1 Introduction

In order to make text interfaces more “natural”’, systems of human computer
interaction should be able to voice electronic texts. High-quality text-to-speech
synthesis cannot be achieved without excellent performance of text processing.
There are plenty of objects in texts which require a specific way of treatment: ta-
bles, formulas, program codes, etc. This research concentrates on the processing
of quantitative expressions with measurement units (QEMUs).

Let us take the following sentence in Belarusian as an example: Maca 3amnai
cxaadae 5.9736 x 10%* xz ‘“The mass of the Earth is equal to 5.9736x10%* kg’.
Obviously, there is one quantitative expression with a measurement unit, namely
5.9736x10%* xr ‘5.9736x10%* kg’. The purpose is to develop algorithms and
resources which will allow expanding this expression into an orthographic form:
NAYUD UIABLL 03€6AUD MBICAY CEMCOM MPHIUUGUD WICUD 03ECAUTNOCAYHOIL HA
dzecaun Yy 08auuauy waueépmaill cmyneni xkisaepamayj ‘five point nine thousand
seven hundred thirty-six multiplied by ten raised to the twenty-fourth degree
kilograms’. The problem is not easy to solve due to the enormous variety of
ways in which QEMUs are expressed in writing. Plenty of these ways differ within
various language systems. The main difficulty lies in the need to correctly define
the categories of case, number, and gender, and to coordinate all the elements
of the expression. Both in Belarusian and Russian, six cases, two numbers, and
three genders are grammatically possible, which is different from English in
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which there are only two cases, and the ending of the word after the numeral
depends only on the number. By now the authors of this paper have focused on
the nominative, genitive and accusative cases.

Previously in 2009 a team of Croatian linguists developed algorithms which
identify dimensional expressions of length, square and numerical ranges for Croa-
tian and English [1]. Much has been achieved by European developers of the
Numeric Property Searching service [2], and Quantalyze semantic annotation
and search service [3]. Later in 2013, Belarusian researchers demonstrated finite-
state automata which identify, analyse, and classify QEMUs for the Belarusian
and Russian languages [4]. The paper’s authors have decided to go in another
research direction, in particular turning QEMUs (namely combinations of dig-
its, symbols, and letters) into orthographically correct sequences of words which
agree in gender, number, and case according to the grammar rules of the Be-
larusian and Russian languages.

2 Characterizing the Problem of the Processing of
QEMUs

At first it is important to decide which tokens should be viewed as measure-
ment units generally. Every scientific field has its own terminological apparatus,
objects, subject area, methods of research, etc. For instance a survey is one of
research methods in sociology [5]. Sometimes results of surveys are represented
with the help of the well-known unit percent but often sociologists use such words
as a person, a male, a child, a woman, a student, an employee, an American,
etc., for example: 5§ man. waa ‘5 mln ppl” (should be turned into nays misvénai
waaaser ‘five million people’). At the same time these “units” are not relevant
for astronomy or mathematics. This research aims to develop a system which
processes QEMUs used as standards for measuring certain physical quantities
according to the International System of Units (SI) [6]. At the same time some
frequently used and often abbreviated words, such as Belarusian/Russian wmyxa
or wm ‘piece’ or ‘pc’ are not going to be ignored either.

Another difficulty is the variety within one and the same language system.
For example, the Belarusian language possesses one more system of spelling,
which is called Taraskievica (or Belarusian classical orthography). Nowadays
the modern and classical systems co-exist, so it is important to take both of
them into consideration. Thus, the full list of variants for the Belarusian word
cexkyna ‘second’ (the SI base measurement unit of time) will be the follow-
ing: ¢, cex, caK, cexynoda, cekymov, cexynodse, cexyndy, cexywdail, cexyndaro,
cexynaae, cexynd, cexyndag, cexyndam, cexyrndami, cexyrnoar, coxyrnoa, caxkymndol,
coKyno3e, coxyndy, caryndal, cokyndato, caxynoae, cakynd, caxyndagj, coryndam,
cokyndami, coxyndax — 27 variants. By analogy, there is American English,
British English, etc. Thus, we have American meter-meters, and British metre-
metres [5].

It is important to note that the problem of the QEMUs processing can be
complicated not only by language peculiarities, but also by the human factor
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(orthographic mistakes, misprints), and the machine properties (the encoding of
power signs, software limitations, etc.).

To sum up, the problem of QEMUs processing is not as easy as it may seem
in the beginning. At the same time it requires to be solved because QEMUs can
be found in electronic texts of almost any thematic domain in various spheres
of everyday life: starting from culinary recipes, and ending with scientific data
from space satellites and probes.

3 Creating the Algorithm for the Processing of QEMUs

To solve the problem, by the moment we have developed a syntactic grammar
(Fig. 1) consisting of over 350 graphs which can be applied to any electronic
texts in Belarusian and Russian. The grammar is represented by the finite-state
automaton which has been created by means of the visual graphic editor built
in the linguistic processor NooJ [7]. For the present the grammar covers three
cases out of six: nominative (the graphs with Nom), genitive (the graphs with
Gen), and accusative (the graphs with Acc).

1E Nom OverallDimension
IF Nom Sequences [~
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2F_Gen Sequences |[¥
48 Acc WN MU )

4B Acc DF MU [r
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X Disamb_BothRightAndl et Contexts

Fig. 1. The main graph of the algorithm for the processing of QEMUs in Belaru-
sian/Russian

As one can see, the names of some graphs start with numbers followed by cap-
ital Latin letters. Since there are over 350 graphs we had to foresee a convenient
way of the graphs ordering. There are six cases in Belarusian and Russian accord-
ing to the modern grammar rules of these languages. Traditionally they are listed
in the following order: 1°* nominative, 2" genitive, 3"¢ dative, 4*" accusative,
5t instrumental, 6! prepositional. That is why we have put 1 before Nom, 2
before Gen, and 4 before Acc. Latin letters are used as codes for phenomena
described by one or another graph. The phenomena are also specified at the end
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of the graphs’ names. The A-graphs are for QEMUs in which numeral descrip-
tors are expressed by whole numbers: 678 mm ‘678 mm’. The B-graphs are used
when numeral descriptors are decimal fractions: 18.0005 xiaranackans ‘18.0005
kilopascals’. The C-graphs work out for intervals connected either with a hyphen
or dots: 125... 1000 mempos ‘125...1000 meters’. The graph with D processes
intervals formed with certain prepositions: ad 5 da 6 miaipanmeenagj ‘from 5 to 6
milliroentgens’. The algorithmic branches with E process expressions which de-
scribe overall dimensions: 240z707x1500 dm ‘240x707x1500 dm’. The F-graphs
are necessary for QEMUs in which there are homogeneous numeral descriptors:
oxono 2, 8, 5 amnep ‘nearly 2, 3, 5 amperes’. As one can notice in Fig. 1, there
are also branches named Signs, Gen_ Features, and Acc_ Features. The Signs-
branch works out when the algorithm finds one of the following sequences: -++
natoc minyce (for Belarusian); -+=+ natoc munyc (for Russian). Under Features
we mean word or symbol indicators of one or another case. For instance, after
Belarusian 6oavw 3a ‘more than’ or Russian 6onee  wem the expression is used
in the accusative case, for example: 6oavws  3a 6 A will transform into 6oavws
3a  wacyv__amnepay. At the same time Belarusian 6oavw ‘over’ or Russian
bosee will make the algorithm behave in a different way, and the phrase will
take the genitive case: 6oavws 6 A will be turned into 6oavws — wacyi amnepad.
Within the subgraphs the algorithm fulfils plenty of checking operations. At
first it focuses on the processing of numeral quantifiers, including not only whole
numbers (99837680, + 2) but also decimal fractions (678,0000009, ~567.7800),
numbers raised to one or another power (1,43128x10%), dimensions (Fig. 2)
(10x20x60), and combinations of digits with letters (3892 muic, 90 map0).

IlANomWN}\fo '
1B Nom DF MU [}
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MU :
1B Nom DF MU '

1B_Nom DF MU |

Fig. 2. The subgraph for the processing of QEMUs which denote overall dimensions
for Belarusian and Russian

What concerns the graphs for measurement units, they process SI base units,
SI derived units, some units which belong to other systems, and some tokens
which can be used for measuring or even counting in general: wmyxa ‘piece’,
duonmpus ‘dioptre’, yaas ‘inch’; etc. They have been collected separately within
subgraphs which contain Extra in their names (Fig. 3). So it is possible “to
switch them off” if there ever arises the necessity to do this. We have also added
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Fig. 3. The subgraph for the processing of QEMUs which denote overall dimensions
for Belarusian and Russian
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‘ Seq.

¥ pagsiyce 10 Mine,/V pageiyce azecani Mijib

1430 mAr/aaHa ThICAYA YaTRIPHICTA TPRIIANL MLIiaMIep-raasin

-5.. -7°C/minyc nank mMaTkpon'e MiHyc ceM rpaaycay laabcis

12 i 16 I'6G/ ABanamuans i mMacHamians riraGaar

200-20000 I'n/a3Becne Aadic ABanmans Thicay lepi

140 x 257 x 240 mM/cTO copak Ha A3Becle MALA3ECAT ceM Ha JA3Becle copak MiniMeTpay
100x40 m*/cro Ha copak MeTpay y Apyrof cryneHi

~9,8 M/c’ /KkaJis A3eBAl1i I3/IbIX BachbMi A3ACATBIX MeTPA § CEKYHAY ¥ Apyroii cryneHi
0,1 I'n-300 kru,/Hyab U3bIX ajgHa A3acatad Mepoa asdic TpeicTa Kijtarepiy

1,40-3 MKM/agHa 3J1a5 COPaK cOThIX J3dic TPhI MiKpaMeTpbl

+0,3° /nawc-MiHyC HYJIb H3JbBIX TPBI A3SCATHIA rpajyca

0,7 M3B/TOA /HyJb MHABIX CéM A3ACATHIX MidiziBepTa ¥ rof

7%10% M/ceM RHa A3ecans y mocTail cTyneni MeTpay

1,57%10° m/aana ns1as OAMLA3ECAT CEM COTHIX Ha A3eCANb ¥ MIocTall cryneni MeTpay
He MepaBbimae 15 aT. % /He mepaBbIlTae MATHANIIANL ATAMHEIX TPansHTay

~107 K/c/xann cra cami kejibBiHAY ¥ CeKyHAY

(a)
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74-81°/cembaecaT YyeTeipe gednc BOCeMbAECAT O4NH rpagyc
10-35°necATb pethuc TpUALATL NATE FPAAYCcoOB
2200-2400 m/gBe ToICAYM OBECTH AedMrc ABe TLICAYM YeTbipecTa MeTpoB
380-500 mm/TpUCTa BoceMbAeCAT AedMC NATLCOT MUNNMETROE
Gonee 40 ra/bonee copoka rekTapos
o 18 m/go EoceMHagUaTH METPOE
1,3-2,5 cm/ogHa yenan Tpu aecATLIe Aediuc ABE LeNnkIe NATL JeCATLIX CAHTUMETPA
Yepes 29 mec/uepes ABaauaTh 1EBATL MECALEB
0,85 kr/HoNk UenbIX BOCEMbAECAT NATE COThIX KMOrpaMma
20-210 mm/gBapuate geduc ABECTH BECATL MUNNUMETPOB
0,1-130 Kr/HONb LenbIX ofHa AecATan gedmc ¢To TpUALATL KMNOTPaMMOB
cBbiwe 2000 M/cBLIWE ABYX TLICAY METPOB
okono 6-10" [x/okono WwecTy Ha AecATk B TPMHAOUATON CTENEHN mKoynen

(0)

Fig. 4. Excerpts from the results of applying the algorithm to the Belarusian (a) and
Russian (b) text corpora

indicators of powers which can be used either after a measurement unit (in this
case a power is expressed by a superscript number or a sequence of letters: !
Kybiunw ‘cubic’; ke ‘sq’, xkeadpammuwuii ‘square’), or before it (then a power can
be indicated only by a sequence of letters, and the word order is reverse: 5
mempay xybiunoir). The analysis of text corpora has shown that most often
powers are used with measurement units of length or distance. So it has been
decided not to overload the algorithm with unnecessary checks.
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It is important to note that our finite-state automaton (Fig. 1) represents
both the working model of the NooJ grammar [7], and the algorithm at once, so
it is unnecessary to perform additional programming transformations in order
to apply it in practice. Fig. 4 illustrates some results which have been received
after the processing of Belarusian (a) and Russian (b) texts by our finite-state
automata.

We have performed an evaluation test of the algorithm for Belarusian on
the material of the text corpus with 100,000 word usages. They cover various
scientific and non-scientific thematic domains: astronomy, biology, botany, chem-
istry, cosmology, culinary, defence technology, geography, history, law, mineral-
ogy, news, physics, space travel science, etc. The corpus belongs to the specific
NooJ-format .noc. Linguistic experts have counted the total number of QEMUs
in the corpus: N =1765. The quantity of all expressions processed by the algo-
rithm is L =1430; the number of those which have been correctly processed is
M =1/64. The calculations have showed the following results: precision ~ 83 %,
recall ~ 81 %, and F-score ~ 82 %.

4 Conclusion

The main goal of the paper — to develop the algorithm for the processing of quan-
titative expressions with measurement units in the nominative, genitive, and ac-
cusative cases in Belarusian and Russian electronic texts — has been achieved. On
the whole the algorithm processes whole numbers (+£999 999 999 999), decimal
fractions (4999999999999, 999999999) combined with 120 measurement units
which belong to the classification of the International Bureau of Weights and
Measures, units which belong to other systems, and some tokens which can
be conditionally called units. In order to construct and test the algorithm, the
computer-linguistic development environment NooJ has been used. The evalua-
tion testing of the developed finite-state automaton has proved its rather high
quality. At present we continue working in this direction, and further we plan to
cover the dative, instrumental, and prepositional cases.
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