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Abstract. The Internet serves billions of users providing a variety of
information resources whereby a lot of the information is presented in natural
human language and needs an efficient approach to be processed.

Natural language processing (NLP) refers to the ability of computers to
analyze and understand the structure of human language. By utilizing NLP
this linguistic knowledge is transformed into algorithms for solving specific
problems. GATE is widely used, open-source software infrastructure that
provides a framework and components for solving NLP tasks. The available
GATE tools can be adapted to other languages and text processing tasks.

This article will present an approach for converting numeric data, written as
words in Bulgarian, into digit numbers. For this case, a relevant configuration
file for Bulgarian has been integrated into the general tool set in the open
source software for natural language processing GATE. The aim of this survey
is to determine the exact numeric value of Bulgarian text numeric data, which
can be used as a starting point for producing more complex annotations, such
as monetary measurement units, etc.

Keywords: Natural language processing; Bulgarian grammar; GATE

1. Introduction

The vision of Tim Berners-Lee for the Semantic Web is to expand the ex-
isting World Wide Web through standards which aim to provide machine-read-
able data. Therefore, web technology is to retrieve the information via mean-
ings with no difference in the ways and languages presented (Berners-Lee et
al. 2001).

Natural language processing (NLP) is an area of research in computer sci-
ence that explores interaction between computers and spoken or written human
language. The effectiveness of the applied NLP techniques supports the auto-
mation of the process of adding semantics to the existing web data. Informa-
tion Extraction (IE), as a form of analysis of natural language, is a process of
obtaining structured information from raw texts. Named Entity Recognition
(NER) is one of the basic sub-tasks in the process of [Eand in (Cunningham
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2005) it is presented as the most reliable technological method for IE. NER is
mainly used for obtaining typical named entities such as names of places, or-
ganisations or people. This task is slightly dependent on the thematic field, and
the effectiveness of the results can reach 95%. The task of entities extraction
also includes the identification of monetary amounts and percentages, times,
dates, numeric data, etc., which are not primarily presented as digit numbers
(digits). Following the standardized spelling rules, numeric data can be pre-
sented as the mixing of numbers and words (“The distance is 2 thousand me-
ters ), as well as only in words (“Nine thousand undergraduates participated
in the marathon™).

Bulgarian literary language accepts writing numbers as words if they are
at the beginning of a sentence or in cases when the word (phrase) does not
represent an exact number. In addition, numbers from one to ten, when they
do not signify a measurement, are written only in words (not as numbers) in
the text. When data is presented as numbers containing five or more digits, an
interval is placed before each group of three digits, except for the cases when
the digits denote a corresponding number. (“The jackpot in the game will go
over 8 400 000 leva!™).

Numbers in text are crucial in numerous fields, for instance, in scientific
articles, statistics, economics, etc. The present paper focuses on an approach
for converting numeric data from text in Bulgarian. The ability for correct
identification and work with numbers has significant impact for NLP tasks
such as Information Extraction and Information Retrieval.

2. Related Work

Current state of language technology for Bulgarian language is discussed
in (Koeva & Stefanova 2022). The conducted survey is based on resources
collected and distributed by the ,,European Language Grid” (EU project 2019-
2022) (ELG). The report claims that there are no developed natural language
text processing methods for Bulgarian. Such methods concern the man — com-
puter interaction, the simultaneous processing of text, image or video. With
other methods, what is visible is the technological advancement, yet there are
no applications which are suitable for broader use, such as the automatic re-
suming of document content, for example. Authors register “a significant dif-
ference” in the development of technological language methods for English
as well as some other European languages, and the Bulgarian language. The
overcoming of this difference is further complicated due to the specificity of
the Bulgarian language being a linguistic “challenge” as an inflected language
(with a Cyrillic alphabet).

G. Hristova (2021) presents an overview of the progress in the field of text
analysis in Bulgarian in two directions — availability of language resources and
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practical applications. The first focus of the review reveals that not all existing
language resources are available and easy to implement. Despite admitting
the progress of biomedical NLP for Bulgarian, the second focus summarizes
that there is a scarce number of research articles related to applications of text
analysis on practical problems.

In previous works, the task of named entity recognition in Bulgarian is pre-
sented in (Georgiev et al. 2009). The proposed approach recognizes entities in
news text and categorizes them as persons, organizations, locations and mis-
cellaneous. The study uses Conditional Random Fields, a widely used mode-
ling technique for NLP tasks, and is the first to implement statistical approach
for NER in Bulgarian.

The research of numeracy in NLP for various languages indicates that it is
still at an early stage. The latest advances and work on numeracy in NLP are
summarized in (Thawani et al. 2021). The authors have synthesized the best
practices for representing numbers in text and have divided the numeric tasks
into seven subtasks. The first NLP-centric taxonomy of numeracy tasks and of
number representations is provided as a result.

Wallace et al. (2019) and Naik et al. (2019) have explored embedding meth-
ods, number decoding and addition tasks. The results confirm that the common
embedding techniques successfully capture magnitude (e.g. 3<4), but are un-
satisfactory when the numeric mapping of string to numeric value is concerned
(“three” — 3).

Alkhateeb et al. (2016) presents an approach for converting written Arabic
numeral text into a digit number and vice versa. The proposed approach is im-
plemented in an Android mobile-based application for children. In a previous
work (Al-Taani et al. 2009) a numeral checker application for the Arabic lan-
guage implemented as a Finite State Transducer is proposed. The application
transforms a number into the corresponding word format with respect to the
gender agreement feature.

In (Uskov et al. 2019), a method for extracting numeric data from texts
in Russian has been proposed. The method employs semantic networks and
semantic frames to determine the boundaries and to extract the numeric data
from the text.

Regarding Bulgarian language processing by the General Architecture for
Text Engineering (GATE), an earlier work (Borisova et al. 2013) has demon-
strated the functionality of GATE to perform regular expressions over annota-
tions for detecting noun-adjective agreement errors. The provided code sam-
ples have been used for the detection and retrieval of word groups meeting a
specific set of criteria.

Borisova (2015) has presented an approach for ontology based Informa-
tion extraction from unstructured text in Bulgarian. Consequently, a diction-
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ary-based lemmatizer for Bulgarian has been developed and integrated for im-
proving the results of the part-of-speech (POS) tagger (Iliev et al. 2015).

Bulgarian Plugin in GATE provides a processing resource which integrates
the BulStem inflectional stemmer for Bulgarian (Nakov 2003). The basic aim
of stemming is to retrieve the root of a given word.

At the time this paper was written, we were not aware of the existence of
other processing resources in GATE specifically targeting the Bulgarian lan-
guage.

In this paper, we will focus on annotating numbers represented as words in
Bulgarian text with the open source software GATE. The presented approach
covers specifics in Bulgarian and annotates numbers written as words or num-
bers (or a combination of both), and determines their numeric value.

In (Atanasova 2019), the teaching knowledge management module (TKM)
that is part of the university knowledge management system is presented and
described. The TKM module that contains tools for the evaluation of learning
resources in distance e-learning has a significant feature — it can be extended.
The approach for annotating numbers represented as words in Bulgarian texts
with the open source software GATE could be used as a part of intelligent
software tools for assessing the quality and the correctness of the curriculum,
syllabus, and learning resources.

3. Proposed Approach

GATE is free open source project widely used in the field of language pro-
cessing. The infrastructure of the framework gives the opportunity to use and
implement components for different language processing tasks.

GATE supports various document formats, including plain text, HTML,
XML, RTF, SGML, Email, PDF (some documents), etc. Additional formats
(for example, Twitter-style JSON format) are provided by relevant plugins.
The supported documents have to be encoded in one of the standards accepted
by Java. The most popular character encoding nowadays is UTF-8, which is
the most widely used way to represent Unicode text (GATE 2022).

The algorithm for converting numbers from text format should work with
natural text in Bulgarian. For this purpose, in addition to the standard compo-
nents for text analysis, a configuration file for Bulgarian has been integrated
in the GATE pipeline. The rest of this section describes the steps performed to
detect numeric data from Bulgarian text.

3.1. Tokenization

In the phase of the tokenization of a document, the boundaries of tokens are
identified. As a result, two sets of annotations are generated, namely “Token”
and “Space Token”. Each token is classified as a word, punctuation, symbol or
number. A token can be classified as Number if it contains only combinations
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of consecutive digits. The intervals present in the text are identified by means
of set of annotations “SpaceToken”, and for each number (consisting of five or
more digits) that has an interval placed before each group of three digits, the
tokenization defines each group as a separate token. For instance, the results
for the numbers ,,3 586 571“and ,,48.7%“are demonstrated with an example
below (Figure 1).

Annotation Sets  Annotations List Annotations Stack Co-reference Editor Text Q

ca ~
scern n 3 586 571 Ayww (48.7%6) ca Mbse, wan Ha 1 000 mMbsxe ce nagar 1 053 sxenn.

= 3anasea ce TenaenunATa Ha ypbaHuSauMsA - B rpagoBeTe XuBesAT 5 338 261 aywm, wnu
72.5%, & 8 cenara xueeAT 2 026 309 Aywm, wim 27.5% OT HACENEHWETO Ha CTpaHaTa.

- B nepuoga mexay neete npebpossanuA npes 2001 1 2011 r. HACENEHMETO Ha crpaHaTa
HamManaea c 564 331 AywK NpU CpeaHoOrogUuileH TeMn Ha HaManedue 0. 7.

- [lBe TPeTH OT HAMaNeHUETO HA HACENEeHNETO (68.096) Ce QLMW Ha OTPULETEeNHNS
ecrecreeH o2
Type Set Start End Id Features

Token 143| 144|4037|{kind=number, length=1, string=33} ~
Token 14s5| 14s8|4030|f{kind=number, length=3, string=5863}

Token 14% 152|4041|{kind=number, len , string=571}

Token T T FOT, ng=aywun}
Token 1 tpunct, string={3}
Token 159| 161|404s[{kind=number, length=2, string=<8}

Token 161| 162|4047|{kind=punctuation, length=1, string=.}

Token 162| 163|4048/{kind=number, length=1, string=73

Token 163 1644|4049/ {kind=punctuation, length=1, string=26}

Toren Tor 10 ¢ poSiion=endpunct, string=J)3}
Token 166| 168|4052({kind=word, length=2, orth=lowercase, string=ca}

Token 169| 173|4054/{kind=vvord, length=4, orth=lowercase, string=mtxe}
Token 173| 174|4055[{kind=punctuation, length=1, string=,}

Token 17s| 178|4057/{kind=vvord, length=3, orth=lowercase, string=nnn}

Token 179| 181|40S9({kind=word, length=2, orth=lowercase, string=na}

Token 182| 183|4061[{kind=number, length=1, string=13

Token 184| 187|4063|{kind=number, length=3, string=0003

Token 188| 192|4065/{kind=vword, length=4, orth=lowercase, string=mMuxe}
Token 193] 195|4067|{kind=word, length=2, orth=lowercase, string=ce}

Token 196| 201|4069({kind=vord, length=5, orth=lowercase, string=naaaT}
Token z02| 203|4071|{kind=number, length=1, string=12

Token 204| 207|4073({kind=number, length=3, string=0533}

Token z08| 2z12|4075|{kind=wvord, length=4, orth=lovsercase, string=s<enmn}

1=

[] SpaceToken
Token
» Original markups

Figure 1. Tokenization of numbers in a document

We can obtain similar result when the numeric value is expressed in words
in the text. The example in Figure 2 shows that each numeric value is written
in words, with a punctuation mark — a full stop — used as an interval between
them. After the tokenization of the document, 332 tokens in 103 sentences
have been annotated and the value of the feature kind for all of them is equal
to ,,word” or ,,punctuation”. In fact, 229 tokens with numeric data were treated

as separate “words

|
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@& cate Messages @test_ﬂle.docx_._ @tast_ﬁ\e_wn.dom g‘w”& Fipeline_0000C
& %App“cat‘“"s Annotation Sets  Annotations List Annotations Stack Co-reference Editor Text q
----- 22 Fipeline_ooooc <
# cnucamns. OceMHa nesa. [JBafleceT 1 efHo. ~
----- g’%’: annie_test J[leageceT W geama “ ’z “ @ 3 ywu. AeafeceT U net geua. D SpaceToken
[BajeceT W Wwect. eeT. TPUAECET. TpHaeceT u
=) @ Language Resources eaHo. TpugeceT u g Token * lupw gywm. Tpugecet u net peua. Token
_____ @test_ﬂle.doo(_ﬂﬂﬂﬁﬂ Tpuaecet u wecrt. | Kind «||word «|Ix¢|[BeT- YeTupugecer. Yetupuaecet P Original markups
W efiHo. YeTupiaec eCeT i YETUPH AW,
F @tgﬁ7ﬁ|g7wn_dUQ7D YeTupuaeceT u net|  length ~||8 ~ | X||UeTupnaeceT u ocem.
YeTupuaeceT u el 3 ke, METASCET U TPH HKEHM.
[—}ﬁ Processing Resources MeTaeceT u ueTHpK arth  ||upperinitial b |- necet 1 cegem. MeTaeceT U ocem.
4 Metgecet u gegeT. | string ~ || Tpupecet | |b mbxe. LLeCTASCET W TPH JKEHN.
. LingPipe Sentence Sy | |jjjecrpecer 1 uetiy ” | [5¢ |t WecTaeceT u cenenm.
|4 Numbers Tagger_00 UWectaecet 1 DOCE!M AECET W efHD. Dcegqecer " <
— ABaMa Mexe. Ocem, ’ Opeﬂ Search & Annotate tool lfecet u net geua. Ocemgecer n
- dgg ANNIE Gazetteer_00
Type Set Start End Id Features
%\, BGLangTools Lemmal
e d d, leng e g aece ~
\_ LingPipe POS Tagger | | Token 611 612|271 |{kind=punctuation, length=1, string=.}
Token 613| 621|273/ {kind=word, length=8, orth=upperInitial, string=Tpuaecet}
#3 ANNIE Sentence Spli Token 622| 623|275 {kind=word, length=1, orth=lowercase, string=n}
---t:.ANNI.E English Token| | | Token 624 628|277|{kind=word, length=4, orth=lowercase, string=eano}
Token 628 629|278/ {kind=punctuation, length=1, string=.}
O Document Reset PR_ | [Token 630 638|280 {kind=word, length=8, orth=uppernitial, string=Tpnaecet}
_____ ﬁ Datastores Token 639| 640|282|{kind=word, length=1, orth=lowercase, string=u}
Token 641 646|284|{kind=word, length=5, orth=lowercase, string=nsama}
Token 647 651|286| {kind=word, length=4, orth=lowercase, string=mexe}

Figure 2. Tokenization of numbers written as words in a document

The work of the tokenizer is only limited to the identification of tokens in a text.
The application of adaptable grammatical rules with the consecutive text process-
ing gives the opportunity for achieving flexibility and effectiveness. (GATE 2022).

3.2 Sentence detection

The GATE sentence splitter is a cascade of finite-state transducers and this
module is required for the Part-of-Speech (POS) tagger. The splitter segments
the text into sentences, based on a set of rules and each sentence is annotated
with the type “Sentence”.

3.3. Part-of-Speech Tagger

The standard subtask (after identifying the tokens and sentences in the
document) is the marking of separate tokens with their corresponding part of
speech. In order to do that, LingPipe POS Tagger has been used. It presents
two models for Bulgarian — Bulgarian-full.model and Bulgarian-simplified.
model, executed on a transformed version of the BulTreeBank-DP (Simov et
al. 2004). As a result of the implementation of the tagger, a feature category is
added to each token in the annotation (for each corresponding part of speech).
In this particular case, each numeric value written in words in the text has
been annotated as Mc-pi (cardinal number; Plural; non-definite). For example,
the set of features for token ,,Illect” (Six) is: {category= Mc-pi, kind=word,
length=4, orth=upperlnitial, string=Illect}

3.4 Number tagging

The Tagger Numbers creole repository affords the following processing
resources (PRs) for annotation of numbers within documents:
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— The “Numbers Tagger” annotates numbers, which are written in numbers

or numeric words;

— The “Roman Numerals Tagger” annotates Roman numerals.

Both PRs produce Number annotations with standard feature value, which
stores the actual value of the number that has been annotated as a Double. This
feature allows the application of the created annotations for more complex
annotations. In this case, a “Numbers Tagger” as a subject of this article has
been used independently.

In order to create an instance of the “Numbers Tagger” what is necessary is
the configuration of the following parameters upon initialization: 1) the URL
and the encoding of the configuration file and 2) the URL of the JAPE grammar
used for post-processing. The configuration files currently provide support for
English, French, German and Spanish. There is a file for each of the mentioned
languages, whereby the following items have been assigned:

1) words (one word), which can be used as numerals;

2) words which are used as multipliers (for hundreds, thousands) and

3) conjunctions, which are used to combine sequences of words defining

numerals.

In Bulgarian, the numeral is a part of speech signifying numbers and nu-
meric features. In linguistic reference books, it is related to the notion of quan-
tity, number, cardinals and ordinals (Boyadzhiev 2004).

Following their structure, numerals can be subdivided into simple, complex
and compound. Simple numerals have a root morpheme and are simple words:
three (tpm), five (mert), ten (mecer), hundred (cto), thousand (xumnsiga), etc.
Complex numerals are formed from the combination of two simple numerals in
a compound word: twelve (1BaHanmecer), seventeen (cememMHaaecer), two hun-
dred (nBecra), five hundred (merctorun), etc. Compound numerals are formed
my means of combining two or more numerals which preserve their character-
istics of separate words, yet they notify one number: twenty-three (aBamecer
u Tpu), nine hundred and eighty-four (neBeTcTOTHH OCEeMueceT u 4eTupH), etc.

According to the rules for the formation of quantitative numerals in Bul-
garian, a configuration file has been integrated. The structure of the file has
its own specificity that defines a decimal symbol and a digit grouping symbol,
words, multipliers and conjunctions as follows:

— for a decimal symbol a decimal point is used and for a digit grouping

symbol — white space

— words that can be used as numbers (Tablel) — simple numerals which

are non-derivative forms and cannot be formed from other words. These
quantitative numerals are basic, since they denote the numbers from the
decimal ordinal system.
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Table 1. Simple numerals (basic)

Simple numerals (basic)
Digit Word
1 Ennn (M.p.), eqna (k.p.), eaHo (cp.p.)
2 JlBa (M.p.), mBe (K.p. ¥ Cp.p.)
3 Tpu
4 Yerupu
5 Iler
6 [ecr
7 Cenem
8 Ocem
9 Jeser
10 Jecer
20-90 JlBanecer, ...., IeBeTIECET
100 Cro
1 000 Xwunsaga
1 000 000 Musnmon

According to their gender, the only numerals that vary are edun for mascu-
line, eona for feminine, eono for neuter gender, as well as dsa for masculine,
ose for feminine and neuter gender.

The other quantitative numerals are formed from the simple numerals by
means of multiplication or addition of derivative words (Gramatika 1983).

— Multipliers for quantitative numerals, formed by multiplication (Table 2)

Multiplication is a method used with homogeneous numeral categories (tens
(mecetunu), hundreds (crotuim), thousands (xunsau), millions (MuaHMOHU)).
“Four multiplied by @ hundred is four hundred 4*100=400".

To determine their numeric value, a multiplicand (which denotes a simple
numeral) is multiplied by a multiplier (raised by 10" power). The following
possible multipliers have been assigned: 10 to 2™ power for the “hundreds”,
10 to 3" power for the “thousands” and 10 to 6" power for the “millions” — for
example, five hundred (5*10%) and 6 000 (six thousand, 6*10%). The multiplier
10% has been assigned for the suffixes ,,cma” and ,,cmomun”.The multiplier
10° has been assigned for thousands (xunaou), and 10° for millions (munuonu).

The rule for the formation of tens (neceruiu) (from 20 to 90 with a multi-
plier 10') cannot be applied to this example, since “ten” (10) is not a possible
word and a multiplier.
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Table 2. Quantitative numerals formed by multiplication

Quantitative numerals formed by multiplication
Hundreds
Digit Word Quantitative numerals
200 JBecra Jse * ,,cma® (2*10°)
300 Tpucra , Tpu™ * ,,cma“ (3*10°)
400 YerupucroTux Yemupucmoruu (4*10°)
500 [lercroTun Hemcemornu (5*10°)
600 IecrcroTnn Ilecmemorun (6%10°)
700 CeeMCTOTHH Ceoememorun (7*10%)
800 OceMCTOTHH Ocemcmoruu (8*10%)
900 JleBeTcTOTHH Hesemcmorun (9*10°)
Thousands
2 000 JBe xumsiiu LHee” * xunaou® (2*10°)
3000 Tpu xuisian L, Tpu™ *  xunaou® (2*10°)
100 000 CTo XWIsiau ., Cmo* * ,xunaou“ (100*10°)
200 000 JIBecTa XUIsan LHee * ema“*  xunaou (2*10°*10°)
900 000 JIeBETCTOTUH XWJISTH Heeem ™ * ,,cmomun® * ,xunaou* (9*10°*10°)

— Conjunctions for quantitative numerals which are formed by addition
(Table 3)

The defined conjunctions are “u” (and) (for hundreds and thousands) and
“Ha” (to) (for tens). The first one is defined as a whole word and requires white
space on both sides, e.g. ,,cto u aeBet* (one hundred and nine). The second
one is not defined as a whole word and it is used for numerals formed by com-
bining two simple numerals into one compound word. For instance, the nu-
merals from 12 to 19 are formed when the lower class is pre-positioned to the
upper and they are joined with the preposition “Ha” (to) — 17 cenemuanecer
(seventeen) (7-na-10).

Table 3. Quantitative numerals formed by addition
Quantitative numerals formed by addition

Tens
Digit Word Quantitative numerals
12 JlBananecer HABa“ +  Ha“ +  nmecer” (2+10)
13 Tpunanecer »Ipu™ + ,Ha“ +  jmecer (3+10)
14 Yerupunaecer Hderupu™ + ,,Ha“ + ,,mecer* (4+10)
15 Ilernanecer HABa“ + Ha“ +  nmecer” (5+10)
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16 IllecTHanmecer ,ect + ,Ha™ + ,,mecet* (6+10)
17 CenemHuajecer ,Cemem™ + ,ma“ + , necet™ (7+10)
18 OcemHazecet ,OceM™ +, Ha“ + , mecet (2+10)
19 JleBeTHaecer HAeser + Ha“ + , jecetr™ (2+10)
21-29 JlBajecer u eHO, ..., SABagecet™ + ,,enHo (20+1), ...,
JIBajiecer u JieBET JBanecer™ + , neBet (20+9)
31-31 Tpuaecer u efHo, ..., »Ipunecer + emHo (30+1), ...,
Tpuzecer u neBer ,» Ipunecer™ + , neBet (30+9)
41 -49 Uerupuaecer U €JIHo, ..., Lderupugecet™ + ,,equo” (40+1), ...,
Yerupuaecer u 1eBeT Lderupuaecet + ,,neBet™ (40+9)
51-59 Tlernmecer u enHo, ..., Hllernecer™ + ,,equo” (50+1), ...,
Tletmecer u neBer LHllernecer™ + ,,neBet™ (50+9)
61 —69 Ilectaecer u enHo, ..., Hlectoecer™ + ,,equo” (60+1), ..., ,,Illectmecer™
IllecTnecer u geser + . 1eBet (60+9)
71-79 CenemMeceT U €HO, ..., »Cememuecer™ + ,,eqao” (70+1), ...,
CenemjieceT U I€BET ,Cenemaecer™ + ,,neset (70+9)
81 -89 Ocempecer | elHO, ..., »Ocemaecet™ + ,,eqno™ (80+1), ..., ,,Ocemmecer™
Ocemiecer U I€BET + . 1eBet (80+9)
91 -99 JleBeTnecer U eAHO, ..., SHesermecer + ,.emHo™ (90+1), ...,
JleBetneceT u ieBet HJesermecer + , neBet (90+9)
Hundreds
101 - 199 Cro u enuH, ..., CTo neBeT- ,,Cto*“ + ,emuu* (100+1), ..., ,,Ct0o“ + ,,neBeTAC-
JICCET U JICBET cet + ,,meBet™ (100+90+9)
201 —299 JlBecra u enuH, ..., WABe™ * cra“ + enquH” (2¥102+1), ..., ,,[dBe™ *
JIBecTa JieBeT/IECET U JIEBET ,CTa™ +, neBermecer™ + , meBet (2*102+90+9)
301 —-399 Tpucra u equy, ..., L Ipu“ * cra“+ emuH” (3*¥102+1), ..., ,, Tpu™ *
Tpucra jeBeTneceT u AeBET ,cTa* +, neeermecer™ + , meBet (3*102+90+9)
901 — 999 JIeBeTCTOTHH U eNIUH, ..., HAeser™ * | crotuH + ,,equH" (9%102+1), ...,
JleBeTCTOTHH JIEBETIECET JAesercrorun‘ + , JleBeTnecer™ + ,,meBet
U JICBET (9*102+90+9)
Thousands
1001 — 1999 JIBe Xunsau u euH, ..., LHXwsina® + .emua’ (1000+1), ..., ,, Xunsga®™ +
JIBe xuisiin 1eBeTCTOTHH LHaeBers * | crotuH® + , neBeraecer’ + ,,neBeT™
JICBETICCET U JICBET (1000+9*102+90+9)
2001 — 2999 JIBe Xunsau u euH, ..., HABe ¥ xwmsau™ + ,equa (2%103+1), ...,

Z[Be XAIAAU J€BETCTOTHH
JCBETACCET U JICBCT

LWABE ¥ xwisu® + , neBetr™ * | ctotuH + ,, 18-
Beraecer” + ,ieBer’ (2*¥103+9*102+90+9)
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Millions
1 000 000 Enna munnon MimroH (1000000)
2 000 000 JIBa MusoHa HABa“ * mumrona (2*106)

4. Results

A set of one hundred and three numerals in Bulgarian (Table 4) was used
in the GATE pipeline to test the results of the proposed approach. The words
are written with no spelling mistakes and their combinations comply with the
rules for the formation of quantitative numerals. The numerals included in the
set of sentences are ones that vary according to gender — masculine, feminine
and neuter gender.

Table 4. Results of the GATE pipeline

N Number in Bulgarian words Digit Number Correct
1 Enun 1 v
2 Enna 1 v
3 Enno 1 v
4 JlBa 2 v
5 JlBe 2 v
6 Tpu 3 v
7 Tpuma 3 v
3 Yerupu 4 v
9 et 5 v
10 Ilect 6 v
11 Cenem 7 v
12 Ocem 8 v
13 JleBer 9 v
14 Jlecer 10 v
15 Ennnanecer 11 v
16 JlBanajiecer 12 v
17 Tpunagecer 13 v
18 YerupuHaIeCceT 14 v
19 IMetHanecer 15 v
20 IlectHaneceT 16 v
21 CeneMHaeceT 17 v
22 OcemHajecer 18 v
23 JleBeTHazieceT 19 v
24 JlBanecer 20 v
25-33 JlBanmecer u exHO — J[BaseceT u IeBET 21,...,29 v

241



Nadezhda Borisova, Elena Karashtranova

34 Tpupecer 30 v
35-43 Tpunecer u enno — Tpuzgecer u 1eBet 31, ..., 39 4
44 Yetupuaecer 40 v
45 -53 Uerupuecer u e1HO — YeTUPUIECET U JIeBET 41, ...,49 v
54 Tletnecer 50 v
55-63 Iletnecer u exno — IleTnecer u IeBET 51, ...,59 4
64 lectaecer 60 v
65-173 Ilectaecer u enno — lllecTaecer u aeBeT 61, ...,69 4
74 Cenempecer 70 v
75 Ocemjecer 80 v
76 — 84 Ocempecer u enHO — OceMaeceT U ACBET 81,...,89 4
85 JleBeTecer 90 v
86 Cto 100 v
87 JlBecTa 200 v
88 Tpucra 300 v
89 YeTHPUCTOTHH 400 v
90 IMeTcroTnH 500 v
91 [lectcToTH 600 v
92 CeeMCTOTHH 700 v
93 OceMcTOTHH 800 v
94 JleBeTcTOTHH 900 v
95 JIeBETCTOTHH TPUIECET U TPH 933 v
96 Xunsiga 1000 v
97 JlBe xusaau 2000 v
98 Tpu xunsan 3000 v
99 [llecTHaneceT XMW U TPU 16 003 v
100 Cro Xuysiu 100 000 v
101 JIeBETCTOTHH OCEM/IECET U CEeJIEM XUIIS U 987 654 v
MIECTCTOTHH TIETIECET U YETHPU
102 EauH MIIHOH 1 000 000 v
103 Jlpa Munmona 2 000 000 v

The generated Number annotations cover all numerals with standard feature
value, which has stored the actual value of the number that has been annotated
as a Double (Figure 3).
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Annotation Sets Annotations List Annotations Stack Co-reference Editor Text Q

P 3 4
Eawu. EgHa. EgHo. Aeama. [ee. Tpuma. Tpu. Yetupuma. MNet. Wecr. Cegem. Ocem. [eset. L i

[fecet. EqnHageceT. [lBadageceT. TpuHageceT. YeTupuHageceT. MNeTHageceT. LecTHageceT. Number
CepemHagecet. OcemHageceT. JeeeTHageceT. Jeanecet. Jeagecet W eqHo. [Bagecet u D TR

fAeama. [eageceT u Tpu. flBagecet u Yetupu. [BageceT w net. Jsagecet u wecr. [JsageceT u

cegem. [leageceTt u oceM. [lBafeceT u gegeT. TpugeceT. TpuAeceT W edHo. TpUOeceT |:| SpaceToken
Aeama. TpugeceT u Tpu. TpUaeceT 1 YeTHpu. TpuaeceT W neT. TpHAeceT u wecr. TPUASCeT 1

ceneM. TpuaeceT U ocem. TPUASCET W AeBeT. YeTMpUASCceT. YeTMPHOECET W eaHo. |:| Token
YeTupugeceT u geava. YeTupuageceT W TpH. HeTupuaeceT u YeTupu. YeTMpHaeceT U net. » original markups

YeTHPUAECET W WeCT. YeTHPHAECET M cefeM. YeTUpMASCeT W oceM. YeTUPHARCET U JEBET.
Metgecer. MNeTgeceT u eaHo. MNeTaeceT u Aeama. MNeTaeceT u Tpu. MNeTAeceT U UeTUpPK.
MetgeceT w net. MetgeceT W wect. MNetgeceT W ceqem. MetgeceT W oceM. MNeTaeceT 1 geBeT.
Wecrgecert. Wecrgecet u egHo. Wectgecet n geama. Wecrgecet u Tpu. Wectgecet n yetupu.
Wectnecet u net. Wectgecet u wecrt. Wectaecet w cegem. Wecrgecet u oceM. WectgeceT
feseT. CepgempeceT. Ocemgecet. OcemgeceT u egHo. OcemaeceT w gee. OCeMOECET W TPH.
OcemgeceT u yeTupn. OcemaeceT u net. OcemaeceT u wecr. OcemaeceT u cegeM. OcemgeceT
W ocemM. OcempeceT W geeet. fJesetgeceT. Cro. [lgecra. Tpucra. YeTUPUCTOTHH. METCTOTHH.
lWecrcroTH. CegeMcToTHH. OCeMCTOTHH. [JeBeTCToTHH. [JeBETCTOTHH TPMABCET W TPH.
Xunaga. dee Xunagu. Tpu xunagu. Wectnagecet xunagn v Tpu. CTo xunagu. JeseTcToTHH
OCEMAECET W CEJIEM XWNAAMN WECTCTOTHH NETASCET M YETHPM. MUNMOH. [Ba MUAWOHE. v

Type Set Start End Id  Features

Number| 0 4|2917|{type=words, value=1.0} ~
Number| 6| 10[2918|{type=words, value=1.0}

Number| 12|  16/2919|{type=words, value=1.0}

Number| 18| 21|2920|{type=words, value=2.0}

Number| 25| 28|2921|{type=words, value=2.0}

Number| 30[ 33|2922|{type=words, value=3.0}

Number| 37|  40/2923|{type=words, value=3.0}

Number| 42|  48|2924|{type=words, value=4.0}

Number| 52| 55|2925/{type=words, value=5.0}

Number| 57|  61|2926|{type=words, value=6.0}

Number| 63| 68|2927|{type=words, value=7.0}

Number| 70| 74|2928|{type=words, value=8.0}

Number| 76|  81|2929|{type=words, value=9.0}

Number| 83| 88|2930|{type=words, value=10.0}

Number| 90| 100/2931|{type=words, value=11.0}

Number| 102| 112|2932|{type=words, value=12.0}

Number| 114| 124|2933|{type=words, value=13.0}

Number| 126| 139|2934|{type=words, value=14.0}

Number| 141| 151|2935|{type=words, value=15.0}

Number| 153| 164|2936|{type=words, value=16.0}

Number| 166) 178/2937|{type=words, value=17.0}

Number| 180| 191|2938|{type=words, value=18.0} o
< >

103 Annotations (0 selected) Select:

Figure 3. Number annotations of the GATE pipeline

5. Conclusion

The development of web technologies aims to extract information through
its meaning regardless of the ways and languages in which it is presented. In a
great number of domains, a significant part of the information includes numer-
ic data presented in various formats.
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This paper provides an approach for annotating numbers represented as
words in Bulgarian texts with the open source software GATE. The approach
follows specificities of the Bulgarian language and annotates numbers by de-
termining their numeric value. The algorithm is aimed to work with natural
text in Bulgarian. For this purpose, in addition to the standard components
for text analysis in GATE, a configuration file for Bulgarian has been inte-
grated. As a result, the generated Number annotations covered all numerals
with standard feature value, which has stored the actual value of the number
annotated as Double.

In future, we plan to extend the functionalities of the presented approach for
producing more complex annotations, called numeric characteristics extraction.
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