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1 Introduction

The paper focuses on the achievement of the targets as follows: automatic term
extraction stem from technical corpora (stock exchange, telecommunications),
term annotation derived from stock exchange corpora and text alignment. We also
calculate the success rate of an electronic dictionary of stock exchange terms and
of a FSA which permits the automatic extraction of acronyms and initialisms in
corpora. The above-mentioned matters will be successively presented.

The current research has evolved around the Modern Greek language
processing and it is integrated into a program for the development and the gradual
completion of the Unitex Greek version. Unitex' is a collection of programs
developed for the analysis of texts in natural languages by using linguistic
resources and tools. This work pertains to the field of NLP and is a product of
collaboration between the Laboratoire d’Informatique Gaspard-Monge
(Université Paris-Est Marne-la-Vallée) and the Laboratory of Translation and
Language Processing, part of the School of French Language and Literature
(Aristotle University of Thessaloniki).

2 Term annotation

The annotation procedure can identify and delimit words or sequences of words
which constitute terms. The terms can be:

a) single words (mAnBwpiopdg / inflation, petoyn / stock),

b) compound words (ehevBepo gundpio / free trade),

c¢) compound words composed of simple words or initialisms and compound
words that are already terms ({ovn elevBepov epmopiov / free trade area,
OlKOVOUIKEC Katoothoels Paost AITXIT® / financial statements under IFRS);

! http://www-igm.univ-mlv. fr/~unitex/
2 Aebv TTpotoma Xpnpatootkovoptkhg IIANpoeopnone
? International Financial Reporting Standards
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components can sometimes be two compound words (gviod] mdOAnoNg pe
kaBopiopévn ehdytom T / sell limit order).

We use a linguistic approach and we surround the terms with tags: <TAG>
(opening) <\TAG> (closing).

In the environment of the automatic analysis system Unitex, the recognition of
word sequences can be achieved by local grammars (they are represented in FSA*
and/or FST® graphs comprising eventually one or more sub-graph levels) and/or
electronic dictionaries (lists of inflected forms provided by grammatical,
inflectional and syntactico-semantic information). The strict approach by local
grammar is more appropriate in the recognition of highly productive sequences
based on a limited vocabulary and characterized by a significant distributional and
combinatorial aspect, e.g. the dates.

We decided to list and represent the terms of areas of interest using a
significant and varied vocabulary in the form of a dictionary. The specialized
dictionary we used, created by Eleni Tziafa (2007), turned out to be an essential
linguistic tool. It includes 9,634 terminological lexical units, single words (e.g.
petoyoddveto / share investment loan) and compound words (e.g. opdroyo-
Aovrovol/ flower bond). Sequences of letters not bounded by a dash, an
apostrophe or a space are considered as single words (Anastassiadis-Symeonidis
1986, Kyriacopoulou et al. 2002, Silberztein 1990). Untranslated Greek, English
and French terms are contained in texts concerning the stock exchange market.
These terms are written either in Greek or in Latin characters (e.g. covdr / swap).
For that reason, both forms were included in the dictionary.

The dictionary’s typology consists of the following:

e Adjectives: evdoouvedprakdg / intraday, op-cop / off-shore

e Nouns: anobAomoinon / dematerialization, ayopd gvpwpeToydV /

eurostock market

e Adverbs: e£movvedplaxd / pre-market, kdtm amd tov mhyko / under the
counter
Symbols: T, AAA, AA-, A+, BB+
Verbs: amobromold / dematerialize
Acronyms®: EA.IIIE. (EAMviké ITiotomowrtiké / Hellenic Certificates)
Initialisms:  O.AX.H.X.  (Oloxinpopévo  Avtopoto  Xvotnpa
HAextpovikov Xvvarlaymv) / Integrated Automated Electronic Exchange
System

Information has also been provided, concerning the semantic characteristics of
entries. In the example which is given here

arobromoin"on.N265,N+Abst+[Action]+[Eco]

* FSA: Finite State Automaton.

> FST: Finite State Transducer.

® As acronym, we define an abbreviation consisting of the first syllabic fragment of the constituent
words. As initialism, we consider a type of abbreviation that normally consists of the initial
letters of the constituent words (Anastassiadis-Symeonidis 1986).
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the entry aroilomoinon (dematerialization) is qualified as an abstract noun (Abst),
it expresses action ( [Action] ) and it belongs to the economic domain terms
( [Eco] ). Similarly, as illustrated in the example which follows, the entry evpwyév
(euroyen) is a concrete noun (Conc), it constitutes a monetary unit ( [Monn] ) and
it also forms part of the economic field ( [Eco] ):

evpwyév.N305,N+Conc+[Monn]+[Eco]

To describe semantically the aforementioned terms, we consulted the same
resources as for their collection and their morphological description, which is the
following:

e specialized dictionaries. It should be noted that we have already
lemmatized terms residing in these dictionaries;

e the terminology database IATE of the European Union;

e several termbases, available on Internet;

¢ finance and economic magazines and newspapers.

Regarding the local grammar, the only FST we used (Figure 1), allowed after
the application of our dictionary, the identification of the terms recognized in the
surrounding tag. The meta-symbol <DIC> of this grammar, matches with any
word present in our dictionary in the processed text.

e ——@

=Term:= <{Term:=

Figure 1: FST for term annotation

The Annual Report and Review of the 6th Fiscal Year 2006 of the company
Hellenic Exchanges S.A.", written in Greek, was the corpus we used for the term
annotation, in order to extract and identify the initial performance. The overall
size of the corpus was around 714 KB (51,185 words, 158 pages). To evaluate the
FST (see chapter 3) we did not apply it on the whole corpus. Due to its length, we
decided to apply it on a sample corpus of 231 KB (16,820 words, 60 pages).

The stock exchange vocabulary is specific; it is used by particular professional
groups and covers a whole range of their issues of interest and activities. The
1993-2000 period was determinant for the formulation of the specific Greek stock
exchange vocabulary. In these seven years, there was experienced a remarkable
increase in the operations and the interest shown by population. This growth
created new needs in the market and pointed out the imperative necessity of using
new words, which entered the domain of stock exchange as neologisms or
neonyms. During this period, new terms were introduced constantly and
continually into the stock exchange vocabulary. Nevertheless, after the market
decline in 2000 until today, due to the decrease of interest for this specific

7 http://www.ase.gr
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domain, this vocabulary became more restricted. Therefore, its extensive
description is permitted to a certain degree.

As pointed out by Bowker and Pearson (2002), there is no standard size for a
corpus to be representative. Corpora of millions or hundreds of millions of words
can be proved useful for the research of special languages. The electronic corpora
of special use were authentic, i.e. without having induced any modifications. They
include texts originated from a specific thematic domain and the high frequency
occurrence of terms related to it. Hence, stock exchange and telecommunications
terminology is expected to occur to a great extent in these corpora.

The first step was to preprocess the corpus, which was incorporated in Unitex.
The corpus preprocess included the undermentioned operations: normalization of
separators, identification of tokens, normalization of non-ambiguous forms,
splitting into sentences and application of dictionaries. We then applied the FST.

The corpus processing systems, search in texts concrete morphosyntactic
structures, which are treated and presented under the forms of concordances. It is
worth mentioning, to be precise, that concordancers generate a list, including all
the words of a given text, chosen on the basis of the dictionary, retrieved
alphabetically, and presenting each word within the bilateral context.
Concordances are of great utility, because they allow the possibility to study the
use of a word in question in texts. Moreover, they provide information about the
sort of context, narrow or broad, where the word occurs.

Economic terms are listed in this extract of concordances:

muLviaoe pua véa mohiTix opoforic tng <Iermerihnvudic avophcd/Terms. {5} Tov Iotvvio, to XA Suo
Bepehiwbn poxpooLXovopLxl oToLXELld TOC W waBog emiong L amé
one) nopoucubor.g oe nepimov 80 Siedvh <JTerm Isrm>. {S5)}Opofahhoviag L o
nidvevon pe ancppéenon amé tnv EXAE twv gzg,mﬁ;,gmgﬁg ;Iggggggggﬁzg;mg «KE-NTPIKO ANOBETHPIO
még Extng Etaipuxc Xpriong 2006 012 Ta <Termeiufoph wépln</Term> tov Opikov to 2006, upetd tnov

Ephenay otn Bwpdxion Tov Szopi-woU xul <JTerm>wovovioTixoy mhoocioud/Term> nov puBpidel Tn Afit
v 30.10.2008 Eexivnoe n Aeitovpyia tne <Term>woivic mhatpdpuacd/Term> unootfpléng 1ng AgiLtoupy
mévay Twv eodduwv and tn Aeittovpyia tne <Termyxovic ohatpdpuaced/Term> XA-XAK), wo-80c wol omd

opolv Evepyntixd 45,117 10,241 341% Mn <Term=anchopopowy Evepyntiwd</Term> 43,618 45,046 -3% L
1) AweBéowpe 120,103 179,674 -33% Downd <Termwanchopopoty Evepyntiwd</Term> 45,117 10,241 341%

jpoonéBe e tng Sioixmong yia peiwon tov <Ierm>he|TovpyixoU wéoToucd/Terms ouveyi-{eTal L omod
w Ba Bondfice. mepalTépw OTn peilwon Tou <Term>AeTOUCYIXOU wdoToucs/Termy tov Ouiiov. {S5}1.{S}

{ popokoyixol ehéyyov 37 2.{5)9 EfeAiEn <Term>ustoy oV xepuhaiou</Terms 37 2.{5}10 Metoyux ov
¢ EXAE va ovéhBeL oe 70.271.463 wui to <Termruetoyixd wxepdhoio</Term> va ouindel wutdk €71.750

lehiv, #coda and ouvdpouéc xui ovifoeic <Term>UETOY XUV KEQOAMiwv</Term> elonyuevevy EToLPpLGV, £
Gpwons Twv xpuTnelev slooyeyne yie Ti¢ <Term»voutihiloxeéc etoipiece/Terme. {5}Tc 2006 ftovw &.e6
nxnTixd Iuppodkio 1ng Etcipeieg. (5] 01 <Term>oixovonixéc wutaotageicd/Term> Tov Ouikov EXAE £y
mhoUpe dnowe eyxpivete Ti¢ evomoinuéves <Term>oixovouikéc wutaotdoeice/Term> tng Etaipei-ag yix
. ETEZEN emé tn EXAE) eival eppovi oti¢ <Term>oixovopikéc wotaogtdoeice/Term> tou 2006, pe tov o
ovehUT LK OTLC ON-peL@oelg Twov eTnoiwv <Term>oLXovol Koy xoTaoTaoewv</Term>, oL omoieg Exouv o
‘Aifeig g ayopig. {5} Ta cmo-tehéopata <Term>oepiotohrfc Twv Samovaw</Terms eival eupovi otov 1
n wepSopopic tou Opikou. [S}Inpovtixég <Termymnvéc eodduwv</Term> yia tov Duiho, exTog omd TLQ

(hhoyfic yie Tov Tehixd emevduti. {5} Ito <Term>omhaigio evioyuoncd/Term> Tng ovwIaywvLOTLKOTOTAC T
vopf] pepiopatoc €0,5 ové petoxf.{5) To <Term»ouvoliwd mood</Term» mov Bo Siovepnfei ovépyetoal

Table 1: This is an example of concordances of Greek economic terms.

3 Evaluation of dictionary effectiveness
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The results we obtained after the dictionary application are presented below:
1,857 matches
2,925 recognized units
6.365% of the text is covered

In order to assess the quality of the dictionary, we used two basic evaluation
measures: precision and recall. In the context of the present study, precision can
be defined as the ratio of relevant terms over the total number of terms retrieved
by the corpus processing system. Recall is the ratio of relevant terms retrieved by
the corpus processing system over the total number of relevant terms in the
corpus. For the precision percentage, it is essential to calculate the terms retrieved
from the text, while for the recall percentage it is required to locate the exact
number of correct terms included in the text. That calculation has to be made
manually.

More precisely, out of the 1,857 matches retrieved from the 231 KB text, the
relevant terms were 1,786, that is a percentage of 96.1%. As for the recall ratio,
the corpus processing system retrieved 1,786 terms, while it should have returned
2,100 terms. Thus, it was covered at a percentage of 85.04%. Moreover, there was
a percentage of 3.82% corresponding to words that should not have been
retrieved. The number of irrelevant terms constitutes the noise. Noise is due to
ambiguous words which may come either from the special vocabulary or from the
general. By applying the specialized dictionary the system recognized words that
were not only terms but also they were registered in the general dictionary. For
instance the words anotéleoua, cxtéleon, mpaln are term entries occurring in both
the specialized and general dictionaries.

The undermentioned examples are provided to illustrate the method of
lemmatization in the specialized dictionary, the recognized term as well as the
common word:

e amotélecpa, N+[Eco]:Nns:Ans: Vns / effect, result
AmOTEAEC O, POPOAOYIKOD EAEYYOL / audit results
amotéAecpa pe po potid / result in a glance

o extéleon, . N+Abst+[Eco]:Nfs:Afs:Vfs / execution
exktéleon evtoAng / order execution
extéleon Tov Kadnkoviwv / duty execution

o mpbceic,mpaén.N+[Eco]:Nfp: Afp:Vip / trading
paelg amod Tov dikaovyo Tov agiwv / shareholder trading
npacelg atipotikes / dishonest acts

4 Text Alignment

For the term extraction of bilingual texts we proceeded to the text alignment. This
process is based on the principle that parallel texts, which usually are a source text
and the target text(s) produced, can be aligned at a sentential level. More
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concretely, it is possible to search a word or a phrase in both texts and find their
translation in sentences aligned with those containing the word or phrase in
question. However, it should be stressed that word alignment is still not possible.
Patrick Watrin integrated into Unitex the Open Source text alignment tool
XAlign, developed at the LORIA (Laboratoire Lorrain de Recherche en
Informatique et ses Applications).

The corpora we had at our disposal are of two types:

a) Annual Report and Review of the 6th Fiscal Year 2006 of Hellenic
Exchanges S.A. The size of the Greek and the English corpora amount to a
total of 714 KB and 672 KB respectively.

b) Annual Report 2008 of the Hellenic Telecommunications and Post
Commission (EEET)*. The length of the Greek corpus corresponds to 708
KB, while the English corpus is totaling 673 KB.

In the next three images is shown an example of the alignment process on the
stock exchange corpora. The first image displays the sentential alignment whereas
the second image represents the search of the term uépioua (dividend). Finally, in
the third image, we obtained only the sentences which contain uépiouo linked to
those including dividend.

B Unitex 2.0 - current languags fs Gresk (Modern)
Text DELA FSGraph LexiconGrammar XAlgn fon (b Edfion Windows info

Flc: ]

64

s Info

Locate pattern in the form of:
® Regular expression:

<upiove>
Graph:
Index
‘Shortest matches.
© Longest matches.

O Allmatches

‘Search limitation
® Stopafter | 200/ matches
Index all utterances in text

ea by = =

® AN sentences Plain text Al sentences Plantext ®
Matched sentences Matched sentences
AN sontences HIML A sentences HTML
Aligned with target concordance Rligned with source concordance
Locate... Clear alignment Align | Save alignmern | Save alignment as... Locate...

Aligned with target concordance

— ) [T [T [r—— —

¥ http://www.eett.gr
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B3 Unitex 2.0 - current language is Greek (Modern)

Text DELA FSGraph Lexicon-Grammar XAlign Edit File Edition Windows Info

[ c:Program i xml [}
B = results, -
o decidea to

1 Meeting of  |100

Report and Review of the 6th
Year 2006 013

EXAE (KAR), E.E.T. xoi T

MG Twv siomypEvev oto Xi 103

Joic
iuditing Firm Ernst & Yow

= [Fased on the above, we ask the

©) All sentences/Plain text All sentences Plain text @®
® Matched sentences Matched sentences
© All sentencesHTML All sent

© Rligned with target concordance Aligned with source

Il Locate... | clear alignment | atign | sSave alignment | Save alignment as... |

‘ Locate...

Table 2: These are examples of the alignment process on stock exchange corpora.

5 Term extraction using FSA
In the framework of automatic term extraction, we applied on the corpora the FSA
shown below that allows the recognition of a noun followed by an acronym or
initialism (Kyriacopoulou, Martineau and Tziafa: 2009).

<MN> |- <PRE>

—— 1 [{0ET |- | —RE> o> Havas -6

Figure 2: FSA for term extraction

We applied the FSA on the Greek corpus of stock exchange terms (714 KB:
51,185 words, 158 pages), the English corpus of stock exchange terms (672 KB:
53,152 words, 154 pages), the Greek telecommunications corpus (708 KB: 45,731
words, 100 pages) and, finally, the English telecommunications corpus (673 KB:
46,680 words, 98 pages). In the present article, we set forth the concordances we
retrieved from the Greek corpora.

The occurrences took the following form of concordances:

Bopio Hubupol KépSoug % 49,1% 36,7% 34% Anmdfecon I3 CE) % 37,6% 13,4% 180% A=zixte
263.595 263.[5)595 Siaovvdeon péow Tou AL pnuatioTnglaxy Fuvedhhaydv (AXE) IupBboeic eod

twv Hepodaiwy

Ly Ehevaerdy (ITR) . {S)Kipra wuBfxov
) 81,732 38,639 112% X¥pnuart
T) 20539 9,088 22,513 7,360
z (EBITDR) £83,860 4
(EBITDA) 21,082 9

Table 3: This is an example of concordances taken from the corpus
of Greek stock exchange terms.

n Tewypapixod Ninpopopiaxod Ivothpatos (Geogrs gto SixTvoxd tomo

papixy Bfon twv xutoywv toug. (S)BA. (5] Geographic Information Svatems (GIS). (S}H vmnpecia st
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oup H EETT, péow tn¢ ouppetoync n¢ oto Independent Requlators Group (IRG), ouvéyioe 1 ouvepya
ppoce 1i¢ npophencpeves Sindixucies tn¢ Internacional Telecommunication Unjon (ITU) xmi evepuév
geav, To omoio Baci{etal oV EgupUOY « Mﬂ%ﬂu&m.@iﬂ* {3) To 2008, n EETT avayve
Snyidv avopopixd pe Toyudpopixd Bépata (B ' ittes - BDC), wurd tn Sudpxeia g

. [5)I8 et it Alxtua Kivntdc Yonpeoiac (Private Mobile Radio - PMR).(S) O dpoc «E18uxk PaSiobix

Table 4: This is an example of English term concordances taken from the corpus
of Greek telecommunications terms.

okt Yonpeciag (#0KY), n npdofaon ota fnuéoio ToyuSpouuxd Sixtve (8T4), n xootokdynon - Tiuoh
NeECLWY ToVHETapOpas. (5] H Sudfeon tov fnuéoioyu ToyuSoouixoy Suxtvoy (AT4) of evahhoxTixol oo
, 0L épol xui mpolnofécels Suhfeons tov Jnudciov Tovydpouixod LixTioy (4T4) of EvalhoaxTixoU¢ oo
wv Siepyacsidv Ba ypnolpcoounfodv and tn Suedvd Bvwon Tnhsoixoivevidv (ITU) via sunioutiopd Twv
ov Eurcpean Regulators Group - ERG, tov Juxtiou Apyév Aviovwviguod (ECH), tn¢ Postal Directive
ong mov apyidel pe «llé» Seopedetal ota Efviwh IvES.x Api8uocSdtnonc (EIA) vix evapuoviouévoug o
onoinong. {S)Op&da nmov anaptiovv oL 25 Efvixéc PubBpiotiifc Apy#c (FPA) tn¢ EE, wubd¢ sl oL 8
Vo nepdhinha ouvtovidel tn Spaon tng pe Edviwéc PuBpiotiwéc Rpyéc (EPR), tnv Evpwnouixd Emitponsi
, vnoBAfénxey 3 aitfpeta and evpunoixés E8viwéc PuBpiotixéc Apvéc (EPR) nmpoxeipfvou va guviovis
o TN oT0 mhwicio Sinepdv emapdv pe Ti¢ ESviwéc Pulp.gtixéc Rpvéc (EPR) dhhwv xpoatdv. (S}E8ixb
noe npog tnv Evpenoin Emitpons wui Ti¢ EBvixéc PuBuigtixéc Rovéc (EPA) to Ixédio Métpuv avagop
wheth, énwg auTdg ovoolvdveTal omd Tov M@M@M@_{Lﬂl {5} B !"_‘*:
eyphon Mvnuévio petafd tng EEIT xmi tng E

o < < < e |
i

Table 5: This is an example of Greek term concordances taken from the corpus
of Greek telecommunications terms.

The system failed to recognize some occurrences for several reasons (use of
typographic symbols -punctuation marks, special purpose characters-, minuscule
letters among majuscule letters, occurrence of the initialism before the complete
form, etc.). E.g.:

e «XPHMATIZTHPIO AZIQN AGHNON A.E.» (XA)/Athens Stock
Exchange

oAb Ilpotvma Xpnuotoowovoukng ITAnpopopnong (AIIXII-IFRS) /
International Financial Reporting Standards

e Avantuén Xvomudtov kot Yrootmpitng Kepoiowayopac AE. (A.X.Y.K.
A.E.) / Development of Capital Market Systems and Support S.A.

e Zuvdécpov Melov tov  Xpnuotwompiov Abnvov (EME.X.A))/
Members of Athens Stock Exchange Association

e Tlolvpecwkov Mnvopdtov (MMS) Ilpootifépevne aioag (PMMS)/
Premium Multimedia Messaging Service

e Nopo Kowég Ymovpywés Amoepdocel (YA)/Common Minister's
Decisions

e Voice over Internet Protocol (VoIP)

e EOvumc Emttporng Tniemkowvoviav & Toayvdpopeiov (EETT) / Hellenic
Communications & Post Commission

e Aoctikd Kévtpa (A/K) / Cities

e Xapm Ymoypewoewv mpog tov Kortavorot] (XYK)/Chart of
Obligations to the Consumer
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e ypapuun ponbsiog (HELP LINE)

e YVvtopowv ['partdv Mnvopdtov tpoostifépevng atiag (PSMS) / Premium
Short Message Services

e SNG (Satellite News Gathering)

6 Evaluation of FSA effectiveness
To evaluate the FSA we did not apply it on the total Greek corpus of stock
exchange terms, but on a representative sample of 231 KB (16,820 words, 60
pages). As regards the English corpus of stock exchange terms, we used 218 KB
(17,216 words, 50 pages) out of 672 KB. Likewise, we made use of 396 KB
(23,323 words, 50 pages) from the Greek telecommunications corpus, instead of
its entire size and 383 KB (24,660 words, 50 pages) from the English
telecommunications corpus instead of 673 KB. We set out the results taken out
from the Greek corpora.

With respect to:
a) the corpus of stock exchange terms, the results we found are cited below:

14 matches

122 recognized units
0.265% of the text is covered

Evaluation measures
e Precision 12/14 = 85.7%
e Recall 12/19=63.1%
Noise = 14.2%

b) the corpus of telecommunications terms, the results we found are presented
below:

71 matches

699 recognized units
0.847% of the text is covered

Evaluation measures
e Precision 68/71 =95.7%
o Recall 68/107 =63.55%
Noise = 4.22%

7 Conclusions and perspectives

In this paper, we have described the procedure of the automatic term extraction
appearing in technical texts (stock exchange, telecommunications). By means of
an electronic dictionary of stock exchange terms and a FST we have shown how
to annotate terms in a stock exchange corpus. We have also focused on text
alignment of parallel (Greek and English) technical corpora. A FSA has been
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utilized to track acronyms and initialisms in these corpora. Finally, we proceeded
to the evaluation of the electronic dictionary of stock exchange terms and of the
FSA.

There are a number of potential areas for application of the topics discussed in
this paper such as the automatic translation, the language teaching, the search
engines, the spelling correctors as well as the syntactic correctors. The
improvement of the performance of the stock exchange terms dictionary, the
creation of a telecommunications terms electronic dictionary and a tool creation
for the automatic term extraction, are among the variety of perspectives that we
will endeavor to fulfill through future research. In addition, semantic term tagging
would offer a subtle text analysis and a meticulous research by category.
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