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Semantically related words — synonyms, hyper- and hyponyms, abbreviations — often colloca-
te or appear in similar contexts and it is usually possible to identify the domain of a word ei-
ther on the basis of its Iexical environment or the text it occurs in. Thus a group of related words
can easily be assigned to a specific domain, but to identify the relations between them may not
be as trivial. Certain phrases or lexemes express such relations in a more or less fixed syntac-
tic pattern, and by their identification it becomes possible to retrieve certain pairs of words
together with the information about the type of semantic link between them. If we, for exam-
ple, identify the pattern “X, also known as Y to indicate complete or near synonymy, we can
extract the noun phrases linked by the pattern as a pair of synonyms.

Such methods are already extensively used in various fields of information retrieval, however
so far few attempts have been made for Slovene. The paper gives some methods of identifying
such markers and how they can be used — in combination with other evidence — to extract re-
Jated words or phrases. We describe the problem of variability, as these semantic links often
exceed sentence boundaries and appear in various forms. Furthermore, the markers themsel-
ves can be ambiguous and express different semantic relations. Nevertheless, we envisage the
application of such methods in lexicography, terminography and particularly in thesaurus con-
struction, a task still to be accomplished for Slevene. For all experiments described we used
the FIDA reference corpus of Slovene,

Key words: corpus-based terminology, semantic relations, term extraction,
information retrieval

NTRODUCTION

plane is related to flamingo in that they both

The lexicon of a language is a structured
network of concepts and relations between
thern. When the words of a language are com-
bined and woven into a text, the text normal-
ly represents an instance of conceptual reality
and at the same time a referentially bounded
framework.

Within this framework words and the con-
cepts behind them relate to each other in va-
rious ways. On the level of the lexicon, a word
such as parent entails the existence of a child,
on the level of the conceptual reality an aero-

fly, and on the textual level words are auto-
matically put in relation with one another by
oceurring in the same context. Furthermore,
we can refer to the same concept with various
words, or use pronouns and other deictic de-
vices to point to a previously introduced con-
cept (Saeed, 1998).

However, when we want to explain the re-
lations between concepts within the reality
portrayed we aften use explicit linguistic struc-
tures or phrases, such as X is defined as Y, X
is an instance of Y, There are several types of
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X, for example A, B, C etc. These function as
pathfinders within the conceptual network and
map our understanding of the text and the
domain.

By identifying such markers it is possible 1o
extract not only the lexicon of a specific do-
main but also the relations between lexical
items, which can be used for several purposes.
In information retrieval, this method can be
applied for knowledge acquisition and integra-
tion into expert systems. For example in me-
dical literature certain lexical patterns are used
frequently enough to be formalized for know-
ledge extraction purpases, e.9. Drug Y causes
Disease X {Cimino and Barnett, 1993).

Similar methods are proposed by other au-
thors in the field of terminology, either for the
purpose of automatic construction of know-
ledge databases (Bowden et al, 1996), thesau-
rus construction (Richardson et al, 1998) and
conceptual sampling for terminography (Meyer
et al, 1999). This paper was particularly inspi-
red by the latter.

Although much work has been done, almost
all authors have performed their experiments on
English, most of them using domain-specific
corpora of scientific or technical texts. The aim
of this paper is to explore the possibilities of
extracting semantically related words from Slo-
vene using a 4-million-word subcorpus of texts
belonging to the category natural science taken
from FIDA, the 100-million-word reference cor-
pus of Slovene (Erjavec et a/, 1998). Apart from
the fact that this field has hardly been explored
so far for Slovene, the approach itself had to be
completely modified since Slovene is a highly
inflected language and the phrases we wanted
to extract occur in many different variants.

CLASSIFYING MARKERS
OF SEMANTIC RELATIONS
We were interested in the following basic

relations between lexical items, as defined also
in (WordNet, 2000): synonymy (full or partial),

hyperonymy (X is a kind of Y), hyponymy (Y is
a kind of X), meronymy (X is a part of ...) and
holonymy (parts of X are ...). Our approach
involved the following steps:

¢ identification of phrases {markers) that link
two related concepts in a text, e.g. X is a
kind of Y, X is also known as Y

* finding the syniactic pattern that allows
retrieval of related concepts, e.g. NPnom,
$g belongs in the group of NPpos, p!

» classification of the markers according to
two measures, yield and reliability.

The first step inevitably involved some
guesswork and relying upon intuition. Althou-
gh previous research on English provided a
good basis, some features simply cannot be
translated into Slovene. For example, the in-
definite article in English quite reliably points
to sormething new being introduced, so that
the structure X is a Y'is typical in definitions
and indicates that X is a hyponym of Y. Ha-
ving no articles, Slovene renders the corre-
sponding structure only with the auxiliary verb
X je'Y, which is too ambiguous to be consi-
dered a marker. Another method of finding
relevant markers is to take two words known
1o be related (such as disease and cancer),
retrieve all co-occurrences from the corpus
and examine the phrases that link them.

Below we list some markers that were iden-
tified and supported by corpus evidence:

* hypo- and hypernymy: je, kot je (na
primer), kot so npr., je vrsta, je _ vrsta,
pridtevamo med, sodi* med, med _ sodi*,
spada* med, sodi* v druZino, uvri¢amo
med, med _ uvricamo, uvricamo v sku-
pino...

¢ synonymy: ali, ali tudi, imenujemo tudi,
imenovan® tudi, (sinonim _), je sinonim za,
znan* tudi kat, znan® tudi pod imenom, z
drugim imenom...

* mero-and holonymy: ima; ima _ delg, je
iz, je sestavljen iz, vsebuje-..
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Once the phrase that marks a semantic re-
lation has been identified, we can retrieve sen-
tences containing the marker from the corpus.
However, a look at the concordances (see Fi-
gure 1) shows that only a portion of the sen-
tences retrieved actually contain two related
concepts. To separate useful examples from
the rest we need to identify the syntactic pati-
tern that makes the extraction possible. For
most semantic relations, the basic pattern is a
noun phrase linked to another noun phrase by
the marker, for example:

Zato spletne strani imenujemo tudi HTML dokumenti.

[Web pages are thus called also HTML documents.]

¥ Izpiki seznam - okvir - Netscape

However, an important element that faci-
litates extraction and improves accuracy is
case. Slovene has six cases and three gramma-
tical numbers (singular, dual and plural}, whi-
ch provides valuable clues about potential re-
latedness. If we are for instance looking for a
pair of synonyms, both noun phrases have to
agree in number.

Some patterns are non-contiguous, me-
aning that one or more words may appear
between the concepts we want o extract,
others are variable in that an indefinite num-
ber of extractable items may follow, for
example:

FISPELA 0 N 1 1 100 21 40

je bilo werjetno posledica neke bolezni. Danes

Delavci nelcaterth termitow, kot
Efinoma so manjs { kot domati vrabec, Ceprav
7, imenovane albumen (beljakovina). Albumen

hja opozarja nase z zelo slikovitim cvetjem, To

90 gor dol prva zadnja Obdelava Zapisi Shrani O

-,

j& vrsta verjetno Ze izumirla, Seprav v nepristo
je wrsta Odontotermes transvalensis, gojijo gl
je vrsta Passerella fliaca skoraj tako velika ke
je vrsta beljakovine. Beljakovine pa so pome:
je vrsta banane; kopjasti listi so lahko dolgi tu

épanska plesalka je vrsta morskega golega polZa. Ima temno 1<
Cebelja uf je vrsta muhice brez kril Zivi v panjih in jo na
Llco bodo zvenele v izbranem prostoru, Seprav je vrsta , velikost in sestava registrov sele na g

bb pomoti slovenskih wrinarjev uredili, Nastala je vrsta nasadov z narodopisnim delor, ki so

Krvavordeta ali fantomska tefra je wrsta , ki jo akvanist pogosto zamenjujejo i
o jo sredi prej¥njega stoletja, med akvaristi pa je vrsta postala priljubljena predvsem zaradi r
nski dele¥. Iz raznih zemljepisnih obmeod], kier je vrsta v naravi raziirjena, prihajajo do alova

b prehranjevanie z majhnimi ko#tki hrane. Ker je vrsta tudi sicer zelo obfutljiva, jo le izjemos

o in ovirajo razwo] vebine ofigalkariev (na sliki {e vrsta pedtene morske vetrnice). f
4 »

Figure 1: Concordance lines for je vrsta [is a kind of] from the FIDA corpus

Med enokaliénice spadajo palme, trave, bambusi, perunike in lilije.

[Monocotyledons include palms, grasses, bamboos, jrises and lilies.]
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Table 1: Hyponymy

Phrase Freq Pattern Yield |Reliability
je vista [is a kind of] 90/19 NPN ~ NPG 0.21 0.79

je _vrstalisa___ kind of] 156/24 NPN ~ NPG 0.15 0.75
pristevamo med [is counted 12/9 NPA ~ NPA,

among] NPN, ki jih ~NPA | 0.75 1.00
sodi* med [belongs among] 182/45 | NPN ~ NPA 0.24 0.86
spada* med [belongs among] 168/34 NPN ~ NPA 0.20 0.88
sodi* v druzino

[belongs in the family of] 13/4 NPN ~ NPGpl 0.30 0.50
uvrs¢amo med [is categorised as] | 60/22 NPA ~ NPA 0.36 0.77

Anather problem is the fact that some
phrases may function as markers of two distin-
ct relations, depending on the context. Thus,
the phrase imenujemo tudi [named also] ge-
nerally marks synonymy, however when the
initial NP is used with a demonstrative pro-
noun, or the real synonym has already been
mentioned in the previous sentence, the rela-
tion is almost exclusively hyponymy.

Knowing the pattern and retrieving only in-
stances that correspond to it nevertheless gives
less than perfect results. The words and relations
we extract may be terminologically irrelevant or
unrelated, or the relation between them is not
the one we predicted. The majority of these “er-
rors” are easily explained by looking at the broa-
der context of the sentence and could probably
be avoided if extraction patterns would be
expanded to work across sentence boundaries.

In order to characterise each marker in ter-
ms of its accuracy in predicting two refated
noun phrases and in terms of its productivity
in the corpus, two measures were invented: re-

liability and yield. Yield is defined as the num-
ber of corpus occurrences of the entire pattern
divided by the number of phrase occurrences.
Thus, if the phrase imenujemo tudi [named
also] occurs 185 times in the subcorpus, of
which only 69 cases correspond to the NP-rich
syntactic pattern, the yield is 0.37. Reliability,
on the other hand, measures how many of the
NP-rich examples are indeed terminologically
relevant. If 50 sentences containing ime-
nujerno tudi would lead to successful extrac-
tion of semantically related concepts, the re-
liability of the marker is 0.72. The table above
shows the results obtained for markers of
hyponymy.

The results above were obtained using a
non-lemmatized corpus, and indeed marker
phrases are relatively fixed in their form. This
is to say that if the first person plural form of
uvricamo med is found to mark hyponymy, the
other forms do not necessarily mark the same
relation nor do they need to be equally relia-
ble. The third person plural uvrs¢ajo med, for
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example, usually occurs in contexts where fal-
se or ambiguous categorisations are presented
or advised against:

Druge deZele so odlogitev “poni ali konj" redile
drugade, tako da se lahko zgodi, da konje, ki
ponekod veljajo za ponije, v njihovih izvornih
domovinah uvricajo med konje.

[in other countries the distinction between "pony”
and "horse” was resolved differently, so that it may
happen that horses categorised as ponies elsewhere
are counted among horses in their native countries.]

Nevertheless, in some cases an asterisk was
used to retrieve several forms of a phrase whe-
re this was considered “safe”, e.g. znan™ tudi
kot, imenovan® tudi, sodi* med etc.

il CONCEPT HIERARCHIES

Knowing the marker and the pattern it oc-
curs in allows us to retrieve concepts and inte-
grate them in a relational network. This can be
useful in the creation of a conceptual represen-
tation of a certain domain or to support thesau-
rus construction. For the study we describe here,
the subcorpus was teo small and too varied to
provide enough data to represent an entire
domain. On the other hand, some text types in
natural science, such as textbooks, convey kno-
wledge in a very clear and compact form and
lend themselves well to concept extraction.

nevretendarji
[Invertebrae]

T

ozigalkarji

[Cnidaria]
korale meduze morske vetrnice
[corals] [jetiy-fish} [sea anemones]

Figure 2: Concept hierarchy extracted from two sentences in the subcorpus

Some markers allow us to retrieve not only  Med gliste spadajo Stevilni zajedavei in Skodljivel,
pairs of related concepts but an entire group. kot so talne glistice, rudarska glista, pljucna gitsta
The sentence below shows how productive the M Stevilne filarije, ki pri sesalcih povzro&ajo

. elefantijazo.
hypernym-marker med _ spadajo {the group of :
_includes] can be:
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A broader and slightly different approach
to the exploration of concept relations is
known as conceptual sampling or extraction
of knowledge-rich contexts (Meyer et al,
1999). In corpus-based terminology work we
may not be interested merely in extracting
related terms but also in developing metho-
ds to identify other pieces of information
about a certain concept, which may be of
help in formulating definitions or illustrating
its usage. Thus, for example, certain patter-
ns may single out a concept as having a uni-
que characteristic that helps us distinguish it
from its kind. The non-contiguous pattern je
_wrsta[isthe __ of, is a _kind of] usually pro-
vides such information:

Galapaski kormoran je edina vrsta kermoranov na
svetu, ki ne letijo.

[The Galapagos cormorant is the anly kind of
cormorant that doesn't fly.]

Severni &rni kit je najvedja vrsta kljunatih kitov.

[The northern black whale is the largest of the beaked
whales.}

For the sake of objectivity it should be no-
ted that wrsta in Slovene means both kind
(type, sort) and species, and since the exam-
ples above come from the domain of zoolo-
gy, the marker je _ vrsta should probably be
interpreted as is afthe _ species of.

i\l PROBLEMS

it

Although this method may prove succes-
stul in extracting some semantically related
concept pairs or groups, a large number of
relevant terms will remain untedected. This
may be due to the fact that certain terms ne-
ver occur in a detectable pattern, which is not
to say that they occur “alone” because this is
almost never the case, but rather that their
semantical environment is spread over a broa-
der context which cannot be formalised in the
manner described above,

In a text dealing with a certain domain, re-
lations between concepts are frequently esta-
blished on a level that exceeds sentence boun-
daries. If, for example, one of the concepts for-
ming a relation pair has been previously intro-
duced, the phrasal marker and the pattern
would contain only the second concept while
the first would be replaced by a superordina-
te term {see example) or a demonstrative pro-
noun. A more complex approach to the extrac-
tion of related concepts would therefore also
include anaphora resolution.

Gobo imenujemo {udi smréek.

[The mushroom is alse called the snout.]

Since our approach is sentence-oriented,
the identification patterns are formulated for
declarative sentence types. In interrogative or
imperative sentences the syntactical patterns
may be different — often reversed — and affect
the results. For instance, the marker ime-
nujemo tudi fis also called] generally predicts
synonymy or a terminclogical variant of the
same concept, however if used in the form of
a question it may mark hypernymy.

Kateri planet imenujemo tudi Zvezda Vegernica?

[Which planet is also called the Evening Star?]

Finally, it is the aim of our approach o ex-
tract terminologically relevant pieces of informa-
tion that can be combined into concept rela-
tions or used as sources of terminological know-
ledge about the domain. However, phrasal
markers may be used figuratively and link con-
cepts that are only related on the textual or styli-
stic level, not within the conceptual network of
the domain. Therefore, examples like the one
below would also be extracted on the basis of
their form, although “unnecessary medical
toyings” could hardly be considered a hypernym
of "measuring the sense of hearing in infants”.

Merjenje sluha noverojenckov na prvi pogled sodi
med nepotrebna zdravniska igrackanja.
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{Measuring the sense of hearing in infants at first
glance belongs 1o the unnecessary medical
toyings.]

i4 IMPROVING THE RESULTS
AND FUTURE PLANS

Some of the problems described above
could be avoided by refining the syntax pat-
terns and by fiftering. The former would pro-
bably include the development of a step-by-
step analysis, whereby certain patterns would
comprise larger contexts. Filtering the results
would inevitably involve the treatment of mo-
difyiers which influence or change the contents
of the sentence but are not part of the patterns
themselves, e.g. words like sicer, véasih, pore-
dko, komaj [even if, sometimes, rarely, hardiy]
etc. If noise occurs in the form of syntactically
correct but terminologically irrelevant patter-
ns, additional data (e.g. frequency, keyword-
ness) couid be used to filter out only noun
phrases that contain terms.

Our 4-million-words subcorpus was com-
posed of texts from various domains belonging
to the category natural science in the FIDA
corpus, however the results showed that cer-
tain markers occur almost exclusively within a
certain domain. Furthermore, many markers
and patterns show differences in their reliabi-

lity and yield for different domains as well as
across various texts. An extensive comparati-
ve study would be needed to determine
whether and to what extent markers can be
regarded as specific to a domain or text type,
or indeed individual author’s style.

CONCLUSION

The paper presented an atempt to identify
and evaluate phrasal markers of semantically
related terms in Slovene texts pertaining to the
domain of natural sciences. We focused on
four semantic relations (synonymy, hyponymy,
hypernymy, meronymy) and successfully iden-
tified over 30 phrases that more or less relia-
bly mark semantic relations. Since the appro-
ach is sentence-oriented it has several limita-
tions, which could to some extent be impro-
ved by using more complex extraction patter-
ns and filtering.

Despite the rudimeritariness of this method
we envisage its application in corpus-based
terminography for the creation of domain-spe-
cific conceptual networks or thesauri, as well
as in information and knowledge retrieval
tasks. In a broader perspective the method
could be used to support the creation of a ge-
neral language thesaurus for Slovene.

43



§ Vintar, V. Gorjanc: Semantic markers in Slovene, 37 — 44 Strani jezici 32 (2003), 1-2

REFERENCES .

* Bowden, P. R., Halstead, P. and Rose, T. G. (1996). Extracting Conceptual Knowledge
from Text Using Explicit Relation Markers. Proceedings of EKAW-96. Nottingham:
University of Nottingham.

¢ Cimino J. J,, Barnett G. O. (1993). Automatic Knowledge Acquisition from MEDLINE.
Methods of Information in Medicine, 32 (2), 120—130. Selected for reprint in van
Bemmel J. H, and McCray A. T., eds. (1994): Yearbook of Medical Informatics,
International Medical Informatics Association, Rotterdam, 384—394,

* Erjavec, T., Gorjanc, V. and Stabej, M. (1998). Korpus FIDA. International Multi-
-Conference information Society — 1S'98, 6 — 7 October 1998. Ljubljana: Institut
Jozef Stefan (eds. T. Erjavec and J. Gros), 124—127.

* Meyer, |.; Mackintosh, K.; Barriere, C. and Morgan, T. (1999). Conceptual sampling
for terminological corpus analysis. Proceedings of TKE '99. Vienna: TermiNet
(ed. P. Sandrini), 256-267.

* Richardson, S. D., Dolan W. B. and Vanderwende L. (1998). MindNet: acquiring and
structuring semantic information from text. Microsoft Research Technical Publications

(MSR-TR-98-23). Available from ftp./fip.research.microsoft.com/puby/tr/tr-98 — 23 .doc
* Saeed, J. . (1998). Semantics. Oxford UK, Cambridge MA: Blackwell.

*  WordNet, http://www.cogsci.princeton.edu/~wn/online/ [14. 8. 2000.]

44



