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ABSTRACT

This paper represents a sequel to earlier research focusing on the usage and
productivity of five Latinate suffixes in Slovak. The analysis focuses on real and
potential productivity in a two-stage comparison: 1) tokens and lemmas occur-
ring in a general balanced corpus vs general corpus of specialised and academic
texts, 2) general corpus of specialised and academic texts vs specialised (sub)-
corpora of medical, legal, economic and religious texts. The first aim of the se-
quel was to establish if the low-frequency lemmas include new coinages that
could contribute to the productivity variation across domains. The second aim
was to identify and implement an appropriate statistical measure that would en-
able the comparison of productivity corpus data across differently sized corpora.

KEYWORDS: productivity, adjective, suffix, general corpus, specialised corpus, hapax lego-
mena, low-frequency lemma, large number of rare events distributions.

ANOTACIJA

Siame straipsnyje apraSomas tyrimas yra ankstesnio tyrimo, nagrinéjancio penkiy
lotyny kalbos priesagy vartojima ir produktyvuma slovaky kalboje, tesinys. Tyrime
siekiama nustatyti realy ir potencialy produktyvuma atliekant palyginima dviem
etapais: 1) zodziy formos (angl. tokens) ir antrastinés Zzodziy formos, arba lemos
(angl. lemmas), esancios bendrajame subalansuotame tekstyne, lyginamos su
esanciomis bendrajame specialiyjy ir akademiniy teksty tekstyne; 2) lyginamos
bendrajame specialiyjy ir akademiniy teksty tekstyne ir specialiajame medicininiy,
teisiniy, ekonominiy ir religiniy teksty patekstynyje esancios zodziy formos ir
lemos. Pagrindinis testinio tyrimo tikslas — nustatyti, ar tarp retai vartojamy lemy
yra naujazodziy, kurie galéty prisidéti prie produktyvumo skirtumy skirtingose sri-
tyse. Tyrimu taip pat siekiama nustatyti ir pritaikyti statistine priemone, kuri leisty
palyginti tekstyno medziagos produktyvuma skirtingos apimties tekstynuose.

ESMINIAI Z0DZIAI: produktyvumas, budvardis, priesaga, bendrasis tekstynas, specialusis tek-
stynas, hapaksas, retai vartojama lema, didelis rety jvykiy pasiskirstymy skaicius
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1. INTRODUCTION

The motivation for our research arose from an interest in terminologi-
cal synonymy and, within this broader topic, in synonymous denominal
adjectives as constituents of multi-word terms.

The focus on adjectives is not a novelty in terminology research. De-
tailed analyses aimed at adjectives can be found in the work of a number
of terminologists, especially from the 1990s and 2000s'. In the history of
Slovak terminology, adjective-centred studies, triggered by the need to
unify and coin standardised Slovak terminologies, can be traced to the
1950s (see e.g. Jan Horecky 1956).

The importance of adjectives in terminology and languages for specialized
purposes can also be illustrated by statistical data provided by corpora. The
majority of specialised corpora that emerged from the Slovak National Cor-
pus project (hereinafter only SNC project) features a higher ratio of adjec-
tives compared to the reference corpus (prim-7.0-frk), i.e., the corpus com-
piled of an even share of fictional, specialised and journalistic texts?. As can
be seen in Table 1, this difference amounts to almost 2%, except for the
religious corpus (blf-2.0) in which the ratio of adjectives is roughly the same
as in the reference corpus (7.46%). The second row of Table 1 presents the
ratio of gerunds that are also used with differentiating and classifying func-
tions in Slovak multi-word terms. In the framework of the morphological
annotation of the SNC project, these are classified as a specific group, which
is why they are tagged separately from verbs (Garabik et al. 2004).

The coexistence and competition of adjectives has been identified and
analysed in the context of language in general (e.g. Nabélkova 1996).
However, their entering into multi-word terms represents a rather under-
researched topic. A common phenomenon resulting in synonymy and
competition of adjectives is the coexistence of Latinate adjectives and their
(Slovak) counterparts (vnutrozilovy — intravendzny “intravenous”). The
latter group comprises also a subgroup that features both Slovak and, from
the etymological point of view, Latinate or international suffix combined
with the same international root (e.g. bakteridalny — baktériovy “bacterial”).
Occasionally, a variation of two international suffixes with the same in-

1 See, for example, H. Assadi and D. Bourigault 1995; S. Normand and D. Bourigault 2001; B. Daille
2001; E Maniez 2001; M.-C. UHomme 2002, 2003; or I. Carriere 2008.

2 More details concerning the corpora used for presented analysis can be found in Part 3.2.
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Table 1. Number of tokens and ratios of adjectives and gerunds in the reference

and specialised corpora of the SNC project

COR- REFER- SCIENTIF- |MEDICAL [LEGAL RELI- ECO-

PUS ENCE IC SUB- SUB- SUB- GIOUS NOMIC
CORPUS |CORPUS CORPUS |CORPUS [CORPUS |CORPUS

Number |253,137,609 | 149,581,785 |[7,099,555 33,600,183 | 65,920,357 | 164,987,015

of tokens

in the

corpus

Number |19,090,396 |[13,415,554 660,025 4,841,400 |4,914,860 |15,540,381

of adjec-

tives in 7.54% 8.97% 9.3% 9.88% 7.46% 9.42%

tokens

Number |3,174,567 2,394,914 112,164 1,267,598 |761,719 2,154,124

of ger-

unds in 1.25% 1.6% 1.58% 2.59% 1.16% 1.31%

tokens

ternational root can arise (e.g. hypersonorny — hypersonicky, kontradik-
toricky — kontradiktérny).

This study, focusing on the usage of specific suffixes in the Slovak
language, seeks to identify whether some of them are more likely to fa-
cilitate such a coexistence or to occur in terminological adjectives more
often, which is why the concept of morphological productivity becomes
relevant in this case.

The suffixes selected for the analysis represent a minor group used for
coining denominal adjectives within a wide range of Slovak adjectival
suffixes®. As for their composition, the five suffixes consist of an (adapt-
ed) international adjectival suffix combined with semantically equivalent
Slovak -ny/ny: -alny, -arny, -itny, -ivny, -6zny, thus, their adjectival
status is somewhat multiplied. It appears obvious that all five suffixes of
Latin origin were used to coin adjectives from Latin nouns (-alis with
the variant -aris, -itus, -6sus) or verbs (-6rius). It is worth pointing out,
however, that many Slovak adjectives with the analysed suffixes entered

3 Martin Oloitiak and Lucia Olodtiakova (2015: 230) mention as many as 38 suffixes, though 25 suffixes
in their sample — derived from the Slovnik koreriovych morfém slovenciny comprising 66 500 lexical
units — represent only 1% of adjectives.
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the Slovak lexicon not only directly from Latin, but more often via French
or English in the last decades (Horecky 1999) and underwent the process
of adaptation by means of the aforementioned Slovak adjectival suffix. It
is significant that this borrowing and subsequent adaptation was enabled
and enhanced by extra-linguistic factors. Due to predominantly historical
considerations, Slovak has been very open to new words originating in
Latin and thus the share of Latinate words is high, even in the general
lexicon of Slovak (Horecky 1999: 81). Nowadays, thanks to the impact of
mass media, internet, and social media, this combined word-forming
process of both borrowing and derivation is exceedingly profitable and
thus highly pertinent for a linguistic and terminological study.

Our paper represents a sequel to our previous research on the same
research topic, which is currently in print (Levicka 2021). For the sake
of comparison and clarity for the reader, we considered it necessary to
include a summary of the previous reasoning and findings, supplemented
with new insights and theoretical background. Thus, some of the tables
(1-4), though they appeared in our first paper, are repeated here.

2. THEORETICAL UNDERPINNING

The theoretical concept of morphological productivity has been developed
by quite a number of researchers and scholars. An overview of previous
theoretical thinking and studies in the 20 century has been summarized
and commented on in a number of studies and articles, e.g. by Jests Fernan-
dez-Dominguez (2013) or Victoria Hulse (2011). Here, we will focus only
on a number of theoretical considerations, which both provided us with
inspiration and influenced our choice of the approach and methodology.

The oldest definition quoted here was written in 1948 by American
linguist Dwight L. Bolinger (quoted by Siily 2018: 198), who concluded
that productivity was the “statistically determinable readiness* with
which an element enters into new combinations”.

In 1961, Dutch linguist Henk Schulting (quoted by Stefan Evert and
Anke Liideling 2001: 165) defined productivity as “the possibility for
language users to coin unintentionally and, in principle, unlimited
numbers of new formations, by using the morphological procedure that
lies behind the form-meaning correspondence of some known words”.

4 The phrases or words marked in bold letters represent the key features for our research.
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Last, but not least, we would like to refer to the word-formation research
of Czech linguist Milos Dokulil, who presented a complex theory of word-
formation productivity in his work Teorie tvoreni slov in 1962. First of all,
Dokulil defined the productivity of a language device in general as an “abil-
ity of this language device (be it a base, affix or word-formation pattern) to
actively participate in coining new words” (1962: 78). He specified that this
ability can be absolute, i.e. its usability in coining new words in any time and
within any word-formation pattern, or relative which is semantically, or
rather style dependent as well as word-formation pattern dependent. In
Dokulil’s theory, the productivity is a “concept of synchronic nature, while
the implementation of this ability — coining new words according to spe-
cific rules — is, to the contrary, a concept of diachronic nature” (1962: 80).
Dokulil also differentiated between systemic and empirical productivity (also
termed “parole” or “real productivity” by Framntiek Sticha 2012)), which
gives a “general idea of the overall exploitation of a specific word-forma-
tion pattern or language device in the system of a language in a given time”
(Dokulil 1962: 80). Dokulil believed that even “approximative data con-
cerning the quantitative use of a given word-formation process or element
are of paramount importance for the overall picture of a given language in
general and for the characteristics of its lexicon in particular” (Item: 77).

From among contemporary Czech linguists building on Dokulil’s the-
ory of productivity and verifying his assumptions on corpus data (see e.g.
Sticha 2002, 2007, 2009, 2012 or Magda Sevéikova 2014), Sticha suggests
the analysis of empirical/parole productivity, not only in big corpora, but
also by means of a series of corpora of different sizes and composition
(2012: 104).

It could be claimed that Dokulil’s assumptions concerning the relative
productivity were echoed by Harald Baayen and others whose methods
and approaches we will refer to later in this analysis. In 1999, Baayen and
his colleagues Ingo Plag and Christiane Dalton-Puffer wrote that “claims
about the productivity of a given affix are generally made without dif-
ferentiating productivity according to the type of discourse, although it
is commonly assumed that certain kinds of derivational suffixes are more
pertinent in certain kinds of texts than in others” (1999: 209).

With large corpora available, it is possible to measure, identify and
analyse the productivity of a word-formation pattern or element not on-
ly in general language at a given time, but also in specialised domains
and registers.
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3. PREVIOUS RESEARCH

In line with the reasoning and assumptions of linguists quoted in the
previous part, we formulated three key research questions at the onset of
our research aimed at identifying the morphological productivity of ad-
jectival suffixes:

1) Is the morphological productivity of individual adjectival suffixes
from the selected group different in general and specialised texts?
And are these differences statistically significant?

2) Can the morphological productivity of individual adjectival suffix-
es from the selected group vary depending on the specific do-
main? Are some of those five suffixes more “apt” to contribute to
the encoding of field or domain specific concepts?

3) What methods are relevant for this specific analysis of corpus data?

First of all, due to the specificity of this kind of word-formation pattern
Latin base + Latin suffix + etymologically native suffix, we decided to set
aside the qualitative analysis involving the limits and rules governing the
combination of individual Latin bases with one of the selected adjectival
suffixes in the context of the Slovak language.

Although the quantitative approach cannot provide the whole picture
of the productivity status of a suffix or any other morphological form,
its benefit for this type of research lies in presenting the perspective,
the context of usage of words coined according to a specific pattern,
along with specific comparisons with semantically and functionally equiv-
alent forms. It is a generally accepted view that a quantitative approach
in the analyses of morphological productivity represents a significant,
complementary method to qualitative research (see e.g. Evert and Liidel-
ing 2001). As Plag states: “quantitative and qualitative notions of pro-
ductivity [...] are closely related. Thus, the idea of potentiality, which
is central to qualitative definitions of productivity, can be expressed in
the statistical terms of probability” (quoted by Naccarato 2016: 135).
Similarly, Baayen and his co-authors advocate that productivity “seems
to be a scalar concept [...] with some affixes one is more likely to en-
counter newly formed words than with other, a fact that makes produc-

tivity a probabilistic notion which is susceptible to statistical analysis”
(1999: 10).
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3.1. Statistical methods

In stage 1 of our analysis, we adopted the well-trodden methodological
path of Harald Baayen and his colleagues and followers (1991, 1992, 1993,
1994, 1996, 1997). We identified the so-called realized productivity, i.e.
the frequency of usage of adjectives coined with selected suffixes as well
as the number of different adjectives coined with these suffixes in differ-
ent corpora. These corpus statistics outline the productivity of suffixes
with respect to the past and present linguistic situation.

The next step was to determine the potential productivity of the analysed
suffixes, i.e. an estimate of the rate at which new types® are expected to
appear. Baayen (2009: 7) suggests calculating it as the ratio of hapax lego-
mena® with affix X and all tokens with affix X in a corpus. The usage of
hapax legomena for the calculation of productivity has been widely criti-
cised, as this group does not directly represent new coinages that are sup-
posed to reflect the productivity of an element or pattern. Plag, Dalton-
Puffer and Baayen argue that the potential productivity is a probabilistic
measure, and that with the increase in size of a corpus, “the proportion of
neologisms among the hapax legomena increases and it has been shown
that it is precisely among the hapax legomena that the greatest number of
neologisms appear” (1999: 12). In the previous stage of our research, we
decided against using the hapax/token method, but adopted the hapax/
type method in line with van Marle’s reasoning (1992) that token frequen-
cy is not as relevant a variable in a measure of productivity as the number
of lemmas. However, the most serious drawback imposed by this measure
is the impossibility of comparing the statistical data of corpora of different
sizes (Naccarato 2016: 133). We will return to this consideration in Part 5.

3.2. Corpora used in the analysis’

All three corpora and three subcorpora used in this analysis were re-
leased by the Department of the SNC in 2013-2020 and are accessible
for all registered users.

Types in corpus linguistics represent unique words, they are synonymous to lemmas (Baker et al. 2006).

Hapax legomena (orig. Greek phrase meaning “once said”), also abbreviated to hapax, is a word that
occurs only once in a particular corpus (Baker et al. 2006).

Most of this section comes from the paper describing the previous stage of our research (Levicka 2021),
however, this repetition is necessary in order to explain the nature of the corpus data.
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The first, reference corpus (prim-7.0-frk), amounting to more than 253
million tokens, is composed of an even share of journalistic, specialised
and fictional texts (64.12% of them are originally written in Slovak, while
29.51% represent translations), written in 1991-2015. The corpus was
used in the compilation of two frequency dictionaries of Slovak (2017,
2018) as well as the reverse dictionary (2018).

The second corpus, prim-9.0-public-prf, is a publicly available subcor-
pus of the primary corpus of the SNC project (hereinafter referred to as
the scientific subcorpus). Compiled from specialised, academic and non-
fiction texts, this subcorpus features more than 149 million tokens and
documents, as well as the general discourse of science and research, in-
cluding specialised journalism. Its texts were written between 1955-2019.
The percentage of texts written in 1955-1991 amounts to 8.7% (more
than 13 million of tokens).

The smallest (sub)corpus of all the searched corpora is the result of
filtering the primary corpus of the SNC project [9], version 9.0. It consists
of texts that belong to the field of medicine written in 1976-2019 and
comprising slightly more than 7 million tokens. The percentage of texts
written in 1955-1991 amounts to 1.09%. We will refer to it throughout
the text as the medical subcorpus.

In order to have a comparable source originating from other specialised
corpora and the reference corpus, the specialised corpus legal-1.1 (here-
inafter referred to as the legal subcorpus), built in cooperation with the
Slovak Ministry of Justice, was narrowed down to legislative texts created
in the period 1991-2011. Its almost 49 million tokens were thus reduced
to 33.5 million tokens.

The specialised corpus — blf-2.0 — focusing on the religious domain,
was released in 2014. Its texts consist of almost 66 million tokens written
between 1989-2014 (hereinafter referred to as the religious corpus). It
comprises more than 80% of thematic journals and newspapers. Simi-
larly, specialised corpus ecn-2.0-public (hereinafter referred to as the
economic corpus), devoted to the domain of economics, includes as much
as 96.24% of specialised texts published in thematic journals and news-
papers. Texts of this corpus come from 1992-2014 and comprise almost
165 million tokens.

It must be noted, however, that these corpora are heterogenous and
cover a wide variety of texts.
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As far as the corpus search is concerned, we did not base the queries
on morphological tagging provided for each and every (sub)corpora in-
cluded in the analysis, on the basis that, with Latinate words, the tagging
proved to be inadequate and erroneous. Therefore, we opted for a simple
search of the specific ending of a token, e.g. [lemma="*alny*|, combined
with the automatic filtering of words with incidentally the same string of
characters (see Part 4.1).

3.3. Results of the previous stage

In the previous stage, statistical data from corpora enabled us to create
a ranking for the realized productivity of the analysed suffixes. The suffix
-alny is definitively the most widely used in all (sub)corpora, while -drny
is at the opposite pole of the frequency axis in 5 (sub)corpora. As can be
seen from the normalised frequencies of usage of four out of five suf-
fixes, they appear more frequently in specialised and academic texts (sci-
entific subcorpus) compared to the reference corpus. It is also noteworthy
that the normalised frequencies of suffixes in the medical subcorpus either
equal or considerably exceed the ipm in the scientific subcorpus, while
the ipm of suffixes (instances per million) in the religious corpus is man-
ifestly lower than in the reference corpus. This can be partly explained
by the type of texts included in those (sub)corpora.

Table 2. Frequency and normalised frequency (IPM, instances per million) of the analysed suffixes
in respective (sub)corpora. The corpora are ordered from the smallest to the largest one

SUF- MEDICAL | LEGAL RELI- SCIENTIF- | ECO- REFER-
FIX SUB- SUB- GIOUS IC SUB- NOMIC | ENCE
CORPUS | CORPUS | CORPUS | CORPUS CORPUS | CORPUS
Tokens Tokens Tokens Tokens Tokens Tokens
IPM IPM IPM IPM IPM IPM
-alny | 31,408 102,863 128,472 | 537,682 597 005 547,742
4423.94 3061.38 1948.9 3594.57 3618.5 2163.81
-arny | 4,529 25,980 14,253 94,586 38,178 84,780
637.93 773.21 216.22 634.14 231.40 334.92
-itny | 2,683 2,256 9,176 30,402 52,574 44,655
377.91 67.14 139.20 203.25 318.66 176.41
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SUF- MEDICAL | LEGAL RELI- SCIENTIF- | ECO- REFER-
FIX SUB- SUB- GIOUS IC SUB- NOMIC ENCE
CORPUS | CORPUS | CORPUS | CORPUS CORPUS | CORPUS
Tokens Tokens Tokens Tokens Tokens Tokens
IPM IPM IPM IPM IPM IPM
-6zny | 1,416 482 2,321 8,863 9,440 16,531
199.45 14.35 35.21 59.25 57.22 65.30
-Orny | 884 1,959 620 4,537 2,039 4,672
124,51 58.30 9.41 30.33 12.36 18.46

The ordering of corpora in Table 3 showing the number of different
words coined with the analysed suffixes enables us to compare the vari-
ability of coinages, first between general and specialised language and,
secondly, from the smallest medical corpus up to the largest economic
corpus. The table shows Baayen’s realised productivity of the analysed
suffixes. In all (sub)corpora -dlny represents the most frequently used
suffix appearing in different types, the smallest number of types or lem-
mas were identified with the suffix -6rny. Suffixes -itny and -6rny seem
to overlap in the majority of (sub)corpora, their more subtle distinction
requires a test of significance. However, a real comparison between cor-
pora is not possible as the table features absolute counts of types.

Table 3. Number of lemmas in a given (sub)corpus

SUF- REFER- SCIEN- MEDICAL | LEGAL RELI- ECO-
FIX ENCE TIFIC SUB- | SUB- SUB- GIOUS NOMIC
CORPUS | CORPUS CORPUS CORPUS | CORPUS | CORPUS
-alny 1,003 1,178 519 322 611 744
-arny | 300 365 179 99 141 200
-itny 90 98 36 41 55 117
-6zny | 115 119 72 40 52 82
-orny |25 33 13 10 20 26

The findings concerning the estimate of potential productivity pre-
sented in Table 4 are rather varied, as the ordering of suffixes indicates.
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Table 4. Hapax/type ratios in a given (sub)corpus. The suffixes in each subtable are listed
in the order of decreasing ratio

HAPAX/TYPE RATIO

reference corpus scientific subcorpus medical subcorpus
-6zny [0.252173913 -0rny 0.228571429 -6zny |0.208333333
-arny |0.201342282 -arny 0.210382514 -itny | 0.138888889
-alny  |0.173956262 -alny 0.209499576 -alny | 0.129094412
-itny 0.122222222 -6zny 0.201680672 -arny |0.1
-6rny |0.12 -itny 0.195876289 -6rny |0.076923077

legal subcorpus religious corpus economic corpus
-6rny |0.1 -6rny 0.2 -itny | 0.237288136
-6zny |0.075 -alny 0.188180404 -6zny |0.228915663
-alny | 0.052795031 -arny 0.145833333 -6rny |0.185185185
-arny [0.05 -0zny 0.134615385 -alny | 0.177954847
-itny 0 -itny 0.090909091 -arny |0.142156863

The most productive suffix in as many as three corpora is -drny. In the
remaining three (sub)corpora, the ranking is topped twice by -6zny and
once by -itny. Moreover, the same suffix -drny seems to be potentially
least productive in general and medical texts. In as many as three (sub)-
corpora, it is the suffix -itny that has taken the final place in the produc-
tivity ranking. Similarly, the last place in the productivity ranking of
economic texts is occupied by the suffix -drny.

4. RESEARCH QUESTIONS OF PRESENTED ANALYSIS

The previous stage of our research indicated noteworthy differences in
morphological productivity of the analysed suffixes, depending both on
the type of language and domains. However, one question was answered
only partially and gave rise to a new one:

1. Is it worth analysing low-frequency lemmas for the sake of neolo-
gisms? In fact, several researchers suggest that the word-frequency
distribution of productive affixes is supposed to be distinctly shif-
ted towards low-frequency lemmas comprising new coinages.
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2. As we already pointed out in previous sections, results concerning
the potential productivity of the analysed suffixes cannot be com-
pared across corpora. Therefore, it is necessary to identify an
appropriate statistical method which enables this comparison.

4.1. Manual clean-up of data

Both previous and current stages of our analysis are based on manually
cleaned data. The importance of this tedious and time-consuming process
has been pointed out by several researchers. Evert and Liideling claimed
(and proved) that this is a prerequisite for quality statistical evaluation, not
only when employing more sophisticated measures (2001: 168). The man-
ual cleaning is more than important for three reasons: the first resulting
from the nature of corpus data. First of all, the corpus data usually comprise
a fairly large share of typos, especially within lemmas of low frequency.
Secondly, the corpora feature orthographical errors which occur frequent-
ly with words of Latinate origin in particular. Thirdly, it was necessary to
merge those lemmas with suffix X differing only in usage/non-usage of a
hyphen, as well as lemmas with capitalised and non-capitalised first letters
(not being proper names) that are distinguished by automatic lemmatization
used within the SNC project. The result of this stage of our manual clean-
up can be seen in Table 5, where the average share of hapaxes for the ana-
lysed suffixes ranges from 24 to 30% of the overall count of lemmas with
a given suffix. However, less than 5% of lemmas (possible neologisms)
remained in the case of -itny in legal texts, and, on the contrary, 40% or
more were left with the suffix -érny in religious and general scientific texts
and with the suffix -6zny in economic texts and, surprisingly, in the texts
of the reference corpus. These shares could be indicative of (un)productiv-
ity of a given corpus. As Baayen and co-authors claim, the number of
hapaxes for productive elements can reach as much as half of the observed
vocabulary size in a “sufficiently large corpus” (1999: 11).

The second reason for the manual clean-up was to filter the extracted
corpus data in order to obtain lists featuring neologisms with the analysed
suffixes. We therefore excluded lemmas that 1) incidentally include the
same string of characters as the analysed suffixes; 2) can be found in
general Slovak dictionaries and the Dictionary of Foreign Words®, i.e.

8 We used the integrated search tool of the dictionary portal https://slovnik.juls.savba.sk/.
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Table 5. Ratio of hapaxes (potential neologisms) in a given (sub)corpora after the 1st stage of manual cleaning

RATIO OF HAPAXES WITH A SPECIFIC SUFFIX AFTER
THE 15T STAGE OF MANUAL CLEANING
suffix | medical legal sub- | religious | scientific economic | reference
subcorpus | corpus corpus subcorpus | corpus corpus
-alny | 30.8% 24.2% 29.5% 32.7% 29.7% 30%
-arny |29.6% 25.3% 33.3% 35.1% 31% 36%
-itny | 36.1% 4.9% 25.5% 29.6% 31.6% 26.7%
-6zny | 34.7% 32.5% 38.5% 30.3% 45.1% 42.6%
-6rny | 30.8% 30% 40% 42.4% 38.5% 28%

therefore they are not neologisms; 3) were found in the two most exten-
sive SNC corpora’ — those lemmas must have occurred in at least one of
them three or more times, provided that those occurrences came from
three different sources and from three different years. This last filtering
principle was established due to the fact that our targeted words with one
of the analysed suffixes tend to be terms of specialised domains and we
lack up-to-date specialised dictionaries in Slovak. It must be admitted
that the resulting lists of lemmas represent only potential neologisms. The
results can be seen in the columns titled Ratio of potential neologisms in
hapaxes in tables 6 and 7. Compared to Table 5 the share of potential
neologisms was considerably reduced.

4.2. Neologisms in low-frequency lemmas

In order to answer the first research question, we carried out the same
filtering procedure as that employed for the list of hapaxes. In tables 6
and 7, we show the percentages (counted from the overall number of
lemmas with a given suffix, cf. Table 3) of potential neologisms in the
low-frequency lemmas occurring 4-2 times in (sub)corpora and next to
it the percentages of potential neologisms within hapax group.

While the share of potential neologisms features small increases in spe-
cialised and academic texts for every analysed suffix, due to the inclusion

 Those corpora are the largest ones in the SNC project for the time being: general corpus prim-9.0-juls-
all and legal corpus legal-1.1.
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of potential neologisms from the group of low-frequency lemmas, poten-
tial neologisms in the reference corpus experienced only a very modest
increase for four suffixes, whereas the percentage of the fifth one — -6rny —
remained stable. This situation could be expected, as new coinages with
the analysed suffixes are more likely to appear in specialised texts.

Table 6. Ratio of potential neologisms in the group of low-frequency lemmas (4—1 occurrences)
and in the group of hapaxes from the overall count of types after cleaning up in general corpus
and general scientific subcorpus

SUF- REFERENCE CORPUS SCIENTIFIC SUBCORPUS

FIX Ratio of potential | Ratio of poten- | Ratio of potential | Ratio of poten-
neologisms in low- | tial neologisms | neologisms in low- | tial neologisms
frequency lemmas | in hapaxes frequency lemmas | in hapaxes
(4-1) (4-1)

-alny | 20.5% 17.3% 27.2% 21%

-arny |24.5% 20% 27.1% 21.1%

-itny | 13.3% 12.2% 26.5% 19.4%

-6zny | 27.8% 25.2% 24.4% 20.2%

-6rny | 12% 12% 27.3% 24.2%

As far as the domain specific potential neologisms are concerned, the
highest percentage, similar to the situation in the scientific subcorpus,
can be seen in the economic corpus where the suffix -ifny amounts to as
many as 35% of potential neologisms. The remaining suffixes in this
corpus reaches approximately 25% of potential neologisms within low-
frequency lemmas. On the other hand, the lowest percentage of potential
neologisms was identified in legal texts. It is also worth mentioning those
cases where the percentage was doubled by the inclusion of the low-
frequency lemma group: for -orny in medical texts, -drny in legal texts
and -itny in religious texts. At the same time, it is no surprise that the
suffix -6zny tops the ranking in medical texts as it is a prototypically
medical suffix. However, almost the same percentage of potential new
lemmas with -6zny were to be found in economical texts. Zero increase
in potential neologisms occurred for the suffix -itny in medical and legal
texts and for the suffix -6rny, also in legal texts.
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Table 7. Ratio of potential neologisms in the group of low-frequency lemmas (4—1 occurrences) and in the

group of hapaxes from the overall count of types after cleaning up in specialised texts of the four domains

SUF- | MEDICAL LEGAL RELIGIOUS ECONOMIC

FIX |SUBCORPUS SUBCORPUS CORPUS CORPUS
Ratio of |Ratio |Ratio of |Ratio |Ratio of |Ratio |Ratio of |Ratio of
potential |of po- |potential |of po- |potential |of po- |potential |poten-
neolo- tential |neolo- tential | neolo- tential |neolo- tial ne-
gisms in |neolo- |gisms in |neolo- |gisms in |neolo- |gisms in |olo-
low-fre- |gisms |low-fre- |gisms |low-fre- |gisms |low-fre- |gisms
quency |in ha- |quency |in ha- |quency |in ha- |quency |in ha-
lemmas |paxes |lemmas |paxes |lemmas |paxes |lemmas |paxes
(4-1) (4-1) (4-1) (4-1)

-alny |16.8% 12.9% |7.8% 5.3% [26.5% 19.7% 126.5% 18%

-arny |12.8% 10.1% |12.1% 5.1% [19.9% 15%  122.5% 14.5%

-itny |13.9% 13.9% 0% 0% 18.2% 9.1% |35.1% 23.1%

-0zny |26.4% 20.8% | 10% 7.5% [21.2% 13.5% |25.6% 23.2%

-0rny | 15.4% 7.7% | 10% 10% 30% 20%  123.1% 19.2%

For the sake of better understandability, we also add one more table

showing the percentages of potential neologisms in the group of low-

frequency lemmas.

Table 8. Percentage difference of potential neologisms between the group of low-frequency lemmas

(4-1 occurrences) and the group of hapaxes from the overall count of types after cleaning up

RATIO OF POTENTIAL NEOLOGISMS WITHIN
LOW-FREQUENCY LEMMAS (4-2 OCC.)
suffix reference | scientific | medical legal religious | economic
corpus subcorpus | subcorpus | subcorpus | corpus corpus

-alny 3.2% 6.2% 3.9% 2.5% 6.8% 8.5%
-arny 4.5% 6% 2.7% 7% 4.9% 8%

-itny 1.1% 7.1% 0% 0% 9.1% 12%
-6zny 2.6% 4.2% 5.6% 2.5% 7.7% 2.4%
-6rny 0% 3.1% 7.7% 0% 10% 3.9%

Finally, the last table shows the ranking of suffixes in respective (sub)-

corpora after repeated usage of adapted formula from the previous stage —
ratio of low-frequency lemmas with a given suffix/number of types with
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Table 9. Difference in ratio of potential neologisms between the group of low-frequency lemmas
(4-1 occurrences) and the number of types. The ranking of suffixes that are highlighted changed
compared to Table 4

LOW-FREQUENCY LEMMAS/TYPE RATIO

reference corpus scientific subcorpus medical subcorpus
-0zny 0.2689075 -orny 0.2727272 -6zny 0.2638888
-arny 0.2466666 -alny 0.2716468 -alny 0.1682785
-alny 0.2053838 -arny | 0.2712328 -0rny 0.1538461
-itny 0.1333333 -itny 0.26530061 -itny 0.1388888
-0rny 0.12 -0zny | 0.2436974 -arny 0.1284916

legal subcorpus religious corpus economic corpus
-arny 0.1212121 -6orny (0.3 -itny 0.3504273
-Orny 0.1 -alny 0.2651391 -alny 0.2647849
-0zny 0.1 -0zny 0.2115384 -0zny 0.2560975
-alny 0.0776397 -arny | 0.1985815 -Orny 0.2307692
-itny 0 -itny 0.1818181 -arny 0.225

a given suffix. Compared to Table 4, the ranking changed in all (sub)-
corpora except for the reference corpus. Thus, it seems that the inclusion
of low-frequency lemmas proved to be worthwhile.

The suffix -orny is most productive in two corpora (compared to three in
Table 4), while -0zny remained at the top of two rankings and -itny at the
top of the ranking in the economic corpus. In the legal corpus, the most
productive suffix seems to be -drny while this very suffix is simultaneously
least productive in medical texts and economic texts. The last place in the
productivity rankings is occupied by the suffix -6rny both in the reference
corpus and medical texts, by the suffix -6zny in general scientific texts and
the suffix -itny remained least productive in legal and religious corpora.

5. COMPARING PRODUCTIVITY ACROSS (SUB)CORPORA

As we pointed out in Part 3.1, statistical measures using raw frequencies
and counts of types prevented us from comparing previous results origi-
nating from different (sub)corpora. If we agree with the claim or rather
the hypothesis that the productivity of any word-formation element or
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pattern can be concluded from new coinages (and, at the same time, we
proved in Part 4.2 that these new coinages could occur not only within
hapax groups, but also among low-frequency types), it is possible to base
further analysis on word-frequency distributions and frequency spectra.
By “frequency spectrum” we mean a list reporting how many types in a
frequency list can be observed to occur (Baroni 2009: 807).

From the perspective of word-frequency distribution, Evert and Liideling
(2001: 166), in line with Schultink’s definition, claim that “a productive
pattern is, in theory, characterised by an infinite vocabulary (cf. the notion
of un-limitedness in Schultink’s definition), whereas a totally unproductive
pattern is expected to have a finite, and often quite small, vocabulary”.
They point out that “low frequency types (including hapax legomena, but
also types occurring two, three, etc. times) account for a major part of the
vocabulary” of productive patterns and conclude that this kind of com-
parison cannot be based on standard statistical models (2001: 167).

For this purpose of statistical modelling, Baayen introduced in 2001 the
so-called LNRE™ distributions. The benefit of these specialised models
lies in the possibility of extrapolating the type-token statistics from a
specific sample to larger values of tokens and thus estimate potential
neologisms outside this sample. They are based on the predicted vocabu-
lary sizes obtained from a count of low-frequency types in the corpus.

One of the outputs of this modelling are vocabulary growth curves or
rather than type-token growth curves, which count the number of types
as a function of the number of tokens. A typical shape of this curve for
an unproductive process starts with a rise, but then it “flattens out and
converges to a constant value, the full vocabulary size” (2001: 168). On
the contrary, a typical productive pattern features an infinite vocabulary,
i.e. the curve seems to grow indefinitely.

By employing the LNRE distributions, it is possible to estimate the
number of types in larger quantities of texts, and even the number of types

10 The LNRE theory (theory of large number of rare events, as an independent area of statistics) has its
origin in 1988 when Georgian statistician Estate Khmaladze published The statistical analysis of a large
number of rare events. As his student Giorgi Kvizhinadze wrote: “The common feature of examples we
will present below is that along with several frequent events there is also a very large number of very rare
events, say, with frequency 0,1,2. The total amount of these rare events compared to the number of ob-
servations typically is not large but the number of these events among all the different observed events is
always very significant. These rare events are usually very important. For instance, the number of words
used in the book only once can be considered not of vital importance for this book, but it is very clear
that these words are absolutely important because they constitute half of the author’s vocabulary” (2010).
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of a word-formation pattern in the entire “population”, i.e. in a language
as such. At the same time, it is possible to estimate or predict the number
of types in samples of the same size derived from larger corpora.

As mentioned in Part 4.1, this statistical procedure also requires the
quality counts of types and tokens, otherwise, the calculation of the esti-
mated vocabulary size or types would be erroneous — instead of flattening
out and converging to a constant value, the curve could continue to grow.

5.1. The LNRE distributions
We decided to apply the LNRE models to identify!! the productivity
over differently-sized corpora, partly due to the fact that there is also an
open-source tool available online — ZipfR developed by Evert and Marco
Baroni (2007). This open source tool includes several models, from which
we used finite Zipf-Mandelbrot model (fZM) based on the Zipf-Mandel-
brot law!2. As the authors state, its usage goes beyond linguistics. ZipfR ac-
cepts several input formats, including simple frequency lists and plain
samples, in a one-token-per-line format. We could use frequency lists from
our previous research that had undergone the manual cleaning of the 1%
stage (cf. Part 4.1), which represented another advantage of this method.
Our frequency lists underwent 4 basic operations (Evert, Baroni 2007):
(i) parameter estimation, where the parameters of the LNRE model
M are determined from a training sample of size by comparing
the expected frequency spectrum with the observed frequency
spectrum;
(ii) goodness-of-fit evaluation based on the covariance matrix of the num-
ber of types and the number of types occurring exactly m times;
(iii) interpolation and extrapolation of vocabulary growth, using the
expected values;
(iv) prediction of the expected frequency spectrum for arbitrary sam-
ple size.

As Evert and Baroni pointed out (2007), this modelling does not focus
on the frequencies of individual word types, “but rather on the distribution
of such frequencies (in a sample) and probabilities (in the population)”

1 We would like to thank for the invaluable help from our colleague Jén Mésik who assured the imple-
mentation of the fZM model for our corpus data.

12 For a comprehensive description of the Zipf-Mandelbrot law, the reader is referred to, e.g. Baroni 2009.
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5.2. Application of the LNRE distributions and evaluation

The ZipfR tool provided us with word frequency spectra and type-token
curves for each and every suffix in every (sub)corpus. For the lack of
space, we only present the graphs showing type-token curves that were
adjusted to have the same scale on the x-axis. The y-axis differs, as it
depends, and results, from the actual count of types for a specific suffix
in a given (sub)corpus. We propose to compare the pairs of graphs and
finally evaluate the productivity of suffixes across our corpus data.

The x-axis represents the number of tokens, while the y-axis shows the
(expected) number of different types produced by the word-formation
pattern featuring one of the analysed suffixes.

Both corpora, the reference and scientific ones, show the same ranking
of suffixes topped by the suffix -dlny and ending with the suffix -drny.
In the reference corpus, the curve of three suffixes -dlny, -drny, -ozny
grows and thus indicates their productivity, while the curves of -itny and,
in particular, -6rny flatten out. In the scientific subcorpus, two suffixes
can be considered productive: -dlny and -drny. The curves of the remain-
ing three (-6zny, -itny, -6rny) grow very slowly, but show the tendency
to flatten out at the end of the x-axis included in the graph.

The graphs for the medical subcorpus and legal corpus show only one
productive suffix: -dlny®®. In the medical subcorpus, both -arny and -6zny
flatten very quickly (possibly, they reach their maximum of vocabulary
size), and while -itny and -6rny grow slowly, but steadily, they cross the
100-type point and possibly flatten out under the 200-type point.

The suffix -dlny in legal texts is heading to the 350-type point, while in
medical texts it is 800-type point (cf. the scale on the y-axis). However, in
legal corpus the ranking slightly differs — the suffix -itny comes in the third
place getting past the suffix -6zny, which appears almost completely un-
productive with the curve running parallel with x-axis. The final suffix
-orny features a very slow rise and a subsequent tendency to flattening.

While the graph of the religious corpus shows three productive suf-
fixes -alny, -arny and -6zny, it is noteworthy that all 5 analysed suffixes
seem to be productive in economic texts. The ranking of suffixes in both
corpora remains the same.

13 These two graphs miss the interpolation curve for the suffix -dlny. The reason for this lies in the adjust-
ment and unification of the scale of the x-axis for all (sub)corpora which did not permit to create this
type of curve.
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Fig. 1. Vocabulary growth curves of analysed suffixes  Fig. 2. Vocabulary growth curves of analysed suffixes

in the reference corpus in the scientific subcorpus
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In the religious corpus, both curves of -itny and -orny flatten out well
under the 100-type point.

If we sum up the abovementioned findings concerning the productiv-
ity of the analysed suffixes across our corpus data, we can claim that the
most productive suffix is -dlny, topping the ranking in all the (sub)corpora.
Its productivity seems to be highest in the subcorpus of scientific and
academic texts and in the medical subcorpus, followed by the reference
corpus (the curve is heading to the point of 700 types), the religious
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Fig. 5. Vocabulary growth curves of analysed suffixes  Fig. 6. Vocabulary growth curves of analysed suffixes
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corpus (the curve crosses the 600-type point), the economic corpus (the
curve is heading to the 500-type point) and finally the legal corpus (at
its highest, the curve is close to 350-type point).

The suffix -drny comes in second and features productivity in 4 out of
6 (sub)corpora. The shape of the curves suggests that it is unproductive
in legal and medical texts. The highest productivity of this suffix can be
seen in the subcorpus of scientific and academic texts (the curve crosses
the 400-type point), then in the reference corpus (the curve crosses the
300-type point), while in religious and economic texts the curve runs
close to the 300-type point.

Similarly, the suffix -0zny appears to be productive in 4 out of 6 cor-
pora. Interestingly enough, it seems to be unproductive in the same (sub)-
corpora as the suffix -drny — in legal and medical corpora. It is most
productive in economic texts where the curve runs well over the 200-type
point, then in the reference corpus where the curve crosses the same
point, while in the remaining two corpora the curve either touches the
same point, but seems to flatten out there (prim-9.0-public-prf) or only
heads for this point in religious corpus.

Also, the suffix -ifny seems to be productive in 4 out of 6 corpora. The
flattening curve indicating unproductivity can be seen in graphs for legal
and religious corpora. It is most productive in economic texts where the
curve runs well over 100-type points, while in three remaining (sub)-
corpora it crosses this point and runs lower.
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The final suffix in the ranking -orny — is productive in 4 out of 6 cor-
pora, also. Its unproductivity was identified in the reference and religious
corpora. Its highest productivity is in medical and economic texts where
the curve crosses the 100-type point, in academic and scientific texts the
curve runs close to this point and in legal texts it hardly crosses the
25-type point.

In conclusion, it may be said that the analysed suffixes are most pro-
ductive in scientific and academic texts or in the texts of a special domain
(economy or medicine), which comes as no surprise considering their
etymology. Their productivity, or rather degree of productivity, differs
considerably across (sub)corpora. The most interesting observation, per-
haps, is the unproductivity of three suffixes in the legal domain and the
lowest productivity of the remaining two suffixes in the same domain. It
could indicate that legal texts do not favour lexical creativity in coining
new adjectives of this kind.

Compared to Part 4, the difference in the ranking of suffixes can be
partially explained by the phenomenon observed by Vaclav Cvrcek (2012)
concerning hapax-type ratio. According to Cvrcek’s experiments, this ratio
tends to decrease from its maximal value 1 to its local minimum (ibid: 5).
However, after this point, the ratio starts to increase again. Cvrcek claims
it to be “some sort of general quantitative principle of large collections of
texts” (ibid: 14). The shape of the hapax-type function seems to be rough-
ly the same even for typologically different languages, however, the size
of a textual sample depends on the type of the language. In order to reach
the minimal point of hapax-type ratio, Cvrcek states that an English cor-
pus should comprise at least 3 million tokens, while a Czech one (and we
believe a Slovak one as well due to typological relatedness of the two
languages) should comprise as many as 58 million tokens. As two subcor-
pora from our analysis are smaller than Cvréek’s limit, their hapax-type
ratio is situated in the decreasing part of the hapax-type function.

6. CONCLUSION

In the sequel to our research focusing on the productivity of selected
suffixes in different corpora and domains, we managed to answer both
questions presented in Part 4.

1. We were able to prove that low-frequency lemmas extracted from a
corpus also include potential neologisms, and, though their distribution
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may vary across corpus data, they can alter the productivity ranking based
on hapax/type formula.

2. We identified and applied statistical modelling for the evaluation of
productivity across corpora — LNRE distributions. By feeding the open-
source tool with our corpus data we received a visual modelling of pro-
ductivity that enabled us to state that the productivity of the analysed
suffixes differs not only when general and scientific texts are compared,
but also between different specialised domains. We believe that the mod-
elling clearly shows the real potential of each and every analysed suffix
to produce new types in a respective domain.

However, the results and ranking from Part 4 and 5 of this paper are
rather mutually incomparable because the first one is based directly on
raw data — the count of types and hapaxes or low-frequency types in a
specific (sub)corpus, while the second one on the expected frequency
spectra for every (sub)corpus. In short, while the first one represents ac-
tual data, the second one seeks to estimate the productivity of an element
in the specific language as such. Therefore, for larger corpora of medical
and legal texts, we should identify more hapaxes, which might result in a
different suffix ranking. Our assumptions could eventually be verified in
future research by analysing more extensive corpora comprising a repre-
sentative sample of relevant text types for specific domains because text
genres can also play a role in morphological productivity of an element.

Given that even the biggest corpus would not comprise all the words,
we believe that it is more reasonable to evaluate the morphological pro-
ductivity of any element by means of more sophisticated methods than
the raw count of types or tokens.

In conclusion, it could be said that we are able to identify the past
productivity in a word-formation pattern or element. We can also provide
different estimates of its future exploitation, i.e., Baayen’s potential pro-
ductivity. Furthermore, even if we complete the statistical measures with
a qualitative analysis, we should take into consideration one more fact: as
Fernandez-Dominguez rightly argues, probabilistic predictions of mor-
phological productivity should be perceived in the context of extralin-
guistic factors and, in particular, those involving the naming needs of a
speech community. “If no naming need exists, no productive word-for-
mation can take place” (Fernindez-Dominguez 2013: 438).
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Santrauka

Sio straipsnio objektas — morfologinis penkiy lotyny kalbos priesagy, daznai varto-
jamy slovaky kalbos budvardziams sudaryti, produktyvumas. Straipsnyje aprasomas ty-
rimas yra ankstesnio tekstyny duomenimis paremto tyrimo tesinys. Tyrime buvo nu-
statyti reikSmingi priesagy vartojimo ir produktyvumo skirtumai skirtingose srityse.
Analizei atlikti naudojami Sesi tekstynai ir patekstyniai apima ir bendrajj tekstyna, ir
specialiuosius tekstynus (medicinos, teisés, ekonomikos ir ypac¢ religijos srities). Anks-
tesnés statistinés analizés atspirties taskas buvo neologizmy dalis hapakso lemy grupéje
su analizuojamomis priesagomis. Klausimas, ar tarp retai vartojamy lemy yra neolo-
gizmy, liko atviras. Beje, keli tyréjai teigia, kad produktyvigsias priesagas turinéiy zo-
dziy daznumo pasiskirstymas turéty bati nukreiptas j retai vartojamas lemas, sudaran-
¢ias naujazodzius. Tokiu atveju statistinis morfologinio tiriamy priesagy produktyvumo
jvertinimas galéty buti kitoks. Be to, ankstesnés analizés rezultatai negaléjo buti paly-
ginti tarp skirtingy tekstyny (patekstyniy), nes jie rémési pirminiais duomenimis, labai
priklausomais nuo tekstyno (patekstynio) dydzio. Todél antrasis $io tyrimo tikslas buvo
nustatyti tinkama statistinj metoda, kurj taikant toks palyginimas buty jmanomas.

Tiek ankstesnis, tiek dabartinis analizés etapai rémeési rankiniu budu iStrinamais
tekstyno duomenimis, t. y. lemy vartojimo daznumo sarasais, kuriuose néra nei
Htekstyno triukSmo® nei bendrinés slovaky kalbos zodynuose jau esanciy zodziy.
Straipsnyje pateiktos analizés rezultatai rodo, kad tarp tekstyne rasty retai vartojamy
lemy yra ir neologizmy, ir nors jy pasiskirstymas tekstyno duomenyse gali jvairuoti,
jie gali pakeisti produktyvumo eiliskuma pagal hapakso zodziy santykj su visais zo-
dziais (angl. hapax / type formula).

Antroje analizés dalyje buvo identifikuojami ir taikomi statistiniai modeliai, vadi-
nami LNRE (angl. large number of rare events, liet. didelis rety juykiy skaicius) pasi-
skirstymais. Naudojantis atvirojo kodo jrankiu, buvo sukurtas vaizdinis priesagos pro-
duktyvumo modelis, kuriame atsiskleidzia analizuoty priesagy skirtumai, pirma, tarp
moksliniy ir bendryjy teksty ir, antra, tarp specialiyjy sri¢iy teksty. Taigi, $is modelis
jrodo realy kiekvienos analizuotos priesagos potenciala sudaryti naujus zodzius ati-
tinkamose srityse.
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